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' EXECUTIVE SUMMARY

As part of th» Office for Analysis and Evaluation of Operational Data (AEOD) of the U S.
Nuclear Regulatory Commission (NRC) program to study human performance during operating
events, a team conducted an onsite investigation of an event that occurred at the LaSalle 2 nuclear
generating station on April 20, 1992, The team focused on the factors that influenced the
performance of operations staff and performed an analysis based on interviews with operations and
technical staff personnel, plant logs and recordings, operations procedures and training miaterial.

On April 20, 1992, the Unit 2 reactor was at 20% power, following a month-long outage.
The reactor water cleanup system (RWCU) was shut down o verify the motor operator limit
switch settings on the RWCU inboard and outboard containment isolation valves. The nuclear
station operator (NSQ) closed the RWCU system return valve prior to stopping the two RWCU

pumps, in reverse order from that stated in the procedure.

About a minute later, an RWCU high differential flow alerm was received in the control
room, indicating tle start of a 45 second delay timer, which precedes an RWCU automatic
isolation. Several weeks earlier, an RWCU isolation had occurred due 10 a spurious RWCU high
differential flow signal and both motors had failed due to faulty limit switch settings resulting from
thermal expansion. The NSO, wanting to preserve the valve test, asked the shift foretnan (SF) for
permission to bypass the automatic high differential flow 1solation of these valves, an Engineered
Safety Ueature (ESF). The NSO removed the keys from other front control board switches and
gave them to a second NSO, who inserted them in the RWCU bypass switches on the back panel
to prevent the isolation within 35 seconds after the initial alarm. The second NSO reported

continuing RWCU differential flow ef 95 gpm.
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About three minutes later, the operators verified that the alann was not spurious: an
equipment attendant identified flow from a RWCU regenerative heat exchanger relief valve, a third
NSO found increasing Reactor Building Equipment Drain Tank (RBEDT) level, and the 95 gpm
RWCU differential flow continued. The NSO asked the shift control room engineer (SCRE) and
the SF how they wanted to isolate the RWCU. Both agreed that the keys should be removed o
allow the automatic RWCU isolation. The operators returned she RWCU bypass key switch to
normal, allowing the RWCU to automatically isolate, which terminated the loss of inventory from
the RWCU through the open relief valve,

The following is a summary of the resuits of the human factors analysis of this event.

Teamwork/Command and Coatrol

Control room eamwark and coordination with personnel in the piant were major factors in
determuning the validity of the RWCU high differential flow alarm. However, the control room
hierarchy structure has two paths for the chain of command, which has the potential to lead to an

unclear direction.
The coordination of the special test engineer with the contol room operations personnel
was conducted on an individual basis, whereas a crew hriefing on what to do if there was an

isolation signal would have been helpful.

The keys used 1o bypass wie ESF weie readily svailab’e in the other switches in the control

pancl. The use of such keys for multiple purposes sugge:is a lack of key control,
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Procedures

The control room operators performed all recovery actions without consulting applicable
procedures, A decision was made to allow automatic isolation of the system when the special test
procedure directed having thermal overload protection available for the motor-operated valves.

The operators lacked understanding of the required orde: of performance of procedural
directions. Operators lacked confidence in the usefulness of the procecures because of their
frequent revision and level of detail. It would have been helpful if the special test procedure
addressed operator response to or recovery from an isolation signal and differential flow alarm
conditions.

The alarm response procedures for the RWCU high differential flow alarm do not niention
the use of the rear panel RWCU differential flow meter, RBEDT level indication, local arca
radiation monitors, area temperature, dispatching personnel to the area for determining alarm
validity, or criteria for using ESF bypass keys.

After the event, the shift engineer verbally iastructed his crew that ESF signals shall not be
bypassed in the future, Bu, it is not clear if other crews have been similarly informed. It would
be heipfal 0 operators to Liave this policy statement included in operating and administrative
procadures.

Decisionmaking
The decision made 1o bypass the RWCU high differential tlow alarm isolation signal was

based on knowledge-based reasoning from existing knowledge about systems, processes and plant

conditions rather than specific procedural steps. Several factors contributed to this decision,
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including previous operator experience with spurious RWCU isolation signals, management's
criticism for not bypassing a RWCU isolation signal several weeks earlier when the valve motors

were damaged and the operators’ opinion of the usefulness of procedures during an emergency.

‘The decision to remove the bypass and have the syst~m isolate automatically was made
ahout three minutes after the initial RWCU alarm. The operators had time to consider the most
appropriate method ol isolating the RWCU; they could have decided to shut the isolatica valves
manually to keep motor thermal overload protection available, but the senior reactor operators
without thinking of this concern, opted instead to remove the keys from the RWCU bypass
switches and allow the automatic ESF actuation.

Knowledge-based Behavior

The control room actions were pnmarily knowledge-based and knowledge-based behavior
lead them both into and out of the event. If knowledge-baved reasoning had been used that
included concerns (or the MOVs, the operaturs would have bypassed the ESF signal to ensure that Q
thermal overload protection was available to the motors, relied upon their RWCU differential flow

meter, and immediately closed the RWCU containment 1solation valves manually.

Each operator's knowledge base is different and if their knowledge base was the only
support available, other operators may not have had the same respons~  "*’hen actions are
dependent on knowledge-based reasoning, operators are more prone to make decisions and take

actions without considering their consequences or alternatives, as occurred in this case.
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Trip Report:
Onsite Analysis of
the Human Factors of an Event
at LaSalle 2
April 20, 1992

(Reactor Water Cleanup System
Isolatior: Bypass)

1. INTRODUCTION

1.* Purpose

vhe Office for Analysis and Evaluation of Operational Data (AEOD) of the U.S. Nuciear
Regulatory Commissiors (NRC) has a program to study human performance during operating
events As pant of this program, AEQD formed a team to cond-¢t an onsite analysis of an event
that aceurred at the LaSalle nuclear generating station during the day shift oa April 20, 1992, the
Reactor Water Cleanup system: (RWCU) was being shutdown 1o conduct a specsal test on the
inboard and vuiboard, motor-operated, primary containmerdt isolation valves. An RWCU high
differential flow alarm was received in the conire: room. A decision wes made by the operating
crew 1o bypass the sutomatic high flow isolation of the RWCU, an Engineered Safety Feature
(ESF), with a keyed switch, Approximately three minutes later, the operators deiermined that the
alarm was not spurious by identifying flow from a regencrative heat exchanger relief valve, an
increasing «wvel in the Reactor Building Fquipment Drain Tank (RBEDT), and a high “ow
indication on an indicator located near the keyed bypass switch in the contvol room.  Subsequently,
the bypass kev switch was retumed 0 normal llowing the RWCU to automatically isolate and

terminate the loss of inventory from the RWCU through the oo _o relief valve.
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1.2 Scope

The human factors analysis focused o the factors that influenced the performance of
operations staff and technical suppont personnel throughout this event. The analysis was bas { or
data derived from interviews with operations and technical staff personnel, plant logs and
recordings, and review of operations procedures and training material. The Idaho National
Engineering Laboratory (INEL) provided assistance as pait of the AEOD program to study human

periormance during operating events.

1.3 Onsite Apalysis

The onsile analysis team was at the site April 22-23, 1992 and was composed of the
following members:

John Kauffman, NRC/AEOD/DSPROARB (team Jeader)
Robert Spence, NRC/AEOL/DSP/ROAB
Susan G. Hill, I EL/EGLG Idaho, Inc.
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2. DESCRIPTION OF THE EVENT ANALYSIS

2.1 Background

The LaSalle County Nuclear Station, located in LaSulle County, Illinois, is owned and
operated by Commonwealth Edison Conspany. The two, nearly identical, boiling water reactors
are rated at 3293 megawatts-thermal. The units are operated from a  »mmeoen conirol room and
have been in commercial operation since January and October, 1984, respectively.

'

Ou April 20, 1992, the Unit 2 reactor was at 20% power, following a month-long outage.
"he Unit 2 control reoa: on-duty operating crew consisted of a shift engineer (SE), a shift control
room engineer (SCRE), a shift foreman (SF), and several nuclear station operators (NSO) (see
Figure 1. The regular crew was zagmented by several extra NSOs to assist during startup
activities. A special test procedure, LTP-100-2, "U-2 Reactor Water Cleanup MOV Cycle Test
During Plant Stanup,” was schoeduled 10 be performed. The purpose of the test was to stroke the
inboard and outboard motor opentied primary containment isolation valves #2G33-FO01 and FOO4
of the Reactor Water Clegnup system (RWCU) in order 1o verify proper operation under normal
operating conditions. The spectal test was approved by the Shift Engineer during the day shift,
and, at approximately 8:40 a.m., preparation for the shutdown of the RWCU from the control
room was sarted. RWCU shutdewn was necessary prior 1o stroking the FOO1 and FOOJ valves

closed for the test.

About two weeks prior to the event (oa April 2, 1992), an RWCU isolation was received
due t~ a high differential flow alarm. The FOO1 and FOO4 valves automatically isola ~d 45 seconds
afer receiving the alann, as designed. However, subsequent investigation showed t .at the motor
operators had failed on both valves due to a faulty limit swatch setting.  Thermal binding caused by
heatup of the system had disabled the limat switch closs position contact and had prevented the

e
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RO - Reactor Operator hicense.
All licensed personnel had more than 10 years with the company.

First day on dayshift following training week.

Figure 1. LaSalle operations shift staffing.

*  Assumes the role of Shift Technical advisor when posibon required.

Shift crews are chany,=d at first of the year if transfers are desired.






pumps A and'B (see Figure 2). The switches for the FO40 valve and the two pumps are on the
san.z panel and in close proximity to each other. These actions were performed in the reverse
order from that stated in ths procedure. The sequence as performed left the pumps running
momentarily applying full discharge pressure on the isolated section of the system. In addition, the
regenerative heat exchanger tubes containing relatively hot reactor coolant were transfeiring energy
to the isolated section increasing pressure dre to thermal expansion. Shortly after these control
actions, the high differential flow condition alarm was activated. The set point of the high
differential flow is 70 gpm. The alarm initisted a 45 second ciock timer after which the RWCU
would automatically isnlate, if the high flow condition was still present.

The NSO looked at the R'WCU indications on the front panel to deterimine the validity of
the a'arm.  Al! indications such as piessure, temperature, radiation monitors, and flow appeared
normal. The NSO, wanting to preserve thour testing, asked the SF fo- permission to use the key
switches to bypass the automatic isolation s stem (the SCRE was on the telephone at this time.)
The SF looked at the control board indications, determined there was nothing abnormal, and then

directed the NSO to use the keys to bypass the RWCU awtomatc isolation.

Keys were removed from locations on the front control board panel and were handed to a
second NSO who then went around to the back panel where the RCWU bypass key switches were
located. The kev switches were actuated about 30-35 seconds after receiving the flow alarms and
before the 45 seconds expired, blockiug the automatic 1solation. The second NSO, while behind
the panel, observed a RWCU differertial flow meter which was located on the back panel near the
key switches. He reported the differential flow was approximately 95 gpm.

The NSO who was conducting the RWCU shutdown called on the elephone to the local
equipment attendant and asked him to check if there were any indications of retief valves lifting on

the RWCU heat exchangers. The equipment atteadant went up the stairs and checked first one
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area, ' nd then moved 10 a second area. He smelled hot paint, and observed water flowing through
a relief valve discharge liue sightglass (22MB). He called the NSO in the control room and
ieported the water flowing in the sigh:gl:ss near rne of the regencrative heat exchangers and
reported the tag number.

A third NSO ia the control room checked the display for the Keactor Builcing Equipment
Drein Tank (RBEDT). He observed an inciease in volume ie the RBEDT, as indicated by & "right
had tum” on the chart recording and reported it to the NSO at the RWCU control panel.

The NSO asked the SCRE and SF i.ow they wanted 10 isolate the RWCU. The SCRE and
SF both agreed that the keys should be removed and to allow the isolation. The keys were
removed and the automatic isolation oo urred closing FOO1 and FOO4 valves. The NSO calied the
test engineer and tola hum that the valves were closing and to take electrical current reacings.

Investi_ation ¢f the g number on the sightglass identified a relief valve on the B
regenerative heat exchanger as having lifted when the RWCLU system was shutdown and then
rescated, after the RCWU isolation. The SCRE and SE determinied that this event was not
classified in the emergency plan, and the NRC was notified within four hours as per 10 CFR
50.72 (bX2)1).

2.2 Time Line of the Event

The following cvent time line sequence was daveloped from interviews with tie on-duty

shift persounel, technical seaff, copies of control room logs, and plact computes printouts.
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Note: #all times are Central Daylight Time

0472042
7:30 - B:00 am. + 7Tastengineer obtained pennission from SE to perform the special test o
cycle cloged the FOO1 and FOO4 valves. Held individual discussions
with SE, SCRE, and NSO regarding the special test.
’ 8:40 a.m. «  RWCU filters removed from service in preparztion for special test.
| 8:46:34am.  + NSO atthe KWCU control panel initiates closing valve FO40.
8:46:48 wm.  + Valve FO40 closed. !
8:46:52am.  + NSO switched off RWCU pump B.
8:46:53 a.m, * NSO switched off RWCU pumnp A.
£:47:47 am. « High differential flow alarm sounded.
» NSO checked front panel instrumeniation; it appeared normal.
; » N3O asked 3F (SRO) for permission to bypass RWCU solation.
| +  $¥ (SRO) Gecided 1o bypass isola.ion by usirg key switches.
' B:48 am. » Keys handed 10 second NSO 2nd he went 1o back pane! where key
! switcches are located,
f 8:48:30 a.m, +  Keys were inserted into the isolation bypass key switch ard
| (approx.)
were twned to the bypa s o Lition.
: ¢« NSO i the control panel ieques*ad squipment ar=ndant (o check if a

relief valve had lified on a RW C°J vegenerarive heat exchangurs.
«  Second NSO at the rear panel observed RWCU differential flow meies
at ~935 gpm and commnunicated this to first NSO at the RWCU control
| board.
+ Third NSO saw RBEDT leve! increasing at the 13] panel and

communicated this to first NSO

T g e S Ay PR —— .



Nalysis

Sommand a




I T BT I N 7 T i S T T . Y I R P T R . . I R R R TR A R IR

the local equipment attendant 1o check if there were any lifted RWCU relief valves in the plant.
The NSO also coordinated with the technical staff who were in the plant to conduct the speciai wst,
suggesting they take ammeter readings 1o test status of valves as they were closing and verify the

motar operators shut off.

The command and control within the contrul room were carried out in accordance with
expected practices. The NSO asked for direction from a supervisor (SRO) related to bypassing the
is ation. The SF (SRO) made the decision to bypass the isolation. The operating crew continued
investigation of the alarm. 'When additional ... .cmation was ob:tained that suggested there was a
leak from the RWCU and the high flow alarm was not spurious, the NSO asked for direction
regarding isolating the RWCU. He received direction from the SCRE (SRO) and the SF (SRO) 10

remove the bypass and allow the automatic isolation.

However, the conwol room hierarchy siucture is perceived by the operators to have two
paths for the chain of conxmand (see Figure 1). The operators pen vive the SCRE and the SF to be
equivalent sup2rvisors. This perception has the potential to lead to unclear roles and chain of

cormnmand.

The coordination of the special test engineer v ith the control room operations personnel
was conductec on an individual * is, with the test engineer sneaking individually to the SE,
GCRE, SF, and the NSO responsible for RWCU shutdown. Shutdown of the RWCU had been
accomplished many tmes before and was not considered a special or difficult task. However,
automatic 1solations of the RWCU due to spurious signals were not urexpected - the daily orders
(04/18 to 04;20, 1992) and RWCU operating procedure suggesied that there may be spurious
alarms. This is a case where “rior planning of what o do if there was an isolation s:gnal would
have been helpful. There was a nrecaution in the special test procedure that indicated that the

isnlation valves should not close without thermal overload protection, implying thai the valves

11
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should not b shut automatically, but should instead be shut manually by the control room
operators, Prior planaing, discussed with ail relevant crew personnel! as & grovp, would have taken
into account the special test procedure precaution and determined what would bz the inost

approg. e plan of acticn if an isolation sigra! was received.

Another aspect of command and control was the availability and control of the keys used to
tzypuss the ESF. Keys were readily available in the control room as they were left in key switches
on the front panel. Kevs could also be used in inultiple key switchies; a single key was not
dedicated 10 a single use. The availability and multiple use capability suggests a lack of control of
the keys that can be used to bypass ESF actuations.

2.3.2 Procedures. This event occurred over a relatively short amount of time, spanning
three to four minutes. The contrel room operators performed all recovery actions without
consulting applicable procedures. This did not pose a problem during the ininal bypassing of the
isolation or the diagnostics leading to the discovery that inventory was being lost. However, a
decision was made 1o allow automatic isoiation of (e system when procedures would have
directed manual isolation providing additional pratection in the circuitry for the inotor-operated

valves,

There were a number of issues that related o procedures duning the event. The exscution
of the RWCU shutdown procedure, LOP-RT-03, included a step with two sub-steps which
directed the operator to stop the pumps and close the valve. The operators anderstood that
procedures were to be performed in the step sequence given unless specificaily exempted in the
procedure. Ho “ever, they did not have a conuaon understanding whether or not sub-steps were
to be perfurmed in order. Thore was ambiguity as 1o when the sub-steps could be performed in
any order versus ‘when sub-steps must be performed in the given sequence. In this case, the

switch was turned 1o close the valve before the switches were timed 10 stop the pumps, the reverse

12
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order from what was stated in the procedure. This resulted in the pumps runaing with no flow and
maximum discharge pressure. The higher pressure rmay have contributed to lifting the relief vilve
though no pressurs spike was ¢bserved by the NSO because the pressure reading in the control

room came from instrume.tacon whiich was downstream of the closed valve.

Opuiators reported that the procedures were constantly changing and were revised
frequently. 1t was also reported that there was great detail in the procedures which upon occasion
affected the operators' ability to identify and locate the needed procedural step. These reports
suggest that opeirators question the usability of the procedures.

The special tesi procedure, LTP-100-2, "U-2 Re~ctor Wazer Cleanup MOV Cycle Test
During Plant Startup,” contained an errneous precaution that a valve operation without thermal
overload protection could damage the motor or the valve. This indicated that an autvL.atic isoation
may have created an un-isolable reactor coolant systern (RCS) leak prior to torque and limit switch
setpoint verification. Larer, the test engineer stated in the interview that the valve would not have
been damaged if automatic isolation occurred. However, the operators were not aware of that at

the time of the event.

- It would huve been helpful if the special test procedure addressed operator response (o or

recovery from an isolation signal and differential flow aiarm condition. There is no requirement

for test procedures 1o have a "Recovery” section.

The alarm r.s;. use procedures for both "LD RWCU FLOW HI" Div 1 and 2 do not
mention the use of rear parel RWCU differential flow meter, the RREDT indications, local area
radiation monitors area temperatures, or dispatching personvel to the area for determining alarm

validity. The'". ar. some of the indications that might be used to assist in det2rmining alarm

13



validity. The alarm response procedures do not provide critenia for use of tie bypass keys, nor do
they reference other procedures where criteria might be presont.

The “Conduct of Operations” proced-we, LAP-1600-2, addresses temporarily withdrawing
systems from operation wwhen it is apparent that continued operation wouid aggravate the plant
condition. There is ambiguity in whether or not this staternent include - engineered safety feature
(ESF) equipment or actuation or under what conditions the statement applies.

L]

After the event. the SE verbally insaructed his crew that ESF signals shal! not be bypassed
in the future. Therefore, this one crew has been instruc: :d not to bypass ESF, but it is unclear that
oiher crews have been similarly informed. It would be helpful to operators for this statement of
policy and its associated actions to be included in aporopriate operating and administrative
procedures, rather than as only a verbal instraction that may be forgotien or confused. It would

also ensure that ail operating personnel were informed.,

2.3.3 Decisionmaking. The decision made w bypass the RWCU high differential flow
alarm isolation signal was not based on sperific procedural steps but was based on existing
knowledge about systems, processes and plant conditions. The decision to bypass (he isolation
signal, then, was a knowledge-based decision (Rasmussen, 1983). Various factors were
influential in making this decision. A major factor was the previous experience of the operators
with spurious signals and alarms regarding the RWCU differential flow. Operators reported that
the high differential flow alanm had activated before, and in many cases it cleared before the 45-
second isolation timer had timed out. This previous experience with spurious alarms was written
into the daily orders {(04/18 to 04/20, 1992) where it w: s stated that differential flow alarme: were
expected dunng startup and "we should however try 1o prevent the.¢ isolations from occurring (it

is @ lot less hassle).” It was reported that operators were cniticized for not preventing a RWCU

14
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There was a second decision based on additional information, approximately thice minutes
later, tc remove the bypass and have the system isolate automatically. The additional information
of readings from the differential flow meter, from the RBEDT chart, and the equipment attendant
report resulted in the knowledge-based decision to remove the bypass. The operators might have
decided to shut the isolation valves manually, thereby ensuning thermal overload protection.
However, having determined that the RWCU should be isolated, the control room operating
persannel acted to recover from (i.e., “undo”) the initial bypass decision by removing the bypass

via the key switch.

2.3.4 Knowledge-based Behavior. The actions performed by the control room
personnel were primarily kno wledge-based actions. The knowledge-based act*ons included using
the key to bypass the RWCU isolation sigral; pathering additional information from control room
instrumentation and outside the control room to determine the validity of the high ditferential flow
alarm; directing the equipment atiendant in the plant to check .«cally for relief vaive lifting
indications; directing the technical staff on hand locally 1 e special test to check the isclaiion

valve motor controller to ensure the motor had stopped.

Knowledge-based behavior is ¢haracterized by cognitive processing of existing knowledge
of systeras and processes. The knowledge is a result of experience and training. An operator's
knowledge base wili support the use of procedures (i.c., rule-based behavior). It is acknowledged
that error probabilities are highee for knowledge-based behavior than for rule-based behavior.
Good procedures will identify what the appropriate situation is and wkat should be the response to
that simatior . If there is no procedure, a situational match is not specifically identified and will be
loft to the individual operator's ability w identify it as "that" kind of situwicn. In this event,
knowledge-based behavior contributed to the decision 1o bynass the isolation. Krowledge-based

behavior also contributed 1 gathening and processing of addition 1l information to determine alarm

16
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validiry. The* NSO's knowledge base regarding the svstem, processes and plant conditions
included knowledge that indications of a relief valve lifting migh' be present in the plant, and led to
directing the equipment attendant to look for signs of a lifted or open relief valve. The knowledge
base also lec 10 suggesting to the test personnel that they take ammeter readings to assess the status
of the MOVs,

In this event, bnowledge-based behavior led to positive, quick thinking actions to
determine alarm validity and appropriate response,.. However, eacn operator's knowledge base is
different and, if their knowledge hase was the only support available, othe. operators’ may not
have had the samc quick thinking response. When acticns are dependent on knowledge-based
reasoning, operators are more prone to making decisions and taking actions without considering all

possible alternatives and their consequences.

<.3.5 Human-Machine Interface. Therc were several human-machine interface (HMI)
issues which contributed to the event. The primary instrument for displaying RWCU differential
flow is located on the rear panel. In order to see that indicator, an operator must walk behind the
rear panel. It would have been helpful to have that indicator on the front panel to check during the
hih differential flow alarm response and might also be helpful for the operator to be able to

moaitor the RWCU differential flow during system operation.

The RWCU flow and pressure instrumentation that was used 1o initially determine 1if the
high differential flow alarm was valid did not contain sufficizat information to make a correct
judgment. The instrumentation that was subsequently used in the control room to determ e f the
high difterential flow alarm was valid included the ditferential flow indicator which is located on
the rear panel and the reactor building equipment drain tank (RBEDT) indicater which is located
approximately 15 feet from the RWCU controls area. Therefore, the available instrumentation

needed 1o determine the validity of a RWCU di‘ferential flow alarm is located in various areas of

17
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the control room. In addition, as has been discussed, the operator needed 0 use knowledze-based
reasoning in order 10 identify the instrumentarion that would provide the indications needed.
Currently, those indications are not discussed iu the procedures. There is not direct relief valve
discharge line temperature indication in the contrel room. Such an icdication would assist the
operators in identifying a lifted relief valve flow in the linc while remaini':g in the control room
rather than relying on coordinating with equipment attencants in the plant to locate and identify

discharge line flow.
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