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ABSTRACT

Objective: The aim of this study is to investigate a trend of human error types observed in a series of verification and
validation experiments for an Advanced Control Room(ACR) equipped with Lager Display Panel(LDP), Work Station Flat
Panel Display(WS FPD), list type Alarm System(AS), Soft Control(SC) and Computerized Procedure System(CPS).
Background: Operator behaviors in a fully computerized control room are quite different from those in a traditional
hard-wired control room. Operators in an ACR all together monitor plant status and variables through their own interface
system such as LDP and WS FPD, are notified of abnormal plant status through their own list type AS, control the plant
through their own SC, and follow the structured procedure through their own CPS whereas operators in a traditional control
room only separately do their duty directed by their supervisor. Especially the secondary task such as manipulating the user
interface of ACR can be an extra burden to all the operators including the supervisor. Method: The Reason's human error
classification method was applied to operators' behavioral data collected from a series of verification and validation
experiments where operators showed their plant operational behaviors under a couple of harsh scenarios using the ACR
simulator. Results: As operators accustomed to the new ACR system, knowledge or rule based mistakes appearing
frequently in the early series of experiments decreased drastically in the latest stage of the series. Slip and lapse types of
errors were observed throughout the series of experiments. Conclusion: Education and training can be one of the most
important factors for the operators accustomed to the traditional control room to be adapted to the new system and to run the
ACR successfully. Application: The results of this study implied that knowledge or rule based mistakes can be reduced by
training and education but that lapse type errors might be reduced only through innovative improvement in human-system
interface design or teamwork culture design including a new leadership style suitable for ACR.

Keywords: Human error classification, Nuclear power plant control room, Knowledge based mistake, Rule based mistake,
Slip, Lapse
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Table 1. Classification method of human errors observable

in ACR
Skill level Type of human | Confidence
of operator error by Reason level on Example
(1990) mental model
Selecting a wrong
Slip High mouse assigned to
each of 4 FPDs
Skill based Forgetting previously
. planned behavior
Lapse High while multiple
alarms occur
Rule Based Applying a wrong
Rule based Mistake(RBM) High rule of manipulation
for touch panel
Knowledge Applying a wrong
E;(;\glledge Based Mistake ﬁﬁ(‘;&g procedure in a novel
(KBM) emergency situation
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Table 2. Parts of verification and validation experiments carried
out for AP-1400 advanced control room(ACR)
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Table 3. Main human errors observed in the experiments 1

Errant operator: Case of Error type by .

major human error Reason(1990) Main causes
Poor salience of

RO: Failure to catch RBM symbol in LDP,

up 515 valve closure Unavailable alarms
in AS

TO: Failure to detect Disturbed by an

power decrease Lapse irrelevant SS

in advance direction

- Lack of appropriate
TO: ‘Wrong decision alarm( forIe): E a nli ple,
llqadlng to incorrect RBM FW head rupture
iagnosis alarm)

RO: Delayed Unaccustomed to

manipulation of SC KBM 1 g0

RO: Delayed identification Unaceustomed to

of important variable KBM WS FPD

change in WS FPD
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Table 4. Main human errors observed in the experiments 2

Errant operator: Case of Error type by .
major human error Reason(1990) Main causes
RO, TO, SS: Failure to check Poor alarm
out important alarm while KBM sound design of
paying attention to FPD AS
. Limitation in
SS: Delay in alarm o
identification while multiple KBM df tecte}bllﬁty qu
alarms occurred alarm in the fist
type AS
SS: Misinterpretation of .
meaning of finalizing in the Poor phrasing of
CPS,
recovery (02) procedure KBM Unaccustomed
leading to branch into
to CPS
wrong procedure
RO: Delayed navigation
through WS FDP leading to KBM Unaccustomed
delayed decision for safety to WS FPD
injection flow
SS: Forgetting monitoring of
an important item while Lanse Unaccustomed
navigating through multiple P to WS FPD
screens of WS

2.3 Human errors observed in the experiments 3
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Table 5. Main human errors observed in the experiments 3

Errant operator: Case of Error type by .

major human error Reason(1990) Main causes

RO: While paying attention

to CVCS alarm RO Absence of spray
valve open alarm,

overlooked spray valve Lapse Avalanche of

open, which lead to multinle alarms

reactor trip P

TO: Delay in manipulation KBM Unaccustomed to

of Feed Water control SC

RO, STA: Confusing

between A and B channels KBM Unaccustomed to

while actuating reactor SC

coolant pump 1A and 2A

SS: Misinterpretation of (Ojfo gzlg;?fnpgzies

branch condition in the :

. KBM in CPS,
CPS leading to wrong Unaccustomed to
procedure CPS

2.4 Human errors observed in the experiments 4
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Table 6. Main human errors observed in the experiments 4

Errant operator: Case of Error type by .

major human error Reason(1990) Main causes
SS: Skipping an important

procedure hidden in a Unaceustomed to
scrolled page of the CPS KBM CPS

leading to failure in

emergency operation

SS: Insufficient description Insufficiency of
on the CPS delayed SS to user interface
close main feed isolation KBM design of CPS,
valve and main steam Unaccustomed to
isolation valve CPS

SS: Catching a wrong . Unaccustomed to
mouse while navigating Slip ws

4 FPDs

SS: Miscommunication gﬁgﬁgﬁ;??ﬁsy
among operators and poor control room
interpretation of the CPS KBM Leadership style
lead to a wrong of SS
countermeasure in Unacc’ustomed to
emergency operation CPS

2.5 Human errors observed in the experiments 5
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Table 7. Main human errors observed in the experiments 5

Errant operator: Case of Error type by .

major human error Reason(1990) Main causes
RO: Confused with the Confusin
meaning between closing of KBM ox ressioi s in
isolation valve in LOCA and C}?S

isolation in LOCA

RO: Unnoticed IRWST Overload on
1010 alarm while Lapse operator
following the CPS P

SS: Unintended manipulation Inappropriate
of trackball due to narrow Sli location of
space for the paper based P trackball on
procedure QIAS-N console

2.6 Human errors observed in the experiments 6

o] A AR BoF A6k Aol = AP-
ikt < AFelM ashs e =
5

2
i ©
i
2
)
N
k=1
o
an)
%2
}_,
Y
_ﬁ

[}

GTR &) &°

o o o o

H

L
o,
o2 g

o
o
2
tot
P

X

(o]
u

i
ol
okt

1

=
ot
ox
ol
N}
>

o FAdeNA S| HEE
Stk olxde] A} v R
10170(Wood, 1982) ¢l 7]9k&
a4, AlE, Alef gl vjoj=m) 7
AESA L Aok A Fdai 27
o Fofeitl 17z A sy keie] o2 S5
e 7L Agley A g s SaINEEt
A= wAA XS R AE gk A6k Aol 4
de Aske zAE 2] T2 JAH 257 Table 8

1

N
rir
o L 2 o

Hl o
o
ro

t
i
b
it
k%
32
5
e
o

N

==
1o,
Ho
)
B s
N
L
2]
ek

N

m
=

Table 8. Main human errors observed in the experiments 6

Errant operator: Case of Error type by Main causes
major human error Reason(1990)

SS: Selecting a wrong

procedure while KBM Unaccustomed to
transferring to remote a new situation
shutdown room

3. Conclusion

#H 1007d el A% ACR /WE3d 5 HSI 7123
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Table 9. Distribution of human errors observed in a series of
simulated ACR experiments

A series of experiments | Slip | Lapse | RBM | KBM | Total
Experiments 1 1 2 2 4
Experiments 2 4 4
Experiments 3 1 3 4
Experiments 4 1 3 4
Experiments 5 1 1 1 3
Experiments 6 1 1
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