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ABSTRACT

Comparison of Human Performance between Operators and

Students Using the CNS Simulator

BumJun Park
Advisor : Prof. Jonghyun Kim, PhD.
Department of Nuclear Engineering

Graduate School of Chosun University

Nuclear power plants (NPPs) are operated or managed by operators capable
of taking appropriate measures in the event of an accident. However, any
human action carries the potential for error, which is why human reliability
analysis (HRA) researchers systematically analyze and predict the potential
risks due to human factors in order to eliminate or reduce such errors. In this
area, much research is still needed to improve the safety of NPPs. Typically,
human error probabilities (HEPs) are estimated by collecting HRA data inferred
from other industries, expert judgment, or training simulator research. However,
the lack of adequate data has been highlighted as a major challenge in the field
of HRA.

Currently, to accumulate HEP data, the U.S. Nuclear Regulatory Commission
and the Korea Atomic Energy Research Institute focus on collecting data via
full-scope simulators. These studies are conducted using the Scenario
Authoring, Characterization, and Debriefing Application (SACADA) database and
the Human Reliability Data Extraction (HUREX) framework, respectively, to
collect data from full-scope digital main control room (MCR) simulations of
actual NPP environments.

HRA data collection using a full-scope simulator is beneficial in terms of
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more accurate results, but there are problems with using the data collected from
such simulators to support the data required for the HRA quantification process.
Full-scope simulator studies conducted to collect HRA data are expensive, due
to the need for a full-scope simulator facility and numerous operators, experts,
and researchers. For this reason, researchers at Idaho National Laboratory (INL)
developed the Simplified Human Error Experimental Program (SHEEP) as a
method of overcoming the drawbacks of full-scope research. The purpose of the
SHEEP study is to infer the HEPs from full-scope simulator data by comparing
student and operator performance using a simplified simulator.

Similar to a previous study conducted in the SHEEP project, the current
study aims to perform experiments conducted on operators and students to
identify differences in human performance data using the Compact Nuclear
Simulator (CNS). To achieve this goal, the study analyzes correlations between
the measured human performance of students and operators, via a randomized
factorial experiment design. Investigate five human performances: 1) workload,
2) situation awareness, 3) error, 4) time and 5) eye movement measurements. In
addition, several scenarios and related procedures have been developed for CNS
experiments. The data collected in the experiment were compared with human
performance using several statistical analysis techniques such as the ANOVA

test and Pearson correlation analysis.
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Subject Number

Scenario

RP-entry

EQC

EQO

RP-step

EQC

EQO

RP-procedure

EQC

EQO

EQC

1G-Graph

EQO

1G-comparison

EQC

EQOD

EQC

1G-alarm

EQO

Startup(#1)

Shutdowni(#2)

LOFW(#3)

SGTR(#4)

Shutdowni#2)

LOFW(£3)

SGTR(#4)

Startup(#1)

LOFW(#3)

SGTR(24)

Startup(#1)

(SRR PR R R SN A e

Shutdowni#2)

I

SGTR(E)

.

Startup(#1)

I

Shutdowni(#2)

P

LOFW(#3)

Startup(#1)

Shutdowni#2)

|

LOFW(#3)

SGTR(24)

Shutdowni#2)

LOFW(#3)

SGTR(#4)
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Azt (Time)
e AR AU s FstHA @A(Step), XAl AF&H(Instruction) 2
A5 (Task)E ¢usted dels A Albe yepdoh A3 2 v dapx s
GAZ A Jdow dAE A AR sk o] o] A FEo] E3FE o] gt
a9, 8 WA, AA AR, AFE AEetr] A 2 AdPoA AR AAA 4
A o] oAl el T,

Huls 7]E3st7] 918 dA 51 8-S &487] A8 vag Fdgo) 9@ aA
52°TBN Speed”} 700 RPMoﬂ et o™ Speed Setpoint RPM-S 1800
RPM7HAl E7FA1717] 18] vh&s F8 @tk AA AFS omlebn ‘Setpoint’

s

9 ‘Acceleration’ A4S g X}7} =3

>,

Nl

:l:‘
‘rr‘

CNS Procedure 7]

3
OP-01| 2% ~ 50% &3 &% | Z¥35 : 5/13
[SAI] 5 E¥l 7ls

5.1 Y12 7357 98l o3& STt
« TBN-Speed Setpointd] 700 RPM XA
- TBN-Acceleration®] 150 RPM/MIN A7

5.2 TBN SpeedZ} 700 RPMO]] =235} 0™ Speed
Setpoint RPM-Z 1800 RPM7HA] £7FA17]17] $5H
chee sug
+ TBN-Speed Setpointo] 1800 RPM A&

+ TBN-Acceleration9] 130 RPM/MIN A7

a9 8 AAA e A
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5. % <% (Eye-movements)

Al FA(Eye-tracking) 712 ololEYAE A&t w39 AYUS
7158kl A@AzE olwd AFE FIYstHA Fols BHil JeAE Flee
e Yngtt. Eye-mind 7Hde] wEw, ol FFe FAUS S
Adzte]l  Fo ¥ (Attention), FA1A A (Mental processing), 1] <lA
JEl(Cognitive states)e] &2 HHE FAHZ 4 doia Al ow [21],
%, ¥ a7 Ax T kg ZokolA AgE At vk [22-26].

#E. 5 ollEHAE ol&3 AgelA FE AEHE FA4 dHolHEo g

AolE Yehdth 2 ddo= 54 dolEe A S =ol7] 18l 70% Gaze
sample ©]49] dHlo]HE Algstgon 1) 7wl E(Blinking rate), 2) AOI(Area
of interest)e]l W3 Heat Map & T 7}A|9 olo]Eg 7oA FZE3 dHolEHE

AFg-3h 5 ek,

Zukel B 9. 99} 2o ol EUAE Fal #2W FF volHE Awow
dolelzt ErlHle] QX e MzE olgatel FAHoW ANE He vhed

.

(4 counts — 3 counts)
2

Blinking counts = 3 counts +

Blinking counts
Scenario completiontime (Se c)

Blinking rate =

Lo,
)
oft

o] 714, Counts= Hlo|H 7} 7] &5 o] A &Fe Wl k& on|star she
20 msecE A A%t} zhwkel  4=(Blinking counts)T Jupyter ZZ13e] =
£3led Wl ZH& 3%H60 msec) ] dd 99 47180 msec) °lFY A
Tiste] FEEAT Auel B2 FE2E 4wl Fofl Azt Alug e o=

ol AxtE AT AOI 1‘4]2:7} Heat Map< CNS 7} 7te] Iy # o]~
A A A 18 dx=E vEuw 2E. 1039 o] ATE A

Al
-1 -
o 484 Adeles FAFEA FE BAL AT $AT FRE 4ud
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Gage point X [MC5 px] | Gaze point ¥ [MCS px]

838
843
852
855
865
B69
869
66
860
856
835

i85
385
EEH)
I88
3F
EL T
396
403
415
430
S
510

¥

T45
05
675
641
614
585
573

551

Gage paint 30 X [HUCS mm]
F9.0669
B8. 37
§9.9653
92.5997
51,1585
Br.516Y
B2.1691
50,5492
T5.8120
T2.7641
9753
59,4009

Gage point 30°¥ [HUCS mm]

798013
73,6095
§1.0521
B4.4607
82,3373
TH34
73,1236
71.5263
63,7737
36,2507
50,9273
14,4771

-B3.0073
-142.5604
-127.4213
-85.470%
572133
~35.6684
-23.0037
-15.072
-B.5622
-d.6641
4.2332

Gaze point 30 I [HUCS mm]
520,608
519.787
533.8104
559.7273
550.1%84
53489
508.4529
37.5907
5008126
434.0003
4334630
3303434

4869273
T55.0004
TEOAGTE
6719033
569.454
504.9%E6
423.6071
4568556
513. 1686
44,079
54, T4
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%7 mgdse) AAsAE Pk
=3 ws
AA = 2y 35 (M) A9 #3 Abar #-3
>4 sHAY A4 H]
5ol 2] SART 96.34 95.86 26.83 30.64 92.05
2 4] 5 3} MCH 3.29 313 345 2.36 422
Number of error [#] 0.891 0.438 1.344 0.672 1.109
o=
T
Error rate [#/task] 0.011 0.005 0.017 0.012 0.010
Average time to complete a 116.49 122.34 110,59 198.43 3456
step [sec]
NES Average time to complete an 9272 93.34 92,09 33.80 11.64
instruction [sec]
Average time to complete a 19.69 20.34 19.03 98,01 11.37
task [sec]
Blinking counts [#] 476.30 526.73 42588 511.77 440.84
% 8%
Blinking rate [#/sec] 0.31 0.32 0.30 0.30 0.33
- 27 -
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G
A4 FAE =7 5297 EEY AAAR 78 * AL 3
F P-Value F P-Value F P-Value
Agkelal SART 0570 0.452 44.833 0.000" 0.059 0.808
z+9l sl MCH 1.319 0.253 42,361 0.000" 0.147 0.702
Number of errors 14.360 0.000" 3.347 0.070 0615 0.435
o F
Error rate 10.754 0.001" 0.094 0.760 0.155 0.695
Average time to 4658 0.033" 897.032 0.000"" 3.308 0.071
complete a step
Average time to "
A 7t complete an 1114 0.293 351.892 0.000 0.218 0.641
instruction
Average time to 2193 0.141 355.746 0.000"" 0594 0.442
complete a task
Blinking Counts 0.822 0.366 0.407 0525 0.376 0541
BT L%
Blinking Rate 0.163 0.687 0.248 0.619 0.268 0.605

* SYPH 2EE SHE X0I1(95% &lZ+=E OILH)E HEAIMCH (p<0.05).
 SPH 2EE SHA X0I1(9% AlZl=F 0I)E EAIRCH (p<0.01).
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¥. 9. AA mAdgdA 329 ofgk AdEA A
A A (v)
< AA A=A > N i
MCH SART Error rate égriﬁitee tgntzstlg Blinking rate
MCH 128 1
SART 128 - 0.639" 1
Error rate 128 - 0.440" 0.392" 1
Average time to 198 0.224" 0107 - 0041 1
complete a task
Blinking rate 128 0.047 - 0.203" 0.014 - 0071 1

*

it
)
rE
i
o
r o
r
)
of
é
Y

g 2Fo](95% AlEE olu)E FAAT (p<0.05).

wrn YW F} AEE A A 2Ho](99% AlFFE ol)E EAIUT (p<0.01).
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<+l > N A time &
MCH SART Error rate verage time 1o Blinking rate
complete a task
MCH 64 1
SART 64 - 0.569** 1
Error rate 64 - 0.498** 0.377* 1

Average time

to complete a 64 0.139 0.027 0.033 1

task

Blinking rate 64 0.155 - 0.304" - 0.037 0.013 1
w ZRWHFe AAE A A 2o](95% Al g oju)E EAFT (p<0.05).

wE FAA 2l(99% A EFFE oluhE EA R (p<0.01).
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3. 110 3HA) 169l dig ek A

< A > N

MCH SART Error rate lggriﬁitee tgntzstlg Blinking rate
MCH 64 1
SART 64 - 0.705™ 1
Error rate 64 - 0.412™ 0.423* 1

Average time

to complete a 64 0.234 - 0.195 - 0.051 1

task

Blinking rate 64 - 0.077 - 0.057 0.027 - 0.162 1
w ZHWHFe AAE A A 2] (95% AlFFEE oju)E EA T (p<0.05).

wrn YW F} AEE A A 2Ho](99% AlFFE ol)E EAIUT (p<0.01).
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E. 120 A AdEl oA 9] Fixation count &AHEA] A 7}

3 3t Fixati t
TR o1 E] 5 0] 2= p-value o% jj): %( ixation t_ic'L(/):gm )
PRZ indicator in RCS 0.011 18.35 7.88
=9 F%¢ &4 | Reactivity control system 0.018 199.41 40.88
(2% ~ 50%) BOR/DIL 0.023 150.24 99.75
Plant parameter 0.025 138.71 22.44
Reactivity control system 0.010 107.06 19.12
29 29 oq BOR/DIL 0.011 36.81 16.94
~ CVCS 0.013 134.56 82.76
(100% p — . —
ower indicator in reactivity
az207)) 0.013 1.94 0.18
control system
Plant parameter 0.017 67.31 7.12
a9, 182 v Ayl ed ot AP Aol Heat Mapelt. HA
AUl s F3AS vl SHYHN FAES] Heat Mape ARPH 02 frAbgh AlA

< StA >

8. 18 v|A Ay 2o A 9] Heat Map
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This work of authorship was prepared as an account of work sponsored by
Idaho National Laboratory (under Contract DE-AC07-05ID14517), an agency of
the U.S. Government. Neither the U.S. Government, nor any agency thereof, nor
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