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1. Introduction | )QHERALab -

1.1 HYA
p 217 MB|E EM (Human Reliability Analysis, HRA)

kot

I 2% 0 4 ™ 7k (Probabilistic Safety Assessment, PSA)O|A] 12 &=
Human error0| Ciot A1 S ES YEko} HHH

MO HRAYHE2 HOIHE 7|Hez Y 7 =& =3

A= 2 570 tiet 24 27 Ho|H7I 52

E1IO|E1 BxoZ ol MAE3t 21X @ 23L& (Human Error Probability, HEP) 2]

—

Al 22|0|E, Ef Aol HO|E U H
ol ol -2

1240| £X| = 2



1. Introduction 2 HERALab

1.1 A
» CIO|E| B£.X 22X E s ZSH7| $I8t Idaho National Lab(INL)2| & &4
« Simplified simulator At
M 2T # H Full Scope A|220|HE &%+ H|O|EH =82 =2 H|E3 2T g2|2

Otz s2= 2ot Moo A=

- O|E E&517| ?Io EhestEl A[=2 0Bt bl e HIO|HE Soff X 28 HO|HE
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1. Introduction

}(2 HERA Lab.

Human Engineeing & Risk Analysis

1.1 HH PE, #3: CNSS O] &%t 21 &} ® 32 subjects the experiment
' © ShA 7k QIF - = X
EAF (2021, TIEHE) (Operator: 16, Student: 16)
Operator
Real World i
Full-Scope Operator
Simulator Error

Less Simplified

Simulator Student

Operator

(e.g., Compact Error Error - QX Q0| EXFMO| CIE
o Nuclear Simulator) ﬁzi:.'_a '6 I_E lgl Z_@H; [E'B
Simplified |=22O0|E{ E AFE = M2
Simulator OlM =M &= X}O| Z=A}
More Simplified (2021, 2t=)
Simulator Student Operator :
(e.g., Rancor Error Error
Microworld)
® 40 subjects completed the experiment
#1: Rancor MicroworldE O| &3t 27 &l 1t : .
SHA 740| O R A8 = X}O| A} - (Operator: 20, Student: 20)
Q :
(2020, 2t =) ® Analysis of collected data 7
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127 B
> CNS A|EH[O|E{E 0|83 X

SEZ-RTES
. BRI Q0 HAE M M
« AUEI2 2 XM Y (B4 28 27), Hly 2
SR

. 5712 Q1Y £ E £
— Situation awareness, Workload, Time, Error, Eye-movement

- OjojE g2 X Zat 24







2. Al M7 #2 HERA Lab.

Human Engineeing & Risk Analysis

2.1 A=2f|0]Ef 27
» Compact Nuclear Simulator
o Ot AAE AT R (KAERIO|A 7 2ot Ao JXHE A|Z2|0[H
« Westinghouse 3-Loop PWR 930MWe?2| &t A = 3of 7|t
o WA 1, 2KF0 A E7|IHK| trotA 22 E S Al Z2| 0
- 1X} 9| Reactor Coolant System(RCS) 3t OtL|2} MEHA ENIX| 2 &2l =

- UCHSHHE AL ZAF S =8 /4 2T0| 7ts
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}(2 HERA Lab.

Human Engineeing & Risk Analysis

2.2 4 24 48
» Randomized factorial experiment design

« MSXEZEE 2| st Ut

e SIS S H(ALIEI2 &8, &8t FE)ILALS
¥ 28
Ayz|e 98
Operator (163) Student (169%)
Situation awareness Situation awareness
Workload Workload
Non-event Time Time
Error Error
Eye-movements Eye-movements
Situation awareness Situation awareness
Workload Workload
Event Time Time
Error Error
Eye-movements Eye-movements
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HERA Lab.

Human Engineeing & Risk Analysis

229 24 8
» CNS AlLtE| 2

e AlLI2I 2= Non-event £ Event && 2| AILIZI2Z &F
— Non-event Al L} 2| 2

> £ Y, S8 223N 24 4
- Event AlLI2I2

> glah 28 AE
Start-up operation (2% to 50%) Z¢t-01 (Start-up)

Non-event
Shut-down operation (100% to Hot Standby) Z2t-02 (Shut-down)
A steam generator tube rupture with an indicator failure for the steam H|4-00 (RIAIZ EEA| K|
generator level (SGTR) Hl&-03 (571247 2 ot
Event
H|&-00(R A2 EFA| Z=X])

Loss of Feedwater (LOFW) HZE11 (YN BE)
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4O HERA Lab. (&)
Q Human Engineeing & Risk Analysis G% éf
22 ME HA 7Y

X2
Q/U 1940

> HKX[A

» Westinghouse J|Bte| EXIAE =&

Compact Nuclear Simulator Procedure CNS

HEgEHEEANAN

HAMHE | HEHHS
H| 400 -
HatAl HE M HE
S|x 2 E 2| cc = S|
= e —_
0P-01 01 =t = e
5 il
2% ~ 50% &% o9 o x 2020. 02. 24
ol 7|7 CSU HERA (73.05.18)
_ _ T PNSCAH T Zo|H B 01 - 0oxt
234 & oIl ¢ 13

B F HOIX| 5 - 15
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HERA Lab.

Human Engineeing & Risk Analysis

=
o| QI rAE OO|EH= 2=X[2 OtO|EShFHE 7|82 = =48 &

» General information for each subject o
) ) - » Situation awareness
Questionnaire  « Situation awareness scores from SART

* Workload

* Workload from MCH

* Video record

» Area of interest (AOI) » Time to completion

» Gaze point * Error rate
Eye-tracker _ o _

» A picture indicating frequency of subject focus * Eye movements

» Excel output * Workload

» Workload from blinking data
Labtop & » Screen recording » Error rate
camcorder « Procedure video recording « Time to completion

14
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HERA Lab.

Human Engineeing & Risk Analysis

22 &€ 24 48
> PF=(Errorrate) & HFY 23 A2t =4

« XAlEl= 2X0INM BO{LE S X

3
_|
g
4]
-1 o
P

* Procedure — Step — Instruction —

Number of error

e Error rate =
Number of task

« HIC|Q(2tH =3, EXIA, Of0|E

< 2%-~50%7% 3 ZY »
A Contents 2 SAH| Task Type Error Mode Time R BN Description
1 =5 RP Entry
1 |0l B E AAE0] S2E 29%0)M 50%THE Sworsr] LAt 2 RS KHSot =0l 20
2 FolAE RP Entry
21 |02 H-X L0 (CONT BANK LO-LO LIMIT)" ZE7 SMstH ZA| SM45 H|4 F01610{0F T, ol
22 35 ZYUE SO “EMFU(BOR)"0|L}E S| 4(DILRALT DIL)" 2 2 Reactivity Control System?| Tref/Tavg ol
Mismatch ATE £1°C O|L| 2 R X3} 0F $HC}
23 |24 WL 45 S UKo $iof “Makeup Mode™9] “Makeup Water'= It=otA| 2I0tA| ROFO SHLL. 20l
24 |219/ AFE HOIBEO W T 302 0|STLL go/0s|  we Step 26
3 X7 TH =201 RP Entry
31 |53 5% £8S Y6l O30 A5 WHESHEX| 20150,
1. AIZE17:19
2. ®IHAE: CBD MO 218 Step
3. 48 CBD OIS $52F 228 StepTHA| AT,
N T+ EH S0 A A 2 & 0 ATE
311 |HWO=(CBA, CBB, CBC)O| 25 2IE ol IG Indicator 35 ;i; “E*?;J; %é?ﬂ& ?Jg;'" E:}é‘: +20
5. H|T: CBD H0| S =59 228 StepTHA| P =7
O BOM0 Ze HE SBS TR
(OT-Manipulation)
312 |EZ713 DT £ (FWs-HV108/208/308) 7 ol [€ Indicator 95
313 |E7IYSEETBN-Press Setpoint Ccntrcl] "Manual (M)" B0 1G Indicator 102
314 |EREYITFHIRCS-RCE) 3047t 23 ol IG Indicator 112
3.1.5 |5 EZ (C5-Condensate Pump 1) 100 -?—’.‘_1 5 ol IG Indicator 125
316 |F S+ 2= Fws-FW Pump 1) 1 2F £ el 1G Indicator 130
317 |HEE 23 EF EE(FWS-FV479/489/499)7 "Auto” 2ol G Indicator 17
3.2 |RI9 0| D& ESH THY 42 O|STHCH B RP Step 180 L/
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Human Engineeing & Risk Analysis

2249 24 118

exisl 16 - grt=2 2 BSi7 Slonf Syl AUt WH AN
225t 2MABE A 2)
s 6 . AR WHAASK OO RN RFD AR LY
CURE 2N U ABOIE A T 2 U AR B} Y
No Current position Working Experiences (yr) License Age (yr)
1 RO 4 OPR-1000 RO 26~30
2 SRO 9 OPR-1000 TO / OPR-1000 SRO 41~45
3 T0 10 girl;blltol(;lgig?;tRSC)RO 01,RO002,A01,EO, TO/ 36~40
4 10 10 (I;Iir';k_)lltoggPR(L)Jmt 4R0O01,R002,A01,EO, TO/ A1~a5
5 Instructor 16 \\WH-1000 SRO / RO 46~50
6 TO 5 OPR-1000 RO 36~40
7 SRO 16 \WH-1000 SRO / RO 41~45
8 EO 6 OPR-1000 RO 26~30
9 RO 11 OPR-1000 SRO 41~45
10 TO 6 WH-1000 RO 41~45
11 TO 13 OPR-1000 SRO 41~45
12 RO 13 N/A 41~45
13 Instructor 14 OPR-1000 SRO / RO 41~45
14 EO 10 MCR Experience (10 years) 41~45
15 TO 17 \WH-1000 SRO / RO 41~45
16 EO 9 MCR Experience (9 years) 41~45 18
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Camcorder

Screen recording CNS main

laptop

Eye-tracker
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CNS interface

laptop
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laptop
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EEFEETEENT = RfFfRA

3184 =4
> |
« 5 8 =& B = Type of subject & Type of event

.I.

- Type of subject: & & 1} &t A4
- Type of event: Non-event and Event
e 3299 Al Ee(2MA: 169, =fM: 169)

° 5]H(_3_| oA _Jlk_é - _i_/\-h II-O:'-I

L T/ (e} 1. T

|., At

o

o

Ol Al Time, Error rate, Blink rate

Qli

_:II_
« Statistical analysis software: IBM SPSS Statistics

« S} =4 28 ANOVA test, Pearson correlation analysis

— ANOVAtest: &2 & 22950 KA =3
SRO/2E(p)0l 5% OILHOI S FEF 2H0l RO HOIJF QU= HO=2

e

I

0

22



P ANOVA test

Independent Variable

Human Categorization Type of subject Type of event Type of subject *
Performance (operator vs student) (non-event vs event) Type of event
F-Value P-Value F-Value P-Value F-Value P-Value
Workload MCH 1.319 0.253 42.361 0.000™ 0.147 0.702
Situation "
SRR SART 0.570 0.452 44.833 0.000 0.059 0.808
Average time to complete a step 4658 0.033 897.032 0.000” 3.308 0.071
. Average time to complete an o
Time instruction 1.114 0.293 351.892 0.000 0.218 0.641
Average time to complete a task 2.198 0.141 355.746 0.000™ 0.594 0.442
The number of errors 14.360 0.000 3.347 0.070 0615 0.435
Error
Error rate 10.754 0.001 0.094 0.760 0.155 0.695
Blinking Counts 0.822 0.366 0.407 0.525 0.376 0.541
Blink rate
Blinking Rate 0.163 0.687 0.248 0.619 0.268 0.605

28
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Type of subject

e

Ho

M st B H| &

MCH 3.29 3.13 345 2.36 422

SART 26.34 25.86 26.83 30.64 22.05

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)

Average time to complete an

instruction (sec) 22.72 23.34 22.09 33.80 11.64

Average time to complete a

e (o) 19.69 20.34 19.03 28.01 11.37
emoe Blink counts [#] 476.30 526.73 425.88 511.77 440.84
coEe Blink rate [#/sec] 0.31 032 0.30 0.30 033

24




O OL—- I 1 *  MEEA L o.05 =EOAM folE

All subjects . .
1. MCH 2. SART 3. Time 4. Error rate 5. Blink rate

1. MCH 128 1
2. SART 128 -0.639 1
3. Time 128 -0.440° 0.392" 1
4. Error 128 0.224" -0.107 -0.041 1
5. Blink 128 0.047 -0.203 0.014 -0.071 1
Som | - -
2. SART 3. Time 4, Error rate 5. Blink rate
1. MCH 64 1
2. SART 64 -0.569 1
3. Time 64 -0.498~ 0.377 1
4. Error 64 0.139 0.027 0.033 1
5. Blink 64 0.155 -0.304 -0.037 0.013 1
T - -
1. MCH 2. SART 3. Time 4., Error rate 5. Blink rate
1. MCH 64 1
2. SART 64 -0.705 1
3. Time 64 -0.412" 0.423" 1
4. Error 64 0.234 -0.195 -0.051 1
5. Blink 64 -0.077 -0.057 0.027 -0.162 1

25
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» MCH-SART

e MCH-SARTS| 4% 2T {1 ot R &= Z(-)Q| Zot Yol 2 AAE E Y
(o) Sk

- XAz =7}s Al A A
A E0| S0l mar -l Aol ZHa
i Type_of_Subject
& Cparaton
a
T A & A
=
| = & & A A a Y
Type_of_Subject " & A A FYyyy
A Operator
® Student & Al a A& A A A
Ad A AL ABAMAS AA
A St
) a Pl
I SART
%]
=
| Type_of_Subject
® Student
| I ——
Al A A e . .
A 3 0ALS © 00000 ® 2 »
ee * @
T ® .
=
SART N = s ees L]
. * %k 4 ee se o oo
< All subject (r=-0.639"") > e
2 oe seese oo
® o o sesee
P Pl
SART

' 26
< Student (r=- 0.705")



3.3 A8t 2 A

» MCH-Error rate
o TX| HAXOAM Y B2 LEE2 S RO Y(+)9f &t A ZE B

o JdjLt, ZE|WE W 2 2 ohd 25 7O[o of 2t A 7F LIELLEX| Gi =
< Operator (r=0.139, not sig.) >

Type_of_Subject

o & & Cparator

rror_Rate
g g

Type_of_Subject

A Operator
® Student

\ 4
=

L ]
=
o
I

Error_Rate

Type_of_Subject
® Student

g )
B
e @
r >
[
~p B o o
Pl o e
ab @
L] L ]
> e
3
Error_Rat:

\ 4

MCH

< All subject (r=0.224") >

< Student (r= 0.234, nc;z'gsig.) >
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3.3 A8t 2 A

p SART — Blink rate

o MM MEXIO|A A Q1A Blink rate= 7t HEQ

o ALy, 2EWE M 2%

2.00

Blink rate

Type_of_Subject

A Operator
® Student

SART

< All subject (r=- 0.203") >

| Type_of_Subject
ss0l . & Oparator
A
a0l A
E-}
[ E]
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N e
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< Student (r=- 0.057, not sig.) >



Time-MCH, Time-SART
Error-MCH
Blink-SART
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Plant Simulator

HERA Lab.

Human Engineeing & Risk Analysis

Operato
O
0.0169 per task TH 43 0.0052 per task
de 7,y Operato
O 7) U
R Differences O™ AR #2
of= Operator
0 Error
O] A #1
0.0111 per task | T 0.0059 per task
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Thank you !
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