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1. Introduction /QHERALab -

p C1ZE MBI = BM (Human Reliability Analysis, HRA)
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1. Introduction #2 HERALab

1.1 HY 4

» HO|E] B£= 2H|E S Z5l7]| St Idaho National Lab(INL)2| T Al

« Simplified simulator AF-&
2N 283 A Full Scope A|=E|0|HE S HO|H =82 =2 H|&
Oz s2& 2ot Hoto] /US.
- O|& E&5t7| 28l tte2tEl AlZef|O|E 2t st A H0|E & &l X 27 & Hlo|HE
FESIAXSHE HFE T 5.

< Full-scope simulator :
Human System Simulation Laboratory > <Simplified simulator: Rancor Microworld>
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1. Introduction /2 HERALab

1.1 H{A
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1. Introduction

1.1 HY 4
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« Simplified simulator AF-&
- ZtADIEl A\|EYO|E{E ECHZ THa| X0l H| O 2 CtYSH HRA O|O|E 2=

=]
- INL2f = Cetm ol o 3 IbA| o

bl
o

o
ofy
k=)
¥0
0jo

Operators

Full-scope simulator

A simplified simulator
(yet more complex than Rancor
Microworld)

Operators
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Rancor
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1. Introduction ¢ HERA Lab.
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Human Engineeing & Risk Analysis @Q'

sy Hs
OIY S8 =5 MEHX Y Event ALtz
ANOVA | F-Value | P-Value | ANOVA F-Value | P-Value | ANOVA | F-Value | P-Value
Workload MCH * 5.361 0.022 - 0.708 0.401 - 1.765 0.079
Situation
awareness SART * 4334 0.039 - 0.094 0.759 - 1.01 0434
CIHZ ot dl=r
|_7;E|IEE %%Otkl“?jl - 2.567 0.111 * 109.683 0 * 27.14 0
XAAte S dEstenH 4
_ 2= W A|ZF - 0.607 0437 * 22.665 0 * 7.019 0
Time
XOE Qladlr
%EFE %%ot\'l_?_;” - 0.173 0.678 * 62.408 0 * 13.258 0
R * 4517 0.035 - 2.774 0.098 - 1.765 0.079
Error REE * 5.908 0.015 - 0.001 0.936 - 0.729 0.688
Attention SAl == - 0.032 0.858 * 74.371 0
tt
pattern S A A2t - 0189 | 0664 * | 75306 0
Number of AlLIE| 2 22 A|ZHE &
Manipulation ESTPS - 0.549 0.46 * 102.38 0 - 61.433 0
2ol Sl - 0.102 0.75 * 22.371 0 * 5.208 0
Blinking
Z ol Hig * 4.391 0.038 = 0.004 0.948 3 0.343 0.959
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Human Engineeing & Risk Analysis

}Q HERA Lab.
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Human Engineeing & Risk Analysis

2.2 Al =|0|E{ 27

» Compact Nuclear Simulator
» St RAE AT A(KAERN O A 7Tt & #IALE A[Z20]H
« Westinghouse 3-Loop PWR 930MWe?2| &t A = Eof 7|t
o A1 2K AHET|HA| EreotA R2E S A|E8(0|H
- 1X}Z29| Reactor Coolant System(RCS) #2t 0
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23" 24 8

» Randomized factorial experiment design

N

. 4BR8ES 27| S8 DXL
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- FHo S H(ALtE| 2, A|EE0|E)7t AL

A EY 0| §
N[SEIRCE
Rancor Microworld CNS
Time Time
N Error Error
on-event Workload Workload
Situation awareness Situation awareness
Time Time
E Error Error
vent Workload Workload
Situation awareness Situation awareness
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23 28 A4 48
» CNS AlLI2|2

« A|LI2|2= Non-event 8! Event A|[LIEZ| 22 25
- Non-event A|LIE2| 2
> Start-up, Shut-downdt Z2 & 27 &2t
- Event A|LIZ2|2

> HY 2T &%

Start-up operation (2% to 50%) OP-01 (Start-up)
Non-event
Shut-down operation (100% to Hot Standby) OP-02 (Shut-down)
Loss of Feedwater (LOFW) H|AF-00 and 2 Z=-1.1 (SGTR)
Event

A steam generator tube rupture with an indicator failure for the steam

H| Ak H| Ak
generator level (SGTR) | 45-00 and H|4-03 (SGTR)
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/QHERA Lab.

Human Engineeing & Risk Analysis

Compact Nuclear Simulator Procedure

8 &g F

CNS
HEXA
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2% ~ 50% &3 3%
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Performance Measure

Workload Modified Cooper-Harper (MCH)

Situation Awareness Situation Awareness Rating Technique (SART)
Error rate Number of errors per task in a scenario

Time to completion Time to complete a task
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Sitel Bdlgton 42 | 1. 420] PEXOD $IEH NALEIPlow) OHUE BOMESD ZA| SHHEIR(High)
Start [l gorm
[ [ HEHOUD MM e B sobEHD 3
HolE $F | PNH LA LF 2E olyEE 2N | B e L]
E ST MEE s o oo ShEE: 2. TABOF T M40 30| AL (Low) OLIH BIAETI(High) (MO HEH)
2= Y HRE 2 + B2 10 WES YA}
HI-E_II s '__‘_ B oo golg | ) B . . . W iep che
HEC A 2ad {Low) B High
3. ZLABOF B @0 30| FAET(ow) OFUE RHET(High) (4B =EA]
= ey =@y
AITH = o 2 e SH 24= E)
,5"__.5'2’01213 R e e 9 o [ ‘ : | ‘ | ‘ | iy
£ r2 @27} Wi s
LI BE | 22 @St SED T UEE Zste 8 4. MD2 LWS7| Yo A FHTID e EHZ RXSIAETIHigh) OHLIT FH| MRS
(Z) TS EUR S| STETR(Low) [ZAE]
dasoEe | QT 2Es we AN 97 Hn 7 4 e s e ] o
&k I Opste) HAT £ 20| WET fLow) {High)
Oe EeLr | mme cmEE nEE caa] 5. MES 40| UEILES I, 24 FOS JISY £ U8 MEE g7 AUEIRHgh) OHLIR
- - 22 T=E T T=2 719 SF= IOFS
HSOME 23 | D0 Zo HUT - e0| a7 6 ERE FtEE 42E BUT CIRIF YAYEIR(Low) (BUE 018]
. p——— P P - oe 2E N g BE
THEE mpsiitniry e 5 ¥ 0] R N R I
= = =2 d3 = H50 27 F =k
o
IHA| Bt 27 T +UEE YR ;7| F5 =T 4 6. MPE +BoP 2l te BISARETN(High O TSoHX 2ot 7|?um1nv Es ME)
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= B R TEAAETR(LoW) [(FUTALET]
23 HEg UM LEE I 23 GREE SUE 2
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HETh(Low) [RE2 %
2% | ; ‘ : | - | me
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¥%ﬂE7P(Lom rEEo =
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Dk ot A|7ZH &
» @EE(Errorate) X & 22 21 t =M
L L A 3HOS &8HO (@) = I
« XAEl= BXO|M HOjLE THS =S EF LFE ST
Procedure — Step — Instruction — Task T+
) of, EXtA, OFO|ELA) 7| = A8 ¢E
- HIC|Q(2tH =3, EXtA], OIO|E2fFH) 7| & Fa2 AtET
< 29%~50%7HK| £ S
A Contents &2 SAH| Task Type Error Mode Time AR T AL Description
1 =3 RP Entry
1.1 |0 BRME HXZ0| S 2%0M 50%0K Sestel 2as 28 BAE HIEL =9 20
2 FO|ALG RP Entry
21 |"HMoiE &-H AUSHA (CONT BANK LO-LO LIMIT)” ZE 7 SHsHH SA| S4HS H|4 FUSH0F FHLCE ol
23 E8E ZYotE S0 “EMFU(BOR)"0|LE “S]4(DILRALT DIL)" 2 Z Reactivity Control System?@| Tref/Tavg g0l
Mismatch ATE +1°C O|L|2 {X|5§0F FHC},
23 |3E% ¥SE 4as WX 3| 95 “Makeup Mode"9| “Makeup Water'S 3l FU3HK] BE00F ST, e
24 [0/ ASHS SOIS10® CHA 30 0[S, 29/0E] R Step 26
3 7| FH =201 RP Entry
31 |EE 5% +8E Y6l O30 55 UESHEE| 2QIsLL
RFFAL]
2. @R 4= CBD HO0S 218 Step
3. 5%: CBD MO & 352 228 StepTHa| A
_ I+ = ﬂ I'I__} A = A% G\ o8 5
311 |moiE(caa, o, B0l 25 21F 0 | Indicator I I e
5. H|Z1: CBD M0 E =522 228 StepTHA| QIE5}
o BRAO 2 TP LTS 23T
(OT-Manipulation)
312 |FZ713 0 2 (FWS-HV108/208/308) 7HE Bl I Indicator 95
313 |E7IYEEETBN-Press Setpoint Control) "Manual (M)" EHOI G Indicator 102
314 |EXELLHEI(RCS-RCR) 37 27 = 2ol G Indicator 112
3.1.5 |E% FE (C5-Condensate Pump 1) 10 28 & el [€ Indicater 125
316 |F 2% X (FWS-FW Pump 1) 10 28 = el IG Indicator 130
317 |HES 23 TE S5 [FWS-FV479/489/499)7} "Auto” 20l G Indicator 17
3.2 |99 =0] 2F OHESHH CHA| 4E 0|SEICH 20/0|5 RP Step 180
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Human Engineeing & Risk Analysis

23 4ldd A /9
X

| Al 8 X}
o MEx /Y AEY 0l /Y | MRt 49
S2sts 233 H Q)
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 !-Ilaz)r:)k())ltRlEl)I?Fs’Fl{JCr)llt 3RO01,R002,A0 1,EO, TO/OPR 36~40
4 T0 10 !-Ilaorz)l:E)ItRl(\l)PP Unit 4 RO 01, RO 02, A0 1, EQ, TO/ OPR 41~45
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 19
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CNS on the tablet

Two cameras

Tobii Pro Glasses 2:
Eye tracking system
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}Q HERA Lab.

Human Engineeing & Risk Analysis
= AL =AY
3.1 24HEM (ANOVA Test)
» Microworld vs CNS H|ul
Independent Variable
Human Performance Categorization Total Non-event Event
F-Value P-Value F-Value P-Value F-Value P-Value
Workload MCH 0.001 0.970 10.894 0.001 10.208 0.002
Situation awareness SART 26.932 0 44.397 0 1.588 0.211
. Average time to comp
Time lete a task 239.223 0 469.847 0 322.487 0
Error Error rate 25.400 0 14.491 0 16.844 0
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3.1 =4 =M (ANOVA Test)
» Workload

4.00

3.20 3.13

3.03

2.25

Workload

Microworld CNS

Type of the Simulator

HERA Lab.

Human Engineeing & Risk Analysis

we==Mon Event
=== Event
== Total

24




3.1 =4 =M (ANOVA Test)
» Situation awareness

Situation awareness

30

20

30,00

25.86
20.57 -
21.72
19.85 20.21
Microworld CNS
Type of the Simulator

HERA Lab.

Human Engineeing & Risk Analysis

=== Non Event
== Eyent
=== Total
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3.1 =4 =M (ANOVA Test)
» Average time to complete a task

30.00

5809 e Non Event
= Event
=== Tatal

20.00 2025

11.50

Time to complete task[sec]

10.00

6.18
478"
i

339

]
Microworld CHNS

Type of the Simulator
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Human Engineeing & Risk Analysis

3.1 &4 &4 (ANOVA Test)
» Error rate

025 N
0249
=== Non Event
= Eyent
=== Tptal
o 0205
L s 0161
w
L.
|5
)
.
-
LLI
010
0058
0083
005 0056
000 -
Microworld CNS

Type of the Simulator
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3.2 &2 2 M (Pearson Correlation Analysis)
> 5 G| Xl 36O cligt =l EZF H2EA Aat

HH] 363 S mmAr
1.MCH 2.SART 3.Error 4 Time

1. MCH

2. SART 22.17 7.52 -421*

3. Error 0.01 0.02 .048 .184*

4. Time 10.16 9.80 -.186* A21%* A496**
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3.2 A& 2M (Pearson Correlation Analysis)
» Microworld 28 H 200 CHst = 7F 4 M Aq|

1.MCH 2.SART 3.Error 4 Time

1. MCH

2. SART 20.21 6.51 ST

3. Error 0.006 0.009 .168 .028

4. Time 4.78 2.65 .004 .025 -0.07

k

» CNS 2 16| Cst =7 A2 2 A

CNS 16H
1.MCH 2.SART 3.Error 4 Time

1. MCH

2. SART 25.86 7.94 -.569**

3. Error 0.02 0.03 -.004 .095

4. Time 20.25 10.36 -.501** .383** A45**
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« Microworld 2t CNS O Cliier 2 MR == Hlw Aif CrZ 0| =H = 0| A XtO[ 7t

- XA ESH(Workload): X0| gl
O

2t Ol A (Situation awareness): Microworld < CNS

&

- RS =3 A|ZHAverage time to complete a task): Microworld < CNS

- QFZ(Error rate): Microworld < CNS
+3E AO[o] ABHEA EMZT CrE o] +HE A0|o] ABEH I EHHO R
F2|SHA LRt

- L YEOF <=> 43 0l4

- RS <=> 04

- HBE Sl T <=> HESE A0 28 E
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42%% A=

Operator
Plant Simulator Error

??7? per task 0.0205 per task

CNS Operator
(Small-world) Error

ot

2l

Student Operator
Error Error

0| AT Task 1
0.0111 per task 0.0068 per task

Microworld

32
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