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SPAR-H(‘05)

t =
1% Generation HRA CESA(‘00)
-Focus on quantitative analysis
- Action/omission error
- Simple engineering approach

K-HRA(‘05)

ATHEANA('99) —
MERMOS(‘99)

CREAM(*97)

‘tCBDT(‘gz) 2"d Generation HRA

-Focus on qualitative analysis
- Cognitive/commission error
-Complex scientific approach

HCR/ORE('92)

HEART('86)
ASEP(‘87)
SLIM (‘84)

THERP('83)

WASH1400 il
HRA(75)
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* APR1400 F=H|Oj& A E4
— AHA#FH 7|8 Human System Interface (HSI)

« Large Display Panel (LDP), Soft Control (SC), Integrated Graphic Display
_ FMASIE] X X|QA|AE

—

« Computerized Procedure System (CPS), Advanced Alarm System

« Safety Parameter Display System (SPDS) / Bypass & Inoperable Status
Indicator (BISI) System

Conventional MCR Advnced MCR
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Computerized Procedure

m (CPS)

Syste
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Soft Control (SC)
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* PSFs (Performance Shaping Factors)
- QFuMo| YE2 X< PSFs
— PSFs level ®7} 7|& Gl I
- PSFso| @REE Y3 BT}

. Work Load/Time
Complexity Pressure/Stress HEP A\ : : )
' ' W/
Available &] o YQ Human System / f

Interface

Staffing q> w@ ph,

Team/Crew > >
Dynamics | T AL

<: Time
Available

| Environment/

] Spedial Tools : ; E
Experience/ i i i ~, level of

Training Procedure ' : Y 7 PSF
High Medium Low
HRA Good Practices (NUREG-1792) HEPOj| O|X|= PSFs €Sk =7}
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3. C[X|E HRA 1l A+

(1) HURECA Hhe 7jt

Table 3: Summary of HRA method evaluations

6. E3ctors Influsacing Heman RalIbIEY 1. Dovationt and Progrecuions . L
L Awsilabiity | 2 Technical | 3.Techmical | & intermsl | 3 Quelitative Considered by the Method e — in Accident Sequences 9. Cognitive | 10.Statotical ®

of mformation | Bags of the Bunofthe | © Y ; Error ¥
relatingtothe | Method | Method (Dats|
techaical baos | (Thaory)

NEA/CSNI/R(2015)1

8.1 adequacy of |o 2 Quastitative| 6.3 IMeraCTion 01 . 8.2 rault 111 safecy- 11.7 Prodess
PSFs Ftivity factors - Frogression Cultare Factors Factors

THERP
[ASEP

Enhanced Bayesian THERP

IATHEANA
MERMOS

MARA

SPARH
HCR/ORE
c80T

FUM

HURECA

12, Empirical Validity 1 . 14. Refiabiity and Traceability 1. . dre

Modais and of Scopa Outputs
software Lools

L8, avalability 18, use of 20, Resources
of Usor Doc- | bmvting values

N&

Enhanced Bayesian THERP

IATHEANA NA

MERMOS
MARL

NA

LI

SPAR-H

HCR/ORE
CBOT

LM

HURECA

Ref: Establishing the appropriate attributes in current HRA techniques for nuclear safety (NEA/CSNI/R(2015)1) 13
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« Soft Control (SC) 55 5l HBFOIK}

Wron i
H Ad Operation Lo >
™ /| Selection
ICOrrect
—t — %
- SCRERY U FHOIX 24 D
Selection filkang
D~ —
. T RESY U YMHE oo} -
T rong
=23 e Control Device —
« QEATOIX EF selection | :Reco"ery
o a m| M
- SCO| RAMY, 288 H MO 7] 2A &4 wieng |
SO A E Operationon | —1 Confusion
- SC XAl = & Wrong Control
Window ; -
ncomplete
sc 95 9% oz aBoIR} cones -
Omission MM S MK S HHES F2 Rt Coptro s
Uhs gl Kol 20| BT AR E e Window
Wrong object H2h A0 Ii'E AOJOIA S g
SC A, 2EA m2of LAy L,
Operation
Wrong operation [[2 HES S2 (ThAlsy)
HIE 7|1t CHE B EXFe| HIE0f oot ST
Mode Confusion #42 oI9S M= BESO| =5
Incomplete g 282 SAI0| A= 89
operation ChE 28 &0[Lt 2HE 0] 2|8t interruption
Too long/short T et feedback 20| =42 HTF 25/H0| =4
Delayed operation o HAM2 XM 2 2ot 28 A ZH X[
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SC @E=E HILE 2|3t pilot study
— M K O{A! mockup (KAIST CNS) =&
A DB 5
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Compact Nuclear Simulator

Before error recovery

After error recovery

Error
Human error mod es Frrors/ recov ery Frrors
Opportunities Opportunities

Ey (Operation selection omission) 51274 0 51274
E1 (Operation execution omission) 15/5171 10 515171
Ezzz (Wrong screen selection) 43/2062 39 4/2062
E-p: (Wrong device selection) 20/2494 10 10/2494
E: (Wrong operation) 11/1458 6 5/1458
Es (Mode confusion) 22/648 17 5/648
E: (Inadequate operation) 11/700 = 6/700

- KNS 2017 &7)8l =01 3/

o B 858888 588

0002 0004 0005 0008 001 0014 0016 0018 002 % 0002 0004 006 008 001 0012 0014 0016 0018 00
Human error

Human error probabilty

ol
o

a

15

__I.I.



a

. QIEA o 0|
— APR1400 mockup (KINGS A|=2{|0|g) &t
ST ER

SHAIZH/QREE

(3) PSFs vs Q1% =3l
PSFs gt 241

67§ AlLt2l, 674 2HE Ch4

SBE Y OEAM £F PR MY A
1} PSFszto| 3|75
27| Q1™ =3l & (Time, Error Prob.), 67l PSFs

(Experience, Urgency, Complexity, Secondary
task, Workload, Situation awareness)

- =7

Experience, Secondary task, Workload7} <=2
AlZbaE ARE| Qs HO R LiERY

67 PSFset @ R2E7H0] F2|oh o 2H2tA &
71 B}

Q& PSFs7HOf Al

L=

FE
rkl

A A= A2 = LiEtYH

- KNS 2017 EH 8l =3 A& -

3. C|X|E2 HRA {1l A

CIXIE FHOod &3

oz

ADV Open + LOOP EOP 30% OJLf
SGTR + N16 D& EOP 30& O|L, & Masking
SBLOCA + SI 1% FRP, 30 O|Lf
ISLOCA (Small) EOP 30& 0|4
ESDE + N16 1% EOP 30% 0|4}, M & Masking
FRP, 302 0|4

A Z[0|E (KINGS)

1
2
3
4
5
6

Loss of All Feedwater

Operator
Experience

‘..,_._...,...,...‘ ..................

Task
Complexity

Number of
Secondary
tasks per
instruction

Workload

Situation
Awareness
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%Q« 4. HUREX 7|8 HRA data 2%
17 HRA database 1=

HPSI L * OK Simulator-based HRA Data Bank
—————— 0K

SLOCA L e CD
o F&B FTiIs
HPS;I Fails / * OK
PSA * D

24 Cooling Fails

—— OPR1000 Simulator APR1400 Simulator
HPSI;':;Tmps * Korean specific HRA data
107 * Analog & Digital HMIs

Replace & Update
Technical bases for HRA

Source

A : Control room operator omits | 59 THERP

ordering the following tasks

Handbook » 1960~'70 data
OR + Industry data in USA
Expert » Analog MCR

B : Operator omits verifying the 0.04
position of HPSI pump switch :

Judgment
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4. HUREX 7|8t HRA data =%

HuREX M| A| 7H%

NPPs in Korea (OPR1000, WH900, APR1400)

Simulators NPPs
Mockup
(Experiment) Event reports
(Human-induced
Full-scope events)
(Training/Experiment)

HuREX: Human Reliability data Extraction
OPERA: Operator Performance and Reliability Analysis

HuREX framework

A 4 X

Data collection

Data collection forms
(3 IGT) and guidelines

Error model/ (process/method)

Taxonomies OPERA
(Task, Error, PSFs)

Generic tasks of

simulated scenarios A 4
(task/subtask level)

Data analysis HRA data

[
|
Analysis methods Performance time,
(qualitative & Human error prob.,
quantitative analysis, PSFs multiplier,
statistical data others -

3 —
analysis) . _—

Y

Task analysis

AOP/EOP
(Paper/CPS)
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K

HUREX - xg30/g x12 24

@ Design Simulation
[

¥ ¥
l Procedures
@ Simulators G asedure | No HuUREX Process
(Videg";;‘;frgg"p,am ﬁggf,':ig'}g's = @ Design scenarios, and define expected procedural
logs, interviews) cognitive activities paths & key operator tasks
l ]
v (2 | Perform simulation, observation & interview
@ Res| onsehAnaI sis
(analyze what, when, (3 | Identify generic tasks & cognitive activities
responses)
i @ Analyze observed operator responses &
®) UA Analysis performance
(identify Unsafe Acts . .
& related contexts) ® | Analyze unsafe act & related context information
 Event fimeline (6) | Store collected data in OPERA DB
* Demand of cognitive subtask —
* UA types & related PSFs infor. Analyze the collected data statistically to generate
« other qualitative infor. @
HRA data
) Data Analysis Customizing HRA data

(perform statistical
data analysis)

!
= + Performance time

HRA data « # of UA and task demand
* Human error probability
« PSFs multipliers
+ Bayesian statistics, etc.
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Food | & (EA 3.0- 4.0 CVIH I/AS B3 B0, e v [ 50 1SL0CA. T2
o0: o CA ¥ bk 35 |151204 |33 UA Info UA code VA2
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(SA 4. HUREX 7|8t HRA data 2%
/KAER]
HUREX - Preliminary Study

+ =4 A= 0|H Xt=E

Event Scenario : :

Plant type category | (# of simulation) Supplementary information Remark
OPR1000 Abnormal | Diverse abnormal |* Communication logs * Collected from
(2-loop PWR) | event scenarios (205) * Process parameter logs 2008 to 2011

* Event logs
* Action logs
WH900 DBA « ISLOCA (10) * Communication logs e Collected from
(3-loop PWR) * Multiple events |* Process parameter logs 2009 to 2010
(MSLB * SGTR) (8)|* Event logs
* Action logs

- KNS 2017 EH 8l =3 A& - 21



oot

HUREX - Preliminary Study

Estimated HEP (KAERI/TR-6649)

4. HUREX 7|8t HRA data =%

Bayesian updateOfl 2o Hl&t= UA =& E HEP

Cognitive | Abb. Task Type UA | UAE (EQQ) | 5% =22 [50% 2%+ | 95% =%+ | UA#(EQC) | 5% =2 | 50% 2%+ | 95% ==
Activity opp. (EQQ) (EQO) (EQO) (ECC) (EQC) (ECC)
Information | IG-alarm 453 1 3.000E-04 | 2.600E-03 | 8.601E-03 0 3.000E-04 | 2.600E-03 | 8.601E-03
gathering | IG-indicator 2282 2 2.000E-04 | 9.001E-04 | 2.400E-03 0 1.000E-04 | 5.001E-04 | 1.700E-03
ana |G-synthesis 120 0 1.400E-03 | 9.801E-03 | 3.260E-02 0 1.400E-03 | 9.801E-03 | 3.260E-02
reporting IG-value 121 0 1.400E-03 | 9.801E-03 | 3.240E-02 1 1.400E-03 | 9.801E-03 | 3.240E-02
|G-comparison 395 0 4.000E-04 | 2.900E-03 | 9.801E-03 & 7.501E-03 | 1.560E-02 | 2.830E-02
IG—graph 20 0 8.801E-03 | 5.811E-02 | 1.795E-01 0 8.801E-03 | 5.811E-02 | 1.795E-01
|G—-abnormality 371 0 4.000E-04 | 3.100E-03 | 1.050E-02 0 4.000E-04 | 3.100E-03 | 1.050E-02
IG-trend 391 0 4.000E-04 | 3.000E-03 | 9.901E-03 7 9.301E-03 | 1.840E-02 | 3.200E-02
Response | RP-entry 624 2 9.001E-04 | 3.500E-03 | 8.901E-03 - - - -
planning RP-procedure 253 1 6.001E-04 | 4.601E-03 | 1.540E-02 0 6.001E-04 | 4.601E-03 | 1.540E-02
ana RP-step 71 4 2.370E-02 | 5.851E-02 | 1.150E-01 0 2.400E-03 | 1.650E-02 | 5.371E-02
instruction [ RP—information 2885 10 2.000E-03 | 3.500E-03 | 5.701E-03 4 6.001E-04 | 1.400E-03 | 2.900E-03
RP-manipulation 830 40 3.690E-02 | 4.841E-02 | 6.211E-02 13 9.701E-03 | 1.590E-02 | 2.420E-02
RP—-notification 523 9 9.701E-03 [ 1.750E-02 | 2.880E-02 1 3.000E-04 | 2.200E-03 | 7.401E-03
SO | o iagnosis 30 0  |5.801E-03 | 3.890E-02 | 1.230E-01 8 1.531E-01 | 2.693E-01 | 4.120E-01
interpreting
Execution | EX-discrete 712 11 9.201E-03 | 1.570E-02 | 2.470E-02 2 8.001E-04 | 3.000E-03 | 7.B01E-03
EX-continuous 25 0 7.001E-03 | 4.661E-02 | 1.460E-01 0 7.001E-03 | 4.661E-02 | 1.460E-01
EX-dynamic 150 0 1.100E-03 | 7.901E-03 | 2.610E-02 1 1.100E-03 | 7.901E-03 | 2.610E-02
EX—notification 512 3 2.100E-03 | 6.201E-03 | 1.370E-02 3 2.100E-03 | 6.201E-03 | 1.370E-02
Other OT-rmanipulation 12 - - - - 12 - - -




) 5. C|X|2 MCR HRA &4 7=

" APR1400 112 HRA database 7=

-+ ot IHH THR
- WA CX|E 289 g FE B HHAZER|0] MEE It
— 1A 7|7t 2016.12~2019.6 (3071&)
- M= (1) CXE FH0d 280N AXF=E EIMNA 5
(2) Atz EoAE LT EL O &N =87t &
o| 23 Fet 24MA =
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) 5. C|X|2 MCR HRA ¢4t A=l

o APR1400 11 € HRA database 1=

. ol 43 A4

W5 LN 164 174 184 194 2oL SR AR oA =%
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(;/7. 5. C|X|= MCR HRA @3 # &l
/KAEI;I“

* HRA b 7 st

1st G. HRA 2nd G. HRA
THERP/ASEP, HCR/ORE, CBDT, K-HRA CREAM, ATHEANA, IDHEAS
c g | - DETEAY oEmA 9k CHAR/ONY Q22 UE
JIEFHS | 5= psr A - J1Z HSI 44

- Mg Mg, 012N Hot - 012X 54, X8 0132
(14)

!
Al =TI A HURECA {} New Method
=S TANS | _OxensisMwe  SEL> | - OXIE HSI SA Hie

v
YE

CIXIE &3& HRA &&2?

1. JI& &8 AIE - HRA Calculator, THERP
2. Jl& &Y & — HuRECA JH&

3. MZ3 &8 e — New method

AIEdI0IH Xi=

2838 s
&8 s

JIE2A 25

Ref. NuPIC 2009, W. Jung



5. C|X|2 MCR HRA &3 A g

HRA & S8 Hlu

Low

THERP US NRC
ASEP US NRC
SPAR-H US NRC
ATHEANA US NRC
IDHEAS US NRC
HCR/ORE EPRI
CBDTM EPRI
K-HRA KAERI
HuRECA KAERI
New Method KAERI

Low
Low
High
High
Low
Medium
Low

Low

High

Medium
Low
Low
Low
Low
High
Low
Low

Low

High

- KNS 2017 EHSf=H2] AT -

High
High
Low

Low

High
High
High
High
High

HEM | ASxtE7|Y At2A | C|X|2MCR
EM Hid

Low
Low
Low
Low
Low
Low
Low

Medium

High
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) 5. C|X|2 MCR HRA ¢4t A=l

2017 LC|X| 2 &4 HRA g &= LCXE FHO4A Qztsses 4E
2018 C|X|E€ F=H|0jd HRA HQIX  ClX[E FXH O HRA FeolXt 24
=
2019 C|X[E F=H0{& HRA HE 3} CIX[® F=X0ld HRA F2HE 7 14
= = 7HI:|I- 7H|:||-
[@3 —| = =

3. OA & 2t ozt 4| detaa o &
o HRA 7 @4 A= (what is (or what makes) a good HRA method?)

o Human reliability issues in Digital environment

o Reviews of previous HRA methods including HRA methods considering digital issues
o NE|EEHOIA 2= 5

o FEtOE E4EA

o Reporting
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« =L HRA &0}
— PSA #X|=t0f & HRA 53 4
— APR1400 HRA method/data
— Q|EAMA, L2, Ck=7] HRA

. U HRA 917 $g
— HRA method: K-HRA, HURECA
— HRA data: HUREX A|A|

« A|=d0|H 7|8t HRA Xt& =&/EAM -> HRA data A| &

- C|X|E 24 HRA 13 A=l
_ APR1400 A|Z22{0|E| Xt2 2MS =3
_ 2F|El HRA dataZ HIEIC 2 C|X|E A

19 HRA data A&
7

T 30
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