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®Safety Culturel| M2

* Assembly of characteristics and attitudes in
organizations and individuals which establishes that, as
an overriding priority, nuclear plant safety issues receive
the a;ttention warranted by their significance (INSAG-4,
1994

* The core values and behaviours resulting from a
collective commitment by leaders and individuals to
emphasize safety over competing goals to ensure
prote)ction of people and the environment. (PL 2013-01,
2013

»QOrganizational factors
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ZZ|QIX} (Organizational Factors)

®Human error is not just a cause of accident, but it is a
symptom of trouble deeper inside system (Dekker, 2016)
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Unsafe Acts
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(Reason'’s accident causation model)
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Reporting and Learning Culture (Reason)

| HE 23} (Informed Culture)

N

B F3} (Reporting Culture)

3 23} (just Culture)

[ &St 23} (Flexible Culture)
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Safety Culture Traits of HSC (IAEA)

®|ndividual Responsibility
®Questioning Attitude

® Communication

®| cader Responsibility
®Decision—Making
®\\ork Environment

® Continuous Learning
+ Constant Examination
* Learning from Experience
* Training
* Leadership Development
- Benchmarking

(Harmonized Safety Culture)

®Problem |dentification
and Resolution
* |dentification
* Evaluation
* Resolution
* Trending

®Raising Concerns
®\\ork Planning
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al 7|dt AFZ4 ZAF (Al-shanini, 2014)

Model

[
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Systematic
model
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. . : : o Dynamic
Sequential Epidemiologic Theory Cognitive .
model al model systems model systems model Felu Rl et se%%ednetllal
I
: [ ]
L | Domino SW|::o%heelese Rasmussen'’s Why-Because Process hazards Dynamic risk
(HFACS) model model prevention assessment
Fault tree Integrating CREAM | Probabilistic | Off-shore
analysis event-chain accident model oil/gas model
Event tree
analysis DREAM —— SHIPP model

Failure mode
and Effect

Cause-

Analysis

Consequence

NSIA's model 3
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HFACS

®Human Factors Analysis and Classification System
(HFACS - Shappell and Wiegmann, 2003)
- Reason’s Swiss Cheese model0f| 7|85t 2E2X|A S 244
- DIZIISAIXIZE F ACZ I

* Ul ] lovelOl T3t ERE FIA| oo e
(orerAlo 2 Faks &) ' ' '

Resource Crganizational Organizational
Management Climate Process
a XX|IASE
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HuRAM+ (1)

® Human related event root causes analysis method+ (HuRAM+, Q1 & A4
018 B A|AE - KINS, 2009)

 RIRIZAINO| AR 8 SA| 877 (R 2012-858)0) ST Atelol w
S, AFAO| Y91 = MINTRUM BEESH OIXSHQ| 7} LSHE|AS AR HX XS} OIX
3910] OIS HAHOR £ES 4 UTS X5t (9I3H HLT 7|

=
® =4Iy

Event investigation process .

Complementary
>Safety evaluationf»] requirement
identification

Event outline | | Event sequence | ] Event cause
analysis analysis analysis
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I . . I

I ! Information of Event and I
A 2l human sub-event (A7 2, At B2l H HSE(himan-sub event), 7|28 & %)
I 4 I

I I

! Error type analysis (L2 93 2XM) H
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: Error cause analysis (RF QL X F/AAH” HHED @0 Z4)
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ACCIMAP

® Accimap (Rasmussen, 1997)
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STAMP/CAST (1)

®Systems Theoretic Accident Modelling and Processes

model (STAMP — Leveson, 2004)
Causal Analysis based on STAMP (CAST)
Controller

Hazard analysis
Process

technique
Control
Algorithm Model

Feedback
(via sensors)

Accident and

incident analysis

technique
Control Actions

(via actuators)

Controlled process

STAMP
System-Theoretic Accident Model and Processes
Accident causality model based on system theory
AlS XI=
IS A0 e

© HO{-L20f| 7|EH5r0] *I*E"o Eéﬁh_’_
QA ALO[OfA] AJAE

= Aral A NS 2 2EEA0M ds &
IMH[F 2S —'?'——*.’é*opﬂ Aot éﬂf
= Controller @K, Controlled process =X, control action =2 =X, feedback
13
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STAMP/CAST (2)

® CAST ™X}
° 7|
S =TEmE
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Loss context &
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System Development
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l Govt reports
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& user associations, Unions,
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_' ( Govt regulatory agencies, IndustryJ

Regulations A Regulations A
> Standards Certification info Standards Certification info
= Certification Change reports Certification Change reports
Legal penalties Whistleblowers Legal penalties Whistleblowers
Case law ¥ Accidents and incidents Case law ¥ Accidents and incidents
( A
Company management ’ Company J
=15 |.( ):| h
| Safety policy Status reports Safety policy
Standards Risk assessments Standards Operations reports
O-I Resources Incident reports Resources
, )
) — Project management - N Operations management
I Hazard analyses
N Safety-related changes
Progress reports
alyses Chai requests
Safety standards gg: s:r: eports Work instructions Pmbr;g; reports
Audit reports
e ( R
: ; Operating assumptions Operating process
Design, Documentation Operating procedures perating p
e
AN \ Human controller
Safety reports Safety constraints Test reports
Standards Hazard analyses

Manufacturing

management
Safety reports
Audits
Work procedures Work logs
Inspections

N

Manufacturing ‘

Test requirements

Review results

A

-

Implementation and assurance 1

Hazard analyses
Documentation
Design rationale

.

Maintenance and

evolution

{
L

Revised procedures

/—P
Software revisions

Hardware replacement

Problem reports
Incidents

System Operations

~
‘ Congress and Legislatures
J
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L ( Physical 3 /
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Performance audits

General form of a model of socio-technical control (Leveson, 2004)
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FRAM (1)

® Functional Resonance Analysis Method (FRAM — Hollnagel, 2004)

© AR UM E SS9 MEH0| ZBl/BYOR U
= Q0| OfL =t FRHO|LY
IR 2, YEe] SH)0| UHHOE SHIC YUE B
© JI5E0 NS HABORM, AT WMHES HSHo| Z3t HEl2
B35l 1A} &

® 7|S(function)® 671X &

Time available: This can be
a constraint but can also
be considered as a

special kind of resource. Time

@

That which is used or

/,

transformed to I
pmduc e the output. Input (L
Constitutes the link to \_

previous functions.
)

Precondition

System conditions that
must be fulfilled before a
function can be carried out.

That which supervises or
adjusts a function. Can be
P|drl 5, procedures,
guidelines or other

PNl | Functions
|\/~CV;/,
f/—\
\ That which is
Activity/ _(o ) Outpu + produced by function.
Function  / Constitute links to
\ / subsequent functions.
N
.
(R)
Resource 1hat which is needed or

consumed by function to
process input (e.g.,
matter, energy, hardware,
software, manpower).
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NSIA’s Model (1)

®Norwegian Safety Investigation Authority (NSIA)HA 74
S AN IESIN,

-« AN =2t SHZ00 TS AL
ME oM =X #H (A)
Barrier (&) 24 ()
710f QX 7H

. ZEE/71E% Q0 (
. ZEM/BEY 201 (@

Where?
What?
When?
Who?

)
)

= XN XA () et

- OIMPEA L FZ: 2M e
Risk and barrier control,

AH| Axol ot = | 74 ey e yste,
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NSIA’s Model (2)

Investigation o —————
depth - - ~ -~ -
4 ~
: ~
2 ~
: /\ N
Framework conditions A ) N o Syonsperspeciive
$ \
: \
: \
Stage 4. H \
Identifying Organisational and : \
contributing management factors  : Why? \
: How?
factors : \
) \
Operational and " \
technical factors r \
I /\
' I: Stage 6. Considering systemic L\
: safety problems = areas for improving
Causual analysis ‘ - Stage 5. Assessing causality and importance safety
“5 _ Event analysis ~Consequen Al
T H >
‘. + Irreversible
a physical event
Stage 3. Barrier analysis H \
\
\ Where?
Stage 2. Identifying local What?
safety problems When?
Who? Stage 7. Assessing
/4
Stage 1. Clarifying the sequence of events P f‘: s;fety
and circumstances , 4 e
7
H e
: ’
5 ,.. Norwegian Safety E
" "a. Investigation Authority H L S = - Investigation
A e L wl.'IIIIIII"IIIIIIIIII:IW LR AR R R L R sco
———— - pe
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Characteristics (1)

® HFACS (F2HH: 25 A
- NAEIM HIoZ 22|7|% 5IX|0H 95k HZ0|2}
- HIEHe HEfo| 2EH|HZS HA|
- &l QIR (XX > JHQ)0| & 20|7} AL 0[5HE £
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® HURAM+ (ZQH&: AbM|5H 22)
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Characteristics (2)

® Accimap (F2H8: &2 =& 41X)

© 6 levelo] 7|01201S S BAI5I0|, ZX/231M QXSS ZHQISHA 7Y
© 2H7|0120159| AT Tief Tts

o ZH g LHO| EFHM|AIE MIAISHK] 23S > Trend 22| M=
ANt MM 0|lf=2 TUR7| HL MYIMO = macro of 20| & O =H
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1
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S
oot

® STAMP/CAST (F2IH: M35 AtE)

- AIAEI0] CHEE 202 O[3 (E3], ZX|E TEES X A)S 27 > TS 24 s

- E O YHEHO ERHAL HAIEY S,
- ZXY TEE MK QOB ZX QXSS T
+ H0f O|20f 7|uret EA] X QIaH ARISHM 0|4 2Tt K0 Ol0f BAS S

- 2R 2E XSS o TEX| HE.

® FRAM (F2HE: HE5E)
- HEIO ZEEY NEO| 7MY AIAHLE H EeH 2
- TEIISE A0 RE ST J|0IQIRtS] HES MO WHE MBS
© QY HOIL} EH=E HAlot7| 022 1=
© 715X Q012 HEH0| HLt= 7MY (e.g., 7171 R MLt HXIM 7 |E=H)
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Characteristics (3)

O NSIA’s Model (FOHH: HSHA|ABIX F)
* HURAM+L} Z2 AFAZARIA0]| AP EA 7|0 Accimapt FAFeH 229
X 2A RS At Al
« AMAHIY FXE BEot= EAE Al Mis&e =M, 2-et ZHE &= + =
72| HlE
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—
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Trend of Organizational Factors

® OFHE o} O/ ZZAQUXI0) THEE ARAZEAL Bilb=
=] H

- XX QXIS WAy HITTL HOf TR 7|2 T ek

o RF Q19| 2l 7| (HiF7))2 Het & 2ME S Trend 40| 7Hs
- SF71ZEA0|9 EF YL AA HA BIE 5> £ |9 AA0| HHAE Al ZH9 2HA
« F/7H 88 E20SE, LR HYRIETL Y F0RXIt= 20|

® MA|: H= A0 CHol =% QIXf7t HE ot ZFA|A ot M A ML= ZAHE[0{0F &

3000 Reliability Engineering and System Safety 167 (2017) 595-601
(days)

2500 - *

Contents lists available at ScienceDirect

Reliability Engineering and System Safety ey
A

\ y = 51.132x? - 758.91x + 3132.5
2000 PN R? = 0.6843

journal homepage: www.elsevier.com/locate/ress

A quantitative measure of fitness for duty and work processes for human

1500 reliability analysis ®Cm““
N y = -145.33x + 1803

1 000 S D2 NOAQD ‘ Risk & Environmental Safety Research Department, Karea Atomic Energy Research Institute, 111 Daedeok-daero 989 Beor-gil, Yuseong-u Dasjeon. 34057, Republic of
N =—"U. J"ﬂ)s , Korea

Yochan Kim*, Jinkyun Park, Wondea Jung

ARTICLE INFO ABSTRACT

500 ‘ N ‘ . Keywords: Fitness for duty and work processes have been recognized as important performance shaping factors (PSFs) for
B ‘ Human reliability analysis human reliability analysis (HRA). However, curren t HRA methods offer no or limited guidance for determining

es PSF levels, so analysts have relied on their expert judgment during the selection of such levels. In this study.

we propase a practical framework to quantitatively measure the levels of socio-psychological PSFs using human
error data, based on plant experiences. This methodology calculates the error occurrence intervals and their
moving average for a certain error cause reported in inspection reponts. The proposed framework is applied to
the HURAM + (Human related event Root cause Analysis Method plus) darabase a5 a case study. The usefulness

e ctor
0 2 4 6 8 10 12 and requirements of the proposed framework are then discussed

& 2017 Hsevier Ltd. All rights reserved
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« E.g., BXMZ} LIBEOD ) 20| 2E56ICHD 25 human errorZ 0|0 X| R 43,

® At AL EIO0]R 2] S|4y =X
- MIjALE| (1.000E-4): 2t 2| 214

» HASH| #Z Failure
- UOISNO| 273
= JHMAL 22| 9] 022

MBAH (9.999E-1): QtM o] =X

74517) 01212

.i

Mol g =3

2l
it &e7t 23

I=|
=

= [io n<

oA g— Atd| (Best practice + near miss) 8| LiSt XAt (Hollnagel, 2018)
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R E|QIX}/ QMM E =9 LXK

® European Union Agency for Railways (2002) - Introduction to the European
Railway Safety Culture Model

- QHEel= HEHO|X| BT, HO| BoiR= YL E WSUES Y

® Reason’s organizational causation model

* Local human factor&<2 organizational factorE XAlol= A
« E.g., Olsot 239 5> 289 0|§ > &d Z20Y VY BX 5> 23 ZAF QIO HiX|

=Ry E=] S = 7o 710 HAMS 5
® XTX|OIX/OIMESIE RAPIC= A2 0 A2 242 248
o = Fa S
o AP ZRARKIO| A|ZHE /O IHA 2 7|59| ot
Defences Framework conditions
Authorities, regulations, oversight,
economy, market
e
Organisational and
Hazards U H U D managementfactors
Risk and barrier control,
b4 § safety management & system,
Latent condition ©.d Causes safety culture

pathways A
4 : Operational and technical
7 Investigation
P Unsafe Acts factors
/ Human/individual, technology,
i environment, work place

’ Local Workplac|e Factors

1 3 v

|
Organizational Factors

* [34



Leadership Issue in Safety Culture

= 75'3% 718 > 3ot MEe =22 HEE
= ETTO (Efficiency-Thoroughness Trade-Off)7} QS
|

=X H°*7F‘“0| UAS

. 2iLt, 91710 B2 OWW |
= BT ZXE YHolH & Zat/&dH 22l0

= A|ZFOIHE B|AAM AIZ|X OfHb H

® Safety culture?| XIHot ZEXHE Leadershipll| JUS

* “The belief that safety is truly important depends on what signals the CEO
sends out” (Kirwan, 2008 - From Safety Culture to Safety Intelligence)

* “The safety culture concept needs both a ‘top—down’ and a ‘bottom-up’
approach. Although this change in culture must stem from all directions,
consistent and visible leadership from the top is essential.” (IAEA, 1998)

- “Safety culture---begins at the top of an organization and permeates throughout
the organization” (US NRC)

« “Improving safety culture implies:--top—down actions--concerning safety”
(Marsden, 2021 - Safety Culture: A Contentious and Confused Notion)
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® Al2|X OtMZt (Kahn, 1990)
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Biases in Event Investigation

® Hindsight bias = Blame
© AP27F ot Hols (EE € L A
0|2} OIXSIK| &t
= “J1/JEH= O|ZA UO{0F AHLE.”, "I= O[EA &
» Q20| HIABHOL} OIAIGHK| LS & AUZI0| A}
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> “Blame is the Enemy of Safety” (Leveson,

@ —L=H}0

171 O -

* Training (bias recognition)

Model asking deeper issue / Radhwond \ / Real world
Peer-review \

* Double-loop learning Bictiion Information Bicibion Information
feedback feedback
* Promotion ‘ E— ‘ ) \\
decision-making Mental decision-making Mental
rules model rules model



QA 7|2} (Extrinsic
Motivation)

® LiMXN 57| vs 2MXN S7|
- WA 3710 801, EA4F, 7HXIEZA, X0t
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=
©HI AN BAS RIS A2 55 UM 5715 244

® OIMEot ZALOAS] XHO| ot
- XY OE Qo AH1 B0V =
« At7| Xol, 2ES7te| A &4

"'2

® OIM 25} ZALO|A|Q] HANO| GHA|

otJ
- Esafety.com@| H11: PAIIC| HAL X7|0 7t QIOLt Mx} H1OX|E SEA7|= BEES

28
© ARISS QMEIET} gl0] S YES B O, 10 GEE UFO SFORLE MES LI 3
+ QUMIEIET} 27152 [ O] Y2 Xp7|5140| Rt T3 20| OfLi2t & MR dh= 20| S/0jHY

/34



QA 7|2} (Extrinsic
Motivation)

O LHTH X S7|3} (Safety culture MO CHSE ---)
= Self-assessment? =LA

“Constant Examination: Safety is regularly monitored through ---self-
assessments of its programs and practices.” (IAEA, 2020)
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® At119| HrN EM (emergent property)
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The First Rule of Safety Culture: Contents)
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* Event investigation techniques revealing safety culture issues

» Considerations in event investigation for fostering safety
culture

10

* Risk is alive
* More opportunities in event investigation
- Bold attempts to address leadership issues
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