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Introduction : Current status (1)
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Introduction : Current status (2)

Figure 1.1: Annual reporting rate since 1981
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Figure 3.1: Number of IRS reports related to human
performance issues (2008-2017)
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Introduction : Current status (3)
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Effectiveness Venfication of KHNP Safety Culture Pnneiples and Assessment
Nam Young Hw', Young Gab Kim' and Tae-Young Song’

(Rocetved 5 May 2014, Revised 23 Jme 2014, Accepted 3 July 2014

ABSTRACT

Kaorea Hydro & Nuclear Power Co LTD(KHNP) was strongly interested in promotion of employes's Safety Cultre
because it is needed to the recognition of Safety Cultre after the Fukushima accident and Kon-1 blackout
event. So, KHNP developed the KHNP Safity Cultre Defirution, Principles and Artnbutes and shared them with all
enployees. By wing them, Safety Culture Assessment fior a site plant employees was caried out. Through the pilot
Safety Cultre Assessment in 2012, In 2013, it was expanded to 6 plants and vanows improvements had been
obtained from that. KHNP has been developing a vanety of training matenials, Safety Culnwe posters, videos which
was desigoed 0 give lessons abowt safety cultwe with 3 vanety of event cases. And keep fiying to fomn Safety
Culnze Curoumstances In this stady, statistic methods are used to venfy the effectiveness of KENP Safety Culture
Punciples and Safety Cultwre Assessment

Key Words : Safety Cultiwe Prnciples(} % £ 5F #%)), Safety Cultwe Assessment(2)2 854 % 7})
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Tahle 2 KHNP's Safety Culture Prnciples & Action Statements
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Need to an assessment of safety culture-related
contributors as an error precursor to the incident/failure

Data Analysis :

Database for safety culture related incidents
Identification of safety culture-related contributors

(IAEA HSC model)
3. Data analysis

N =



Database for safety culture related incidents vay
KINS

ey * Using a grading evaluation results report in OPIS of KINS

(OPIS — Operational Performance Information System for nuclear power plant)
*  During 28years from 1993 (INES system was firstly introduced in Korea) to
2020
S «  Among the events with INES grade > 1

EP o o o
A total of 24 incidents are derived as safety culture events
i/
fzdol g dd Al a3 g By 24 3
'mber Unit Date Failure type Reactor type Site INES grade
0. AHe) Ay =F REDEL oldig) P} 1 WS U-1 1994-10-20 HE CA6 ws 2
o =94 27 2 HW U-2 1997-01-17 HE FRY HW 1
)T Y Y AR 3¢ BRE £ 3 25290 928 | 5 4% Ex
HF 274 T+ 2l 3 HB U-5 2003-12-22 ME KS10 HB 1
D EFE L EF 4T IIT ¢ U FUF 298 HEF B
D ESEERET] 4 WS U-1 2005-11-06 IC CA6 ws 1
B BI3G 23
9) A EB9 A0 FHESD A9 q= .97 B 5 HW U-1 2006-05-7 HE FR9 HW 1
(L) A A 37} glol 2RARRASN 2GS A 98 6 WSU2 | 2009-09-03 EL CA6 ws 1
(1) £387F =949 Bug
(3) B4 429 3 7 SKR U-1 2010-09-17 HE OPRI10 SKR 2
(W LAHEE 9B 929 3387 49 == 9292 2449 232
(5) 2 39F F NEZAE FH7 ohIE FE 2%l 9T AE 8 KR U-2 2011-06-21 EL WHS KR !
30000 A ] (20" )" e} . e o= sl AT
e 23890 R 1TF A% 2AT £ ’ RO 20120209 e Wio R ’
1 A4 s $49 BAE 4% LFA0G LS B} e A9 A5z 10 HW U-6 2012-11-26 HE KS10 HW 1
Faaa 32
) 9 AE AFF7EC 2 AFY £33 B7bed ASATn FE B 11 KR U-4 2013-04-14 HE WH9 KR 1
12 KR U-4 2013-04-14 ME WH9 KR 1




TAEA Harmonized Safety Culture Model

Developed with IAEA, INPO, WANO, RBs
10 Traits & 43 attributes

Currently being updated and expected to publish in the IAEA Safety Reports Series

Traits Attributes Traits Attributes
Ik IR.1 Adherence WE.1 Respect 18 evident
Individual IR.2 Orwnership . WE.2 Opinions are valued
Responsibility - WE — - -
} 1IR3 Collaboration Work Environment WE3 Trust is cultivated
QA Recognize umque risks WE.4 Conflicts are resolved
QA QA2 Avoid complacency WE.5 Facilities reflect respect
Questioning QA3 Question uncertainty CL.1 Constant examination
Athitude A — -y
QA4 Recognize and. question CL CL.2 Learning from experience
assumptions Continuous =
Co.1 Free flow of information Learmine CL.3 Training
Co.2 Transparency = CL4 Leadership development
i Co3 Reasons for decisions CL.5 Benchmarking
Commumcation | CO.4 Expectations - PL1 Identification
CO.5 Workplace Problem P12 Evaluation
ComMImeanen Identification and
LE.1 Strategic alignment Resalition PL3 Resolution
LR.2 Leader behaviour ] PL4 Trending
LR.3 Employee engagement RC RC.1 SUFPPHI;E F?]If_]::i are
Raising Concerns gt
LR LR.4 Resources & RC.2 | Confidentiality is possible
_L“Hq?r_ . LR.5 Field presence WP.1 Work management
Responsibility LE.& Rewards and sanctions . WP.2 Safety margins
LR.T Change managerment W k\;lp . o . i
o ’ . LT
Authorities, roles, and RS wps peumentation an
LE.B o procedures
responsibilities
DM.1 Systematic approach
DM DM.2 Conservative approach
Decision-Making
DM.3 Clear responsibality
D4 Resilience

e
4.»

KINS
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Identification of safety culture-related contributors to
events precursors

% Mapping using HSC model

- Identify the causes related to safety culture in each events

— Using the accident/failure investigation reports in OPIS

- Compare HSC model with the causes derived
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Classification of events with safety culture-related [V
contributors (1) Kins
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Classification of events with safety culture-relate
contributors (2)

Table 5 Failure types and safety culture-related contributors for each reactor type

[occurred (1993-2020)]

Reacior Failure Case HSC-relsted factors and number
type Type | Numbers IR QA co LR oM WE CL Pl RC WP aum
ME 2 1 3 2 1 1 B
EL 2 2 5 3 1 1 1z
A
- 1 1 I 1 1 4
HE 1 3 1 1 2 . 2 2 13
ME 1 ! 1 2
EL L]
B
I 0
HE "
ME Table 6 Failure types and safety culture-related contnibutors for business site headquarters
e EL 1 1 2 | 1
I [occurred (1993-20207]
HE 1 2 2 1 1 Failure Case HSC-related factors and numbser
HI type
T 3 2 i 2 4 P Type Numbers IR 0A &5 LR i WE tL Pl R WP sum
o EL ! = : ME 2 3 1 | 5
I 1 2 1 | 1
HE 3 & 1 & 2 3 A EL : - - ” ! bt
ME I 0
EL HE 3 5 1 7 1 3 2 2 21
E
I ME 2 1 3 2 ! 1 8
HE 2 2 1 F. 3
EL 2 2 5 1 1 1 12
ME 1 3 1 B
o I 1 1 1 ! 1 4
F i HE 1 3 1 1 2 2 2 2 13
HE 2 5 2 4 4 2 ME 3 2 2 2 4 3 2 15
ME EL Il
EL L&
G I 1 2 1 1 1 &
i
HE P : 3 p HE 2 4 3 & 2 3 3 2 23
Sum 24 9 6 & 39 T 1 24 ME 1 3 3
EL 0
o
Reactor type-based c [ ‘
HE 3 7 3 1 & 5 2 4 b
ME 0
EL 0
E
I 0
HE 0
Sum 24 20 3 8 T 7 1 24 17 0 12 146

Site HQ-based

13



Frequency of occurrences for safety culture induced
events per reactor type

Table 4 Frequency of occurrences for safety culture induced events per reactor type

R;‘;—g:‘ i3 R2 1% QAl 042 | Qa3 | qad | coa cor | ooy | cos4 | cos LR1 LR2

Cf; due to SC; & | 27Em | 1eEm | eoEos | aoe+00 | soEas | ssEas | o.0E+o0 | ooE+oo | ooE+00 | coE+00 | ooE+00 | soEs | moEos | aoE+a0

Frequency of occurrence; = Reactor - years B | 0.0E+00 | 0.0E+00 | D.OED0 | 00E-00 | G.OE+00 | Q.0E00 | 0.0E+00 | Q.0E+00 | 0.0E-D0 | O0E+00 | 0.0E+00 | 0.0EH00 | O0E+D0 | 0.0E+00

"" : ¢ | 1zE02 | 13E02 | LEE-D2 | 0.0E-00 | ooEs00 | acE+0 | ooEs0n | coEs0o | ooE+00 | LiE-m | ooEs00 | LiE-m | LsE-D | 00Es+00

Cf; : 1 component failure or human error D | 43E07 | 54E-02 | B9E-03 | 0.0E+00 | o0E+00 | 80Es | a0E+00 | ooE+0n | 88E03 | BoE03 | BoE03 | BSE-03 | 27E-02 | BSEA3
SC; : safety culture-related contributor E | LSE02 | LSE-02 | 0.0E+00 | 0.0E+00 | LEE-02 | Q.0E+00 | 0.0E+00 | 0.0E+00 | 0.0E+00 | 0.0E+00 | O.0E+00 | 0.0E+00 | O.0E+00 | 0.0E+00
F 12802 | 128402 | 60E03 | om0 | soEos | soEos | o.oE+oo | coE+oo | o.oE+00 | coE+00 | ooE+00 | soE03 | 12E-m2 | ooEs00

1 : mechanical, electrical and instrumental components G | 0.0E+00 | ROE03 | D.OE+00 | D.0E+00 | O.0E+0D | 0.0E+00 | O.0E+00 | 0.0E+00 | 0.0E=00 | O.0E+00 | 0.0E<00 | 0.0E=00 | G.0E+00 | 0.0E+00
J : safety culture-related contributors R{?.ge“ LR LR4 LES | LE§ LE7 LR: | DML | DMD | DM3 | DM# | WEL | WEl [ WE3 | WE4
S - — A | ooE+on | s4E02 | seE-0s | seE03 | rLeEm | acE+o | seEos | seEos | ooE+00 | 0.uE+00 | o.0E+00 | 0.0E+00 | ouEs00 | 0.0E+00
B | 0.0E+00 | LsE-m | o.0E+00 | o.oe+00 | ooEs00 | ooEs0 | o.0E+00 | ooEson | coEso0 | coeop | ooe+00 | 0oE+o0 | soEso0 | ooEs00

o | ooEs0 | ooEoo | ooE+o | coeso0 | seE-02 | ooEson | ooE+o0 | ooEson | coEsoo | coeon | ooe+0o | ooE+o0 | soEso0 | ooEs00

D | 00E+00 | 54E-02 | 89E-03 | 27E-m | seEos | acEeon | LzEm | 1sE-mn | meE-0s | o.uE+0n | o.uE+00 | o.0E+00 | ouEs+00 | 00E+00

E | 00E+0 | 56840 | 0.0E+00 | .oE+00 | ooE+00 | 0.0E+00 | 0.0E+00 | ooE+00 | ooE+00 | coE+00 | o.oE+00 | 00E+00 | aoE+00 | o.0E+00

F | 00E+0 | 1sEm | L2E02 | a.oE+00 | aoE+00 | a.0E+00 | 0.0E+00 | ooE+o0 | ooE+00 | coE+00 | o.oe+00 | 00E+00 | aoE+a0 | a.0E+a0

G | GOEHO0 | BOE-03 | BOE-03 | 0.0E-00 | 803 | aoE+0 | o0Ee00 | coEs00 | 0.0E+00 | 0.0E+00 | 0.0E+00 | 0.0E+00 | 00E+00 | 0.0E+00

Rf.‘;;“ WES CL1 CL2 L3 CL4 P11 2 PI3 P4 RCl B2 WPL W2 WE3

& | ooE+0n | 13E02 | seE-m2 | 8eE-03 | ocE+o0 | seE-os | seE-os | seE-os | LeE-o2 | o0E+0n | o0E+00 | 0.0E+00 | o.0E+00 | 27E-m2

B | D.0EH0 | D.0E+00 | D.0E+00 | 0.0E+00 | 0.0E+00 | 0.0E+00 | 0.0E+00 | o0E+00 | o.oE+00 | o.oE+00 | 0oE+00 | 0oE+00 | ooE+00 | LsEm2

¢ | 1sEm | ooE+on | seE-m2 | ooE+o0 | coEson | acE+on | LeEm | 182 | ooE+o0 | 0uE+00 | o.0E+00 | 0.0E+00 | ouEs+00 | 00E+00

D | 0oE+00 | 89E03 | 3éE-m | 18R | acEso0 | 1sEm | LeEm | somas | LeEon | om0 | ooE+on | 2oE-0s | o0E+o0 | 1sEa

E | 0.0E+00 | 18E42 | L8E0 | LEE-02 | Q.0E+00 | LEE0D | O.0E+00 | O.0E+00 | LEEAIX | Q.0E+00 | O.0E+00 | 0.0E+00 | G.0E+00 | 3.6E-02

F | ooE+00 | ooE+00 | 60E-03 | 12600 | o0 | soE-0s | ooEso0 | a0 | o0E+00 | o0E+00 | o0E+00 | o0E+00 | ooE+00 | 12E0
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Frequency of occurrences for safety culture induced
events per site HQ

Frequency of occurrence, =

Cfi : 1 component failure or human error

SC; : safety culture-related contributor

i: mechanical, electrical and instrumental components

j : safety culture-related contributors

Cf; due to SC;
i,j Reactor - years

(o
&

KINS

Table 5 Frequency of occurrences for safety culture induced events per zite business-

headquarter
IS'IthE 18] 18] IR} Qal QAL QAd QA4 col col C0.3) Co4 (o] LR LR2
A 13E-D1 | LGE-D1 | S4E-02 | Q.QE+00 | QO0E+D0 | 1LEE-02 | Q0E+0 | Q.0E+00 | 12E-02 | 54E-02 | 13E-02 | S4E-02 | BOE-I2 | 1.3E-02
B LIE-D1 | BOE-D2 | 3.6E-02 | QUE+DD | 36E-02 | 3.6E-02 | Q0E+DD | Q.0E+0D | O.0E+00 | 0.0E+00 | Q.0E+DD | 36E-02 | 3.6E-02 | O.0E+DD
c LIE-D1 | L3E-01 | 3.0E-O2 | QQE+D0 | 1IE-02 | 3.0E-02 | QOE+DD | Q.0E+00 | 18E-02 | 12E-02 | 12E-02 | 3.0E-02 | 7.JE-02 | 1.3E-02
D B3IE-D2 | BIE-D2 | 24E-02 | QQE+DD | GO0E-02 | 24E-02 | Q0E+DD | Q.0E+0D | O.0E+D0 | Q.0E+0D | Q.0E+DD | Z4E-02 | 4.8E-02 | 0.0E+0D
E | Q.0E+0 | QO0E+D0 | Q0E+DD | QOE+DD | QUE+DD | QOE+DD | QO0E+D) | Q.0E+DD | Q.0E+DD | O.0E+0D | Q.O0E+0D | QOE+DD | DWOE+DD | O.0E+HXD
E‘g LR LR4 LIRS LES LE? LR2 DML ) 0 DAG DM WEl wE WEs WE4
A | Q0E+ | 13E-D1 | 3GE-02 | S4E-02 | LIE-O1 | QUE+D) | 36E-02 | 3.6E-02 | LEE-02 | O.0E+DD | Q.0E+DD | QOE+DD | D.OE+HDD | O.0E+HND
B O0E+00 | 23E-01 | S4E-02 | 34E-02 | BOE-DQ | QOE+DD | 36E-02 | 36E-02 | O.0E+00 | OOE+00 | QOE+DD | QUOEHND | OUOE+DD | OLOE+DD
T | QOE+DD | LEE-01 | 4IE-02 | S4E-02 | 1EE-02 | QUE+DD | 3GE-D2 | 3GE-02 | LEE-02 | OUOE+DD | QOE+DD (| QUOE+DD | DLOEHDD | OU0EHDD
D | Q.0E+D | 14E-01 | 4£2E-02 | Q0E+OD | QUE+DD | QOE+DD | QO0E+DD | QOE+DD | Q.0E+DD | O.0E+DD | Q0E+DD | QOE+HDD | DWOE+HDD | O.0E+HID
E | Q.0E+0 | QO0E+D0 | Q0E+DD | QOE+DD | QUE+DD | QOE+DD | QO0E+D) | Q.0E+DD | Q.0E+DD | O.0E+0D | Q.O0E+0D | QOE+DD | DWOE+DD | O.0E+HXD
E‘g WES CLI CL2 CL3 CL4 Ml m ] Tl RC1 RC2 wH wm W
A J0E-D2 | LEE-02 | L&E-O1 | 54E-02 | QOE+D) | 36E-02 | TAE-02 | 34E-02 | 34E-02 | Q0E+DD | Q.0E+DD | 3GE-02 | O0E+H)D | S4E-02
B Q0E+00 | TAE-02 | LEE-O1 | 54E-02 | OQO0E+D0 | 3.6E-02 | 34E-02 | 38E-02 | 7.AE-02 | OOE+00 | QOE+D0 | LEE-02 | DUOE+)D | 1.3E-01
T | QE+DD | LEE-02 | B3EAD2 | G0E-02 | QUWEHDD | 48E-02 | 3GE-D2 | LEE-0Q | 3GE-02 | OOE+DD | O0E+DD | LEE-02 | DUOEHDD | QE-02
D | Q.0E+0 | 36E-D2 | S0E-02 | B3IE-02 | QWE+DD | G0E-02 | QOE+DD | Q.0E+DD | 3.6E-02 | O.0E+00 | 0.0E+00  Q.0E+HDD | D.0E+HDD | LIE-01
E | Q.0E+0 | QO0E+D0 | Q0E+DD | QOE+DD | QUE+DD | QOE+DD | QO0E+D) | Q.0E+DD | Q.0E+DD | O.0E+0D | Q.O0E+0D | QOE+DD | DWOE+DD | O.0E+HXD
|
4 | ' I :
I T LN
B~ Wi ) BE
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Bayesian Analysis for IR Kins

Probability
0.2 02 04

04

00

Probability Distributionn Probability Distributionn
Probability Distributionn (Posterior)
(chncrmal) i g i E——

sigma mu sigma mu median sigma
ME  0.66784942 1.9459101 ME 0.6678494 0.693147 ME 0.660520125  2.172849666
EL  0.66784942 1.3862944 EL 0.6678494 1.609438 EL 1.781041034  1.272082008
IC  0.66784942 0.6931472 IC  0.6678494 1.098612 IC 1.406307341  1.445909402
HE  0.66784942 2.3978953 HE 0.6678494 2.944439 HE 3.592055452  0.463831377

Prior distribution Maximum likelihood distribution Posterior distribution

16
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Social network analysis (SNA) :

1. Method

2. Modelling MERS virus spread 201533 (4SS
3. Analysis

4. Result and discussion

I Korean Med Assoc. 2015 Tun:38(6)-487-497. “"'w —




Social network analysis (SNA)

® A systematic framework to retrieve meaningful information from a given

!!iv‘

INs

K

network, which consists of actors (cf., nodes or vertexes) and their relations
(cf., links or edges).

| 2
1 A B C

O O o w > »

* G=(V,E)

— Max edges = (f)

— All possible E eage graphs =

Edge List

M m W O O W

1
2
3
1

1

B
C
D

Linked List

D
B
E

((

N

a

E

)

_

A 0
B O
c o0
D O
E O
F 0

REEEE
1 1 0O 0 O

0

3

Matrix

0

0

2

0

0

0

0

0
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SNA Models va¥

KiNnS

* the value of density

oL L
Cpi Z‘g!mx:'j
(9 - 1)xlm

Where.

D : network density/
L : number of lines
£ - number of network

iy - maximum number of observations in one vertices (node)

* degree centrality

g
j=tXij
{:.g - 1]1’\(?”

Cpi - degree centrality of each vertices (mode)

Cpi {N) =

g - number of competencies

E?ZL x;; - number of lines with other vertices (nodes)

Centrality Equation
Copl N =$:,-,-. i=12 m i
Degree ¥ xj : sum of relationships that vertex (node) i has with other
centrality | vertices (nodes) i
g number of vertices (nodes)
- 1 .
l’,ﬂll,t.- = - | =12 - ff=]
Closeness i y ) _
centrality 3d {Nj_, ij._ sum of shortest path distances between vertex
: (node) 1 and j
g number of vertices (nodes)
gl N, =_$ ;.ﬂ,;ﬂ o =L o, i
Bctwaenpess gk . number of shortest paths between vertices (nodes) jand k
centrality | o4 N;) - number of paths including i among the shortest paths
between vertex (node) j and k
Cgli =—{_=i_?{}l; . i=12 --.n
Eigenvector | nfej) - the set of all vertices (nodes) related to vertex (node) i
centrality | 5 CE(j) - sum of centrality of relation vertices (nodes)
N : set of vertices (nodes)
W'=D"*M, D=daig|3M,;~ 3 Ma)|
Strength _ TS
M n % n adjacency matrix
r:= Tl i=12 -.n
Page rank =L

dji - number of out-degrees of vertex (node) 1

19



SNA Modelling ()

Event Sequence Precursor

CO3EL
T
» "
IR3-EL COS-EL
WP3-EL
L]
LRE-EL L] QA3-ME
* LR7-EL (]
PI4EL® CL2-EL LR7-ME
1 -CR
F VE-ER :
& WPIE MEER
R GLA-ME
. Pl2-ME
Fl4-ME
*
WPHC LRS-EL o o
2-ME .
7 RHE  piyrae
¢ L ]
-
 IRZHE
. LRG-ME
. PH-HE .
LR44C LR1-ME
{ v R
IR1IC WES-HE
LR5-ME
3
coz-e
* -
RZIC PIEHE CLoHE | 4R Swpane
* LRT-HE® EGRTy &
-HE -HE- GA2-H
. ouz-HER iR3 GE3HE
DM3-IC 8- T
A ® : .
PI4-C DM1-HE Qe Lps-HE
I COB-HE
WP1-HE
CO3-HE
* LR2-HE
*
CO4-HE

Reactor Type
AR: A-Rx, BR. B-Rx, CR. C-Rx, DR: D-Rx, ER: E-Rx, FR. F-Rx, GR. G-Rx
Failure Type

ME. Mechanical, EL. Electrical, IC. Instrumental, HE. Human error

degree

0.1
® 0z
® 03
® o4
® os

Event Sequence Precursor

sl eyl

3%

R COME
Adne

LR7-ME| PH-IC PH-ME IR2HE LREHE COFEL
& CO-H L0551
l g- o

e T ar par RIF

BRI =

Reactor Type
AR: A-Rx, BR: B-Rx, CR: C-Rx, DR: D-Rx, ER’ E-Rx, FR: F-Rx, GR: G-Rx
Failure Type

ME: Mechanical, EL. Electrical, IC. Instrumental, HE. Human eror

Safety culture induced event network for reactor-types

degree
® 01
® 02
® 03
@ 04
@® o5



SNA Modelling ()

Event Sequence Precursor Event Sequence Precursor

CL2HE R2EL

WES—?E o %E
M-

-HE
[ ]
e cos—% : Re-E @ -
WP1-HE
. & %
HE DM2-ME
PLI-HE PI-ME
LR+ =
. 2-ME
PI3- mz-%
LRA-HE
® LR1-ME
DM2-HE _ A
L ]
|R2§ DMA1-HE ) ® degree degree
COQ_TC we-rr PLCHE PL1-ME ® 0025 ® 0025
g i L§5—ME @ 0.050 @ 0050
FLad ® o075 ® o075
. @ o100 @ o100
DM3IC
IR1-
QA3-ME
LR4IC
LR7-ME
e
e
PI1-IC
PI4-EL
Swpa gL %S'EL -
* s &
LR7-] CL1-EL
Reactor Type
Reactor Type

AR: A-Rx, BR: B-Rx, CR: C-Rx, DR: D-Rx, ER: E-Rx, FR: F-Rx, GR: G-Rx
AR: A-Rx, BR: B-Rx, CR: C-Rx, DR: D-Rx, ER: E-Rx, FR: F-RX, GR: G-Rx
Failure Type

Failure Type
ME: Mechanical, EL. Electrical, IC: Instrumental, HE. Human error

ME: Mechanical, EL: Electrical, IC: instrumental, HE: Human error

Safety culture induced event network for HQs .



D

KiNnS

»A‘
»'.

SNA Modelling (4

Incident/failure Network
(Directed and weighted) Incident/Failure Network

DILIC

Reactor Type

AC: A-HQ

BG: B-H@

CC: C-HQ Failure Type

DC: D-HQ ME: Mechanical Failure

Reactor Type EL: Electrical Failure

AR: A-Fx IC: Instrumental Failure
BR: B-Rx Failure Type HE: Human Error
CR: G-Rx ME: Mechanical Failure 1F: Incident
DR: D-Rx EL: Electrical Failure
ER: E-Rx IC: Instrumental Failure
FR: F-Rx HE: Human Error
GR: G-Rx IF: Incident

Safety culture induced event network for reactor-types Safety culture induced event network for HQs
22



SNA Analysis ()

Table 10 Priority ranking for event sequence precursors of network analsis

5 F Centrality Equation
LITHN ¥ o N - =12 . i=i
Rank vertex Eigenvector Closeness Betweeness Relationship Page rank Sk =§»“‘ - 1'_" o . )
strength Degree ¥ x5 - sum of relationships that vertex (node) i has with other
aujpssssssnpunnnnnnnnnnnss Degrees centrality. | vertices (nodes) i
: 1 - 8 004319 | 0000160 | 00000 | 0544619 0.0070 D E—r——
: 2 16 0.02394 | 0.000160 0.0000 0.315489 0.0070 Closcats | o n of shorest path disaces beveen sren
. . a - de) i and
: 3 i 6 0.02336 | 0.000160 0.0000 0.279778 0.0070 e cetioss (nodes)
: 4 9 0.02346 | 0.000165 0.0000 0.247019 0.0070 Gu-BR M s e
- = Betweenness | . . number of shortest paths between vertices (nodes) j and k
. 5 . 67 0.01443 (L0000 0.0000 0.247019 (.0070 centrality Zik(Ni) - number of paths including i among the shortest paths
" between vertex (node) j and k
: f : 67 0.01108 0.000162 0.0000 0.223189 0.0070 RN R
[ - . s MEmw t T
= . 1 5 Eigenvector | nq) - the set of all verti des) related to v de) i
: 7 : 66 0.01138 0.000158 0.0000 0.17559 0.0070 ety |3 gy ;ggfm;g;f;f e e ot
. 8 O 0.00455 0.00014% 0.0000 0.16071 0.0070 ailub ":’f‘ff?‘z’“l’fm?)v -
: — TR ST TN
: 9 4 0.00670 | 0.000154 0.0000 0.113082 0.0070 T | M nxn adjacency matrix
. - — r=Eg. =12
: 10 s 4 0.00717 | 0.000152 0.0000 0.080369 0.0070 Pagermk | o out destess of vertex (10d) |
: 11 2 0.00690 | 0.000145 0.0000 0.05358 0.0070
: 12 o 0.00437 | 0.00014° T Coos ST . ,
. E— - Table 11 Priority ranking for failure types of network analsis
. 13 -3 0.00257 | 0.00014 =
= H 3 | Sum of . !
" 14 . ! 00064 0.00014 Rank Verte: n.:“m vertex Eigenvector Closeness Betweeness Relationship Page rank
MERRRERRRRERERRRRERRRR R RN PR s P TS 1 T Degrees strength
= T e o AR HE-FR  |: 32 020148 | 0.000143 32.2987 1702336 0.0340
IR [ ]
Reponsbility [ B e s |2 HE-DR  [: 36 028278 0.000143 23.9412 1.446462 0.0555
o e R ,,— : 3 ME-DR Y 0.17903 0.000143 13.7013 0.92859% 0.0672
e 22 B N e — P4 ME-AR  [i 24 0.05206 | 0.000145 19.0000 | 0.660738 0.0450
o1 TComg [O3 — : 5 EL-AR 24 0.06224 0000143 11.0000 0.642876 0.0485
cO Co3 CLS Benchmarking = w
Commnicaion. [ 04 - LI lenifcation | 6 HE-AR 26 0.04304 0.000143 280000 0.428582 0.0216
€05 Problem PL2 Evaluation . :
I T Rowlon . 7 HE-ER 16 0.01463 0.000143 18.3333 0.39286 0.0157
L= R L M i . IC-DR I 12 0.07199 0.000143 5.0000 0.374996 0.0376
. LR.4 8 RC2 | Confidentiality is possible . 2
ponsilty | LR ok mansgemes | 9 HE-CR = 16 0.01197 0.000143 7.0000 0.35716 0.0240
% owe u T
= workPlaning | yps | Docamenaionnd o1 EL-DR T8 0.06179 0.000143 £.0000 0.321418 0.0202
X |1 EL-CR = 10 0.00820 0.000143 86667 0.25 0.0194
ision-Making M2 . -
P * o3 12 IC-AR - 0.02243 0.000143 7.0000 0.232158 0.0241
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SNA Analysis 2) var,

Incident/failure Network
(Clusted)

Reactor Type Failure Type
AR: A-Rx ME: Mechanical Failure
BR: B-Rx ElL: Electrical Failure
CR: C-Rx IC: Instrumental Faifure
DR: D-Rx HE: Human Error
ER: E-Rx IF: Incident
FR: F-Rx
GR: G-Rx

Safety culture induced event network for reactor-types

KINS

Incident/failure Network
(Clusted)

Reactor Type L Failure Type
AC: A-HQ

ME: Mechanical Failure
BC: B-HQ EL: Electrical Failure
CC: C-HQ IC: Instrumental Failure
DC: D-HQ HE: Human Error
IF: Incident

Safety culture induced event network for HQs
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SNA Analysis (3)

Table 7 Priority ranking of centrality by reactor-type bases

rank | Feactor Tyvpe Total nodes | Eigemvector | Closeness | Betweeness REIE ml I]hll:l pagze rank

1 D - 108 084125 | 0.00014172 ] 31.2399 3.071474 | 0.0256298
2 F 42 049053 | 0.00014172 ] 23.7013 1800464 | 0.0090426
| 3 A T 042266 |0.00014172] 12.3333 1.767914 | 0.0185471
4 C 26 013973 | 0.00014172 66667 060716 0.0114379
5 E 24 013786 | 0.00014172 2.0000 0.5893 00115518
| 6 G 16 003259 | 0.00014172 1.0000 0142864 | 00083220
7 B 4 001628 | 0.00014172 20588 0.07144 0.0109183

Table 8 Priority ranking of centrality by site-headquarter bases

lllllllllllllllllllllllll 2

rank Site HO) Total nodes | Eigenvector | Closeness Betweeness Rﬁﬂp page rank
1 D : 62 0.6830 0.000145 22.9090 373 0.0162
2 C ] B8 0.5330 0.000145 236038 2.203 0.0204
3 B 74 0.4433 0.000145 10.1389 1.762 0.0182
4 A ] &0 0.3922 0.000145 21.1663 1.713 0.0238
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Conclusion Kins

® This study 1s aimed for analysis an effect of the safety culture-related contributors on the
component failures and events of the NPPs.

* To identify 24 event sequence preqursors among the incidents/failures occurred during
28 years (1993-2020).

* To classify safety culture-related contributors using the IJAEA harmonized safety culture
model (HSCM)

® The social network analysis (SNA) method was applied to analyze the effect of the safety
culture-related contributors on the component failures and events for each reactor types
and each site headquarter respectively.

« IR.2,LR.4,IR.1,CL.2, LR.1, LR.6, CL3, WP3, IR3, COS5, P12, P13, LR4 and CL2
attributes were derived as major safety culture-related contributors event sequence
precursors to component failures and events

e The safety culture induced events were highly related with D type reactor, F type
reactor, and A type reactor in the order.

® [t is expected that the SNA method can be usefully used in deriving the safety
culture-related contributors as the event sequence precursors to avoid recurrence
of the event or to prevent a new event consequently.
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