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s SYATEE(PSM) M= Al = 7HZE AFYALD 62%, &fSHAFLL 58% &4
Distribution of accidents by vear and business of category Cause of accidents
Year Total "6 ™7 98 99 00 01 02 03 Cause of accident Number Percent
Tuonal #2 12 24 7 9 11 6 i 7 Total 82 100
Ret’mer}- 15 4 & _ 4 i _ _ _ Inadequate implementation of safe 34 41.5
Petro- 28 5 5 4 3 5 3 1 2 work permission
chenical _Inadeqt_lale maintenance, test and 7 8.5
Fine 4 _ 2 _ _ i 1 _ inspection _
chentical Inadeq_uale operating procedure/ 15 18.3

operation error

Gas 3 - - 1 - 2 - - Design error/mechanical failure 7 8.5
supply Inadequate management of change 11 13.4
Other 17 1 4 1 - : 2 3 3 Unidentified chemical reaction/run- [ 7.3
chemical away reaction
Others 15 2 7 1 2 1 - 2 - Others 2 2.5

% Source: Hyuck-myun Kwon, The effectiveness of process safety management (PSM) regulation for chemical
industry in Korea, Journal of Loss Prevention, 2006.
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BIAMSIE S HO|2{(Human error)Zt st H| AF119|
# CI(CCPS; Center for Chemical Process Safety, 2003)
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280 =& HA

H=2 J|= ChEe= AlE=

NN FR0|

(Active human error) 2% s (OpeEien] o)

~E =S/ ZFR R S oo S1Zt =& (Operational level)
(Latent human error) 2| 4Z& (Management level)

=2t (Incomplete)

ol = (Action) 2 HH (Inappropriate)
%EH&! _E_‘IEI' %O|3H (Missed)
=2 (Incomplete)
29l (Checking) 2 XMA (Inappropriate)
= 0|3l (Missed)
Al HES A== (Slip)
(Slip and Lapse) 7|9 A2 (Lapse)
£ 0 & 7|8t %t @ (Rule-based mistake)
Qo|M 22 (Mistake) XAl Z|8t2t @ (Knowledge-based mistake)
A A™ 2|8t (Routine violation)
2t AFSEA OIH} (Situati iolati
. - F
Wiokien) At2tX Q2|HE (Situational violation)
.l

0f| 2] & 2|8t (Exceptional violation)
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Predictive Human Error Analysis (PHEA)S| S HO|2{ 250 7|dt

(Embrey, 1992)

B0
gl

i
it
4

23

ojnu

o
m

offu

Q&

=2
(Incomplete)

SPSPS
T s
(Inappropriate)

SH= (Action)

Ol
(Missed)

=
=

oo
o8

10

10

<
ojnu

=,
10

=2H

Q&

=2
(Incomplete)

e
(Inappropriate)

20l (Checking)

k!
(Missed)

=]
=

old
o8

10

10

<
ojnu
od
oIr



2ol

iy = el
m SRK model= HIEIO 2

—
TT

0

—te
St

i)
Il

nE
IH

M oot Ct2A 20| =

Al A
=T

(Slip and Lapse)

off 24

5=

=

10

0 L}
Kir =)
o it
ol ol
{00 |
0 =
g i
w0 © o
= y
o = |
Rt KL
K o <r
T ol
]

L =L
[

<0l &l
.- of o]
= O3 Y
o R o3
53 oH B
) 9!
B0 o
I % >
o_=._ A_l K
51 oK =
GOl 3
W o 0
= ol %
Bl KT <F
H T ol
ol od Kr

)

ol's R
x?,Mb oF

(Violation)



I
4

1=
14

K
oJ

A

&

Hofl 212

0

—
TT

B0
Il

1=
il d|
4

nE
il |

— o I g ol 1
= oo zn W a
ok K — < =
0| N - K o OH
s T < of o = =
(O)a] — T S =
— N a7 S = R -
K oK = ol .__.A_A © m__m ~
o K =) = ol
— 10 il < O_
o <+ U o) ujo
LHo 0 = 10 il Kl
% g T L VR
ol oz iy T
W M =9 i T or
I T 2 K = S -
S T U TR
“ <Ol B B D A
ol A ar 10 oI .@M < ol J|
T Y% ¥ R o 35
w |__ ﬂ Oﬂ o= mv_._l m .._Au_.= m_.u||_
T 3y 3 HE R g
o i o _I/M or = 1 r
—uo wr © ~— Ml = E
B —TREN N
N o o =T m oy
8 oK Ui ©° 10 2T oF gk
Ry o W Q2w 53
ol o H K m K R
o  3DJL S T o8k RU- TR
B KR ooomoy gl g 1T
o me x Ke X 5 oy
51 @M 30 KT o < K K NE
K <Fo KT @ &M or T = <N
< 2 T 8
of 7 A8  wmE ;=
+ o HWE 2T F2 F2
<fa g 1l o o > =
WD o e ~ 9 NSk Ko R
= = ®r S = € <0c 0o
{0 N Q <t an ol 2 %05
JHE K e @) S
S NV o =
) = = v
o) ) c
C o )
G5 8 oF EEp
<M o W oF 5
%) = =

oate

EESE T
(Exceptional violation)

10



APTLARE B

m —LH AFDARY|

© HMBABEL PSM O AHRT BOHMYAD ADEAB DA
% 517 (2002~2011H &)
© HMBABEL W SOAAANDT AT

* & 3471 (1997~20014E &)

"

m O Q AFTALY
* CSB (USA) AFLRALE A
e #5871 (1998~2012EH %) = 35A



A X >

PSM CHA AFRIEH 4 (20126 &

=t
HO =

<

2o AP

A 0f A
(ZLHo| B2 PSM [}

F

-
o
=

f

[=)

1.

kio
31

)

N
o

AL

At
o

57

0

L
2-88H8
fo)l
a1
= U
o 3k
K 51, O I
. oK K 1h| 700
M O | = TKo
G+ =
oK W_
100
I
ljo
o)
LH
<k
<0
® M
<l =<
N ol
~ <
< T

Kto

& il Kl
ol HIr J-

oIt Atz

THojl20f 7[¢

1oF

3.

AbTL BEH(96~'11>

of sh'e

0] Ctg2l o2 7Y

210l

q O]
il

A ™™ =0l 2{(Active human error)

0| 2{(Latent human error)

12



ERE

1

®M ar ar Wo RT
ol o~ . o . ar .
onl
Kr
ol o~ o m._ o M_v o MT M_v m._ o
ol Kr X 1] W xr
I+
T mm @ zU R RlOR % palihl !
w"r ol K o KMKM ol ofl o ofl ofl Kl
=| o I+ 1IF I T I -
70
Bl wowo uo o o 1o 5
| W B W W B0 W o 10 % o
o
= mo mo %0 K0 RO KO KO T T M KO K0 KO T %0
|m BB B B B RIS T I Al BB B!
B
&
pal
] ORM ORTORT &ORMRT BCORMRT &
.Vﬂ WH_ WH_ pall kI KI KDl K1  KI kI KI K1 &I kI &1 pail
mu M RTORT RTRT NICAa SR RT R RT
P
© 1 0 T o
0 &R R N il =
R 20 N &y = =
f mju 3 OF &T oo Mo foin o 2 ufo
. = i T 51 Wop ] =] (SR =1
Fal o M = 1 ol = = o <
g dgoo B & oK G = R =
R oo <l Fro KBRS = FMI IR O4E . R
Ik o7 M w1 O of < z Sk abnel Tz sk L W
EeoMo Xz om0 R g o o =5 g o<g Wugw ©
._IO.H_Am)lM_u.rLI__-._Lo - = _A._A.EQ_OLI ._AI._._l Kl RD I\ = —_
oo il A = g KX o1 Rl = S BT gy K
rafMds s Deor ZENMOkpmIwmpgEE = 5P
|7.__|xe7._.._p ol =& H_xtﬂ.._7|+_=u._t K =~ _mo Su =T
Sh_gRENT IR B AN IRBI AR T e SRy B
F ez R RSy K8 WS O BN gy g 2080 57 au o) 50
| = o7 TR ==K 7l _A._E_ ol _._._o.Aou_ﬂAlx_E_M_._._.A._.o.Jo_ il hal
T~ B " S| B (gl e A Ss 22
K= o = — 7 O = *ou_e._roxﬂiuo_..__.ax.._ Mo &kl © —F O
leo_u.ro._ounMo_ =~ Mgl <V u S R = O oo _
=R m Osouor UMD g < FHRTR
Ko T Rgim okl W SRBmAEW B K o IH
TSI R B NK e pxE Mg 5 Do R
K4 KM & o 2N KV £ 0 = H0
gBE=" =T@m g W SHE m¥ FT®E 3 30
o of 2 o & X ok m 2o S % = o wmH
of gu ol ™ ~ = S oy ®
TLOH s T mo o @ R o T
Ay | H m ou = N = e
"m owms  f "o '
O oK = K0 00 K
KT e 3 Bl uF or
N N N N N N (o] N N N ™~ N N AN OO on o onon. oo N o o m ™
o O O o o o o o O O o O O O O O O o O o o o o o o
SRS ARSI R &8 R KRR R RRKRRARIRKRLR]K®R & &8 ] R




63

100

120
100

80
60
40
20

0

2002 2003 2004 2005 2006

T T T

%

1999 2000 2001

14

12

10 A

1998

1997

14



I AP TALE B ZT - HEH 28




T AFZARY 24 21 - J2Y 2&F

o1t

A-X| 4
10%




ANX™ kgl -9
— |

—

._.m.._
Kr

-

~d

35

30 -

25 -

20 -

Mm_._
-
o

pail

KI

Mm_._

EX
Kr

il
~d

17



CSB ALILARE £M Z1l - HEYX 23







A dEE B E

—

= OIZF MZ| A "EHI7HHRA; Human Reliability Assessment)

—
- FlEel EXotoA eIzt Y A0 IHE o2 S o=
- EAE 2l ofeEHE, B, 23S, 7Y S ChYet 20k0M &

= QMRS Btel 8 Yls
- O3 2| 29Ql(dentification)
. BHO|29| 0| =(Prediction)
- 0| 2{ 9| gtX|(Prevention)

= ZIARF AMEM HIU|H 2R
2} 9l (Identification)

0| = (Prediction)

HtX|(Prevention)

J

[7‘ o 2FM (Quantitative) 7| & [ 2| DX (Retrospective) 7|H
o=

M A& (Qualitative) 7| H X (Predictive) 7| &

J?'._
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m 25N A Z|H B (Taxonomy based methods)
* 0oy RE EFMA AFE
* SHERPA, HET, TRACEr, CREAM, etc.
° TEHE
- g0 aﬂﬂﬂré xblg
| I—|I—| oz o|7<

ME| &£ (inter-analyst and intra-analyst reliability)

° oy el H
* HEIST, THEA, etc.
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o ZRMA ZE Lo 5[
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SHERPA

Systematic Human Error Reduction and Predication Approach

n AE EENA EE
 MIZ(action), C1=(retrieval), 2Ql(check), Al El(selection), M E u=}t0]| 24

(information communication)

m  HTA (Hierarchical Task Analysis)Q| %X|5}Q| =& 20| Ol s 2FMHAH HE &

tsetod RE 5

© Z3S(Action): e.g, HHE F27|, 291X H7|7], & €7 &
* Q= (Retrieval): e.g, 2t HO|Lt Il 7 L2 RE JEE LS
s &Ql(Checking): e.g., AXIA =0l AlA|

e MEH#(Selection): e.g., CiOF Z 0| A] AMEH

rlru
om
=
10
2
fot

* HEHME(Information communication): e.g., C}

m O3] =0 Ciaf of 22l Ax, o2 =+ =& X K, 24 A Vs



SHERPA

Systematic Human Error Reduction and Predication Approach
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SHERPA

Systematic Human Error Reduction and Predication Approach

SM A EAM(HTA; Hierarchical task analysis)

* Step 2. &Y EF(Task classification)
* Step 3. 3HO| 2 =ZQI(HEL Human error identification)

© o2 RE 2&RMA &
* Step 4. Z1} 41 (Consequence analysis)
* Step 5. 87 £4(Recovery analysis)

© OHE ol XY CHAMM =7 &= A=K 7=
* Step 6. M=% =& 2AM(Ordinal probability analysis)

* Low (L): 2t HO| glS; Medium (M): O|7H0]| 285t XO| RUZ; High (H): X}

HEAH )
— s

= 2
* Step 7. YA 2AM(Criticality analysis)

* Low (L), Medium (M), High (H)
* Step 8. 7| M 2 M (Remedy analysis)

* Equipment, Training, Procedures, Organizational
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Human Error Assessment and Reduction Technique

. ST AAHOIN FUOIE THSN oS L ML
m ZHHO| CHSE Of 2 22 &= H(EPCS; Error Producing Conditions) 2+9l
m AX

* Step 1. A CA ZA/A|LIE|2 2

© Step 2. ASH Y =4

Xt of
° Step 3. 2324 HX}
* Step 4. B 2AZE B2
° Step 5. Of| Y
° Step 6. Of| 22
° Step 7. 74M CHEH ==
* Step 8. EA 3t

r\l
I
ot 10
=
o
p
El
N
()
—
e}
=
2
|_\
€L
Q
=



Human Error Assessment and Reduction Technique
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XMNMA KFOA A M I 7)o - Ol AN K}FOH
=5 9d - F ol2{& 7|=X| - 0.003
o] &t= SHEN o2& Z|CH e 21 HIE ot 21t

49 2= x3 04 (3-1)x0.4)+1 =1.8

Sh& | Z40f HICHEl X+ x6 1.0 (6-1)x1.0)+1 =6.0
I=of cict 1Al = 2X| x4 0.8 (4-1)x0.8)+1 =3.4
EE7FAZS I x2.5 0.8 (2.5-1)x0.8)+1 =2.2
Lto o|2 x1.2 0.6 (1.2-1)x0.6)+1 =1.12

Of 2 &4l =F& = 0.27 (0.003x1.8 x6.0x3.4 x2.2 x1.12)
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