2945

Theories and Applications of Chem. Eng., 2002, Vol. 8, No. 2

B!

%

)

23 Bstad A B U

£}

—

0

oR

o
Eo

A

Ho
o

A Study on Risk Analysis Methods in view of Safety and Cost in Chemical Industries

Dongwoon Kim and II Moon

Department of Chemical Engineering, Yonsei University

B
oF
g

FAAM A

)
—
fite)
ro
N

Jymo
Hr
To
il
o
Ho
Tor
o
o)
) =

|

~

w3 =)
B <o By o Ho
oy T 6° XU T 2R

ﬂﬁ?ﬂ@ TN T 3 H
Lol “Z%aZuwa
LoraE T BB TR
FT AP e FERNT T
" o 1@!&0 ~ X JI ~X
MOSEraE =~ N =
SH LI g NV T
"G E T om0 Ero
) — HO]vmﬁl\JIIJ\IOJwAIO Le
ﬂ?o%ﬂ auﬂhxwuani.uwﬁm
NpBr X &  doFF w
R S R~ S
Tataw LRIl T
ER Iy @ﬁ%%@%%%
113:.10\' ~ N ZL
LR N
o) Xy N oﬂmﬂrﬂueT S
m@%mé C R
< Ho I
g T Ga oD
N A= RS R
TR N @ B o— %X
.m-wo Vb‘_ Loty ‘mW‘ul TO Zo
ﬂﬂwmw Ty T
ﬂﬂo = o LL,‘AIUNO =
et ZHgIREIT
ﬂ._@ﬂor__,of ,n_muANLMJ_.Eu;Mm
o © T ol T = B
L 1@3%%%%ﬂ
R ) N — KA~ NH
EEEOME.myA ‘Olﬂwo,ﬁlﬂroﬂcr_
ﬂwﬁa < o . i (S
&y o= HH ~ .
i‘._ﬂAILO iy ol X ‘m‘erﬂ_loﬁE,Dl
T 3 oy TF o, W S mn TR
$UHCT G RET T TR
Moor”_io,ﬁﬂ ol iﬁ]i.nn% ~a
X \a _EEO N %) f‘ﬂﬂ
iOﬂE i ,Ol — Oa X
Ot‘w ~ ‘mﬂ Jrooﬁe_/ n_mo
ﬂ_”,l‘”}%\l‘.&rﬁ ,.Qﬁ»A LOJJOEE‘.IVOJ\.JE #E
o ™ HE K ﬂwﬂhoh ) iy 7o
TlRept BexPeN "4
TEEew oMRaelTes
TR S TR oy o R F TR

T

[l
Al I

ol ETT T

AlvEle AR

A%

=
=

91%94% 7t

B A B
oF o] of T £k
]Aﬂ-ﬂ]
S e
o { A, o B
®° ofy tor WW m o
o
o R T
Eolléllﬂrl mcmﬂ
2o R mEl
X O
mﬂlﬁonAJDnuaﬂo
Tl wEE
i SET
M T R
cral SET
EE
ﬂ]AOJv ﬂ].l
\Ll\nal‘.ﬂo_/p ~
g o
R e
&) ,aneiut
Jx(._uﬂ_;PM_.o#
b Q™ M
FIamis
BT -l
M X T T
—_— e — oF
~ Eruo nﬁ%ﬁro
W o ok L
o T T N O
i@ﬁ.ﬂﬁdﬁ
P — %= T
7 < o i w
k=
W%Jaﬂ
R
ﬂﬁnm_umn_rmSEo
M%Lm_%d.ﬂmﬂ@n
W 2 g ok
J
MM_LFO# 5 %ﬂv
Vo X8 =
«{| ﬁowﬂ MMLUﬂ
@ E LT

gAY 5

fia
,w.o
™
o)

=

Al

HARE A2 Qb=
A

[8AE

3|
=

AN 9d 2 Foh) 9

Ho

ﬁo

0

)A
oo

oF
X
N
]t
ﬂ

—_—

o o T

[E

T E
4 e
of ME
of B IR
R

Al o]

A

5
Al

oy

s

7FHEvaluation), #l{(Control)

l
A
-
3

!
(identification),

Ay 24, B

o| &
on B o
TN T B

o)

B

X o
[
G

fi%e)

I
T A

7}ell A Top Event

20025

=

f EE HEZ M2



Theories and Applications of Chem. Eng., 2002, Vol. 8, No. 2 2946

sttQl Goal Programmings ©]-&3% WHS Fig. 13 o] A
A4 HrE Ax F APA A (Event Selection) ©AONA Goal
Programming©]-& 3+ #H & e

Qualitative Determination of
Hazard Analysis Goals
Goal
L Programming *
Experts P Hazard Identification Model Set the Target Level
Heuristic +
Event Selection Event Selection
(Relative Ranking Index)
Quantitative Multiobjective One Objective
Risk Analysis
‘ Goal 1(Safety)
Goal 2(Cost) . .
Goal 3(Health) Potential Risk
Risk Mitigation
Goal n(...)

Fig. 1. Goal ProgrammingS ©]-83 Event A% ®H

(1) Goal Programming % &
Goal Programming®l] o gk 4=3}%]

l:kl

Ao Tt ol Yeneld

st. XOF 1)

i=1
A7NA g AARE Goaldl W 3 Fs Wbl AAFEe B3 g AE HA
slsle= HAsEAoOIth 7|4 fi(X)-g =d -d], d'.d 209 %
Variable) & =<3&t4d 2(1)& of# 9} #o] vtebdH 4+ 9l
min y d"+d”
;( i 1) (2)
st f,(X)=d+d -g, =0, i=12,.,n,
d*,d”20, i=12,..n, XOF
HAFFAE E11 AAWHS(Decision Variable)o] 232

A 2} 4= (Deviation

S
.
o,

(2) 184 H7F e =
Risk¥ e &84 ‘#37}01]7\1 T 7hel =

o] 7] A= Goal ProgrammingS ©]-§3to] @37t dAA AFA AFAF H7ME 9
gt Eventd®] Wigol] i) A Al gt}

step 0 @ &3 (Goal)Ad A
AAE ¥ Eventdd Al nes HxE AAg 7} Event® o|XMGFRE 4o

=

A4nsst Ak

H 4

step 1 : H X g5 (Target LeveD) 2 A
Zb e digt HERase AAGT o7A B3R e b, S #ek
A 7]Eoly H1&(Cost) 28] Al Folxl Fapv] ol we A" ol

step 2 : 7t 3H(Normalization)

Jon

f EE MEZ Hce 20025

Ky

&89 0/

of



Theories and Applications of Chem. Eng., 2002, Vol. 8, No. 2 2947

AT E HAstelke ZAA 7 Goal %’4 7t g wole= Aarstatgel #
sttt A7l A= AA As BEFE #$oE vral Wl 100s wete] #
G BAGEIE BE ol Mol 2 ARE AAE wdw el 4 o
2 3ie 49e e

1Zf)f,(x,y)—p[+nl=100 for t=1,..,i (3)

_ 100 100

r_(tat)pdr, n, t seeesl (4)

step 4 @ H A3}
72 BAYLe) ARMFe] AEAE Fahel ARG F& Arsee FAS
FHH A= oW FRE gy W ghel whEl Evente] dElojRE AR
g etk
minga,p, (5)

R44 A9 B} £ ARe A FAxL S hdow ol e Al
P7HE s e st go] el MR, Auug
AR o AN T el A Aa0 A

2 =4
- A M 3=(Decision Variable)
oe] Mo EXge 5H e WA 7= EventE AE3SH7] 98] 24 Eventoll o g
MEAAEE o4 Aot}
{1 :1f a ith event is selected

“0: otherwise  (i=12....N) (6)
- X3 (Goals)
Goal 1 <FdFAFH]E-©] H A 5)
;yici +nd, - pd, = ta, (7)
oJ71A ¢ = 7 Eventell theh FAM &S TSIy, pdyT HIED g0 O
o] ARUFE YERT NS AR F54E e = AU REE YE
=3

ot
I
X

Goal 2 73l Fxo] FH23}

N N
S, - S, +nd, —pd, =
; i ;%, na, - pd, =la, (8)
s ARHE Aol ARz oo AL u wEHE AREE YHdd ERsEe
A === 87|l wel A A



Theories and Applications of Chem. Eng., 2002, Vol. 8, No. 2 2948

Vw.N,+nd, - pd, =ta
; 4 4 4 (9)
AFeAAAE A 34 SAZAANNS NE UYEIL 535S 380499
weh 474
Goal 4 3% Wl=X] o]g}e] AludryslEs Zhi= ARl FH 239
N
F +nd,—pd, =ta
; 4 4 4 (10)
N N
F::Zyi_z(yx L&) (11)
BEFE o A9E DY NE F B UE £A olse] A He A A
Y0 pi AEE AR F BEFA ol de] MES b AdY FHOR HEFA
oste] MEE i Aol dla] olXWF o= Aelska A(1DF o] HolHnt
Fig. 26 %3070 Aol te) 4lel B4g5e] U@ RS HEe AAd 2
3 % bARAN 3 9o dme] $ek Lezolu,
Table 1. Top Event A€ol 3l 23}l 4y}
Case
1 1 3 3 4 5 1]
T&l 4% 3E 43,230 43330 43 251 43,230 43,320
TAZ 6087 6,17 &7 6087 6,187 ST
TAZ 11 7 m 71 i tH] e
Tad L 1 1 1 1 1
Total Coas A% 400 &5 300 51 300 44 00 2.0 E200n
Tortal Rigk 12013 | T, 160 i, [0 £,0107 £ 103
Hamtes af scenano 4 10 1 11 15 13
Toiel Hon- OF Time 1l 441 7 i3 g M
cleriid SoesegiD 4 | 1 | 1 1
3 2 2 | 2 1
[ 3 3 | 3 3
9 4 4 4 4 4
1 i 5 i 5 b
i1 L1 L L1 3 6
T g g 7 T T
P 11 L] 3 L] L
4 13 10 9 12 i
2l 13 12 13 1z
| 13 15 15
15 ia "
1| H

H oAFo = ZF A 9 = (Potential Risk)#Hd o] A 7y ) , Hl
4 5 99 7HA 54 S sty JAdste A2 34 A9 3 gHE AAEA
o TR T Al AFREAANA AEE o9 oA JHAE HH(Goals)E 1LY
O g4 FAFAETE o] FoAAAAIR o]yt APFAS A B2
HS g Fskt 719 I HuE oA AFA A FH(Event Selection) ¥ A o)
S 1HE] AFAS AEEHA dubd g349 FAYE A 7F o] Fo] A

1. Mehrdad Tamiz, Dylan Jones, Carlos Romero, Goal programming for decision
making: An overview of the current state-of-the-art, European Journal of Operational
Research 111 (1998) 569-581.

o O|E4d E& H8Z A2z 20028

J0||

+ 2
=3

Jou

of



