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Abstract

A wide spectrum of risk assessments including qualitative and quantitative approaches and
the analyses of its consequence were performed for an environmentally sensitive object such as
incineration facility. To find out the major risk concerns, HAZOP(Hazard and Operability) were
performed. Then, the frequency of hazardous gas release scenarios was calculated. Finally
consequence analyses were performed for the gas release scenarios. On the basis of analyses
through evaluation, a more innovative way for making a better control system or the
enhancement of operation procedure was given. The results from these analyses would act as a
substantial benefits for the incineration facility operator, and giving some measured

information for the neighbors and the people involved.

Key words : Risk Assessment, HAZOP(Hazard and Operability), Consequence Analysis

L. }"] % 013t &l (Damage) TFEE o|Z3t= Zo|t} 1

23 RS AP gst st 9840l

‘?']?:]}\E] %7}% 'ﬂ?{]/‘é‘% LH_\JI_??_}‘ A]‘/]’ﬂf?_% = _EL /\]]4_3]9_% Xﬂ7‘] EE“E‘ X{@'ET]—7] -?*]?l’ tH?‘%
FE, 7 AR WAREY B ANIRE  aaa) B weba A194 BAe 3E49

Corresponding Author: Young Jae Kim, United Pacific . PLG, Inc. 702-22 Yoksam-dong (Yoo-Sung Building #1003), Gangnam-gu, Seoul,
135-080, Korea Tel: 82-2-539-0461 Fax: 82-2-565-3692



29
b1

o

o
2L o on Bt

o

d o

ko)

rir

rlo o>

o
o

—-—

¢
2
p

of 2

rir

it

EHUPO

o

N

c

s
1o rlo go X

i Mo

_,4
2

o

i}

oX,

2

oo rif
o}

W

o2
>,

H1ooot

- O oo

X
e =

>~
=

N oox 2 M

b

H
X
(i

¢

e P

ot ol (oo

ry

do

W 4]

* g h

Hleb= vl A Qe $Ad
718 Heriol o4 o
280059m?e1 ™, AZAIAe]
ZF 600E=0| T} ¥ Ao
H| 7} ZgAl AA7HA
2~ E 7] (Stoker) 2]

bl 194 Whe

Itk A2

A

AN

X B e

[(2Z72] - [FEEdd] —» A ]

a7z WEHE 7tae AE HdddA
7z 5 kA AR 243 S8
il

Buks & oz BIEgle] wjErtA 29 tho
SAF FEE T8 THREEA o JAA
Z olFsto] o3 HRAFA W] ool H]
A, 243 2E T3 A BE5S FAE
Tl SR, FEE 58 & AAG B3 o
3 RFAA Fees duy e FHE
AdAste] WiE7IA Fo 24 B v tols
A AANZ & dE2 wEd

II1. 37

a7 S84 Bobe S wANE
Aok 94 Z4A 984 WS s
gom, olg /ZARE gt 4YH 913
q ANE SRS A 994 Bk A

3OUE A3 AT % A mgE

O

s
et

44 B7F  F shl HAZOPS 374
OF 2 94 2FE sty BT F Sl= 9
9 773 (Operabilty) ] A& =
Zah=d &80l Witk HAZOPS ‘Guide
Word ¢} “FAWST & ZFate] ojdAdnelA
ojw g o] (Deviation)©] WA F J=AE &
ol Az 2QAS Ao LATI A2 A
oF otd, ¥4 FAHE HalA S

HAZOPE &3] A|A1R /N AAIAEHS Aol



S G e %o o M o oo T
Mo & . 5= oy o o
p BB P LR P
Ao W o) gy T g X - &m
< = T i op = on
= o W_.L o) © N 4 mr mﬂ
2 B I~
T W 7 RS
oy N XO S o ooy g U
o =) oy W ﬂm 5 5 e
MrT s X ) %0 L_o x i = =
O ~ T ol X of o= e ®
x ™o [y ol &
™ o oF 1_._1&|._
it o HWO ol ﬂl ajo Mﬂ <O mp R m
=) © BN ‘Ol 0 — 3
= o m == oo @O
—_ IH .AE TE]IFLH
o h ST ooy w
i H T R d e &
oM 3 ouE s o o &
Rgm o NS0 ™ g
—_ ~ o ~
S N -
CEE S xR E DN
CHE S N 5 M W T o
R0
L.
mo}moﬂm ol
smgc_Z
mﬂmwvw__u[m&ﬂ
nvyx._mmu.kl|u._
g PMSpomnp gz
z mEm_MZ_omWﬂ
somAzl®A 23y
IHO%ﬂ_._._M_”__._@_.._jo_:mrm_unluwm._
DR R R R R
7L 3 V& B
Eﬂo_i S H S =
ORI v B
S s
H_|__34 =
g NQ
<l A 5@
Q « e
g4 ,J_”
- &
1 |

Fig. 1. Procedures of HAZOP Study.
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Table 1. Severity(="S”) categories.

Category Severity
A Loss of life or Very large financial loss
B Severe injury or large financial loss
C Loss time injury or moderate financial loss
D First aid injury or small financial loss

Table 2. Likelihood(="L") categories.

Category Severity

I Likely; may occur as often as once in an
operating year in any similar plant

May occur; frequency between once a year and
I once in 10 operating years or at least once in 10
similar plants operated for 1 year

Not likely; frequency between once in 10 years
m and once in 30 operating years or at least once
in 30 similar plants operated for 1 year

Very unlikely; frequency of less than once in
v 30 year or less than once a year in 30 similar
plants operated for 1 year

\Y Not probable

Table 3. Risk Ranking matrix.

S L1 1 I v \4

A 1 1 2 3 4

B 1 2 3 3 5

C 2 3 3 4 5

D 3 4 4 5 5

E 5 5 5 5 5
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Table 4. Sensitivity analysis result for operational error.
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Event Adjusted frequency Gas release frequency Gas releas'.e frequency Variation(%)
(Adjusted)

Failure of operator action|  1.00E-01 (10 times) 1.262E-01 24852% (1)

for shutdown procedure 1.00E-03 (0.1 times) 3 621E02 2.721E-02 24.86% (| )

Operator fails to respond | 1.00E-00 (10 times) ' 1.606E-01 34353% (1)

to hazardous gas release 1.00E-02 (0.1 times) 2.377E-02 3436%(|)
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Table 5. Sensitivity analysis result for the facility.

lease fr
Event Adjusted frequency Gas release frequency Gas e eas.e ey Variation(%)
(Adjusted)
Failure of control action .
1.00E-03 (0.1 times) 2.721E-02 24.86% (])
for shutdown process
Indicator(AI802A) .
. Lo 8.64E-04 (0.1 times) 3.621E-02 3.406E-02 445% ()
fails to indicate true value
Valve(SOV1402) .
. 3 47E-04 (0.1 times) 3.548E-02 201% ()
fails to close
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Table 6. Uncertainty analysis result for the facility.

5% 1.581E-2
50% 3.225E-2
Mean 3.646E-2
95% 7.146E-2
Variance 3.712E-4
Error Factor 2216

Point 3.621E-2
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Fig. 3. Probability density function for the frequency of
hazardous gas release.
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Fig. 4. Simulation result of NOx release(1hr) using ISCST.
(Unit: ppb)
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