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A Comparative Study on the Risk (Individual and Societal)
Assessment for Surrounding Areas of Chemical Processes

LN I LI IR
Yun-Hwa Kim-Sung-In Um-Jae-Wook Ko

ABSTRACT

Two methods of the numerical method of CPQRA(Chemical Process Quantitative Risk Analysis) and
the manual method of JAEA(International Atomic Energy Agency) were used to estimate the individual
risk and societal risk around the chemical plant. Where, the CPQRA is introduced to verify the
theoritical background of the manual of international atomic energy agency.

The Gaussian plume model which has a weather stability class D with velocity of 5m/s was applied to
calculate dispersion of hazard material. Also, 8-point method was employed to the effects of accidents
for wind distribution. Furthermore, historical record, FTA(Fault Tree Analysis) and ETA(Event Tree
Analysis) were used to estimate the probability or frequency of accidents.

Eventually, the individual risk shows isorisk contour and the societal risk shows F-N curve around
hazard facility, especially in chemical plants. Caulculated results, which both individual and societal

risk, by using IAEA manual show simillar results to those of calculation by numerical method of
CPQRA.
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3.1 Classification of activity

Hrtgol He AYE ZAstm, dujel o
g, 1A, ¥, AAE, AR T W3t
Table 1, 2, 3& &3t FnEE AT

Table 1 Checklist
L Most important | Reference
Activity substance numbers
Specific Fertilizers Ammonia 31,36
chemicals | Synthetic resin Ethylene oxides | 30
Chlorine 32
Phosgene 3

Formaldehyde 32

Plastics/synthetics Vinilchloride 7
Acrylonitrile 18,21
Chlorine 32

Table 2 Classification of substances by effect categories

l:;i: Sf;,f;ni Description of substance Activity
16 | Toxic liquid] Low toxicity . Storage with tank-pit
7 Other
2 High toxicity Storage with tank-pit
23 Road/Rail
% Water
A Other
30 | Toxic gas | Liqufied by pressure - low toxicity
2 high toxicity
ks extreme toxicity
5 Liqufied by cooling - low toxicity
kA high toxicity
39 extreme toxicity

Table 3 List of substance

Reference number | Type of substance | Substances(example)

22,25 Toxic liquid high | Hydrogen cyanide
Nitrogen dioxide
Sulphur trioxide
Tert-butylamine
Boron trichloride
Chlorine
Formaldehyde

Hydrogen sulphide

32,37,41,42 Toxic gas high

Nitrogen monoxide

Journal of KIS Vol. 10, No. 1, March ’%
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3.2 Estimation of lethai distance
Fui s gl HFse EFY S

Table 7 Correction factor(f,,) for mitigation

o Substances( References numbers) Factor
N = 3A
] 1.8} Table‘4°l]*j effect category S %76 Ll T rmmables 1-12) ]
Table 5& o] &3t X|AtA Y] W9 4 AAHHF Flammables (13) 0.1
£ A3 Explosives (14, 15) 1
o . Toxic liquid (16-29, 43-46) 0.05
Table 4 Classification of substances by effect categories Toxic gas (30-34, 40-42) ol
Ref. Quantity(ton) Toxic gas (35-39) 0.15
No. |5-10]10-50 | 50-200 | 200-1000 | 1000-5000 | 5000-10000 | >10000 .
8| - | - | - | AL | Al BI | cO ey
vi-lanlag | Bo c el c1 3.4 Estimation of probability
o0 D B el Bl O B e Am 2 BE EE UEE 4(6)F o439
- 3k 2= I = *
» |oplen | Fo X . X X AN # len, HiE FE3 N* o 439 B
0 (ALl a1 ] BD | BI I I X AA & Table 834 9, 10, 11 8|1 128 E31
3 |BO|CI| DO | EN | FI FlI X 2dg F A,
2 {EN|EN | FO | FO Gll X X Ni.szN*i.s+n1+nf+no+np ..................... (6)
3 (FO{GH | GO Gl X X X
3% |GD Y FIl | HE X X X X

Table 5 Effect categories : maximum distance and area

of effect
Effect distance(m) Effect area category(ha)

category 1 il i
A 0-25 0.2 0.1 0.02
B 2550 0.8 0.4 0.1
C 50-100 3 1.5 0.3
D 100-200 12 6 1
E 200-500 80 40 8
F 500-1000 - - 30
G 1000-3000 - — 300
H 3000-10000 - - 1000

3.3 Calculation of Fatalities

Table 58 F3t €2 H4 s A) S} Ho 7
Aol A(5)E ol&3td Al AHg A&
Aom, 24zte] RAAFE Table 73 8& o] 83}
o 7& o 4714 s& A AT
=g Yepdo

C.s=AX ¢ XfAXfm ............................. (5)

Table 6 Distribution factor(f,)

Effect area | Populated fraction(%) of the circular area

category 100% 50% 20% 10% 5%
1 1 0.5 0.2 0.1 0.05
I 1 1 0.4 0.2 0.1
)i 1 1 1 1 1

AR X] Mo & "% 38

Table 8 Average probability number(N*,,) for fixed

installations
Activity
Substances{ Reference numbers) -
storage | processing plant

Flammable liquid (1-3) 8 7
Flammable Liquid (4-6) 7 6
Flammable gas (7) 6 5
Flammable gas (9) 7 6
Flammable gas (10-11) 6 -
Flammable gas (13) 4 -
Explosive (14, 15) 7 6
Toxic liquid (16-29) 5 4
Toxic gas (30-34) 6 5
Toxic gas (35-39) 6 —
Toxic gas (42) 5 4
Combustion products ~ (43-46) 3 -

Table 9 Probabiiity number correction parameter(n , )for
loading/unloading operations frequency

Frequency of loading/unloading(yr™!) Parameter
1-10 +0.5
10-50 0
50-200 -1
200-500 -1.5
500-2000 -2
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Tabie 10 Probability number correction parameter(n,)

for flammables
Stlstaee Safety measwes-number of cylinders | Parameter
(Reference number)

Flammable gas(7, 13) | Sprinkler system +0.5

Flammable gas(10) Double containment +1

Flammable gas(13) Fire wall +1
Speinkler system +0.5
5-50 stored cylinders +1
50-500 stored cylinders 0
> 500 stored cylinders -1

Table 11 Probability number correction parameter(n,)
for organizational safety

@ 2zte] Abzol H@ e Table 13% 2ok
ARTR LoIN &L am/s, NF AR $F
£D, 222 vigte] £TE ARsThL S
E}8,9).

A1, 2, 300 NS B LA An 2y g
§ ZYL Table 1o] AN SR A L
o AT 13 2= YA AR olE3HoH,
A 38 A$ 2% AR $EHo2 FTASETA
g oj83le) Aol U@ NEE AVHAT

Table 14 Estimated failure frequency for chlorine system

Above average industry practice +0.5
Average industry practice 0
Below average industry practice —-0.5
Poor industry practice -1
Limited to non-existence organigational safety -15

components
. - Failure frequency average
Failure description .
service(event per year)
Valve ledk ' X108
Hose leak 5X1074
Impact failure of pipe 1X107°
Relief valve leak at normal operating pressute X107

Tabie 12 Probability number correction parameter(n,,)
for wind direction towards populated area(s)
in the affected zone

Effect area | Part of the area(%) where people are living

category | 100% 50% 20% 10% 5%
1 0 0 0 0 0
I (1] +0.5 { +0.5 | +0.5 | +0.5
m 0 +0.5 | +0.5 | +1 +1.5
4, Case Study

Z2A(ClL)Y AHA AP N8 FHEA
d d3 AU 4843 2 AEE AP HHE
ol A M A E CPQRAS IAEA manual'$-& &
£33t ArRst ). 2 7HEF ALILE (incident)
& 3712 ¥eoln], CCPS(Center for Chemical
Process Safety) 2] 4T84 E2 & o] &3t A

Table 13 Distance at which chlorine concentration
reaches LCsp

. Chlorine | Downwind distance at
. . Duration . A
Incident Description ) LCs | which concentration=
(min}
(ppm) LCsolm)
1| Liquid leak 10 ) ™
2| Vapor lesk 10 ) &
3 | Relief valve discharge 60 175 30
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Fig. 1 (a) Individual risk contours around chlorine

loading faciltiy

(b) Effect zones for incident Na. 3
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Table 15 Estimated number of fatalities for incident
outcomes cases affecting the populated area

Incident outcome case | Frequence Flyr™!) Estimated n ?lmbﬂ
of fatalities

ISW 7.3X107° 13

1w 7.3X107° 14

INW 7.3X107° 13

3SW 3.8%1077 20

3w 3.8%x1077 38

3NW 3.8%1077 20

All others - —

Table 15614 & 4= %0l Aa 29] 734 93|
Ag)7t FAAR7A A goug AYAE
7tH oA kEth olFA 4L Age H(4)E 9
&3t 3 H]E Hel2 Agate] H2lshd Table
169 2.

o] AE A13A AP HE FFY stk
A F-NFAEHHE o Aldas)eg add
Fig. 29} 2t}
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Table 16 Societal risk calculation and F-N curve data

Estimated | Cumulative frequency of
number not mote @gahties Tncident outcome cases included
of fatalities Fyiyr™!)
N>38 0 None
20<N<38 3.8X1077 W
14<N<20 L1X1076 3W, 3SW, 3NW
N=14 7.3x1073 3W, 3SW, 3NW, 1W
N<13 2.2x1074 3W, 3SW, 3NW, IW, ISW, INW

1—3

1—4

1-—5

Frequency of N or More Fatalities(per year)

1 10 100
Number of fatalities, N

Fig. 2 Societal risk F-N curve for chiorine rail tank car
loading study
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A =affected area
Cas  =external consequence
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fa =area correction factor

f; =estimated frequency of occurrence of in-
cident outcome case i(yr ?!)

F =frequency of incident outcome case i

fiq =frequency of incident outcome case i at
any particular direction

fn =mitigation correction factor

IRC;, =value of individual risk at the contour
of the incident outcome case(yr !)

IRC;—1=value of individual risk at the next
further risk contour(yr™!)

Fy  =frequency of all incident outcome cases
affecting N or more people

ng =correction parameter for flammables

n =correction parameter for loading/
unloading

o =correction parameter for organizational

n, =correction parameter for wind direction

N; =number of people affected by incident

outcome case 1
N*,s =average probability number for fixed in-

stallations

Pri =probability of fatality within the effect
zone

P; =total number of people within effect
zone

g =population density

0; =angel enclosed by the effect zone for

incident outcome case i
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