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A Comparative Study on the Method of Consequence Estimation for Release
of Toxicant Substances
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ABSTRACT

Two methods, the numerical method of CPQRA and the manual method of IAEA, were used to
estimate the effect distance from release and dispersion of toxic materials. The Gaussian plume model
which has a weather stability class D with wind velocity of 5m/s was applied to calculate dispersion of
toxic materials. Also, probit function were employed to evaluate the human fatality as a result of
exposure to toxic gases. Furthermore, concentration of toxic materials corresponding to [.Csq for 30 min
could be determined by setting Pr as 5.0 and solving the probit function.

Calculations were conducted by employing chlorine and ammonia as toxic materials because they are
not only most commonly used in chemical plants but also very harmful to humans. Calculated results by
employing toxic materials indicated that the effect distance from the CPQRA method was between the
minimum and maximum distance from the method proposed by IAEA.

as discharge rate(kg/s)
ayg = sonic velocity of gas at T = (y h eight of liquid above(m)
RT/M)Y? p = storage pressure(N/m? absolute)
p. = ambient pressure(N/m? absolute)

A = discharge hole area(m?) G,=g
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Cq = discharge coefficient(dimensionl-

ess < 1.0)
G = liquid discharge rate(kg/s)
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R = gas constant(8310 J/kg-mol/°K)
u = wind speed(m/s)
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x, Y, z = distance from source, m(x = d-
ownwind, y = crosswind, z = v-
ertical)

= gas specific heat ratio(Cp/Cv,
dimensionless)
p = liquid density(kg/m?)

oy o,= dispersion coefficient(m), functi-
on of distance downwind

¥ = flow factor, dimensionless

LM E

shEtgdol A B s VR FU Al E
e 54 B2 #&-Y4dd 02 Al
B & 9tk 53] A AaAEel M B 5 A%
o] 558 & 4% A= A U7 HEE
7HES & 4= ok EAQ 2% QX Bhop-
alol A} LA Union CarbideAt9] methyl isocyan-
ate FEALLE & 5 Aov] T3 o]ggo} Seves-
oA A% TCDD(2, 3, 7, 8 tetrachlorodib-
enzoparadioxin)ol & AlRLE & 5 Y.

olg g f54 ER g% A EE AbAH
o] AAstE 9=, JNFZ2A(Z, F& JriaA
& F), TR HAF3AE 548 L9 g
olet EFAAZ 7 e B wret A
Zed 5 Qldh

B A7) FadEe 44 A0 o) 24
g 4 de A9 HE A} HHEL A5
< 2™ CPQRA(Chemical Process Quantit-
ative Risk Analysis)®¥®H# TAEA(International
Atomic Energy Agency)manual'}-& ¥ asie
- 23s BNgted Aok 53 £33 sy
CPQRA & o83t 283 sy IAEA ¥
Ao NS FES=H FAES T2 AYEY

.

2. CPQRA (Chemical Process Quantit-
ative Risk Analysis) Method
2.1 Source and dispersion model
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2.1.1 Gas discharge
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2.1.2 Liquid discharge
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2.1.3 Dispersion model
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Vapor cloud behavior Duration of release

Neutrally buoyant gas Instantaneous release{puffs)
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Dense(or negatively buoyant)
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Continuous release(plumes)
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Gaussian dispersion graphollAl &-& = 3121 7]
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2.2 Toxic gas effect(consequence model)
APTRAF Ao vA F Sl A= AL #
AT, fEAHo2RES A, A g 7
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Table 2 Checklist
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A %jo] AAEH probit functiond ©] &3t $1
Aol A71E AL ¢ Y270,
Pr =a+b logc(C“t) ........................ (8)
Probit method®l °]-&5& Z7HA E4 dig
Aege AASE Table 13 2t
Table 1 Constant for Lethal Toxicity Probit Equation”

= a b n

& 4 (ppm) (ppm) (min)
Acrolein - 9.93 2.05 1.0
Ammonia —35.90 1.85 2.0
Chlorine -8.29 0.92 2.0

3. IAEA (international Atomic Energy
Agency) manualOf] 2|2t 41

IAEA manual& ZUlAlae] g 834 £/
A9 EE % Aotk JHEAS FHFde=

Activity Most important substance Reference numbers
Specific fertilizers ammonia 31,36
chemicals synthetic resin ethylene oxides 30
chlorine 32
acrylonitrile 18,21
phosgene 33
formaldehyde 32
plastics/synthetics vinilchloride 7
acrylonitrile 18,21
chlorine 32
combustion products 46
Table 3 Classification of substances by effect categories
Ref. Type of Description of substance Activity
No. substance
16 Toxicity liquid Low toxicity Storage with tankpit
17 Other
22 High toxicity Storage with tankpit
23 Road/Rail
24 Water
25 Other
30 Toxic gas Liqufied by pressure . low toxicity
32 high toxicity
34 extreme toxicity
35 Liqufied by cooling : low toxicity
37 high toxicity
39 extreme toxicity
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Table 4 List of substance

Reference Type of Substances
number Substance (example)
22, %5 Toxic liquid high | Hydrogen cyanide
Nitrogen dioxide
Sulphur trioxide
Tert-butylamine
32, 37, 41, 42 Boron trichloride

Toxic gas high

Chlorine
Formaldehyde
Hydrogen sulphide
Nitrogen monoxide

3.2 Estimation of lethal distance

Table 5 Classification of substances by effect categories

Ref. Quantity(t)
No. 5-10 10-50 50-200 200-1000 1000-5000 5000-10000 >10000
16 - - - All All BIl cl
17 - Al Al Bl Cl cl cl
18 - All B DI EN FI§ Fll
19 cli DI X X X X X
20 DI EM FIl X X X X
30 All Al BII BI cl cl X
31 BI ClH DIl EM FII FlI X
32 EN EM FIi FH GI X X
33 “FII GII GII GII X X X
Rz GII HIT HIT X X X X
Fad s el AU FFste 29 %2
v w&td Table 5914 effect categorys 83 F A'M %Q%’—Elo 2::;:1
Table 6& ol83ta] AAA S W9} & Az £ —
& A7 E
£ )
Table 6 Effect categories : maximum distance and § e
area of effect fg ”3
Effect distance(m) Effect area category(ha) I ———y . .
category 1 il Il " 1 100
A 0-25 0.2 0.1 0.02 Distance(m)
B 25-50 0.8 0.4 0.1 Fig. 1 The effect distance versus concentration data
C 50-100 3 15 0.3 obtained from case study
D 100-200 12 6 1
E 200-500 80 40 8
Fl| 5001000 - - 30 4 A2 EHE
G 1000-3000 - - 300
H 3000-10000 - - 1000 4.1 Chiorine loading/unloading system
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4.1.1 CPQRA method
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