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A Comparative Study on the Methods of Consequence Estimation in Fire and
Explosion Hazards
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ABSTRACT

Many methods to assess hazards caused by the risks increased with the growth of petrochemical
industry. The manual of International Atomic Energy Agency which was much more applied to
quantitative analysis of the real situation and the CPQRA is introduced to verify the theoretical
background of this manual. Than other methods, as a result, we can see that this manual, which is
simple to use and requires a little information, shows similar results to those of calculation by numerical
formula. Also, the program code of this manual was materialized and if it is possible to obtain adequate
parameters to our circumstance, the manual will be quite useful in early risk analysis.
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Fig. 1 Overall logic diagram of consequence model

2. CPQRA (Chemical Process Quantitat-
ive Risk Analysis)
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2.1 UVCE(Unconfined Vapor Cloud Explos-
ion)

|71%59 & Fog Qo &

H 7t 7] Fel M A cloudE B4

7 JEse FEg dovle @4

84E gEo] Hoh wepd dwkRoe s TNT
model & ©]4-8t} 2,

7 ME,
W= Ecm .................................... (1)
o7}4, W = equivalent mass of TNT(kg or
1b)
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M = mass of flammable material re-
leased
7 = empirical explosion yield(or
efficiency)
(ranges from 0.01 to 0.1)
E. = lower heat of combustion of fla-
mmable gas(k]J/kg or Btu/lb)
E.rnt = heat of combustion of TNT
(4437-4765k]/kg or
1943-2049 Btu/1b)olich.

2 (1ol M 73 TNT B3l overpressure®l] ™
& scaled distanceE #3t 4ol A F A=
real distance® T4,

RG=Z W3 e (2)

o714, Ri = real distance

Z¢ = scaled distance®]th.

2.2 BLEVE(Boiling Liquid Expanding Vapor
Explosion) and Fireball
BLEVE® A#&719 A7t gz}7] F2atd]
A&7 UGS AYA B3t S Ete T
ok, durA oz fireball& FWHal7] Wil
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F22 dEAe HEAezA Ay ua
Zg¥ #ol7} AR, B AFo A= Pitblado,
Pietersen® Hurta®] 49& vigto g s} 2
2] target®] ¥ thermal radiationg 7317]
&ted 718 parameter?} o] 85 =H o]H ¥ para-

meterv= Th23} 2t
Peak fireball diameter(m) Dy = 6.48M°32 (3)

Fireball duration(s) ta;gye = 0. 825M%% (4)
Center height of fireball(m) Hpg pve
= (), 75Dy oo (5)

o714, M = mass of flammable liquid(kg)®]
=2
2331 target©] ¥ thermal radiation& The-2
Fia= s

Qr= TEFy wromveeesseissniennn, ()
o714, QR = thermal radiation received by a
target{kW/m?)
T = transmissivity(dimensionless)
E = surface emitted flux(kW/m?)
Fj = view {actor(dimensionlebss)®]

=3
T £ EAME Ae #¥EE factora2 A GREF S
2 1S AT dAlzg ed BAge)
20-40% Aot d7iFe Sy, ofg nast
o Pietersen®] 4#21& o|ggt},

T =2.02(PypX) 00 o (7)
o714, PW = water partial pressure(Pascal,
N/m?)

X = path length, distance from flame
surface to target(m)o]th.
Fireball WA W&EH= heat fluxE ohe
T} Zo] s
Froa MH,
7 ( Dy s EVE
#7)4, Hc = heat of combustion(k]/kg)
Frad = radiation fraction, typically 0.25-0.40 ©]
o}
Fireball#} target®2] geometric view factors

e gtk

EF=———— (8)
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le = % ...................................... (9)

o}714, D = sphere diameter(m)

x = distance from center to target(m)
ojct.

o]z 7] targetol thermal radiation®] 7] 3]
AZe A (5),(6),(7),(8),(9)& 23t (10)
A3} o] AelHu], AT trial and error’¥H-<
ALg3te] T

% = tFy, =2.02
D (1-000 D2
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8]z UVCES BLEVESIA T2 =8 Azl
gl A AFEO) 100% AMHE # e AEE
overpressure®] A% 2t 4-7Kg/cm?(58.8-99 psi)
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714, Pr= probits
t = duration of explosion
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3. IAEA (International Atomic Energy
Agency) manual
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Activity %t ;o] manualell X Bde refere-
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tion parameter® Z-8-3ted I8 WA A}
g F8 F Sloh

3.1 Activityel 2§

Table 1 Checklist

TYPE OF DESCRIPTION
ACTIVITY SUBSTANCE OF SUBSTANCE
(table 1) (table 2) (table 2)
[ l
REFERENCE NUMBER
(table 2)
QUANTITY
(table 3)
EFFECT CATEGORY
(table 4) CORRECTION
F————— PARAMETER
(table 5, 6)
CALCULATION

Fig. 2 Logic diagram of |IAEA manual

Hridel He Qe

A3, FH,

AAsta, Aulg ol F,
g, XAl Sol sl Table
1, 2& o]&3} reference number® #FA3FITh

Reference numbers

Activity Most important substances (Table 1)
Fuel storage deliverry station car stati-| petrol 6
on intermidiate depot petrol and LPG 7
petrol 6
main storage LPG 7, 9
oil 1, 3
petrol 4, 6
gas cylinder storage LPG 7, 9, 10, 11
natural gas 10, 11
various gases 13
Processing and| refinery LPG propane 7
storage of fuel alkylation process hydrogen fluoride 31
Transport of fuel | pipeline LPG, propane 8
natural gas 12
petrol 5
oil 2
water(inland waterways) | LPG(by pressure) 9
LPG(by cooling) 1
petrol 6
oil 3
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Table 2 Classification of substances by effect categories.

I:Ii)f.- SIZ;Z“ZZ Description of substance Activity
1 Flammable liquid | Vapour pressure < 0.3 bar at 20C| Storage with tank pit
2 Pipeline
3 Other
4 Vapour pressure > 0.3 bar at 20C | Storage with tank pit
5 Pipeline
6 Other
7 Flammable gas Liquified by pressure Rail, road, overground storage
8 Pipeline
9 Other
10 Liquified by cooling Storage with tank pit
11 Other
12 Under pressure Pipeline
13 Storage of cylinders{25-100Kg)
14 Explosive In a bulk(causing single explosion)
15 In a package(e. g. shell)

3.2 Effect distance &

Reference number®} S| ZAdujolA ThFolz|&=
E39] 4& vt Table 39| A effect category
E 43 £ Table 45 0] 839 effect dis-
tance ¥ effect areaS 4HAFHL

3.3 Consequence &

W& 2 correction parameterdl] #F G418
5 (12)9 23, Cast ABASE ojuldh),
Cu,szAxafoxfm ...................... (12)
o714, C,; = external consequence
A = affected area
{a = area correction factor
m = mitigation correction factor
& = population density ©]t}.
FEAY B JfAHY v E YeplE (IR E
B ({A)= Table 52 o83l 73},
g3 SR A (Im)e U, g 25 2
< Al o3 Ystdd 5 e AP EER
A Table 6& ©]-83td T3} o9& 5 £E32
A B5= WA 5ol F23lmg ARRAAS
7} 0.1500141 0.1 Atolol QA Ty, ZulEAQ) 7
= 19 sigdd.

SIELY USR] M M2 '934 63

4. THsHAtEIS] HE
4.1 KAl HEA|7}29 2w

1992d K Al H =17k (F)4 LPGE F3t
7] Azt o] Fold Faze)st LPGAEY a9t
TESFAT. o] | YT 2937} 7hx FYTl
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2717k 33l 2A A FEg dog Aol
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WS o 2o

4.1.1 TAEA manuval$ °©| 4% ZE44

Table 13} Table 2014 tank pit& ZE LPGH
22 FaAF 70]aL, Table 1914 Fuel storage®
A LPGY F1AZLE Favs 7, 9714 5+ 9
o). viAREte g Table 29014 LPG7} flammable
gas®| L pressuredl] ]3] A3}E|r, ) B30 A
Aeog Fulse 72 24"k 30t B2 17
7} Z2 o2 effect categorys CI1 o) 83, ot
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Table 3 Relation of reference number and quantity

Ref Quantity(t)

No. |5- |10- |50- |200- | 1000-| 5000-| >
10 50 ] 200 1000 ! 5000 {10000 {10000

Y1 - - | - |ar|BI|BI|cI
2

3 - |AI | BI | CI | DI X X
sl -] - -1IBr|culcn]on
5

6 - |BO|C | DI {EDN X X
“IB1|ci|pI|ELl| X | x| X
8

9 |Cl|[cCl (DI X X X X
10 yCO|cCliopl X X X X
n|-|-1]-|8r|cn|cn|on
12 - |BI |Cl | DO | EI X X
B|comjcnyjci|cl X X X
4 |BI|CI|CI |DI X X X
15 {cmjcn|ct|pr| x| x| x
16 - - - {All | Al | BII | CII
17 | - |am|Aan | B0 |cn|cn|cn
18 | - | AD | BN | DI | EN | FW | FO

19 [Clhipl| X
20 |DIO | EM | FI | X X X X

. . . . . . . .

azieg AR £ 0.3(ha) X28(8/ba) X0. 05
X1=0.42"0] "},

4.1.2 CPQRAE o|§3t =459

CPQRAE ol &% 7= A4S 8 BH, Zds
2 30 ton®lX, parameter®& TFE3 2o}

2] (3)9M Dyax = 184.7m, A (4)9MA tarEve
=125, 4 (5)9)A Hprgve = 138.5m7} €}k o
7] $E% 2,810N/m?(0.4 psi), Foq =0.252 7}
A3t} (Hymes, 1983; Roberts, 1981) 2] (6)cl
93 QR = 228 kW/m?o} H1, 2] (8)o] <&l E
=270 kW/m?°] €t} wata 2 (10)& trial and
errorPHOZ 78 FAE = x = 79.5m7} €t

Table 4 Effect categories . maximum distance and
area of effect

Effect distance(m) Effect area category (ha)
Category I 1l il
A 0-25 0.2 0.1 0.02
B 25-50 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

Table 5 Distribution factor(fa)

Effact area | Populated {raction(%) of the circular area
category | 100% | 50% | 20% | 10% | 5%
1 1 0.5 0.2 0.1 0.05
1! 1 1 0.4 0.2 0.1
il 1 1 1 1 1

Symbols . X means the combination of that substa-
nce and that amount those not exist in
practice ; means ignorable effects.

2tA Table 42 %€ 3] Azl 50-100m, F3)#]
98 3hav’l B}

7)o HF AdAEAR FaRE K A2 Al
21 th3 JFL e 28.9%/haol™, AFERE
o tigt BAASE AN A 27 FAR
tjo]22 Table 59 &) {,=0.050] "}
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Table 6 Correction factor(f,,) for mitigation.

Substances(References numbers) Factor
Fiammables (1-12) 1
Flammables (13) 0.1
Explosives (14, 15) 1
Toxic liquid (16-29, 43-46) 0.05
Toxic gas (30-34, 40-42) 0.1
Toxic gas (35-39) 0.15

4.2 A= Flixborough®| ZLAILD

19743 6 ¥ Cyclohexane? reactorollA] leak &
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A
3}

Table 17} Table 2904 Cyclohexane® A%
ZaWS 3olx, 50t BA 1717F FEgong
effect category= B I o] 512, m&}l4 Table 425
g 93 Ae 25-50m, HAHAHEL 0.8ha7} €
t}.

4.2.2 CPQRAE o83 7=ty

CPQRAZE o] 43 ZEA4 L slnd, Fuge
50 tono], 7 =0.05(0.01-0.1)& 7HA@slz,
Cyclohexane®] A4E-2& E. = 18,700 Btu/lb,
TNT9 Q49E E.pny = 2,000Btu/lboleg 4
(1)ellA TNTZ%2 W = 51,486lbo] €tk

overpressure 1% 100% A% 2%
4-Tkg/cmy, BES] HWHAE 7FEBEZ overpressure
¢} scaled distance 7l (graph)ell 93t 4kg/m*2
Am = 2.46t/16"3, Thg/cm® DAE 2.86t/1bV/3 o)
Hrh

up2bx 2 (2)9) sl A= R = 89-104.
2 t(27.2-31.7m)°] €tk

5.4 £

B AFdAe o2 AE4e Frislr) 9%
Qte 24 CPQRASH IAEA manual®] Hl@#4
Z3ld &8 JtsAde AAEYEY 9T A
A AL AHRFWS ALL3 IAEA manualo}A
dold Ha A= dE 2 olgHe A=
CPQRAS] A9} of ¢ F418g B &4,
IAEA maual A¥A Mg} 1AM %27
7t 8399 MAA, IAEA manual socie-
tal nskEAel Z23 100% AALAZY ¢l3dx
& AHE3o FAxAitFo] shEdtdct. wekA
IAEA manualel] 9J3 e HHsle 9384
Zholl e A#vE g Ao v, BHEN
ot oz A -G ohel EFE 29

i o o
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dsiMz Ayt aste], $evtet 4o g
parameterat5°] A& Eolof rl, HEF ALEALE
o] &dA A¥Y 4L & + e A4t code A
o] g 7,
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