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Instantanecus Instantaneous Continuous Continuous Continuous
release release | two-phase flow of flow of
of the of the complete flow through liquid through gas through
| complete inventory a hole, a hole, a hole,
inventory {liquid or liquified a broken pipe, a broken pipe, a broken pipe.
(gas) pressurized a PSv, elc. ! etc.
gas) slc. |
Estimate the Calculate the Calculate the
liquidivapour mass flow rate mass flow rate
flash at ambient (as a function (as a function
pressure of time?}, I oftime?),
and calculate the total the total
the amount amount released,| |amount released,
; of vapour the release time the release time
|

Liquid pool:
calculate the
evaporation rate

A %

Continous
jet or plume

vV

Instantaneous
gas cloud

V

Continous
gas cloud
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t,s m, kg s' h,m Accumulated spilled mass, kg
0-180 12.80  7.500 2,304
180-360 12.68  7.365 4,586
360-540 12.57  7.231 6,850
540-720 12.45  7.099 9,092
720-900 1234 6.968 11,313
900-1,080 12.23  6.832 13,514
1,080-1,260  12.11 6.704 15,694
1,260-1,440 1199  6.577 17,853
1,440-1,620 11.88  6.451 19,991
1,620-1,800 11.76  6.324 22,107
1,800 6.201
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Pipe fitting Leguivatentdy
Globe valve, wide open =300
Angle valve, wide open ~170
Gate valve, wide open ~7
% open ~40
% open =200
% open ~900
90° elbow, standard 30
long radius 20
45° elbow, standard 15
Tee, used as elbow, entering the stem 90
Tee, used as elbow, entering one of two side 60
arms
Tee, straight through 20
180° close return bend 75
Ordinary entrance (pipe flush with wall of 16
vessel)
Borda entrance (pipe protruding into vessel) 30
Rounded entrance, union, coupling Negligible

Sudden enlargement from dj, to D
Laminar flow in d,

Turbulent flow in d,,

Sudden contraction from D to dj, all conditions

except high-speed gas flow where P,/P,>2
Laminar flow in d,

Turbulent flow in d,

Rel, d, ’
32 D?

dZ
Relyos | %
160 D
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Pipe material ~3, mm
Riveted steel 1-10
Concrete 03-3
Wood stave 02-1
Cast iron 0.25-0.26
Galvanized iron 0.15
Asphalted cast iron 0.12
Commercial steel or wrought iron 0.043 - 0.046
Drawn tubing 0.0015
Glass 0
Plastic (PVC, ABS, polyethylene) 0
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0.025 g 0 O I A I
1 11 I P T 110 16
| Laminar flow -- f.= Re
0.02 e Complete turbulence
- rough pi
\ ~ 2 WT 0.05
— ‘ 0.04
0.015 NS 0.03
| N T 0.025
\ N 0.02
\\ §§\\“‘ 0.015
0.01 4 P
\ A 0.01
0.009 B 1N 0.008
'S a Tl
< 0008 ash WS 0008
0.007 P — 0.004 ﬁ
) 0003 &
0.006 [} Uncertain o~ ooz 3
N 00015 @
0.005 s 0001 8
i NN 00008 o
T R 0.0006
0.004 SN 0.0004
“Wohe
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0.003 Bansd 0.0001
- . ™y _ .
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0.0025 NN 3x10 %
. - 2x10 5
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L=65+0.1 T+ 23+ 16+32)=76.5m

Re = 25000 a5l o>

4o MRe _ 5.9x107* x 2500
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d,R 0.1x867
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_ \/ 72295x0.1 5 9oms-!

2x0.0064x867x76.5
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Re ums’ fr u (Eq. (2-7b)), m s
25,000 0.170  0.00640 2.920
70,000 0.544  0.00520 3.240
300,000  2.041  0.00450 3.480
400,000  2.722  0.00440 3.520
500,000  3.402  0.00435 3.540
520,000  3.539  0.00433 3.544
530,000  3.631  0.00430 3.560
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Gas Molecular weight | y= Cp/Cy | u;, ms!
Acetylene 26.0 1.247 345
Acrylonitrile 53.1 1.149 232
Air 29.0 1.400 246
Ammonia 17.0 1.311 437
Benzene 78.1 1.112 188
Butane 58.1 1.091 216
Carbon dioxide 44.0 1.301 271
Carbon monoxide 28.0 1.400 352
Chlorine 70.9 1.330 216
Cyclohexane 84.2 1.085 179
Ethane 30.1 1.188 313
Ethylene 28.0 1.253 333
Ethylene oxide 44.0 1.215 261
Helium 4.0 1.660 1014
Hexane 86.2 1.062 175
Hydrogen chloride 36.5 1.399 308
Hydrogen 2.0 1.405 1314
Hydrogen sulphide 34.1 1.326 310
Methane 16.0 1.304 449
Natural gas * 18.1 1.270 419
Nitrogen 28.0 1.406 352
Oxygen 32.0 1.395 329
Propane 44.1 1.146 253
Propylene 42.1 1.148 260
Sulphur dioxide 64.1 1.264 221
Toluene 92.1 1.087 171

? 86.15%CHy, 12.68%C,H,, 0.09%C4H,,, 0.68%N,
0> 0 —Y—1-¥
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Substance LFL, % volume UFL, % volume Ty, °C T autoigns “C
Acetone 2.6 12.8 -17.8 700
Acetylene 2.5 80.0 -17.8 305
Aniline 1.2 11.0 14.4 615
Ammonia 15.0 28.0 - 630
Benzene 1.4 8.0 -11 562
n-Butane 1.8 8.4 -60 405
Crude oil 1 6.0 -18 230-250
Cyclohexane 1.3 8.3 -17 260
Methane 5.3 15.0 -222.5 632
Ethylene 2.8 34.0 --- 450
Ethane 3.0 12.4 -135 515
Ethanol 3.5 19.0 12.8 558
n-Hexane 1.2 6.9 -26 234
Hydrogen 4.0 74.2 - 400
Kerosene 0.7 6.0 49 229
Motor gasoline 1.4 7.6 -46 280
Methane 5.3 15.0 -222.4 632
Octane 1.0 6.7 13.3 458
n-Pentane 1.3 7.6 -40 287
Propane 2.1 9.5 -104.4 493
Propylene 2 11.7 -- 443
Toluene 1.3 7.0 4.4 536
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LFL=ac, (F-1)

UFL=bc, ®-1)

a4l Y=Y o ke Joaz 0 lag] polie ab)ls (Ko olge oleonds Jlisle 4y oS aziis slacubab a5

[1e]0—Y s F—¥ o b Job ga ool polio —Y—Y Joua
Substance a b
Linear saturated hydrocarbons 0.555 3.10
Cycloalkanes 0.567 3.34
Alkenes 0.475 3.41
Aromatic hydrocarbons 0.531 3.16
Alcohols-glycols 0.476 3.12
Ethers-oxides 0.537 7.03
Epoxides 0.537 10.19
Esters 0.552 2.88
Other compounds C, H, O 0.537 3.09
Monochlorinated compounds 0.609 2.61
Dichlorinated compounds 0.716 2.61
Brominated compounds 1.147 1.50
Amines 0.692 3.58
Compounds containing S 0.577 3.95
- Jte

Py 99 0 5l eslitul b gl sl g pdy Jlidl sga> (e
5l Casl D)le i e (23Sl 1> ol

C,H.OH +30, - 2CO, +3H,0
L el pl S g Sl clale culnby

moles fuel

x100:¥x100=6.54%

moles fuel + moles air 14+3x %

st

FY o VoY c¥oles 6,55 4 b

LFL =0.55%x6.54 =3.60% volume
UFL =3.5%x6.54 =22.89%volume
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LFL =0.476%6.54 =3.11%volume
UFL =3.12%6.54 =20.40%volume
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Chemical group a b c
Hydrocarbons 225.1 537.6 2217
Alcohols 230.8 390.5 1780
Amines 222.4 416.6 1900
Acids 3232 600.1 2970
Ethers 275.9 700.0 2879
Sulphur 238.0 577.9 2297
Esters 260.8 449.2 2217
Ketones 260.5 296.0 1908
Halogens 262.1 414.0 2154
Aldehydes 264.5 293.0 1970
Phosphorus 201.7 416.1 1666
Nitrogens 185.7 432.0 1645
Petroleum fractions 2379 334.4 1807
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H/ (D/2)

1/(D/2) 0.1 0.2 0.5 1.0 2.0 3.0 5.0 6.0 10.0 | 20.0

1.10 0.330 | 4150.0 | 0.449 | 0.453 | 0.454 | 0.454 | 0.454 | 0.454 | 0.454 | 0.454

1.20 0.196 | 0.308 | 0.397 | 0.413 | 0.416 | 0.416 | 0.416 | 0.416 | 0.416 | 0.416

1.30 0.130 | 0.227 | 0.344 | 0.376 | 0.383 | 0.384 | 0.384 | 0.384 | 0.384 | 0.384

1.40 0.096 | 0.173 | 0.296 | 0.342 | 0.354 | 0.356 | 0.356 | 0.357 | 0.357 | 0.357

1.50 0.071 | 0.135 | 0.253 | 0.312 | 0.329 | 0.330 | 0.333 | 0.333 | 0.333 | 0.333

2.00 0.028 | 0.056 | 0.126 | 0.194 | 0.236 | 0.245 | 0.248 | 0.249 | 0.249 | 0.249

3.00 0.009 | 0.019 | 0.047 | 0.086 | 0.132 | 0.150 | 0.161 | 0.163 | 0.165 | 0.166

4.00 0.005 | 0.010 | 0.024 | 0.047 | 0.080 | 0.100 | 0.115 | 0.119 | 0.123 | 0.124

5.00 0.003 | 0.006 | 0.015 | 0.029 | 0.053 | 0.069 | 0.086 | 0.091 | 0.097 | 0.099

10.00 | 0.000 | 0.001 | 0.003 | 0.006 | 0.013 | 0.019 | 0.029 | 0.032 | 0.042 | 0.048

20.00 | 0.000 | 0.000 | 0.000 | 0.001 | 0.003 | 0.004 | 0.007 | 0.009 | 0.014 | 0.020

50.00 0.000 | 0.000 | 0.000 | 0.000 | 0.000 | 0.000 | 0.001 | 0.001 | 0.002 | 0.004

SNty 5T 8 (Fi) o 30 w3~ Jgio

H/ (D/2)

1/(D/2) 0.1 0.2 0.5 1.0 2.0 3.0 5.0 6.0 10.0 | 20.0

1.10 0.132 | 0.242 | 0.332 | 3540.0 | 0.360 | 0.362 | 0.362 | 3620.0 | 0.363 | 0.363

1.20 0.044 | 0.120 | 0.243 | 0.291 | 0.307 | 0.310 | 0.312 | 03120 | 0.313 | 0.313

1.30 0.020 | 0.065 | 0.178 | 0.242 | 0.268 | 0.274 | 0.277 | 0.277 | 0.278 | 0.279

1.40 0.011 | 0.038 | 0.130 | 0.203 | 0.238 | 0.246 | 0.250 | 0.251 | 0.252 | 0.253

1.50 0.005 | 0.024 | 0.097 | 0.170 | 0.212 | 0.222 | 0.228 | 0.229 | 0.231 | 0.232

2.00 0.001 | 0.005 | 0.027 | 0.073 | 0.126 | 0.145 | 0.158 | 0.160 | 0.164 | 0.166

3.00 0.000 | 0.000 | 0.005 | 0.019 | 0.050 | 0.071 | 0.091 | 0.095 | 0.103 | 0.106

4.00 0.000 | 0.000 | 0.001 | 0.007 | 0.022 | 0.038 | 0.057 | 0.062 | 0.073 | 0.078

5.00 0.000 | 0.000 | 0.000 | 0.003 | 0.011 | 0.021 | 0.037 | 0.043 | 0.054 | 0.061

10.00 | 0.000 | 0.000 | 0.000 | 0.000 | 0.001 | 0.003 | 0.007 | 0.009 | 0.017 | 0.026

20.00 | 0.000 | 0.000 | 0.000 | 0.000 | 0.000 | 0.000 | 0.001 | 0.001 | 0.003 | 0.003

50.00 | 0.000 | 0.000 | 0.000 | 0.000 | 0.000 | 0.000 | 0.000 | 0.000 | 0.000 | 0.000
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Date Place Material Cause Fatalities
1980 Los Angeles, USA  Gasoline Tanker, road accident 2
1980 Rotterdam, The LPG External fire in a bus station
Netherlands
1981 Montonas,Mexico  Chlorine Derailment, impact, fire 29
1982  Spencer, USA Water Overheating 7
1982  Louisiana, USA Vinyl chloride Derailment, impact, fire 0
1982 Taft, USA Acroleine Runaway reaction 0
1982 Tyne and Wear, LPG Tank, external fire -
UK
1983 Reserve, USA Chlorobutadiene ~ Runaway reaction 3
1983  Houston, USA Methyl bromide Overfilling 2
1983  Murdock, USA Propane Derailment, impact, fire 0
1984 Romeoville, USA  Propane Weld failure 15
1984 Cleveland, USA LPG External fire on vessel 0
1984 Mexico City LPG Leak and fire in storage park 500
1985  Priolo, Italy Ethylene Leak, jet fire on tanks 0
1985 Pine Bluff, USA Ethylene, Derailment, impact, fire 0
ethylene oxide
1986 Kennedy S C, Hydrogen Fire 7
USA
1987 Cairns, Australia LPG Human error (hose
disconnected), fire 0
1988 Philadelphia, USA  Gasoline Tanker, road accident 0
1988 Kings Ripton, UK LPG Human error (hose): leak 0
while filling vessel, fire
1989  Alma Ata, LPG Train collision, fire 5
Mongolia
1990 St. Peters, LPG Tank, external fire -
Australia
1991 Lyon, France Propane External fire on small vessel -
1995 La Plata, Argentina Propane Overfilling (human error) 2
1996 Paese, Italy Propane Human error while unloading 0
a tanker, release, fire
1998  Albert City, USA  Propane Car breakes pipes, fire 2
1998 Xian, China LPG Leak, fire on storage park 11
1999 Dortyol, Turkey LPG Human error -
1999 KamenaVourla, LPG Road accident, leak, fire 4
Greece
2000 Downey, USA Propane Leak, fire -

& J 5ol i )5 5l g S0 Wl g (25 GT) ailesls &) plojen Sjgo 4y i lace I
(O3B a3l Gl (59,5 g slosl> 5 by @olsm) ol 0vgy Sl slallas 55 Sols> 3l pan cde (0w
Wlosls #5 & g Joz WS )0 55 Solgm LFA (o g adss 9 6,05,

ol B axly 10 (555w T wols jo 1S5l Eolgm —cawlio Lyl j0 a5 cwl (I BLEVE g S5y O
A oy o el -l ol s g ol 5l i Gl glabad ja 40 5 (LB Slaie e wlgi e -0y g
ol g e 3,5 St aled iS5 Ky SLldl S sl St b me 43 Al 5l Copnar

bl oad as I IS 4 Jowe o L@QL':.;"_;JT seaz 5l 8 50e> & e @



o BB 33 550 olea Gladwly 9 bl sbisl YA -

BLEVE Ji¥s ¢t $Jsloie —Y—8 Jouo

Cause %
Train derailment 33
External fire 17
Loading/unloading 16
Road tanker accident 14
Overfilling 4
Runaway reaction 4
Other 12
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453.2 0.10 29.6
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Hypothetical Hypothetical
Initial Explosion final fim?l stat‘e
a b . . (adiabatic
state state state(isentropic
process)“ pocess an;i
m=-P,AV)
Pressure, kPa 834.4 1901 101.3 101.3
Temperature, °C 20 55 -42.02 -42.02
Total mass, kg 100956 100956 100956 100956
Mass of liquid, kg 100054 100007 51508 41288
Mass of vapour, kg 902 949.1 49448 59668
Vapour specific volume, m’kg” 0.05539  0.02293 0.4136 0.4136
Liquid specific volume, m’kg ™ 0.001999  0.002282 0.001721 0.001721
System specific volume, m’kg’ 0.002476  0.002476 0.2035 0.2452
Total vapour volume, m’ 50 21.8 20454 24681
Total liquid volume, m’ 200 228.2 89 71
Total volume, m’ 250 250 20543 24752
Vapour fraction 0.008941  0.009401 0.4898 0.591
Vapour specific internal energy, kJ.kg 549.7 582 483.7 483.7
Liquid specific internal energy, kJ kg 250.3 349.2 100.1 100.1
System specific internal energy, kJ.kg 253.0 351.4 288 326.8
Total vapour internal energy, MJ 500 560 23920 28860
Total liquid internal energy, MJ 25040 34920 5150 4133
Total internal energy, MJ 25540 35480 29070 32990
Vapour specific entropy, kJkg 'K 2.355 2.33 2.448 2.448
Liquid specific entropy, kJkg'K! 1.181 1.501 0.6068 0.6068
System specific entropy, kag'lK"1 1.192 1.508 1.508 1.695
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From explosion conditions

to final conditions

From explosion condition
to final conditions

(isentropic) (irreversible)
AU (MJ) -6410 -2490
Work(MJ) -6410 -2490
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Type of vessel Number of fragments
Cylinder 2o0r3
Sphere 2 to 15 (‘usually less than 5)
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Stability class Definition
A Extremely unstable
B Moderately unstable
C Slightly unstable
D Neutral
E Slightly stable
F Moderately stable
G* Very stable

* Stability class G is rarely used
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Stability class  Vertical thermal gradient (°C/100 m)
<-1.9°C

from -1.9 °C to -1.7 °C

from -1.7 °C to -1.5 °C

from -1.5 °C to -0.5 °C

from -0.5 °C to 1.5 °C
<1.5°C

MmO aw >

Sl e 59 ol Ollugi 4 4261 b 55l WIS —F—F Jgua

Stability class Horizontal variation in wind direction (°)
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. Daytime insolation Nighttime' overcast
Surface wind y &

velocity, m/s

Strong Moderate Slight More than 50%  Less than 50%

<2 A A-B B E F
2-3 A-B B C E F
3.5 B B-C C D E
5-6 Cc-D D’ D? D’
=6 C D’ D’ D’

! Niht refers to the pe riod ranging between 1 h before sunset and 1 h after sunrise.

% The stability class D (neutral) must be used, regardless of wind speed, for overcast conditions during
the day and at night.

L lobl oo a STsblol 358 <l 5 o el ply ool (F-F JS5) il &5 b o o s 55> (s55lnb
Sy on atiS (St 2l £ 5 S (gl el 00 VT 4isF o jlal a4y lete a5 8,00 o)Ll sa (s050e olouls
sl 55U 5 ol o Slee Sepdse S b Jblie o el (5 52

R g 00l (6,5 sl lgn (so5as Sloulx 5l g el k9> il JLa)IjﬁH,‘.g_i;lelﬁﬂﬁ)‘ ot & S

Dl oo 0
\—% Jbo

— ANV C (g0 Y v 3 .000,5 6 Soslail ) 55 slales NangaP arbat 4 olsel ol clacl Va0V 5o

Sl 009y 463> 9, OT)‘) Go> ks —-18°C WSy fVee 04
J’B‘)
Hlows)be oV er jo 0 cdlz )

—9.7-(=06) _ -0.015°Cm™ = -1.5°C
6700 — 6100

ol SIbl g S oasS” Lo <l F 5 ol



o BB 33 550 idlean Gladely 9 wihuil byl YEE

FEETSTReeeEee

b (v CGiis (o el (1 [)] Guwgm slopsls 165 o bumo slod il g5 —F—F JSi
oud g (T ‘10330 (& Ao 23l sloagly (& Vistasiy (@

((F-7) JSb pleisls SO GiS090 5l (29,5 990 Jle gl) gy Gl S5 5ol Sl lei e 1) oo (5ll
g9 alegy a5 8ls aalss &) «glail> > psh S bl g2 o 5 ST 358 il 5 LV el s g
Oy 03 oljl (slaeat VT (b, 00,5 oo dloml (laley Al 5l ey J53 slgr Sl ole)S slapl >
OBl S 4 1) poly el (Sas 00l Sloml S5 sleddl az ST 00l ge stz s BB 090 5 R8I Lic]

g d (glabamd GV (L Sble o 5 WASY (e (S

4 .
looping
5
neutral
¢ coning
7 .
fanning
8 lofting
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Stability class o, (m) o, (m)

Rural conditions
A 0.22x(1+0.0001x) ** 0.20x
B 0.16x(1+0.0001x) 3 0.12x
C 0.1 1x(1+0.0001x) ** 0.08x(1+0.0002x)
D 0.08x(1+0.0001x) 0.06x(1+0.0015x) **
E 0.06x( 1 +0.000 Ix) ** 0.03x( 1 +0.0003x) !
F 0.04x( 1 +0.000 Ix) *° 0.016x( 1 +0.0003x) ™'

Urban conditions
A-B 0.32x( 1 +0.0004x) 3 0.24x( 1 +0.000 1x) *°
C 0.22x( 1 +0.0004x) *° 0.20x
D 0.16x(1+0.0004x) 0.14x(1+0.0003x) °*
E-F 0.1 1x(1+0.0004x) ** 0.08x(1+0.0015x)
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o, =0.08x300(1+0.0001x 300) ** =23.6m
o, =0.06x300(1+0.0015x300)"° =14.9m

C Ajl})lf

o, =0.08x700(1+0.0001x 700)™** = 54m
o, =0.06x700(1+0.0015x 700) % =29.3m
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Parameters

Values used

Meteorological conditions

Wind velocity (ms™) at z= 10 m ;5
Surface roughness (m) 0.01
Stability class E
Ambient temperature (K) 293
Atmospheric pressure (atm) 1
Relative humidity (%) 60
Emission conditions
Molecular weight 42
LFL (%) 2
Temperature (K) 323
Specific heat J kg " K™) 1620
Release rate (kg s™) 1.88;10.2; 18.22
Release height (m) 30
Release diameter (m) 0.25
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Estimated mean doses* (IDsy) of FMD per cow for atmospheric stability classes D and E

Farm Atmospheric stability class D Atmospheric stability class E
2 0.34/12.3 0.80/55.3
5 1.20/82.8 2.50/172.5
11 0.92/62.8 2.00/135.6
12 0.14/9.4 0.36/25.1

* Doses predicted by assuming virus excretion rates of 5.8x10%4x10% per infected pig.
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Select an initiating event, ;
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Select stability class and
| wind direction, Py, P,
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——»| Select accidental scenario, Py
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Calculate the probability of death
at a point of the mesh, Py
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Calculate the contribution to IR at
a point of the mesh, AIRj, . m, w

Allinitiating events

Calculate overall IR at a point
of the mesh

All stability classes and wind
directions
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Instantaneous release  Release (at constant

System of t.he complete l:ate) of the. complf.:te hole with d,= 10 mm
inventory inventory in 10 min
Stationary vessels:
Pressure vessel 5x107 year ™ 5x107 year ™ 1x10” year *
Process vessel 5x10° year * 5x10° year * 1x10* year *
Reactor vessel 5x107° year ? 5x10° year 1x10* year ™
Atmospheric tanks:
Single containm, tank 5x107° year * 5x107° year ? 1x10* year ™
Mounded tank 1x10" year *
Heat exchangers:
Haz. mat. outside pipes 5x107 year 5%x107 year 1x107 year ™
Haz. mat. inside pipes 1x107 year 1x107 year * 1x107 year *
Road tankers and Instantaneous Continuous release  Full bore rupture, .Leak of .
. release of the . . loading/unloading
tank wagons in an from a hole(largest  loading/unloading
. complete . . hose (ds =0.1 .d,
establishment . connection size) hose
inventory max. 50 ram)
Pressurized tank 5%x107 year! 5x10 7 year™ 4x10°h?! 4x10°h!
Atmospheric tank 1x107 year ™! 5x1077 year™ 4x10°h" 4x10°h!
Pipes Full bore rupture Leak (d = 0.1 ds, max 50 mm)
d <75 mm 1x10°m™ year™ 5x10° m™ year™
75 mm < d < 150 mm 3x107 m™ year” 2x10° m™ year™
d> 150 mm 1x107 m™ year™ 5107 m™ year
Discharge (maximum) from a safety relief device 2x10°° year™
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Substance Land transportation Maritime transportation
a b c d f

LPG 0.022 0.32 - - -

Light fractions 0.00027 0.72 0.039 6.49 0.76

Crude oil, kerosene/jet

fuel, diesel oil/gas oil 0.00055 0.53 0.013 40.75 1.00

No. 4-6 fuel oil 0.00 - 0.00 - -
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Source Substance
Continuous Instantaneous Liquid Gas, .lO.W Gas, avera ge/hlgh
reactivity reactivity
<10kgs ™ < 1,000 kg 0.065 0.02 0.2
10-100 kg s ™ 1,000-10,000 kg 0.065 0.04 0.5

>100 kg s™ > 10,000 kg 0.065 0.09 0.7
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Activity Amount Generic Specific explosion probability
spilled, explosion Light  Crudeoil  Diesel
kg probability PG g kerosene il gas
fractions :
Jet fuel oil
Fixed plants;
land 1-100 0.06 0.043 0.067 0.088 0.044
transportation 100-
10,000 0.30 0.22 0.34 0.44 0.22
>10,000 0.40 0.29 0.45 0.58 0.29
100-
0.25 - 0.33 0.38 0.18
Maritime transp. 10,000
> 10,000 0.37 - 0.48 0.57 0.27
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j  Wind direction  Angle Probability
1 0 5.7

2 N 30 8.0

3 60 8.8

4 90 8.5

5 E 120 8.5

6 150 8.6 w
7 180 8.5

8 S 210 11.1

9 240 11.6

10 270 9.9

11 w 300 5.5

12 330 5.2
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| i Flames Flames | I
Failure of excess | Immediate | Oparator N [Faiurs of water |, Delayed | Flame front . |
Initiading event & UTIHNGE o impngeon | " Accideral scenana)
fiow rate igriftion falre tanik SPI3Y sysem soad ki lgnifion | acceleration !
Y5 Tank BLEVE
Yis [Pa=0L05
Po~0.083  No Jot fire:
Yes s
Py=0.2 Yos Road tanker BLEVE
Yes o Py=0.5
K] P, =0917 Jatfire
P, =035
l"‘ﬂ No outcome
Yes FJ-G.S
[P.-0.05 Yas Flash fire + VCE
Yos =001
! Yes =T K Flash fire
Fullbare mmure;‘ [pro2 P09
f= 348 104y Ng Mo Ko oulzome
| P,=0s5 F,-0s
Mo Mo oulzoms
| P,-0%
Ho o outcome
P, =095
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Wi e = (348%10 7 x 0.05 x 0.5 x 0.2 x 0.08 x 0.95) + _ B
gt ! (3.48x10 ™ x 0.05 x 0.5 x 0.2 x 0.92 x 0.5) J=9.15x10" year

F=(3.48x10% x 0.05 x 0.5 x 0.2 x 0.5% 0.01) +

LG sl _ -7 -1
S (3.48x10% x 0.05 x 0.5 x 0.2 x 0.5 x 0.99) f=87x107 year
VCE S Lad (5 S5 052 pae s 4 (503,155 0l
Sl o0id &S a8
s BLEVE f=3.48x10"x0.05x0.5x 0.2 x0.92x0.5 f=28x10" year '
5y BLEVE £=3.48x10 % 0.05 x 0.5 x 0.2 x 0.08 x 0.05 f=6x10" year™!
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| . Immedizle | Operator | Flames impinge | Fale of waler |[Flames impings|  Delayed | Flame fron! J " a |
| Anilizding evard | A | fai | o fank | speay sysh o foad P ora Accidantal scenaria
Yes No cutcome
Yes F;-n.os
=0 o Jot fire:
ves P09
Py=0.2 Yes Road tanker BLEVE
Yes | o P05
Py=i).2 | P_‘ =] ho Jat fre
I P, -05
Mo No outcome
Partial rupture pﬂ—a.s
f=348 10y Yies No oulcome
Yes =l
Yas =2 Mo Flash fire
Py=0.2 ]
] Mo No oucome
P08 P,-03
Mo No ouicome
P, =08
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! g | C Faﬁ.u'e of [Flames ) |

- Fadura of excess| Immeckste | Operator Flames impings L Delayed | Fiama front "
Irtiating ovenl o waler spray | impingaon | Accidental scenana)
flow valve | igaition fikire of tank syslam tard ignlion | acoelesation i

Yes Tank BLEVE
Yes =005
Py=0.15 ] Jat firm
95
Yies ps_ﬂ ;
w2 s Road tanker BLEVE
Yes Ma Pe=0.02
=02 P, =085 Mo prr.
Ps =098
| o o outcome
Yos | P,
[Pi=0.05 | Yes Ko guicoene
| fes =0
| Yes =02 ] Flash firg
| =02 =1
Full-bang rupkure | IP F&
1=397 107y o Na Na oulcome
B =D& P, -0
Ma Na cutcome
P, =08
ho Ma cutcome
p1 <),9%
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| niiaing event | Immedate wa Flames impinge| Falure of waler | Flames impinge |  Delgyed Flame front

]
an tank soray syslem | on road tanker | ignibon acoelaraton | el scirearic

Yas Tank BLEVE
Yes P-; 0,05
P03 Mo Jeifira
Yes p5=u.95
=02 Yes o __ Road tanker BLEVE
Yes | Mo =00,
P=0.2 P, =085 ho Jat s
P, =098
Bio o outcmme
Parfial rupture F, =h3
f= 240y ho outcomse
Yiss I — __.Flasn fire
?,——0.3
Mo i No outcome
P08
o N0 Dutcomss
P08
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| Iitating event Il' . telgnlt'ml . ailurg | Flames impinge on | Faiure: of water |Flarnes impinge on

| Actidantal scanario

™ tank SpraY SYSIET road tanker
Yes Tank BLEVE
Yes =008
P.=0.15 En Jetfire
Yes pﬁ--ﬂ.-}i
Py=(.2 hi=3 Road tanker BLEVE
s o Pe=0.02
[Py=0.2 P‘ ={).85 1 Jetfre
Full-bare ruphure Fs' s
=238 104y o No outcorms
p; =0.8
o No outcome
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Flamesimpinge | Flames impinge on

J [nitiating event | Immediate ignition J Accidental scenario

on tank road tanker
Yes No gutcome
=
Yes |
F,=0.2 | Yes No outcome
hn Po.; 1}
Opening of PSV P‘ - INo Jet fire
f=2105y" |:'F6=|
Mo No outcome
FF2 =0.8
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| Faibure of Flames . I Flames ]
" Failure of ecess|immediate| " . Fadure of water| Delayed| Flamefront |, . .
Indating event fiow vaiva ignition a.r\'g::‘uc m;u;ﬁm spray system |mm':1;r£emo; ignitor, | acceleration i.&ac.cln-ml SCenatio
Yes Tank BLEVE
Yes Po00s
Py=l.15 ] Jet fire
Yes F;=0%5
Py=0.05 Yes Road tanker BLEVE
Yes En =002
[P:=0.2 P, =085 b Jetfie
P;g ~0.98
Mo Ho outpat
Yes T-Fa—i).'?S
P =0.05 Yes N oufput
Yeg =l
Yes P02 E Flash fira
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f=19.88 104y Mo i ho No output
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ho Mo output
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Temperature range,

Substance K A B C
Acetaldehyde 293 -377 3.68639 822.894 -69.899
Acetic acid 290 - 391 4.68206 1642.54 -39.764
Acetone 259 - 507 4.42448 1312.253 -32.445
Acetylene 214 -308 4.66141 909.079 7.947
Acrolein 208 - 326 4.11586 1167.888 -41.56
Acrylonitrile 222 - 351 4.06661 1255.939 -41.853
Allene 152 -238 3.79809 755.286 -39.159
Allyl chloride 286 -317 2.24083 365.121 -154.919
Ammonia 239-371 4.86886 1113.928 -10.409
Aniline 304 - 457 4.34541 1661.858 -74.048
Benzene 288 - 354. 4.01814 1203.835 -53.226
1,3 Butadiene 198 -272 3.99798 941.662 -32.753
Butanal 304 - 347 3.59112 952.851 -82.569
Butane 273 - 425 4.35576 1175.581 -2.071
Butanol 296 - 391 4.54607 1351.555 -93.34
[-Butene 196 - 269 4.24696 1099.207 -8.256
n-Butyl acetate 333-399 4.26803 1440.231 -61.362
Butyl chloride 256 - 352 3.99588 1182.903 -54.885
Carbon disulfide 277-353 4.06683 1168.62 -31.616
Cyclohexane 293 -355 3.96988 1203.526 -50.287
Cyclopropane 183 - 241 4.05015 870.393 -25.063
Diethylether 250 -329 4.02200 1062.64 -44.93
Diethylamine 305 -334 2.86193 559.071 -132.974
Diisopropyl ether 297 -340 3.96649 1135.034 -54.92

Dimethyl ether 195 -248 4.11475 894.669 -30.604
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Temperature range,

Substance K A B C
Dimethylamine 201 -280 4.29371 995.445 -47.869
Ethanol 273 -352 5.37229 1670.409 -40.191
Ethyl acetate 289 -349 4.22809 1245.702 -55.189
Ethyl chloride 217 -286 4.16181 1052.821 -32.078
Ethylene 149 -188 3.87261 584.146 -18.307
Ethylene oxide 273 -305 5.84696 2022.83 62.656
Formaldehyde 164 -251 4.28176 959.43 -29.758
Furan 275 -334 4.10003 1060.801 -45.416
Heptane 299 -372 4.02832 1268.636 -56.199
Hexane 286 -343 4.00266 1171.53 -48.784
Hydrocyanic acid 256 -319 4.67417 1340.791 -11.592
Hydrogen 21-32 3.54314 99.395 7.726
Isobutane 261 -408 4.3281 1132.108 0918
Isopentane 289 -302 3.91457 1020.012 -40.053
Isopropyl alcohol 330 -362 4.861 1357.427 -75.814
Isopropylamine 277 -334 4.01507 985.65 -59.079
Methane 110 -190 4.22061 516.689 11.223
Methyl methacrylate 312 -362 5.37785 1945.56 -7.569
Methyl acetate 275 -329 4.20364 1164.426 -52.69
Methyl acrylate 229 -353 4.32327 1338.663 -43.516
Methyl alcohol 288 -357 5.20409 1581.341 -33.5
Methyl chloride 303 -416 491858 1427.529 45.137
Methyl ethyl ketone 314 -370 3.9894 1150.207 -63.904
Methyl formate 294 -305 0.25097 6.524 -278.54
Monomethyl amine 190 -267 4.5199 1034.977 -37.574
Octane 217 -297 5.2012 1936.281 -20.143
Pentane 269 -341 3.9892 1070.617 -40.454
Propane 277 -361 4.53678 1149.36 24.906
Propyl amine 296 -351 4.05136 1044.028 -62.314
Propylene 165 -226 3.97488 795.819 -24.884
Propylene oxide 292 -344 3.55046 802.487 -81.348
Tetrahydrothiophene 333-373 5.00861 1979.981 2.346
Toluene 273 -323 4.14157 1377.578 -50.507
Triethyl amine 323 -368 2.98368 695.814 -128.271
Trimethyl amine 193 -277 4.01613 970.297 -34.06
Vinyl acetate 295 -345 4.34032 1299.069 -46.183
Vinyl chloride 165 -259 3.98598 892.757 -35.051
m-Xylene 273 -333 5.09199 1996.545 -14.772
p-Xylene 286 -452 4.14553 1474.403 -55.377
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Temperature range,

K A B C

Substance

0-Xvlene 273 -323 4.93755 1901.373 -26.268
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*Sax, N.I., Lewis, R.J. Dangerous Properties of Industrial Materials. Seventh Edition.
Van Norstrand Reinhold. New York, 1989.

**Suzuki, T., Koide, K. Correhtion between Upper Flammability Limits and
Thermochemical Properties of OrganicCompounds. Fire and Materials 18 (1994) 393-
397.

Substance LFL*, % vol. UFL*, % vol. Flash temp.*, K AH** kJ kg
Acetaldehyde 4 57 235.4 17344
Acetic acid 5.4 16 3159 15422
Acetone 2.6 12.8 255.4 31360
Acetylene 2.5 82 2554 49907
Acrolein 2.8 31 <2554 -
Acrylonitrile 3.1 17 272.0 33718
Allyl bromide 4.4 7.3 272.0 -
Allyl chloride 2.9 11.2 241.5 -
Aniline 1.3 - 343.1 37027
Benzene 1.4 8 262.0 42266
1,3 Butadiene 2 11.5 197.0 46966
Butanal 2.5 12.5 266.5 34841
Butane 1.9 8.5 213.1 49510
Butanol 1.4 11.2 308.1 36809
1-Butene 1.6 9.3 210.9 48419
n-Butyl acetate 1.3 7.5 265.4 30887
Butyl chloride 1.9 10.1 263.7 -
Carbone monoxide 12.5 74.2 - -
Cyclohexane 1.3 8.4 256.1 46970
Cyclopropane 24 10.4 - 49698
Diethylamine 1.8 10.1 255.1 42033
Diisopropyl ether 1.4 7.9 2454 39571
Dimethyl ether 34 27 232.0 31702
Dimethylamine 2.8 14.4 255.4 39239
Ethanol 33 19 286.3 30588
Ethyl acetate 2.2 11 268.7 25804
Ethylene 2.7 36 - 50310

Ethylene oxide 3 100 253.1 29687




o BB 33 550 olean Gladely 9 bl byl £ - s

Substance LFL*, % vol. UFL*, % vol. Flash temp.*, K AH** kJ kg'1
Formaldehyde 7 73 358.1 19008
Furan 2.3 143 237.6 31006
Gasoline 1.3 7.1 227.6 -
Heptane 1.05 6.7 269.3 47711
Hexane 1.2 7.5 250.1 48671
Hydrocyanic acid 5.6 40 255.4 -
Hydrogen 4.1 74.2 - -
Isoamyl alcohol 1.2 9 315.9 -
Isobutane 1.9 8.5 - 49363
Isopentane 1.4 7.6 <2220 48893
Isopropyl alcohol 2.5 12 284.8 34126
Isopropylamine 23 10.4 235.9 40315
Kerosene 0.7 5 338.7 -358.1 -
Methane 53 15 50.6 55505
Methyl acetate 3.1 16 263.1 21978
Methyl acrylate 2.8 25 270.4 24377
Methyl alcohol 6 36.5 285.4 23845
Methyl chloride 8.1 17 <273.1 -
Methyl cyclohexane 1.2 6.7 269.3 46855
Methyl ethyl ketone 1.8 11.5 267.6 34374
Methyl formate 59 20 254.1 16703
Methyl methacrylate 2.1 12.5 283.1 -
Monomethyl amine 4.95 20.75 273.1 34936
Octane 1 4.7 286.5 48250
Pentane 1.5 7.8 <233.1 49017
Propane 23 9.5 168.7 50338
Propyl amine 2 10.4 2359 40535
Propylene 2.4 10.1 165.4 48902
Propylene oxide 2.8 37 235.9 33459
Toluene 1.27 7 277.6 42847
Triethyl amine 1.2 8 266.5 40859
Trimethyl amine 2 11.6 266.5 41330
Vinyl acetate 2.6 13.4 265.4 24566
Vinyl chloride 4 22 265.1 -
m-Xylene 1.1 7 298.1 43276
o0-Xylene 1 6 290.1 43292

p-Xylene 1.1 7 298.1 43282
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Substance 10 min 30 min 60 min 4h 8h
Acetaldehyde (interim)

AEGL1 45 45 45 45 45
AEGL2 340 340 270 170 110
AEGL3 1100 1100 840 530 260
Acetone (interim)

AEGLL1 200 200 200 200 200
AEGL2 9300* 4900 3200 1400 950
AEGL3 *E 8600*  5700* 2500 1700
Acetone cyanohydrin (interim)

AEGL1 2.5 2.5 2.0 1.3 1.0
AEGL2 17 10 7.1 3.5 2.5
AEGL3 27 21 15 8.6 6.6
Acetonitrile (interim)

AEGL1 13 13 13 13 13
AEGL2 490 490 320 130 86
AEGL3 1000 1000 670 280 180
Acrolein (interim)

AEGL1 0.030 0.030 0.030  0.030 0.030
AEGL2 0.44 0.18 0.10 0.10 0.10
AEGL3 6.2 2.5 1.4 0.48 0.27
Acrylic acid (interim)

AEGLI1 1.5 1.5 1.5 1.5 1.5
AEGL2 68 68 46 21 14
AEGL3 480 480 180 85 58

Acrylonitrile (proposed)
AEGLI1 4.6 4.6 4.6 4.6 4.6
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Substance 10 min 30 min 60 min 4h 8h
AEGL2 290 110 57 16 8.6
AEGL3 480 180 100 35 19
Allyl alcohol (interim)

AEGLI1 2.1 2.1 2.1 2.1 2.1
AEGL2 42 42 42 42 42
AEGL3 36 25 20 10 10
Allyl Amine (interim)

AEGLL1 0.42 0.42 0.42 0.42 0.42
AEGL2 0.33 0.33 0.33 1.8 1.2
AEGL3 150 40 18 3.5 2.3
Ammonia (interim)

AEGLI1 30 30 30 30 30
AEGL2 220 220 160 110 110
AEGL3 2700 2600 1100 550 390
Aniline (final)

AEGL1 48 16 8.0 2.0 1.0
AEGL2 72 24 12 3.0 1.5
AEGL3 120 40 20 5.0 2.5
Arsine (final)

AEGL1 NR NR NR NR NR
AEGL2 0.30 0.21 0.17 0.040 0.020
AEGL3 0.91 0.63 0.50 0.13 0.060
Benzene (interim)

AEGL 1 130 73 52 18 9.0
AEGL2 2000%* 1100 800 400 200
AEGL3 o 5600*  4000*  2000* 990
Benzonitrile (interim)

AEGL 1 NR NR NR NR NR
AEGL2 39 27 22 11 5.6
AEGL3 100 71 56 23 11
Brmine trifluoride (interim)

AEGLI1 0.120.12 0.12 0.12 0.12 0.12
AEGL2 8.1 3.5 2.0 0.70 0.41
AEGL3 84 36 21 7.3 7.3
n-Butyl acrylate (interim)

AEGLI1 8.3 8.3 8.3 83 8.3
AEGL2 160 160 130 81 53
AEGL3 820 820 480 170 97
Chlorine (final)

AEGLI1 0.50 0.50 0.50 0.50 0.50
AEGL2 2.8 2.8 2.0 1.0 0.71
AEGL3 50 28 20 10 7.1
Chlorine dioxide(final)

AEGL1 0.15 0.15 0.15 0.15 0.15
AEGL2 1.4 1.4 1.1 0.69 0.45
AEGL3 3.0 3.0 2.4 1.5 0.98

Chloroform (interim)
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Substance 10 min 30 min 60 min 4h 8h
AEGLI1 NR NR NR NR NR
AEGL2 120 80 64 40 29
AEGL3 4000 4000 3200 2000 1600
Dimethylamine (proposed)

AEGL1 10 10 10 10 10
AEGL2 130 85 66 40 32
AEGL3 480 320 250 150 120
Dimethyl sulfate (interim)

AEGL1 0.035 0.035 0.024  0.012  0.0087
AEGL2 0.17 0.17 0.12 0.061 0.043
AEGL3 4.0 2.3 1.6 0.82 0.58
Epichlorohydrin (interim)

AEGLI1 5.7 5.7 5.7 5.7 5.7
AEGL2 53 53 24 14 10
AEGL3 570 160 72 43 30
Ethyl acrylate (interim)

AEGL1 8.3 8.3 8.3 8.3 8.3
AEGL2 66 45 36 19 9.4
AEGL3 950 410 240 71 41
Ethylene diamine (final)

AEGLL1 NR NR NR NR NR
AEGL2 12 12 9.7 6.1 4.8
AEGL3 25 25 20 13 10
Ethylene oxide (interim)

AEGLI NR NR NR NR NR
AEGL2 80 80 45 14 7.9
AEGL3 360 360 200 63 35
Formaldehyde (interim)

AEGL1 0.90 0.90 0.90 0.90 0.90
AEGL2 14 14 14 14 14
AEGL3 100 70 56 35 35
Hydrazine (interim)

AEGL1 0.1 0.1 0.1 0.1 0.1
AEGL2 23 16 13 3.1 1.6
AEGL3 64 45 35 8.9 4.4
Hydrogen bromide (interim)

AEGL1 1 1 1 1 1
AEGL2 100 43 22 11 11
AEGL3 740 250 120 31 31
Hydrogen chloride (final)

AEGL1 1.8 1.8 1.8 1.8 1.8
AEGL2 100 43 22 11 11
AEGL3 620 210 100 26 26
Hydrogen cyanide (final)

AEGL1 2.5 2.5 2.0 1.3 1.0
AEGL2 17 10 7.1 35 2.5

AEGL3 27 21 15 8.6 6.6
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Substance 10 min 30 min 60 min 4h 8h
Hydrogen fluoride (final)

AEGL1 1.0 1.0 1.0 1.0 1.0
AEGL2 95 34 24 12 12
AEGL3 170 62 44 22 22
Hydrogen selenide (interim)

AEGL 1 NR NR NR NR NR
AEGL2 1.8 1.0 0.73 0.37 0.26
AEGL3 5.4 3.1 22 1.1 0.78
Hydrogen sulphide (interim)

AEGLI 0.75 0.60 0.51 0.36 0.33
AEGL2 41 32 27 20 17
AEGL3 76 59 50 37 31
Isobutyronitrile (interim)

AEGL1 NR NR NR NR NR
AEGL2 33 23 18 11 7.5
AEGL3 120 85 68 17 8.5
Malononitrile (interim)

AEGL1 NR NR NR NR NR
AEGL2 7.5 7.5 4.9 2.0 1.3
AEGL3 15 15 10 43 2.8
Methacrylic acid (interim)

AEGL1 6.7 6.7 6.7 6.7 6.7
AEGL2 76 76 61 38 25
AEGL3 280 280 220 140 71
Methacrylonitrile (interim)

AEGL1 2.0 2.0 1.0 1.0 1.0
AEGL2 16 16 13 6.5 6.5
AEGL3 32 32 25 13 13
Methanol (interim)

AEGL1 670 670 530 340 270
AEGL2 11000" 4000%* 2100 730 520
AEGL3 14000*  7200* 2400 1600
Methyl hydrazine (final)

AEGL1 NR NR NR NR NR
AEGL2 5.3 1.8 0.90 0.23 0.11
AEGL3 16 5.5 2.7 0.68 0.34
Methyl isocyanate (final)

AEGLI NR NR NR NR NR
AEGL2 0.40 0.13 0.067  0.017 0.008
AEGL3 1.2 0.40 0.20 0.05 0.025
Methyl mercaptan (interim)

AEGL1 NR NR NR NR NR
AEGL2 59 59 47 30 19
AEGL3 120 86 68 43 22
Methyl methacrylate (interim)

AEGLI 17 17 17 17 17

AEGL2 150 150 120 76 50
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Substance 10 min 30 min 60 min 4h 8h
AEGL3 720 720 570 360 180
Nitric acid (interim)

AEGL1 0.53 0.53 0.53 0.53 0.53
AEGL2 43 30 24 6.0 3.0
AEGL3 170 120 92 23 11
Nitrogen dioxide (interim)

AEGL1 0.50 0.50 0.50 0.50 0.50
AEGL2 20 15 12 8.2 6.7
AEGL3 34 25 20 14 11
N,N-Dimethylformamide (inter.)

AEGL 1 NR NR NR NR NR
AEGL2 160 110 90 55 38
AEGL3 320 220 180 110 76
Oxygen difluoride (proposed)

AEGL1 NR NR NR NR NR
AEGL2 43 1.6 0.83 0.24 0.13
AEGL3 13 4.7 2.5 0.71 0.38
Peracetic acid (interim)

AEGL1 0.17 0.17 0.17 0.17 0.17
AEGL2 0.50 0.50 0.50 0.50 0.50
AEGL3 19 9.6 4.8 2.6 1.9
Perchloromethyl mercaptan (int.)

AEGL 1 0.013 0.013 0.013  0.013 0.013
AEGL2 0.53 0.37 0.30 0.077 0.037
AEGL3 1.6 1.1 0.90 0.23 0.11
Phenol (interim)

AEGL1 19 19 15 9.5 6.3
AEGL2 29 29 23 15 12
AEGL3 NR NR NR NR NR
Phenyl mercaptan (proposed)

AEGL1 NR NR NR NR NR
AEGL2 1.0 0.70 0.53 0.33 0.17
AEGL3 3.0 2.1 1.6 1.0 0.52
Phosgene (final)

AEGL1 NR NR NR NR NR
AEGL2 0.60 0.60 0.30 0.080 0.040
AEGL3 3.6 1.5 0.75 0.20 0.090
Phosphine (interim)

AEGL1 NR NR NR NR NR
AEGL2 4.0 4.0 2.0 0.50 0.25
AEGL3 7.2 7.2 3.6 0.90 0.45
Phosphorus trichloride (interim)

AEGL1 0.34 0.34 0.34 0.34 0.34
AEGL2 2.5 2.5 2.0 1.3 0.83
AEGL3 7.0 7.0 5.6 3.5 1.8

Piperidine (interim)
AEGLI 10 10 6.6 2.6 1.7
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Substance 10 min 30 min 60 min 4h 8h
AEGL2 50 50 33 13 8.3
AEGL3 370 180 110 45 28
Propionaldehyde (interim)

AEGLI 45 45 45 45 45
AEGL2 330 330 260 170 110
AEGL3 1100 1100 840 530 260
Propyl chloroformate (proposed)

AEGL1 NR NR NR NR NR
AEGL2 6.7 4.7 3.7 0.90 0.47
AEGL3 20 14 11 2.7 1.4
Propyleneimine (interim)

AEGL1 NR NR NR NR NR
AEGL2 83 25 12 2.5 1.2
AEGL3 170 50 23 5.1 2.4
Selenium hexafluoride (proposed)

AEGL1 0.067 0.067 0.053  0.033 0.017
AEGL2 0.11 0.11 0.087  0.057 0.028
AEGL3 0.33 0.33 0.26 0.17 0.083
Styrene (interim)

AEGL1 20 20 20 20 20
AEGL2 230 160 130 130 130
AEGL3 1900* 1900* 1100" 340 340
Sulfur dioxide (interim)

AEGL1 0.20 0.20 0.20 0.20 0.20
AEGL2 0.75 0.75 0.75 0.75 0.75
AEGL3 30 30 30 19 9.6
Tetrachloroethylene (interim)

AEGL1 35 35 35 35 35
AEGL2 230 230 230 120 81
AEGL3 1600 1600 1200 580 410
Tetranitromethane (final)

AEGL1 NR NR NR NR NR
AEGL2 0.66 0.66 0.52 0.33 0.17
AEGL3 22 2.2 1.7 1.1 0.55
Titanium tetrachloride (interim)

AEGL 1 NR NR NR NR NR
AEGL2 7.6 2.2 1.0 0.21 0.094
AEGL3 38 13 5.7 2.0 0.91
Toluene (interim)

AEGL1 200 200 200 200 200
AEGL2 3100" 1600* 1200 790 650
AEGL3 ** 6100"  4500*  3000*  2500*
2,4-Toluene diisocyanate (final)

AEGL1 0.020 0.020 0.020  0.010 0.010
AEGL2 0.24 0.17 0.083  0.021 0.021
AEGL3 0.65 0.65 0.51 0.32 0.16

trans-Crotonaldehyde (interim)
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Substance 10 min 30 min 60 min 4h 8h
AEGL1 0.19 0.19 0.19 0.19 0.19
AEGL2 27 8.9 4.4 1.1 0.56
AEGL3 44 27 14 2.6 1.5
Trichloroethylene (interim)

AEGLI1 260 180 130 84 77
AEGL2 960 620 450 270 240
AEGL3 6100 6100 3800 1500 970
Trichloromethyl silane (interim)

AEGL1 0.60 0.60 0.60 0.60 0.60
AEGL2 37 12 6.2 3.1 3.1
AEGL3 170 56 28 7.0 7.0
Trimethylchlorosilane (interim)

AEGL1 1.8 1.8 1.8 1.8 1.8
AEGL2 190 64 32 16 16
AEGL3 790 270 130 33 33
Vinyl chloride (interim)

AEGL1 450 310 250 140 70
AEGL2 2800 1600 1200 820 820
AEGL3 12000* 6800*  4800* 3400 3400
Xylenes (interim)

AEGLI 130 130 130 130 130
AEGL2 2500%* 1300* 920* 500 400

AEGL3 woE 3600*  2500*  1300* 1000"
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Immediately Dangerous to Life and Health IDLH) concentration

Pile Cwgn
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http://www.cdc.gov/niosh/idlh/intrid4.html (consulted on 9 May 2007).

Substance IDLH, ppm | Substance IDLH, ppm
Acetaldehyde 2,000 Dimethylsulphate 7
Acetic acid 50 Dioxane 500
Acetone 2,500 Ethanolamine 30
Acrolein 2 Ethyl acetate 2,000
Acrylonitrile 85 Ethyl acrilate 300
Ammonia 300 Ethyl alcohol 3,300
Aniline 100 Ethylamine 600
Benzene 500 Ethyl benzene 800
Bromine 3 Ethyl bromide 2,000
n-Butyl acetate 1,700 Ethyl butyl ketone 1,000
n-Butyl alcohol 1,400 Ethyl chloride 3,800
Carbon dioxide 40,000 Ethylene oxide 800
Carbon disulfide 500 Ethyl ether 1,900
Carbon monoxide 1,200 Fluorine 25
Carbon tetrachloride 200 Formaldehyde 20
Chlorine 10 Formic acid 30
Chloroacetaldehyde 45 Furfural 100
Chlorobenzene 1,000 n-Heptane 750
Chlorobromomethane 2,000 Hexachloroethane 300
Chloroform 500 n-Hexane 1,100
Cresol 250 Hydrazine 50
Cyclohexane 1,300 Hydrogen bromide 30
Cyclohexanol 400 Hydrogen chloride 50
Cyclohexanone 700 Hydrogen cyanide 50
Diethylamine 200 Hydrogen fluoride 30
Diisobutyl ketone 500 Hydrogen peroxide 75
Dimethylamine 500 Hydrogen sulfide 100
Dimethylformamide 500 Iodine 2
Isobutyl acetate 1,300 n-Pentane 1,500
Isobutyl alcohol 1,600 Perchloromethyl mercaptan 10
Isopropyl acetate 1,800 Petroleum distillates (naphta) 1,100
Iropropyl alcohol 2,000 Phenol 250
Isopropylamine 750 Phosgene 2
Isopropyl ether 1,400 Propane 2,100
L.P.G. 2,000 n-Propyl acetate 1,700
Methyl acetate 3,100 n-Propyl alcohol 800
Methyl acetylene 1,700 Propylene oxide 400
Methyl acrylate 250 Pyridine 1,000
Methyl alcohol 6,000 Selenium hexafluoride 2
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Substance IDLH, ppm | Substance IDLH, ppm
Methylamine 100 Styrene 700
Methyl bromide 250 Sulfur dioxide 100
Methyl chloride 2,000 Sulfur monochloride 5
Methyl chloroform 700 Sulfur pentafluoride 1
Methylcyclohexane 1,200 1,1,2,2-Tetrachloroethane 100
Methyl isocyanate 3 Tetrachloroethylene 150
Methyl mercaptan 150 Tetrahydrofuran 2,000
Methyl metacrylate 1,000 Tetranithomethane 4
Methyl styrene 700 Toluene 500
Monomethyl aniline 100 Toluene 2,4-diisocyanate 2.5
Naphta (coal tar) 1,000 o-Toluidine 50
Naphtalene 250 Tributyl phosphate 30
Nitric acid 25 1,1,2-Trichloroethane 100
Nitric oxide 100 Trichloroethylene 1,000
Nitrobenzene 200 1,2,3-Trichloropropane 100
Nitrogen dioxide 20 Triethylamine 200
Nitromethane 750 Trifluorobromomethane 40,000
Nitrotoluene (o0, m, p isomers) 200 Turpentine 800
Octane 1,000 Vinyl toluene 400
Oxigen difluoride 0.5 Xylene (o, p, m isomers) 900
Ozone 5 Xylidine 50




o BB 33 550 iolea Gladwely 9 bl byl £ -

aaduio 5l 419903 3 00lit b it 1 B ylxiit 31 Jolo T (ot

o8 5l eolal b lasl 4 ool b lad 2alidl oaisS o e Jghaz 5l eoliial b olgs s 1) el 51 ol o]
g oLl sy 1) (a0 g jlad malidh) dol> I (st 5] @¥elae 0,8 s (V Jad) Jleizl i)
aslome (sl pgmye slahs 5l 5 e e byl Al o Joo |y ol 5l (ool az g 45 485 I8 (e

bl oo plasl 4y o]

ojll alold-ay o s o138l aaseie slajloges ¢ Jlaim! 3),] S¥olee oS wibad e ol jloges |]~>l
29e 0 Ll wad oo cds pals el ologes ool 5l ooliiul ax 51 aims oo 1y las] 4 coml pudiins b))

TNT Jolao &5l w0 3 20 (ol gis 9 yloniit it 39 (! 4 wounsT

2ol Joe 5l slalols a0 as g jLad bl Ll js oS axiee olaloged (F Juad) daseine slaloges

U.A..Miw) P! A.:fo 9 uL:); )Jl 3 sjfo fuw; 0y ;)L 6‘)) ‘_JL.o..}‘ L)d))‘ SYoleo S5 L Lb)l.)}‘o.: g).:l
F-0-call V-0l ‘_gl.ﬁdiu .u\ilou\.o—‘ O Ay 6)—0)—!9? )J‘ L gf).a 9 O™ L' é)?)‘»’? ul.’); ).'l ) S)a ‘(w
DTy -o-a

53,5 65 sl Slwbre 51,8 3550 Lot Hlg3 oo 1) bladl (53, baaly casiin sl l3ges cnl abiws &
ool Bl (gl SVolee il 5L (5580 gl a5 Sl 0,51 Caws @ 1) Lo ylxisl ol yaws 0,b50 (S 0o



EV) Sy oS T/ sty Juod

100000

10° kg TNT

Impulse (Pa-s)

100m
r 500

10000

200m

d alold 31 a0 g0 & (ol 255 balas) 415 53 93 1 43 o &S 31 1 wo 4 —1—O0— U S
N](CalS 5 S Lehas) TNT Jolao p o> o (I 30 (5 S bohas)



o BB )3 T3 adlea sladwely 9wl ubisl £V Y

100000

Impuise (Pa-s)

Side-on overpressure (Pa)

© 90 & (obw g5 bglas) oo pu S b o 3553 99 31 59 o LS 31 3 w0 0 — Y —O— 1 U
[1] (CAlS (6 S Lgtas) TNT Jolao p g2 g (536 (& S boai) d abold 1 o2



ENVY Sy o8 T/ ity Juod

100000 . e
29 107 kg TNT
Parcentage
death skull 55
Tracture (%)
10000
I
&
-
S
[- %
E
1000
100 .
10000 100000 1000000

Side-on overpressure (Pa)

b oW 3385 9 91 43 oui 4 (ol g5 b glas) oui 05l i oF 00 33 45 (531 1 wo 3o — ' — 8 — i1 JS
L3S TNT Jolto p 2 5 (S50 5 S b3t d ahold 1 a6 &350 & (57 436) o > 52
[](cals s yus

AW 5591 g i U @390 4 Jl 0355 Jrdil i1 59 (il &) T
olro b a5 Ve lgs b alfaiz (65,0 Jaw 5l 55 00gr jlxsl (gl caloli-ay o lad ioljdl anasin olajloges

25 sl sl alols 5l (b plyie @ |y ol a5 (F o) Wisdioo Gl Sl 0nds oS 5 Lozl 35
IY] oS o aslone

oS eon Sk °
o dp0 S50 S pe °
[ ]

O% JS 0,55 150 S e

(F-0-all B-0-all $-0-Call sl JS3) s, o s> il 45 Fyo .



o BB )3 )5 adlea sladwely 9 il ibisl £ E

<

100000

(r “®*3) ABseua uoisodag

@
d
%’
10000
100 rv
desth body v
impact ( %) el
‘m} Pt L
100000 1000000
Overpressure (Pa)

Aol 3 Wb O 90 4 (olw L glas) wilowds 4lS (o JS 9595 0 il 40 &5 (31 31 wo 0 —F—O— i1 U
oo 1 03t 315 0355 ol 51 (Sl (5 T Dgla) ol (555 5 (36 5 S G bokas) d
[Y11e olgib dbwe o551



END Sy oS JullT/ pitiudy Juod

100000

(r “&=3) ABseus uoisojdhg

Impulse (Pa-s)

10000

1000000
Overpressure (Pa)
d Aol 31 b O 590 4 (olw L glas) Wilowss 4uiS 45 53y 1 30 &5 511 w0 30 —O—O— A S
(6351 Jh0 31 00Ut 315 085 x5t 3 (ClS (5 ST Dghai) ,louil (55,51 g (S50 5 JuS G bas)
[¥]1e ofsils a5 wia



S0 B )3 )5 adlen sladely 9 il bl £ §

100000 310"
.Ial'}
o
310" ?
Percentage death 10" g
skull fractura (39 ]
os é
s0 310" m
=
10000 S
400 m .
y A
GO0 m ,"
w -
£ ~ AV
% - - - 10"
o .
= Fd . - i 75"
& - -
1000 Parcantiags - ’_,.f’ e
#  gardrum BT} i1o0®
; rupture (%9 - C il
i 7 - )
J "l-tl' ‘-‘.‘/-—"‘-- w
e
-:l'))lil o
g 310°
P
50m i
3 10"
b //ﬁ_,"/
26m
10
0000 100000 1000000

Overpressure (Pa)

L) d ahold 31 o2l & 490 43 (ol gl ) 0ukis 0,3 ¢5Liis 55 89 3 45 (531 51 o 8 —B—B— 1 JSi
AW 5551 Joo f oolil b jI5 005 Hlxil (g1 (CilS' 5 S B b glas) sliil (5 31 g (I 30 5 s>
Y1V o9t



	002
	HSE_NAHAEE

