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Table 2.1.1 Sales Gas Specifications

ID | Property Units Design Specification Notes
Maximum Minimum
1 | Mole Weight 16,251 NA NA
2 | Water Dew Point *F {*C) =10 (=12} 32 {0) NA 1
Hydrocarbon Dew
3 | Point °F °C) varies 41 (5 NA 1
4 | Total Sulfur ppmv nit 100 NA 2
— & | Hydragen Sulfide gemiv) il ] _NA P |
€ | Carbon Dioxide mole % 0.108 3.0 NA
7 | Total iners mole % 0.368 5.4 NA
8 | Oxygen mole % nil 0.01 NA I
9 | Methana mole % 99.067 A, 82.0
btufscf 1014.00 1118.51 979.76
10 | Higher Heating Value | (mmbtu/m®) {0.0358) {0.0395) (0.0348)
btulsct 1353.73 1441.09 1308.02
11 | Wobbe Index (mmbtuim®) {0.0478) {0.0509) {0.0462)
12 | Delivery Temperature | °F (°C) varies 100 (38) 41 (B) 34
13 | Delivery Pressure psia (bara) varies 1180 (80) 870 (80) 3
'At any pressure up to and including eighty (80) bar gage
“None was identified in the Feed Composition; none is anticipated in
the Sales Gas,
*The design provides 5 F (2.8 C) degree and 10 psig (0.689 barg)
design margin within the Maximum and Mirimurm dellvery temperature
and pressyre limits,
“The Delivery Temperature will be at least 18 °F (10 °C) above the
water dew point.
NA = Net Applicable
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Overpressure [PSI]

Expected Damage

0.50-1.0

Windows usually shattered

Range for slight to serious injuries from flying glass and

1080 other missiles
2.0 Partial collapse of walls and roofs of houses
2 4_122 Range for 1-90% eardrum rupture among exposed
populations
5.0 Wooden utility poles snapped
50-7.0 Nearly complete destruction of houses
7.0 Loaded train cars overturned
10.0 Probable total building destruction
Range for 1-99% fatalities among exposed populations due
14.5-29.0 .
to direct blast effects
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Impact of Vapor Cloud Explosions on People

Peak Overpressure [PSI]

Effects

1

Knock personal down

5 Rupture eardrums
15 Damage lungs
35 Threshold fatalities
50 50% fatalities
65 99% fatalities
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Damage from Vapor Cloud Explosions

Peak Overpressure [PSI] Typical Damage
05-1 Glass windows break
1-2 Common siding types fail

e Corrugated asbestos, shatters
e Corrugated steel, panel joins falil
¢ Wood siding, blows in

2-3 Unreinforced concrete or cinder block
walls fail
3-4 e Self — framed steel panel buildings
collapse

¢ QOil storage tanks rupture

Utility poles snap

5
7 Loaded rail cars overturn
7

-8 Unreinforced brick walls fail

DN ,0'WAN 7V N1an ',7'7n N7'91n ARXIND NN YIX'ON NXXIND NY'A5N 7' VI TNKN
.0nan"% TARRAPAL ] 2V nooann YIX'D NIXXINYT D2I1D'ON

;10 100 Ty 7@ yix'o2 nadiyn nin Nind n7aan xwn .11.1.1

2v N'7n'opnn NIMDN IT NWT NN N2 D17 (12 Qvn TIR' 7w wixpnn ?2"imn ' 7y
o 100 N2t yxIsNN? n7D'w M

Kletz, ) 1980 -n Trevor Kletz 7w "1nkna 12'n nTIAvN *anid N1an7 It nnan? Jipnn
YXI9NN7 N710'w N ropznin nimdnw anp Xin 1 (T.A. Loss prevention Manual 1980
.(MmxNN DR ANRYT INYx0 K7 1T Ty anp) o 50 nan

Jio 100 2w nmd Ty XN DA o'W 7T o'wnnwn [20] 1ipna

.Qunina vN'e) j1v 100 2ynNY T2 NIMD 7W NIXXIDSNNT? NITY IXYN IT DTIAY 'AND ,)T'RN
2yun 7w nMd71 10 100 TY 7 NIMDY7 yIX'SNn ARXIND [12'0 "NV NDWYNYT 77N 11701 10'97
v 100

45 Ty 9.12.2010 Axn C :nuTn - (DIn'o
N7 NN 'NITPNA 1A TAY 71N — NYT NN n"va (1994) oo-17N



;10 100 TV NnMdY? uw'n .11.1.2
.([20] "1jm2a vuixnn 31] 72v 0oann)

:(8) "o0n NXNYN win'wa y¥ian 7TIN OI'T 2Iv'N

(8) r(n) = C(n) x (n X E)*/3

D NNTam pran nimin=1,...,4 YWKD

3'70NN 2NN 02N7 T PN C(1)=0.03 o

DNIAN 12N W N'TNY 771,027 1IP'M7 N1 pn C(2) =0.06 o
D'YIN NIY'¥D7 DIIAN '2'0N NINIAT 1Y C(3)=0.15 °

10%-> 7w qp'na NIt "av C(4) =0.40 o

YIX'ON NI7'Y' IR AX'™ N
YIX'O7 N'ONIN'M NI'ATA NFANIND RN E
7¢ NINdY? 0'RkNn NI 7K' 5X1012 Ty ' E [n2 NIRIRN 7V nynie'Re orknin 7"an 7Tinn

.0'¥191 D''7T DMIN 7w A" 10° Ty
. [81] TNO %w 91minn 97 0.109 nn n 7w 11>y ' n1n? 7am

:n72uni o 100 v nimd? aiw'n .11.1.3

7Tin .[27] R.J. Harris and Wickens (1989) 7w TNT Equivalent model -2 wnnwin? N
YXIONN MN0IN 7¢ M Non 11y ,NT 77N '9 7Y .yXI9SNNN 3V 72701 N YN? DX Qwnn Nt
:(9) nxnwn 9% TNT 2w 11y nw nimd on*™7 N1

(9) Moy = (n X m X He) [Heyr
WURD
"] TNT 2w n'oa2irigr non- mant - e
0.109 -> nnny7 N1 .yix'sn N7y n e
[2"?] .yxionnn minn non m e
(J/kg niT'n11) .yx19NNN MINN 7Y N9MWN DIN Hc o
(4.76e6 J/Kg) TNT 72w nonwn nin - Hint e

:(10) nxnwnNn 727 N1 PRl fmopnn N YNY? 1 YN DX

(10) Tt = rf[m m-'rlfa)

L) e)

46 Ty 9.12.2010 Axn C :nuTn - (DIn'o
N7 NN 'NITPNA 1A TAY 71N — NYT NN n"va (1994) oo-17N



m/kg®® nITna pon N yn'77 DNINA 7NN < e
.DUNA MMKX 7NN r e

;1707 n%2v2 [21] Frank Lees '@ 7y (N1 TNThay Px an yn'7i r* 2 wpn

N'UN YN72 Ni7nd oxkNm [12'o 7nn :5 naav

Peak Scaled

Overpresure Distance

Px [bar] r* [m/Kg¥3]
6.803 1.12
3.401 1.53
1.361 2.32
0.68 3.28
0.34 4.87
0.136 8.62
0.068 14
0.034 24.7
0.02 40.3
0.0136 57
0.0068 103
0.0021 298.9
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Mype = (107 X 4.76 X 10%)/(0.109 X 4.96 X 107) =
(12)
8821349.15Kg = 8821.3Ton % 8.8KTon
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3.23 Pipes

The LOCs for pipes cover all types of process pipes and inter-unit pipelines above ground of an
establishment. The LOCs for transport pipelines underground are given elsewhere. The LOCs for
pipes are given in Table 3.6 and LOC frequencies for pipes in Table 3.7.

Table 3.6

LOCs for pipes

LOCs for pipes

Gl

Full bore mipture

- outflowis from both sides of the full bore rupture

Leak

- outflowis from a leak with an effective diameter of 10% of the
nommal diameter, a maximum of 50 mim

Table 3.7

Frequencies of LOCs for pipes

Installation (pat)

Gl

Full bore upture

G2

Leak

pipeline,

nomimal ciameter < 75 mm

pipelmne,

75 mm < nomnal dameter< 150

min

pipeline,

nommal diameter > 150 mm

1x10°m? }-"1

3% 107 m? },-"1

1 %107 m? V'l

5x10%mty

-

2% 10%m* '

5x107 mty

1

1

1

NNIX N1 ,N7a7n [PNN7 NId'MOoA NNIX yorn? N AT N"ITa 0112'0N NJIWN INyn

2AINYN 190NN XN VIV'Y7 DXINN 12T .NVWN 197 7YY

"The LOCs for pipes cover all types of process pipes and inter-unit pipelines above

ground of an establishment.”
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SITE DATA:
Location: DOR, ISRAEL
Building Air Exchanges Per Hour: 0.26 (sheltered double storied)
Time: June 13, 2010 0200 hours ST (user specified)

CHEMICAL DATA:
Chemical Name: METHANE Molecular Weight: 16.04 g/mol
TEEL-1: 3000 ppm TEEL-2: 5000 ppm TEEL-3: 200000 ppm
LEL: 44000 ppm  UEL: 165000 ppm
Ambient Boiling Point: -161.5° C
Vapor Pressure at Ambient Temperature: greater than 1 atm

Ambient Saturation Concentration: 1,000,000 ppm or 100.0%

ATMOSPHERIC DATA: (MANUAL INPUT OF DATA)

Wind: 2 meters/second from w at 10 meters

Ground Roughness: open country Cloud Cover: 0 tenths

Air Temperature: 10° C Stability Class: F

Inversion Height: 300 meters Relative Humidity: 50%
SOURCE STRENGTH:

Flammable gas escaping from pipe (not burning)
Pipe Diameter: 16 inches Pipe Length: 10000 meters
Unbroken end of the pipe is connected to an infinite source

Pipe Roughness: smooth Hole Area: 201 sq in
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Pipe Press: 450 atmospheres Pipe Temperature: 0° C

Release Duration: ALOHA limited the duration to 1 hour

Max Average Sustained Release Rate: 108,000 kilograms/min
(averaged over a minute or more)

Total Amount Released: 3,042,563 kilograms

THREAT ZONE:
Threat Modeled: Flammable Area of Vapor Cloud
Model Run: Heavy Gas
Red :302 meters --- (44000 ppm = LEL)
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SITE DATA:
Location: DOR, ISRAEL
Building Air Exchanges Per Hour: 0.26 (sheltered double storied)
Time: June 13, 2010 0200 hours ST (user specified)

CHEMICAL DATA:
Chemical Name: METHANE Molecular Weight: 16.04 g/mol
TEEL-1: 3000 ppm TEEL-2: 5000 ppm TEEL-3: 200000 ppm
LEL: 44000 ppm  UEL: 165000 ppm
Ambient Boiling Point: -161.5° C
Vapor Pressure at Ambient Temperature: greater than 1 atm

Ambient Saturation Concentration: 1,000,000 ppm or 100.0%

ATMOSPHERIC DATA: (MANUAL INPUT OF DATA)

Wind: 2 meters/second from w at 10 meters

Ground Roughness: open country Cloud Cover: 0 tenths

Air Temperature: 10° C Stability Class: F

Inversion Height: 300 meters Relative Humidity: 50%
SOURCE STRENGTH:

Flammable gas escaping from pipe (not burning)
Pipe Diameter: 16 inches Pipe Length: 1500 meters
Unbroken end of the pipe is connected to an infinite source

Pipe Roughness: smooth Hole Area: 201 sq in
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Pipe Press: 255 atmospheres Pipe Temperature: 0° C

Release Duration: ALOHA limited the duration to 1 hour

Max Average Sustained Release Rate: 78,100 kilograms/min
(averaged over a minute or more)

Total Amount Released: 4,186,740 kilograms

THREAT ZONE:
Threat Modeled: Flammable Area of Vapor Cloud
Model Run: Heavy Gas
Red :219 meters --- (44000 ppm = LEL)
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SITE DATA:
Location: DOR, ISRAEL
Building Air Exchanges Per Hour: 0.40 (unsheltered single storied)
Time: August 2, 2010 0200 hours ST (user specified)

CHEMICAL DATA:
Chemical Name: METHANE Molecular Weight: 16.04 g/mol
TEEL-1: 3000 ppm TEEL-2: 5000 ppm TEEL-3: 200000 ppm
LEL: 44000 ppm  UEL: 165000 ppm
Ambient Boiling Point: -161.5° C
Vapor Pressure at Ambient Temperature: greater than 1 atm

Ambient Saturation Concentration: 1,000,000 ppm or 100.0%

ATMOSPHERIC DATA: (MANUAL INPUT OF DATA)

Wind: 2 meters/second from w at 10 meters

Ground Roughness: open country Cloud Cover: 0 tenths
Air Temperature: 10° C Stability Class: F
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Inversion Height: 300 meters Relative Humidity: 50%
SOURCE STRENGTH:

Flammable gas escaping from pipe (not burning)

Pipe Diameter: 22.6 inches Pipe Length: 10000 meters

Unbroken end of the pipe is connected to an infinite source

Pipe Roughness: smooth Hole Area: 401 sq in

Pipe Press: 450 atmospheres Pipe Temperature: 0° C

Release Duration: ALOHA limited the duration to 1 hour

Max Average Sustained Release Rate: 255,000 kilograms/min

(averaged over a minute or more)

Total Amount Released: 7,425,696 kilograms

THREAT ZONE:
Threat Modeled: Flammable Area of Vapor Cloud
Model Run: Heavy Gas
Red: 329 meters --- (44000 ppm = LEL)
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SITE DATA:
Location: DOR, ISRAEL
Building Air Exchanges Per Hour: 0.26 (sheltered double storied)
Time: June 13, 2010 0200 hours ST (user specified)

CHEMICAL DATA:
Chemical Name: HYDROGEN SULFIDE Molecular Weight: 34.08 g/mol
ERPG-1: 0.1 ppm ERPG-2:30 ppm  ERPG-3: 100 ppm
IDLH: 100 ppm  LEL: 43000 ppm  UEL: 455000 ppm
Ambient Boiling Point: -60.3° C
Vapor Pressure at Ambient Temperature: greater than 1 atm
Ambient Saturation Concentration: 1,000,000 ppm or 100.0%

ATMOSPHERIC DATA: (MANUAL INPUT OF DATA (
Wind: 2 meters/second from w at 10 meters

Ground Roughness: open country Cloud Cover: 0 tenths

Air Temperature: 10° C Stability Class: F

Inversion Height: 300 meters Relative Humidity: 50%
SOURCE STRENGTH:

Direct Source: 4.33 kilograms/min  Source Height: 0

Release Duration: 1 minute

Release Rate: 72.2 grams/sec

Total Amount Released: 4.33 kilograms

Note: This chemical may flash boil and/or result in two phase flow.

THREAT ZONE :
Model Run: Heavy Gas
Red :486 meters --- (41 ppm)
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SITE DATA:
Location: DOR, ISRAEL
Building Air Exchanges Per Hour: 0.26 (sheltered double storied)
Time: June 13, 2010 0200 hours ST (user specified)

CHEMICAL DATA:
Chemical Name: HYDROGEN SULFIDE Molecular Weight: 34.08 g/mol
ERPG-1: 0.1 ppm ERPG-2:30 ppm  ERPG-3: 100 ppm
IDLH: 100 ppm  LEL: 43000 ppm  UEL: 455000 ppm
Ambient Boiling Point: -60.3° C
Vapor Pressure at Ambient Temperature: greater than 1 atm
Ambient Saturation Concentration: 1,000,000 ppm or 100.0%

ATMOSPHERIC DATA: (MANUAL INPUT OF DATA)
Wind: 2 meters/second from w at 10 meters
Ground Roughness: open country Cloud Cover: 0 tenths

Air Temperature: 10° C Stability Class: F
Inversion Height: 300 meters Relative Humidity: 50%
SOURCE STRENGTH:

Direct Source: 2.1 kilograms/min  Source Height: 0

Release Duration: 10 minutes

Release Rate: 2.1 kilograms/min

Total Amount Released: 21.0 kilograms

Note: This chemical may flash boil and/or result in two phase flow.

THREAT ZONE:
Model Run: Heavy Gas
Red :455 meters --- (41 ppm)
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A liguefied natural gas storage tank or LNG storage tank is a specialized type of storage
tank used for the storage of Liquefied Natural Gas. LNG storage tanks can be found in
ground, above ground or in LNG carriers. The common characteristic of LNG Storage tanks
is the ability to store LNG at the very low temperature of -162°C. LNG storage tanks have
double containers, where the inner contains LNG and the outer container contains insulation
materials. The most common tank type is the full containment tank.lt! Tanks are roughly 180
feet high and 250 feet in diameter.l2

In LNG storage tanks if LNG vapours are not released, the pressure and temperature within
the tank will continue to rise. LNG is a cryogen, and is kept in its liquid state at very low
temperatures. The temperature within the tank will remain constant if the pressure is kept
constant by allowing the boil off gas to escape from the tank. This is known as auto-
refrigeration.!

The world's largest above-ground tank (Delivered in 2000) is the 180 million liters full
containment type for Osaka Gas Co., Ltd. (2) The world's largest tank (Delivered in 2001) is
the 200 million liters Membrane type for Toho Gas Co., Ltd.[1]

~162°C D192 man '9nv .'n 76 W011 ' 55 naiaa on 0mr9Ixk LNG Yo' ,nanonn

22111 75! "y nan'o npAya 13.2.7.1
2% ax¥N — |I"7un 72N
SITE DATA:
Location: DOR, ISRAEL
Building Air Exchanges Per Hour: 0.42 (sheltered double storied)
Time: June 13,2010 0200 hours ST (user specified)

CHEMICAL DATA:
Chemical Name: METHANE Molecular Weight: 16.04 g/mol
TEEL-1: 3000 ppm TEEL-2: 5000 ppm TEEL-3: 200000 ppm
LEL: 44000 ppm UEL: 165000 ppm
Ambient Boiling Point: -161.5° C
Vapor Pressure at Ambient Temperature: greater than 1 atm
Ambient Saturation Concentration: 1,000,000 ppm or 100.0%
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ATMOSPHERIC DATA: (MANUAL INPUT OF DATA)
Wind: 2 meters/second from w at 10 meters

Ground Roughness: open country Cloud Cover: 0 tenths

Air Temperature: 10° F Stability Class: F

Inversion Height: 300 meters Relative Humidity: 50%
SOURCE STRENGTH:

Leak from hole in vertical cylindrical tank
Flammable chemical escaping from tank (not burning)

Tank Diameter: 76 meters Tank Length: 55 meters
Tank Volume: 249,505 cubic meters
Tank contains liquid Internal Temperature: -162° C

Chemical Mass in Tank: 88,779,775 kilograms

Tank is 84% full

Opening Length: 5 meters Opening Width: 1 meters
Opening is 55.0 meters from tank bottom

Ground Type: Sandy dry soil

Ground Temperature: equal to ambient

Max Puddle Diameter: Unknown

Note: None of the chemical was released.
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SITE DATA:
Location: DOR, ISRAEL
Building Air Exchanges Per Hour: 0.42 (sheltered double storied)
Time: June 13, 2010 0200 hours ST (user specified)

CHEMICAL DATA:
Chemical Name: METHANE Molecular Weight: 16.04 g/mol
TEEL-1: 3000 ppm TEEL-2: 5000 ppm TEEL-3: 200000 ppm
LEL: 44000 ppm  UEL: 165000 ppm
Ambient Boiling Point: -161.5° C
Vapor Pressure at Ambient Temperature: greater than 1 atm
Ambient Saturation Concentration: 1,000,000 ppm or 100.0%

ATMOSPHERIC DATA: (MANUAL INPUT OF DATA )
Wind: 2 meters/second from w at 10 meters

Ground Roughness: open country Cloud Cover: 0 tenths

Air Temperature: 10° F Stability Class: F

Inversion Height: 300 meters Relative Humidity: 50%
SOURCE STRENGTH:

Leak from short pipe or valve in vertical cylindrical tank
Flammable chemical escaping from tank (not burning)

Tank Diameter: 76 meters Tank Length: 55 meters
Tank Volume: 249,505 cubic meters
Tank contains liquid Internal Temperature: -162° C

Chemical Mass in Tank: 97,863 tons Tank is 84% full

Circular Opening Diameter: 10 inches

Opening is 0 meters from tank bottom

Ground Type: Sandy dry soil

Ground Temperature: equal to ambient

Max Puddle Diameter: Unknown

Release Duration: ALOHA limited the duration to 1 hour

Max Average Sustained Release Rate: 22,000 kilograms/min
(averaged over a minute or more)

Total Amount Released: 1,166,052 kilograms

Note: The chemical escaped as a liquid and formed an evaporating puddle.

ALOHA limited the spreading puddle diameter to 200 meters.
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THREAT ZONE :
Threat Modeled: Flammable Area of Vapor Cloud
Model Run: Heavy Gas
Red :151 meters --- (44000 ppm = LEL(
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Source: Lees (1996)
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Figure 1B:
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Threshold for Blister

) Modified dosage Time for l_“‘]“ry at
Effect 10 x [(W/m2)“ s] Intensity of
- i 3 kW/m?
Threshold of blistering™’ 210 - 700 25-82
Second degree burn™® 1,200 140
Third degree burn Threshold 1.060 124
Third degree burn, 50% mortality™ 2,300 269
a There is evidence for a region of constant injury between these limits.
b Second degree burns with a burn depth of 0.1 mm. This value is approximately the same as that
for 1% mortality. Burn depth increases linearly up to a thermal load value of 2600.
c Third degree burns with a burn depth of 2 mm. This value is approximately the same as that for
50% mortality.
Source: Part of information in the table from Lees (1996)
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