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Abstract - Gu-mi hydrogen fluoride leak accident in 2012 was amplified social anxiety for chemical
accidents. To relieve these anxieties Off-site Risk Assessment was introduced in 2015. Off-site Risk
Assessment is targeted at most chemicals, and most of the high-pressure-toxic gases which are mainly used in
high-tech industries such as semi conductor, display, Photovoltaic panels industry are included in the substance
of the Off-site Risk Assessment. Since Korean companies occupy a high market share in high-tech industries,
high pressure-toxic domestic gas consumption is constantly increasing. Accordingly, it is expected to increase
the possibility of accidents.

In accordance with the circumstances, this study was to conducted Consequence Analysis(CA) about high
pressure-toxic gases those are high demand in domestic. CA was used for ALOHA developed by US EPA &
US NOAA and the CA result of Arsine was the largest at 4,700 m. CA results are expected to be utilized for
determining the effective Safety distances when high pressure-toxic gas leak.
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Table 1. Substance lists of high-pressure toxic gases
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NO Materials CAS No. |Molecular formular
1 Mustard gas 505-60-2 C4H8CI2S
2 Dimethylamine 24-40-3 C2H/N
3 Diborane 19287-45-7 B2H6
4 Disilane 1590-87-0 Si2H6
5 Mono germane 7782-65-2 GeH4
6 methylamine 74-89-5 CH5N
7 Silane 7803-62-5 SiH4
8 Benzene 71-43-2 C6H6
9 Fluorine 7782-41-4 F2
10 Hydrogen fluoride 7664-39-3 HF
11 Methyl bromide 74-83-9 CH3Br
12 Hydrogen bromide 10035-10-6 HBr
13 Silicon tetrafluoride 7783-61-1 SiF4
14 Sulfur tetrafluoride 7783-60-0 SF4
15 Ethylene oxide 75-21-8 C2H40
16 Boron trifluoride 7637-07-02 BF3
17 | Phosphorus trifluoride | 7783-55-3 PF3
18 Boron trichloride 10294-34-5 BCI3
19 Hydrogen selenide | 7783-07-05 SeH2
20 Hydrogen cyanide 74-90-8 HCN
21 Acrylonitrile 107-13-1 C3H3N
22 Acrylaldehyde 107-02-8 C3H40
23 Sulfur dioxide 7446-09-05 SO2
24 Arsine 7784-42-1 AsH3
25 Ammonia 7664-41-7 NH3
26 Chlorine 7782-50-5 C12
27 Chloromethane 74-87-3 CH3ClI
28 Hydrogen chloride 7647-01-0 HC1
29 Chloroprene 126-99-8 C4H5Cl
30 Pentafluoroarsorane 7784-36-3 AsF5
31 |Phosphorus pentafluoride | 7647-19-0 PF5
32 Hydrogen iodide 10034-85-2 HI
33 | Tungsten hexafluoride | 7783-82-6 WF6
34 Carbon disulfide 75-15-0 CS2
35 Nitrogen monoxide 10102-43-9 NO
36 Carbon monoxide 630-08-0 CcO
37 Trimethylamine 75-50-3 C3HON
38 Phosgen 75-44-5 COCI2
39 Phosphine 7803-51-2 PH3
40 Hydrogen sulfide 231-977-3 H2S
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Table 2. Physical and chemical properties
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of Phosphine, Silane, Boron trichloride, Diborane, Arsine

Classification Phosphine Silane Boron trichloride Diborane Arsine
. Compressed Compressed Compressed
Physical state liquefied gas Gas Gas liquefied gas liquefied gas
Freezing / Boiling point -133°C / -87.7C -185C / -112TC -107C / 12.5C -165C | -92C -116C | -62.5C
Flammability Flammable Flammable Nonflammable Flammable Flammable
UFL / LFL 100 / 1.8% 100 / 1.37% N/A 88 / 0.8% 78 | 4.57%
Vapor Pressure 3,488 kPa 7(016 fgolél;a 150 kPa (20C) 3,990 kPa 1466 kPa (20C)
Vapor Density (air = 1) 1.17 1.3 4.03 0.96 2.7
Specific gravity (water = 1) 0.8 1.44 1349 (11C) 0.21 (15C) 3.186
Auto-ignition temperature 38T No data No data 40~50C No data
Molecular Weight 34.00 32.1 117.16 27.7 77.95
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Surf: leak: Elevati Surf: leak:
urface leakage evation urface leakage . TQHE AT} HlS EO A FtE S ALO
Rural Surface condition Rural 2o 9lE HOE HlojurZ A ER
Ambient Material Ambient temperature 78 %
temperature temperature P « X AY YR,

Entire amount

Leakage amount

API-5817) Hole size
(1/47, 17, 47, Full
Bore)

Table 4. Cylinder size by KS B 6210

Capacity (L) Outside diameter (mm) Length (mm)
34 140 470
10 232 980
40 232 1,310
47 232 1,500
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Table 5. Consequences for Worst case scenarios
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3
. 4 2 o 2 4
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Boron trichloride 74 m 145 m greater than 2 ppm (AEGL-2 [60 min])
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Diborane 2.100 m 2500 m wind direction confidence lines
5 >
Arsine 3,000 m 4,300 m Fig. 2. Consequence for Phosphine (Worst case, 47 L).
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Fig. 1. Consequence for Phosphine (Worst case, 10 L).

Fig. 3. Consequences for Materials (Worst case).
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Table 6. Consequences for Alternative case scenarios

Classification 0L 47 L
1/4” 1,400 m 2,100 m
17 1,400 m 2,100 m
Phosphine
4” 1,400 m 2,100 m
Full Bore 1,400 m 2,100 m
1/4” 189 m 263 m
17 190 m 272 m
Silane
4 190 m 272 m
Full Bore 190 m 272 m
1/4” 46 m 58 m
Boron 17 46 m 105 m
trichloride 4 46 m 105 m
Full Bore 46 m 105 m
1/4” 1,700 m 2,200 m
17 1,700 m 2,200 m
Diborane
47 1,700 m 2,200 m
Full Bore 1,700 m 2,200 m
1/4” 2,900 m 4,700 m
17 2,900 m 4,700 m
Arsine
4 2,900 m 4,700 m
Full Bore 2,900 m 4,700 m
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Fig. 4. Consequences for Materials (Altemative case, 10 L).
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Fig. 5. Consequences for Materials (Altemative case, 47 L).

Table 7. Protective Action Distances for the Materials

Name Small Spills Large Spills
of
Material Day Night Day Night
Phosphine 200 m 1,000 m 1,300 m 4,100 m
Boron
. . 100 m 300 m 600 m 1,400 m
trichloride
Diborane 300 m 1,000 m | 1,300 m 3,900 m
Arsine 1,000 m | 4000 m | 5,800 m | 11,000 m
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Table 8. Comparison of Safety distances
47 L ERGbook ERGbook
Classifica (Small Spills) | (Large Spills)
tion
3D 1.5F Day | Night | Day Night
Phosphine | 2,100 | 2,100 | 200 | 1,000 | 1,300 | 4,100
. . 105 145 100 300 600 1,400
trichloride
Diborane | 2,200 | 2,500 | 300 | 1,000 | 1,300 | 3,900
Amsine | 4,700 | 4,300 | 1,000 | 4,000 | 5,800 H(’)OO
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