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Abstract : There have been controversies over whether explosion hazardous area(EHA) should be classified for facilities which
use lighter-than-air gases such as city gas, hydrogen and ammonia. Two view points are confronting each other: an economic piont
of view that these gases are lighter than air and disperse rapidly, hence do not form EHA upon release into the atmosphere, and a
safety point of view that they are also inflammable gases, hence can form EHA although the extent is limited compared to heavy
gases. But various standards such as KS, IEC, API, NFPA do not exclude light gases when classifying EHA and present examples
of EHA for light gas facilities. This study calculates EHA using the hypothetical volume in the IEC code where the hole sizes
required for the calculation were selected according to various nominal pipe sizes in such a way to conform to the EHA data in the
API code and HSL. Then, 25 leakage scenarios were suggested for 5 different pipe sizes and 5 operating pressures that cover
typical operating conditions of light gas facilities. The EHA for the minimum leakage scenario(25 mm pipe, 0.01MPa pressure)
was found to correspond to a hypothetical volume larger than 0.1 m3(medium-level ventilation). This confirms the validity of
classifying EHA for facilities using lighter-than-air gases. Finally, a computer program called HACPL was developed for easy use
by light gas facilities that classifies EHA according to operating pressures and pipe sizes.

Key Words : city gas, light gas facility, explosion hazardous area, hypothetical volume
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Fig. 2. LNG Storage Tank(outdoor)
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Table 1. Properties of light gases

Material M\;]:gllllfr B}g)(i)liinntg Gas SG E)g;ﬁ;i:n
H2 2.016 252.7°C 0.069 4~75%
CH4 16.042 -161.5C 0.552 5~15%
NH3 17.031 -334C 0.586 15~28%

SH=eRM SIS X, M29# M|2=, 20141

Table 2. Examples of EHA classification

Code Horizontal Vertocal Note
IEC/KS 3m to Roof Indoor

API 4.5m 7.5m Outdoor
NFPA 4.5m 4.5m/7.5m

A4 AAsHE S shar Q) E3E, ul=iA5-H 3|(APL,
American Petroleum Institute) ol A = A 7kA S 7118
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‘j%:hﬂ] ] U:]'E}' TE—:EE \:!i|\ Vbl—} }\ ] o= P(MPa)| Under Under Under Above 0.5
FEE ol TAITEA BEA ]_E.ﬂo] FZ=E]R| Size(mm) 0.02 0.1 0.5 0.5 (-1607C)
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Table 4. Release rates for selected scenarios

No. Pressure | DN size .Release Rate Remarks
(MPa) (mm) size(mm2) (g/s)
3 0.01 100 2.5 0.28 subsonic
4 0.01 200 5.0 0.56 subsonic
5 0.01 300 10.0 1.13 subsonic
13 0.3 100 2.5 1.68 sonic
14 0.3 200 5.0 3.36 sonic
15 0.3 300 10.0 6.92 sonic
23 (—12§°C) 100 2.5 48.60 supercooling
u | 03 200 50 9720 | supercooling
(-160°C)
2| 03 300 10.0 19439 | supercooling
(-160°C)
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Table 5. Explosion hazardous area

Outdoor Indoor
Scenario Release Radius Release Radius

Rate(g/s) (m) Rate(g/s) (m)
3 0.28 0.9 0.28 13
4 0.56 1.1 0.56 1.6
5 1.13 1.4 1.13 2.0
13 1.68 1.6 1.68 23
14 3.36 2.0 3.36 29
15 6.92 25 6.92 3.7
23 48.60 49 48.60 7.1
24 97.20 6.2 97.20 8.9
25 194.39 7.8 194.39 11.2
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Table 6, EHA for lighter—than—air gases

Scenario 1 Scenario 8 Scenario 20

CHy; | H, | NH; | CHs | Hy | NH; | CHs | Hy | NHs

Out | 04 | 0.6 - 1.1 1.7 | 08 | 33 | 5.1 | 23

In 06 | 09 | 04 | 16 | 25 | 1.1 | 48 | 73 | 33

SIROINBHB| K], HI29A K23, 20144

) HACPL REC
Hazardous Area Classification Program for Light Gas
Input Output
Material Ammonia(NH3) v Vapor Pressure 1.10 MPaG
Grade of Release | 2XHs@(X.. + Bolaseorato 0.63 afs
Availability of Ventilation S4El.. v Hypothetical Volume(Vz) 6.05 m3
louthedion Degree of Ventilation VMBI
© Outdoor
Entire Volume(vo) | 600 | m3 ootz
® i ype of Zone Zone 2
S koo Total Flow Rate ) m3is
Alr Change No(C) s Extent of Zone(Source) 11 m
Rels e Conditi
Temperaturt 25 c v
Pressure 05 kglcm26 v
Pipe Size 100 mm v
- = . :
Release Height 1 m e

Fig. 3. HAC program for light gas
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