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Abstract : It is very important to classify explosion hazardous area (EHA) suitably and to use proper explosion-proof electric
installations for facilities using flammable gases and liquids. In the past, various examples in the Notification of Ministry of Employment
and Labor were referred to in classifying EHA. But, at present, many companies use the hypothetical volume in Korean Standards (KS).
This study reviews the validity of EHA classification based on the hypothetical volume by comparing the calculated radii of EHA with
those obtained by a consequence analysis program called PHAST and a mathematical approach in British Standards (BS)I). The radii of
EHA by the hypothetical volume were found to be slightly larger than those by the other two methods. This was attributed to rather
conservative uses of a safety factor(k) and a correction factor(f) for availability of ventilation in calculating the hypothetical volume.
Since the differences are not so conspicuous, however, it is concluded that the hypothetical volume in KS is a valid means for the
classification of EHA. This study also presents a table of the radii of EHA for easy reference by small-scale companies using city gas,
C3-LPG and flammable liquid(toluene), respectively. The table consists of 25 leakage scenarios corresponding to combinations of 5
pipe(nozzle) sizes and 5 operating conditions for each flammable gas and liquid.
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Table 1. Properties of methane, propane & toluene

s [ | B iy o vt o
Methane | 16 -162  |422@-160C 0.55 5.0~15.0
Propane 44 -42 590@-50C 1.5 2.1~9.5
Toluene | 92 111 867@20°C 32 1.3~7.0

Table 2. Examples of EHA classification

Code Methane Propane Toluene
IEC/KS - 1 m 3/1 m

API 4.5/7.5 m 15/7.5 m 15/7.5 m
NFPA 45 m 45 m 15/7.5 m
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Table 3. Release scenarios for city gas
P(MPa)| Under Under Under Above 0.5
Size(mm) 0.02 0.1 0.5 0.5 (-162°C)
Under 25 Scen 1 | Scen 6 | Scen 11 | Scen 16 | Scen 21
Under 50 Scen 2 | Scen 7 | Scen 12 | Scen 17 | Scen 22
Under 100 Scen 3 | Scen 8 | Scen 13 | Scen 18 | Scen 23
Under 200 Scen 4 | Scen 9 | Scen 14 | Scen 19 | Scen 24
Above 200 Scen 5 | Scen 10 | Scen 15 | Scen 20 | Scen 25
Table 4, Release scenarios for C3-LPG
P(MPa)| Under | Under Under | Above P
Size(mm) 0.02 0.1 0.5 0.5 (Amb)
Under 25 Scen 1 | Scen 6 | Scen 11 | Scen 16 | Scen 21
Under 50 Scen 2 | Scen 7 | Scen 12 | Scen 17 | Scen 22
Under 100 Scen 3 | Scen 8 | Scen 13 | Scen 18 | Scen 23
Under 200 Scen 4 | Scen 9 | Scen 14 | Scen 19 | Scen 24
Above 200 Scen 5 | Scen 10 | Scen 15 | Scen 20 | Scen 25

Table 5. Release scenarios for toluene

W Under Under Above Under Above
Size(mm 0.02(Vapor) [0.2(Vapor) [0.2(Vapor) |0.5(Liquid) | 0.5(Liquid)
Under 25 Scen 1 Scen 6 | Scen 11 | Scen 16 | Scen 21
Under 50 Scen 2 Scen 7 | Scen 12 | Scen 17 | Scen 22
Under 100 Scen 3 Scen 8 | Scen 13 | Scen 18 | Scen 23
Under 200 Scen 4 Scen 9 | Scen 14 | Scen 19 | Scen 24
Above 200 Scen 5 | Scen 10 | Scen 15 | Scen 20 | Scen 25
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Table 6. Operating conditions for 3 materials

City gas C3-LPG Toluene
0.03 MPa,Ambient 0.03 MPa,Ambient 0.03 MPa, 200C
(Gas) (Gas) (Vapor)
0.3 MPa,Ambient 0.3 MPa,Ambient 0.3 MPa, 200
(Gas) (Gas) (Vapor)
5.0 MPa, -162°C P 25°C 0.8 MPa, 25C
(Subcooled liquid) (Saturated liquid) (Liquid)
Table 7. Release rates for selected scenarios
No. DN size Releasez City gas C3-LPG Toluene
(mm) size(mm") (g/s) (g/s) (g/s)
7 50 1.0 0.19 0.31 0.35
9 200 5.0 0.96 1.56 1.77
10 300 10.0 1.92 3.12 3.53
12 50 1.0 0.67 1.06 1.18
14 200 5.0 3.36 5.29 5.92
15 300 10.0 6.72 10.57 11.8
22 50 1.0 21.1 6.54 385
24 200 5.0 105.6 32.68 192.7
25 300 10.0 211.2 65.37 385.4
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Table 9, EHA using PHAST
o No. D(I;Jmii)ze Citgn )gas C3(-;;’G To(l::;ne State
9 —-Ctiy gas 36
=i C3-LPG 7 50 0.1 0.1 0.1 Gas/Vapor
N % 9 | 200 02 03 03 Gas/Vapor
7 6.8 p
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] 2 | 50 22 1.4 25 Liquid
: 24 200 44 32 46 Liquid
7 § e 25 300 6.6 45 6.4 Liquid
Fig. 2. Hypothetical volume for three materials,
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(5) Scenario 15(toluene) (6) Scenario 25(toluene)

Fig. 3. Diffusion results from PHAST,
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Table 10, EHA using BS's mathematical approach

No. Dg:ln r;l)ze Clt(};n )gas CS(;;’G To(lrl::;ne State
7 50 0.1 0.2 0.2 Gas/Vapor
9 200 0.3 0.6 0.5 Gas/Vapor
10 300 0.4 0.9 0.8 Gas/Vapor
12 50 0.4 0.4 0.4 Gas/Vapor
14 200 0.9 1.0 0.9 Gas/Vapor
15 300 1.3 1.4 1.3 Gas/Vapor
22 50 3.5 1.7 2.6 Liquid
24 200 7.9 3.9 5.8 Liquid
25 300 11.2 5.5 8.2 Liquid
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Fig. 4. EHA of city gas.
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Table 11. EHA matrix for city gas

P(MPa)| Under Under Under Above 0.5
Size(mm) 0.02 0.1 0.5 0.5 (-162°C)
Under 25 0.5 m 0.7m 1.0 m 1.5 m 25 m
Under 50 0.7 m 1.0m 15 m 25 m 4.0 m
Under 100 1.0 m 1.3m 2.0 m 3.5 m 5.0 m
Under 200 1.2 m 1.6m 25 m 40 m 6.5 m
Above 200 1.6 m 2.0m 3.0 m 5.0 m 75 m
Table 12, EHA matrix for C3-LPG
P(MPa)| Under | Under | Under | Above P
Size(mm) 0.02 0.1 0.5 0.5 (Amb)
Under 25 0.5 m 0.7m 1.0 m 1.5 m 2.0 m
Under 50 0.8 m 1.0m 15 m 20 m 30 m
Under 100 12 m 1.5m 20 m 25 m 4.0 m
Under 200 1.6 m 2.0m 3.0 m 3.5 m 5.0 m
Above 200 2.0 m 2.5m 35 m 4.0 m 6.0 m
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Table 13, EHA matrix for toluene

P(MPa)| Under0.02 | Under0.2 | Above0.2 | Under0.5 | Above0.5
Size(mm) (Vapor) | (Vapor) | (Vapor) | (Liquid) | (Liquid)
Under 25 0.6 m 1.0 m 2.0 m 25 m 3.0 m
Under 50 1.0 m 1.5 m 25 m 35 m 50 m
Under 100 13 m 20 m 35 m 45 m 6.5 m
Under 200 20 m 25 m 4.0 m 6.0 m 8.0 m
Above 200 25 m 35m 50 m 75 m | 100 m
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