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Abstract

IEC 60079-10-1 edition 2.0, the global standard for hazardous area classification, was newly revised in 

2015. There are many differences compared to the previous edition 1.0 version, first released in 2008, so 

it has caused confusion in the industry. In case of edition 1.0, the hazardous area extent can be derived 

through the mathematical formula, but in case of edition 2.0, there was the problem that the exact 

hazardous area extent was not known because of the mathematical formula of the plot for applying the 

hazardous area extent was not presented. In this study, we converted the plot introduced in edition 2.0 to 

CAD format and derived the plot as the mathematical equations. Through this, we suggest the hazardous 

area extent formula of three states (heavy gas, diffusive, jet). As the IEC committee did not provide the 

mathematical formula of the hazardous area extent according to the release characteristic, it is impossible 

to apply the exact hazardous area extent. In this study, a mathematical approach was derived for the plot 

introduced in edition 2.0, which can reduce the confusion of the applying hazardous area extent.

Keywords : Hazardous Area Classification, IEC 60079-10-1, Characteristic of Release, Process Safety, 

Explosive Atmosphere

1. Introduction

IEC 60079-10-1 is an engineering standard used 

worldwide for hazardous area classification. edition 

1.0 was first published in 2008 [1]. Then in 2015, 

the content was fully revised to edition 2.0 [2]. The 

concept of the hypothetical volume (VZ)[3]used in 

the previous edition was disappeared, and the new 

parameter called the characteristic of release was 

introduced to revise the way to apply the hazardous 

area type and extent. However, edition 2.0 does not 

provide an exact hazardous area extent because 

there is no mathematical equation for the plot that 

shows the hazardous area extent by the release 

characteristic.

In the previous edition 1.0, the hypothetical volume 

was obtained through quantitative parameters, and 

the hazardous area extent was applied by the radius 

of hypothetical volume as a sphere. Therefore, the 

hazardous area extent at the time of edition 1.0 was 

clear.

Edition 2.0 also quantitatively derives the new 

parameter called characteristic of release. And in 

edition 2.0, plot with release characteristic as X-axis 
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and hazardous area extent as Y-axis is presented. 

It was changed in such a way as to derive the 

hazardous extent, which is the value of the Y axis 

corresponding X axis [4]. However, the formula for 

this plot is not disclosed, and the interval between 

the X-axis and the Y-axis is set to log scale, which 

makes it difficult to find an accurate coordinate value. 

In the study of Jung and Lee in 2020, the same 

problem was pointed out [5]. Therefore, it is not 

possible to derive the exact hazardous area extent 

using only the plot presented in edition 2.0, and there 

is a drawback that the engineers show a difference 

in the analysis of the explosion radius [6].

For example, assume a heavy gas type release 

and a release characteristic of 0.15 m3/s. First, we 

need to find out where 0.15 is located on the X axis, 

but it is difficult to determine exactly where 0.15 is 

located because it is in log scale.

Based on the point A, which is assumed to be 

exactly 0.15 between 0.1 and 0.2 on the X-axis, the 

hazardous area extent is between 3 m and 4 m 

according to the heavy gas plot. However, because 

the Y axis is also a log scale, it is difficult to know 

exactly what the hazardous area extent is between 

3 m and 4 m [Figure 1. Normally, no matter what 

value the hazardous area extent is, it does not 

exceed 4 m. Therefore, the hazardous area extent 

of 4 m is conservatively selected.

[Figure 1] Hazardous area extent by the release 

characteristic in IEC edition 2.0

From another point of view, considering that the 

scale interval between 0.1 and 0.2 on the X axis is 

a log scale, one could argue that 0.15 is B, which 

is visually close to 0.1. In this case, it can be interpreted 

as having the hazardous area extent of 3 m according 

to the heavy gas release plot ([Figure 1]).

As described above, in case of edition 2.0, the 

hazardous area extent may be interpreted differently 

according to the engineer, and it is impossible to 

accurately verify that any value is wrong. Therefore, 

this study aims to present the mathematical equation 

that applies heavy gas, diffusive, jet release plot as 

mathematical solution by making full use of plot given 

in edition 2.0. Equation provides a scientific basis for 

engineers by applying the hazardous area extent.

2. Background

This section briefly introduces hazardous area 

classification methodology of edition 1.0 and 2.0 of 

IEC 60079-10-1. Among them, we introduce the 

section on deriving the hazardous area extent, not 

the classification of hazardous area zones.

2.1 Edition 1.0 methodology

In the case of edition 1.0, the concept of hypothetical 

volume (VZ)is an important keyword[7]. This is 

because the hypothetical volume calculated by this 

methodology is assumed as a sphere, and the radius 

length at this time is derived as the hazardous area 

extent. The formula for calculating this hypothetical 

volume is Equation 1.





 × 
 

min

(1)

The hypothetical volume is denoted VZ and the 

unit is m3/s. To derive this value, f value and 

(dV/dt)min value is required. The f value is applied 

to one of integer values   from 1 to 5 as the quality 

factor. The closer to 1, the less well ventilated 

around the hazardous source, and the closer to 5, it 

is in the well-ventilated environment. In industry 

practice, the median value of 3 is applied by default. 

The value of (dV/dt)min means minimum volumetric 
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flow of fresh air and can be obtained through the 

following formula (Equation 2). To derive this 

value,(dG/dt)max and T, k, LELm values   are required.


 

min


×


 

max
×




 (2)

In the case of T, it represents the atmospheric 

temperature and the unit is K. The ambient temperature 

at which the hazardous source is placed can be 

applied. The value of k is a safety factor. The value 

of 0.25 is applied in case of continuous or primary 

grade of release and 0.5 in case of secondary grade 

of release. In general, the hazardous source leaks to 

the secondary grade of release, so the value of 0.5 

is applied by default. The value of LELm(kg/m3) is 

obtained by converting the value of LELv(vol%) 

through the following equation (Equation 3).

  ×  ×× (3)

This equation was introduced in IEC edition 1.0. 

Since LEL value is expressed as vol % in MSDS, it 

should be converted to kg/m3. M is the molecular 

weight of the hazardous source material. In case of 

(dG/dt)max, it means the amount of release rate t 

from hazardous source. First, it is divided according 

to whether it is a liquid phase or a gas phase. In the 

case of a gas phase, it is divided into chocked state 

or non-choked state. The parameters applied to the 

equations for each phase are shown in <Table 1>, 

and the equations are as follows (Equation 4, 

Equation 5, Equation 6).

Parameter Description






Release rate of liquid, gas [kg/s]


Cross section of the opening, through which 

liquid is released [m2]

 Liquid density [kg/m3]

∆
Pressure difference across the opening that 

leaks [Pa]

 Molecular mass of gas [kg/kmol]

 Polytropic index of adiabatic expansion

 Universal gas constant [8314 J/kmol K]

 Pressure inside the container [Pa]

 Pressure outside the gas container [Pa]

<Table 1> Parameters of release rate in IEC edition 1.0
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In sum, the applying hazardous area extent 

methodology of edition 1.0 is calculated through 

quantitative input values, so there is no need for 

qualitative judgment by the engineer.

2.2 Edition 2.0 Methodology

In edition 2.0, the concept of hypothetical volume 

used to calculate the hazardous area extent in 1.0 

has been removed. In addition, the new factor called 

characteristic of release was introduced, and this 

value was changed to a way to derive the hazardous 

area extent through the plot suggested in IEC code. 

The formula for obtaining the characteristic of release 

is as follows and the unit is m3/s (Equation 7).




(7)

The density of the gas, which is the parameter 

constituting the characteristic of release, can be 

obtained through the Equation 8, and the unit is 

kg/m3.

 



(8)

Pa is the atmospheric pressure, M is the 

molecular weight of the hazardous source material, 

R is the gas constant, Ta is the atmospheric 

temperature near the hazardous source. In the other 

parameter constituting the characteristic of release, 

K is the safety factor and has a value of 0.5 to 1 

depending on the accuracy of the LFL. This is 

different from k in edition 1.0, which applied the 

given value depending on the release type. In case 

of LFL, unlike edition 1.0, there is no need to 

convert to LFLm, and the LFLv value from the MSDS 
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of the hazardous source material can be applied. Wg 

is the same concept as the release rate (dG/dt)max 

of edition1.0. Release rate is not much different 

from edition1.0, but only a few detailed parameters 

have been added. Edition2.0 is also divided into 

liquid phase (Equation 9) and gas phase, as in1.0, 

and gas phase is divided into chocked (Equation 10) 

or non-choked (Equation 11).

  ∆ (9)

  





  

 
 

 

(10)















 

 


 


 

 




(11)

There is nothing unusual about the addition of 

parameters Cd and Z to the release rate of 

edition1.0. Cd has a discharge coefficient of 0.5 to 

0.75. This is a value that changes depending on the 

characteristics of the release hole. It is a concept 

added to obtain more accurate data on leaks 

compared to edition 1.0. Z means the coefficient of 

expansion of the material that is the source of 

leakage, and in the case of an ideal gas has a value 

of 1. This is also the concept added to obtain more 

accurate data on leakage.

In other words, the characteristic of release 

introduced in edition 2.0 are calculated through 

quantitative input values, so there is no need for 

qualitative judgment by the engineer. However, 

there is a problem in the method of applying the 

hazardous area extent through this characteristic of 

release. In the code, three types of plots are 

presented, depending on the type of release, heavy 

gas, diffusive, and jet, but the formula for this plot 

is not provided. In addition, the values   of the X-axis 

and Y-axis are also set to the log scale so that the 

value between the sub-scales cannot be known 

accurately. Therefore, the most conservative method 

is to apply the explosion radius to the higher value 

that can know the coordinate value of the Y axis 

against the hazardous area extent of the Y axis that 

Heavy gas Diffusive Jet

Charatertistic of 

release

Hazardous area 

extent

Charatertistic of 

release

Hazardous area 

extent

Charatertistic of 

release

Hazardous area 

extent

≤ 0.05 2 ≤ 0.2 2 ≤ 0.8 2

≤ 0.1 3

Somewhere between 0.2 and 0.3 in 

characteristic of release is a value of 2 in 

hazardous area extent.

Somewhere between 0.8 and 0.9 in 

characteristic of release is a value of 2 

in hazardous area extent.

Somewhere between 0.1 and 0.2 in 

characteristic of release is a value of 3 in 

hazardous area extent.

≤ 0.5 3 ≤ 1 3

Somewhere between 0.2 and 0.3 in 

characteristic of release is a value of 4 in 

hazardous area extent.

≤ 0.9 4

Somewhere between 1 and 2 in 

characteristic of release is 3 in hazardous 

area extent.

≤ 0.3 5

Somewhere between 1 and 2 in 

characteristic of release is 5, 6 in 

hazardous area extent.

≤ 3 4

Somewhere between 0.3 and 0.4 in 

characteristic of release is a value of 5 in 

hazardous area extent.

≤ 2 7

Somewhere between 3 and 4 in 

characteristic of release is a value of 4 

in hazardous area extent.

≤ 0.4 6

Somewhere between 2 and 3 in 

characteristic of release is a value of 7 in 

hazardous area extent.

≤ 5 5

Somewhere between 0.4 and 0.5 in 

characteristic of release is 6 in hazardous 

area extent.

≤ 3 8 ≤ 7 6

<Table 2> Assumption of hazardous area extent by considering safety margin
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has substituted the characteristic of release of the 

X axis on the plot [6]. According to such a criterion 

it is possible to derive the hazardous area extent 

according to the characteristic of release according 

to the following <Table 2>.

At the present time without plot equation provided 

by IEC edition 2.0, if the hazardous area extent is 

applied based on the values   in the <Table 2>, there 

is no problem from a conservative perspective. 

However, considering the excessive safety margin, 

the hazardous area extent can be unnecessarily 

widened.

3. Methodology

This section introduces the method of deriving the 

plot of characteristic of release and hazardous area 

extent introduced in edition 2.0 by mathematical 

equation. Only the plot for the plot is presented in 

the code, and there is no detailed explanation 

anywhere. So the plot was converted to CAD and 

analyzed.

When the plot is converted to CAD, it is as [Figure 

2]. At this time, if the values   indicated on the 

X-axis and the Y-axis are converted into a log, 

they are as follows as [Figure 3].

[Figure 2] IEC edition 2.0 plot converted by CAD

Heavy gas Diffusive Jet

≤ 0.6 7

Somewhere between 3 and 4 in 

characteristic of release is 8 in hazardous 

area extent.

≤ 9 7

≤ 0.7 8 ≤ 4 9

Somewhere between 9 and 10 in 

characteristic of release is a value of 7 

in hazardous area extent.

Somewhere between 0.7 and 0.8 in 

characteristic of release is 8 in hazardous 

area extent.

Somewhere between 4 and 5 in 

characteristic of release is 9 in hazardous 

area extent.

≤ 10 8

≤ 0.9 9 ≤ 5 10

Somewhere between 10 and 20 in 

characteristic of release is 8, 9, 10 in 

hazardous area extent.

Somewhere between 0.9 and 1 in 

characteristic of release is a value of 9 in 

hazardous area extent.

Somewhere between 5 and 6 in 

characteristic of release is 10 in 

hazardous area extent.

≤ 20 20

≤ 1 10 ≤ 20 20

Somewhere between 1 and 2 in 

characteristic of release is a value of 10 

in hazardous area extent.

≤ 4 20

Somewhere between 4 and 5 in 

characteristic of release is 20 in 

hazardous area extent.

≤ 10 30

Somewhere between 10 and 20 in 

characteristic of release is a value of 30, 

40 in hazardous area extent.

≤ 20 50
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[Figure 3] IEC edition 2.0 plot’s axis substituted by log scale

In other words, the X and Y axis of the plots 

introduced in the code can be seen to have the same 

spacing if they are converted to log scale rather than 

the introduced values   themselves. Therefore, in this 

study, the actual X coordinate is applied as the log 

value to the characteristic of release, and the Y axis 

is also interpreted as the log value is derived from 

the hazardous area extent.

Now we want to derive the respective equation for 

heavy gas, diffusive and jet release. The derivation 

method selects two points closest to the coordinates 

that can know the exact value in the CAD plot. Since 

this plot is a linear function, it is based on the simple 

principle that knowing the values   of two coordinates 

yields an equation.

Of course, since the plot introduced in code is 

converted to CAD as it is, it can be difficult to see 

the exact same coordinates. However, assuming a 

value closest to the true coordinates is the only way 

to derive an equation based on the data given in the 

code. The two coordinate values   close to the 

positive coordinates for each release type are as 

follows [Figure 4], [Figure 5], [Figure 6].

[Figure 4] IEC edition 2.0 heavy gas plot

[Figure 5] IEC edition 2.0 diffusive plot

[Figure 6] IEC edition 2.0 jet release gas plot

Two coordinates closest to the most given axis 

coordinate in the heavy gas [Figure 4], diffusive 

[Figure 5], and jet release plots [Figure 6].

(12)

(13)

(14)

Based on this, hazardous area extent is derived 

from Equation 12 in heavy gas release, Equation 13 

in diffusive release, and Equation 14 in jet release.

Since the characteristic of release is a value that 

can be derived from quantitative data, the hazardous 

area extent can also be obtained by applying the 

above equations for each release case.

4. Case Study

This section compares the hazardous area extent 

obtained by directly reading the plot with by applying 
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equation suggested in this study applied through the 

case study on the release characteristics of heavy 

gas, diffusive, and jet and the method proposed in 

this study. The characteristics of materials applied 

for each type of release are shown in the <Table 3>.

Heavy gas Diffusive Jet

Applied fluid n-Hexane Methane Hydrogen

Molecular 

weight 

[kg/kmol]

86.18 16.04 2

LFLv

[vol/vol]
1.1 5 4

Polytrophic 

index of 

adiabatic 

expansion

N/A 1.3 1.4

<Table 3> Case study: characteristic of material by the release type

In addition, the parameters for IEC calculation to 

be applied to the case study are shown in <Table 4>. 

In addition, the hazardous area extent is affected by 

the release rate, and the release rate tends to 

increase with the pressure [8]. Therefore, a case 

study was performed while varying the pressure 

value with an increased interval of 5 barg from 5 

barg to 100 barg.

Parameter Description

 Discharge coefficient 0.75

 Safety factor 1

 Cross section of the opening 5.0 x 10-6[m2]

 Compressibility factor 1

 Universal gas constant 8314 [J/mol K]

 Absolute ambient temperature 313.15 [K]


Absolute temperature of the 

fluid, gas or liquid
293.15 [K]

 Atmospheric pressure 101325 [Pa]

Evaporation rate 2%

Facilities' pressure condition

Application at 5 

barg Interval from 

5 barg to 100 barg

<Table 4> Case study: parameters for IEC calculation

Hazardous area extent calculation results for each 

representative case according to the above conditions 

are <Table 5>.

Heavy gas

(n-Hexane Case)
Diffusive (MethaneCase) Jet (HydrogenCase)

Pressure

[barg]

Characte

ristic of 

release

[m3/s]

This 

study

Conventi

onal type

Error 

rate

Characte

ristic of 

release

[m3/s]

This 

study

Conventi

onal type

Error 

rate

Characte

ristic of 

release

[m3/s]

This 

study

Conventi

onal type

Error 

rate

5 0.051 2.1 3 30.0% 0.120 1.5 2 25.0% 0.436 1.4 2 30.0%

10 0.072 2.4 3 20.0% 0.220 2.1 3 30.0% 0.798 1.9 2 5.0%

15 0.088 2.7 3 10.0% 0.319 2.5 3 16.7% 1.161 2.3 4 42.5%

20 0.101 2.9 5 42.0% 0.419 2.8 3 6.7% 1.523 2.7 4 32.5%

25 0.113 3.1 5 38.0% 0.519 3.1 4 22.5% 1.886 3.0 4 25.0%

30 0.124 3.2 5 36.0% 0.618 3.4 4 15.0% 2.248 3.3 4 17.5%

35 0.134 3.3 5 34.0% 0.718 3.6 4 10.0% 2.610 3.6 4 10.0%

40 0.143 3.4 5 32.0% 0.818 3.9 4 2.5% 2.973 3.8 4 5.0%

45 0.152 3.6 5 28.0% 0.917 4.1 7 41.4% 3.335 4.1 5 18.0%

50 0.160 3.6 5 28.0% 1.017 4.3 7 38.6% 3.698 4.3 5 14.0%

55 0.168 3.7 5 26.0% 1.117 4.5 7 35.7% 4.060 4.5 5 10.0%

60 0.175 3.8 5 24.0% 1.216 4.7 7 32.9% 4.422 4.7 5 6.0%

65 0.182 3.9 5 22.0% 1.316 4.9 7 30.0% 4.785 4.9 5 2.0%

70 0.189 4.0 5 20.0% 1.416 5.0 7 28.6% 5.147 5.1 6 15.0%

75 0.196 4.0 5 20.0% 1.515 5.2 7 25.7% 5.510 5.3 6 11.7%

80 0.202 4.2 5 16.0% 1.615 5.4 7 22.9% 5.872 5.5 6 8.3%

85 0.209 4.2 5 16.0% 1.715 5.5 7 21.4% 6.235 5.7 6 5.0%

90 0.215 4.2 5 16.0% 1.814 5.7 7 18.6% 6.597 5.9 6 1.7%

95 0.220 4.3 5 14.0% 1.914 5.8 7 17.1% 6.959 6.0 6 0.0%

100 0.226 4.3 5 14.0% 2.014 6.0 8 25.0% 7.322 6.2 7 11.4%

<Table 5> Case study: conclusion of the hazardous area extent from the suggested method to the conventional previous method
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The plots for each release types are as [Figure 

7], [Figure 8], [Figure 9].

[Figure 7] Case study: heavy gas release

[Figure 8] Case study: diffusive release

[Figure 9] Case study: jet release

The release of heavy gas, diffusive and jet can be 

seen in the trend of increasing the explosion radius 

according to the pressure according to the equation 

presented in this study. Also, the increase is high 

in order of jet, diffusive, heavy gas release.

In addition, when comparing the conventional 

method with the consideration of excessive safety 

margin, it was found that the maximum error rate was 

42.5% for jet release, 42.0% for heavy gas release, 

and 41.4% for diffusive release. The error rate could 

not find a constant tendency regardless of the 

pressure value. This means that there is almost no 

safety margin under certain pressure conditions and 

almost no safety margin under certain pressure 

conditions, irrespective of leakage characteristics. It 

can be concluded that conventional methods without 

the certain trend in the safety margin are not 

scientific. The distribution of error rate for each 

release type is shown in the [Figure 10], [Figure 11], 

[Figure 12].

[Figure 10] Error rate: heavy gas release

[Figure 11] Error rate: diffusive release

[Figure 12] Error rate: jet release

Although it is not covered by this case study, the 
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error rate is a big problem in the section of 10 m 

or more where the value of the Y-axis of the plot 

shown in the IEC code is greatly increased ([Figure 

13]). This is because the hazardous area extent is 

increased in 10 m units such as 10 m, 20 m, and 30 

m. In particular, the explosion rate of 10-20 m is 

expected to show a greater error rate.

[Figure 13] Big error rate about the hazardous area 

extent over 10 m

5. Discussion & Conclusion

The conventional method for applying hazardous 

area extent considering the safety margin of IEC 

60079-10-1 edition 2.0 is not scientific because it 

considers the irregular margin irrelevant to the 

pressure value. On the other hand, the suggested 

method of hazardous area extent through the 

equation inference presented in this study shows 

the tendency of the hazardous area extent increase 

with the pressure increase.

Unconditionally wide hazardous area extent is not 

good for safety [9]. Excessive safety margins lead 

to an increase in expenditure on the establishment 

of a plant due to unnecessary explosion-proof 

equipment [10]. Therefore, the owner will try to 

reduce the hazardous area extent as much as 

possible, and the government will try to regulate it, 

but there is no reasonable scientific regulatory 

basis. In countries such as Korea, where the 

hazardous area extent is applied as a fire proofing 

extent, an inaccurate explosion radius may cause 

unnecessary refractory increase.

In this study, equation was calculated based on 

two points close to the exact coordinates of the plot 

by converting the plot presented by IEC Code into 

CAD. Even if the safety margin is added in 

consideration of the incompleteness of the plot, it is 

considered that considering the margin of a certain 

%, for example 10%, in the hazardous area extent 

calculated in this way will contribute to a more 

reasonable calculation of the explosion radius.

Although there are research papers on IEC Code 

edition 2.0, no studies have pointed out problems 

with the methodology of applying the hazardous area 

extent. Just verification of the hazardous area 

extent has been studied through CFD modeling [11]. 

However, in countries adopting the IEC Code, the 

IEC methodology has the same effect as the law, so 

applying CFD modeling to the practical hazardous 

area classification is not a realistic solution. In 

addition, hazardous area classification by CFD 

modeling for all facilities is not a realistic alternative 

because it takes a lot of time and money. Therefore, 

further research based on the IEC edition 2.0 Code 

itself will be conducted in the future.
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