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INTERNATIONAL ELECTROTECHNICAL COMMISSION

EXPLOSIVE ATMOSPHERES -

Part 10-1: Classification of areas —
Explosive gas atmospheres

FOREWORD

1) The International Electrotechnical Commission (IEC) is a worldwide organization for st
all national electrotechnical committees (IEC National Committees). The object| of IEC\s to promote

international co-operation on all questions concerning standardization in the electfical and
this end and in addition to other activities, IEC publishes International Stangd Wi e ifications,
Technical Reports, Publicly Available Specifications (PAS) and Guides e d “IEC
Publication(s)”). Their preparation is entrusted to technical committees; any ittee’interested
in the subject dealt with may participate in this preparatory work. i g 9
governmental organizations liaising with the IEC also participate in fki . |E aborates closely
with the International Organization for Standardization (ISO) in accorda v
agreement between the two organizations.

2) The formal decisions or agreements of IEC on technical matt S possible, an international

consensus of opinion on the relevant subjects since eac
interested IEC National Committees.

3)

4)

5) Independent certification bodies provide conformity

marks of conformity. IEC is not responsible for any

6)

7) employees, servants or agents including individual experts and
C National Committees for any personal injury, property damage or
whether direct or indirect, or for costs (including legal fees) and

the publication, use of, or reliance upon, this IEC Publication or any other IEC

8) ormative references cited in this publication. Use of the referenced publications is

9) to the possibility that some of the elements of this IEC Publication may be the subject of

patent rights. IE€ shall yot be held responsible for identifying any or all such patent rights.

International Standard I|EC 60079-10-1 has been prepared by subcommittee 31J:
Classification of hazardous areas and installation requirements, of IEC technical committee
31: Equipment for explosive atmospheres.

This first edition of IEC 60079-10-1 cancels and replaces the fourth edition of IEC 60079-10,
published in 2002, and constitutes a technical revision.

The significant technical changes with respect to the previous edition are as follows:

e Introduction of Annex D which deals with explosion hazard from flammable mists
generated by the release under pressure of high flash point liquids.

e Introduction of Clause A.3 (release rate) which gives thermodynamic equations for release
rate with a number of examples for estimating release rate of fluids and gases.
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The text of this standard is based on the following documents:

FDIS Report on voting
31J/159/FDIS 31J/160/RVD

Full information on the voting for the approval of this standard can be found in the report on
voting indicated in the above table.

This publication has been drafted in accordance with the ISO/IEC Directives, Part 2.

A list of all parts of the IEC 60079 series, under the general title Explosive
be found on the IEC website.

atmospheres, can

The committee has decided that the contents of this publication nai anged until
the maintenance result date indicated on the IEC web site und "

* reconfirmed;
* withdrawn;
* replaced by a revised edition, or

@@
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INTRODUCTION

In areas where dangerous quantities and concentrations of flammable gas or vapour may
arise, protective measures are to be applied in order to reduce the risk of explosions. This
part of IEC 60079 sets out the essential criteria against which the ignition hazards can be
assessed, and gives guidance on the design and control parameters which can be used in
order to reduce such a hazard.

@%
S
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EXPLOSIVE ATMOSPHERES -

Part 10-1: Classification of areas —
Explosive gas atmospheres

1 Scope

This part of IEC 60079 is concerned with the classification of areas where flammable gas or
vapour or mist hazards (see Notes 1, 2 and 3) may arise and may then bg¢ used as a basis to
support the proper selection and installation of equipment for use in a haxz

but it does not apply to

a) mines susceptible to firedamp;
b) the processing and manufacture of explosives;

c) areas where a hazard may arise due to the presence of co

to IEC 61241-10 / IEC 60079-10-2);

d) catastrophic failures which are
standard (see Note 5);

hustible dusts or fibres (refer

t oQanormality dealt with in this

e) rooms used for medical purposes;
f) domestic premises.

Definitions and |
procedures relati (o)

flammable mists. such\cases, the strict application of area cIaSS|f|cat|on for gases and vapours may not be
appropriate as the basis fof’selection of equipment.

Information on flammable mists is provided in Annex D.
NOTE 2 The use of IEC 60079-14 for selection of equipment and installations is not required for mist hazards.
NOTE 3 For the purpose of this standard, an area is a three-dimensional region or space.

NOTE 4 Atmospheric conditions include variations above and below reference levels of 101,3 kPa (1 013 mbar)
and 20 °C (293 K), provided that the variations have a negligible effect on the explosion properties of the
flammable materials.

NOTE 5 Catastrophic failure in this context is applied, for example, to the rupture of a process vessel or pipeline
and events that are not predictable.

NOTE 6 In any process plant, irrespective of size, there may be numerous sources of ignition apart from those
associated with equipment. Appropriate precautions will be necessary to ensure safety in this context. This
standard may be used with judgement for other ignition sources.
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2 Normative references

The following referenced documents are indispensable for the application of this document.
For dated references, only the edition cited applies. For undated references, the latest edition
of the referenced document (including any amendments) applies.

IEC 60050-426, International Electrotechnical Vocabulary (IEV) — Part 426: Equipment for
explosive atmospheres

IEC 60079-0, Explosive atmospheres — Part 0: Equipment — General requirements

IEC 60079-4, Electrical apparatus for explosive gas atmospheres — Part 4 Method of test for

ignition temperature

3 Terms and definitions

For the purposes of this document, given in IEC 60079-0 and the

following apply.

NOTE Additional definitions applicable to explgsive e be found in the IEC 60050-426.

3.1

explosive atmospheré¢

mixture with air, unde sheric ithe of flammable substances in the form of gas,
vapour, dust, fib@)r whN aftex ignition, permits self-sustaining propagation

[IEC 60079-0, definiti

3.2

explosive gas atmosphers

mixture wijth aj ( ospperic conditions, of flammable substances in the form of gas or
vapour, i , permits self-sustaining flame propagation

[IEC 60079-0

NOTE 1 Although a mixture which has a concentration above the upper explosive limit (UEL) is not an explosive
gas atmosphere, it can readily become so and, in certain cases for area classification purposes, it is advisable to
consider it as an explosive gas atmosphere.

NOTE 2 There are some gases which are explosive with the concentration of 100 %.

3.3

hazardous area (on account of explosive gas atmospheres)

an area in which an explosive gas atmosphere is or may be expected to be present, in
quantities such as to require special precautions for the construction, installation and use of
equipment

3.4

non-hazardous area (on account of explosive gas atmospheres)

an area in which an explosive gas atmosphere is not expected to be present in quantities
such as to require special precautions for the construction, installation and use of equipment
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3.5

zones

hazardous areas are classified into zones based upon the frequency of the occurrence and
duration of an explosive gas atmosphere, as follows:

3.6

zone 0

an area in which an explosive gas atmosphere is present continuously or for long periods or
frequently

3.7

zone 1
an area in which an explosive gas atmosphere is likely to occur i
occasionally

al operation

3.8
zone 2

does occur, will persist for a short period only

[IEV 426-03-05]

NOTE Indications of the frequency of the occurrence an
industries or applications.

3.9
source of release

a point or location from which a gas, yapou
atmosphere so that an ex ive ati os coN

IEV 426-03-06, modifi

3.10
grades of releas

there are three basic g s listed below in order of decreasing frequency and
likelihood of the S 3 ere being present:

A source of releas
of more than one

ay give rise to any one of these grades of release, or to a combination

3.1
continuous grade of release
release which is continuous or is expected to occur frequently or for long periods

3.12
primary grade of release
release which can be expected to occur periodically or occasionally during normal operation

3.13

secondary grade of release

release which is not expected to occur in normal operation and, if it does occur, is likely to do
so only infrequently and for short periods
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3.14
release rate
quantity of flammable gas, vapour or mist emitted per unit time from the source of release

3.15
normal operation
situation when the equipment is operating within its designed parameters

NOTE 1 Minor releases of flammable material may be part of normal operation. For example, releases from seals
which rely on wetting by the fluid which is being pumped are considered to be minor releases.

NOTE 2 Failures (such as the breakdown of pump seals, flange gaskets or spillages caused by accidents) which
involve urgent repair or shut-down are not considered to be part of normal operation nor are_they considered to be
catastrophic.

NOTE 3 Normal operation includes start-up and shut-down conditions.

3.16

ventilation
movement of air and its replacement with fresh air due to
gradients, or artificial means (for example, fans or extractd

windytemperature

3.17

lower explosive limit (LEL)
concentration of flammable gas, va
atmosphere will not be formed

which an explosive gas

[IEV 426-02-09]

3.18
upper explosive limit (UEL)
concentration of flam
atmosphere will not be

in air, above which an explosive gas

3.20
flammable material (lammable substance)

material which is flamimable of itself, or is capable of producing a flammable gas, vapour or
mist

3.21
flammable liquid
liquid capable of producing a flammable vapour under any foreseeable operating conditions

NOTE An example of a foreseeable operating condition is one in which the flammable liquid is handled at
temperatures close to or above its flash point.

3.22

flammable gas or vapour

gas or vapour which, when mixed with air in certain proportions, will form an explosive gas
atmosphere

3.23
flammable mist
droplets of liquid, dispersed in air so as to form an explosive atmosphere
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3.24

flashpoint

lowest liquid temperature at which, under certain standardized conditions, a liquid gives off
vapours in a quantity such as to be capable of forming an ignitable vapour/air mixture

3.25
boiling point
temperature of a liquid boiling at an ambient pressure of 101,3 kPa (1 013 mbar)

NOTE The initial boiling point that should be used for liquid mixtures is to indicate the lowest value of the boiling
point for the range of liquids present, as determined in a standard laboratory distillation without fractionation.

3.26

vapour pressure
pressure exerted when a solid or liquid is in equilibrium with its own va afunction of
the substance and of the temperature

3.27
ignition temperature of an explosive gas atmosphere

lowest temperature of a heated surface which, under
IEC 60079-4, will ignite a flammable substance in the fo

[IEC 60079-0, definition 3.26]

3.28

extent of zone
distance in any direction from the source-x
been diluted by air to a value below the

3.29
liquefied flammable gas
flammable material which\i

and atmospheric{V}ss

4 General

Installatigns< ammable materials are handled or stored should be designed,
operated™a Qi g0 that any releases of flammable material, and consequently the
extent of haZardous a , are kept to a minimum, whether in normal operation or otherwise,

with regard to fregueney, duration and quantity.

It is important to examine those parts of process equipment and systems from which release
of flammable material may arise and to consider modifying the design to minimise the
likelihood and frequency of such releases and the quantity and rate of release of material.

These fundamental considerations should be examined at an early stage of the design
development of any process plant and should also receive prime attention in carrying out the
area classification study.

In the case of activities other than those of normal operation, e.g. commissioning or
maintenance, the area classification may not be valid. It is expected that this would be dealt
with by a safe system of work.

In a situation in which there may be an explosive gas atmosphere, the following steps should
be taken:
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a) eliminate the likelihood of an explosive gas atmosphere occurring around the source of
ignition, or

b) eliminate the source of ignition.

Where this is not possible, protective measures, process equipment, systems and procedures
should be selected and prepared so the likelihood of the coincidence of a) and b) is so small
as to be acceptable. Such measures may be used singly, if they are recognized as being
highly reliable, or in combination to achieve the required level of safety.

4.2 Area classification objectives

Area classification is a method of analysing and classifying the environment where explosive
gas atmospheres may occur so as to facilitate the proper selection/ant\installation of
equipment to be used safely in that environment. The classification als@ takes\into account
the ignition characteristics of the gas or vapour such as ignition gnergy s group) and
ignition temperature (temperature class).

atmosphere has a high likelihood of occurring, relia
has a low likelihood of creating a source of ignition.
explosive gas atmosphere occurring is reduced

Subsequent to the completion of the area ) isk_assessment may be carried out
to assess whether the consequences of igniti plosive atmosphere requires the use
of equipment of a higher equipment protec el (E » or may justify the use of equipment
with a lower equipment pro i quired. The EPL requirements may be

recorded, as appropriate,
selection of equipment

It is rarely possi
the plant can be egqua

The first stefy i i kelihood of this, in accordance with the definitions of zone O,
zone 1 apd 2. On ely frequency and duration of release (and hence the grade of

e zone have been determined, there is then a firm basis on which
to determine theNj presence of an explosive gas atmosphere in the surrounding areas.

This approach therefore requires detailed consideration to be given to each item of process
equipment which contains a flammable material, and which could therefore be a source of
release.

In particular, zone 0 or zone 1 areas should be minimised in number and extent by design or
suitable operating procedures. In other words, plants and installations should be mainly
zone 2 or non-hazardous. Where release of flammable material is unavoidable, process
equipment items should be limited to those which give secondary grade releases or, failing
this (that is where primary or continuous grade releases are unavoidable), the releases should
be of very limited quantity and rate. In carrying out area classification, these principles should
receive prime consideration. Where necessary, the design, operation and location of process
equipment should ensure that, even when it is operating abnormally, the amount of flammable
material released into the atmosphere is minimised, so as to reduce the extent of the
hazardous area.
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Once a plant has been classified and all necessary records made, it is important that no
modification to equipment or operating procedures is made without discussion with those
responsible for the area classification. Unauthorised action may invalidate the area
classification. It is necessary to ensure that all equipment affecting the area classification
which has been subjected to maintenance is carefully checked during and after re-assembly
to ensure that the integrity of the original design, as it affects safety, has been maintained
before it is returned to service.

5 Area classification procedure

5.1 General

The area classification should be carried out by those who understand the xelevance and

may be an explosive gas atmosphere. An example
classification of hazardous areas is given in Figure C.

The area classification should be carried out wh

diagrams and initial layout plans are gxailable

5.2 Sources of release

Since an explosive g

with air, it is negéssary to degide if a hese flammable materials can exist in the area
concerned. Gene i ases and vapours (and flammable liquids and solids
which may give rised antaiped within process equipment which may or may not

be totally enclosed .\t essary toydentify where a flammable atmosphere can exist inside
a process plant,
atmosphere pUtsi

foreseeably coOn
around it. The sa will apply if the item contains a flammable material but cannot release it
into the atmosphere (for example, an all-welded pipeline is not considered to be a source of
release).

If it is established that the item may release flammable material into the atmosphere, it is
necessary, first of all, to determine the grade of release in accordance with the definitions, by
establishing the likely frequency and duration of the release. It should be recognized that the
opening-up of parts of enclosed process systems (for example, during filter changing or batch
filling) should also be considered as sources of release when developing the area
classification. By means of this procedure, each release will be graded either ‘continuous’,
‘primary’ or 'secondary’.

Having established the grade of the release, it is necessary to determine the release rate and
other factors which may influence the type and extent of the zone.

Documents

Document Sharing Hub

Full document details: IEC 60079-10-12008


http://www.avadocuments.com/doc/iec-60079-10-1-2008
http://www.avadocuments.com/doc/iec-60079-10-1-2008

60079-10-1 © IEC:2008 -13 -

If the total quantity of flammable material available for release is “small”, for example, labo-
ratory use, whilst a potential hazard may exist, it may not be appropriate to use this area
classification procedure. In such cases, account shall be taken of the particular risks involved.

The area classification of process equipment in which flammable material is burned, for
example, fired heaters, furnaces, boilers, gas turbines etc., should take into account purge
cycle, start-up and shut-down conditions.

Mists which can form through leaks of liquid can be flammable even though the liquid
temperature is below the flash point. It is important therefore to ensure that clouds of mist do
not occur (see Annex D).

NOTE While mists are identified as a form of hazard, the assessment criteria used in this
vapours may not apply to mists.

dard for gases and

5.3 Type of zone

The likelihood of the presence of an explosive gas atmosphere Y s\ the grade
of release and the ventilation. This is identified as a zone. / i
zone 1, zone 2 and the non-hazardous area.

Consideration sh

may flow into area (for example, pits or depressions) and that a gas

ingd at high level (for example, in a roof space).

a) physical barriers;

b) maintaining a sufficient overpressure in the area relative to the adjacent hazardous areas,
so preventing the ingress of the explosive gas atmosphere;

c) purging the area with sufficient flow of fresh air, so ensuring that the air escapes from all
openings where the flammable gas or vapour may enter.

The extent of the zone is mainly affected by the following chemical and physical parameters,
some of which are intrinsic properties of the flammable material; others are specific to the
process. For simplicity, the effect of each parameter listed below assumes that the other
parameters remain unchanged.

5.4.1 Release rate of gas or vapour

The greater the release rate, the larger the extent of the zone. The release rate depends itself
on other parameters, namely

a) Geometry of the source of release
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This is related to the physical characteristics of the source of release, for example, an
open surface, leaking flange, etc. (see Annex A).

b) Release velocity

For a given source of release, the release rate increases with the release velocity. In the
case of a product contained within process equipment, the release velocity is related to
the process pressure and the geometry of the source of release. The size of a cloud of
flammable gas or vapour is determined by the rate of flammable vapour release and the
rate of dispersion. Gas and vapour flowing from a leak at high velocity will develop a cone-
shaped jet which will entrain air and be self-diluting. The extent of the explosive gas
atmosphere will be almost independent of air flow. If the material is released at low
velocity or if its velocity is reduced by impingement on a solid object, it will be carried by
the air flow and its dilution and extent will depend on air flow.

c) Concentration

released mixture.
d) Volatility of a flammable liquid
This is related principally to the vapour pressure, and t

guide.

An explosive gas atmosphere cannot exist if the
temperature of the flammable liquid. The lg
extent of the zone. However, if a flz
(for example, by spraying) an exp
of the material.

NOTE 1 Flashpoints of flammable liquids(are
involved.

For a given releasée~dlume, the lower the LEL the greater will be the extent of the zone.

NOTE Experience has shown that a release of ammonia, with an LEL of 15 % by volume, will often dissipate
rapidly in the open air, so an explosive gas atmosphere will, in most cases be of negligible extent.

5.4.3 Ventilation

With increased ventilation, the extent of the zone will normally be reduced. Obstacles which
impede the ventilation may increase the extent of the zone. On the other hand, some
obstacles, for example, dykes, walls or ceilings, may limit the extent.

NOTE 1 A shelter with a large roof-ventilator and with the sides open sufficient to allow free passage of air
through all parts of the building in many cases is considered well ventilated and should be treated as an open air
area (i.e. “medium” degree and “good” availability).

NOTE 2 Increased air movement may also increase the rate of release of vapour due to increased evaporation on
open liquid surfaces.
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5.4.4 Relative density of the gas or vapour when it is released

If the gas or vapour is significantly lighter than air, it will tend to move upwards. If significantly
heavier, it will tend to accumulate at ground level. The horizontal extent of the zone at ground
level will increase with increasing relative density and the vertical extent above the source will
increase with decreasing relative density.

NOTE 1 For practical applications, a gas or vapour which has a relative density below 0,8 is regarded as being
lighter than air. If the relative density is above 1, 2, it is regarded as being heavier than air. Between these values,
both of these possibilities should be considered.

NOTE 2 With gases or vapours lighter than air, an escape at low velocity will disperse fairly rapidly upwards; the
presence of a roof will, however, inevitably increase the area of spread under it. If the escape is at high velocity in
a free jet the action of the jet, although entraining air which dilutes the gas or vapour, ma nerease the distance
over which the gas/air mixture remains above its LEL. For gases that are lighter tha , @_release at high
pressure may cool the gas thus increasing relative density. The release may initially bpehave as heavier than air
until normal buoyancy is returned.

NOTE 3 With gases or vapours heavier than air, an escape at low velocity WI|| end\to flow dQwnward and may
travel long distances over the ground before it is safely dispersed by a ric\diffusion\ Special regard
therefore needs to be paid to the topography of any site under consideration areas in order
to determine where gases or vapours might collect in hollows or run down.inclnes to s f the escape is
at high velocity in a free jet the jet-mixing action by entraining air maydvell e gas/air mixture to below its

NOTE 4 Care needs to be taken when classifying areas containi ic fte gases such as liquefied
natural gas. Vapours emitted can be heavier than air at_low temg e bécome lighter than air on
approaching ambient temperature.

5.4.5 Other parameters to be consi
a) Climatic conditions

The rate of gas or vapour disper sere increases with wind speed but
there is a minimum sp ¥d to initiate turbulent diffusion; below
this, layering of the gas o e distance for safe dispersal is greatly
increased. In planfhare large )Jvessels and structures, the speed of air

of the wind; however, obstruction of air
aintain turbulence even at low wind speeds.

movement byf

NOTE 1 In Annex B Y
i jlati afion dilutes a flammable release. This lower value of wind speed is

paintain a conservative approach, even though it is recognized that

dency of layering is not taken into account in area classification because
is tendency are rare and occur for short periods only. However, if prolonged

Some liquids are“less dense than water and do not readily mix with water: such liquids can
spread on the surface of water (whether it be on the ground, in plant drains or in pipe
trenches) and then be ignited at a point remote from the original spillage, therefore putting
at risk a large area of plant.

The layout of the plant, where possible, should be designed to aid the rapid dispersal of
explosive gas atmospheres. An area with restricted ventilation (for example, in pits or
trenches) that would otherwise be zone 2 may require zone 1 classification; on the other
hand, wide shallow depressions used for pumping complexes or pipe reservations may not
require such rigorous treatment.

5.4.6 lllustrative examples

Annex C provides examples to illustrate the principles of hazardous area classification.

Factors which may affect the rate of release and hence the extent of zones are illustrated for
the scenarios below:
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a) Source of release: open surface of liquid

In most cases, the liquid temperature will be below the boiling point and the vapour
release rate will depend principally on the following parameters:

— liquid temperature;

— vapour pressure of the liquid at its surface temperature;
— dimensions of the evaporation surface;

— ventilation and air movement.

b) Source of release: virtually instantaneous evaporation of a liquid (for example, from a jet
or spray)

Since the discharged liquid vaporizes virtually instantaneously, the vapour release rate is

equal to the liquid flow rate and this depends on the following paramet

— liquid pressure;
— geometry of the source of release.

Where the liquid is not instantaneously vaporized, the ex because

droplets, liquid jets and pools may create separate source
c) Source of release: leakage of a gas mixture

— geometry of the source of release;

— concentration of flammable gas j

6 Ventilation

6.1 General Q

ere can be diluted by dispersion or diffusion into the
e lower explosive limit. Ventilation, i.e. air movement

itable ventilation rates can also avoid persistence of an
influencing the type of zone.

Ventilation can be “accomplished by the movement of air due to the wind and/or by
temperature gradients or by artificial means such as fans. So two main types of ventilation are
thus recognized:

a) natural ventilation;

b) artificial ventilation, general or local.
6.3 Degree of ventilation

The most important factor is that the degree or amount of ventilation is directly related to the
types of sources of release and their corresponding release rates. This is irrespective of the
type of ventilation, whether it be wind speed or the number of air changes per time unit. Thus
optimal ventilation conditions in the hazardous area can be achieved, and the higher the
amount of ventilation in respect of the possible release rates, the smaller will be the extent of
the zones (hazardous areas), in some cases reducing them to a negligible extent (non-
hazardous area).
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Practical examples for guidance on the degree of ventilation which may used are given in
Annex B.

6.4  Availability of ventilation

The availability of ventilation has an influence on the presence or formation of an explosive
gas atmosphere and thus also on the type of zone. As availability, or reliability, of the
ventilation decreases the type of zone is normally increased. Guidance on availability is given
in Annex B.

NOTE Combining the concepts of degree of ventilation and level of availability results in a quantitative method for
the evaluation of zone type (see Annex B).

7 Documentation

71 General

class (IEC 60079-:0).
The results of the a

placed on record. A

Where the topography of an area influences the extent of the zones, this should be
documented.

The documents should also include other relevant information such as

a) the location and identification of sources of release. For large and complex plants or
process areas, it may be helpful to itemize or number the sources of release so as to
facilitate cross-referencing between the area classification data sheets and the drawings;

b) the position of openings in buildings (for example, doors, windows and inlets and outlets of
air for ventilation).

The area classification symbols which are shown in Figure C.1 are the preferred ones. A
symbol key shall always be provided on each drawing. Different symbols may be necessary
where multiple equipment groups and/or temperature classes are required within the same
type of zone (for example, zone 2 IIC T1 and zone 2 IIA T3).
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Annex A
(informative)

Examples of sources of release and release rate

A.1  Process plant

The following examples are not intended to be rigidly applied and may need to be varied to
suit particular process equipment and situations. It needs to be recognised that some
equipment may exhibit more than one grade of release.

A1.1 Sources giving a continuous grade of release

sphere.
b) The surface of a flammable liquid which is open to the
periods.
A.1.2 Sources giving a primary grade of release

a) Seals of pumps, compressors or ya i of ma e material during normal
operation is expected.

b) Water drainage points on vessels wable liquids, which may release
flammable material into the atmospfiere whils g off water during normal operation.

A.1.3 Sourc irg : 3 de of release

a) alves where release of flammable material during
is not expected.

b) pipe fittings, where release of flammable material is not

C) yhich\are not expected to release flammable material during normal

d) vents and other openings which are not expected to release flammable

A.2 Openings

The following examples are not intended to be rigidly applied, but may need to be varied to
suit particular situations.

A.21 Openings as possible sources of release

Openings between areas should be considered as possible sources of release. The grade of
release will depend upon:

— the zone type of the adjoining area,

— the frequency and duration of opening periods,

— the effectiveness of seals or joints,

— the difference in pressure between the areas involved. Documents
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A.2.2 Openings classification

Openings are classified as A, B, C and D with the following characteristics:
Type A - Openings not conforming to the characteristics specified for types B, C or D

Examples:

— open passages for access or utilities. Examples of utilities include ducts or pipes through
walls, ceilings and floors;

— openings which are frequently opened;

— fixed ventilation outlets in rooms, buildings and similar openings of es B, C and D

which are opened frequently or for long periods.

Vi

infrequently opened and fitted with sealing dewces (4
whole perimeter; or two type B openings in serie
closing devices.

Type D — Openings normally closed gonform
special means or in an emergency.

can only be opened by

passages (for example, ducts, pipes)
® a hazardous area and one opening

s on grade of release

\) Grade of release of openings
Zone upstream\of ing Opening type considered as
2\ \/\ sources of release
\) A Continuous
B (Continuous)/primary
on
C Secondary
<\ \ D Secondary
N\ A Primary
B (Primary)/secondary
Zone 1
C (Secondary)/no release
D No release
A Secondary
B (Secondary)/no release
Zone 2
Cc No release
D No release
NOTE For grades of release shown in brackets, the frequency of operation of the openings should be
considered in the design.

A.3 Release rate

The following examples give the approximate release rates of flammable liquids and gases.
Further refinement of release rates estimation would be achieved with consideration of
properties of openings, i.e. considering the coefficient of discharge (Cy< 1) aﬁij release
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geometry. As the calculations provided do not consider these factors they will generally give
conservative results.

The viscosity of liquids and gases has been neglected. Viscosity may significantly reduce the
release rate if the opening, through which flammable material is released, is long compared to
the width of the opening

A.3.1 Release rate of liquid

The release rate of liquid may be estimated by means of the following approximation:

where

dG : I . )

v is the release rate of liquid (mass per time, kg/s);

S is the cross section of the opening, through which-Hg qleased (strface area, m2);
p is the liquid density (mass per volume, kg/m?3

4ap is the pressure difference across the ope

A.3.2 Release rate of gas

de the gas container;
¥ is the p ic index of adiabatic expansion.

Mcp

Mcp -R

For ideal gas the equation y = may be used, where:

Cp is the specific heat at constant pressure, (J kg=! K-1);

M is the molecular mass of gas (kg/kmol);
R  is the universal gas constant (8314 J kmol~-1 K-1).

A.3.21 Release rate of gas with choked gas velocity

Choked gas velocity (see A.3.2) is equal to the speed of sound for the gas. This is the
maximum theoretical discharge velocity.

The release rate of gas from a container, if the gas velocity is choked, may be estimated by
means of the following approximation:
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dG M 2 (7y+1)/2(y-1)
-~ = Sp Y—
dt RT | 7+1

where

aG . .

o is the release rate of gas (mass per time, kg/s)

p is the pressure inside the container (Pa);

¥ is the polytropic index of adiabatic expansion;

S is the cross section of the opening, through which gas is released ( ;
M is the molecular mass of gas (kg/kmol);

T is the absolute temperature inside the container (K);

R s the universal gas constant (8314 J kmol-1 K-1).

The velocity of gas at discharge opening is equal to the s
calculated with the use of formula:

d, which may be

gas.

The release rate of gag
by means of the follow

G:
s the re

_| Po
where
% i ate of gas (mass per time, kg/s)

p is the pressure inside the container (Pa);
Po is the pressure outside the gas container (Pa);
S is the cross section of the opening, through which gas is released (surface area, m2),
M is the molecular mass of gas (kg/kmol);
T is the absolute temperature inside the container (K);
¥ is the polytropic index of adiabatic expansion;
R is the universal gas constant (8314 J kmol=1 K-1).
The velocity of gas at discharge opening may be calculated by means of the following
equation:

- 96/t
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where

Vo is the velocity of gas at discharge opening (m/s);

1/y
£o =p(p—;J is the density of expanded gas (kg/m3) where p is the density of gas inside
the container (kg/m3).

The density of gas inside the container may be calculated from equation:

_pM
P=RT

A.4 Examples of estimating release rate
Estimation No. 1

Container of height 3 m filled with acetone. The breat 2 ontainer set to
overpressure of 0,05 bar. During malfunction the S | of container is

p =790 kg/m3
S=10"%m?2
Ah=3m

g = 9,81 m/s2

Apy =5 x 103 Pa

Estimation No. 2: Choked gas release using formulae A.3.2 and A.3.2.1.

Pipeline for gaseous hydrogen at temperature +20 °C and absolute pressure 11 bar. During
malfunction the flange is estimated to leak hydrogen gas to atmosphere through a hole of
cross section of 2,5 mm?2,

p=11x10%Pa pressure in pipeline
T=293K absolute temperature
M = 2 kg/kmol molecular mass of hydrogen

S=2,5%x10"%m2 hole cross section
y = 1,41 polytropic index of adiabatic expansion for hydrogen gas

y+1

=19x10° Pa
2

=10

jMH) . X(1,41 1 j1,41/(1,41_1)
2

Pc = pO(
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Velocity of released gas is choked, because p > p..

dG V(o (VA
— =SSP Vo= =
at RT y+1

=25%x10% x11x10° x\/1,41><

2
X
8,3x10°3 x 293 (1,41+1

jm A)[2x(1,41-1)]

Estimation No. 3: Non choked gas release using formulae A.3.2 and A.3.2.2.

Gasholder for methane gas at temperature of -20 °C. The relief valve of
overpressure of 0,005 bar. During malfunction the gasholder is estimate
hole of cross section of 10 cm2.

p = 1,005 x 10° Pa pressure in gasholder

po = 10% Pa atmospheric pressure

T=253K absolute temperature

M = 16 kg/kmol molecular mass of methane

S=10"3m?2 hole cross section

y=1,32 polytropic index of adiabatig athane gas

o 2x132 [1 —0.995(132-1/132 | 0 gg51/132 _
0%x253 132-1 ’ ’

=28x1072 kg/s
Initial velocity of released gas:

_ pM _ 1005x10° x16
RT  83x10%x253

=0,8kg/m*

1y
po = p(p—oj — 0,8x(0,995)"/ 32 — 0,8 kg/m?
p

_ dG/dt 2,8x1072

= =35m/s
PoS 0,8 x103

Vo

=1,7x10" kg/s

he~gasholder set to
sak through a

Bibliography reference for above equations: “Classification of Hazardous Locations” by A.W. Cox, FDBM‘“ents

Ang; IChem 1993.
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Annex B
(informative)

Ventilation

B.1 General

The purpose of this annex is to provide guidance in assessing the degree of ventilation and to
extend CIause 6 by defining ventilation conditions and by providing _expjanz 'ons examples

hazardous areas.

Although prima

outdoor locations, ¥0

which is accomplished by the movement of air caused by the wind
and/or by te e gradients. In open air situations, natural ventilation will often be
ispérsal of any explosive gas atmosphere which arises in the area.
also be effective in certain indoor situations (for example, where a
in its walls and/or roof).

Natural ventilation_ma
building has opening

NOTE For outdoor areas, the evaluation of ventilation should normally be based on an assumed minimum wind
speed of 0,5 m/s, which will be present virtually continuously. In many places the wind speed will frequently be
above 2 m/s however, in particular situations, it may be below 0,5 m/s (for example, at the immediate surface of
the ground).

Examples of natural ventilation:

e open air situations typical of those in the chemical and petroleum industries, for example,
open structures, pipe racks, pump bays and the like;

e an open building which, having regard to the relative density of the gases and/or vapours
involved, has openings in the walls and/or roof so dimensioned and located that the
ventilation inside the building, for the purpose of area classification, can be regarded as
equivalent to that in an open-air situation;
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e a building which is not an open building but which has natural ventilation (generally less
than that of an open building) provided by permanent openings made for ventilation
purposes.

B.3 Artificial ventilation

B.3.1 General

The air movement required for ventilation is provided by artificial means, for example, fans or
extractors. Although artificial ventilation is mainly applied inside a room or enclosed space, it
can also be applied to situations in the open air to compensate for restricted or impeded
natural ventilation due to obstacles.

The artificial ventilation of an area may be either general or local 2 of these,

With the use of artificial ventilation it is possible to achieve

e reduction in the type and/or extent of zones;
e shortening of the time of persistence of an explosiyé gas.atm

e prevention of the generation of an explosive gas (atmo

B.3.2 Design considerations

e consideration sho
immediately outside tk
extraction sy;

e for ventilation 6f A “azardou

e Dbefore det ining i igns and design of the ventilation system, the location,
grade of geleas esrate should be defined.

tend to accumulate near to either the floor or ceiling of an enclosed area, where air
movement is likely to be reduced;

e changes in gas density with temperature;

e impediments and obstacles may cause reduced, or even no, air movement, i.e. no
ventilation in certain parts of the area;

e turbulence and circulating air patterns.
B.3.3 Examples of artificial ventilation

B.3.3.1 General artificial ventilation

e A building which is provided with fans in the walls and/or in the roof to improve the general
ventilation in the building.

e An open-air situation provided with suitably located fans to improve the general ventilation
of the area.
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B.3.3.2 Examples of local artificial ventilation

e An air/vapour extraction system applied to an item of process equipment which
continuously or periodically releases flammable vapour.

e A forced or extraction ventilation system applied to a small, ventilated local area where it
is expected that an explosive gas atmosphere may otherwise occur.

B.4 Degree of ventilation

The effectiveness of the ventilation in controlling dispersion and persistence of the explosive
gas atmosphere will depend upon the degree and availability of ventilation and the design of
the system. For example, ventilation may not be sufficient to prevent the formation of an
explosive gas atmosphere but may be sufficient to avoid its persistence.

NOTE If other forms of ventilation, e.g. cooling fans, burner fans are taken into acedur ca need to be

exercised as to its availability.

The following three degrees of ventilation are recognized.

B.4.1 High ventilation (VH)

yeously, resulting in a
tent results. However,

concentration below the lower explosive limit.
c e may surround the zone

where the availability of ventilation is
of negligible extent (see Table B.1).

B.4.2 Medium ventilation (VM)

Can control the concentration, resulti 'ab 8 2erie boundary, whilst the release is in
progress, and where the i atmosphere does not persist unduly after the release

has stopped.

design parameters.

B.4.3 Low vent

Cannot contro]_th i pHilst release is in progress and/or cannot prevent undue
persistence of 3 osphere after release has stopped.

B.5 Assessment gree of ventilation and its influence

B.5.1 General

The size of a cloud of flammable gas or vapour and the time for which it persists after release
stops can be controlled by means of ventilation. A method for evaluating the degree of
ventilation required to control the extent and persistence of an explosive gas atmosphere is
described below.

It should be appreciated that the method is subject to the limitations described and therefore
gives only approximate results. The use of the safety factors should, however, ensure that the
results obtained err on the side of safety. The application of the method is illustrated by a
number of hypothetical examples (see B.7).

The assessment of the degree of ventilation first requires the knowledge of the maximum
release rate of gas or vapour at the source of release, either by verified experience,
reasonable calculation, sound assumptions or available manufacturer's data.
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NOTE The way in which the maximum release rate has been determined should be declared in documentation.
B.5.2 Estimation of hypothetical volume V,

The calculations in this annex provide a simplified basis. They are not intended to be
considered as the only method of assessment. Other forms of assessment, e.g. computational
modelling, may also be appropriate in some situations.

B.5.2.1 General

The hypothetical volume V, represents the volume over which the mean concentration of
flammable gas or vapour will typically be either 0,25 or 0,5 times the LEL, depending on the
value of a safety factor, k. This means that, at the extremities of the hypothetical volume
estimated, the concentration of gas or vapour would be significantly below the LEL, i.e. the
volume where the concentration is above the LEL would be less than V,

of the hypothetical volume.
to the source of release will

hypothetical volume biased in the down-wind directien. Thirdly, in some situations, account
must be taken of the pogsihili i 3 of ventilation and the buoyancy (or

Thus the volume of ha a given source of release will generally be several or
even many time p ~

see equations B.4 and B.5), it is necessary to first
establish the thed imum_ventilation flow rate of fresh air to dilute a given release of
flammable materi ired concentration below the lower explosive limit. This can be

(dG/dt)max T
kxLEL, 293

(dV/dtJin = (B.1)

where

(dV/dt)min  is the minimum volumetric flow rate of fresh air (volume per time, m3/s);
(dG/dt)max is the maximum rate of release at source (mass per time, kg/s);
LEL, is the lower explosive limit (mass per volume, kg/m3);
k is a safety factor applied to the LEL,; typically:
k = 0,25 (continuous and primary grades of release)
k = 0,5 (secondary grades of release);
T is the ambient temperature (in Kelvin, K).

NOTE 1 For converting LEL, (vol %) to LEL (kg/m®), the following equation may be used for normal atmospheric
conditions as given in the Scope of this standard:

LEL, = 0,416 x 1073 x M x LEL,
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The relationship between the calculated value (dV/dt).,;, and the actual ventilation rate within
the volume under consideration (V;) in the vicinity of the release can then be expressed as a
volume (V).

NOTE 2 The safety factor k = 1,0 should normally be applied to the values obtained by verified experience,
available manufacturers’ data for specific devices through which the flammable material should or may be
discharged into the atmosphere or to reasonable calculations based upon reliable input data. To any other value
obtained by methods based upon assumptions, a lower safety factor should be applied.

NOTE 3 Where there are multiple sources of release within the volume which is served by the ventilation under
consideration (V,), it is necessary to determine the value of (dV/d¢),,, for each source of release and grade of
release. The flow rates thus determined should then be summated in accordance with Table B.2:

Vk — (dv/dt)mln (BZ)
C
where
C is the number of fresh air changes per unit time (s-1) an d d
(B.3)
where
dVy/dt
V, ) >rved by the actual ventilation in
NOTE 4 For indoor situations, ofvthe room or building being considered unless

Equation (B.2) would

release given idea| f
generally not b@u
resulting in badly vén

and homogeneous mixing at the source of
esh air. In practice, such ideal situations will
pcduse of possible impediments to the air flow,
area. Thus, the effective air exchange at the source
By C in equation (B.3), leading to an increased volume

(V). By introducifig a i ction (quality) factor f to equation (B.2), one obtains:
Fx V) = fx(dVédt)min (B.4)

where f is the ef
gas atmosphere, with

oy of the ventilation in terms of its effectiveness in diluting the explosive
franging from f = 1 (ideal situation) to, typically f = 5 (impeded air flow).

B.5.2.3 Open air

In an open-air situation even very low wind speeds will create a high number of air changes.

In the open air an assessment should be made on the basis of the site layout and site
features. Estimates of V, should preferably be made based on the result of using an
appropriate modelling tool, e.g. from CFD analysis.

Where this is not reasonably practicable an alternative assessment as outlined below may be
used. However, because of limitations in the calculation and other factors (e.g. dispersion is
normally more rapid in an open-air situation), this equation will generally result in an overly
large volume.

To avoid compounding this position, care should be exercised in the realistic selgction o

f a
value for f. ocuments
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For example, consider a hypothetical cube with side dimensions of 15 m in an open area. In
this case a wind speed of approximately 0,5 m/s will provide an air exchange rate of more
than 100/h (0,03/s) with volume V, of 3 400 m3.

In a conservative approximation using C = 0,03/s for an open-air situation, a hypothetical
volume V., of explosive gas atmosphere can be obtained by using the equation (B.5)

- fx(dV/dt)min (B.5)
0,03
where
f is a factor to allow for impeded air flow (see equation B.4);
(dV/dt)min is as previously defined (m3/s);
0,03 is the number of air changes per second.

B.5.2.4 Restricted open-air situation

If the ventilated volume is small (for example, a process
3mx1m(Vy,=15m3) and wind speed of say 0,05 m/s-t

B.5.2.5 Estimation of persistence time ¢
The time ¢ required for the average gontentré an/initial value X, to the LEL
(B.6)
where

X, is the initialco
the LEL, «@
o

concentration

Wree). However, when calculating t, the proper value for
particular case, considering among other aspects the

the determination of V, (see equation B.4).
In is the natural logarithm, and

k is a safety factor related to the LEL and is the same numerical value as applied in the
determination of (dV/dt)min (see equation B.1).

The numerical value of f obtained by equation B.6 by itself does not constitute a quantitative
means of deciding on the zone type. It provides additional information that has to be
compared with the time scale of the particular process and situation.

B.5.3 Estimation of degree of ventilation
B.5.3.1 General
Initial estimations would suggest that a continuous grade of release leads to a zone 0, a

primary grade to zone 1 and a secondary grade to zone 2; however, this is not always the
case because of the effect of ventilation.
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In some cases, the degree and level of availability of ventilation may be so high that in
practice there is no hazardous area. Alternatively, the degree of ventilation may be so low
that the resulting zone has a lower zone number (i.e. a zone 1 hazardous area from a
secondary grade source). This occurs, for example, when the level of ventilation is such that
the explosive gas atmosphere persists and is dispersed only slowly after the gas of vapour
release has stopped. Thus, the explosive gas atmosphere persists for longer than would be
expected for the grade of release.

The volume V, can be used to provide a means of rating the ventilation as high, medium or
low for each grade of release.

B.5.3.2 High ventilation (VH)

occur in openair situations except where there are restrictions to air flow, for example, in pits.

B.5.3.4 Medium ventilation (VM)

If the ventilation is neither high (VH) nor low (VL) then it should be regarded as medium (VM).
Normally, V, will be less than or equal to V,. Ventilation regarded as medium should control
the dispersion of the release of flammable vapour or gas. The time taken to disperse an
explosive gas atmosphere after release has stopped should be such that the condition for
either a zone 1 or zone 2 is met, depending on whether the grade of release is primary or
secondary. The acceptable dispersion time depends on the expected frequency of release
and the duration of each release. When the volume V, is significantly less than the volume of
the enclosed space, it may be acceptable to classify only part of the enclosed space as
hazardous. In some cases, depending on the size of the enclosed space, the volume V, can
be similar to the enclosed volume. In this case, all of the enclosed space should be classified
as hazardous.

In outdoor locations except where V, is very small or where there are significant restrictions
to air flow, the ventilation should be regarded as medium (VM).
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B.6 Availability of ventilation

The availability of ventilation has an influence on the presence or formation of an explosive
gas atmosphere. Thus the availability (as well as the degree) of ventilation needs to be taken
into consideration when determining the type of zone.

Three levels of availability of the ventilation should be considered (see examples in Annex C):

e good: ventilation is present virtually continuously;

e fair: ventilation is expected to be present during normal operation. Discontinuities are
permitted provided they occur infrequently and for short periods;

sontinuities are

e poor: ventilation which does not meet the standard of fair or good, bu
not expected to occur for long periods.

Ventilation that does not even meet the requirement for poor
considered to contribute to the ventilation of the area.

e Natural ventilation

For outdoor areas, the evaluation of ventilation neeg 3 he Tocal minimum wind
speed and availability. If the minimum wind speed is 9 be present virtually

6 ial when the ventilation has failed (for
example, by automatiqally slosing down ), the classification determined with the

ventilation operating neethpethe medified,

B.7 Practical; i

The effect of ve
calculations afe

fluence of independent ventilation on type of zone

\ Ventilation
Degree
High Medium Low
Grade of
release Availability
Good Fair Poor Good Fair Poor Good, fair
or poor
(Zone 0 NE) (Zone 0 NE) (Zone 0 NE) Zone 0 Zone 0
Continuous Zone 0 + + Zone 0
Non-hazardous? Zone 22 Zone 12 Zone 2 Zone 1
(Zone 1 NE) (Zone 1 NE) (Zone 1 NE) Zone 1 Zone 1 Zone 1 or
Primary Zone 1 + + .
Non-hazardous? Zone 22 Zone 22 Zone 2 Zone 2 zone 0
(Zone 2 NE) (Zone 2 NE) Zone 1
Secondary® Zone 2 Zone 2 Zone 2 Zone 2 and even
Non-hazardous? | Non-hazardous? zone 0°
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NOTE 1 ‘+ signifies ‘surrounded by’.

NOTE 2 Particular care should be taken to avoid situations where enclosed areas containing sources that give only
secondary grades of release might be classified as zone 0. This applies also to small non- purged and non-
pressurized enclosed areas, e.g. instrument panels or instrument weather protection enclosures, thermally insulated
heated enclosures or enclosed spaces between pipe installations and envelope of thermal insulation.

Such enclosures should preferably be provided with at least some kind of appropriately located apertures that will
enable unimpeded movement of air through the interior. Where that is not possible, practicable or desirable, effort
should be made to keep major potential sources of release out of enclosures, e.g. pipe connections should normally
be kept out of insulation enclosures as well as any other equipment that may be considered a potential source of
release.

NOTE 3 Continuous and primary sources of release should preferably not be located in areas with a low degree of
ventilation. Either sources of release should be relocated, ventilation should be improved or the grade of release
should be reduced.

ould be based on
n mode™Qf release should

NOTE 4 The summation of sources of release with regular (i.e. well predictable) actj
detailed analysis of operating procedures. For example, N sources of release with com
be normally considered as a single source of release with N different discharge points

A\

@ Zone 0 NE, 1 NE or 2 NE indicates a theoretical zone which would be of negligible tenf under normal

conditions.

b The zone 2 area created by a secondary grade of release may exceed i a prl y or continuous
grade of release; in this case, the greater distance should be taken.

¢ Will be zone 0 if the ventilation is so weak and the release is sdch that i
exists virtually continuously (i.e. approaching a 'no ventilation‘ c nditi}q).

MO

Table B.2 — Procedure for summati f multiple.releases within location V,

Grade of release ([ Action'to be taken with (dV/d)

Continuous Summyé\ill valy.asQr\({jV/é\Qmi:\?nd}RQI\y/ﬂle resulting total in equations B.2 to B.6
~_

In acco an}a\(with TableNB.3, sum e the requisite number of the largest values of
Primary (dV/dt) min Nand (d Ymin oINcontinuous releases from the above row and apply the
resulti talin equatiens

Secondar seonly the largest ina?e\{vglue of (dV/dt).;, and (dV/dt).;, items for continuous and
y D{Q y releases frem the abdve rows and apply this value in equations B.2 to B.6

ble\B.3 — Procedure for summation of
Itiple primary grade releases
\Nimber of primary grade | Nimber of rimary grade
accordance with Table B.2
1 1
2 2
3to5 3
6to9 4
10 to 13 5
14 to 18 6
19 to 23 7
24 to 27 8
28 to 33 9
34 to 39 10
40 to 45 1
46 to 51 12
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B.8 Calculations to ascertain the degree of ventilation
NOTE In the examples, it has been assumed that X, = 100 %. This may give a pessimistic result.

Calculation No. 1

Characteristics of release

Flammable material toluene vapour
Molecular mass of toluene 92,14 (kg/kmol)

Source of release vent

Lower explosion limit (LEL) 0,046 kg/m3 (1,2 % vol.)
Grade of release continuous

Safety factor, k 0,25

Release rate, (dG/dt)max 2,8 x 1010 kg/s
Ventilation characteristics

Indoor situation
Number of air changes, C
Quality factor, f

Ambient temperature, T
Temperature coefficient, (7/293 K)
Building size, Vj

Minimum volumetric flow

This is not applicable to a continuous release.

Conclusion

The hypothetical volume V, is reduced to a negligible value.

Since V, < 0,1 m3 (see B.4.3.2), the degree of ventilation may be considered as high with
regard to the source of release and area under consideration.

If the availability of the ventilation is “good” then there will be a zone 0 of negligible extent
(see Table B.1).

Documents

Document Sharing Hub

Full document details: IEC 60079-10-12008


http://www.avadocuments.com/doc/iec-60079-10-1-2008
http://www.avadocuments.com/doc/iec-60079-10-1-2008

Calculation No. 2

Characteristics of release
Flammable material
Molecular mass of toluene
Source of release
Lower explosion limit (LEL)
Grade of release
Safety factor, k
Release rate, (dG/dt)max

Ventilation characteristics

Indoor situation

Number of air changes, C

Quality factor, f

Ambient temperature, T
Temperature coefficient, (T/293 K)
Building size, V,

Minimum volumetric flow rate of fresh aijt:

_(dG/dt)max T _ 28x10

—34 —

60079-10-1 © IEC:2008

toluene

92,14 (kg/kmol)

failure of flange

0,046 kg/m3 (1,2 % vol.)
secondary

0,5

2,8 x 1076 kg/s

1/h (2,8 x 104/s
5
20 °C (293

dV/dt)min =
( / )mln kx LEL

293 05x0046 - 293

Conclusion

The hypothetical volume V,, although significantly less than V,, is greater than 0,1 m3.

The degree of ventilation may be considered as medium with regard to the source of release
and area under consideration on this basis. However the flammable atmosphere would persist

and the concept of zone 2 may not be met.

Calculation No. 3
Characteristics of release

Flammable material
Molecular mass of propane
Source of release

Lower explosion limit (LEL)

Full document details: IEC 60079-10-12008
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Grade of release primary
Safety factor, k 0,25
Release rate, (dG/dt)max 0,005 kg/s

Ventilation characteristics

Indoor situation

Number of air changes, C 20/h (5,6 % 10'3/3)
Quality factor, f 1

Ambient temperature, T 35 °C (308 K)
Temperature coefficient, (7/293 K) 1,05

Building size, V, M0Omx15mx6m

Minimum volumetric flow rate of fresh air:

_ (dG/dt)max T _ 0005 308

dV/dt)min = = =06
@V/dmin == TEL 283 ~ 0,250,039 * 293

Evaluation of hypothetical volume V;:

v, - fx(dV/dt)min _  1x06 5 = 11x10 %
C 56x10~
Time of persistence:

_~f, LELxk _ -1
- C .20

t

The hypothetical 3 not-regligible but does not exceed V,,.

The degree of\venrtilaion\maybe considered as medium with regard to the source of release
i on based on these criterions. With a persistence time of 0,26 h, the
be met unless the operation is repeated frequently.

Calculation No. 4

Characteristics of release

Flammable material ammonia gas

Molecular mass of ammonia 17,03 (kg/kmol)

Source of release evaporator valve

Lower explosion limit (LEL) 0,105 kg/m3 (14,8 % vol.)
Grade of release secondary

Safety factor, k 0,5

Release rate, (dG/dt)max 5x 1076 kg/s

Ventilation characteristics

Indoor situation Documents
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Number of air changes, C 15/h, (4,2 x 10-3/s)
Quality factor, f 1

Ambient temperature, T 20 °C (293 K)
Temperature coefficient, (T/293 K) 1

Building size, V, M0Omx15mx6m

Minimum volumetric flow rate of fresh air:

_(dG/dt) e T _ 5x107% 293

(dV/dt)min = = X =95%x10"°m3/s
kxLEL 293 05x0105 293

Estimation of hypothetical volume V,:

_ FX(dV/dt)min _ 1x95x107°
C 42x1073

v, =0,02m>

Time of persistence:

t:__f nLELXk :i/nmz();ﬂ
C Xo 15 100

Conclusion

The degree of ventilatjo ideted™as High (V, < 0,1 m3) with regard to the source
of release and ar G Sid ion X d on these criterions (see Table B.1).

Flammable material propane gas

Molecular mass of propane 44,1 (kg/kmol)

Source of release compressor seal

Lower explosion limit (LEL) 0,039 kg/m3 (2,1 % vol.)
Grade of release secondary

Safety factor, k 0,5

Release rate, (dG/dt)max 0,02 kg/s

Ventilation characteristics

Indoor situation

Number of air changes, C 2/h, (5,6 x 10-4/s)

Quality factor, f 5

Ambient temperature, T 20 °C (293 K)

Temperature coefficient, (T/293 K) 1 Documents
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Minimum volumetric flow rate of fresh air:

dG/dt
(dV/dt )min — ( / )max % T — 0,02 % 293
kxLEL 293 0,5x0,039 293

=1,02m3/s

Estimation of hypothetical volume V,:

V- fx(dV/dt)min _ 5x102 =9200m?

z C 56x10~4

Time of persistence

—-f LELxk -5, 21x05

=114h
c X, 2 100

Conclusion

Flammable materia methane gas

Moleculay’ma f 16,05 (kg/kmol)
Sourcé ef release pipe fitting
Lower explosion\limi 0,033 kg/m3 (5 % vol.)

Grade of rele secondary
Safety factor, k 0,5
Release rate, (dG/dt)max 1 kg/s

Ventilation characteristics

Outdoor situation

Minimum wind speed 0,5 m/s
Resulting in an air exchange, C >3 x 1072/s
Quality factor, f 1

Ambient temperature, T 20 °C (293 K)
Temperature coefficient, (T/293 K) 0,98

Minimum volumetric flow rate of fresh air:
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t
@Vt = (9 e T 1
kxLEL 293 ~ 05x0,033

Estimation of hypothetical volume V,:

fx(dV/dt )min
V, = s

_ 1x569,.3 —2000m3

3x1072

Time of persistence:

—f LELxk _ —1

t=—1In =
C X 0,03

5x0,5
100

In

Conclusion

The availability of ventilation, being
classified as zone 2 (see Table B.1)

Calculation No. 7
Characteristics of release

Flammable materi

Molecular m@!

Source of release

Indoor situation

Number of air changes, C

Quality factor, f

Ambient temperature, T
Temperature coefficient, (T/293 K)
Building size, V,

Minimum volumetric flow rate of fresh air:

_ (dG/dt)max T 6x1074

— 38 —

=123 s (max)

60079-10-1 © IEC:2008

=59,3 m3/s

) that for an
e less than V,.

ofuene vapour
92,14 (kg/kmol)

failure of flange

0,046 kg/m3 (1,2 % vol.)
secondary

0,5

6 x 10~4 kg/s

12/h (3,33 x 1073)
2

20 °C (293 K)

1

M0Omx15mx6m

293 _ 26x10~3 m/s

dV/dt)min =
(dV/dt)min K LEL

Evaluation of hypothetical volume V;:
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. -3
v, = fx(dV/dt )min _ 2><26><103 —157m3
C 3,33x10~
Time of persistence:
t= o LELXK -2, 1205 4 arp (51min)

c X, 12 100

Conclusion

The hypothetical volume V, is not negligible but does not exceed V,,.

The degree of ventilation may be considered as medium with regayd f release

and area under consideration based on these criterions.

If the availability of the ventilation is “good” then the area g’'zone 2 (see
Table B.1). Based on this persistence time, the concept ofzone et
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Annex C
(informative)

Examples of hazardous area classification

C.1 The practice of area classification involves a knowledge of the behaviour of flammable
gases and liquids when they are released from containment, and sound engineering
judgement based on experience of the performance of items of plant equipment under
specified conditions. For this reason, it is not practicable to give every conceivable variation
of plant and process characteristics. Therefore, the examples chosen are these which best
describe the overall philosophy of area classification.

C.2 In arnvmg at the distances shown in the diagrams, specmc plant,cempo conditions

C.3 |Ifitis intended that the example
practice, account must be taken of the
and location characteristics.

identify but not quantif
more closely, a >

C.5 The principlenphjective™q amples which follow is to demonstrate typical results
which might be dbta i hey illustrate a number of different situations following
the guidance a in this standard including the use of Table B.1. They may also
be of use in § i upplementary standards.

industrial code hey aré intended only as a guidance to the magnitude of the zones.

C.7 According to the national or industrial code selected, the shape and extent of the zones
may vary.
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