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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 fr st
all national electrotechnical committees (IEC National Commlttees) The
international co-operation on all questions concerning standardization in the €
this end and in addition to other activities, IEC publishes International $t ical Specifications,
Technical Reports, Publicly Available Specifications (PAS) and Gui
Publication(s)”). Their preparation is entrusted to technical committees;

nga |zat Qn comprising

Publications is accurate, IEC cannot be h€ld respon

misinterpretation by any end user.

4) In order to promote international unjfermi IE i icati
transparently to the maxim 8 |n helir patjonal and regional publications. Any divergence
between any IEC Publication and the g nationdY or regional publication shall be clearly indicated in
the latter.

5) IEC itself does qtte srmity. Independent certification bodies provide conformity
assessment sery i 2 access t0 IEC marks of conformity. IEC is not responsible for any

services carried O

indispensablefor the correct application of this publication.

9) Attention is drawn e possibility that some of the elements of this IEC Publication may be the subject of
patent rights. IEC shall not 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 second edition of IEC 60079-10-1 cancels and replaces the first edition, published in
2008, and constitutes a technical revision. The significant technical changes with respect to
the previous edition are as follows:
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Type
M;:gr Major
Changes Clause P Extension | technical
editorial
changes changes
Complete restructuring and dividing into
sections to identify possible methodologies Main
for classifying hazardous areas and to | body of X X X
provide further explanation on specific | the text
assessment factors
Introducing new terms and the definitions 3 ﬁ(\
N
Introducing clauses for alternative methods 5 X
of area classification (
Updating examples for presentation of x
hazardous area classification Annex A \ X X
Updating calculations for release rate Annex/Bf— \ \X> X
Complete re-write with a new approach 7 \)
based upon the degree of dilution instead X X
of the degree of ventilation (\
Introduced as a new Annex for ne \/
ex X
extents \&
Updated with new exam i
methodology set forth i nRex' E X
and D AN N
Update of the w ghart Hustrat \%{/
area classifica rotedure\by djvid i’ | Annex F X
into four sections (\
Introduced as a%W&\gWen Annex H X
Introduced s\% Me} on hybrid Annex | X
mixtureg’\ N
Introduced™_as\ 3 “néw  Annex  with
Annex J X
supplementary eguatjons
Introduced as a new Annex for reference to
national and industry codes with specific | Annex K X

examples of hazardous area classification

NOTE The technical changes referred to include the significance of technical changes

Standard, but they do not form an exhaustive list of all modifications from the previous version.

Full document details: IEC 60079-10-12015

in the revised IEC
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Explanations:
Definitions

Minor and editorial changes clarification
decrease of technical requirements
minor technical change
editorial corrections

These are changes which modify requirements in an editorial or a minor technical way. They
include changes of the wording to clarify technical requirements without any technical change.

Extension addition of technical options

These are changes which add new or modify existing technical re
new options are given, but without increasing requirements.

Major technical changes

JEN
/\ }D-LS\\ \ \%%Mon voting
3N25§EDE\ 5\/31J/256/RVD

e yoting/forhe

Full information@v
voting indicated ea

provdl of this standard can be found in the report on

This publication Kas ee cordance with the ISO/IEC Directives, Part 2
A list of all p 079 series, under the general title Explosive atmospheres, can
be found

the stability date™indicated on the IEC website under "http://webstore.iec.ch" in the data
related to the specific publication. At this date, the publication will be

* reconfirmed,

* withdrawn,

* replaced by a revised edition, or
*+ amended.

A bilingual version of this publication may be issued at a later date.

The contents of the corrigendum of November 2015 have been included in this copy.

IMPORTANT - The 'colour inside’ logo on the cover page of this publication indicates
that it contains colours which are considered to be useful for the correct
understanding of its contents. Users should therefore print this document using a
colour printer.
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INTRODUCTION

In areas where dangerous quantities and concentrations of flammable gas or vapour may
arise, protective measures need 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 hazards.

@%
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 hazards may arise and may then be used as a basis to support proper selection
and installation of equipment for use in hazardous areas.

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

c) catastrophic failures or rare malfunctions whic
dealt with in this standard (see 3.7.3 and 3.7 4);

d) rooms used for medical purposes;

compliant with relevant gas codes;

f) domestic premises;

but the principleg
IEC 60079-10-2).

NOTE Additional g (o]

&nt at the same time as flammable vapour. In such case
this standard may not be appropriate. Flammable mists
considered to be a hazard due to the high flash point are
ngse cases the classifications and details given in this standard
flammable mists is provided in Annex G.

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 substances.

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 is applicable with judgement for other ignition sources.

This standard does not take into account the consequences of ignition of an explosive
atmosphere.

2 Normative references

The following documents, in whole or in part, are normatively referenced in this dogument and
are indispensable for its application. For dated references, only the edition cited .U:ments

Document Sharing Hub
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undated references, the Ilatest edition of the referenced document (including any
amendments) applies.

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

IEC 60079-14, Explosive atmospheres — Part 14: Electrical installations design, selection and
erection

3 Terms and definitions

For the purposes of this document, the terms and definitions given in IEC 60079-0 and the
following apply.

NOTE Additional definitions applicable to explosive atmospheres can be found in |E

3.1

explosive atmosphere
mixture with air, under atmospheric conditions, of flamma
vapour, dust, fibres, or flyings, which, after ignition, permit

[SOURCE: IEC 60079-0:2013, 3.30]

3.2
explosive gas atmosphere

ab bstances in the form of gas or
e propagation

above the upper flammable limit (UFL) is not an
dlly for area classification purposes, it is advisable

gnie, CAS no. 689-97-4, C,H,; 1-propyl nitrate (vapour), CAS
apour), CAS no. 1712-64-7, (CH;), CH ONO,; ethylene oxide

hazardous area~qQn agcount of explosive gas atmospheres)

an area in which arf 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

Note 1 to entry: The interior of many items of process equipment are commonly considered as a hazardous area
even though a flammable atmosphere may not normally be present to account for the possibility of air entering the
equipment. Where specific controls such as inerting are used the interior of process equipment may not need to be
classified as a hazardous area.

3.3.2

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

3.3.3

zones

hazardous area classification based upon the frequency of the occurrence and duration of an
explosive atmosphere Documents
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3.34

zone 0

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

Note 1 to entry: Both “long” and “frequently” are the terms which are intended to describe a very high likelihood of
a potentially explosive atmosphere in the area. In that respect, those terms do not necessarily need to be
quantified.

3.3.5

zone 1

an area in which an explosive gas atmosphere is likely to occur periodically or occasionally in
normal operation

3.3.6

zone 2
an area in which an explosive gas atmosphere is not likely to occu
it does occur, it will exist for a short period only

Note 1 to entry: Indications of the frequency of the occurrence and dufation
specific industries or applications.

[SOURCE: IEC 60050-426:2009, 426-03-05]

3.3.7

extent of zone
distance in any direction from the source
by air to a concentration below the lowg

& gas/air mixture will be diluted

3.4

releases

3.41

source of releas

a point or Iocati@o gas, vapour, mist or liquid may be released into
the atmosphere sovtha atmosphere could be formed

[SOURCE: IEC 60050 £03-06, modified (addition of "mist")]

3.4.2

continuous Y

release whis or is expected to occur frequently or for long periods

Note 1 to entry: Both "frequently” and “long” are the terms which are intended to describe a very high likelihood of
a potential release. In that respect, those terms do not necessarily need to be quantified.

3.4.3
primary grade of release
release which can be expected to occur periodically or occasionally during normal operation

3.4.4

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

3.4.5

release rate

quantity of flammable gas, liquid, vapour or mist emitted per unit time from the source of
release

Documents
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3.5
ventilation and dilution

3.5.1

ventilation

movement of air and its replacement with fresh air due to the effects of wind, temperature
gradients, or artificial means (for example, fans or extractors)

3.5.2

dilution

the mixing of flammable vapour or gas with air which, over time, will reduce the flammable
concentration

3.5.3

dilution volume
the volume in the vicinity of a source of release where the concentpah
vapour is not diluted to a safe level

Note 1 to entry: In certain instances, the volumes under 3.5.3 and 3.5.5 gould

3.54

background concentration

the mean concentration of flammable substance
outside of the release plume or jet

under consideration

3.5.5
volume under consideration

the volume served by the ventilation in/the vicini elease being considered

Note 1 to entry: For an encldsed\ spa W ire room or part of a larger space where the
considered ventilation will dilutesxthe ga v source of release. Outdoors, this is the volume
around a source of release | i ure_could form. In congested outdoor places this volume could
be dictated by the partial e bythe swrrounding objects.

3.6

properties of fla

3.6.1

flammable substa

substance which\ ble, or is capable of producing a flammable gas, vapour or
mist

3.6.2

flammable liq
liquid capable of preddcing a flammable vapour under any foreseeable operating conditions

Note 1 to entry: 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.

Note 2 to entry: This definition is used for the classification of hazardous areas and may be different from the
definition of flammable liquids used for other purposes e.g. codes for classification of flammable liquids for
transport.

3.6.3

liquefied flammable gas

flammable substance which is stored or handled as a liquid and which at ambient temperature
and atmospheric pressure is a flammable gas

3.6.4
flammable gas or vapour
gas or vapour which, when mixed with air in certain proportions, will form an explosive gas

atmosphere Documents
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3.6.5
flammable mist
droplets of liquid, dispersed in air so as to form an explosive atmosphere

3.6.6
hybrid mixture
mixture of a flammable gas or vapour with a dust.

Note 1 to entry: According IEC 60079-10-2 the term “dust” is defined as including both combustible dust and
combustible flyings.

3.6.7

relative density of a gas or a vapour
density of a gas or a vapour relative to the density of air at the_§s
temperature (air is equal to 1,0)

pressure and

3.6.8
flashpoint
lowest liquid temperature at which, under certain standardi

3.6.9
boiling point
temperature of a liquid boiling at an a

Note 1 to entry: The initial boiling point that she
the boiling point for the range of liquids present,
fractionation.

3.6.10
vapour pressure
pressure exerted whe

Note 1 to entry: Tk S
function of the substance

3.6.11

air
[SOURCE: IEC © 0:2013, 3.37]

3.6.12

lower flammable limit (LFL)

the concentration of flammable gas, vapour or mist in air below which an explosive gas
atmosphere will not be formed

[SOURCE: IEC 60050-426:2009, 426-02-09, modified (definition in 60050-426 referred to
"Lower Explosive Limit")]

3.6.13

upper flammable limit (UFL)

the concentration of flammable gas, vapour or mist in air above which an explosive gas
atmosphere will not be formed

[SOURCE: IEC 60050-426:2009, 426-02-10, modified (definition in 60050-426 referred to
"Upper Explosive Limit")] Documents
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3.7
operation

3.71
normal operation
situation when the equipment is operating within its designed parameters

Note 1 to entry: Failures (such as the breakdown of pump seals, flange gaskets or spillages) caused by accidents
which involve repair or shut-down are not considered to be part of normal operation.

Note 2 to entry: Normal operation includes start-up and shut-down conditions and routine maintenance, but
excludes initial start up as part of commissioning.

3.7.2

routine maintenance
action to be performed occasionally or periodically in normal operation
performance of equipment

Qtain proper

3.7.3
rare malfunction
type of malfunction which may happen only in rare instanceg

Note 1 to entry: Rare malfunctions in the context of this standard incliqe separate and independent

major release of flammable substance.

Note 2 to entry: Rare malfunctions could als¢ intlude,

rare malfunction.

3.7.4

catastrophic failure
an occurrence which e
resulting in a release

Note 1 to entry: Ca
the rupture of a process
or seal.

Installations in v flammable substances are handled or stored should be designed,
constructed, operated and maintained so that any releases of flammable substance, and
consequently the extent of hazardous areas, are kept to a minimum, whether in normal or
abnormal operation, with regard to frequency, duration and quantity of a release.

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

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 non-
routine maintenance, the area classification may not be valid. It is expected that the activities
other than those of normal operation would be dealt with by a safe system of work. The area
classification should take into account any routine maintenance.
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In a situation in which there may be an explosive gas atmosphere, the following steps should
be taken:

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 accepted as low as reasonably practicable. Such measures may be used individually,
if they are recognized as being highly reliable or in combination to achieve the required level
of safety.

4.2 Area classification objectives

temperature. Area classification has two main objectives, |
hazardous zone, and the extent of the zone (see 7 and

In most practical situations where flammabl a ed, it is difficult to ensure that
an explosive gas atmosphere will neve ay also be difficult to ensure that
equipment will never give rise to a (sou i Therefore, in situations where an
explosive gas atmosphere has a high urring, reliance is placed on using

equipment which has a Ig K : purce of ignition. Conversely, where the
likelihood of an explosive 3 i i

In particular, zo@o

suitable operating”p

substance released \intovthe atmosphere is minimized, so as to reduce the extent of the

hazardous area.

Once a plant has been classified and all necessary records prepared, it is important that no
modification to equipment or operating procedures is made without reference to those
responsible for the area classification. The classification should be updated for any plant or
operational changes. Reviews should be carried out during the life of the plant.

4.3 Explosion risk assessment

Subsequent to the completion of the area classification, a risk assessment may be carried out
to assess whether the consequences of ignition of an explosive atmosphere requires the use
of equipment of a higher equipment protection level (EPL) or may justify the use of equipment
with a lower equipment protection level than normally required.

In some cases a zone of negligible extent (NE) may arise and may be treated as non
hazardous. Such a zone implies that an explosion, if it takes place, will have negligible
consequences. The zone NE concept can be applied irrespective of any other adjustments for
risk assessment to determine EPL. ocuments
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NOTE 1: An example of Zone NE is a natural gas cloud with an average concentration that is 50 % by volume of
the LFL and that is less than 0,1 m® or 1,0 % of the enclosed space concerned (whichever is smaller).

The EPL requirements may be recorded, as appropriate, on the area classification documents
and drawings to allow proper selection of equipment.

NOTE 2: |IEC 60079-0 describes EPLs and IEC 60079-14 defines the application of EPLs to an installation.

4.4 Competence of Personnel

The area classification should be carried out by those who understand the relevance and
significance of the properties of the flammable substances, prlnC|pIes of gas/vapour
dispersion and those who are familiar with the process and the equipment. It may be
beneficial for other engineering disciplines, e.g. electrical and mechag |caI engineers, and

NOTE Competency can be demonstrated in accordance with a traind
national regulations or standards or user requirements.

5 Area classification methodology

5.1 General

It is rarely possible by a simple examination of =No

plant design to decide which parts of
the plant can be equated to the three z0 inti ones 0, 1 and 2). A more detailed

In determining

duration of the accordance with the definitions of continuous,

primary and secopda a3se. Once the grade of release, the release rate,
concentration, velg o) ¥ her factors are assessed there is then a firm basis
on which to ass f presence of an explosive gas atmosphere in the surrounding
areas and detg extent of the hazardous zones

This appr6 efore xequires detailed consideration to be given to each item of process
equipme ains \a substance flammable by itself or due to process conditions, and

Subclauses 5.3 to 5.6 give guidance on options for classifying areas in which there may be an
explosive gas atmosphere. An example of a schematic approach to the classification of
hazardous areas is given in Annex F.

The area classification should be carried out when the initial process and instrumentation line
diagrams and initial layout plans are available, and should be confirmed before plant start-up.

Consideration should always be given to the type, number and location of various potential
points of release so that relevant zone and boundary conditions are assigned in the overall
assessment. Control systems designed and installed to a Functional Safety standard may
reduce the potential for a source of release and/or the quantity of a release (e.g. batch
sequence controls, inerting systems). Such controls may therefore be considered where
relevant to the hazardous area classification.

When classifying areas consideration should be also be given to a careful evaluation of prior

experience with the same or similar installations. It is not enough to identify onlymij?ﬁents
source of flammable substance and proceed immediately to defining the cxtent o

Document Sharing Hub

Full document details: IEC 60079-10-12015


http://avadocuments2026.com/doc/iec-60079-10-1-2015
http://avadocuments2026.com/doc/iec-60079-10-1-2015

-18 - IEC 60079-10-1:2015 © IEC 2015

zone 2 classified areas. Where experience or documented evidence indicates that a particular
plant design and operations are sound this may be used to support the classification chosen.
Furthermore, it is conceivable that an area could be reclassified based on industry experience
or new evidence.

5.2 Classification by sources of release method

Classification may be approached by calculation, considering appropriate statistical and
numerical assessments for the factors concerned, for each source of release.

Refer Annex F. The source of release approach can be summarized as follows:

e Identify sources of release;

o Determine the release rate and grade of release for each source baged
and duration of release;

aly frequency

e Assess ventilation or dilution conditions and effectiveness;
o Determine zone type based on grade of release and ventila

e Determine extent of zone.

a good basis for assessment in some(situations
tool when assessing the int ' ultct

In all cases the assess
with appropriate cauti

limitations or requtrem s > adjust the input conditions or results accordingly
to ensure appro

5.3 Use of ind jonal standards
Industry code andards may be used where they provide guidance or examples
appropriate to d comply with the general principles of this standard.

further detail aswell as examples.

5.4 Simplified methods

Where it is not practicable to make required assessments from individual sources of release,
a simplified method may be used.

Simplified methods shall identify sources for each of the zone types, zone 0, 1 and 2 that are
suitably conservative to allow for potential sources of release without individual detail. The
judgement is best made by reference to a set of criteria based on industry experience and
appropriate to the particular plant.

It is not necessary to carry out a detailed assessment of all items in a plant where an
assessment for one item or condition would be adequate to provide a conservative
classification for all other similar items or conditions on the plant.
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Larger zone areas are characteristic of simplified methods, stemming from the approach and
the necessity to apply more conservative zonal classification where doubt exists as to the
hazards involved. This approach shall err on the side of safety.

To arrive at less conservative or more accurate figures of the boundaries of the classified
area, reference to illustrative examples or more detailed assessment of point sources of
release, as applicable should be used.

5.5 Combination of methods

The use of different methods may be appropriate for classification of a plant at various stages
of its development or for various parts of the plant.

For example, at the initial conceptual stage of a plant the simplifie ethQqd may be

of release the classification should be upgraded using \@a moreg d method of
assessment.

sections of plant (e.g. sections of piping with flanges, (s0ch as ks) while applying a
more detailed assessment to the more signifigant \potential sources of release (e.g. relief

In many cases the classification examples. i national or industry codes can,
where appropriate, be used to classify Some co 5.0f larger plants.

6.1 General
The release rate@ 3 8 _sul se Is the most important factor that affects the extent
of a zone.

classification of potentially explosive areas is provided in the 6.2 to 6.5.

6.2 Sources of release

The basic elements for establishing the hazardous zone types are the identification of the
source of release and the determination of the grade or grades of the release.

Since an explosive gas atmosphere can exist only if a flammable gas or vapour is present
with air, it is necessary to decide if any flammable substances can exist in the area
concerned. Generally speaking, such gases and vapours (and flammable liquids or solids
which may give rise to them) are contained within process equipment that may or may not be
totally enclosed. It is necessary to identify where a flammable atmosphere can exist inside
process equipment, or where a release of flammable substances can create a flammable
atmosphere outside process equipment.

Each item of process equipment (for example, tank, pump, pipeline, vessel, etc.) should be
considered as a potential source of release of a flammable substance. If the imeeuments
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foreseeably contain a flammable substance, it will clearly not give rise to a hazardous area
around it. The same will apply if the item contains a flammable substance but cannot release
it into the atmosphere (for example, a fully welded pipeline is not considered to be a source of
release).

If it is established that the item may release a flammable substance into the atmosphere, it is
necessary, first of all, to determine the grade or grades 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’.

NOTE 1 Releases may form part of process, e.g. taking samples, or may occur as partpf a routine maintenance
procedure. These forms of release are generally classified as continuous or primary drades ©fxelease. Accidental
releases are generally classified as secondary grades of release.

this area classification procedure.
factors involved.

The area classification of/pro i ich a flammable substance is burned, for
example, fired heater 3 i bines etc., should take into account any

In some cases ‘@o S S tems where specific construction codes are met
d 5 e ) " S

can be accepte

a negligible leakak gzardous area classification of such equipment or
installations requites\a somp gssment to verify the full compliance of the installation to
the relevant and operating standards. Verification of compliance should
consider des ration, maintenance and monitoring activities

Mists whi saks of pressurized liquid can be flammable even though the liquid
temperature i

6.3 Forms of release
6.3.1 General

The characteristic of any release depends upon the physical state of the flammable
substance, its temperature and pressure. The physical states include:

e a gas, which may be at an elevated temperature or pressure;

e a gas liquefied by the application of pressure, e.g. LPG;

e a gas which can only be liquefied by refrigeration, e.g. methane;

e aliquid with an associated release of flammable vapour.

Releases from such plant items as pipe connections, pumps and compressor seals and valve
packings often start with a low flow rate. However, if the release is not stopped erosion at the
source of the release can greatly increase the rate of release and hence the extent of the

hazard. Documents

Document Sharing Hub

Full document details: IEC 60079-10-12015


http://avadocuments2026.com/doc/iec-60079-10-1-2015
http://avadocuments2026.com/doc/iec-60079-10-1-2015

IEC 60079-10-1:2015 © IEC 2015 -21-

A release of flammable substance above its flashpoint will give rise to a flammable vapour or
gas cloud which may initially be less or more dense than the surrounding air or may be
neutrally buoyant. The forms of release and the pattern of behaviour at various conditions are
displayed as a flow chart in Figure B.1.

Every form of release will eventually end as a gaseous or vapour release and the gas or
vapour may appear as buoyant, neutrally buoyant or heavy (see Figure B.1). This
characteristics will affect the extent of the zone generated by a particular form of release.

The horizontal extent of the zone at ground level will generally increase with increasing
relative density and the vertical extent above the source will generally increase with
decreasing relative density.

6.3.2 Gaseous release

At high pressures, a the e expansion can come into play. As the gas

escapes, it expand initially behave as heavier than air. However,
the cooling due is eventually offset by the heat supplied by the
air. The resulti iti

ng™Mia ¢ ally become neutrally buoyant. The transition from
heavier than air \{\Behaviour may occur at any time depending on the
nature of the rel Y 3 cur after the cloud has been diluted to below the LFL.
NOTE Hydroge e Joule-Thomson effect, heating up as it expands and so will never exhibit
a heavier tha

Some gases can béevliquefied by the application of pressure alone, e.g. propane and butane,
and are usually stored and transported in this form.

When a pressurized liquefied gas leaks from its containment the most likely scenario is that
the substance will escape as a gas from any vapour space or gas lines. The rapid evaporation
produces significant cooling at the point of release and icing due to the condensation of water
vapour from the atmosphere may occur.

A liquid leak will partially evaporate at the point of release. This is known as flash
evaporation. The evaporating liquid pulls energy from itself and the surrounding atmosphere
and in turn cools down the leaking fluid. The cooling of the fluid prevents total evaporation
and therefore an aerosol is produced. If the leak is large enough then cold pools of fluid can
accumulate on the ground which will evaporate over time to add to the gas release.

The cold aerosol cloud will act like a dense gas. A pressurized liquid release can often be
seen as the cooling effect of evaporation will condense ambient humidity to produ

a visible
cloud. Bocuments
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6.3.4 Liquefied by refrigeration

Other gases, the so-called permanent gases, can only be liquefied by refrigeration e.g.
methane and hydrogen. Small leaks of refrigerated gas will evaporate quickly without forming
a pool of liquid by drawing heat from the environment. If the leak is large a cold pool of liquid
may form.

As the cold liquid pulls energy from the ground and surrounding atmosphere the liquid will boil
generating a cold dense gas cloud. As with liquids, dikes or bund walls can be used to direct
or hold the flow of leakages.

NOTE 1 Care needs to be taken when classifying areas containing cryogenic flammable gases such as liquefied
natural gas. Vapours emitted will generally be heavier than air at low temperatures b become neutrally
buoyant on approaching ambient temperature.

NOTE 2 Permanent gases have a critical temperature lower than -50 °C.

6.3.5 Aerosols

evaporation of pressurized liquids. The scattering of li
makes the cloud visible to the naked eye. The dispe

surrounding environment, evaporate
Annex G).

6.3.6 Vapours

Liquids at equilibrium wj

The process ofo 5
the” iqui

example from g
decrease the tempera

The release of flammable liquids will normally form a pool on the ground, with a vapour cloud
at the liquid’s surface unless the surface is absorbent. The size of the vapour cloud will
depend on the properties of the substance and its vapour pressure at the ambient
temperature (see B.7.2).

NOTE The vapour pressure is an indication of a liquid's evaporation rate. A substance with a high vapour
pressure at normal temperatures is often referred to as volatile. As a general rule, vapour pressure of liquid at
ambient temperatures increases with decreasing boiling point. As the temperature rises so does the vapour
pressure.

Release may also occur on water. Many flammable liquids are less dense than water and are
often not miscible. Such liquids will spread on the surface of water, whether it is on the
ground, in plant drains, pipe trenches or on open waters (sea, lake or river), forming a thin
film and increasing the evaporation rate due to the increased surface area. In these
circumstances the calculations in Annex B are not applicable.
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6.4 Ventilation (or air movement) and dilution

Gas or vapour released into the atmosphere may dilute through turbulent mixing with air, and
to a lesser extent by diffusion driven by concentration gradients, until the gas disperses
completely and the concentration is essentially zero. Air movement due to natural or artificial
ventilation will promote dispersion. Increased air movement may also increase the rate of
release of vapour due to increased evaporation on an open liquid surface.

Suitable ventilation rates can reduce the persistence time of an explosive gas atmosphere
thus influencing the type of zone.

A structure with sufficient openings to allow free passage of air through all parts of the
building is considered in many cases to be well ventilated and should be‘treated as an open
air area, e.g. a shelter with open sides and rooftop ventilation openings

Dispersion or diffusion of a gas or vapour into the atmosphere is &
concentration of the gas or vapour to below the lower flammable/tini

zone.

NOTE 1 Increased air movemen

rate.

For low velocits vapour dispersion in the atmosphere increases
with wind speed, b ¢ conditions layering of the gas or vapour may occur
and the distance fok 5a arsal can Ye greatly increased.

NOTE 2 In plarit areas wit 3 ions to ventilation such as large vessels and structures, even at low wind

speeds, eddies

because the conditions which give rise to this effect are rare and occur only for short periods.
However, if prolonged periods of low wind speed are expected for the specific circumstance
then the extent of the zone should take account of the additional distance required to achieve
dispersion.

6.5 Main types of ventilation
6.5.1 General
The two types of ventilation are:

a) natural ventilation;

b) artificial (or forced) ventilation, either general to the area or local to the source of release.
6.5.2 Natural ventilation

Natural ventilation in buildings arises from pressure differences induced by the wind and/or by
temperature gradients (buoyancy induced ventilation). Natural ventilation may be effective in
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certain indoor situations (for example, where a building has openings in its walls and/or roof)
to dilute releases safely.

Examples of natural ventilation:

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;

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.

availability even though the degree of the ventilatio
ventilation, a lower degree of ventilation leads to a

Particularly the case where the
of the enclosure. Under certain

g Wwindy\da when the wind is blowing onto the
3 moverent may prevent the operation of the

ese cuypstances the level of ventilation and the

orf may also be provided by artificial means, for example,
ificial ventilation is mainly applied inside a room or enclosed

near a point of release) and for both of these, differing degrees of air movement and
replacement can be appropriate.

With the use of artificial ventilation it is sometimes possible to achieve:

e reduction in the type and/or extent of zones;
e shortening of the time of persistence of an explosive gas atmosphere;

e prevention of the generation of an explosive gas atmosphere.
6.5.3.2 Ventilation considerations

Artificial ventilation can provide an effective and reliable ventilation system in an indoor
situation. The following considerations should be included for artificial ventilation systems:

a) classification of the inside of the extraction system and immediately outside the extraction
system discharge point and other openings of the extraction system;
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b) for ventilation of a hazardous area the ventilation air should normally be drawn from a
non-hazardous area taking into account the suction effects on the surrounding area;

c) before determining the dimensions and design of the ventilation system, the location,
grade of release, release velocity and release rate should be defined.

In addition, the following factors will influence the quality of an artificial ventilation system:

a) flammable gases and vapours usually have densities other than that of air, thus they may
accumulate near to either the floor or ceiling of an enclosed area, where air movement is
likely to be reduced;

b) proximity of the artificial ventilation to the source of release; artificial ventilation close to
the source of release will normally be more effective and may be needed to adequately
control gas or vapour movement;

c) changes in gas density with temperature;

d) impediments and obstacles may cause reduced, or even
ventilation in certain parts of the area;

e) turbulence and circulating air patterns.

For more details see Annex C.

ulation of air may also be
to provide for the needs of

heating of the air is required. Where reciroutation
safety may also be required\e.g. na i
6.5.3.3 Examples ¢

General artificia ) ay\inclide™a building which is provided with fans in the walls
and/or in the roo

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

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

For more details see C.4.

6.5.4 Degree of dilution
The effectiveness of the ventilation in controlling dispersion and persistence of the explosive
atmosphere will depend upon the degree of dilution, the availability of ventilation and the

design of the system. For example, ventilation may not be sufficient to prevent the formation
of an explosive atmosphere but may be sufficient to avoid its persistence.

The degree of dilution is a measure of the ability of ventilation or atmospheric conditions to
dilute a release to a safe level. Therefore a larger release corresponds with a Iow%ements
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dilution for a given set of ventilation / atmospheric conditions, and a lower ventilation rate
corresponds with a lower degree of dilution for a given size of release.

If other forms of ventilation, e.g. cooling fans are taken into account, then care should be
exercised as to ventilation availability. Ventilation for other purposes may also affect dilution
in either a positive or negative manner.

The degree of dilution will also affect the dilution volume. The dilution volume is
mathematically equal to the hazardous volume but the boundary of the hazardous area
additionally takes into account other factors such as possible movement of the release due to
the direction and velocity of the release and of the surrounding volume of air.

Degrees of dilution depend not only on the ventilation, but also on the nature and the type of
' amenable
to mitigation by enhanced ventilation with others much less so, e.g. . i velocity.

The following three degrees of dilution are recognized:

a) High dilution

The concentration near the source of release redug
persistence after the release has stopped.

b) Medium dilution

S Qi

stopped.
c) Low dilution
There is significant

7 Type of zoni

7.1 General

classification,~the moxe severe classification criteria will apply in the area of overlap. Where
overlapping zones.aye of the same classification, this common classification will normally

apply.
7.2 Influence of grade of the source of release

There are three basic grades of release, as listed below in order of decreasing frequency of
occurrence and/or duration of release of flammable substance:

a) continuous grade;
b) primary grade;
c) secondary grade.

A source of release may give rise to any one of these grades of release, or to a combination
of more than one.

The grade of release generally determines type of the zone. In an adequately ventilated area
(typical open air plant) a continuous grade of release generally leads to erﬁents
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classification, a primary grade to zone 1 and a secondary grade to zone 2. This general rule
may be modified by considering the degree of dilution and availability of ventilation which may
result in a more or less severe classification (see 7.3 and 7.4).

7.3 Influence of dilution

The effectiveness of ventilation or degree of dilution shall be considered when estimating the
type of zone classification. A medium degree of dilution will generally result in the
predetermined types of the zones based upon the types of the sources of release. A high
degree of dilution will allow a less severe classification, e.g. zone 1 instead of zone 0, zone 2
instead of zone 1 and even zone of negligible extent in some cases. On the other hand a low
degree of dilution will require a more severe classification (see Annex D).

7.4 Influence of availability of ventilation

zone classification will tend to be more severe, i.e. a zone 2
zone 0. Guidance on availability is given in Annex D.

should be sought.

Consideration sho;;

may flow into area

evél (for example, pits or depressions) and that a gas
ed at high level (for example, in a roof space).

a) physical barxiers;
NOTE An example of a physical barrier is a wall or other obstruction that will limit the passage of gas or

vapour at atmospheric pressure, thus preventing the accumulation of a flammable atmosphere.

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 requires assessment of a number of physical and chemical
parameters, some of which are intrinsic properties of the flammable substance; others are
specific to the situation (refer also to Clauses 6 and 7).

For releases where only a small mass is available to be released a lesser distance may be
accepted to an on-going release.

Under some conditions heavier than air gases and vapours can behave like a sﬂ‘led&:ﬂuid

spreading down terrain slopes, through plant drains or pipe trenches and.can be ments
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point remote from the original leakage, therefore putting at risk large areas of a plant (see
B.6). 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.

9 Documentation

9.1 General

It is recommended that the steps taken to carry out area classification and the information and

document and should include the method used for area classificati erevised
during any plant changes. All relevant information used should e apiples of
such information, or of a method used, would be:

a) recommendations from relevant codes and standards;

substance release
d.

c) a study of ventilation characteristics in
parameters so that the effectiveness of the venti

may include:

e molar mass
e flash point
e boiling point

e minimum ignitio

e vapour préiﬁr
e vapour de

A sugges ar the stibstances listing is given in Table A.1 and a format for recording
the resqlts ¢ area\ classification study and any subsequent alterations is given
in Table A™2

The source of informdtion (code, national standard, calculation) needs to be recorded so that,
at subsequent reviews, the philosophy adopted is clear to the area classification team.

9.2 Drawings, data sheets and tables

Area classification documents may be in hard copy or electronic form and should include
plans and elevations or three dimensional models, as appropriate, which show both the type
and extent of zones, equipment group, ignition temperature and/or temperature class.

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 ments
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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 A.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).

@%
S
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Annex A
(informative)

Suggested presentation of hazardous areas

A.1 Hazardous area zones - Preferred symbols

Figure A.1 shows preferred symbols for hazardous area zones.

OO0 000 00O0
o O 00000 Q
OO0 00000

O
O
O
O
O
%

7

Zone 2
IEC

Figure A.1 — Preferred symbols for hazardous area zones
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