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INTERNATIONAL ELECTROTECHNICAL COMMISSION

ELECTRICAL APPARATUS FOR EXPLOSIVE GAS ATMOSPHERES -

Part 10: Classification of hazardous areas

FOREWORD

1) The IEC (International Electrotechnical Commission) is a worldwide organization for standardization comprising
all national electrotechnical committees (IEC National Committees). The object of the | is to promote
international co-operation on all questions concerning standardization in the electri¢aNand._electronic fields. To
this end and in addition to other activities the IEC publishes International S a dards eir p paration is

participate in this preparatory work International, governmental and non-gove 3 anizati liaising
with the IEC also participate in this preparation. The IEC collaborate i ternational
Organization for Standardization (ISO) in accordance with conditions de ine e between the
two organizations.

of standards, technical specifications,
Committees in that sense.

6) Attention is drawn to the

International St
of hazardous areas 4

FDIS Report on voting
31J/82/FDIS 31J/84/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 3.
Annexes A, B and C are for information only.

The committee has decided that the contents of this publication will remain unchanged
until 2007. At this date, the publication will be

* reconfirmed;

* withdrawn;

* replaced by a revised edition, or
+ amended.
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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 risk of ignition can be
assessed, and gives guidance on the design and control parameters which can be used in
order to reduce such a risk.

This standard can be used as a basis for the proper selection and installation of apparatus for
use in a hazardous area.

@%
S

Documents

Document Sharing Hub

Full document details: IEC 60079-10 2002


http://avadocuments2026.com/doc/iec-60079-10-2002
http://avadocuments2026.com/doc/iec-60079-10-2002

60079-10 © |IEC:2002 -5-

ELECTRICAL APPARATUS FOR EXPLOSIVE GAS ATMOSPHERES -

Part 10: Classification of hazardous areas

1 General

1.1 Scope

This part of IEC 60079 is concerned with the classification of hazapdous areas where
flammable gas or vapour risks may arise, in order to permit the
installation of apparatus for use in such hazardous areas.

It is intended to be applied where there may be a risk of ig

flammable gas or vapour, mixed with air under normal atmosg see note 2),
but it does not apply to

a) mines susceptible to firedamp;

b) the processing and manufacture of explosives;

c) areas where a risk may arise due to the presg

d) catastrophic failures which are with in this

standard (see note 3);

e) rooms used for medical purposes;

NOTE 1 For theaurpose\of this standard, an area is a three-dimensional region or space.

NOTE 2 Atmospheric egnditions 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 3 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 4 In any process plant, irrespective of size, there may be numerous sources of ignition apart from those
associated with electrical apparatus. Appropriate precautions will be necessary to ensure safety in this context.
This standard may be used with judgement for other ignition sources.

NOTE 5 Mists may form or be present at the same time as flammable vapours. This may affect the way flammable
material disperses and the extent of any hazardous areas. The strict application of area classification for gases
and vapours may not be appropriate because the flammability characteristics of mists are not always predictable.
Whilst it can be difficult to decide upon the type and extent of zones, the criteria applicable to gases and vapours
will, in most cases, give a safe result. However, special consideration should always be given to the danger of
ignition of flammable mists.
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1.2 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):1990, International Electrotechnical Vocabulary (IEV) — Chapter 426:
Electrical apparatus for explosive atmospheres

IEC 60079-4:1975, Electrical apparatus for explosive gas atmospheres — Part 4: Method of
test for ignition temperature

NOTE Where a definition appears in this c
applicable.

21
explosive atmosphere

mixture with air, under a
vapour, mist or dust, in wf
mixture

[IEV 426-02-02,@fi S

2.2
explosive gas atr

mixture with air, eonditions, of flammable substances in the form of gas or

vapour in whi afte i Qmbustion spreads throughout the unconsumed mixture

[IEV 426,02

NOTE Althsugh ayixtyr has a concentration above the upper explosive limit (UEL) is not an explosive
gas atmospherexit ¢ become so and, in certain cases for area classification purposes, it is advisable to

consider it as an explosive \gas atmosphere.

2.3

hazardous area

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

[IEV 426-03-01, modified]
2.4
non-hazardous area

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 apparatus

[IEV 426-03-02, modified]
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2.5

zones

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

251

zone 0

place in which an explosive atmosphere consisting of a mixture with air of flammable
substances in the form of gas, vapour or mist is present continuously or for long periods or
frequently

[IEV 426-03-03, modified]

2.5.2
zone 1
place in which an explosive atmosphere consisting of a mixt
substances in the form of gas, vapour or mist is likely
occasionally

[IEV 426-03-04, modified]

2.5.3
zone 2

[IEV 426-03-05, modified]
NOTE 1 In this definition, the

NOTE 2 Indications of the
industries or applicaj .

2.6
source of relea
point or locatign
atmosphere i

[IEV 426403

armable gas, vapour, or liquid may be released into the
explosive gas atmosphere could be formed

2.7
grades of release
there are three basic grades of release, as listed below in order of decreasing frequency and
likelihood of the explosive gas atmosphere being present:

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

2.71
continuous grade of release
release which is continuous or is expected to occur frequently or for long periods
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2.7.2
primary grade of release
release which can be expected to occur periodically or occasionally during normal operation

273

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

2.8
release rate

2.9
normal operation
situation when the equipment is operating within its design para

catastrophic.

NOTE 3 Normal operation includes start-up and shut-dow

210
ventilation
movement of air and its replacement

explosive limits

NOTE The terms "explosive
term "flammable li @ z

2111
lower explosive
concentratio
explosive

[IEV 428

" are equivalent. IEC 60079-20 and IEC 61779-1 use the
¢ the more widely accepted term "explosive limit".

2.11.2
upper explosive limit (UEL)

concentration of flammable gas or vapour in air, above which the gas atmosphere is not
explosive

[IEV 426-02-10, modified]
212
relative density of a gas or a vapour

density of a gas or a vapour relative to the density of air at the same pressure and at the
same temperature (air is equal to 1,0)
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213

flammable material (flammable substance)

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

2.14
flammable liquid
liquid capable of producing a flammable vapour under any foreseeable operating conditions

215

flammable gas or vapour
gas or vapour which, when mixed with air in certain proportions, will for
atmosphere

R explosive gas

2.16
flammable mist

2.17

flashpoint
lowest liquid temperature at which, under certain s
vapours in a quantity such as to be capable of f i

[IEV 426-02-14]

2.18
boiling point
temperature of a liquid boili

2.19
vapour pressur

pressure exerted w
the substance an

2.20
ignition te

[IEV 426-02-01,
NOTE IEC 60079-4 and IEC 60079-4A standardize a method for the determination of this temperature.

2.21

extent of zone

distance in any direction from the source of release to the point where the gas/air mixture has
been diluted by air to a value below the lower explosive limit

2.22

liquefied flammable gas

flammable material which is stored or handled as a liquid and which at ambient temperature
and atmospheric pressure is a flammable gas
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3 Safety and area classification

3.1 Safety principles

Installations in which flammable materials are handled or stored should be designed, operated
and maintained so that any releases of flammable material, and consequently the extent of
hazardous areas, are kept to a minimum, whether in normal operation or otherwise, with
regard to frequency, 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 minimize the
likelihood and frequency of such releases and the quantity and rate of release~af material.

system.

In a situation in which there may be an explosiv
be taken:

ignition, or

b) eliminate the source of jgnition.

as to be acceptahle.
highly reliable,

classes.

In most practical situgtions where flammable materials are used, it is difficult to ensure that an
explosive gas atmosphere will never occur. It may also be difficult to ensure that apparatus
will never give rise to a source of ignition. Therefore, in situations where an explosive gas
atmosphere has a high likelihood of occurring, reliance is placed on using apparatus which
has a low likelihood of creating a source of ignition. Conversely, where the likelihood of an
explosive gas atmosphere occurring is reduced, apparatus constructed to a less rigorous
standard may be used.

It is rarely possible by a simple examination of a plant or plant design to decide which parts of
the plant can be equated to the three zonal definitions (zones 0, 1 and 2). A more detailed
approach is therefore necessary and this involves the analysis of the basic possibility of an
explosive gas atmosphere occurring.
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The first step is to assess the likelihood of this, in accordance with the definitions of zone 0,
zone 1 and zone 2. Once the likely frequency and duration of release (and hence the grade of
release), the release rate, concentration, velocity, ventilation and other factors which affect
the type and/or extent of the zone have been determined, there is then a firm basis on which
to determine the likely 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 minimized in number and extent by design or
suitable operating procedures. In other words, plants and installation hould be mainly
zone 2 or non-hazardous. Where release of flammable material is upavoidable, process

is important that no
hout discussion with those
ay invalidate the area

ed during and after re-assembly
affects safety, has been maintained

The following subg¢lauses\givevguidance on the procedure for classifying areas in which there
may be an_exp 0Sive

The area classification should be carried out when the initial process and instrumentation line
diagrams and initial layout plans are available and confirmed before plant start-up. Reviews
should be carried out during the life of the plant.
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4.2 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 of 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 of these flammable materials can exist in the area
concerned. Generally speaking, such gases and vapours (and flammable liquids and solids
which may give rise to them) are contained within process equipment which may or may not
be totally enclosed. It is necessary to identify where a flammable atmosphere can exist inside
a process plant, or where a release of flammable materials can create a flammable
atmosphere outside a process plant.

Each item of process equipment (for example, tank, pump, pipeline,
considered as a potential source of release of flammable material. If

If it is established that the item may release flammiabl into Yhe atmosphere, it is
necessary, first of all, to determine the grade of r i ith the definitions, by
establishing the likely frequency and dyration g auld be recognized that the
opening-up of parts of enclosed proce ing filter changing or batch
filling) should also be considered 3 ease when developlng the area
classification. By means of this proced ) a be graded either "continuous",

"primary" or "secondary".

If the total quanti f
ratory use, whil
classification proced

exist, it may not be appropriate to use this area
count shall be taken of the particular risks involved.

The area clagsificati s”equipment in which flammable material is burned, for
example, fire : , boilers, gas turbines etc., should take into account purge

The likelihood of the“presence of an explosive gas atmosphere and hence the type of zone
depends mainly on the grade of release and the ventilation.

NOTE 1 A continuous grade of release normally leads to a zone 0, a primary grade to zone 1 and a secondary
grade to zone 2 (see annex B).

NOTE 2 Where zones created by adjacent sources of release overlap and are of different zonal classification, the
higher risk classification will apply in the area of overlap. Where overlapping zones are of the same classification,
this common classification will normally apply.

However, care needs to be taken where the overlapping zones relate to flammable materials which have different
apparatus groups and/or temperature class. So, for example, if a zone 1 |IIA T3 area overlapped a zone 2 |IC T1
area, then classifying the overlap as zone 1 IIC T3 may be over-restrictive but classifying it as zone 1 IIA T3 or
zone 1 1IC T1 would not be acceptable. In this situation, the area classification should be recorded as zone 1 IIA T3
and zone 2 [IC T1.
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4.4 Extent of zone

The extent of the zone depends on the estimated or calculated distance over which an
explosive atmosphere exists before it disperses to a concentration in air below its lower
explosive limit. When assessing the area of spread of gas or vapour before dilution to below
its lower explosive limit, expert advice should be sought.

Consideration should always be given to the possibility that a gas which is heavier than air
may flow into areas below ground level (for example, pits or depressions) and that a gas
which is lighter than air may be retained at high level (for example, in a roof space).

Where the source of release is situated outside an area or in an adjoining_area, the pene-
tration of a significant quantity of flammable gas or vapour into the area tan be prevented by
suitable means such as:

a) physical barriers;

b) maintaining a sufficient overpressure in the area relative ta/
so preventing the ingress of the explosive gas atmosphere;

The extent of the zone is mainly affected by the and physical parameters,
some of which are intrinsic properties 2 others are specific to the
process. For simplicity, the effect of ea i 5 assumes that the other

a) Geometry of t

This is relat
open surface, 1€3

actefistics of the source of release, for example, an
e”annex A).

For a give ase, the release rate increases with the release velocity. In the
case of a produ ¢ within process equipment, the release velocity is related to
the nd ‘the geometry of the source of release. The size of a cloud of
flam apour 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-
i ill entrain air and be self-diluting. The extent of the explosive gas
atmosphere will Be almost independent of wind velocity. 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 wind and its dilution and extent will depend on wind velocity.

c) Concentration

The release rate increases with the concentration of flammable vapour or gas in the
released mixture.

d) Volatility of a flammable liquid

This is related principally to the vapour pressure, and the enthalpy ("heat") of vaporization.
If the vapour pressure is not known, the boiling point and flashpoint can be used as a
guide.
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An explosive gas atmosphere cannot exist if the flashpoint is above the relevant maximum
temperature of the flammable liquid. The lower the flashpoint, the greater may be the
extent of the zone. If a flammable material is released in a way that forms a mist (for
example, by spraying) an explosive atmosphere may be formed below the flashpoint of the
material, for example.

NOTE 1 Flashpoints of flammable liquids are not precise physical quantities, particularly where mixtures are
involved.

NOTE 2 Some liquids (for example, certain halogenated hydrocarbons) do not possess a flashpoint although
they are capable of producing an explosive gas atmosphere. In these cases, the equilibrium liquid temperature
which corresponds to the saturated concentration at the lower explosive limit should be compared with the
relevant maximum liquid temperature.

e) Liquid temperature

The vapour pressure increases with temperature, thus increasing the releasg rate due to

evaporation.

NOTE The temperature of the liquid after it has been released may be i
surface or by a high ambient temperature.

4.4.2 Lower explosive limit (LEL)

For a given release volume, the lower the LEL the greate the zone.

Experience has shown that a release of ammonia i 5 % by volume, will
dissipate rapidly in the open air, so an ¢ i v{ll normally be of negligible
extent.

4.4.3 Ventilation

impede the ventilation i ¢ nt op the zone. On the other hand, some
obstacles, for example oili

through all parts ef t
outdoor area (i.@s

open sufficient, to allow free passage of air
d well ventilated and should be treated as an

easing relative density and the vertical extent above the source will
lative 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, may increase the distance
over which the gas/air mixture remains above its lower flammable limit.

NOTE 3 With gases or vapours heavier than air, an escape at low velocity will tend to flow downward and may
travel long distances over the ground before it is safely dispersed by atmospheric diffusion. Special regard
therefore needs to be paid to the topography of any site under consideration and also to surrounding areas in order
to determine where gases or vapours might collect in hollows or run down inclines to lower levels. If the escape is
at high velocity in a free jet the jet-mixing action by entraining air may well reduce the gas/air mixture to below its
lower flammable limit in a much shorter distance than in the case of a low-velocity escape.

NOTE 4 Care needs to be taken when classifying areas containing cryogenic flammable gases such as liquefied
natural gas. Vapours emitted can be heavier than air at low temperatures and become lighter than air on
approaching ambient temperature.
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4.4.5 Other parameters to be considered

a) Climatic conditions

The rate of gas or vapour dispersion in the atmosphere increases with wind speed but
there is a minimum speed of 2 m/s — 3 m/s required to initiate turbulent diffusion; below
this, layering of the gas or vapour occurs and the distance for safe dispersal is greatly
increased. In plant areas sheltered by large vessels and structures, the speed of air
movement may be substantially below that of the wind; however, obstruction of air
movement by items of equipment tends to maintain turbulence even at low wind speeds.

NOTE 1 In annex B (clause B.4), 0,5 m/s wind speed is considered to be appropriate for determining the
rates at which ventilation in an outdoor situation dilutes a flammable release. This lower value of wind speed is

appropriate for that purpose, in order to maintain a conservative approach, even though it is recognized that
the tendency of layering may compromise the calculation.

NOTE 2 In normal practice the tendency of layering is not taken into account i
the conditions which give rise to this tendency are rare and occur for short periggs
periods of low wind speed are expected for the specific circumstance then thg
account of the additional distance required to achieve dispersion.

b) Topography

Some liquids are less dense than water and do not read
spread on the surface of water (whether it be o
trenches) and then be ignited at a point remote f
at risk a large area of plant.

drains or in pipe
ge, therefore putting

The layout of the plant, where po
explosive gas atmospheres. An
trenches) that would otherwise be
hand, wide shallow depressions used
require such rigorous treatment.

4.4.6 lllustrative exampl

Some ways in whjch the
and hence the e@
a) Source of releasé

In most cas€«
release ratewi 3 mcipally on the following parameters:

- ventilation.

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 parameters:

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

Where the liquid is not instantaneously vaporized, the situation is complex because
droplets, liquid jets and pools may create separate sources of release.
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c) Source of release: leakage of a gas mixture
The gas release rate is affected by the following parameters:
— pressure within the equipment which contains the gas;
— geometry of the source of release;

— concentration of flammable gas in the released mixture.

For examples, of sources of release, see clause A.2.

5 Ventilation

5.1 General

air until its concentration is below the lower explosive limit. Ve
leading to replacement of the atmosphere in a (hypothetical) Aelu

temperature gradients or by artificial
thus recognized:

a) natural ventilation;
b) artificial ventilation, general or local

5.3 Degree of ventilatio

type of ventilatio
optimal ventilation ¢

the zones (
hazardous a

Practica
annex B.

5.4 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. 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).
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6 Documentation

6.1 General

It is recommended that area classification is undertaken in such a way that the various steps
which lead to the final area classification are properly documented.

All relevant information used should be referred to. Examples of such information, or of a
method used, would be:

a) recommendations from relevant codes and standards;

b) gas and vapour dispersion characteristics and calculations;

c) a study of ventilation characteristics in relation to flammable mate
so that the effectiveness of the ventilation can be evaluated.

temperature, vapour pressure, vapour density, explosive
class (IEC 60079-20). A suggested format for the materja

Area classification documents should( include pla
show both the type and extent of zones, %n

he extent of the zones, this should be

sources of release. For large and complex plants or
velpful to itemize or number the sources of release so as to

symbol key shall always be provided on each drawing. Different symbols may be necessary
where multiple apparatus groups and/or temperature classes are required within the same
type of zone (for example, zone 2 IIC T1 and zone 2 |IA T3).
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Annex A
(informative)

Examples of sources of release

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.

A1.1 Sources giving a continuous grade of release

a) the surface of a flammable liquid in a fixed roof tank, with a perma
sphere;

b) the surface of a flammable liquid which is open to the atmosphere
periods (for example, an oil/water separator).

A1.2 Sources giving a primary grade of release

operation is expected;
b) water drainage points on vessel

A1.3 Sources giving 8

A.2 Openings

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

A.2.1 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.
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A.2.2 Openings classification

Openings are classified as A, B, C, D with the following characteristics:
A.2.2.1 Type A — Openings not conforming to the characteristics specified for types B, C or D

Examples:
— open passages for access or utilities, for example, ducts, pipes through walls, ceilings and
floors;

— fixed ventilation outlets in rooms, buildings and similar openings of types B, C and D which
are opened frequently or for long periods.

A.2.2.2 Type B — Openings which are normally closed (for examplg
infrequently opened, and which are close-fitting.

A.2.2.3 Type C - Openings normally closed and infrequently §penet\co
a gasket) along the whole

perimeter; or two type B openings in series,

devices.
A.2.2.4 Type D — Openings normally ihg t@pe S_which can only be opened
by special means or in an

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

Grade of release of openings
Zone upstream gpefiing ning type considered as
sources of release
VI\
\> A Continuous
0 B (Continuous)/primary
(o)
C Secondary
(\ \ D No release
\ \/ A Primary
B (Primary)/secondary
Zone
C (Secondary)/no release
D No release
A Secondary
B (Secondary)/no release
Zone 2
C 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.
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Documents

Document Sharing Hub


http://avadocuments2026.com/doc/iec-60079-10-2002
http://avadocuments2026.com/doc/iec-60079-10-2002

—-20 - 60079-10 © IEC:2002

Annex B
(informative)

Ventilation

Introduction

The purpose of this annex is to assess the degree of ventilation and to extend clause 5 by
defining ventilation conditions and by means of explanations, examples and calculation, so
giving guidance on the design of artificial ventilation systems, since these are of paramount
importance in the control of the dispersion of releases of flammable gases

The method developed allows the determination of the type of zone b

explosive gas atmosphere;

— calculating a hypothetical volume, ¥V, which allow
ventilation;

— estimating the persistence time of the release;

— determining the type of zone from the degree
of release using table B.1;

This is a type of gcomplished by the movement of air caused by the wind

and/or by te ) open air situations, natural ventilation will often be

sufficient to ¢ensv 3 of any explosive gas atmosphere which arises in the area.

Natural veptilati Q) g effective in certain indoor situations (for example, where a
its walls and/or roof).

s\ the“evaluation of ventilation should normally be based on an assumed minimum wind
jill be present virtually continuously. The wind speed will frequently be above 2 m/s

however, in partlcular situdtions, it may be below 0,5 m/s (for example, at the immediate surface of the ground).

Examples of natural ventilation:
— open air situations typical of those in the chemical and petroleum industries, for example,
open structures, pipe racks, pump bays and the like;

— 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;

— 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.
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B.2 Artificial ventilation

B.2.1 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 and, for both of these,
differing degrees of air movement and replacement can be appropriate.

With the use of artificial ventilation it is possible to achieve

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

— prevention of the generation of an explosive gas atmosp

B.2.2 Design considerations

Artificial ventilation makes it possible to provide a
an indoor situation. An artificial ventilati

e ventilation system in
d for explosion protection

- its effectiveness should be controlled 0

— consideration should be given to tH lassi inside the extract system and
immediately outside thé d arge _point and other openings of the extract
system;

- for ventilation of a| ha a 8 _Ventitation air should normally be drawn from a

non-hazardous~area he suction effects on the surrounding area;
- before deter@r

grade of release olld be defined.

In addition, the folo fluence the quality of an artificial ventilation system:
- flammabl s usually have densities other than that of air, thus they will
tend Ao car to either the floor or ceiling of an enclosed area, where air

— changes ingas density with temperature;

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

B.2.3 Examples of artificial ventilation

B.2.3.1 General artificial ventilation

a building which is provided with fans in the walls and/or in the roof to improve the general
ventilation in the building;

— an open-air situation provided with suitably located fans to improve the general ventilation
of the area.
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B.2.3.2 Examples of local artificial ventilation

— an air/vapour extraction system applied to an item of process equipment which
continuously or periodically releases flammable vapour;

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

B.3 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 ation of an
explosive gas atmosphere but may be sufficient to avoid its persistence

The following three degrees of ventilation are recognized.

B.3.1 High ventilation (VH)
Can reduce the concentration at the source of releaseg , baneausly, resulting in a
concentration below the lower explosive limit. A zone ¢ gligib ent results. However,

where the availability of ventilation is not good, andthet type ofkzonewniay surround the zone
of negligible extent (see table B.1).

B.3.2 Medium ventilation (VM)

Can control the concentration, resultihg in-a stable
progress, and where the explosive gas, at er do
has stopped.

e boundary, whilst the release is in
g not persist unduly after the release

ye¢ design parameters.

release is in progress and/or cannot prevent undue
efe after release has stopped.

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 (clause 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 or sound assumptions.
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B.4.2 Estimation of hypothetical volume V,
B.4.2.1 General

The hypothetical volume ¥, represents the volume over which the mean concentration of
flammable gas or vapour will 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.

B.4.2.2 Relationship between hypothetical volume 1V, and hazardous area dimensions

€ envelope from a
e of the hazardous

The hypothetical volume ¥, gives a guide as to the volume of flammab
source of release but that envelope will not normally equate to the volu

area. Firstly, the shape of the hypothetical volume is not defined a enced by
ventilation conditions (see B.4.3 and clause B.5). The degree and availabilty “of veqtilation
and possible variations in these parameters will influence the skhapg pothetical
volume. Secondly, the position of the hypothetical volume @ith>~esp g source of

release will need to be established. This will primarily dep of ventilation
with the hypothetical volume biased in the down-wind di iOR, dly, iml\many situations,
(for example, outdoor conditions), account must bg ] sibility of varying

(B.1)
where
(dV/dt)min ol c flow rate of fresh air (volume per time, m3/s);
(dG/dt)max e of release at source (mass per time, kg/s);
LELp i e xpldsive limit (mass per volume, kg/m?3);

k IS8 or applied to the LEL,; typically:

T is the ambient temperature (in Kelvin, K).

NOTE For converting LEL, (vol %) to LELn (kg/ms), the following equation may be used for normal atmospheric
conditions as given in 1.1;

LEL, = 0,416 x 107 x M x LEL,

where M is the molecular mass (kg/kmol).

The relationship between the calculated value (dV/dt)min 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).
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NOTE 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:

_(dV1dt) min

B.2
' C (B.2)
where
C is the number of fresh air changes per unit time (s~') and is derived from
C = dVo/de (B.3)
Vo
where
dvy/dt is the total flow rate of fresh air through the volume under cg
Vo the entire volume (within the control of the plant) served b al ventilation in

the vicinity of the release being considered.

NOTE For indoor situations, V', will generally be the volume of the room
is ventilation specific and local to the release being considered.

resulting in badly ventilated parts of the\area. &
of release will be lower than that givek iR

w wind speeds will create a high number of air changes.
For example Retical cube with side dimensions of 15 m in an open area. In

this case a

In a conservative ap
volume ¥V, of explosj

proximation using C = 0,03/s for an open-air situation, a hypothetical
gas atmosphere can be obtained by using the equation (B.5):

£ (dVidt)min
=2 + —‘min B.5
‘ 0,03 (B-5)
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.

However, because dispersion is normally more rapid in an open-air situation as a result of the
different dispersion mechanism, this equation will generally result in an overlarge volume.

To avoid compounding this position, care should be exercised in the realistic selection of a
value for f.
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B.4.2.4 Restricted open-air situation

If the ventilated volume is small (for example, a process oil-water separator) such as 5 m x
3m x1m (Vg=15m3) and wind speed of say 0,05 m/s than C will be 35/h (0,01/s).

B.4.2.5 Estimation of persistence time ¢

The time ¢ required for the average concentration to fall from an initial value X, to the LEL
times k after the release has stopped can be estimated from:

where
Xo is the initial concentration of the flammable substance measureq

concentration of the flammable matter may be 100 %
close vicinity of the release source). However, when te
X, to be taken depends on the particular case, consj

t is in the same time units as C, i.e.if Cis t
time t will be in seconds;

The numerical valuge of
means of deci
compared with theMip

B.4.3

B.4.3.1

Initial esti would suggest that a continuous grade of release leads to a zone 0, a
primary grade _to*zohe ™Mand a secondary grade to zone 2; however, this is not always the
case because ofthe effect of ventilation.

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.
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B.4.3.2 High ventilation (VH)

The ventilation may be regarded as high (VH) only when an evaluation of the risk shows that
the extent of potential damage due to the sudden increase in temperature and/or pressure, as
a result of the ignition of an explosive gas atmosphere of volume equal to V5, is negligible.
The risk evaluation should also take account of secondary effects (for example, further
releases of flammables).

The above conditions will normally apply when 7, is less than 0,1 m3. In this situation the
hazardous area volume can be regarded as equal to V5.

In practice, high ventilation can generally be applied only to a local artificiglventilation system
around a source, to small enclosed areas or to very low release rates. Firstly, mpost enclosed
areas contain multiple sources of release. It is not good practice t0“have multiple small

B.4.3.3 Low ventilation (VL)

Ventilation should be regarded as low
occur in open air situations except wh

Vo. Low ventilation will not generally
ions to air flow, for example, in pits.

then it should be regarded as medium (VM).

Normally, V, will I > Ventilation regarded as medium should control
the dispersion o e 8 able vapour or gas. The time taken to disperse an
explosive gas atmos > ase/has stopped should be such that the condition for

secondary. The acce ispersion time depends on the expected frequency of release
and the durag 3 . When the volume 7, is significantly less than the volume of

be similartq thexens|osed Yolume. In this case, all of the enclosed space should be classified

as hazardous:

In outdoor locations except where V5 is very small or where there are significant restrictions to
air flow, the ventilation should be regarded as medium (VM).

B.5 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.
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Three levels of availability of the ventilation should be considered (see examples in annex C):

— good: ventilation is present virtually continuously;

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

— poor: ventilation which does not meet the standard of fair or good, but discontinuities are
not expected to occur for long periods.

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

Natural ventilation

. assumed
ase, the

For outdoor areas, the evaluation of ventilation should normally be
minimum wind speed of 0,5 m/s, which will be present virtually co
availability of the ventilation can be considered as good.

Artificial ventilation

the~equipment and the
availability of, for example, standby blowers should i ood availability will
normally require, on failure, automatic start- up of standp SHowever, if provision is

Pi ventilation has failed (for
ification determined with the
y be assumed to be good.

example, by automatically closing da
ventilation operating need not be modi

B.6 Practical guide

The effect of ventilati S/can be summarized in table B.1. Some

calculations are includ

QTa le B. ventilation on type of zone

/\\ Ventilation
\ \ Degree
( Medium Low
Grade of
retease N\ w N\ Availability
\G }d\) Fair Poor Good Fair Poor Good, fair
or poor
(ZOW (Zone 0 NE) (Zone ONE) |Zone 0 |zone0  |Zone0  |zoneo
Continuous + +
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 Zone 1 or
Primary + + 7 0c
Non-hazardous? |Zone 22 Zone 22 Zone 2 Zone 2 one
(Zone 2 NE) (Zone 2 NE) Zone 2 Zone 2 Zone 2 Zone 2 Zone 1
Secondary® | Non-hazardous® |Non- ;nd even
a one 0
hazardous
NOTE "+" signifies "surrounded by".
2 Zone 0 NE, 1 NE or 2 NE indicates a theoretical zone which would be of negligible extent under normal
conditions.
b The zone 2 area created by a secondary grade of release may exceed that attributable to a primary or conti-
nuous 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 such that in practice an explosive gas atmosphere
exists virtually continuously (i.e. approaching a "no ventilation" condition).
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Table B.2 — Procedure for summation of multiple releases within location V,

Grade of release Action to be taken with (dV/d¢),i,
Continuous Summate all values for (dV/d¢),i, and apply the resulting total in equations B.2 to B.6
Primary In accordance with table B.3, summate the requisite number of the largest values of
(dV/dt)min @and apply the resulting total in equations B.2 to B.6
Secondary tUsg cgnly the largest single value of (dV/d¢),i, and apply this value in equations B.2
o B.

NOTE The resulting value of (dV/d¢)y,;, for each row of the table should be applied to table B.1. Differing grades
of release are not required to be summated.

Table B.3 — Procedure for summation of
multiple primary grade releases

Number of primary grade
releases

1

2
3to5
6to9 N\
10 to 13
14 0 18
19 to 23

Reference: Instit as\Enginee W
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B.7 Calculations to ascertain the degree of ventilation

NOTE 1 The LEL values used in these examples are for illustrative purposes only; they are not taken from
IEC 60079-20.

NOTE 2 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 flange

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

Safety factor, & 0,25

Release rate, (dG/df)max 2,8 x 1071

Ventilation characteristics

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

Ambient temperature, T
Temperature coefficie

Building size, ¥V,

28x10-10 . 293

- =24 x10-8 m3/
025 x 0,046 293 * m=rs

x (dV/dt)min _ 5x2,4x1078

=43x10"4 m3
C 28 x10"4

Time of persistence:

This is not applicable to a continuous release.

Conclusion
The hypothetical volume 75 is reduced to a negligible value.

Since ¥, < 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).
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Calculation No. 2

Characteristics of release

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

Source of release failure of flange

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

Safety factor, & 0,5

Release rate, (dG/df)max 2,8 x 1076 kg/s

Ventilation characteristics

Indoor situation

Number of air changes, C 1/h (2,8 x 1074/s
Quality factor, f 5
Ambient temperature, T 20 °C (293

Temperature coefficient, (7/293 K)

Building size, V,

Minimum volumetric flow rate of fresh

_ (dG/dt)max
dV/dt)min =
( )min % LEL X

Conclusion
The hypothetical volume V5, 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.
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Calculation No. 3

Characteristics of release

Flammable material propane gas

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

Source of release can-filling nozzle

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

Safety factor, & 0,25

Release rate, (dG/df)max 0,005 kg/s

Ventilation characteristics

Indoor situation

Number of air changes, C 20/h (5,6 x 1 3/
Quality factor, f 1
Ambient temperature, T 35 °C/(308 K)

Temperature coefficient, (7/293 K)

1
Building size, Vg, x 1§ m@
Minimum volumetric flow rate of fresh airs
(@t 2T man %s 0 § 3og - 0.6 ms

2 025%0,039 29

Evaluation of hypothetjca

=/ LELxk _ =1 21x025

—_— = =0,26 h
C Xo 20 100

Conclusion

The hypothetical volume 75, is not negligible but does not exceed 7.

The degree of ventilation may be considered as medium with regard to the source of release
and area under consideration based on these criterions. With a persistence time of 0,26 h, the
concept of zone 1 may not be met if the operation is repeated frequently.
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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, & 0,5

Release rate, (dG/df)max 5% 1076 kg/s

Ventilation characteristics

Indoor situation

Number of air changes, C 15/h, (4,2 X 3/
Quality factor, f

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

Building size, Vg,

Minimum volumetric flow rate of fresh ajr

293
- 10-5m3
405 <293 _ O x107°ms

in _1%x95x1075

\9 4,2x10-3

=0,02 m3

n LELxk _ —1 14,8 x 0,5

= =0,17 h i
X 15 100 0, (10 min)

Conclusion

The hypothetical volume 75 is reduced to a negligible value.

The degree of ventilation may be considered as high (¥, < 0,1 m3) with regard to the source of
release and area under consideration based on these criterions (see table B.1).

If the availability of the ventilation is "good" then there will be a zone 2 of negligible extent
(see table B.1).
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Calculation No. 5

Characteristics of release

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, & 0,5

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

Ventilation characteristics

Indoor situation

Number of air changes, C 2/h, (5,6 x s
Quality factor, f 5
Ambient temperature, T 20° 9
Temperature coefficient, (7/293 K) 1
Minimum volumetric flow rate of fresh qjr:
(dG/dt)ma T 0 293 3
dVidt)min = = =1,02 m>/
( )mln x 2% 0 Xmég X 203 m*-/s
Estimation of hypotheti
= 52102 _g 500 m3
56x10"4
Time of persisien
- LELxk _ -5 2,1x0,5
c—2 In=2=="" = |n& "> =114h
c " Xo 2 100

Conclusion

In a room of 10 m x 15 m x 6 m for example, the hypothetical volume ¥, will be greater than
the volume of the room V,. Furthermore, the persistence time is significant.

The degree of ventilation may be considered as low with regard to the source of release and
area under consideration based on these criterions.

The area would be classified as at least zone 1 and maybe even zone 0 irrespective of the
availability of the ventilation (see table B.1). This is unacceptable. Steps need to be taken to
either reduce the leakage rate or vastly improve the ventilation maybe with local extract
ventilation around the compressor seal.
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Calculation No. 6
Characteristics of release

Flammable material
Molecular mass of methane
Source of release

Lower explosion limit (LEL)
Grade of release

Safety factor, &

Release rate, (dG/d#)max

Ventilation characteristics

Outdoor situation

Minimum wind speed

Resulting in an air exchange, C
Quality factor, f

Ambient temperature, T
Temperature coefficient, (7/293 K)
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methane gas

16,05 (kg/kmol)

pipe fitting

0,033 kg/m3 (5 % vol.)
secondary

0,5

1 kg/s

0,5 m/s
>3 x 1072/

Time of persi

5x05 _ 123 s (maximum)

Conclusion

100

The hypothetical volume V5 is not negligible. Based on the assumption (see B.4.2) that for an
outdoor situation a reasonable value for ¥, would be 3 400 m3, then ¥, will be less than 7.

The degree of ventilation may be considered as medium with regard to the source of release
and area under consideration based on these criterions.

The availability of ventilation, being outdoors, is "good" and therefore the area will be
classified as zone 2 (see table B.1)
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