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INTERNATIONAL ELECTROTECHNICAL COMMISSION

EXPLOSIVE ATMOSPHERES -

Part 10-1: Classification of areas —

Explosive gas atmospheres
FOREWORD

all national electrotechnical committees (IEC National Committees). The object of IEC\ is to prom
international co-operation on all questions concerning standardization in the electrical and felectronic fields.
this end and in addition to other activities, IEC publishes International Standards, Tec¢hnical Specificatig
Technical Reports, Publicly Available Specifications (PAS) and Guides (hereaftersreferred to as *
Publication(s)”). Their preparation is entrusted to technical committees; any IEC Natiohal Committee intereg
in the subject dealt with may participate in this preparatory work. International, governmental and n
governmental organizations liaising with the IEC also participate in this preparatien. IEC collaborates clos
with the International Organization for Standardization (ISO) in accordance ‘with conditions determined
agreement between the two organizations.

The formal decisions or agreements of IEC on technical matters express, as nearly as possible, an internatig
consensus of opinion on the relevant subjects since each technical committee has representation from
interested IEC National Committees.

IEC Publications have the form of recommendations for international use and are accepted by IEC Natid
Committees in that sense. While all reasonable efforts are.made to ensure that the technical content of
Publications is accurate, IEC cannot be held responsible for the way in which they are used or for
misinterpretation by any end user.

In order to promote international uniformity, IEC National Committees undertake to apply IEC Publicati
transparently to the maximum extent possible in their national and regional publications. Any diverge
between any IEC Publication and the corresponding national or regional publication shall be clearly indicate
the latter.

IEC itself does not provide any attestationof conformity. Independent certification bodies provide conforn
assessment services and, in some area$,-access to |[EC marks of conformity. IEC is not responsible for
services carried out by independent certification bodies.

All users should ensure that they_have the latest edition of this publication.

No liability shall attach to IEC-or’its directors, employees, servants or agents including individual experts
members of its technical coinmittees and IEC National Committees for any personal injury, property damaggd
other damage of any nature”whatsoever, whether direct or indirect, or for costs (including legal fees)
expenses arising out_of\the publication, use of, or reliance upon, this IEC Publication or any other
Publications.

Attention is drawn to the Normative references cited in this publication. Use of the referenced publication
indispensable_far the correct application of this publication.

Attention is\drawn to the possibility that some of the elements of this IEC Publication may be the subjec
patent rights. |IEC shall not be held responsible for identifying any or all such patent rights.

is(commented version (CMV) of the official standard IEC 60079-10-1:2020 edition 3.

The International Electrotechnical Commission (IEC) is a worldwide organization for standardization compriging
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edition 2.0. Futhermore, comments from IEC SC 31J experts are provided to explain the
reasons of the most relevant changes.

A vertical bar appears in the margin wherever a change has been made. Additions are in
green text, deletions are in strikethrough red text. Experts' comments are identified by
a blue-background number. Mouse over a number to display a pop-up note with the
comment.

This publication contains the CMV and the official standard. The full list of comments is
available at the end of the CMV.
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International Standard |EC 60079-10-1 has been prepared by subcommittee 31J:
Classification of hazardous areas and installation requirements, of I|EC technical
committee 31: Equipment for explosive atmospheres.

This third edition of IEC 60079-10-1 cancels and replaces the second edition, published in
2015, and constitutes a technical revision. The significant technical changes with respect to
the previous edition are as follows:

Type
Minor and Nrajor
Changes Clause editorial Extension technidal
changes changés
Deleting commercial and industrial applications for
] 1 C1

fuel gas from the Scope exemptions
Updating editorial details and notes to the definitions | 3 X
Degletion of the previous edition clause 3.7.3
degfinition for catastrophic failure (dealt with in clause X
4.6)
Infroduction of new Subclause 4.4.2 Zone of

ha 4.4.2 X
ne¢gligible extent
!ntroductllon of new clause 5.3.2 Fuel gas 5.3.2 X
installations
Renumbering of headings 7 X
Infroduction of Figure 1 — Dilution volume 7 X
Upgrading Table A.1 with UFL and its column 15 AM X
hgading with the ‘source of data’ \
Updating the flow-chart in Figure B.1 B.6 X
Updating equations for evaporation rate to align with B.7.3 X

the recent source modifications

Updating the chart in Figure B.2 according\to the
upgdated equations for evaporation rate and the B.7.3 X
vgntilation velocity of 0,25 m/s

Restructuring Table C.1 C.34 X
Reémoval of safety factor k and“deleting it from the C35 co
hgrizontal axis of the chart.in Figure C.1 o
Revising equations (C(2))and (C.3) C.5.2 C3
Revising equations (€74) and (C.5) C.5.3 C4
Revising the ehart in Figure C.6 by changing the

- ; C.5.3 C5
lapel on the'horizontal axis
Revising equation (C.6) and deleting equation (C.7) C.5.4 C6
E(er_noval of s_afety factor k ar_1d d_ell(-::ETgnltqfrom the D3 c7
Imposing limitations to the use of the chart in Figure
D.1 D.3 X
Updating and corrections in Annex E Annex E X
Upgrading Annex G on Flammable mists Annex G X
Introducing new items in Table K.1 Annex K X
Introducing new items in the Bibliography Bibliography X

NOTE The technical changes referred to include the significance of technical changes in the revised IEC
Standard, but they do not form an exhaustive list of all modifications from the previous version.
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Explanations:
A) Definitions
Minor and editorial changes clarification

decrease of technical requirements
minor technical change
editorial corrections

20

These are changes which modify requirements in an editorial or a minor technical way. They

Ing

Ex

Th
ne

M3

B)

C1

C2

C3
C4
CH
of¢
C7

Th

NO
hay

lude changes of the wording to clarify technical requirements without any technical chang
tension addition of technical options
pse are changes which add new or modify existing technical requirements~in-a way t

v options are given, but without increasing requirements.

jor technical changes addition of technical requirements
increase of technical requirements

Information about the background of changes

The previous edition item e) was: “commercial and<industrial applications where o
low pressure fuel gas is used for appliances e.g. for'‘cooking, water heating and sim
uses, where the installation is compliant with relevant gas codes”. Industrial applicatid
of any kind should not be exempted from the{scope of this standard. See also n
clause 5.3.2.

The factor k was initially intended to provide for additional safety for uncertainties
determining LFL for flammable substances, particularly gas mixtures. However, this W
considered as unnecessary and confusing considering the derivation of the chart.

The equations are updated to align with BS 5925
The equations are updated to align with BS 5925
The chart is revised tosmatch the new equation (C.4)
The equation is updated to align with BS 5925

See the explanation under C2

ese are changes to technical requirements (addition, increase of the level or removal).

TE These changes represent current technological knowledge. However, these changes should not norm
e an‘influence on equipment already placed on the market.

je.

nat

nly
lar
ns

n
as

Blly

Th

e textof thisstanmdard s based o the fottowinmg documeTnts:

FDIS Report on voting
31J/307/FDIS 31J/310/RVD

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

Th

is document has been drafted in accordance with the ISO/IEC Directives, Part 2.

A list of all parts of the IEC 60079 series, under the general title Explosive atmospheres, can

be

found on the IEC website.
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The committee has decided that the contents of this document will remain unchanged until the
stability date indicated on the IEC website under "http://webstore.iec.ch" in the data related to
the specific document. At this date, the document will be

e reconfirmed,
e withdrawn,
e replaced by a revised edition, or

e amended.

IMPORTANT - The 'colour inside’ logo on the cover page of this publication indicates
thpt it contains colours which are considered to be useful for the “corregct

urjderstanding of its contents. Users should therefore print this document using| a
calour printer.

The contents of the corrigendum of March 2021 have been included jin-this copy.
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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.
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1

EXPLOSIVE ATMOSPHERES -

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

Scope

Th
va
an
ha

It
fla

s part of IEC 60079 is concerned with the classification of areas where flammable_gas

H-installation design, construction, operation and maintenance | 1 of equipment\for use
vardous areas.

s intended to be applied where there may be an ignition hazard due.to“the presence
mmable gas or vapour, mixed with air, but it does not apply to:

mines susceptible to firedamp;
the processing and manufacture of explosives;

or

bour hazards may arise and may then be used as a basis to support the properiselecton

in

of

catastrophic failures or rare malfunctions which are beyond the concept of-abrormatity

normality dealt with in this standard (see 3.7.3 and-3-£4<4.5);
rooms used for medical purposes;

NO|

Flg
the
m4g
rel
do

Fo

domestic premises;

where a hazard may arise due to the presence of combustible dusts or combustible flyin
but the principles may be used-in assessment of a hybrid mixture (refer also
IEC 60079-10-2).

TE Additional guidance on hybrid mixtures is provided in Annex I.

mmable mists may form'or be present at the same time as flammable vapour. In such cd
strict application of the-details in this document may not be appropriate. Flammable mi

cased under pressure. In these cases the classifications and details given in this docums¢
not apply. Information on flammable mists is provided in Annex G.

I the purpose of this document, an area is a three-dimensional region or space.

At

(1 [048”mbar) and 20 °C (293 K), provided that the variations have a negligible effect on f

ospheric conditions include variations above and below reference levels of 101,3 k

se
5ts

y also form when_liguids not considered to be a hazard due to the high flash point are

bnt

Pa

he

explosion properties of the flammable substances.

In any-process—plant site | 3, 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 but in some applications other safeguards may also need to be considered. E.g.

lar

ger distances may apply for naked flames when considering hot work permits. [4

This document does not take into account the consequences of ignition of an explosive
atmosphere except where a zone is so small that if ignition did occur it would have negligible
consequences (see 3.3.8 and 4.4.2). |8



Updated to align with the scope of the complete IEC 60079 and ISO/IEC 80079 series of standards.

Industrial applications of any kind are not exempted from the scope of this standard. However, the assessment in accordance with this standard might result in a non-hazardous area classification. See also new Subclause 5.3.2.

 "Site" is used to clarify that the intent of IEC 60079-10-1 is to cover an area of land or buildings rather than imply application to process equipment.

Other ignition sources have different risks to equipment and this statement reinforces that the scope of IEC 60079-10-1 is to cover hazards due to equipment.

The criteria for a zone of negligible extent includes consideration of the consequences of ignition.

https://iecnorm.com/api/?name=1196a436ad64675e41518b22a622b9f1
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Normative references

Fo
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3.1
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3.2
ex
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Nofe 1 to entfyi™ Although a mixture which has a concentration above the upper flammable limit (UFL) is not]

exg
ad

s document contains no normative references.

Terms and definitions

r the purposes of this document, the terms and definitions given in, [EC 60079-0 and {
owing apply.

D and IEC maintain terminological databases for use in stapdardization at the follow
Hresses:
IEC Electropedia: available at http://www.electropediayorg/

ISO Online browsing platform: available at http:/Ayw.iso.org/obp

TE Additional definitions applicable to explosive atmospheres can be found in IEC 60050-426.

plosive atmosphere

ture with air, under atmospheric conditions, of flammable substances in the form of g
bour, or dust—fibres;—or—flyingse, which, after ignition, permits self-sustaining—fla
pagation

DURCE: IEC 60079-0:26432017,3-30 3.38]

plosive gas atmosphere
ture with air, under atmospheric conditions, of flammable substances in the form of gas
pour, which, after ignition, permits self-sustaining flame propagation

losive gas-atmosphere, it can readily become so and, generally for hazardous area classification purposes,
isable to consider it as an explosive gas atmosphere.

Nofe 2to entry: There are some gases and vapours which are explosive with the concentration of 100 % (

he

e

or

an
tis

£.g.

acetylene, CAS no. 74-86-2, C,H,; monovinyl acetylene, CAS no. 689-97-4, C,H,; 1-propyl nitrate (vapour),
no. 627-13-4, CH, (CH,), NO,; isopropyl nitrate (vapour), CAS no. 1712-64-7, (CH,), CH ONO,; ethylene oxide
(vapour), CAS no. 75-21-8, (CH,), O; hydrazine (vapour), CAS no. 302-01-2, H, N,.

[SOURCE: IEC 60079-0:26432017,-3-32 3.40, modified (addition of Notes to entry)]

3.3
hazardous areas and zones

3.3.1

hazardous area <on account of explosive gas atmospheres>
area in which an explosive gas atmosphere is present or-may can be expected to be present,
in quantities such-as-terequire that special precautions for the construction, installation and
use of equipment are required

AS


https://iecnorm.com/api/?name=1196a436ad64675e41518b22a622b9f1

3.3.2

no

n-hazardous area <on account of explosive gas atmospheres>

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

3.33

Zo
ha
ex

3.3.4

Zo|

arg¢a in which an explosive gas atmosphere is present continuously, or\for long periods,

fre

Nofe 1 to entry: Both “long” and “frequently” are the terms which are intended to\describe a very high likelihoo
a pgotentially explosive atmosphere in the area. In that respect, those terms do not necessarily need to
qugntified.

3.3.5

Zo

arga in which an explosive gas atmosphere is likely<to occur-periedicaly—or occasionally|

no

3.3.6
Zone 2

arga in which an explosive gas atmosphere is not likely to occur in normal operation, but, if it

do

Nofe 1 to entry: Indications of the frequency of the occurrence and duration of the explosive atmosphere-may

be

[SPURCE: IEC 60050-426:20092020, 426-03-05]
3.3.7
extent of zone

digtance in anytdirection from the source of release to where a gas/air mixture will be dilut

by

3.3.8
Zo

Z0

he
vardous area classification based on the frequency of the occurrence and duratjon of f
blosive atmosphere

ne 0

quently

ne 1

'mal operation

s occur, will exist for a short period:only

aken from codes or standards relating to specific industries or applications.

air to a concentration below the lower flammable limit

or

of
be

n

can

ed

Ee NE

Note 1 to entry: Zones of negligible extent could be Zone 0 NE, Zone 1 NE or Zone 2 NE.

34
releases

3.4.1

SO

urce of release

point or location from which a flammable gas, vapour, mist or liquid may be released into the
atmosphere so that an explosive gas atmosphere could be formed

[SOURCE: IEC 60050-426:20092020, 426-03-06,meodified{addition-of “mist"}]



See further detail in 4.4.2.

https://iecnorm.com/api/?name=1196a436ad64675e41518b22a622b9f1
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3.4.2
continuous grade of release
release which is continuous 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

sefondary grade of release
release which is not expected to occur in normal operation and, if it does occur, is_likely to|do
solonly infrequently and for short periods

3.4.5

release rate
qupntity of flammable gas, liquid, vapour or mist emitted per unit time from the source| of
relpase

3.5
ventilation and dilution

.8.1
veptilation
mdvement of air and its replacement with fresh ajr.due to the effects of wind, temperatuyre
gradients, or artificial means (for example, fans orextractors)

Nofle 1 to entry: Fresh air is intended to be synomonousiwith the term ‘clean air’ used in IEC 60079-13. Both tefms
mefn air that is essentially free of flammable gas or va@pour.

3.8.2

dilution
mixing of flammable vapour or gas with air which, over time, will reduce the flammab
copcentration

e

3.8.3

dilution volume
volume in the vicinity.\of a source of release where the concentration of flammable gas|or
vapour is not diluted to a safe level

Nofe 1 to entry:~ fnicertain instances, the volumes under 3.5.3 and 3.5.5 could be the same.

3.5.4
background concentration
mgan/concentration of flammable substance within the volume under consideration outside| of

oToooe

3.5.5
volume under consideration
volume served by the ventilation in the vicinity of the release being considered

Note 1 to entry: For an enclosed space this could be an entire room or part of a larger space where the
considered ventilation will dilute the gas or vapour from a given source of release. Outdoors, this is the volume
around a source of release where an explosive mixture could form. In congested outdoor places this volume could
be dictated by the partial enclosure provided by the surrounding objects.


https://iecnorm.com/api/?name=1196a436ad64675e41518b22a622b9f1
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3.6
properties of flammable substance

3.6.1

flammable substance

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

3.6.2
flammable liquid
liqui le of

Notfe 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.

Nofe 2 to entry: This definition is used for the classification of hazardous areas and may be different from |the
def|nition of flammable liquids used for other purposes e.g. codes for classification of flammable liquids |for
trapsport.

3.6.3

liquefied flammable gas
flammable substance which is stored or handled as a liquid and whicCh ‘at ambient temperatire
anfl atmospheric pressure is a flammable gas

3.6.4

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

3.6.5
flammable mist
drgplets of liquid, dispersed in air so as to farm an explosive atmosphere

Nofle 1 to entry: Mists are also known as aeroso}s.

3.6.6
hyprid mixture
mixture of a flammable gas.of vapour with a dust.

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

3.4.7

relative density.'of a gas or a vapour
depsity of -a¢gas or a vapour relative to the density of air at the same pressure gnd
temperature/(air is equal to 1,0)

3.6.8
flashpoint
lowest liquid temperature at which, under certain standardized conditions, a liquid gives off
vapours in a quantity such as to be capable of forming an ignitable vapour/air mixture

3.6.9
boiling point
temperature of a liquid boiling at an ambient pressure of 101,3 kPa (1 013 mbar)

Note 1 to entry: The initial boiling point-that-sheuld-be used for liquid mixtures-is to indicate the lowest value of
the boiling point for the range of liquids present, as determined in a standard laboratory distillation without
fractionation.


https://iecnorm.com/api/?name=1196a436ad64675e41518b22a622b9f1
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3.6.10
vapour pressure
pressure exerted when a solid or liquid is in equilibrium with its own vapour

Note 1 to entry: This is also, the partial pressure of the substance in the atmosphere above the liquid. It is a
function of the substance and of the temperature.

3.6.11
auto |gn|t|on temperatureef—an—e*plesw&gas—atnwsphere (AIT)

lowest temperature (of a surface) at which under specified test conditions an ignition of a
flammable gas or vapour in mixture with air or air-inert gas occurs

[SOURCE:HEC-60079-0:2013,3-37 ISO/IEC 80079-20-1:2017, 3.3]

3.6.12

lower flammable limit (LFL)
copcentration of flammable gas or vapour—er—mist in air below”which an explosive das
atmosphere-will-net-be-formed does not form

Nofle 1 to entry: The term “lower explosive limit” is used especially n\Edropean standardization and regulatipns
intdgrchangeably to describe this limit.

[SODURCE:
1I:eJ\Ner—|%ep1l9€rﬂ+e—|:Ht\q+t—) ISO/IEC 80079 20 1 2017 3. 6 1]

3.6.13

upper flammable limit (UFL)
copcentration of flammable gas or vapour—er—mist in air above which an explosive das
atmosphere-will-net-be-formed does-n@t form

Nofe 1 to entry: The term “upper explasive limit” is used especially in European standardization and regulatipns
intdgrchangeably to describe this limif:

[SPURCE:
1u}per—|%epleswe—|:+m+t—) ISO/IEC 80079 20- 1 2017 3. 6 2]

3.7
opleration
3.1.1

normal operation
sityatian)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 to maintain proper performance
of equipment

Note 1 to entry: Routine maintenance does not include activities where the amount released or the rate of release
is greater than that used for the area classification. E.g. Where equipment or systems require either partial
dismantling or deliberate venting to atmosphere is required to enable the maintenance activity to be performed.


https://iecnorm.com/api/?name=1196a436ad64675e41518b22a622b9f1
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3.7.3
rare malfunction
type of malfunction which may happen only in rare instances

Note 1 to entry: Rare malfunctions in the context of this standard include failure of separate and independent
process controls, that may be either automated or manual, that could trigger a chain of events that would lead to
major release of flammable substance.

Note 2 to entry: Rare malfunctions could also include unanticipated conditions that are not covered by the plant
design such as unexpected corrosion that results in a release. Where releases due to corrosion or similar
conditions may or could reasonably be expected as part of the plant operations then this is not considered as a
rare_malfunction

3

[}

«@ @
)

General

4.1 Safety principles

D

tallations in which flammable substances are handled or stored should be designéd,
nstructed, operated and maintained so that any/releases of flammable substance, 3
nsequently the extent of hazardous areas, are“kept to a minimum,—-whether-in—normal

hormal-operation; | 8 with regard to frequency)duration and quantity of a release.

Ing
co
co
ab]

Itip

of

likglihood and frequency of such releases and the quantity and rate of release of substance

NO|
orl

Th
de
ha

In
roy

important to examine those parts of process equipment and systems from which a releg
flammable substance may arise and to consider modifying the design to minimize {

TE 1
quid.

Process equipment in thecontéxt of this document includes any item that may contain a flammable

ese fundamental considerations should be examined at an early stage of the des
Velopment of any process plant and should also receive prime attention in carrying out f
vardous |9 area ¢lassification study.

the case ofvactivities other than those of normal operation, e.g. commissioning or ng
tine maintenance, the hazardous area classification may not be valid. It is expected t

se
he

has

gn
he

n_
nat

thq
e

activities other than those of normal operation would be dealt with by a safe system
rk., The hazardous area classification should take into account any routine maintenance.

In a situation in which there may be an explosive gas atmosphere—the-fellowing-steps act
should be taken to eliminate:

on

a) the likelihood of an explosive gas atmosphere occurring around the source of ignition, or
b) 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.


The definition is deleted as consideration of catastrophic failures is described more fully in 4.5.

Safety principles are applied irrespective of the zone classification.

The terminology from "area classification" to "hazardous area classification" is updated to be consistent throughout the document.

https://iecnorm.com/api/?name=1196a436ad64675e41518b22a622b9f1
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NOTE 2 As Low As Reasonably Practicable (ALARP) is a recognised term in many jurisdictions and includes
implementing controls as possible according to the current state of the art and in accordance with relevant codes
and standards.

This document provides guidance on aspects that should be considered and the classification
of hazardous areas requires the application of good engineering practice. 10

4.2 Hazardous area classification objectives

Hazardous area classification is a method of analysing and classifying the environment where
explosive gas atmospheres may occur, so as to facilitate the proper selection, installation and
opfration of equipment To be used safely in that environmeni. The classificalion also ta%es

intp account the ignition characteristics of the gas or vapour such as ignition energy—gnd
igrfition temperature. Hazardous area classification has two main objectives, the
dejermination of the type of any-hazardeus zone, and the extent of the zone (see—7and-8
Clguse 8 and Clause 9).

NO|TE Selected characteristics—may might be designated for equipment e.g. ignition energy and temperafjure
ratings-—seetEC-60079-20-1 (see ISO/IEC 80079-20-1).

In most practical situations where flammable substances are used, jt'ig difficult to ensure that
an| explosive gas atmosphere will never occur. It may also be  ‘difficult to ensure that
eqpipment will never give rise to a source of ignition. Thergfore, in situations where [an
explosive gas atmosphere has a high likelihood of occurring, reliance is placed on using
equipment which has a low likelihood of creating a source{of-ignition. Conversely, where the
likglihood of an explosive gas atmosphere occurring is reduced, equipment constructed with
legs rigorous requirements may be used.

In particular, Zone 0 or Zone 1 areas should be minimized in number and extent by design|or
suijtable operating procedures. In other words,: plants and installations should be maiply
Zophe 2 or non-hazardous. Where release of ‘a*flammable substance is unavoidable, procgss
eqpuipment items should be limited to thes&“which give secondary grade releases or, failjng
thig (that is where primary or continuous, grade releases are unavoidable), the releases shotld
be| of very limited quantity and rate-In carrying out plant design, these principles shotld
regeive prime consideration. Where\nécessary, the design, operation and location of procgss
eqlbipment should ensure that, even when it is operating abnormally, the amount of flammable
substance released into the-.atmosphere is minimized, so as to reduce the extent of {he
harardous area.

Once a plant has begeh. classified and all necessary records prepared, it is important that [no
mqgdification to equipment or operating procedures is made without reference to thqgse
regponsible for the fTazardous area classification. The hazardous area classification should [be
upfated for any. plant or operational changes. Reviews should be carried out during t{he
lifdtime of théplant.

4.3 Interior of equipment containing flammable materials

Theinferior of many items of equipment containing flammable substances such as tanks may
be considered as a hazardous area even though an explosive gas atmosphere may not
normally be present to account for the possibility of air entering the equipment.

NOTE 1 Items of equipment containing flammable substances are commonly given the generic term ‘process
equipment’ in many industries.

Where specific controls such as inerting are used, the interior of equipment containing
flammable substances may not need to be classified as a hazardous area or may be assigned
a less onerous zone. In such cases the reliability of the control measures should be
commensurate with the reduction in hazardous area that is determined for the interior of the
equipment. E.g. control measures could be assessed using a suitable study such as SIL
assessment to IEC 61511.


The statement clarifies that the range of situations that might need to be classified for a hazardous area is too broad for a detailed standard that would cover all situations to be prepared.

https://iecnorm.com/api/?name=1196a436ad64675e41518b22a622b9f1
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NOTE 2 Inerting is the replacement of atmospheric oxygen in a system by a non-reactive, non-flammable gas, to
make the atmosphere within the system unable to propagate flame. The addition of flammable gases to ensure the

space is always outside of the flammable range could prevent a hazardous area internal to equipment. 11
4.4 Explosion risk assessment
4.4.1 General

Subsequent to the completion of the hazardous 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
useofequipmentwithratowerequipment protectiomtevetthammormmatty Tequired:

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

NOITE 1 IEC 60079-0 describes EPLs and IEC 60079-14 defines the application of EPLs to an installation. 12

NO[TE 2 This standard does not define the methodology for carrying out a risk assessmentyto vary the EPL ratipgs
as ppecification for any risk assessment methodology is out of the scope of this standard. 13

4.4.2 Zone of negligible extent

In |some cases a zone of negligible extent (NE) may arise, and may be treated as non
hagardous. A zone of negligible extent would also imply eithetr a negligible release rate of a
negligible release quantity and considering the volume fot diSpersion.

D

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 rjsk
asgessment to determine EPL.

Thg criteria for a zone NE classification should be based on the following factors:

i) | Ignition would not result in sufficignt pressure to cause harm either due to the pressure
wave or due to damage that could cause flying objects or particles e.g. broken glass frpm
windows.

ii) | Ignition would not resultcif sufficient heat to cause harm or a fire from surrounding
materials.

iii)| For gas distributedwat-pressures above 1 000 kPag (10 barg) consideration shall be gien
to a specific risk-agsessment

iv)] A zone NE shalbnot be applied to gas distributed at pressures above 2 000 kPag (20 barg)
unless a spetific detailed risk assessment can document otherwise. 14

NOfFE4:- Ah example of zone NE is a natural gas cloud with an average concentration thai is
50(% by<volume of the LFL and that is less than 0,1 m3 or 1,0 % of the enclosed spdce
cohcerned (whichever is smaller). For other gases a zone NE may be considered based |on
thq _ratio of the heat of combustion, maximum explosion pressure and the maximum rate| of
pressure rise of the gas to methane multiplied by the parameters used for methane. 18

NOTE 1 Natural gas in this context is gas used for conventional gas distribution networks and is predominately
methane.

NOTE 2 Refrigeration and heat pump applications are not regarded as gas distribution systems. Risk
assessments for this class of equipment have demonstrated that the value of 2 000 kPag (20 barg) might not be a
suitable reference for these applications.



The principles here were included in previous editions of IEC 60079-10-1 and are restated here with some further explanations.

The text here is relocated from the previous edition and hence is shown as a change for that reason.

The note clarifies why a recommended methodology for risk assessment is not included in this standard.

The Zone NE concept was introduced into the first edition of IEC 60079-10-1 based on research by the UK HSL for natural gas ignitions and is expanded in this edition for general principles.

The text here is intended to clarify the assessment of Zone NE for other gases which was not provided in previous editions of IEC 60079-10-1.

https://iecnorm.com/api/?name=1196a436ad64675e41518b22a622b9f1

- 20 - IEC 60079-10-1:2020 CMV © |IEC 2020

4.5 Catastrophic failures

As far as possible, such failures should be prevented.

Reasonably unexpected catastrophic failures need not be accounted for in the hazardous
area classification. For example, major accidents such as the rupture of a process vessel, or
large scale failures of equipment or piping such as total breakdown of a flange or seal.

The likelihood of such failures should be reduced by appropriate inspection, design, operation
and maintenance of a plant. 16

4.6 Competence of personnel

A . us
arga cIaSS|flcat|on should be carrled out by persons who understand the nature of flammable
substances, gas dispersion and ventilation and are familiar with the proeéss aspects for {he
plgnt under consideration. 17 It may be beneficial for other engipeering disciplines, €.g.
elgctrical and mechanical engineers, and personnel with specific responsibility for safety to|be
paft of and have an input to the hazardous area classification process. The competency of {he
pefson shall be relevant to the nature of the plant and methodalogy used for carrying out the
hagardous area classification. Appropriate continuing education or training should |be
unflertaken by personnel on a regular basis where required.

NOITE 1 Competency can be demonstrated in accordance with<zr training and assessment framework relevanf to
natlonal regulations or standards or user requirements.

NOJTE 2 Elements of competency are covered in several personnel certification schemes.
5 | Hazardous area classification methodology

5.1 General

It ip rarely possible by a simple examination of a plant or plant design to decide which parts| of
thg 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.

In |determining where "a release of flammable gas or vapour may occur, the likelihood gnd
dufation of the release should be assessed in accordance with the definitions of continuols,
primary and secondary grades of release. Once the grade of release, the release rate,
cohcentration;~velocity, ventilation and other factors are assessed there is then a firm basis
on|which«to/assess the likely presence of an explosive gas atmosphere in the surrounding
arg¢as and determine the type and/or extent of the hazardous-zenes area.

Thrs—approacirtherefore Tequires detaitedconsiderationm to begivermr toeaciitermof process

equipment which contains a-substance flammable—by—itselfor-dueto—process—conditions

substance, and which could therefore be a source of release.

Subclauses-5-3-t6-5-6 5.2 to 5.5 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 hazardous 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.


Catastrophic failures are excluded from consideration when classifying hazardous areas and the text here is only relocation and an alternative expression to principles in previous editions.

The text here slightly modifies previous text to highlight understanding the nature of the factors and not just the principles involved.

https://iecnorm.com/api/?name=1196a436ad64675e41518b22a622b9f1

IEC 60079-10-1:2020 CMV © |IEC 2020 -21 -

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 according 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 given to a careful evaluation of-pricr
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5.2

Classification'may be approached by calculation or test 20, considering appropriate statisti

an

1
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nt design and operations are sound this may be used to support the classification choss
rthermore, it is conceivable that an area could be reclassified based on-industiyexperier
hew evidence. 18

f mass-produced equipment that can be deployed in a range of differént situations su
Llipment may be subject to a generic hazardous area classification, with relevant instructig
but placement and ventilation, etc., to detail any limitations forAhe application and imp
the classification.

blosion condition may exist, it may not be appropriate to use this hazardous ai
ssification procedure. Notwithstanding this general dguidance, consideration should alw{
given to the potential for release and the abjli{y. to adequately dilute or disperse ¢
base to avoid flammable conditions. l.e. small) gtantities in small spaces may still be
yard.

I small quantities account shall also.bg’ taken of the particular factors involved. Sy
tors could include: levels of cleanliness, industry practice, competency and training
'sonnel handling the flammable substances, other spill or release control measur
htilation, health risks and exposufé controls, management of ignition sources by other th
use of ‘Ex’ rated equipment.

TE 1 Small quanities could apply to applications such as laboratories, small refrigerant systems or cylinder

TE 2 Industry codes eammonly identify quantities below which the hazardous area classification process wd
apply. 19

Classification by sources of release method

H numierical assessments for the factors concerned, for each source of release.

he 2 classified-areas- Where-experienceor documented evidence indicates that a particular

he quantity of a flammable substance available for refegse is ‘small’, whilst a potentfi

ENn.
1552

ch
ns
Act

of

uld
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Th

saurce ofraleaase annraoach can bhae stimmarizad as follows (rafor to Annex E)-
PP A} 7

Identify sources of release;

Determine the release rate and grade of release for each source based on likely frequency

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

Determine extent of zone.

Formulae relevant to determining the release rates under specified conditions can be found in
Annex B. These formulae are generally accepted as providing a good basis for calculating
release rates for the conditions provided.



The reduction of text here is for simpler expression and does not change the intent from previous editions.

Previous editions of IEC 60079-10-1 have recognized that for small quantities it may not be practical to apply a hazardous area classification. The text here restates that principle but with updates to further explain aspects that may need to be considered.

Testing is added as this could be used and may also be associated with validation of other forms of assessment. For example, testing to calibrate or validate CFD modelling.
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Guidance on the assessment of ventilation and dispersion is provided in Annex C. Other
forms of assessment, e.g. computational fluid dynamics (CFD) or testing, may be used and
may provide a good basis for assessment in some situations. Computer modelling is-alse an
appropriate tool when assessing the interaction of multiple factors.

In all cases the assessment method and tools used should be validated as suitable or used
with appropriate caution. Those carrying out the assessment should also understand the
limitations or requirements of any tools and adjust the input conditions or results accordingly
to ensure appropriate conclusions.

NOJTE It is not expected that all methods or tools used for the classification of hazardous areas will give the sgme
resplt and this need not indicate that one particular method or tool is unsuitable for the application. 21

5.3 Use of industry codes and national standards
5.3.1 General

Inqustry codes and national standards may be used where they provide guidance or examp|es
appropriate to the application and comply with the general principles of this’standard.

Annhex K identifies some relevant industry codes and national standards that may provide
further detail as well as examples.

5.3.2 Fuel gas installations

Fof commercial and industrial applications where gnly’low pressure fuel gas is used [or
appliances e.g. for cooking, water heating and simil@nuses, then local gas codes would applly.

In most cases compliance to the relevant gas,cedes would result in a classification that is nfon
hagardous or lead to a zone of negligible extent.

NO[TE Low pressures are commonly considergd to be pressures below 200 kPa (gauge). Refer Annex K|for
exgdmples of relevant codes. 22

5.4 Simplified methods

Where it is not practicable fe~make required assessments from individual sources of releasge,
a §implified method may beJused. E.g. in basic projects, where the equipment or locations are
not yet defined, or calculations for all sources of release may be too onerous. Simplified
mgthods shall identifyssources for each of the zone types, zone 0, 1 and 2 that are suitaply
cofpservative to allow’for potential sources of release without individual detail. The judgemegnt
is best made by.reference to a set of criteria based on industry experience and appropriate| to
thg particularplant.

It |s net\necessary to carry out a detailed assessment of all items in a plant where |Jan
asgessment for one item or condition would be adequate to provide a conservat|ve
classification for all other similar items or conditions on the plant

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.


While this is a note, the significance of the note should be highlighted.

The text here reflects the change in the scope from the previous edition.
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For example, at the initial conceptual stage of a plant the simplified method may be
appropriate to set out the equipment separations, plant layout and plant boundaries. This
might be the only method that could be applied due to lack of detailed data on sources of
release. As the plant design proceeds and detailed data are available on the potential sources
of release, the classification should be upgraded using a more detailed method of
assessment.

In some cases the simplified method can be applied to a group of similar equipment in
sections of plant (e.g. sections of piping with flanges, such as pipe racks) while applying a
more detailed assessment to the more significant potential sources of release (e.g. relief
valves, Vents,gas COMPressors, pumps and the fke):

In many cases the classification examples provided in relevant national or industry codes can,
whiere appropriate, be used to classify some components of larger plants.

6 | Release of flammable substance

6.1 General

14

The release rate of a flammable substance is the most importantfactor that affects the ext¢nt
of p zone.

Ggnerally, the higher the release rate the larger the extent'of'the zone.

NOJTE Experience has shown that a release of ammonia (with*an LFL of 15 % by volume), will often dissipate
rapjdly in the open air (outdoor), so an explosive gas atmosphere—will can be, in most cases considered of
nedligible extent.

An| introduction to the nature of releases ‘that should be considered when approaching
clgssification of potentially explosive areas-i§’provided in Subclauses 6.2 to-6-5 6.3.

6.2 Sources of release

The basic elements for establishing the-hazardeus zone types are the identification of {he
source of release and the detefmination of the grade or grades of the release.

Since an explosive gas.atmosphere can exist only if a flammable gas or vapour is presént
with air, it is necessary to decide if any flammable substances can exist in the area
cohcerned. Generally*speaking, such gases and vapours (and flammable liquids or sollds
whlich may give rise to them) are contained within process equipment that may or may not|be
totplly enclosed:\lt is necessary to identify where-a—flammable an explosive gas atmosphgre
caf exist inside process equipment, or where a release of flammable substances can creat¢ a
flammable'\atmosphere outside process equipment.

Eachdtem of process equipment (for example, tank, pump, pipeline, vessel, etc.) should |be

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 hazardous area classification. By means of this procedure, each release will
be graded either ‘continuous’, ‘primary’ or 'secondary’.
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NOTE 1 Releases may form part of process, e.g. taking samples, or may occur as part of a routine maintenance
procedure. These forms of release are generally classified as continuous or primary grades of release. Accidental
releases are generally classified as secondary grades of release.

NOTE 2 One item may give rise to more than one grade of release. For example, there may be a small primary
grade release, but a larger release could occur under abnormal operation; thus giving rise to a secondary grade
release. In this situation, both release conditions (both grades of release) need full consideration as described in
this document.

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

1
raf
thi
fad

In [some cases, a mixture of different flammable substances with different characteristics [for
eagh flammable substance may need to be considered, e.g. relative densjty ‘and temperatiire
clgss. In such cases it is necessary to consider if the ratio of individual~components in {he
mixture is sufficient to influence the relevant parameters, such, as’ equipment group |or
temperature class, or may suggest a need to consider other factors\such as hazardous aiea
clgssification for both lighter than air and heavier than air.(8lease conditions. 24 The
harardous area classification of process equipment in which’ a flammable substance] is
burned, for example, fired heaters, furnaces, boilers, gas‘\turbines—ete-, should take into
acgount any purge cycle, start-up and shut-down conditions.

In pome cases, the construction of closed systems where specific construction codes are met
cah be accepted as effectively preventing and/or dimiting releases of flammable substances| to
a |negligible leakage hazard. The hazardous) area classification of such equipment |or
indtallations requires a complete assessmentito’verify the full compliance of the installation| to
thg relevant constructional and operating’ standards. Verification of compliance should
cofhsider design, installation, operation, maintenance and monitoring activities.

d

Mists which form through leaks of pressurized liquid can be flammable even though the liqy
temperature is below the flash point (see Annex G).

6.3 Forms of release

6.3.1 General

The characteristic rof 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 gasiiquefied 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. Conversely if the source of release has a finite quantity, the release rate may decline
over time reducing the extent of the hazard. For example, gas under pressure in a closed
system. 28

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


This text is relocated to Subclause 5.1.

The influence of individual components in a gas mixture varies considerably depending on the mixture. As a result of these variances more specific guidance is not provided.

This text highlights the need to consider not only the release rate but the total quantity available for a release in the classification assessment.
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displayed as a flow chart in Figure B.1. This characteristic 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

A jgas release will produce a gas jet or plume at the release source depending on the
prgssure at the point of release, e.g. pump seal, pipe connection or evaporative’ pool arga.
The relative density of the gas, the degree of turbulent mixing and the prevailing air
mgvement will all influence the subsequent movement of any gas cloud.

In calm conditions low velocity releases of a gas that is significantly(dess dense than air will
tend to move upwards, e.g. hydrogen and methane. Conversely/a\gas that is significantly
depser than air will tend to accumulate at ground level or inany pits or depressions, €.g.
butane and propane. Over time, atmospheric turbulence will-cause the released gas to mix
with air and become neutrally buoyant. A gas or vapour with-density that is not significantly
different to air is regarded as neutrally buoyant.

NOJTE 1 Near-neutrally buoyant gases, such as ethane, coutd$iend to follow the layering behaviour of depse
gages, provided conditions are calm.

Higher pressure releases will initially produce jets of released gas which will mix turbulently
with the surrounding air and entrain air in the jet.

At |high pressures, a thermodynamic effect due to expansion can come into play. As the gas
esgapes, it expands and cools down<nd may initially behave as heavier than air. Howevier,
thg cooling due to the Joule-Thomson effect is eventually offset by the heat supplied by the
airl The resulting gas cloud wilk"eventually become neutrally buoyant. The transition from
hepvier than air to neutrallycbuoyant behaviour may occur at any time, depending on the
najure of the release, and'may occur after the cloud has been diluted to below the LFL.

NOJTE 2 Hydrogen deménstrates a reverse Joule-Thomson effect, heating up as it expands and so will negver
exHibit a heavier than air effect.

6.3.3 Liquefied under pressure release

Some gasés)can be liquefied by the application of pressure alone, e.g. propane and butane,
anfl are-tisually stored and transported in this form.

When—-a-pressurized-liguefied-gas-leaks from-its-containment-the most likelv scenario-is-that
Ll bt ~J J

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—aeresol a flammable mist 27 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 text is deleted here as the concepts are covered elsewhere.

Terminology is reconciled to be "flammable mist" for consistency of expression throughout the standard.
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The cold-aeresel flammable mist 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
produce a visible cloud.

For some applications where a gas is liquified under pressure, a release in the liquid part of
the system may initially lead to a two phase release (liquid and vapour) with a ‘spitting’
behaviour. If there is a limited amount of flammable substance the release may transition to
be only vapour as the rate and pressure decrease. 28

6.3.4 Liquefied by refrigeration release

Other gases, the so-called permanent gases, can only be liquefied by refrigeration™¢.g.
mgthane 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 poolof liquid
mdy form.

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

NOJTE 1 Care needs to be taken when classifying areas containing cryogenic'flammable gases such as liquefied
natpral gas. Vapours emitted will generally be heavier than air at low températures but will become neutrplly
budyant on approaching ambient temperature.

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

6.3.5 Aeroseols Flammable mists release 27

Antaeroseol A flammable mist is not a gas but consists of small droplets of liquid suspended in
airl The droplets are formed from vapours or.gases under certain thermodynamic conditigns
or |by flash evaporation of pressurized liquids. The scattering of light within—an—aerese! a
flammable mist cloud frequently makes the-cloud visible to the naked eye. The dispersion| of
antaereseol a flammable mist may vary.between the behaviour of a dense gas or a neutrally
bupyant gas.-Aerosel Flammable mist droplets can coalesce and rain out of the plume|or
clqud.-Aeroselsfrem Flammable mists made of flammable liquids may absorb heat from the
sufrounding environment, evapoerate and add to the gas/vapour cloud (for more details gee
Annhex G).

NOJTE In some cases a visible mist may form at concentrations below the flammable limit. For example anhydrpus
amfnonia mist is visible at 2% v/v due to absorption of atmospheric moisture in the liquid droplets but the LFL is

15 Po. 29
6.3.6 Vapours.release

Liquids atcequilibrium with their environment will generate a layer of vapour above thleir
sufface.«<IFhe pressure this vapour exerts in a closed system is known as the vapour pressufe,
w!‘]ich increases in a non-linear function with temperature.

The process of evaporation uses energy which may come from a variety of sources, for
example from the liquid or the surrounding environment. The evaporation process may
decrease the temperature of the liquid and limit temperature rise. However, changes in liquid
temperature due to increased evaporation from normal environmental conditions are
considered too marginal to affect the hazardous area classification. The concentration of the
generated vapour is not easy to predict as it is a function of the evaporation rate, temperature
of the liquid and the surrounding air flow.

6.3.7 Liquid release

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).


This is particularly relevant to some systems, e.g. refrigeration systems, and is introduced to help with understanding such systems since classification of hazardous areas is becoming more relevant in such industries.

Terminology is reconciled to be "flammable mist" for consistency of expression throughout the standard.

Further information on ammonia is introduced as a special case to assist with understanding the hazardous area classification of ammonia systems.
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NOTE 1 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.

NOTE 2 The evaporation rate could be reduced significantly over time if the liquid has a high latent heat. A high
latent heat can cause the surface onto which the liquid is present to be cooled significantly which then limits the
flow of heat into the liquid. For example, with a leak of anhydrous ammonia, which has a high latent heat, the rate

of evapouration could slow considerably unless additional heat is brought to the liquid. 29

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
grgund, in plant drains, pipe trenches or on open walers (sea, lake or river), torming a, thin
film and increasing the evaporation rate due to the increased surface area. In«thgse
circumstances the calculations in Annex B are not applicable.

7 | Ventilation (or air movement) and dilution

7.1 General

Gds or vapour released into the atmosphere may dilute through turbulent mixing with air, gnd
to [a lesser extent by diffusion driven by concentration gradients-dntil. Unless the releasq is
intp a space that is confined and well-sealed 30 the gas disperses completely-and until {he
copcentration is essenhally zero. Air movement due to natural or art|f|C|aI vent|lat|on will
prq mote dispersion. ,

d&

Sujtable ventilation rates can reduce the persistence time of an explosive gas atmospheére
thys influencing the type of zone.

A ptructure with sufficient openings to allow' free passage of air through all parts of the
bullding 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.

Digpersion or diffusion of a gas or vapour into the atmosphere is a key factor in reducing {he
concentration of the gas or vapour to below the lower flammable limit.

Vephtilation and air movement have two basic functions:

a) | to increase the rate\of dilution and promote dispersion to limit the extent of a zone;

~

b) | to—aveid reduce 81 the persistence of an explosive atmosphere that may influence {he
type of a zone.

D
o

With increased ventilation or air movement the extent of a zone will normally be reducg
Opstacles=which impede the ventilation or air movement may increase the extent of a zone.
Some ebstacles, for example, dykes, walls and ceilings, which limit the extent of vapour|or
gag ‘movement, may also limit the extent of the zone.

NOTE 1 Increased air movement may also increase the release rate of vapour due to increased evaporation from
open liquid surfaces. However, the benefits of increased air movement normally outweigh the increase in release
rate.

For low velocity releases the rate of gas or vapour dispersion in the atmosphere increases
with wind speed, but in—stable calm atmospheric conditions layering of the heavier than air
gas or vapour may occur and the distance for safe dispersal can be greatly increased. For low
velocity releases where there are obstacles such as walls and ceiling, layering of lighter than
air gas or vapour may occur at the ceiling and the distance for the safe dispersal can be
greatly increased. 32

NOTE 2 In plant areas with obstructions to ventilation such as large vessels and structures, even at low wind
speeds, eddies may be formed behind such obstructions thus forming pockets of gas or vapour without sufficient
turbulence to promote dispersion.



Further information on ammonia is introduced as a special case to assist with understanding the hazardous area classification of ammonia systems.

The text is revised to clarify that dispersion is relevant to the volume available and the volume of the release.

Since "persistence time" is a variable, reducing the persistence of a condition is a better expression than avoiding the persistence.

The text is added to clarify that layering may be possible with both heavier than air gas or vapour and lighter than air gas or vapour depending on the conditions.
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In normal practice, the tendency of layering in outdoor situations is not taken into account in
hazardous area classification 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. The tendency for layering should be
considered for indoor situations.

NOTE 3 Layering may be a relevant factor in some particular applications such as rooms with very little air
exchange to outside the room. 33

In some—applications—with—alimited—aguantity of release—circulation——airflow—within—a—clased
PP | 4 v

spfice can be used to provide sufficient mixing to dilute a release. 34

7.2 Main types of ventilation
7.2.1 General
The two types of ventilation are:

a) | natural ventilation; and,
b

~

artificial (or forced) ventilation, either general to the area or localto the source of releasg.

7.2.2 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
ceftain indoor situations (for example, where a building has openings in its walls and/or rofof)
to filute releases safely.

Expmples of natural ventilation:

¢ | 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 {he
ventilation inside the building, for the purpose of hazardous area classification, can [be
regarded as equivalent to that.in an open-air situation;

¢ |a building which is not am,open building but which has natural ventilation (generally lgss
than that of an open building) provided by permanent openings made for ventilation
purposes.

Consideration of ndtural ventilation in buildings should recognise that gas or vapour buoyarjcy
may be a significant factor and so, ventilation should be arranged to promote dispersion gnd
dilution. Wherela gas or vapour has been released which exhibits a high or low dengity
relptive to aji~the pressure head of the mixture close to openings in the space envelope may
aldo be relied upon to generate its own ventilation. 35

Veptilation rates arising from natural ventilation are inherently very variable. Generally, with

any IIdLUIdI VETIUTatiorr, d IUWSI veritaiatolr Tdle IEdUb O d IIIQIIEI IEVEI UI dVdIIdUIIILy dllU vice
versa. Where dilution of releases is by natural ventilation, the worst case scenario shall
preferably be considered to determine the-degree—of ventilation rate. Such a scenario will then

lead to a h|gher IeveI of avaHabHﬂy—even—theegh%e—deg%ee—eLthe—vem#ahen—ls—Feeeeee—

a#a#alem!ey—and—wee—vepsa wh|ch WI|| compensate for overly opt|m|st|c assumpt|ons made in
estimating the-degree-of ventilation rate. 36

There are some situations which require special care. This is particularly the case where the
ventilation openings are limited to mainly one side of the enclosure. Under certain
unfavourable ambient conditions, such as windy days when the wind is blowing onto the
ventilated face of the enclosure, the external air movement may prevent the operation of the
thermal buoyancy mechanism. Under these circumstances the level of ventilation and the
availability will both be poor resulting in a more rigorous classification.


The text and associated note further clarify factors for indoor situations even with limited quantity releases.

This text is added to highlight that sometimes ventilation can help with dilution even if there is little air exchange in a room.

The text clarifies that natural air exchange is not the only driver for air movement in a room.

The added text and struck out text say much the same thing and the expression is modified for improvement.
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7.2.3 Artificial ventilation
7.2.31 General

Air movement required for ventilation may also be 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 air movement due to obstacles.

The art|f|C|aI ventilation may be either general (e.g. a whole room) or Iocal (e.g. extraction
af ralanca) nd Fn- hnH—. aof thoca difforina doaranc aof alr Ay A an $

Ny A nt d
nepr—a—peint—of—release—and—fe —ef—these—differing—degrees—of—air—meovement—an

reglacement 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;
¢ [shortening of the time of persistence of an explosive gas atmosphere;

o [ prevention of the generation of an explosive gas atmosphere.

7.2.3.2 Artificial ventilation considerations

Arfificial ventilation can provide an effective and reliable ventilation system in an indgor
sitiation. The following considerations should be included fef artificial ventilation systems:

a) | classification of the inside of the extraction system and immediately outside the extractjon
system discharge point and other openings of the\extraction system;

b) | for ventilation of a hazardous area the ventilation air should normally be drawn from a
non-hazardous area taking into account thessuction effects on the surrounding area;

c) | before determining the dimensions and;design of the ventilation system, the locatipn,
grade of release, release velocity and<release rate should be defined.
In pddition, 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 adequatgly
control gas orvapour movement;

c) | changes in_gas density with temperature;

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

e) | turbulence and circulating air patterns.

Forrmore details, See Annex C.

Consideration should be given to the possibility or need for recirculation of air in the
ventilation arrangement. This may impact the background concentration and effectiveness of
the ventilation system in reducing the hazardous area. In such cases the classification of the
hazardous area may need to be modified accordingly. Recirculation of air may also be
necessary in some applications e.g. for some processes or to provide for the needs of
personnel or equipment in high or low ambient temperatures where supplemental cooling or
heating of the air is required. Where recirculation of air is needed then additional controls for
safety may also be required, e.g. a gas analyzer with dampers controlling fresh air intake.
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7.2.3.3 Examples of artificial ventilation

20

General artificial ventilation may include a building which is provided with fans in the walls
and/or in the roof to improve the general ventilation in the building.

The role of fans may be twofold. They can increase the air flow through a building, helping to
remove gas from the building. Fans within a building can also increase turbulence and aid the
dilution of a cloud which is much smaller than the room which contains it, even if no gas is
transported out of the room. Fans may also enhance dilution by increasing turbulence in some
outdoor situations.
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cal artificial ventilation may be:

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

a forced or extraction ventilation system applied to a local area where it.is,expected t
an explosive gas atmosphere may otherwise occur.

F more details, see Clause C.4.

4 Degree of dilution

b effectiveness of the ventilation in controlling dispersion 'and persistence of the explos
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the release t.e.” due to the direction and velocity of the release and of the surround
ume of air) Phe hazardous area is then normally much larger than the dilution volume. T
hcept o&dilution volume and relationship to the hazardous area classification is shown
ure 1%
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The text is updated to remove the ambiguity in the previous edition between the flammable volume and hazardous area.

This text is added to help clarify the relationship of dilution or flammable volume and hazardous area.

https://iecnorm.com/api/?name=1196a436ad64675e41518b22a622b9f1

IEC 60079-10-1:2020 CMV © |IEC 2020 -31-

Dilution volume Hazardous area

:.»

Dilution volume Hazardous area

IEC
Figure 1 — Dilution Volume

The degrees of dilution will depend not only on the ventilation;”but also on the nature and the
tyge of the expected release of gas. Some releases, ewg-rfelease with low velocity, will |be
amenable to mitigation by enhanced ventilation with,others much less so, e.g. release with
high velocity.

Cdmmonly applied degrees of dilution are desctibed in C.3.5.

8 | Type of zone

8.1 General

The likelihood of the presence of an explosive gas atmosphere depends mainly on the grade
of release and the ventilation. This is identified as a zone. Zones are recognized as: Zone 0,
Zone 1, Zone 2 and the non-hazardous area.

Where zones created by adjacent sources of release overlap and are of different—zenal
classification zone types, including temperature class and equipment group 40, the more
severe classification criteria will apply in the area of overlap. Where overlapping zones are of
the same classification, this common classification will normally apply.



The deleted text is relocated to C.3.5 to keep descriptions in the annexes consistent.

The text is updated as the previous term of "zonal classification" is not defined.
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8.2 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 (
for| example in an open air plant) a continuous grade of release generally leads.toya Zong 0
clgssification, a primary grade to Zone 1 and a secondary grade to Zone 2. This /general rlile
mdy be modified by considering the degree of dilution and availability of ventilation which may
regult in a more or less severe classification (see 8.3, 8.4 and Annex D).

8.3 Influence of dilution

The effectiveness of ventilation or degree of dilution shall be considered when estimating the
tyde of zone classification.

A medium degree of dilution will generally result in the predetermined types of the zorles
bagsed upon the types of the sources of release. A high degree of dilution will allow a lgss
seyere classification, e.g. Zone 1 instead of Zone Q;~Zone 2 instead of Zone 1 and even Zgne
of jnegligible extent in some cases. On the other¢hand a low degree of dilution will requirg a
mqgre severe classification (see Annex D).

8.4 Influence of availability of ventilation

The availability of ventilation has an_influence on the presence or formation of an explos|ve
gap atmosphere and thus also on’the type of zone. As availability, or reliability, of {he
ventilation decreases, the likelihged of not dispersing-flammable gas explosive atmospheres
indreases. The zone classification will tend to be more severe, i.e. a Zone 2 may change t¢ a
Zohe 1 or even Zone 0. Guidance on availability is given in Annex D.

Codmmonly applied desgriptions for the availability of ventilation are provided in C.3.7.1. 41

NOJTE Combining the jconcepts of the efficiency of ventilation and the availability of ventilation results inh a
qudlitative method fer.the evaluation of the zone type. This is further explained in Annex D.

9 | Extentof zone

The\extent of the zone depends on the estimated or calculated distance over which Jan
explosive atmosphere exists before it disperses to a concentration in air below its lower
flammable limit.—Determination—of-the—extentof the zone—should—consider—the level—of
wheertaintyin-the—assessment-by-theapplication-ofa-safety factor- 42 When assessing the
area for spread of gas or vapour before dilution to below its lower flammable 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 can be prevented by
suitable means such as:


A pointer to the descriptions for ventilation is added to be consistent with the previous pointer for degree of dilution.

The text is deleted here as safety factors are described elsewhere in the standard.
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a) physical barriers; or,

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 airescapes-from-all
openings—where-theflammable—gas—orvapour-may—enter fresh air or a protective non-

flammable gas such as nitrogen or carbon dioxide at a sufficient flow and positive
pressure to reduce the concentration of any flammable gas or vapor initially present to
non-hazardous concentration. 44

NOJTE An example of a physical barrier is a sealed wall with no openings or other obstruction that willytimit the
pagdsage of gas or vapour at atmospheric pressure, thus preventing the penetration of a significant quantity of
flammable gas or vapour into the area.

The extent of the zone requires assessment of a number of physical Yand chemigal
pafameters, some of which are intrinsic properties of the flammable substance; others are
specific to the situation (refer also to Clauses 6, 7 and 8).

Fof releases where only a small-mass quantity is available to be'released a lesser distarce
mdy be accepted to an on-going release. In cases of a small quéantity, much of the guidancq in
Anhex C and Annex D is not applicable. 45

Unlder some conditions heavier than air gases and vapours can behave like a spilled liquid
spreading down terrain slopes, through plant drains ©r pipe trenches and can be ignited at a
po[nt 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 dispersall of
explosive gas atmospheres.

An| area with restricted ventilation (for example, in pits or trenches) that would otherwise |be
Zohe 2 may require Zone 1 classification; on the other hand, wide shallow depressions uged
for|pumping complexes or pipe reservations may not require such rigorous treatment.

10| Documentation

10|11 General

It is recommended(that the steps taken to carry out a hazardous area classification and the
information and assumptions used are fully documented. The hazardous area classificat|on
dofument should be a living document and should include the method used for hazardqus
arga classification and should be revised during any plant changes. All relevant informatjon
used should be referenced. Examples of such information, or of a method used, would be:

a) | pfeeess and operating conditions;

b) IUbUIIIIIIUIIddt;UIIé fIUIII IU;UVdIIt bUUIUb dlll.lI Dtdllu‘dlu‘b,
c) gas and vapour dispersion characteristics and calculations;

d) a study of ventilation characteristics in relation to flammable substance release
parameters so that the effectiveness of the ventilation can be evaluated;

e) any limitations or basis of the assessment which may affect the classification e.g for
manufactured assemblies when installed on site;

f) the properties of all process substances used on the plant (see—EC60079-20-1
ISO/IEC 80079-20-1 46), which may include:

e molar mass
o flash point

e boiling point



The note is relocated and updated below.

The text is updated to describe options for purging more fully.

Guidance in Annexes C and D is based on continuous releases.

Updated for a change in designation. ISO/IEC 80079-20-1 is effectively a later revision of IEC 60079-20-1.
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o  mintmum auto-ignition temperature
e vapour pressure

e vapour density

o flammability limits

e equipment group and temperature class

in—TableA2-47
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e source of information (code, national standard, calculation) needs to be recorded so th
subsequent reviews, the philosophy adopted is clear to the hazardous area classificat
m.

2 Drawings, data sheets and tables

zardous area classification documents may be in hard copy or electronic form and sho
kept in a form that is suitable for the site.

ssible hard copy formats for the substances listing is given i) Table A.1 and for record
results of the hazardous area classification study and any_subsequent alterations is giv
fable A.2. 48

rd Drawings sho
Iude plans and elevations or three dlmen3|onal~mede.ts presentation, as appropriate, wh
bw both the type and extent of zones, equipment group, auto-ignition temperature and
hperature class.

ere the topography of an area influences the extent of the zones, this should
cumented.

e documents should also include other relevant information such as:

the location and identification of sources of release. For large and complex plants
process areas it may,_not be-helpful practical to itemize or number all the sources

release-so as to facilitate cross-referencing between the area classification data she{
and-the-drawingsdm Which case simplified methods may be used as outlined in 5.4; 49

the position of epenings in buildings (for example, doors, windows and inlets and outl
of air for ventilation).

e hazardous area classification symbols which are shown in Figure A.1 are the prefer
es. Assymbol key shall always be provided on each drawing. Different symbols may
cessary where multiple equipment groups andfor temperature classes are required wit
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same type of zone (for example, Zone 2 [IC T1 and Zone 2 IIA T3).



The text is updated and relocated to Subclause 10.2.

This text is relocated from the previous edition without significant technical change.

The expression is the converse of the previous edition to be more practical.
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Annex A
(informative)

Suggested presentation of hazardous areas

A.1 Hazardous area-zones — Preferred symbols for zones

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

O 000000 O0
OO0 00000 O0
O OO0 0000 O0
OO0 00000 Q0

Figure A.1 — Preferred symbols for-hazardeus-area zones
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Table A.1 — Hazardous-area classification data-sheet = Part |. Flammable substance list and characteristics

Plant: Reference
Area: drawing:
1 2 3 4 5 6 7 8 9 10 11 | 12 13 14 15
Flammable substance Volatility?® LFL/UFL Ex chdracteristics
Name | Composition Molar Relative Polytropic Flash Ignition Boiling Vapour vol tkg/m?3) Equip Temp. Any other
mass density index of point temp. point pressure (%) ment class relevant
(kg/kmol gas/air ad|aba_t|c (°C) °C) (°C) at 20 °C group, information
expansion (kPa) and-remarks
v or remark.
E.g. Source
of data

a8 Normally, the value of vapour pressu

Feds’given, but in the absence of that, boiling point can be used.

0¢0¢ 231 ® AIND 0¢0¢:1L-01-62009 O3l
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Table A.2 — Hazardous area classification data sheet — Part Il: List of sources of release

Plant: Refer
Area: ence
drawing:
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16
Source of release Flammable substance Ventilation Hazardous jarea
Descrip | Location | Grade of Rate of | Release | Refer Operating State® | Type? | Degree of | Availa | Zone Zone extgnt Refer | Any other
tion release? elease charac | enceP temperature dilution® bility type (m) encef informa
teristic and pressure tion or
(kg/s) 0:1-2 K
(md/s) (°C) | (kPa) Vertical | Holfizontal remar
a8 C - Continuous; S — Secondary; P — Primary
b Quote the number of list in Part |
¢ G - Gas; L - Liquid; LG - Liquefied gas; S — Solid

d N — Natural; AG - Artificial General;

¢ See Annex C

f Indicate code reference if used, or cd

AL — Artificial Local

Iculation feference

0¢0¢ 031 ® AIND 020¢:1L-01-62009 O3l
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A.2 Hazardous area suggested shapes

Figure A.2 to Figure A.5 show some suggested hazardous area shapes based on the forms of
release described in Clause B.6, which may be useful in the preparation of hazardous area
classification drawings. The effects of impingement of the release on obstacles and the
influence of topography are not considered. The hazardous area generated by a release may

also result in the combination of different shapes.

For Figure A.2 to Figure A.5:

SR is the source of release

r is the main extent of the hazardous area to be defined taking into consideration the

estimated hazardous distance;

r,r are the secondary extents of the hazardous area to be defined taking-into acco
release behaviour;

int

h are the distances between the source of release and ground level‘or surface below the

release.

IEC

Figure A.2 — Gas/ or vapour at low pressure
(or at\high pressure in case of unpredictable release direction)

)

or

elease directior ﬂ
- — V

Release direction \ /

|

¥
N

\

/

IEC

Figure A.3 — Gas/ or vapour at high pressure
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e ] Ry
Ground
IEC

NOJTE Liquid pool would not normally be formed in case of dripping.

Figure A.4a) Gas or vapour (liquefied under pressure or by refrigeration)

Ground

IEC

NOJTE Liquid pool couldybe: formed in case of spillage. In this case, an additional source of release could|be
corfsidered.

FigureA.4b) Gas or vapour (liquefied under pressure or by refrigeration) with spillage

Figure A.4 — Liquefied gas

Ground

IEC

NOTE Source of spillage of flammable substance is not indicated.

Figure A.5 — Flammable liquid (non boiling evaporative pool)
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Annex B
(informative)

Estimation of sources of release

Symbols

pool surface area (m2);

20

g3 N«

o ot N &

N

discharge coetficient (dimensionless) which Is a characteristic ot the release openin

and accounts for the effects of turbulence and viscosity, typically 0,50 to 0,75
sharp orifices and 0,95 to 0,99 for rounded orifices;

specific heat at constant pressure (J/kg K);
polytropic index of adiabatic expansion or ratio of specific heats (dimensionless);

molar mass of gas or vapour (kg/kmol);
pressure inside the container (Pa);

pressure difference across the opening that leaks in (Pa);

atmospheric pressure (101 325 Pa);

critical pressure (Pa);

vapour pressure of the liquid at temperature K(kPa);

volumetric flow rate of flammable gas fromithé source (m3/s);

universal gas constant (8314,5 J/kmol'KY;

liquid density (kg/m3);

gas or vapour density at the apipient conditions (kg/m3);

cross section of the opening (hole), through which the fluid is released (m?2);

abselute temperature ofithe fluid, gas or liquid (K);
abselute ambient temperature (K);

wind speed-exeb.at the liquid pool surface (m/s);

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

evaporation rate of liquid (kg/s);

mass’'release rate of gas (kg/s);

compressibility factor (dimensionless).

gs
for

B.2

B.2.1

Examples of grade of release

General

The examples given in B.2.2 to B.2.4 are not intended to be rigidly applied and may need to
be varied to suit particular process equipment and the situation. It needs to be recognised
that some equipment may exhibit more than one grade of release.

The values for the parameters in the formulae provided should be selected to give an
appropriate level of conservatism considering any uncertaintity. Based on this approach,
specific safety factors are not shown. 80


The application of safety factors on top of other safety factors could lead to overly conservative results and this text tries to highlight that issue.
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B.2.2 Sources giving a continuous grade of release

He

a)

b)

reunder are some typical examples:

the surface of a flammable liquid in a fixed roof tank, with a permanent vent to the atmo-

sphere.

the surface of a flammable liquid which is open to the atmosphere continuously or for long

periods.

B.2.3 Sources giving a primary grade of release

Hereunder are some typical examples:

a) | Seals of pumps, compressors or valves if release of flammable substance during’ normal
operation is expected.

b) | Water drainage points on vessels which contain flammable gases or liquids, which may
release flammable substance into the atmosphere while draining off water during normal
operation.

c) | Sample points which are expected to release flammable substaf¢e into the atmosphere
during normal operation.

d) [ Relief valves, vents and other openings which are expected to release flammable
substance into the atmosphere during normal operation.

B.2.4 Sources giving a secondary grade of release

Hereunder are some typical examples:

a) | Seals of pumps, compressors and valves where release of flammable substance during
normal operation of the equipment is not expected.

b) | Flanges, connections and pipe fittings, where release of flammable substance is not
expected during normal operation.

c) | Sample points which are not expected to release flammable substance during normal
operation.

d) | Relief valves, vents and_-ether openings which are not expected to release flammable
substance into the atmesphere during normal operation.

B.p Assessment of grades of release

A |wrong assessment of grades of release may compromise the outcome of the whole

prgcedure. Although the grades of release are defined (see 3.4.2, 3.4.3 and 3.4.4), in pract|ce

it is not always easy to distinguish one grade of release from the other.

For.Jexample, it is usually considered that every release that does not occur in normal

Op.,latiuu ;O a OGbUIIddIy IU:UGOU GIIGI thc Gllt;b;pdtcd G'Luatiuu Uf thU IU:CGDU ;O uou ”y

neglected. However, the concept of a secondary grade of release is also based upon the
assumption that the release will only last for short periods. This implies that a potentially
ongoing release will be-detected identified 81 soon after the beginning of the release and that
remedial action will be taken as soon as possible. Such assumption leads to the issue of
regular monitoring and maintenance of the equipment and installation.


"Detection" implied some form of monitoring and this is not the intent. Hence the change to "identified".
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Obviously, if there is no regular monitoring and the maintenance is poor, the releases may
last for hours if not days before being detected. Such delay in detection does not mean that
the sources of the release should therefore be declared as primary or continuous. There are
many unattended remote installations where a release may occur without being noticed for
long time, but even such installations should be monitored and inspected on a reasonably
regular basis. So, any assessment of the release grade must be based upon careful
considerations and the assumption that monitoring and inspection of the equipment and
installations will be performed in a reasonable way according to any manufacturer’s
instructions, relevant regulations and protocols and sound engineering practice. Hazardous
area classification should not be a cover for a poor maintenance practice but the user must be
aware—that poorpractices—may—compromise—the established basis for ————__area

clgssification.

There are many cases of release which may apparently fit comfortably with the definition of a
primary grade of release. However when scrutinizing the nature of the releasg-it may |be
revyealed that the release could happen so frequently and so unpredictably that'ehe cannot|be
reasonably assured that an explosive atmosphere will not exist near the source of release/|In
such cases the definition of continuous grade of release may be more sujtable. Therefore {he
definition of a continuous grade of release implies not only continuous releases but releages
with a high frequency as well (see 3.4.2).

B.4 Summation of releases

In lindoor areas with more than one source of release,*in" order to determine the type gnd
extent of zones, the releases might 52 need to be summated before the degree of dilution gnd
bagkground concentration is determined.

Sigee Continuous grade releases;by-definition,ncan be expected to be releasing most if not|all
of the time—then and so all continuous grade,releases should be-ircluded summated.

Primary grade releases occur in normal operation but it is unlikely that all of these sourges
wil] be releasing at the same time..Knowledge and experience of the installation should [be
used to determine the maximum™~number of primary grade releases that may relegse
simultaneously under worst conditions.

Sefcondary grade releases are not expected to release in normal operation so, given that i{ is
unlikely that more than one secondary source would release at any one time, only the largest
segondary release should be considered.

The summationtof sources of release with regular (i.e. predictable) activity should be baged
on|detailed analysis of operating conditions. In the determination of the summated releages
(bgth mass and volumetric):

e | the\overall continuous release is the sum of all the individual continuous releases,

° the overall primary release is the sum-of some of the individual primary releases combined
™ 4 b 7

with the overall continuous release,

o the overall secondary release is the largest individual secondary release combined with
the overall primary release.

Where the same flammable substance is released from all of the release sources then the
release rates (both mass and volumetric) can be summated directly.

However, when the releases are of different flammable substances, the situation is more
complex. In the determination of the degree of dilution (see Figure C.1), the release
characteristics need to be determined for each flammable substance before any summation
takes place. The secondary release with the highest value should be used.


The need to consider summation of releases is explained in the text below for different grades of release.
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In the determination of the background concentration (see equation C.1) the volumetric
release rates can be summated directly. The critical concentration with which the background

concentration is compared is a proportion of the LFL-{typicaty-25-%}. Since there-are could be
a number of different flammable substances being released the-cembined lowest LFL of the
potential sources of release 83 should be used as the comparator.

In general, continuous and primary sources of release should preferably not be located in
areas with a low degree of dilution. Either the sources of release should be relocated,
ventilation should be improved or the grade of release should be reduced.

B.p Hole size and source radius

The most significant factor to be estimated in a system is the equivalent 54 hole radjus for {
regpective source of release. It determines the release rate of the flammable substance 3
thys eventually the type of zone and the extent of the zone.

Rell

unflerestimate of-the this equivalent hole size will therefore lead to a~gross underestimate

the

hole size will lead to a conservative calculation which is acceptable for safety reaso
however, the degree of conservatism should also be limited because it eventually-resultsw
ledds to overlarge zone extents. A carefully balanced appfroach is therefore needed wh
esfimating the hole size.

NOJTE While the term ‘hole radius’ is used, most unintended holes are not round. In such cases the coefficien

dis

Fof continuous and primary grades of release the equivalent holes sizes are defined by f{
sizZle and the shape of the release orifice, e.g: various vents and breather valves where {
gap is released under relatively predictable conditions. A guide to equivalent hole sizes t

ma3

ease rate is proportional to the square of the equivalent holeJradius. A mod

calculated value for release rate, which should be avoided. Overestimate of the equival

harge is used as a compensating term to reduce the release rate given a hole of equivalent area.

y be considered for secondary gradereleases is included in Table B.1.
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The expression here is updated to correctly reference the lowest LFL.

Holes are rarely round and so the equivalent hole size is used in all expressions of hole size.
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Table B.1 — Suggested hole cross sections for secondary grade of releases

Type of item

Item

Leak Considerations

Typical values for the
conditions at which the
release opening will not

Typical values for the
conditions at which the
release opening may

Typical values for the
conditions at which the
release opening may

expand expand, e.g. erosion expand up to a severe
failure, e.g. blow out
S (mm?) S (mm?) S (mm?)

Flanges with

(sector between two

Sealing
eIIments on

d parts

compressed
fibre gasket
or similar

> 0,025 up to 0,25

>0,25up to 2,5

botts)

X
(gasket thickness) usud|
>1 mmMm

y

Flanges with
spiral wound

(sector between two
bolts)

asket or 0,025 0.25 *
gas (gasket-thickness) usudlly
similar > 0.5 mm
Ring type
joint 0,1 0,25 0,5
connections
Small bore
connections > 0,025 up to 0,1 > 0,1 upto 0,25 1,0

up to 50 mm?

To be defined according

high speed

Selaling Valve stem 0,25 2.5 to EqU|p,ment
eléments on packings Manufacturer’s Data byt
maving parts not less than 2,5 mm?2|¢
atllow speed
rP;Iei:fs:;Tvesb 0,1 x (orifice section) NA NA

To be defined according
Sejaling to Equipment
elements on Pumps and Manufacturer’s Data
mgving parts |compressors® R 21uptod and/or Process Unit

Configuration but not Igss
than 5 mm2dande

@8 | Hole cross sections suggestedufor ring joints, threaded connections, compression joints (e.g. metallic
compression fittings) and rapid\joeints on small bore piping.

This item does not refer, to=full opening of the valve but to various leaks due to malfunction of the valve
components. Specific applications could require a hole cross section bigger than suggested.

¢ | Reciprocating Compressors — The frame of compressor and the cylinders are usually not items that leak put
the piston rod packings and various pipe connections in the process system.

Equipment Manufacturer's Data — Cooperation with equipment's manufacturer is required to assess the effe¢ts
in case of an-expected failure (e.g. the availability of a drawing with details relevant to sealing devices).

¢ | Process\Unit Configuration — In certain circumstances (e.g. a preliminary study), an operational analysis|to
defime the maximum accepted release rate of flammable substance may compensate lack of equipme¢nt
manufacturer’s data.

NOTE—Other—typicat—vatues or guidance o erosion and 1aiture conaitions may—afso e found—m natforat
industry codes relevant to specific applications.

or

Lower values in a range should be selected for ideal conditions where the likelihood of failure
is low, e.g. operating at well below design ratings. Higher values in a range should be
selected where operating conditions are close to design ratings and where adverse conditions
such as vibration, temperature variations, poor environmental conditions or contamination of
gases may increase the likelihood of failure. Generally, unattended installations require
special considerations to avoid severe failure scenarios. The basis for selection of a hole size
should be properly documented.
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B.6

Forms of release

— 45—

Figure B.1 illustrates the general nature of different forms of release.

Figure B.1 — Forms of release
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B.7 Release rate

B.7.1 General

The release rate depends on parameters such as:

a)

b)

c)

d)

e)

Nature and type of release

This is related to the physical characteristics of the source of release, for example,
open surface, leaking flange, etc.

Ralaasa valocityy

an

ToroToot—reTrooTt

For a given source of release, the release rate increases with the release pressuretFo
subsonic release of gas, the release velocity is related to the process pressure,/The s
of a cloud of flammable gas or vapour is determined by the rate of flammable” gas
vapour release and the rate of dilution. Gas and vapour flowing from a leak at high velog
will entrain air and may be self-diluting. The extent of the explosive gas atmosphere n
be almost independent of air flow. If the substance is released at low velocity or if

Ir a
ze
or
ity
ay
its

velocity is reduced by impingement on a solid object, it will be carried by the air flow gnd

its dilution and extent will depend on air flow.
Concentration

The mass of flammable substance released increases with the-concentration of flamma
vapour or gas in the released mixture.

Volatility of a flammable liquid

This is related principally to the vapour pressure, ,and the enthalpy (heat) of vaporizati
If the vapour pressure is not known, the boiling¥point and flashpoint can be used ag
guide.

An explosive atmosphere cannot exist if the flashpoint is above the relevant maxim

ple

ym

temperature of the flammable liquid (see NOTE 1). The lower the flashpoint, the greafer

may be the extent of the zone. Howeye€F, if a flammable substance is released in a W
that forms a mist (for example, by, spraying) an explosive atmosphere may be form
below the flashpoint of the substance.

ay
ed

NOTE 1 Published tables and experimentation giving data on flashpoint-may do not always record accunate

values and test data will vary. Unless values for flashpoint are known to be accurate, some margin of errg
allowed against quoted values. Aimargin of + 5 deg C for pure liquids, with greater margins for mixtures, is
uncommon.

NOTE2 There arewtwo measures of flash point; closed cup and open cup. For clos

equipment, and to"be more conservative, the closed cup flash point-sheuld-be is used. k

a flammable liquid in the open, the open cup flash point-may can be used.

NOTE-3 2 _Some liquids (for example, some halogenated hydrocarbons) do not possess a flashpoint altho
they are capable of producing an explosive gas atmosphere. In these cases, the equilibrium liquid temperaf
which corresponds to the saturated concentration at the lower flammable limit-sheuld is to be compared
the refevant maximum liquid temperature.

Liquid temperature

ris
not

ed
or

igh
ure
vith

Increasing liquid temperature increases the vapour pressure, thus increasing the release

rate due to evaporation.

NOTE4 The temperature of the liquid may be increased after it has been released, for
example, by a hot surface or by a high ambient temperature. However, vapourisation will
also tend to cool the liquid until an equilibrium condition is reached based on the energy

input and the enthalpy of the liquid.
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B.7.2 Estimation of release rate

B.7.2.1 General

The equations and assessment methodologies presented in this clause are not intended to be
applicable to all installations and only apply to the limited conditions noted in each section.
The equations also provide indicative results due to the restrictions of trying to describe
complex matters with simplified mathematical models. Other calculation methods may also be
adopted.

Th

lowvwino-— oo Hionc Ao th BDoL alancao ratac ~f fl mabl (H g d _aoc
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with regularly shaped holes, e.g. for vents, and 0,75 for irregular{holes can be a reasona

sa
as

If
gu

Th

Th
m4
alg

a)

b)

.7.2.2 Release rate of liquids

fellewing—equations—give—the—approximate—release—rates—efHammabletiguids—and—ga

Fther refinement of release rate estimation would be achieved with consideration
perties of any openings and the viscosity of the liquid or gas. Viscosity may significar
uce the release rate if the opening, through which the flammable substance is released

pfficient of discharge (Cy < 1).

e coefficient of discharge C4 is an empirical value which is obtained(through a series
pberiments for specific cases of release and for specific orifice details™ As a result Cy m
e a different value for each particular case of release. A C4 of not-less than 0,99 for ite

e approximation if there is no other relevant informatiap;-upon which to make f
Eessment.

[4 is applied to the calculations the value applied should be used by reference to a suita
de for the application.

e release rate of liquid can be estimated by means of the following approximation:

e rate of vapourisation of a‘liquid release is then required to be determined. Liquid releas
y take many forms. The\nature of the release and how any vapour or gas is generated
o dependant on many variables. Examples of releases include:

Two phase releasg(i.e. combined liquid and gas release)

Liquids such @ag liquefied petroleum gas (LPG), may include both gas and liquid phas
either immediately before the release orifice or after the release orifice through a variety
thermodynamic or mechanical interactions. This may further lead to droplet and/or p
formation which results in further boiling of the liquid contributing to the vapour cloud.

Single phase release of a non-flashing liquid

W= CyS\2p4p (kals) (8|

of
tly
is

g compared to the width of the opening. These factors are normally considered in the

of
ay
ms
Dly
he

Dle

es

Dol

Fof liguids with higher boiling points (above atmospheric ranges) the release will generd

Iy

include a significant liquid component which may evaporate near the source of release.
The release may also break up into small droplets as a result of a jet action. Vapour
released will then depend on any jet formation and vapourisation from the point of release,
from any droplets or any subsequent pool formation.

Due to the large number of conditions and variables methodology for assessing the vapour
conditions of a liquid release is not provided in this standard. Users should carefully select
a suitable model observing any limitations of the model and/or applying an appropriately
conservative approach with any results.
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B.7.2.3 Release rate of gas or vapour
B.7.2.3.1 General

The equations below are considered to provide reasonable estimations of release rate for
gases. If the gas density approaches that of liquefied gas then two phase releases may need
to be considered as noted in B.7.2.2.

The release rate of gas from a container can be estimated based on adiabatic expansion of
an ideal gas if the pressurized gas density is much lower than liquefied gas density.

The velocity of released gas is choked (sonic) if the pressure inside the gas container| is
higher than the critical pressure p...

Critical pressure is determined by the following equation:

y+1 7 I(y-1)
Pe = Pa(—z ] (Pa) Bl2)
M ¢,
For ideal gas the equation 7= may be used.
Mcp -R

NO[TE For the majority of gases the approximation p_ ~ 1,89.p, will generally serve the purpose for a qyick
est|mate. Critical pressures are generally low compared with-the/majority of operating pressures found in common
ind{istrial processes. Pressures below the critical pressure_are normally found in terminal gas supply lines to fifed
eqlipment like e.g. heaters, furnaces, reactors, incinerators, vaporizers, steam generators, boilers and other
propess equipment. Such pressures can also be found‘igvatmospheric storage tanks with moderate overpressures
(uspally up to-6:5-barG 50 kPag).

In the following equations the compressibility factor for ideal gases is 1,0. For the real gasegs,
thg compressibility factor takes values below or above 1,0 depending on type of the das
concerned, the pressure and the~temperature. For low to medium pressures, Z =1,0 can |[be

used as a reasonable approximation—and—may—be—conservative. For higher pressures, €.g.

abpve 50 bar, and where improved accuracy is required the real compressibility factor should
be| applied. The values (for compressibility factor can be found in data books for das
prgperties.

B.7.2.3.2 Release rate of gas with non choked gas velocity (subsonic releases)

Non choked,gas velocity is a discharge velocity below the speed of sound for the particular
gas.

The release rate of gas from a container, if the gas velocity is non-choked, can be estimaied
bylmeans of the following approximation:

v 2 (r-D1y Wy
Wy=CqSp 2 1—[”—aj [”—aJ (kg/s) (B.3)
ZRT y-1 p p

The volumetric flow rate of gas in (m3/s) is equal to:

Og = —9(m3 /s) (B.4)
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wh

Pg

ere

~PaM s the density of the gas (kg/m3);

R T,

NOTE Where the temperature of the gas at the release opening may be below the ambient temperature, T, is
often used as equal to the gas temperature to provide an approximation for the purpose of easier calculation.

B.7.2.3.3 Release rate of gas with choked gas velocity (sonic releases)

Choked gas velocity (see B.7.2.3) is equal to the speed of sound for the gas. This is the

ma3

Th
meg

Ev

pa
as

sp
on

NO|

Th

7.3 Release rate of evaporative pools

ximum theoretical discharge velocity.

e release rate of gas from a container, if the gas velocity is choked, can be estimated
ans of the following approximations:

Wg=CaSp, ¥

ZRT | y+1

aporative pools may be the result of liquid spillage or leakage-butalse in a bunded area
't of a process system where a flammable liquid is storechor handled in an open vessel. T
sessment in this section does not apply to thin surface spills since no account is taken
pcific factors that may be relevant to such spills eg. thermodynamic input from the surfa
which the liquid is spilt.

TE 1 A pool due to a catastrophic failure is not in thexstope of this document (see Clause 1).

e following assumptions are made coneerning the assessment below:

2 (y+0)/(y-1)
[ J (kg/s) (Bt

by

or
he
for
ce

The flamimable substance is evaporating, not boiling, and the plume is at ambig
temperature (phase and temperature changes would cause variations in dispersion 4
evaporation rates).

THe evaporating flammable substance is assumed to have a relatively low vap

pur

pressure, Nence the concentration at the surface of the pool 1S also 1ow, and the mixture
air and vapour is neutrally buoyant.

Liquid pools develop quickly forming a nominal 1 cm deep pool

Pools are allowed to evaporate at ambient conditions. §5

of



The conditions are re-expressed to be technically correct and follow the intent of conditions described in the source document for the calculation.
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Then the evaporation rate could be estimated by using following equation:

6,55 uw0,78 Ap Dy M0,667

/ \
Kg/s
AxT \kg’s)

_ 183x107° 1, *"® 4, p, MO8

k
7 (ka/s)

2020

(B.6)

NO

Ag

ney—U-S—Departmentof Transportation—Technical-Guidancefor Hazard-Analysis —EmergencyRlaphin

TE-4 2 The source of this equation is U.S. Environmental Protection Agency,-Federal EmergencyMahagement

nalfor
Y

ma
NO|

NO|

Sin

thq

NO

If
0+
am

\
oYy

SPOHF Hoa—otHGaRCE HaZatrG Y SHS FgEencY

Office for Solid Waste and Emergency RéSponse,
hagement program for offsite consequence analysis, Appendix D, April 15 1999.

TE-3 4 Itis assumed that the vapour pressure at the boiling temperature is-+04+3-kRBa\101, 325 Pa.

ce the density of the vapour in (kg/m3) is:

n, the volumetric evaporation rate in (m3/s) is appfaximately:

0,78
Q ~ 6’5 Uw Ap Pv yT_a(m?’/Q\
9 105340333 7 \

18,15x1078 1, %" 4, p, ( 3 )
g~ 170333 X ms

bient temperature, then the volumetric evaporation rate in (m3/s) would be:

378x10° p, (mglc\

0,
g5, 0333

TE-2 3 Vapour pressure can be estimated through various methods, e.g. derived from Antoin€’s equation.

Of

Risk

(Bl7)

TE-4 5 Since p, increases with liquid temperature then the evaporation rate ultimately increases with the fise
of T.

ve assume thatthé pool surface area is 1,0 m2 that the wind speed-abeve groundlevelis
-m/s at the ool surface is 0,25 m/s 56 and that the liquid temperature is equal to {he

6,15x1078 p, (3
Oy~ 170333 . (m /S)

(B.8)

The real pool area should be based on the quantity of the spilled liquid and the local
conditions such as gradient and bunding at the spill location.

The wind speeds for evaluation of evaporation rate shall be consistent with the wind speeds in
later calculations for estimating the degree of dilution (see C.3.4). It should be emphasized
that increasing the wind, speed will increase evaporation but at the same time contributes to
the dilution of flammable gas or vapour.


Updated to align with Table C.1.
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Figure B.2 — Specific volumetric evaporation rate of liquids

The chart in Figure B.2 is based upon equation B.8. The values on the vertical axis refer|to
thg pool surface area of 1;0;m2. Thus the evaporation rate is obtained by multiplying the value
on|the vertical axis with thé real pool surface area.

The wind speed of-656 0,25 m/s 56 is characteristic for meteorological calm just above groynd
level. Typicallya.it-represents the worst case regarding dispersion of the vapour but not the
worst case withrespect to evaporation rate.

id

The value=for vapour pressure on the horizontal axis should be taken for the relevant liqu
temperature.

NOTE 6 The chart is only valid for atmospheric pressure. 97
B.8 Release from openings in buildings

B.8.1 General

Subclauses B.8.2 and B.8.3 provide examples for openings in buildings or walls. They are not
intended to be rigidly applied and may need to be varied to suit the particular situation.


Updated to align with Table C.1.

Additional information as the basis for the chart.
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B.8.2 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.

B.L.3 Openings classification

Fo
fol

Ty

Op

Ty

Op
fitt

Ty

Op

with sealing devices (e.g. a(gasket) along the whole perimeter; or two type B openings

se
Ty

Op
clo
or
in

I the purpose of this assessment, openings are classified as A, B, C and D with {
owing characteristics:

pe A

enings not conforming to the characteristics specified for types B,,C¢r D, e.g.:
open passages for access or utilities (examples of utilities include ducts or pipes throu
walls, ceilings and floors);

openings which are frequently opened;

fixed ventilation outlets in rooms, buildings and similas'openings.

pe B

enings which are normally closed (e.g. autematic closing), infrequently opened and clo
ng.

pe C

enings which are normally_closed (e.g. automatic closing), infrequently opened and fitt

ies, having independent automatic closing devices.
pe D
enings which\ are effectively sealed, such as in utility passages; or openings normg

sed confarming to type C which can only be opened by special means or in an emergen
a combination of one opening type C adjacent to a hazardous area and one opening type
seriest

he

gh

be-

ed
n

Ta

established upstream of those openings.
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Table B.2 — Effect of-hazardeus zones on openings

as possible sources of release

Zone%pstre{m_q outside of Opening type Gra_!de of release of openings
opening considered as sources of release
A Continuous
B (Continuous)/primary
Zone 0
C Secondary
D Secondary / no release
A Primary
B (Primary)/secondary
Zone 1
C (Secondary)/no release
D No release
A Secondary
B (Secondary)ino release
Zone 2
C No release
D No release

For grades of release shown in brackets, the frequency of operation of the.openings should be considered in the

dgsign.

The grade of release of an opening may also be defined according to the basic principles.

The grade of release of the opening between antindoor naturally ventilated classified locatjon
anfl an outdoor non classified area may be defined considering the grade of release of the
solirce generating the indoor-hazardous zon€'.
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CcA

Annex C
(informative)

Ventilation guidance

Symbols

effective area of the upwind or the lower opening where applicable (m?2);

k- safety factor attributed to LEL; 58

Ad———equivalenteffective-area-of the lower-opening{m?);
C

eleclive drea or the aownwindad or the upper opening wnere applicable \mz)

equivalent effective area for upwind and downwind openings at the same-hei
or for the lower opening where applicable (m?2);

air change frequency in the room (s1);
pressure coefficient characteristic of the building (dimensionless);

discharge coefficient (dimensionless), characteristic~ of large ventilat

openings, inlet or outlet, and accounts for the turbulgnce and viscosity, typicg
0,50 to 0,75;

. it vided .
the-ventilation-outlet inefficiency of ventilatign 58 (dimensionless);

acceleration due to gravity (9,81 m/s2);

vertical distance between the midpoints of the lower and upper openings (m);

hht

on

<

LAL lower flammable limit (vol/vol);
M molar mass of gas or vapour (kg/kmol);
Da atmospheric pressure~(101 325 Pa);
A pressure difference;vdue to wind or temperature effects (Pa);
0, volumetric flow-rate of air (m3/s);
01 volumetrig flow rate of air entering the room through apertures (m3/s);
0gd volumetric flow rate of flammable gas from the source (m3/s);
04 =01 +04 Aelumetric flow rate of air/gas mixture leaving the room (m3/s);
09 volumetric release characteristic of the source (m3/s); 60
R universal gas constant (8314,5 J/kmol K);
airdensity (kgim3):
Py density-of the gas or vapour density at the ambient conditions (kg/m3);
Ty abselute ambient temperature (K);
T indoor temperature (K);
Tout outdoor temperature (K);
AT difference between the indoor and the outdoor temperature (K);
Uy wind speed at a specified reference height or ventilation velocity at given release

conditions where applicable (m/s);
volume under consideration (room or building) (m3);



The description of the term is updated to align with the new text.

Specific safety factors have been deleted as general safety factors in determining each parameter should be sufficient.

Missing from edition 2.0.
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Wy mass release rate of flammable substance (kg/s), for mixtures, only the to
mass of flammable substance should be considered;
Xy background concentration (vol/vol);
X it the desired/critical value of the flammable substance concentration (vol/vol). 60
C.2 General

The purpose of this annex is to provide guidance on determining the type of zone(s) by

asgessing the type and likely extent of gas or vapour releases and comparing these fact
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h the dispersion and dilution of those gases or vapours by ventilation or air movement.

hould be emphasised that releases may take many forms and can be influenced by m4g
nditions (see Clause B.6). These include:

gases, vapours or liquids;

indoor or outdoor situations;

sonic or subsonic jets, fugitive or evaporative releases;

obstructed or unobstructed conditions;

gas or vapour density.

e information presented in this annex is intended to-<provide qualitative guidance on {
sessment of the ventilation and dispersion conditions to determine the type of zone. T
dance applies to the conditions noted in each séction and therefore may not be applica
bl installations.

e guidance herein may be used in the sglection and assessment of artificial ventilat
ntrol and dispersion of releases of flammable gasses and vapours in enclosed spaces.

TE Ventilation criteria for specific applications can also be found in national standards or industry codes.

is important to distinguish- throughout these discussions between the concepts
ntilation’ (the mechanism.by which air enters and leaves a room or other enclosed spa
d dispersion (the mechanism by which clouds dilute). These are very different concep
d both are important!

indoor situations it should be noted that the hazard depends on the ventilation rate, f{
ure of the.éxpected source of gas and the properties of the gas released, in particular {
5 density/buoyancy. In some situations the hazard may depend sensitively on f{
ntilatiohs;~in others it may be almost independent of it.

prs
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stems and natural ventilation arrangemeénts, since these are of paramount importance in fhe

of
Ce)
ts,

he
he
he

outdoor situations the concept of ventilation is not strictly applicable and the hazard

de

vill

pend on the nature of the source, the properties of the gas and the ambient air flow.

In

open air situations, air movement will often be sufficient to ensure dispersal of any explosive
gas atmosphere which arises in the area. Table C.1 provides guidance on wind speed for
outdoor situations.

The values for the parameters in the formulae provided should be selected to give an
appropriate level of conservatism considering any uncertaintity. Based on this approach,
specific safety factors are not shown. 80


Missing from edition 2.0.

The application of safety factors on top of other safety factors could lead to overly conservative results and this text tries to highlight that issue.
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C.3 Assessment of ventilation and dilution and its influence on hazardous
area

C.3.1 General

The size of a cloud of flammable gas or vapour and the time for which it persists after the
release stops can often be controlled by means of ventilation. Approaches for evaluating the
degree of dilution required to control the extent and persistence of an explosive gas
atmosphere are described below. Other calculations from reputable sources or alternative
forms of calculation, e.g. computational fluid dynamics (CFD), may also be applied.

Anly assessment of the degree of dilution first requires an assessment of the expected.relegse
copditions including the size of the source of the release and the maximum release,rate| of
gap or vapour at the source (see Annex B).

It is normally indicated that a continuous grade of release leads to a Zone 0, a/primary grgde
to Zone 1 and a secondary grade to Zone 2. However, this is not always the case and may
vafy depending on the ability of a release to mix with sufficient air to idildte down to a safe
level.

In [some cases, the degree of dilution and level of availability cof-ventilation may be so high
that in practice there is no hazardous area or a hazardousS area of negligible extgnt.
Alternatively, the degree of dilution may be so low that thé/resulting zone has a lower zdne
number than might otherwise be applicable for the grade: of release (i.e. a Zone 1 hazardqus
arg¢a from a secondary grade source). This occurs, for example, when the level of ventilation
is puch that the explosive gas atmosphere persists-and is dispersed only slowly after the das
or [vapour release has stopped. Thus, the explosive“gas atmosphere persists for longer than
would be expected for the grade of release.

The dilution of a release is determined by“the interaction of the momentum and buoyarncy
forces of the release and the atmosphere within which it is dispersing. For an unimpeded
jetfed release, for example from a vent;“the jet momentum dominates and the initial dispersjon
is dominated by the shear betweenh“the release and the atmosphere. However, if a jet{ed
release is at low velocity or is impeded to such an extent that the momentum is redirected|or
digsipated, the release buoyangcy and atmospheric effects become more important.

Fof small releases of lighter than air gas the dispersion in the atmosphere will dominate, [for
example similar to dispersion of cigarette smoke. For larger releases of lighter than air das
thg stage may eventually be reached, especially in low wind conditions, when the relegse
bupyancy is significant and the release will lift off from the ground and disperse like a plume,
for| example similar to the plume from a large bonfire. For vapour releases from a liquid
sufface the Vapour buoyancy and local air movement will dominate the dispersion behaviouf.

In |all €ases, where there is adequate fresh air for dilution of a release to very small
copcentrations (i.e. well below the LFL), the diluted gas or vapour will tend to move along with

thr aoanaralmace af tha atr and Avhibhit Aateal habhavia Thao ovaect concantration whaora Ch
gt CcTorTToaoo O thC—Ta g~ CXT ot RedtFaroeRaHeu—rRe-exaect-eoheehtratoi-wrere-SH

neutral behaviour is reached will depend on the relative density of the gas or vapour to air.
For greater relative density differences a lower concentration of the gas or vapour is required
for neutral behaviour.

C.3.2 Effectiveness of ventilation

The most important factor is the effectiveness of ventilation, in other words the quantity of air
relative to the type, release location and release rate of the flammable substance. The higher
the amount of ventilation in respect of the possible release rates, the smaller will be the
extent of the zones (hazardous areas) and shorter the persistence time of explosive gas
atmosphere. With a sufficiently high effectiveness of ventilation for a given release rate, the
extent of the hazardous-zene area may be so reduced to be of negligible extent (NE) and be
considered a non-hazardous area.
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C.3.3 Criteria for dilution
The criteria for dilution are based upon the two values that are characteristic for any release:

e the relative release rate (ratio of release rate and LFL in mass units);

e the ventilation velocity (the value that symbolizes the atmospheric instability, i.e. air flow
induced by ventilation or wind speed outdoors).

The relation between the two determines the degree of dilution as displayed in Figure C.1.

C.34 Assessment of ventilation velocity

If 3 gas leak exists, the gas must be transported away, or gas build up will occur. The-gas dan
be[transported away by flow induced by the momentum in the gas leak, by buoyapcy-induded
by|the gas, or by flow caused by natural or forced ventilation or by wind.

The flow caused by momentum in the release itself should generally not be taken into accolint
unless it is very clear that this momentum will not be broken by impingement or other
influence of geometry.

The flow to transport away the gas should be assessed primarily. based on an assessmenf| of
thg ventilation for indoor situations, or by flow caused by the wind for outdoor situations.

Fof indoor situations the flow or ventilation velocity may be‘based on an average flow velogity
capsed by the ventilation. This may be calculated as the volumetric flow of air/gas mixtlre
diided by the cross section area perpendicular 0\ the flow. This air velocity should |be
reduced by a factor due to inefficiency of the veftilation or due to flow being obstructed [by
different objects. Computational fluid dynamics:\(CFD) simulation is recommended if particular
detail or accuracy is needed to get an estimate’of the ventilation velocity in different parts| of
thg room under consideration.

Fof naturally ventilated enclosures, and for open areas, the ventilation velocity should |be
asgessed as the velocity that is exceeded 95 % of the time. The availability of this ventilation
cah be considered to be ‘fair’.

Ventilation velocity for openhtareas may be based on wind speed statistics using a reduction
faqtor considering the reference height applied for any weather statistics. Published vales
arg usually available_for elevations above the height of a process plant and may need to |be
reduced due to local~geometry such as topography, buildings, vegetation and other obstacles.
E.g. in a process area with a lot of structures, piping and process equipment, the effect|ve
veftilation velogity could typically be as low as 1/10 of the free flow velocity above the plant.
Aspessment{could also be made by measurement of the velocity in some locations around fhe
plgnt and comparing these to the published figures. Computational fluid dynamics (CFD)| is
aldo recommended for any complex plant where there are a number of equipment items that
could affect localised air movement.

Lighter than air gases tend to move upwards where the ventilation normally will be better, and
the buoyancy may also transport the gas away. This may be taken into account by increasing
the effective ventilation velocity for such releases. For releases with a relative density of less
than 0,8, it is normally considered safe to assume that the effective ventilation velocity is at
least 0,5 m/s in outdoor situations. The availability of this minimum ventilation can be
considered as good.

Heavier than air gases tend to move downwards where the ventilation generally will be lower,
and accumulation at ground level is a possibility. This can be taken into account by lowering
the effective ventilation velocity. A gas can be heavy due to the molecular weight or due to
low temperature. Low temperature can be caused by leak from high pressure. For gases with
a relative density above 1,0 the effective ventilation velocity should be reduced by a factor of
approximately 2.
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Where statistical data are not available, Table C.1 illustrates a practical approach to define

ventilation velocity values outdoors.

Table C.1 - Indicative outdoor ventilation velocities (x,,) 61

Elevation from

Unobstructed areas

Obstructed areas

es‘ﬁmaﬁngthe liquid pool evaporation
rafe at any elevation

ground level
>2 mup >2 mup
<2m >5m <2m >5m
Type of-outdoorlocations Release to5m to5m
Lighter than air | 0,5 m/s 1 m/s 2 m/s 0,5 m/s 0,5 m/s 1.mis
gds/vapour releases
inkicati Hati locities f
i i Heed Heavier than air
arld neutrally bouyant gas/vapour 0,3 m/s 0,6 m/s 1 m/s 0,15 m/s | 0,3 mls 1 m/s
releases
Inkicati Hati locities f
> 0,25 m/s > 0,1 m/s

(see Clause D.2).
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Inflicative ventilation velocities are not meant to suggest that“actual air velocity will vary according to the
gds/vapour density but take into account the influence of budyancy for the gas/vapour when considering pn
afparent velocity which may be considered in the assessinent of dilution.

<
9
<

C.3.5
Th

a) | High dilution

b) | Medium dilution

stopped.
c) | Low dilution
There

is significant concentration whilst
pérSistence of an explosive gas atmosphere after the release has stopped. 62

Assessment of the degree of\dilution

release

e following three degrees of dilutign are normally recognized:

The concentration nearthe source of release reduces quickly and there will be virtually
persistence after the.release has stopped.

The concentrdtign is controlled resulting in a stable zone boundary, whilst the release is
progress antthe explosive gas atmosphere does not persist unduly after the release Has

n

is in progress and/or significTnt

The degree of dilution may be assessed by using the chart in Figure C.1, where the velocity is
reasonably consistent in the space under consideration. Where the ventilation is inefficient or
is reduced due to flow being obstructed by different objects a lower apparent air velocity

should be used.

The degree of dilution may also be influenced by the release velocity, e.g. a jet release in a
large room (see C.3.6.1) and this is not accounted for in Figure C.1.

For indoor applications the background concentration should also be assessed in accordance
with C.3.6.2 and if the background concentration exceeds 25 % of the LFL the degree of
dilution should generally be considered as low.



The table is updated for clarity.

This text has been relocated from Subclause 7.2.4.
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Figure C.1 is based on an initial background concentration that is negligible.

Figure C.1 is not intended for guidance when considering releases from large pools.

Extrapolation of the curves beyond the chart area shown in Figure C.1 should not be

IEC 60079-10-1:2020 CMV © |IEC 2020

undertaken due to other factors that will affect the assessment beyond the limits indicated. 63

The method of using the chart in Figure C.1 is demonstrated in the examples of Annex E.
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Further information is provided as background to the derivation of Figure C.1 so the figure may be used correctly within the limitations of the derivation.
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Figure C.1 — Chart for<assessing the degree of dilution
Where
/4
——)— —_is-a-characteristicoFrelease-in(m3/s); 64
pgkLFL
&
od = pg * LFL is¢the volumetric release characteristic of the source (m3/s);
_PaM is the density of the gas/ kg/m3);
pg—RT is the density of the gas/vapour (kg/m?®);
a
L7 3 ) )
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Figure C.1 does not include a specific safety factor. A suitable factor should be determined by
the user based on the application and any safety factors applied to other parameters used in

the assessment e.g. assumed release rate. 50

The degree of dilution is obtained by finding the intersection of respective values displayed on
horizontal and vertical axis. The line dividing the chart area between ‘dilution high’ and
‘dilution medium’ represents a flammable volume of 0,1 m3, so any intersection point left to
this curve implies an even smaller flammable volume. The line dividing the chart area between
‘dilution medium’ and ‘dilution low’ represents a flammable volume of approximately 100m3, so

any intersection point right to this curve implies an even larger flammable volume. 63



Further information is provided as background to the derivation of Figure C.1 so the figure may be used correctly within the limitations of the derivation.

The application of safety factors on top of other safety factors could lead to overly conservative results and this text tries to highlight that issue.

The factor k was initially intended to provide for additional safety for uncertainties in determining LFL for flammable substances, particularly gas mixtures. However, this was considered as unnecessary and confusing considering the derivation of the chart.
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In outdoor locations where there are no significant restrictions to air flow, the degree of
dilution should be classified as medium if the condition for high dilution is not met. A low
degree of dilution will not generally occur in open air situations. Situations where there are
restrictions to air flow, for example, in pits, should be considered in the same way as an
enclosed area.

C.3.6 Dilution in a room

C.3.6.1 General

Dilution may occur by either the exchange of fresh air that dominates the releasefof-the gas|or
vapour or by having sufficient volume to allow the gas or vapour to disperse to a lpw
cohcentration even with minimal fresh air. In this later case the volume avaijlable for dilutfon
myst be high with respect to the anticipated volume of the release.

Fof a jet release of gas, dilution may occur even without any local air movement due|to
enfrainment of air in the expanding jet. However if a jet is impeded due to impact on neaftby
objects then the ability for self dilution is greatly reduced.

The degree of dilution can also be assessed by assessment of the average backgroynd
cohcentration of the flammable substance (see C.3.6.2):yThe higher the ratio of release rate
aghpinst the ventilation rate the higher will be the bagkground concentration X,, and the lower
will be the degree of dilution.

In |assessing background concentration thélrelease rate, ventilation rate and-—efficiegey
ingfficiency 66 factor must be carefully_s€lected to take into account all relevant factors
cofhsidering an appropriate safety margini_>The ventilation-efficiency inefficiency factor shotld
regognize if there is a possibility of recirculating or impeded air flow in a space which may
requce the efficiency compared to a.geod air flow pattern.

A zero background concentration should be considered only outdoors or in regions with logal
exfraction ventilation which.econtrols the movement of flammable substance near the source of
relpase. A negligible background concentration, described as Xy << X, may be considered in
highly ventilated rooms_or enclosures. X is an arbitrary value below LFL, e.g. the value| at
whiich a gas detectoris*set to alarm.

A low background: concentration does not mean that the whole room is a non hazardous ar¢a.
The larger part-of the room may be considered non hazardous but the area near the source] of
thg release_is still a hazardous area until the release is sufficiently dispersed (similar as for
opgn air situations).

C atdaration of bhooleara o d—eanecantcatian—and-th axiant f onocaibl Z AR EOH-HR-E O
moTOCTatoTT OT Dot Ry TotTma— CoTTo T atoUTT Aty e CATOTTIC OT P USSTOTC ZUTTC S~ arouaTta SeHt€es

of release also need to be moderated with practical factors considering variations in possible
dispersion patterns in an enclosed space. Many enclosed areas contain multiple sources of
release and it is not-goed safe practice to have multiple small hazardous areas within an
enclosed area generally classified as non hazardous. Also, it is not-geed safe practice to have
a limited hazardous area within a relatively small room and the whole room should be
considered for a uniform classification.

C.3.6.2 Background concentration and releases in a ventilated room

For indoor releases it is necessary to specify the room background concentration, X,,, which
embodies the effects of ventilation. Background concentration is the—mean average
concentration of flammable substance within the volume under consideration (room or


The text is relocated to be with other factors related to the derivation of Figure C.1.

The factor applied is described as inefficiency as the value increases with reduced ability to disperse a release.
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building) after a period of time during which a steady state has been established between the
release and the flow of air induced by ventilation.

Consideration of the background concentration then provides a measure for assessing
ventilation in a room which removes gas or vapour compared to dispersion of the gas or
vapour. This ratio then influences the consideration of the degree of dilution.

The background concentration (vol/vol) may be assessed as:

R _ /x0qg

05+ 0; 0, (vol/vol) €l1)

Xp =

anfl the air change frequency and ventilation flux are related by:

0O, =CVy (m?’ /s)

The average background concentration X, which is ultimately achieved depends on the
relptive magnitude of source and ventilation fluxes, but the ‘timescale over which this| is
achieved is inversely proportional to the air change frequency:

The safety factor f, ventilation inefficiency, is a measure’of the degree to which the air in the
englosure outside of the release zone is well mixed~and-can-be-consideredasfollows is the
mgan background concentration X}, in the room diyided by the concentration at the ventilat{on
outlet (dimensionless). 67

f=[I: the background concentration is esséentially uniform and the outlet is distant from the
release itself, so that the concentration at the outlet reflects the mean background
concentration.

f~=|=1: there’s a gradient of backgraund concentration in the room due to inefficient mixing,
and the outlet is distant ffom the release itself, so that the concentration at the ouflet
is smaller than the mean background concentration. f may be between 1,5 for milgdly
inefficient mixing and\5 for very inefficient mixing.

Giyen the origin of thetwcases =1 or f>1, this value may be denoted as a safety factor relafed
to the inefficiency of<mixing (as progressively larger values reflect progressively less effici¢nt
mixing of air within the room). This factor allows for imperfections of air flow patterns in a real
space with obstructions and where ventilation openings may not be ideally positioned for
mgximum ventilation (see C.5). The degree of dilution should be taken as being low if fhe
barkground“concentration exceeds 25 % of the LFL or if indicated through an assessment
baged on-Figure C.1. 63

NOJTE\ ¥Ventilation alone which describes how air enters the room has little to say about the expected volume ¢f a
hazardous-velume area. That depends on how the gas, or vapour and air are distributed within the room, i.e. on
dispersion.

C.3.7 Criteria for availability of ventilation
C.3.71 General

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 effectiveness) of ventilation
needs to be taken into consideration when determining the type of zone.


The text is introduced to clarify how the safety factor is derived.

Further information is provided as background to the derivation of Figure C.1 so the figure may be used correctly within the limitations of the derivation.
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ree levels of availability of the ventilation should be considered (see Table D.1):

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.

ntilation that does not even meet the requirement for poor availability-must should not be
nsidered to contribute to the ventilation of the area, i.e. low dilution would apply

Different types of ventilation require different approaches for assessing their availability; e.g.

av
de

hilability of natural ventilation indoors shall never be considered as good because it
bends heavily upon ambient conditions, i.e. outdoor temperature andywind (gee

Clause C.5). As a matter of fact, the availability of natural ventilation depends on)how realigtic

thq
SC{
ne
ter
ex

On
us
de

Th
thq

assessment of indoor or outdoor conditions has been, i.e. whether the worst cgse
bnario has been applied. If yes, then it may be that the level of availability could be fair, but
ver good. It has to be assumed that the higher the difference betweén-indoor and outdgor
nperature applied for calculation, the lower the level of availability\in terms of diluting [an
blosive gas atmosphere.

the other hand, artificial ventilation that serves the areas(éxposed to explosion conditigns
hally has a good availability because it incorporates technical means to provide for high
gree of reliability.

e level of availability should be assessed as realistically as possible taking into account|all
relevant factors. For outdoor gas jet releases dilution will occur irrespective of the ambi¢nt

wind, and so the dispersion must be considered as being equivalent to good availability| of

ve
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windy summer-days, two potential scenarios exist. In one scenario the indoor temperat
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ntilation indoors.

B.7.2 Criteria for natural ventilation

case of natural ventilation, the worst case scenario shall be considered to determine t{he
ree—of ventilation rate 68. Sueh a scenario will then lead to a higher level of availability.
nerally, for any natural ventilation, a lower-degree-of ventilation rate leads to a higher leyel
pvailability and vice versayxThat will compensate for too optimistic assumptions made in {he
cedure of estimating thesdegree-of ventilation rate.

ere are some situations which require particular care. In the case of natural ventilation| of
closed spaces,.consideration of unfavourable conditions needs to be accounted for, i.e.
quency andwprobability of occurrence of such situations. As an example, during hot gnd

y be _slightly above the outdoor temperature so that buoyancy induced ventilation

modest, buoyancy induced ventilation could be present virtually all the time and hence the

availability could be estimated as fair if not good.

In

open air situations the degree of dilution is generally considered as medium while the

availability of ventilation in terms of wind presence may be considered as good unless there is
restricted ventilation such as within pits, dykes or areas surrounded by high structures.


Terminology is corrected as the degree of ventilation is a factor which is assessed for the release conditions whereas the rate of ventilation is independent of the release conditions.
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C.3.7.3 Criteria for artificial ventilation

In assessing the availability of artificial ventilation, the reliability of the equipment and the
availability of, for example, standby blowers should be considered. Good availability will
normally require, on failure, automatic start-up of standby blower(s). However, if provision is
made for preventing the release of flammable substance when the ventilation has failed (for
example, by automatically closing down the process), the classification determined with the
ventilation operating need not be modified, i.e. the availability may be assumed to be good.

C.4 __Examples of ventilation arrangements and assessments

C.4.1 Introduction

The following examples are intended to illustrate the interaction between the\ helease|of
flammable substance and ventilation based on the principles outlined in Clause§\6; 7 and 8| It
is {[mportant to understand that dilution is a complex process which takes placeeither through
air] entrainment at the boundaries of a release jet, or through mixing with air caused |by
veptilation flow or atmospheric instabilities. Usually, both mechanisms are considefed
befause a jet eventually becomes a passive plume susceptible to airpmovement. Mixing with
air|generally does not happen uniformly throughout the ventilated space and the backgroynd
cofcentration as the result of the mixing with air is just a very rough measure of the averdge
coptamination of the volume under consideration.

In |]a real ventilated space the ventilation arrangement¢may not be adequate to dilute the
flammable substance uniformly. In practice the true, nature of dispersion and dilution may
substantially deviate from the average results obtained by calculation. The ventilatjon
arfangement, i.e. position of the inlet and outlet openings relative to each other and relative| to
source of the release, may sometimes have greater influence on the atmosphere than the
capacity of the ventilation itself.

The examples below illustrate a few“'possible scenarios which may help in better
ungerstanding of the ventilation arrangements that may be suited for a particular situation.

C.4.2 Jet release in a largebuilding

Thjs example (see Figure €:2) illustrates the conditions where there are a limited number| of
sources of gas release in‘a_large space e.g. gas release from pipe fittings.

A small leak in a pipe*fitting would be expected to create a jet release with a high velocity if
thg pressure is high. The jet would self dilute and disperse even without much other appargnt
airlmovement in\the building.

Fof a space with normal ventilation, (e.g. good sized door and wall openings and/or rpof
ventilation or other designated ventilation provisions), the volume of the space and natural fair
mgvement would suggest the degree of dilution is medium and the availability of ventilation is
faif

For a space with poor ventilation, (e.g. an unventilated basement), a jet release may initially
self dilute and disperse into the space but the lack of air movement may also lead to a longer
term build up of gas in the space. In this situation the diluted gas from the release will be re-
entrained in the continuing jet release resulting in a build-up of the background gas
concentration.

Unless the ventilation provisions are adequate to control the background concentration in the
space the degree of dilution is considered low. However it may still be practical to provide for
different zone classifications throughout the space.
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Figure C.2 — Self diffusion of an unimpeded high velocity jet release

NO[TE 4 is“pseudo source—+adius diameter 69, i.e. the-radius diameter of the jet at the downstream cross secfion
at which\it becomes isobaric (reduced to atmospheric pressure).

C.%
This example illustrates conditions where there may be sources of gas release in a small
room or building.

Dispersion and dilution factors are the same as described in-6-5-4 C.3.5.

Where the building includes provision for ventilation to ensure adequate removal of any gas
from a release then the interior of the building may be considered to have a medium degree of

dilution.


Correction of terms from the previous edition.
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Where there are a limited number of sources of release (or locations for the sources of
release) it may be practical to classify hazardous areas that are limited to regions around the
sources of release. Where there are large numbers of possible sources of release then it is
common practice to classify the entire space with a single zone classification. This reflects the
consideration of the self dilution volume from a jet from many possible positions and the
possible variants in gas or vapour dispersion from various locations.

Where the degree of dilution is low then it is normal practice to provide a single zone
classification for the enclosed space irrespective of the number of sources of release.

C.4.4 Jet release in a small artificially ventilated building

Thjs example (see Figure C.3) might apply to a situation such as a gas compressor room.

Irrgspective of the rate of ventilation or arrangement of a ventilation system a~jet release is
nog likely to be diluted to below the LFL immediately at the source of release unless the
prgssure is very low. Therefore the degree of dilution at the source of release can rarely |be
degcribed as high.

The degree of dilution for the remainder of the space is largely dependent on the arrangement
anfl rate of artificial ventilation. The degree of dilution may alsa_be highly sensitive to both
thgse factors as illustrated by Figure C.3 and Figure C.4.

Fan
Vs Z—

ir supply 4X—> - m\ .

/111111

-~—— Ventilation outlet

111711

source of release

el X ~
Dlilution area around — —
) ™
AN _

Fan
Vel “ \
Airssupply — § K /
™ NN /7
Sgurce of release ° —
N ~— < Ventilation
Dilution volume 7 - . outlet
(Volume around ’ =
source of release) N / ™
-

IEC

Figure C.3 — Supply only ventilation 70

In this case an enclosed space is supplied with fresh air with an equal volume discharging
through a vent.

Despite an apparently high number of air changes per hour the ventilation arrangement can
create a circulatory air movement within the enclosure resulting in an elevated background
concentration. An alternative way of looking at this is that the re-entrained gas increases the
dilution volume from the sources of release. Where this happens the degree of dilution should
be treated as low.



The figure is updated for correction of terms to align the text.
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Figure C.4 — Supply and extraction'ventilation 70

In [this case the enclosed space is provided with)both supply and extraction ventilation. |As

with the case for supply only there is a possibility that the ventilation arrangement will create

regirculating air movement and result in re-entrainment of the diluted gas into a jet reles
thgreby increasing the background gas conééntration.

With careful consideration of the ventilation arrangements and positioning of the extract
po|nts it is possible to minimize any.kxe-circulatory air patterns. In this case a degree of dilut

of medium or even high may be .acChieved.

NOJTE Ventilation is commonly-applied as an extraction system only which may be either general or local

local extraction ventilation see-8:5-3-3 7.2.3.3).

C.4.5

Relleases at low. velocity are common in many industrial processes and include applicatig
su¢h as evaporation of flammable liquids from vents, baths, drains or printing and painting.

Release with low velocity

Ve]ocity-of the jet can be reduced with the jet turning into a passive plume.

A Tat release may also be considered a low velocity release if the jet impinges on a surfa

se

on

for

ns

For releases at low velocity dispersion and dilution are influenced largely by air movement in

the space and the buoyancy of the gas or vapour.

As for jet releases, the degree of dilution will be dependent on the size of the building or
room, rate of release and ability to control any background concentration by general

ventilation.

C.4.6

Fugitive emissions

Fugitive emissions are small releases of gases or vapours from pressurized equipment due to
leaks (generally in an order of magnitude between 107 kg/s and 109 kg/s). Though small,
these releases can still accumulate in enclosures that are not ventilated.


The figure is updated for correction of terms to align the text.
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Such fugitive emissions may accumulate in the course of time thus giving rise to an explosion
hazard. Therefore, care must be taken when designing particular facilities or equipment such
as analyzer houses and sealed enclosures e.g. instrument panels or instrument weather
protection enclosures, thermally insulated heated enclosures or enclosed spaces between
pipe installations and the envelope of thermal insulation or similar items with higher pressure
gas lines. Such items should be provided with some ventilation or provision for gas dispersion

even if onIy for cr|t|caI perlods of t|me Whe#ﬂha%&aeppessﬂaieuei'—pmeneable—eﬁepkshemd

Where tightly closed enclosures are used the likely low effectiveness and availability | of
veftilation in such enclosures with natural ventilation mayﬂeedreepsideﬁaueﬂﬂa&ww—an@pim
regpectively result in low dilution and hence may require classification as Zone 0.0r"Zong 1

acgording to Table D.1. 72

C.4.7 Local ventilation-extraction

Logal artificial ventilation is recommended wherever practical (see Figure*C.5).

Logal artificial ventilation can improve the degree of dilution near-to the source of releage.
Mdre importantly local artificial ventilation should control the mévement of the gas or vapour
to [limit gas or vapour beyond the intended area of influence_of the local ventilation systgm.
Where this is achieved the degree of dilution around the setrce of release can be considerned
as|(medium.

Gdgnerally local artificial ventilation should be located close to the source of release to |be
effective. Local artificial ventilation can be very“effective where the source of release|is
characterized by a very low release velocity.¢As local artificial ventilation needs to overcome
thg release velocity of the gas or vapoup,to control the movement of that release, the
applicability of local artificial ventilation far. jet releases is greatly reduced over other forms| of
relpase.

l— Extraction air flow

|J JL:.J}.-.J Fan
a ,
A
Fresh air ‘
< — — \< (\’:S) «{7 Dilution
= . . \ volume

Source of release
WIth VETY TOW VElocCity

IEC

Figure C.5 — Local extraction ventilation

C.5 Natural Ventilation in buildings

C.5.1 General

Subclauses C.5.2 to C.5.4 provide a means for assessing the natural ventilation in buildings.
Other means of assessment may also be suitable, e.g. by use of building standards such as
BS 5925. 73



The text is deleted as it does not add value considering the rest of the paragraph.

The expression is updated to align more closely with other guidance in the standard.

The possibility to use other calculations or forms of assessment is highlighted as this is just an example in an informative annex.
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Caution needs to be applied as without evidence and specific building features to promote
natural ventilation, the size and shape of the building may not be conductive to promoting
natural ventilation and in such cases the degree of the natural ventilation efficiency should be
considered as low.

C.5.2 Wind induced ventilation

The degree of air movement in the interior of a building will depend on the size and position of
the openings relative to wind direction, as well as on the shape of the building. Ventilation
flows may be induced by infiltration through non-airtight doors and windows or cracks and
gan ;II pdltb Uf tilU a‘uuutulc CVCIl If t;IUIU dalc 11U ‘dlb;l;thtuldi, UpUIIillgb ill tilU VVd“b alld'OI’
rogf, or if those are closed. The equations used here assume flow through openings designed
for| ventilation, rather than infiltration. This philosophy is also appropriate to adopt“for t{he
clgssification of hazardous areas.

Vepntilation implies both ingress and egress of air and some openings will act primarily as inlet
opgnings and others as outlet openings. Windward (upwind) openings will nermally act as the
inlet openings and leeward (downwind) and roof openings as the outlet opehings. This impl{es
thgt wind induced ventilation could be estimated only with a good knowledge of the wind rgse
diggram for a particular location.

Thg driving force of wind induced ventilation is the pressure différential between the windward
anfl leeward sides of a building.

The air flow due to wind can be expressed as:

_ A% (3
N\
0a = Codo uy |JAC, (M2 15) (C.2) |74

2 2
_ 245 45 (mz
VAf+A2‘\ /

A2 43
Ag = /%(mz) (C.3) |r4
A1 +A2

Values foruZc, €4 should be derived from ventilation or building codes.

e

anwuwind and tha dovaoain
trHHre—opywra—ara—re— G oo

eperiAgs

Th valuac for 4 Aand 4 rafar to affactiva
Voo eSOz ot a7y T e TeT—t oS e ot

respectively.

CFD modelling or wind tunnel testing may also be used to provide a more reliable assessment
of the pressure coefficient for a building.

Wind strength and direction are variable and not generally predictable. Guidance on wind
speed is provided in Table C.1. Wind should be considered in conjunction with other types of
ventilation to verify whether it complements or opposes other ventilation. Wind may have a
positive effect if the inlet and outlet openings for purely wind-induced ventilation are the same
as they would have been for other sources of ventilation, but an impairing effect if they are
opposed. e.g. wind of any direction will have a positive effect if there is a ventilation opening
on the roof top, but will have an impairing effect if the outlet ventilation openings happen to be
upwind.


The equation is updated to align with BS 5925.

The equation is updated to align with BS 5925.
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C.5.3 Buoyancy induced ventilation

Buoyancy induced ‘Stack Effect’ ventilation is accomplished by the movement of air due to the
difference between indoor and outdoor temperatures. The driving force is the difference in air
density due to the different temperatures. The vertical pressure gradient depends on the
density of air and will therefore not be the same indoors and outdoors, leading to a pressure
difference.

If the average indoor temperature is higher than the outdoor temperature the indoor air will
have a lower density. If an enclosed space has openings at different heights air will enter
thl ugh t;lc iUVVUI U}JUII;Ibe dlluI anVU tilluuyil tilc UpPpcCI iUVUi Upcllillyb. TiIC ﬂUVV IdllU \“”
ingrease as the magnitude of the temperature difference grows larger. Therefore buayarjcy
induced ventilation will be more effective at lower ambient outdoor temperatures. At hig:l;er
ambient outdoor temperatures buoyancy induced ventilation will become less effective and if
thg ambient outdoor temperature rises above the indoor temperature the flow would-reverse|.

The indoor temperature may be higher due to natural causes, deliberate hHeating or procgss
hept. Thermal currents may also be induced indoors varying the effectyof average indgor
terpperature. Assuming that the inside of the building is fully mixed, constant temperatutes
cah be used both inside and outside.

Fof a temperature gradient, assuming the inside temperature at'the lower opening is the same
as|the outside temperature, T, and the inside temperature.at the upper opening is T;,, the
volume flow rate of air can be calculated from the following.equation:

AT H (m3 /sgi

V (T;n + Tout) °

- 44T 3 c.4) |74
=C, g H / .
N ‘R (Tin"'Tout)g (m S) ( )
2 2
L = 247 45 m2]

V42742
V45 +4;

AP 45 2
_ |44 (g (c.5) |74
e A12+A22( )

The values-for 4, and 4, refer to effective areas of the lower and the upper openings
regpectively.

These equations give reasonabie resufts onty for rooms with Iiet_and outiet_openings
positioned on opposite walls relative to each other (see Figure C.7), and little or no
obstructions which could impede the free flow of air. Also, if the vertical distance between the
midpoints of the lower and upper openings H is small and the horizontal distance is large,
then the buoyancy induced ventilation will be reduced and the calculation may be less
accurate. E.g. where H is smaller than the width of the room, then a safety factor related to
the inefficiency of ventilation must be applied (see C.3.6.42).

The coefficient of discharge C4 is an empirical value which is obtained through a series of
experiments for specific cases of release and for specific types of openings or apertures. Any
value above 0,75 should be based on established references for the application.


The equation is updated to align with BS 5925.

The equation is updated to align with BS 5925.

https://iecnorm.com/api/?name=1196a436ad64675e41518b22a622b9f1

72—

IEC 60079-10-1:2020 CMV © |IEC 2020

The indoor temperature must be higher than the outdoor temperature to achieve the
necessary conditions for buoyancy induced ventilation. During periods of high outdoor
ambient temperatures the indoor temperature may become lower than the outdoor unless
there is some heat source indoors. Temperature gradients are also affected by the substance
of the building and for some constructions the indoor temperature may be lower than the
outside temperature under certain conditions. If the indoor temperature is lower than the

outdoor temperature, then equation C.4 is not applicable.

The greater the vertical distance between the midpoints of the lower and upper openings, the
more effective the natural ventilation will be. For buoyancy induced ventilation, the most

defpirabte position for the Infet openings 1S at the bottom of the opposite walts and for oullet
opgnings, at the roof top. However, where this is not feasible, the inlet and outlet openirgs

should be positioned at the opposite walls to provide for air movement across the whelerareja.

In

co
ve
thag
atn

many cases the heating requirements at the lower ambient temperatures may [be
mpromised by the natural ventilation thus imposing the need to reduce, -or close the
ntilation openings. Consideration must be given to reduction of the openings to the extg¢nt
t might impair natural ventilation thus preventing the dilution of\ the explosive das
nosphere. Generally, all the openings that could be normally .closed such as dodrs,
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Figure C.6—Specific volumetric flow rate of fresh air-perm?
of equivalent effective opening area 75

e chart in Figure . C.6 is based upon equation (C.4). Therefore the limitations in the use
se calculations-described in C.5.2 also apply.

5.4 Combination of the natural ventilation induced by wind and buoyancy

th,,wind and buoyancy induced ventilation can occur separately but are likely to occur

same time. Pressure differences due to thermal buoyancy will typically be the dominat

1§

of

at
ng

dri

ving t1orce oOmn a cCcdlimn COIa ddy WIth practically No wind, whnereds pressure direrentl

Is

created by wind may be the dominating driving force on a windy hot day. Their forces can
oppose or complement each other depending on the position of the inlet and outlet openings

(of

the buoyancy-induced ventilation) in relation to the wind direction (see Figure C.7).

A probability based assessment must be applied taking into account climate, the wind rose
diagram for a particular location and the possible indoor temperatures.



The chart is revised to match the new Equation (C.4).
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Figure C.7 — Example of opposing ventilation driving forces
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The ventilation flows caused\lby pressure differences due to a combination of wind gnd

temperature differences cannalso be estimated through more complex calculations. For edch

ventilation opening, of area’/A, the flow can be obtained from the following equation based |on

thg pressure differencesdue to wind and the change in air density: 7



The equation is updated to align with BS 5925.

The equation is deleted to align with BS 5925.

The paragraph is updated for clarity.
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D.1

General

- 75—

Annex D
(informative)

Estimation of hazardous-zones areas

The guidance in this annex provides for the estimation of the type of zone (D.2) and the

extentof zone (n Q) torelate relevant factors inr\lllriing'

e [the grade of release (Annex B),

o [the effectiveness of ventilation and degree of dilution (Annex C), and

o [the availability of ventilation (Annex C).

The

D.p

Taple D.1 can be used for estimating the type of zone for,inddor areas and open areas.

Estimating types of the zones

values for the parameters in the formulae provided should be gelected to give
appropriate level of conservatism considering any uncertaintity. Based~on this approa
specific safety factors are not shown. 50

Table D.1 — Zones for grade of release and effectiveness of ventilation

an
ch,

Effectiveness of Ventilation

High Dilution Medium Dilution D."°Y"
iade of ilution
lease Availability of ventilation
Good Fair Poor Fair Poor Good, fair
or poof
Continuous Non-hazardous xfne 2 Zone 1 Zone 0 Zorle ° Zorle ° Zone (
a a a
(Zone 0 NE) (Zone 0 NE) (Zone 0 NE) Zone 2° Zone 1
Priary Non-hazardous Zone 2 Zone 2 Zone 1 Zorle L Zorle ! Zone 1 or
a a a ]
(Zone 1 NE) (Zone 1 NE) (Zone 1 NE) Zone 2 Zone 2 zone 0
Zone 1
Se¢ondary® N(%';'::Zza,[ldé’)gs N(%r;-::zza;ldé))l;s Zone 2 Zone 2 Zone 2 Zone 2 and evgn
Zone 0[

2 |Zone ONE; 1 NE or 2 NE indicates a theoretical zone which would be

conditions.

b |THe’ Zone 2 area created by a secondary grade

lconfiniions grade of release; in this case the greater distance should he taken

of negligible extent under nor

of release may exceed that attributable to a primary

mal

or

¢ Zone 1 is not needed here. I.e. small Zone 0 is in the area where the release is not controlled by the ventilation
and larger Zone 2 for when ventilation fails.

4 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).

‘+’ signifies ‘s

urrounded by’.

Availability of ventilation in naturally ventilated enclosed spaces-shal-neverbe is commonly not 78 considered as

good.



The application of safety factors on top of other safety factors could lead to overly conservative results and this text tries to highlight that issue.

The text is updated for an informative annex rather than a requirement.
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D.3 Estimating the extent of the hazardous-zone area

The extent of the hazardous-zene area or region where flammable gas may occur depends on
the release rate and several other factors such as gas properties and release geometry and
surrounding geometry.

Figure D.1 may be used as a guide to determine the extent of hazardous-zenes area for
various forms of release. Other forms of calculation or assessment based on reputable

sources,—e-g—Computational-fluid-dynamics (CFD) 79 may also be applied (see Annex K).

The

meg

NO|
The
wit

The

rel
us

Ex}

oth

didtances can be less than 1 m as well as higher than those stown in Figure D.1. 80

Th

a)
b)

c)

curves are based on a zero background concentration and are not applicable for jind
dium and low dilution situations (see C.3.6.1).

TE The curves in the chart of Figure D.1 are based upon CFD simulations for different ‘ventil@tion velociti
distances in the chart are given to be reasonably worst-case for the given release. This_Ha$'been comp|
CFD simulations and the distances given in reputable industry codes.

chart represents a rough approximation for some large-scale situatians but would not
able on a small scale level. Where a zone of negligible extent (NE).,is suggested then f
b of this chart is not applicable.

rapolation of the curves beyond the chart area shown in should not be undertaken due
er factors that will affect the assessment beyond the limits indicated even though hazardg

e appropriate line should be selected based on thetype of release as either:

An unimpeded jet release with high velocity.{typically a choked release);

A diffusive jet release with low velocity (typically a subsonic release) or a jet that loses
momentum due to the geometry of.thé€ release or impingement of the jet on nea
surfaces;

Heavy gases or vapours that spre@d along horizontal surfaces (e.g. the ground).

por

Ps’.

be
he

us

its
by

Use of the ‘Jet’ curve should “applied with caution as many applications may be betfter

reg

resented by the ‘Diffusive'(Gurve. 81



The mention of CFD is deleted as this is not the only form of assessment that might be acceptable.

The additions are to assist in correct application of the curves and charts based on the derivation and modelling used to develop the curves and charts.

This guidance is provided since many installations will have obstructions that would result in the "diffusive" curve being the more appropriate curve to use.
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Figure D.1 — Chart for@s mating hazardous area distances
Where AQ\Q)
W <O
19 . . '%F | i 3#8*
pgkLFL N
"y § ’ . - s
od= P < LFL IC) volumetric release characteristic of the source (m?®/s);
_PaM ®IS the density of the gas/vapour (kg/m3);
pd=" OQ~ y gas/vapour (kg/m®);

Where appropriate, other forms of calculation or assessment based on computational fluid
dynamics (CFD) or testing may also be applied.


This deleted text is relocated and re-expressed in other text.
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Figure D.1 does not identify different zones and zones should be assessed based on the
ventilation around the source of release (see Annex C) and possible variations in release
conditions.

The method of using the chart in Figure D.1 is demonstrated in the examples of Annex E-{see
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Annex E
(informative)

Examples of hazardous area classification

E.1 General

20

The practice of hazardous area classification involves knowledge of the behaviour of

flammable—gases—and- liguids—when they are released from-—containment and sol
J bt J L)

en
un
co

Th

op
an
mg

E

Exfmple 1

A normal industrial pump with mechanical (diaphragmi) seal, mounted at ground level, locat

ou

Chiaracteristics of release:

.2 Examples

jineering judgement based on experience of the performance of items of plant equipms¢
Her specified conditions. For this reason, it is not practicable to give examples for\ev
nceivable variation of plant and process characteristics.

e examples are not intended to be applied in practice and are provided only,to illustrate
ional means of assessment as presented in this standard. The characteristics of reled
H other parameters used are also only provided to illustrate the meang\af assessment g
y not represent real conditions. 83

door, pumping flammable liquid.

nd
pnt
bry

an
se
nd

Flgmmable substance Benzene (CAS no. 71-43-2)

Mqglar mass 78,11 kg/kmol

Lower flammable limit, LFL 1,2 % vol. (0,012 vol./vol.)

Auto-ignition temperature, AlT 498 °C

Ggs density, pg4 3,25 3,247 kg/m3 (calculated at ambignt
conditions) Gas density indicates the cufve
that should be applied from the chart in Figlire
D.1

Source of release, SR Mechanical seal

Grhde of release Secondary (leakage due to a seal rupture)

Liquidrelease rate, W 0419 0,192 kg/s, determined consideringl a

Gas release rate, Wg

discharge coefficient C4 = 0,75, a hole size S =
5 mm2, a liquid density p = 876,5 kg/m3 and a

pressure difference Ap = 15 bar

fraction of liquid vaporised from the point
release (2 % of W); remaining liquid drained
sewer system

Release-charasteristie; W Apy xhxLFL) 0:4+-m3/s

Vo

lumetric release characteristic, O¢ 0,099 m3/s

3,85 x 10-3 kg/s, defined considering the

of
to


The text is added to highlight the examples are used to demonstrate the assessment method rather than be taken as conditions that should be used.

Specific safety factors have been deleted as individual parameters should be selected to provide an overall level of safety. Additional safety factors could then lead to overly conservative results.
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Characteristics of location:

Outdoor situation

Ambient pressure, p,

Ambient temperature, T

-81-—

Unobstructed area

101 325 Pa
20 °C (293 K)

Ventilation velocity, u,, 0,3 m/s
Ventilation availability Good (wind speed at meteorological calm
condition)
Efflects of release:
Degree of dilution (see Figure E.1) Medium
Type of zone(s) Zone 2
Equipment group and temperature class IHA T1
o
E 10 —
:,B ey .
a NV
= &
o
o
- Dilution
3 high
e 1
-
9]
> /
a i S S EEEEEEREERN DiIUtion
medium
01 // S
JEANN Dilution
=\ low
0,01 (T
PO
0,001
0,001 0,01 0,1 1 10 100

Release characteristic Wy/ (pg * k x LFL) (m3/s)

IEC
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Figure E.1 — Degree. of dilution (Example No. 1)
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Figure E.2 — Hazardous distance (Example No. 1)

ardous area classification:

ardous area distances areg,based on the assessment from Figure E.2. Figure E.3 displ3
front view of the facility: The figure is based on heavier than air vapour; the verti

tance is less than the-horizontal as illustrated in Figure-A-5 E.3.

Not to scale
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L 4 — Source of release Sump
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NOTE The more severe classification of the sump due to the low degree of dilution.

Figure E.3 — Zone classification (Example No. 1)
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Example 2

— 85 —

A normal industrial pump with mechanical (diaphragm) seal, mounted at ground level, located

indoor, pumping flammable liquid

Characteristics of release:

Flammable substance

Molar mass

Benzene based liquid product

78,11 kg/kmol

Lower flammable limit, LFL
Auto-ignition temperature, AIT

Gds density, Py

Source of release, SR
Grpde of release

Li

quid release rate, W

Evpporation rate, W,

G4gs volumetric release rate, Oy

1,2 % vol. (0,012 vol./vol.)
498 °C

325 3,247 kg/m3 (calculated™'at ambi
conditions) Gas density indicates the cu

pnt
ve

that should be applied from_the chart in Figlire

D.1
Mechanical seal
Secondary (leakage due to a seal rupture)

049 0,192°«kg/s, determined considering
dischargecoefficient C4 = 0,75, a hole s
S = 5/mm?2, a liquid density p = 876,5 kg/
and<@ pressure difference Ap = 15 bar

3,85 x 10-3 kg/s, defined considering {
fraction of liquid vaporised from the point
release (2 % of W); remaining liquid drained
sewage system

NOTE Information taken from industrial code.

1,19 x 10-3 m3/s

VoJumetric releasg ¢cHaracteristic, O

Chlaracteristies of location:

Indoor situation

Anrbient pressure, p,

0,099 m3/s

Building naturally ventilated (by wind)
101 325 Pa

ze
m3

he
of
to

Ambient temperature, T,
Enclosure size, L x Bx H =V
Air flow rate, O,

Air flow rate availability

Ventilation velocity, u,,

Critical concentration, X,

20 °C (293 K)
6,0mx50mx50m=150,0m3
306 m3/h (0,085 m3/s)

Goeod Fair, defined considering the worst

environmental conditions (wind speed
meteorological calm condition)

0,003 m/s, estimated by Q, /(L x H)
0,003 vol./vol., equal to (0,25 x LFL)

at


Specific safety factors have been deleted as individual parameters should be selected to provide an overall level of safety. Additional safety factors could then lead to overly conservative results.
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Ventilation-{inmyefficieney inefficiency 88 factor, f 5

Background concentration, X,
Concentrations comparison
Time required to reach X, ¢4

Degree of dilution (see Figure E.4)

0,07 0,068 vol./vol.
Xb > Xcrit
7,67 h (safety margin equal to )

Low alse-due to X > X,

Type of zone(s) Zone 1
Equipment group and temperature class IHA T1
3
E 10 !
. N
=] N\
= O
o Al
o oD
o N
Z Dilution o
3 high )
5 /
2 /
OJ
> ' 4
Dilution
medium
.
0.1 7 /I
N
\ lfr

Dilution
low

N

\
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Nt

0,001 -

0,01 P a3
O /s

0,001 0,01 0,1

1 10 100
Release characteristic Wy/ (pg x k x LFL) (m3/s)
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Updated terminology, see C.3.6.2.
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Figure E.4 — Degree' of dilution (Example No. 2)
The procedure of estimating the degree of dilution by using the chart is not necessary in t

ca
(Xy
co

be because the background concentration in the enclosed space is higher than the criti
> X..it)- So the degree of(dilution would be declared as low anyway. Figure E.4 sim

hfirms the assessment.
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Hazardous area classification:

The example deals with*a relatively small indoor location where the background concentratjon
is [twice the critical)one. Moreover, the time required to reach the critical backgroynd
copcentration is,sighificant (almost 8 h). There are no reasons to establish a vertical zone of a
Zohe 2 beyon@Zone 1. The resulting hazardous area will encompass the volume of the indgor
lodation considering the comparisons of concentrations, and the time required to reach the
crifical ones”after the stop of the release. Openings, if any, should be considered as potential
sopirces of release.

If the air flow rate were to be improved, then the degree of dilution could be ‘'medium”™ and the
zone-extent hazardous area could be-smalerand-maybe-of Zone 2 instead of Zone 1.
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Example 3

— 89 —

Vapour from a breather valve in the open air, from a process vessel.

Ch

aracteristics of release:

Flammable substance

Molar mass

Lo[vm—ﬁmma'b'ha-ﬁmv"l,—tF t

Benzene (CAS no. 71-43-2)

78,11 kg/kmol

Auto-ignition temperature, AIT

G4

So
Gr

s density, Py

urce of release, SR

hde of release

Vo

Gr

Vo

leease rate, Wg

istic, M Apy xhxLFLY——0.42-m3sir=1,0)

umetric release characteristic, Q¢

hde of release

2% vot<0;0t2vot7vol)

498 °C

3,25 3,247 kg/m3 (calculated ~ab ambig
conditions) Gas density indicates” the cu

pnt
ve

that should be applied from thelchart in Figlire

D.1
Breather valve
Primary (process vessel filling)

4,5 x 103 kg/§ (manufacturer’s data)

0,115\h3/s
Secondary (sealing device rupture)

4,95 x 10~2 kg/s (manufacturer’s data)

Release rate, Wg
W' e g%éﬂ%x e AL

umetric release characteristic, Oa

Chlaracteristics of location:

oy

tdoor situation

A

bient pressure, p,

Ambient temperature, T

Ventilation velocity, u,,

Ventilation availability

127 m3ls{fe=1.0)
1,27 m3/s

Un-obstructed area
101 325 Pa

20 °C (293 K)

1,0 m/s

Good (wind speed at calm conditions)

E: % £ 1
ITeCIS O TCICdSETS.

De

gree of dilution (see Figure E.5)

Type of zone(s)

Eq

uipment group and temperature class

Medium

Zone 1 + Zone 2

A T1
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Figure E.5 — Degree of dilution (Example No. 3)
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Figure E.6 — Hazardous distance (Example No. 3)
Exfent(s) of zone(s), » for primary,grade release = 1,5 m; for secondary grade release = 5,0
Halzardous area classification:
Hazardous area distances are based on the assessment from Figure E.6. Taking into acco
relevant parameters,sthe following hazardous areas are specific for the considered breather
valve (see Figure E\.7).
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Not to scale

20

Exfmple 4

Control valve in congested location, installed in a closed process pipe-work system convey

flammable gas.

Chlaracteristics of release:

F

gmmable substance

Mqlar mass

Lower flammable limit, LFL
Auto-ignition temperature, AIT

Gds density, Py

Source of release;SR
Grpde of reledse

Release_rate, Wg

- Source of release
Zone 1

- Zone 2

Figure E.7 — Zones classification (Example No:,3)

IEC

Propane based gas mixture
44 1 kg/kmol

1,7 % vol. (0,017 vol./vol.)
450 °C

483 1,833 kg/m3 (calculated at ambig
conditions) Gas density indicates the cu

ng

bnt
ve

that should be applied from the chart in Figlire

D.1
Valve stem packing
Secondary (packing rupture)

5,57 5,06 x 103 kg/s, determined consider

ng

an operating pressure p = 10 bar, temperatire

T = 15 °C, hole size S = 2,5 mm?,
" H ™ W) o e Z =1 B steaono H-Y ex
|G\)O|U|||ly Taviuvl i Ty P\lell\.lpl\l LLILAY.

7= 1,1 and discharge coefficient C4 = 0,75

Safety factor, b——— 0.8 (due-to-uncertainty related-to-LFL) 84
64/9 g 3s

Volumetric release characteristic, O

Characteristics of location:

Outdoor situation

Ambient pressure, p,

0,162 m3/s

Unobstructed area

101 325 Pa


Specific safety factors have been deleted as individual parameters should be selected to provide an overall level of safety. Additional safety factors could then lead to overly conservative results.
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Ambient temperature, T 20 °C (293 K)
Ventilation velocity, u,, 0,3 m/s
Ventilation availability Good (wind speed at calm condition)

Effects of releases:

Degree of dilution (see Figure E.8) Medium
Type of zone(s) Zone 2
Equipment group and temperature class IHA T1

10 rane

ventilation velocity U,, (m/s)

Dilution Dilution AM )
high medium N)
1 / S
A ( /
] K V.Put
| | I
| |
R E N NNERNENENENRNNRIRHE.] Illllllllll.lll’

0,1 //
Dilution
\ low
0,01
lL
AN
0,001 L >
0,001 0,01 0,1 1 10 100

Release characteristic Wy/ (pg  k x LFL) (m3/s)
IEQ
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Figure E.8 — Degree of dilution (Example No. 4)
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Figure E.9 — Hazardous distance (Example No. 4)

fent(s) of zone(s)—{seeFigure—E10)—+extentofzone, r from 1,0 m to 2,0 m due

rounding characteristics (i.e.\impeded or unimpeded jet release).

nement of this zone .ekxtent is desired, then another assessment methodology should
bd. 86

Hazardous area. classification:

Ha
rel
(s€

zardous area distances are based on the assessment from Figure E.9. Taking into acco
bvantsparameters, the following hazardous area is specific for the considered control va
e Figure E.10).

to

ce the chart is not vali¢t for less than 1 m the zone is assessed as 1 m. If further

be

int
ve



The comment is provided to reinforce the limitations when using the charts provided.

https://iecnorm.com/api/?name=1196a436ad64675e41518b22a622b9f1

IEC 60079-10-1:2020 CMV © |IEC 2020 - 99 —

Not to scale
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~-Zone 2 [2]- Jet dispersion
IEC

Figure E.10 — Zones classification (Example No.4)
Exfmple 5
Clgsed process pipework system, located indoor, conveying flammable gas.

Chlaracteristics of releases:

Flgmmable substance Wet, oil well natural gas

Mglar mass 20 kg/kmol

Lower flammable limit, LFL 4 % vol. (0,04 vol./vol.)

Auto-ignition temperature, AIT 500 °C

Ggs density, pg4 0,83 0,831 kg/m3 (calculated at ambignt

conditions) Gas density indicates the cufve
that should be applied from the chart in Figlire

D.1.
Mdltiple sources of release, MSR
a)| grade of release Continuous (fugitive emissions)
- type Pipe fittings (discontinuities along piping)
— releéase rate per unit, Wy 1,0 x 109 kg/s (laboratory data)
</ Volumetric release rate per unit, Qg 1,2 x 10~89 m3/s
— number of releases 10
b) grade of release Primary
— type Sealing elements on moving parts at low
speed (control valves stem packing)
— release rate per unit, Wy 1,5 x 106 kg/s (manufacturer’s data)
— volumetric release rate per unit, O 1,8 x 10=6 m3/s

number of releases 3
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grade of release
type

release rate per unit, Wg

volumetric release rate per unit, Qg

IEC 60079-10-1:2020 CMV © |IEC 2020

Secondary

Sealing elements on fixed parts (flange with
fibre gasket)

1,95 1,7 x 1073 kg/s, determined considering
operating pressure p 5 bar, a temperature
T = 15 °C, a hole size § = 2,5 mm2, a
compressibility factor Z = 1, polytropic index
7= 1,1 and a discharge coefficient C4y = 0,75

2.352,05 x 10-3 m3/s

number of releases

Chlaracteristics of location:

Ing

oor situation

En

Aj

f

Ai

1

Ve

Ve

N

bient pressure, p,
bient temperature, T,

closure size, L x B x H =V,
flow rate, O,

flow rate availability

ntilation-tinjefficieney inefficiency factor, f

ntilation velocity, u,,

Critical concentration,

Xcrit

Ef]ects of multiple sources of telease:

Gr

hde of release

summation of release rates, Wy
summation of volumetric release rates, ZQg
backgroufd-concentration, Xy

congentrations comparison

relefase characteristic W Ap X xLEL)
~ ~

1, the largest one

Building naturally ventilated (by wind)
101 325 Pa
20 °C (293 K)

3,0mx3,0m x 35m = 31,5m3

266;4-m3/h(0;874-m3/s} 189 m3/h (0,053 m3|s)
Goeod Fair, defined considering the wqrst
enviropmental conditions (wind speed [at

meteorological calm condition)
3

0;008 0,005 m/s, estimated by O, / (E—4H
B x H)

0,01 vol./vol., equal to (0,25 x LFL)

Continuous (fugitive emissions)
1,0 x 10~8 kg/s

1,2 x 1078 m3/s

4.88 6,79 x 10~7 vol./vol.

Xb << Xcrit

6:01 x 108 m3/s

safetyfactor, 44— ——— 0.5 (dueto-uncertainty of LFL) 84

volumetric release characteristic, Q¢
degree of dilution

type of zone(s)

Grade of release

summation of release rates, ZWg

summation of volumetric release rates, ZQg

3,01 x 10-7 m3/s

High

Zone 0 NE

Primary plus continuous
454,51 x 1076 kg/s

5,42 x 10=6 m3/s


Specific safety factors have been deleted as individual parameters should be selected to provide an overall level of safety. Additional safety factors could then lead to overly conservative results.
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background concentration, Xy 2,2 3,1 x 1074 vol./vol.
concentrations comparison Xy << Xerit
release-characteristic XX Ly 9.02 % 40-5-m3,
g“ﬁg 7 -m°ls
e — -

volumetric release characteristic, Q¢ 1,36 x 10~4 m3/s
degree of dilution High
type of zone(s) Zone 1 NE
Grade of release Secondary plus primary plus continuod
summation-of release-rates, ., 218 <103 kgls
summation-of volumetricreleaserates; X0, 263 103-m3s
release rate, I 1,7 x 1073 kg/s
volumetric release rate, Qg 2,05 x 103 aid)s
background concentration, X}, 0403 0,12 vol./vol.
concentrations comparison Xp 2 Xerit
time required to reach X, t4 @:57 1,23 h (safety margin equal to f)
safety facter, 4 ———— 0,5 (due to-uncertainty of LF'L) 84
release-characteristic W Ap g xHxLFL) 043 m3/s
volumetric release characteristic, Q¢ 0,051 m3/s
degree of dilution{seeFigure- E42} Low due to X, > Xt
type of zone(s) Zone 1

Eq

uipment group and temperature class A T1



Specific safety factors have been deleted as individual parameters should be selected to provide an overall level of safety. Additional safety factors could then lead to overly conservative results.

Specific safety factors have been deleted as individual parameters should be selected to provide an overall level of safety. Additional safety factors could then lead to overly conservative results.
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Figure E.11 — Degree of dilution (Example No. 5)

e procedure of estimating the degree of dilution by using the chart is not necessary in t

Th
ca
(X}
thag

e because the background cancentration in the enclosed space is higher than the criti
> X.it)- So the degree of.dilution would be declared as low anyway. Figure E.411 sho
t the intersection point isiwithin the area of ‘dilution medium’ but-almest-on close to {

diiding line. Allowing for "uncertainties in the methodology this shows the preced

as

Eessment is appropriate.
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Figure E.12 — Hazardous distance (Example No. 5)

Extent of zone (see Figure E.12,”r extent of zone is—+5 approximately 1,0 m due|to
sufrounding characteristics (i.e. impeded-erunimpeded jet release)

Hazardous area classification:

The resulting hazardous area will encompass the whole volume of the indoor location
befause the background concentration exceeds the critical concentration and the time for tfhe
cohcentration ta\fall to the critical concentration after the release has stopped, is significant.
Algo, the ext€nt of zone is significant related to the enclosure size (see C.3.6.1).

E.3 , \Example case study for hazardous area classification

The following example is intended to illustrate the methodology of hazardous area
classification and the way in which zones should be displayed. Zone details may vary
depending on the specific installation details or application of the relevant code of practice.
This example has been taken because it contains a variety of forms of release which are
frequently met in practice, separately or in various combinations or in different contexts.
That's why the compressor facility in this example should be considered just as a framework
for the methodology set forth in the standard.

The example is a compressor facility handling natural gas (see Figure E.13). The compressor
units are skid mounted packages consisting of a gas engine, compressor, combined air
cooler, process piping, on-skid scrubbers, pulsation bottles, and auxiliary equipment.
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Gas engines and compressors in this example are considered to be installed within a naturally
ventilated shelter with air entering through louvered openings at the bottom and an open front
of the shelter and leaving through a rooftop opening (see Table E.1).

The external part of the facility is considered to consist of combined air coolers with cooling
water and process gas heat exchangers, piping, valves (emergency shut down, block and
regulating), off-skid scrubbers, etc.

The flammable substances that appear in this example are presented in Table E.2:

1)
2)

3)
4)

Th
1)

2)

3)

4)

5)

6)
7)

8)
9)

Th
1)
2)
3)

4)

5)

Process gas (natural gas with 80 % vol methane),

Process gas condensate collected in the scrubbers and automatically drained towards
collecting reservoir (mainly heavier hydrocarbons in quantities which are determined
the respective equilibrium state at each stage of compression),

Gas engine fuel and starting gas (dry pipeline quality natural gas, min 96 %) vol methane

Various chemicals applied in the process, e.g. corrosion inhibitors, antifreezing additive
e sources of release that appear in this example are presented in Table E.23:
Starting gas vent (a predictable source that gives primary grade of release; happens

each start of the engine),

Compressor blowdown vent (a predictable source that, gives primary grade of relea
happens at each depressurization of the blocked compressor),

Gas engine shut-off valve vent (a relatively predictable source that gives primary grade
release (happens at each shutdown of the engine when the incoming fuel gas g
blocked and the trapped gas is evacuated to atmosphere),

Pressure relief valve vent (a non predictable source that typically gives secondary grg
of release; happens if the pressure upstream increases above the set point; usually
before the safety relief valve opens_and therefore it should not normally be considered
the source that gives primary grade of release; see B.2.2 and B.2.3),

Compressor piston rod packings vent (a source that typically gives primary grade
release, however, if in doubt regarding monitoring, control and quality of maintenance, t
vent may be considered.as,;a source that gives continuous grade of release, see B.2.2 4
B.2.3),

Gas engine, compressor and air cooler (sources that give secondary grade of release),

Process gas scrubbers and drains (sources that give secondary grade of release of {
liquid phase).

Valves inside and outside of the shelter (sources that give secondary grade of release).

Pipe eonnections (sources that give secondary grade of release).

e rates of release for the purpose of this illustration are assessed as follows:

by

shutdown safety device is installed in(the protective system of compressor units to frip

as
of

nis
nd

he

For starting gas, the gas flow rate delivered as shown in the manufacturer’s data sheet
pneumatic starters,

For blowdown vent, the pressurized gas trapped in the compressor cylinders, scrubbe
pulsation bottles and process piping,

For gas engine shut-off valve vent, the gas trapped in the fuel line and cylinders,

for

rs,

For safety relief valves vent, the gas flow rate delivered in the manufacturer’s data sheet

for the respective pressure set point, or the gas flow rates calculated according
B/A424erB7A422B.7.2.3.2 or B.7.2.3.3, or estimated otherwise.

to

For all other sources of release, the gas flow rates calculated according to-B-7-4-2-4,—or

B7422B.7.2.3.2, or B.7.2.3.3, or estimated otherwise.
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1 —|Air outlet ventilation opening
2 —|Starting gas vent
3 —|Compressor blowdown vent
4 —|Fuel gas shut-off valve vent
5 apd 5a — Pressure relief valve vents
6 —|Compressor piston rod packings vent
Figure E.13 — Enclosed compressor handling natural gas
Table E.1 — Compressor facility handling natural gas
Classification procedure considerations for the shelter
ot What are the flammable Process gas, gas condensate collected in the interstage scrubbers pf
substances involved? the compressor units and engine fuel and starting gas.
OR | Is the composition of those It is known for the process, fuel and starting gas but it is not known
substances known? for the process gas condensate.-We-can-assume For the purpose o
this example It has been assumed that it is a mixture of various
higher heavier hydrocarbons, mostly pentane and hexane with watefr.
03 Can we calculate or reasonably e for the process gas: LFL = 0,04;
B R
limits-efdhe flammable o for the fuel and starting gas: LFL = 0,05;
sl nrece .
e for the condensate: LFL = 0,013 to 0,08 depending on the
Foy'this example values compression stage.
calculated or assumed for the
lower flammable limits of the
flammable substances are
provided.
04 What are the sources of release Pipe connections on the gas engines, compressors, scrubbers and
within the shelter? the piping as well as local instruments connections

05 What are the grades of release? The grades of release are all secondary. It is assumed that there
should be no gas in the-reem shelter under normal operating
conditions provided that the facility is well monitored and maintained.
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Classification procedure considerations for the shelter

06 What would be the most Reciprocating compressors rarely leak at the cylinders. However,
representative sources of release | they are-vibrant vibrating machinery with the process piping exposed
under given conditions? to dynamic and thermal stresses. Therefore, any-het pipe connection

may be a source of release.

The other realistic source of release would be crankcase breather
valve of the compressor. When a piston rod packing gets worn or
broken, then the compressed gas may blow-by, enter the crankcase
and then leak through the breather valve into the surrounding area.
There are also other sources of release which have to be scrutinized.
Some may not be obvious and may remain hidden for quite some
time thus raising the doubts about the grade.

07 Since the sources that give The one that will give higher release rate, e.g. at 2nd stage of;
secondary grades of release are compression which is the more stressed, taking the release onifice ¢f
not summated, which of those 2,5 mm? (see Table B.1).
should be chosen for the _ )
purpose? e M =21,6 kg/kmol;

e =12
e p=51barA;
e T =422 K (max allowed working temperature).

04 H-we-decide Assuming that the Since the operating pressure indicates ‘sonic release, the result shall
leak at the blown gasket appears be:
as more abundant, what would be ) . . 2
the release rate? W, ~ 1,54 x 107 kg/s; with C,bejng 0,75 and S as 2,5 mm

(see equation B.4)
0,~1,85 x 1072 m3/s

04 Is natural ventilation of the Yes, the buoyancy,induced natural ventilation will be possible even
shelter possible at all ambient during hot summendays because the heat dissipated by the engineg
conditions throughout a year? and compressors{will constantly keep the interior temperature above

the ambient. The configuration of the shelter will also enable wind tp
enhance the ventilation no matter at which direction it is blowing.

14 What are the geometrical e Length of the shelter: L =12 m
characteristics of the building?

e _\Breadth of the shelter: B=12m

o Overall height of the shelter: # =8,0 m

e Total volume concerned: ¥ ~ 1 000 m®

e Volume under consideration: 75 ~ 0,80 x 7= 800 m3; A volume
less than ¥ is applied as an allowance for the enclosed
equipment which reduces the effective volume.

e Total effective area of the air inlet openings: 4, = 30 m?

e Total effective area of the air outlet openings: 4, = 24 m?2

e Vertical distance between the midpoints of rear inlet and outlet
openings: H, =7,0 m

e Vertical distance between the midpoints of front inlet and outlef
openings: H, = 5,4 m

e Average vertical distance between the midpoint of the openings:
I—Ta = R") m

11 | What is the equivalent effective A,~ 26,5 m? (see C.5.2)
area of the lower opening?

12 What are the temperatures at the e Average inside temperature: T, = 316 K
most unfavourable conditions?

e Outside temperature: 7, =313 K
13 What is the volumetric flow rate 3 wi ; ;
~10,7m” / s ; with C being 0,75 (see equation C.4
of fresh air? Ca mers d 9 ( 9 )
14 What is the number of air

changes per hour in the volume
under consideration?

=L <a
"o

48 air changes per hour is selected for the purpose of this example
to illustrate very draughty conditions and may not be applicable for
actual conditions in a real situation.
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Classification procedure considerations for the shelter

15 What is the ventilation velocity? The ventilation velocity should be calculated according to the air flow
pattern and that implies that the referent cross section of the shelter
is horizontal:

Uy = Qa ~0,075m/s
LxB
16 What is the background S xQ0g )
concentration in the volume Xp = ~ 0,18% ~ 4,5% LFL (see equation C.1)
) ) CVy
under consideration?
1% What-is-the-relumetrie—reteas =with--being-1.0
h teristic? - 3
characteristic 0 ~ 0,5 m/s
Since the air flow pattern indicates movement of the air upwards,
there is no reason to apply a more strict factor of-{injefficieney
inefficiency of ventilation than 1,0.

18 What is the degree of dilution? See the chart in Figure C.1 and find the intersectiomof’the values fgr
axis X and Y. The dilution appears as medium.

14 Is the background concentration No, itis 4,5 % LFL.

in this volume higher than 25 %
LFL? g ° Taking into account the answer, the degreg’of dilution can be
’ considered as medium.
2( What is the availability of the The availability in naturally ventilatedyénclosed spaces should nevef
ventilation? be considered as good due to the\warious natural uncertainties. So
we have to consider the availability as fair.
2 What will be the type of the zone Taking into account the grades of release, the degree of dilution anfd
within the shelter? the availability of ventilation, the interior of the shelter is classified
as zone 2 (see Table’D.T).

22 Is there any opening which may Yes, it is the rooftop,outlet opening.

be considered as the source of ) )
release? It is type A opeéning.
23 What is the mass release rate of Wy=upsdo pg Xp=uw L Bpg Xp
the gas through this opening?
Wy= 1,54 x 1072 kg/s;
The result is the same as with equation (B.4) which is in compliancgd
with Mass Conservation Law.

24 What is the degree of dilution? The degree of dilution is again obtained by using the chart in
Figure C.1, except that the ventilation velocity u,, is now the wind
speed. We assume that 1,0 m/s is a realistic approximation taking
into account the height of the opening above the ground (see Table
C.42). The degree of dilution still appears as medium.

2 What is the hazardous area The hazardous area shall apparently be zone 2 (see Figure E.14).

around the opening?

24 What is the\hazardous distance The hazardous distance can be estimated by applying the method

around¢thevopening? set in Annex D (see Figure D.1). Taking into account the position of
the source of release, there is no need for too much conservatism
and the lower curve should be the logical choice. Hazardous
distance in the chart appears somewhat above 1,0 m so the zone wjll
have the extent of 1,5 m (see Figure E.14).
2- CUIIU:UO;UII Thc VVhU:U darcda UIIdUI thU ohc:tcl ;D LUTIT 2. ThUIU ;O o IIUCd tU

extend the zone beyond the walls except at the rooftop where the air
and gas mixture may escape as result of the buoyancy induced
natural ventilation (see Figure E.14 and Figure E.15).

Similar considerations could be applied for other sources of release quoted in this case study.
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Table E.2 — Hazardous-area classification data sheet = Part |. Flammable substance list and characteristics

Sheet 1 of 3

Plant: Compressor facility handling na

tural gas (case analysis)

Figures-E-2 E.14,

Area: E2aE.15
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
Flammable substance Volatility? LFL/UEL Ex charactdristics
Name Compositi Molar Relative | Polytropic Flash Ignition Boiling Vapour vol (kg/m?3) Equip Temp. Any other relevant
on mass density index of point temp. point pressure o ment class information or
(kg gas/air adiabatic °C) °C) (°C) 20 °C (%) group remark,
km?)l) expansion (kPa) E.g. source of data
Y
80 % vol
Process CH,+ 0,036/
1 higher 21,6 0,8 1,2 - >400 - - 4,0/18 ’ 1A T2 Laboratory report
gas 0,162
hydrocarb
ons
Iso- and
Process normal 0,025 to
2 gas pentane, 46 3,0 - <30 <300 50 | unknown 810’/3LEI0:L 0,153/ 1A T3 The values are
conden hexane e < ’ UFL estimated
unknown
sate and unknown
heptane
96 % vol
Starting CH,+ 0.035/
3 and fuel higher 16,8 0,6 1,3 - >500 - - 5,0/15 0‘ 105 1A T1 Laboratory report
gas hydrocarb ’
ons

a

Normally, the value of vapour pressu

Fe is'given, but in the absence of that, boiling point also indicates the volatility.

-0l —

0¢0¢ 031 ® AIND 02¢0¢:1L-01-62009 O3l
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Table E.3 =—Hazardous area classification data sheet = Part ll. List of sources of release (1 of?2)
Sheet 2 of 3
Plant: Compressor facility handling n3gtural gas (case analysis) Figures
Area: E2 E.14,
E-2aE.15
1 2 3 | 4 | |5 6 7 8 9 0 | 1 | 12 13 14 15 16
Source of releasq Flammable substance Ventilation Hazardous 3rea
Descrip Location | Grade | Rfte of | Release | Refere Operating State® | Typed Degree Availa Zone Zone extept Refe | Any other
tion of rele | reJease | characte | nceP temperature of bility type (m) rencef informa
ase? (kg/s) ristic and pressure dilution® 0-1-2 tion or
(m3/s) (°C) | (kPa) Vertical Horizontal remark
Air outlet 1154 x 101, )
1 opening Roof top S [ 0-2 0,5 1 - 395 G N Medium Good 2 1,5 1,5
Starting Above 9,0 9.0 Manufac
2 P 0,5 16 3 25 1 000 G N Medium Good 1 from vent frgm vent turer's
gas vent | the roof
outlet utlet data
Compre Limited
ssor Above 8,0 8,0 Trapped
3 P 75 52 1 35 | 5000 | G N < Medium | Good 1 from vent | frdm vent PP
blowdown | the roof volume
outlet utlet
vent release
Fuel gas Above 6,0 6,0 Trapped
4 shut-off P ,25 7,7 3 25 50 G N Medium Good 1 from vent frgm vent
the roof volume
valve vent outlet utlet
release
3,0 3,0 Leak (not
5 | Safety | Above | g 18> 0,54 1 149 | 280010 G N | Medium | Good 2 | fromvent | frdm vent full flow
valve vent | the roof 0 -
outlet utlet operation)
Safet {18 x 3,0 3,0 Leak (not
5a Y Scrubber S 0 0,54 1 50 5500 G N Medium Good 2 from vent frgm vent full flow
valve vent 0 :
outlet utlet operation)
Piston rod 1,5 1,5
6 packings Above P/C 1’0_; 0,3 1 25 101, G N Medium Good Oor1 from vent frgm vent
the roof 0 325
vent outlet utlet
Gas Inside 1154 e Interior of Ingerior of
7 . the S 3 0,5 3 25 50 G N Medium ; 2
engine 0 Fair the shelter | thel shelter
shelter
7a Compre Intiige s 1|54 x 0% 1 149 200 to G N Medium Good 2 Interior of Interior of
ssor 02 ) 5000 Fair the shelter | thel shelter
shelter
Infront of 2 500 Medi 3,0 3,0
7b | Air cooler the S 1’8_; 0,54 1 50 to G N Medium 2 from air from air
0 Good
shelter 5 000 cooler ooler

0¢0¢ 031 ® AIND 0¢0¢:1-01-62009 O3l

- -
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Table E.3 (2 of 2)

Sheet 3 of 3
Plant: Compressor facility handling natural gas (case analysis) Figures
Area: E2 E.14,
E.-2a E.15
1 2 3 | 4 | |5 | s 7 ] 8 9 10 11 12 13 14 15 16
Source of release Flammable substance Ventilation Hazardous prea
Descrip Location | Grade | Rate of | Release | Refere Operating State® | Type? | Degree Availa Zone Zone extgnt Refe Any other
tion of re release | characte | nceP temperature of bility type (m) rence informa
lease? (Hg/s) ristic and pressure dilution® 0-1-2 tion or
(m3/s) (°C) | (kPa) Vertical Hgrizontal remark
Process Inside ) . .
0,03 . e Interior of Interior of
8 gas the S 02 0.4 1 50 2500 L N Medium, Fair 2 the shelter | th¢ shelter
scrubber shelter
Process Outside Medi 3,0 3,0
8a gas of the S 0’%:?2)( 0,4 2 50 5000 L N Medium Good 2 from the flom the
scrubber shelter scrubber sfcubber
Inside 2 500 . . .
9 | Valves the S 1 3_2" 0,54 11213 | 50 to GIL N Medium | eFdai“r 2 tL”;eSrL°er|t‘;fr t'h”( esrgIgF
shelter 5000
Outside 2 500 .
9a | Valves the s 1 3_2" 054 | 1/2/3 | 50 to Gl N | Medium Med*“mGoo ; 2 from3;/glves . nS\;glves
shelter 5000
Pipe Inside 2 500 . . .
10 | connec the s 1 3_2" 0,54 11213 | 50 to GIL N Medium "eFdai“r 2 tL”;eSrL°er|t‘;fr t'h”( esrgIgF
tions shelter 5 000
. . 3,0 3,0
Pipe Outside 2 500 . g g
10a| connec the s 18 x 0,54 1/213 | 50 to GIL N Medium | Med 2 from pipe | frpm pipe
. 0 Good connec ¢onnec
tions shelter 5000 tions tions
a8 C - Continuous; S — Secondary; P — Rrimary
b Quote the number of list in Part |
¢ G- Gas; L - Liquid; LG - Liquid gas;|S — Solid

N — Natural; A — Artificial
See Annex C
Indicate code reference if used or cal

ulation reference

—-cll -

0¢0¢ 031 ® AIND 02¢0¢:1L-01-62009 O3l
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Figure E.14 — Exam

ple of hazardous area classification for a compressor facility handling natural gas
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ample of hazardous area classificgsc}n for a compressor facility handling natural gas (plan)
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Annex F
(informative)

Schematic approach to classification of hazardous areas

Schematic approach to classification of hazardous areas

Figure F.1 shows a schematic approach to classification of hazardous areas.

m

Flammable substance container

v

Does it contain a quantity of flammable substance

which is capable of producing a dangerous volume of
explosive gas atmosphere?

-

Yes

v

v

Yes

v

Can the sources of‘release be eliminated?

!

| The grades of each release must be determined

Are there any sources of release? I-——> No

Yes

v

v

A

Yy v

No Non-hazardous
‘ area

v v

ONTINUOUS grade of reledse PRIMARY grade of release

SECONDARY grade of releas¢

1

NO

TE A ‘source of release may give rise to more than one grade of release or a combination.

Figure F.1 — Schematic approach to classification
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Schematic approach to classification of hazardous areas

Figure F.2 shows a schematic approach to classification of hazardous areas.

-E?_

CONTINUOUS grade of release

v

el L da DSOS A SN/ bl
wdiT TP LTHargeu tu TmINTIVIATN T yrautc?

4 v

No Yes

—> Go to F.3

v

Parameters which affect the type and extent of zones must be evaluated

(e.g. release rate, velocity, etc.)

v

The degree of dilution must be determined (indoor locations require background/concentration assessment)

v

High

A

Medium

v

Yes

v

Low

v

Can it be changed

to High Dilution?

Can it be changed
to Medium Dilution?

Yes

A

v

No

v

v

No

v

Tlhe availability of the ventilation
must be determined

The(ayailability of the ventilation
must be determined

The availability of the ventilatig
is not considered

=}

o v v

! v v

Good Fair Poor

Good Fair Poor

v ‘ !

A 4 A ¢

A 4

The type of zone is detérmined

The type of zone is determined

The type of zone is determined

v v

v v

Non- Zone 0
azardous Zone Z 0 +
one

(Zone 0 NEj (Zone 0 NE) Zone 1

\ 4 A \ 4
Zone 2 ZOI’le 0
(Zone 0 NE) Zone 2 Zone 0

\ 4 47 \ 4 \ 4 \ 4 l

Using an appropriate code or
calculations determine the extent
of zone

Using an appropriate code or
calculations determine the extent
of zone

Using an appropriate code or
calculations determine the extent
of zone

IEC

NOTE Zones NE indicate-theoretical zones which would be of negligible extent under normal conditions.

Figure F.2 — Schematic approach to classification for continuous grade releases
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F.3 Schematic approach to classification of hazardous areas

Figure F.3 shows a schematic approach to classification of hazardous areas.

From F.1 or F.2

PRIMARY grade of release

'

Can it be changed to secondary grade?
] e I
Parameters which affect the type and extent of zones must be evaluated (e.g:
release rate, velocity, etc.)
The degree of dilution must be determined (indoor locations require background concentration assessment)
¢ A A 4
High Medium Low
Can it be changed to Can it be changed tq
Yes < High Dilution? Yo [+ Medium Dilution?
v v
No No
v v v
The availability of the ventilation The.availability of the ventilation The availability of the ventilatiojn
is not considered is not considered is not considered
A 4 l A 4 l ¢ A 4
Gpod Fair Poor, Good Fair Poor
v v v v v v v
The type of zone is détermined The type of zone is determined The type of zone is determine
N¢n-hazardous Zone 2 2 1 Zorle 1
(Zpne 1 NE) || [ (zone 1 NE)™ one Zone 2
A \ 4 A 4
., a Zone 1 Zone 1 or
Zore—2 " 2
(Zone 1 NE) Zone 2 Zone 0
* A \ 4 ¢ \ 4 A 4
Using an appropriate code or Using an appropriate code or Using an appropriate code or
calculations determine the extent calculations determine the extent calculations determine the extent
of zone of zone of zone
IEC

NOTE 1 Zones NE indicate-theoretical zones which would be of negligible extent under normal conditions.

NOTE 2 Will be Zone 0 if the low dilution is so weak and the release is such that in practice an explosive gas
atmosphere exist virtually continuously i.e. approaching a “no ventilation” condition.

Figure F.3 — Schematic approach to classification for primary grade releases
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Schematic approach to classification of hazardous areas

Figure F.4 shows a schematic approach to classification of hazardous areas.

From F.1 or F.3

v

SECONDARY grade of release

v

Can it be eliminated?

v v

No Yes

mmmmd NOn-hazardous area

v

Parameters which affect the type and extent of zones must be evaluated

(e.g. release rate, velocity, etc.)

.

The degree of dilution must be determined (indoor locations require background'concentration assessment)

y

High

y
Medium

v

v

Low

v

Yes

Can it be changédyto

“|  High Dilution?

Can it be changed tq

Yes [ ®— " p\edium Dilution?

v

!

No

v

!

No

v

Tlhe availability of the ventilation
must be determined

The.availability of the ventilation
must be determined

The availability of the ventilation |is
not considered

v v v

v v v

Gpod Fair Poor

Good Fair Poor

v v ¢

v v v

A 4

The type of zone is determined

The type of zone is determined

The type of zone is determined

v v

v v

Ng@n-h d
qn-hazar O?S Zone 2®) Zone 2 Zone 20
(Zpne 2 NE )X
v ¥ \ 4
Non-hazardous Zone 1 and
(Zone 2 NE)( Zone 2 even Zone 0(2)
‘ \ 4 \ 4 * ) 4 *

Using an appropriate code or
calculations determine the extent
of zone

Using an appropriate code or
calculations determine the extent
of zone

Using an appropriate code or
calculations determine the extent
of zone

NOTE 1

IEC

Zones NE indicate-theoretical zones which would be of negligible extent under normal conditions.

NOTE 2 Will be Zone 0 if the low dilution 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.

NOTE 3 The Zone 2 area created by secondary grade of release can exceed that attributable to a primary or

continuous grade of release.

Figure F.4 — Schematic approach to classification for secondary grade releases
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Annex G
(informative)

Flammable mists

G.1 When a liquid is handled at or above its flash point, any release will be treated through
the normal hazardous area classification process described in this standard. If it is released
below the flash point, under certain conditions, it may form a flammable mist cloud. Even the
liquids that can be considered as non hazardous at process temperatures, in some situations
m y fUIIII d f:allllllab:c III;Ot VVh;Uh IIICly thUII uIVU I;OU tU (<10} U/\}J:UO;UII haLGId. E/\GIII'J:UO Of
ligtiids that are commonly considered in this regard include high flash point liquid fuels;-héat
exthange oils and lubricating oils.

G.2 In practice, a liquid release will normally comprise of broad range of droplet’sizes with
larger droplets tending to fallout immediately, leaving only a small fractionof the relegse
airporne in the form of-an—aeresel a flammable mist 87. The flammability ofs\the mist depends
uppn the concentration in air of the droplets plus any vapour, a function ¢f\the volatility of Lhe
ligtiid and the droplet sizes within the cloud. The size of droplets depends upon the pressure
at lwhich the liquid is being released, the properties of the liquid {primarily density, surfgce
tenysion and viscosity) and the size and shape of the releaseopening. Normally, higher
pressures and smaller openings will contribute to the degree of atomization of the release [jet
thys giving the rise to an explosion hazard. On the other hand, smaller release openings imply
smaller release rates thus reducing the hazard.

G.B It has been proved that-aeresel flammable qist sized droplets are the most eagily
ignjitable portion of the mist cloud, though generally.these are only a small fraction of the tdtal
release. This fraction may increase if the release jet impacts on a nearby surface.

NO[TE 1 Aerosols Flammable mists are small (sub-micron to 50 microns) particles in suspension in [the
atnmosphere.

NO[TE 2 Droplets in the-aerosel flammable misirange might be as low as 1 % of the total mass released, subject
to nelease conditions.

NOJTE 3 Fuel droplet clouds have generally been found difficult to ignite, unless there is sufficient mass of vappur
or Jyery small droplets present.

G.4 The likelihood that the release of liquid will generate a flammable mist during normal
opgration and/or expectéd malfunctions should be carefully assessed along with the likelihdod
of pvents that could.lead to such a release. The assessment may indicate that the release| of
substance is of a-very low probability or that the mist cloud could be generated only during
rane malfunctions“er catastrophic failures. Assessments should be backed up by references|or
opgrational experience with similar plants. However, due to thermodynamic complexity| of
mists and @ large number of factors that influence formation and flammability of mists, {he
referencexmay not be available for every given situation. In such cases, a judgement baged
uppn relevant data should be applied.

G.5 It is important to point out that not every leak will cause a mist formation, e.g. the
leaks through broken flange gaskets or stuffing boxes/packing glands that are the most
common secondary grades of release in case of gases or vapours, will usually be negligible in
case of viscous liquids and in most cases will cause dripping rather than mist. That means
that the likelihood of mists being generated through leaks at pipe joints, valves, etc. should
not be overstated. Such considerations should take into account the physical properties of the
liquid, the conditions at which it is being handled, mechanical details of the equipment
through which it is being processed, quality of equipment and obstructions near a source of
release.

NOTE 1 For liquids released well below their flash point, examples of mist explosions are rare in process
industries. This is probably due to difficulty in generating sufficiently small droplet sizes from an accidental release
and the associated difficulty of ignition.


The terms are updated for use of consistent terminology.
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NOTE 2 Flammable mists may be ignited by sparks of similar energy as for vapour ignition but generally require
very high surface temperatures for ignition. Ignition of mists by contact with hot surfaces generally requires
temperatures higher than for vapour ignition.

G.6 If formation of a flammable mist is considered possible, then the source of release
should preferably be contained or managed to reduce the hazard, e.g. by porous guards in
order to promote the coalescing of the mist, mist detectors or suppression systems. Where
containment or similar controls cannot be assured, then the potential for a-hazardous—area
mist hazard should be considered. However, because the dispersion mechanisms and the
criteria of flammability for mists are different than those for gases and vapours, the
methodology of classification presented in Annex B cannot be applied.

NOJTE 1 The conditions that are needed to form a flammable mist are so complex that only a qualitative«approgch
ma} be appropriate. It might be useful to identify the factors related to the handled liquid which contributg to
formnation, and to the flammability of mist. These factors along with the probability of events that(would lead to
relgase of the liquid may be sufficient to evaluate the degree of the hazard and help to decide whether-a hazardpus
aref is required.

NOJTE 2 In general, the only element relevant to determining the type of zone is the grade. of release. In most
cades, it will be a secondary grade of release. Continuous or primary grades of release would typically|be
asdociated with equipment which is intended for spraying, e.g. spray painting.

H

G.Y Taking into account that there are many uncertaififies involved in formation of a
flammable mist cloud, the assessment of a mist hazard should be based on specific industry
experience and specific codes. E.g. Mist hazards ,are’recognized for some heat transfer
applications where the liquid is heated to near or above the flashpoint and used at very high
terhperatures. Mist hazards for typical fuel distribution networks designed to suitable piping
cofles are not considered a credible risk baséd on the many years of operations for sych
ingtallations worldwide.

NOJTE Industry codes for the classification of hazardous areas for flammable liquids generally do not account|for
midting as if misting was considered then largerhazardous areas would be recommended for common applicatigns.
Thip also suggests the potential for mists due~Combustible liquids should not be overstated when the combust|ble

ligdid is handled at a similar pressures and with comparable integrity of piping codes. 89

G.8 If a mist hazard has pgen established, it should not be classified as Zone 0, 1 of 2
hagardous areas as the types of protection applied for these zones are not required for nfist
harards. See IEC 60079-14. The potential for a mist hazard should be distinguished on {he
arga drawing from other hazardous areas associated with gases and vapours, e.g. |by
appropriate marking. 90

G.9 Even the mists that are not ignitable according to the criteria of droplets size could
eventually /Jand on a hot surface, relative to the auto-ignition temperature of the vapour, thus
capising . a.fire hazard. Other high energy ignition sources such as flames should also |be
copsidéred. Care should be taken to contain potential releases and prevent contact with hot
suffaees and other high energy ignition sources.

G.10 Mists require minimum concentrations to be flammable (in a similar manner to
flammable vapours or combustible dusts). For-nen-flammable liquids well below their flash
point, this would typically be associated with a cloud that reduces visibility.

Mists are typically visible and hence releases can be usually mitigated. Consideration should
be given to the time frame before a leak is detected.

NOTE Lower flammability limits for fuel-aeresels flammable mists have been shown to be similar to or less than
those associated with the fuel vapour.


Replaced by new guidance in G.8.

The clause is added so the likelihood of misting in normal piping installations is not overstated.

The clause is added since IEC 60079-14 does not deal with mist hazards.
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G.11 Flammable mists may occur within equipment due to oil lubrication systems, splashing
or agitation as a part of the process operations. The hazards associated with internal parts of
process plant should then be considered—as—hazardous—areas and may require specific
mitigation measures to be applied. E.g. mist explosion or fire suppression system. Under
certain conditions, such mists may also be vented to atmosphere, e.g. lubricating oil mists
through crankcase breathers, tank or gearbox vents, thus giving the rise to fire hazard.
Venting of such mists should preferably be eliminated by mist extractors.

G.12 Additional considerations should be applied for situations where the liquids are being
sprayed intentionally, e.g. spray painting. Hazardous area classification in such cases is
us(rafty the subject of specific Industrial codes.

G.13 IEC 60079-14 for selection of equipment and installations does not™  inclyde
requirements for mist hazards due to liquids with a high flash point where flammable vapours
are not present.
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Annex H
(informative)

Hydrogen

H.1 The flammable range of hydrogen in air is between 4 % and 77 % by volume.
Hydrogen is also commonly found in mixtures of flammable gases such as refinery process
streams. With gas mixtures, the-gas equipment group should be considered as IIC or IIB+H,
where a gas mixture includes 30 % or more of hydrogen by volume unless other specific data
is pvattabte—hretemperature—ctass—shoutdbetakenras—thetowest—=uto-tgnitiomtemperature

forlany gas exceeding 3 % in the mixture.

NO[TE EC-60079-20-1 ISO/IEC 80079-20-1 includes guidance for specific gas mixtures including hydrogen sfich
as foke oven gas and industrial methane for relevant-gas equipment groups.

H.2 The auto-ignition temperature of hydrogen is 560 °C. Although very high temperatures
ar¢ required to ignite a hydrogen-in-air mixture, precautions should be ‘taken to ensdre
hyg@rogen leaks are not exposed to any hot surfaces.

H.3 The diffusion rate of a gas due to buoyancy is proportional ‘to its density relative|to
that of air. Hydrogen is a lighter than air gas which diffuses rapidly with a tendency to r|se
upvards. However, as the gas diffuses the bulk density ©of a given volume will tend|to
approach that of air. As the concentration of hydrogen reduces, such that the bulk dengity
approaches that of air, the low concentration of hydrogen.will tend to move with the air.

H.4 High volume releases of hydrogen are lik€ly*to accumulate in overhead spaces| A
hyg@irogen gas release can form gas pockets in alcaves, roof peaks, and dormers which tend to
be|poorly ventilated. Conversely, relatively small;openings in such spaces will allow hydrogen
to |escape and may be sufficient to prevent”hydrogen concentrating due to low volume
relpases.

H. Hydrogen gas releases will geferally result in a jet plume in the orientation of the pqint
of release. Once the jet momentumiis dissipated the plume will take a more vertical ascg¢nt
anfl generally harmlessly disperse-in a well ventilated area.

>

H.6 A liquid hydrogen spill, which commonly has a vessel saturation pressure of 4 bar, dan
sufldenly expose the cryogenic content of the vessel to ambient pressure. Such a condit{on
will instantly boil or<lash a significant portion of the liquid to cryogenic vapour potentiglly
regulting in the remaining contents to spill. Liquid hydrogen boils at 20 K at 1 atmosphere gnd
thg contents when’ exposed to ambient temperatures will have sufficient heat to rapifly
vaporize the liguid hydrogen. The exposed cross-sectional area of the liquid hydrogen spill
affects the rate at which the contents flash to vapour and warms. At hydrogen’s boiling point,
thg cold_hydrogen vapour is heavier than air until it warms. As the cold vapours mix with air,
thg airccan be chilled below the dew point, causing condensation and forming a visible clold.
After dwelling near the ground and warming sufficiently, the visible vapour cloud may fornr a

plen as it ricac
H-e—a5—1t+HS685-

H.7 The flame fronts observed with hydrogen-in-air mixtures burn less readily when
constrained to burning in a horizontal direction, and even less so in a downward direction.

The release of a large quantity of hydrogen can form a plume that possesses an increasing
concentration of hydrogen towards the centreline of the plume. Regions of lower-
concentration hydrogen-air mixtures require greater initiation energy to ignite than those of
higher concentration towards the centre of a plume. Movement and water vapour in a plume
will also result in greater initiation energy when compared to the same composition mixture,
that is dry and without movement.
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Therefore, as a plume of hydrogen rises, the exterior regions of the plume (the regions likely
to encounter an ignition source) are less likely to ignite when compared to near-stoichiometric
mixtures. Should ignition occur in an exterior region of the plume, only the gas in the
immediate vicinity of the ignition source will tend to burn and the potential for flame
propagation or deflagration throughout the cloud is reduced. Therefore, unless some process
rapidly mixes the hydrogen plume to form a near-stoichiometric mixture with air throughout
the cloud, the normal factors that typically influence mixing (diffusion, buoyancy, wind, and
turbulence) in a release will not result in complete combustion of the plume.

H.8 Mitigation strategies for hydrogen release should consider providing for rapid
asfenstonm of the gas to open air away (Tom Structures to assist with preventton of potential
igrfition during a release. Indoors, supplemental ventilation and/or adequate space for dilution
anfl dispersion of a release may be provided. Where gas detection is used as a “confrol
mgasure, sensors should be placed above release points and/or near the ceiling~exit fan|or
exit duct. The sensors require a routine calibration schedule, and the sensor showld only [be
calibrated using hydrogen as the calibration gas.

H.9 Hydrogen gas has several personnel safety and health hazard implications that should

be|considered during facility installation.

Hydrogen gas has the potential to cause oxygen deficiency. An-increased hydrogen-indair
mixture condition may be safe for breathing for short periods‘of time, but the atmosphegre
would be above the lower flammable limit (LFL) causing a potentially explosive das
atmosphere.

Hydrogen flames, unless seeded with impurities, are very hard to see in daylight. This
praperty, combined with its low emissivity producing very little infrared radiation, makKes
hy@irogen combustion hard to sense until physicalk contact is made with the flame. Hydrogen
cobustion in air also produces ultraviolet (UV),radiation capable of producing effects similar
to pverexposure to the sun. Direct exposureto*hydrogen flames produces immediate burns.

Hydrogen is very easily ignited wherg it is released and ignition and/or fire is normally
expected to occur. Small leaks mayzoccur and ignite, but go unnoticed until maintenar|ce
pefsonnel enter the area. A plume-of hydrogen that is ignited will rapidly flash back to {he
source of hydrogen. From the perspective of controlling hazards, a hydrogen fire localized| to
a dource or leak is often preferable to a growing hydrogen plume.

Where hydrogen leaks are known to be problematic, e.g. very high pressure or high
temperature systems, then additional safeguards for the leak sources should be considergd.
These safeguards could include:

o | Deflection guards to limit jet momentum and promote dispersion,

e | Steam jefs-around the source of release to cool high temperature releases, wet the das
and madify jet dispersion behaviour.

Combustion of a hydrogen cloud will occur completely within several seconds. There is pot
enpugh deposition of thermal energy to ignite typical substances of construction used|in
buildings. Personnel caught in close proximity may be severely burned and directly exposed
flammable liquids may also be ignited.

Hydrogen stored at high pressure will normally produce a jet on release. If ignited, this would
create a loud jet of nearly invisible flame that would be extremely dangerous to anything in its
path. In high pressure systems with joints that are known to be susceptible to leakage
supplemental controls should be considered.

H.10 ISO/TR 15916 provides additional guidance on safety for hydrogen but does not
consider the classification of hazardous areas or suitably reference the IEC 60079 series. In
this case the safety guidance may be useful but the requirements from IEC 60079 series and
ISO/IEC 80079 series should also be followed. 91


This text is added until ISO/TR 15916 can be updated to improve referencing to the IEC 60079 and ISO/IEC 80079 series of standards.
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Annex |
(informative)

Hybrid mixtures

General

20

A hybrid mixture is a combined mixture of a flammable gas or vapour with a combustible dust

or

ombustible fl\]/ingc This hyhriri mixture may- behave Hiffnrnnfly than the ggcl\lnpnnr ord

ing
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1.4 Chemical reactions
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1.6

iable and as such it is not practical to provide specific guidance. However this:Ann
vides guidance on issues that should be considered when hybrid mixtures are found.

Use of ventilation

e use of ventilation as a control measure needs to be carefully considered as it may redu
gas/vapour hazard but increase the dust hazard or have othefoyarying effects on f
erent components of the mixture.

Concentration limits

nybrid mixture may form an explosive atmosphere outside the individual explosive limits

a is available, that a hybrid mixture is considered explosive if the concentration of f{
5/vapour exceeds 25 % of the LFL or the cencentration of the dust exceeds 25 % of
C.

nsiderations should also be taken to chemical reactions that may occur within the materi
entrapped gas in the dust that'may result in evolution of gas in the process.

Energy/temperature limits

ition temperature for gas/vapour or minimum ignition temperature of a dust cloud could
er than any~component parameter in the mixture. In the absence of other information, {
rameterased should be the lowest of any component in the mixture.

st

ividually. The number of situations that may be encountered in industry will be highly

ex

ce
he

of

gas/vapour or explosive concentrations for the~dust. It is recommended, unless further

he
he

als

ere a hybrid mixture exists, the minimum ignition parameters such as MIE and aufo-

be
he

Zoning requirements

Consideration should be given to the assignment of both gas and dust zones with the same
rating to match the worst case requirement for any component, e.g. zone 21 with zone 2
should be considered as zone 21 with zone 1. It should be identified that the result of ignition
of any component will lead to a worst case consequence when considering any EPL
assessment.
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Annex J
(informative)

Useful equations in support to
hazardous area classification

J.1 General

Th appluauh tU haLalduuo drcd u:acc;f;uat;un IU\{U;IUO D\.ILJIICJI ulldGlDtalld;lly Uf f:alllllla Ie
substance properties to identify their behaviour when released or being released:=\lhe
following sections contain useful equations that could be used to calculate some paramete¢rs
influencing the dispersion and dilution of flammable gas or vapour in air at\ambignt
copditions. Laboratory or field tests are preferred where appropriate.

J.2 Dilution with air of a flammable substance release

The theoretical minimum ventilation flow rate of fresh air to dilute a given release|of
flammable substance to a concentration below the lower flammable limit O, i, can |be
calculated by means of the equation:

Q — Wg - Ta_
amin =k LFL,, ~ 298

W,
O = 9 T _ _ 0003 313 0164 m3 /s
o k LFL, 293 0,5x0,039 293
NOEE etttk ron EC6 667900+
QQ Ta
=9 _"a J.1
Qamin LFL 293 (1)
where

O, min IS theoretical minimum ventilation flow rate of fresh air required for dilution (m3/s);

Qg is the volumetric release rate of flammable substance (m3/s);
LFL is the lower flammable limit (vol/vol);
T, is the ambient temperature (K).
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Safety margins should always be considered to account for other factors such as turbulence

or

uneven distribution of the fresh air.

EXAMPLE

Find the theoretical minimum ventilation flow rate of fresh air required to dilute a release rate

Qg

= 8,64 x 104 m3/s of benzene due to the evaporation of a confined liquid pool, at

ambient temperature of 40 °C:

an

cilit
EJNVI'PEE

T _4
Oamin = % x —8-— = 864x10 x 313 = 0,077 mS /s
LFL 293 0,012 293
A pafety margin could be considered upon a sound judgement and hence a‘hjgher va
wauld be obtained.
NOITE The lower flammable limit was taken from ISO/IEC 80079-20-1.
J.3  Estimate of the time required to dilute a flammable substance release
The theoretical time ¢y required to dilute the concentration of flammable substance from
ceftain steady state background concentration X, to a required critical concentration X, i
specific volume, can be estimated from:
= 1 IR Xb L
C Xcrit}
X
td—iln[ : J (!
C Xcrit
where
tq is the theoretical, time required to dilute a defined value of flammable substar]
concentration to ‘another one lesser than first (s);
f is the ventilation inefficiency factor;
C is the number of air changes per unit time in the specific volume (s 1);
Xp is thelflammable substance background concentration at steady-state conditig
(volivol);

X, is_the desired/critical value of the flammable substance concentration (vol/vol).

V]

ce

ns

s ) 1 . (0012
n
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Find the theoretical time to reduce the average flammable substance concentration in an
artificially ventilated enclosure with a number of air changes per unit time C = 0,002 s=1 (=6 h
-1) from the initial value X, = 0,012 to the desired value X, = 0,0024 if the ventilation
inefficiency factor is 3:

14 S In X |_ 3 xln( 0012 j =2415 5 = 40,3 min
C Xerit 0,002 0,0024

The—theoteticaltime—t+—calctHated—as—above—is—based—on—an-ideal—dilution-of-theflammable

substance released into the enclosure. Safety margins should always be considered |to
acgount other factors such as turbulence or uneven distribution of the flammable substance
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Annex K
(informative)

Industry codes and national standards

1 General

In general, examples of classification may be accepted in accordance with national or industry

co

es wWhere their annlication to the narticular situation can be clearly demonstrated
Ll = J

cri
fol

If i
st3

sp

In
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Th

a)
b)

c)

Where the use of examples from specific codes or standards is followed, standards and cod

ad
as
se
pri
na

plg

WH
be
na
Th

eria or limitations identified in the-national-er industry code or national standard should
owed.

[ is intended that the examples given in the reference-nationalor industry codes or natio
ndards be used for hazardous area classification, account-must should beotaken of 1
bcific details of each individual case, e.g. process and location characteristics.

ny
be

hal
he

general, the examples provided in industry codes and national standards are based on fhe

sumption that plant and equipment are adequately maintained.

e codes and standards may not apply to specific situations, for’example where:

the quantity of release is either very large or very smal}

appropriate national standard or industry code; or.

ventilation, use of inert gases, vapour barriets or other methods are used to reduce {
extent of the hazard or the likelihood of the Occurrence of a particular hazardous area.

dressing the same example should not\be interchanged, e.g. where a standard is select
a preferred base for a site or application, examples from another standard should not
ected to achieve a less rigorous_classification without due justification. Notwithstanding t
nciple, in some cases the classification examples provided in relevant industry codes
ional standards can, wherg_appropriate, be used to classify some components of larg
nts associated with other.elevant national or industry codes.

ere examples fromtindustry codes or national standards are used, then they-shall sho
quoted as the basis for classification-and-neot rather than IEC 60079-10-1. Examples

e countries of\origin are listed in alphabetical order.

ional standards or industry codes include, but are not limited to those shown in Table K|

the design of a particular plant does not comply with all the requirements of the

he

es
ed
be
nis
or
jer

U1d
of
1.
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Table K.1 — Examples of codes and standards

Country or Region
of Origin

Code or Standard
Designation

Title

Developing Body

Application Notes

Australia and New
Zealand

ASINZS (IEC)
60079.10.1

Explosive
Atmospheres Part 10-
1: Classification of
areas — Explosive
Gas Atmospheres

Standards Australia/
Standards
New Zealand

Introduced-in-AS/NZS
60079101 as-the
e e
Additional detail is
included in AS/NZS
60079.10.1 as a
national Annex or

Supplement

Germany

DGUV-Regel 113-001
“Explosionsschutzreg
eln (EX-RL)"

Explosjonsschutz-
Regelm(EX-RL) —
Sammlung
technischer Regeln
far das Vermeiden der
Gefahren durch
explosionsfahige
Atmosphare mit
Beispielsammlung zur
Einteilung
explosionsgefahrdeter
Bereiche in Zonen

Explosion Protection
Rules (EX-RL) —
Collection of technical
rules for avoiding the
dangers of explosive
atmospheres with
examples collection
for classification of
hazardous areas into

Z0NeSs.

DGUV-Deutsche
Gesatzliche
Unfallversicherung

TRBS 2152/
TRGS 720

Geféahrliche
explosionsfahige
Atmosphare —
Allgemeines

Hazardous explosive
atmospheres —
General information

BauA-Bundesanstalt
fur Arbeitsschutz und
Arbeitsmedizin
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Country or Region
of Origin

Code or Standard
Designation

Title

Developing Body

Application Notes

TRBS 3151/TRGS 751

Vermeidung von
Brand-, Explosions
und
Druckgefahrdungen
an Tankstellen und
Gasflllanlagen zur
Befullung von
Landfahrzeugen

Avoidance of fire,

BauA-Bundesanstalt
flr Arbeitsschutz und
Arbeitsmedizin

L H &
exptostorefd
pressure hazards at
filling stations and
gas filling systems for
filling land vehicles

TRGS 509

Lagern von flissigen
und festen
Gefahrstoffen in
ortsfesten Behaltern
sowie Fill und
Entleerstellen fur
ortsbewegliche
Behalter

Storage of liquid and
solid hazardous
substances in fixed
containers as well as
filling and emptying
points for mobile
containers

BauA-Bundesanstalt
fur Arbeitsschutz und
Arbeitsmedizin

TRGS 510

Lagerung van
Gefahrstoffenin
ortsbewedgliehen
Behaltern

Storage of hazardous
siPstances in
fransportable
containers

BauA-Bundesanstalt
fur Arbeitsschutz und
Arbeitsmedizin

BN

|

Sweden

Klassning av
explosionsfarliga
omraden

Classification of
Hazardous Areas

SEK Svensk
Elstandard

Available only in
Swedish

Switzerland

SUVA Merkblatt
Nr. 2153

Explosionsschutz-
Grundsatze-

Schweizerische
Unfall-

Mindestvorschriften-
Zonen

Explosion protection-
Basics-Minimal
requirements-Zones

versicherungsanstalt

The Netherlands

NPR 7910-1

Netherlands practical
guideline NPR 7910-
1, Classification of
hazardous areas with
respect to explosion
hazard — part 1: gas
explosion hazard,
based on NEN-EN-
IEC 60079-10-1

Netherlands
Standardization
Institute, NEN
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Country or Region
of Origin

Code or Standard
Designation

Title

Developing Body

Application Notes

UK

P15 EI15

Model code of safe
practice for the
petroleum industry,
Part 15: Area
Classification Code
for Petroleum
Installations Handling
Flammable Liquids.

Energy Institute

P15 EI15 is used as
an industry standard
in the petro(chem)
industry in many
countries

IGEM/SR/25

Hazardous area

Institution of Gas

L etk .
vidoorrmoativurt Ul
natural gas
installations.

= H ol
chgmeersSanta

Managers

USA

APl RP 505

Recommended
Practice for
Classification of
Locations for
Electrical Installations
at Petroleum Facilities
classified as Class I,
Zone 0, Zone 1 and
Zone 2.

American Petroleum
Institute (API)

NFPA 59A

Standard for the
Production, Storage,
and Handling of
Liquefied Natural
Gas.

National Fire
Protection
Association

NFPA 496

Standard for Purged
and Pressurized
Enclosures for,
Electrical Equipment

National Fire
Protection
Association

Where relevant to
pressurized control
room

NFPA 497

Recommended
Practiceyfor the
Classification of
Flammable Liquids,
Gases, or Vapours
and of Hazardous
(Classified) Locations
for Electrical
Installations in
Chemical Process
Areas.

National Fire
Protection
Association
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List of comments

Updated to align with the scope of the complete IEC 60079 and ISO/IEC 80079 series of
standards.

Industrial applications of any kind are not exempted from the scope of this standard.
However, the assessment in accordance with this standard might result in a non-
hazardous area classification. See also new Subclause 5.3.2.

"Site" is used to clarify that the intent of IEC 60079-10-1 is to cover an area of land or

buitdimgs Tather thram mpty appticationm to process equipmeTTt:

Other ignition sources have different risks to equipment and this statement reinfordes
that the scope of IEC 60079-10-1 is to cover hazards due to equipment.

The criteria for a zone of negligible extent includes consideration of the(Consequenges
of ignition.

See further detail in 4.4.2.

The definition is deleted as consideration of catastrophic failures-is described more fu
in 4.5,

y

Safety principles are applied irrespective of the zone classification.

The terminology from "area classification" to "hazardous area classification" is updafied
to be consistent throughout the document.

The statement clarifies that the range of sitdations that might need to be classified fof a
hazardous area is too broad for a detailed:standard that would cover all situations to|be
prepared.

The principles here were included)in previous editions of IEC 60079-10-1 and are
restated here with some further explanations.

The text here is relocated from' the previous edition and hence is shown as a change for
that reason.

The note clarifies why~a'recommended methodology for risk assessment is not included
in this standard.

The Zone NErconcept was introduced into the first edition of IEC 60079-10-1 based |on
research by the UK HSL for natural gas ignitions and is expanded in this edition [for
general principles.

The fext here is intended to clarify the assessment of Zone NE for other gases which
was-not provided in previous editions of IEC 60079-10-1.

Catastrophic failures are excluded from consideration when classifying hazardous argas

and the text here 1s only relocation and an aliernallve expression to principles in
previous editions.

The text here slightly modifies previous text to highlight understanding the nature of the
factors and not just the principles involved.

The reduction of text here is for simpler expression and does not change the intent from
previous editions.

Previous editions of IEC 60079-10-1 have recognized that for small quantities it may not
be practical to apply a hazardous area classification. The text here restates that
principle but with updates to further explain aspects that may need to be considered.

Testing is added as this could be used and may also be associated with validation of
other forms of assessment. For example, testing to calibrate or validate CFD modelling.
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21
22
23
24

25

26
27

28

29

30

31

32

33

34

35

36

37

38

39
40
41

42
43
44
45

While this is a note, the significance of the note should be highlighted.
The text here reflects the change in the scope from the previous edition.

This text is relocated to Subclause 5.1.

The influence of individual components in a gas mixture varies considerably depending

on the mixture. As a result of these variances more specific guidance is not provided.

This text highlights the need to consider not only the release rate but the total quantity

available for a release in the classification assessment.

The text is deleted here as the concepts are covered elsewhere.

Terminology is reconciled to be "flammable mist" for consistency of -express
throughout the standard.

This is particularly relevant to some systems, e.g. refrigeration ,systems, and
introduced to help with understanding such systems since classification of hazardd
areas is becoming more relevant in such industries.

Further information on ammonia is introduced as a special case to assist W
understanding the hazardous area classification of ammonia‘systems.

The text is revised to clarify that dispersion is relevant.té the volume available and f
volume of the release.

ith

he

Since "persistence time" is a variable, reducingdhe persistence of a condition is a befter

expression than avoiding the persistence.

The text is added to clarify that layering may be possible with both heavier than air g
or vapour and lighter than air gas or vapeur depending on the conditions.

The text and associated note further clarify factors for indoor situations even w
limited quantity releases.

as

ith

This text is added to highlight that sometimes ventilation can help with dilution even if

there is little air exchange in"a room.

The text clarifies that natural air exchange is not the only driver for air movement in a

room.

The added téxt'and struck out text say much the same thing and the expression
modified fofimprovement.

The text-'is updated to remove the ambiguity in the previous edition between f{
flammable volume and hazardous area.

This text is added to help clarify the relationship of dilution or flammable volume 3§

he

nd

hazardous area.

The deleted text is relocated to C.3.5 to keep descriptions in the annexes consistent.

The text is updated as the previous term of "zonal classification" is not defined.

A pointer to the descriptions for ventilation is added to be consistent with the previous

pointer for degree of dilution.

The text is deleted here as safety factors are described elsewhere in the standard.
The note is relocated and updated below.

The text is updated to describe options for purging more fully.

Guidance in Annexes C and D is based on continuous releases.
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Updated for a change in designation. ISO/IEC 80079-20-1 is effectively a later revision
of IEC 60079-20-1.

The text is updated and relocated to Subclause 10.2.
This text is relocated from the previous edition without significant technical change.
The expression is the converse of the previous edition to be more practical.

The application of safety factors on top of other safety factors could lead to overly
conservative results and this text tries to highlight that issue.

"Detection" implied some form of monitoring and this is not the intent. Hence the cfrange
to "identified".

D
)
—

The need to consider summation of releases is explained in the text below)fer differg
grades of release.

The expression here is updated to correctly reference the lowest LFL.

Holes are rarely round and so the equivalent hole size is used,in\all expressions of hp
size.

e

The conditions are re-expressed to be technically correct and follow the intent| of
conditions described in the source document for the calculation.

Updated to align with Table C.1.
Additional information as the basis for the chart;
The description of the term is updated to align with the new text.

Specific safety factors have been deléted as general safety factors in determining edch
parameter should be sufficient.

Missing from edition 2.0.
The table is updated for clarity.
This text has been relocated from Subclause 7.2.4.

Further information*is provided as background to the derivation of Figure C.1 so t{he
figure may berused correctly within the limitations of the derivation.

The factor K was initially intended to provide for additional safety for uncertainties| in
determining LFL for flammable substances, particularly gas mixtures. However, this was
considered as unnecessary and confusing considering the derivation of the chart.

The text is relocated to be with other factors related to the derivation of Figure C.1.

The—factor—apptied s described—as—mefficiency as—thevatue—increases—withrTeduced
ability to disperse a release.

The text is introduced to clarify how the safety factor is derived.

Terminology is corrected as the degree of ventilation is a factor which is assessed for
the release conditions whereas the rate of ventilation is independent of the release
conditions.

Correction of terms from the previous edition.

The figure is updated for correction of terms to align the text.

The text is deleted as it does not add value considering the rest of the paragraph.
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72
73

74
75
76
77
78
79

80

81

82
83

84

85
86
87
88
89

90
91

The expression is updated to align more closely with other guidance in the standard.

The possibility to use other calculations or forms of assessment is highlighted as this is

just an example in an informative annex.
The equation is updated to align with BS 5925.
The chart is revised to match the new Equation (C.4).

The equation is deleted to align with BS 5925.

The paragraph Is updated jor clarity.
The text is updated for an informative annex rather than a requirement.

The mention of CFD is deleted as this is not the only form of assessment thrat might
acceptable.

The additions are to assist in correct application of the curves and charts based on {
derivation and modelling used to develop the curves and charts.

This guidance is provided since many installations will hayve\ 6bstructions that wo
result in the "diffusive" curve being the more appropriate curve’to use.

This deleted text is relocated and re-expressed in other\text.

The text is added to highlight the examples are used to demonstrate the assessmg
method rather than be taken as conditions that should be used.

Specific safety factors have been deleted as individual parameters should be select
to provide an overall level of safety. Additional safety factors could then lead to ove
conservative results.

Updated terminology, see C.3.6.2.

The comment is provided to reinforce the limitations when using the charts provided.
The terms are updated for‘use of consistent terminology.

Replaced by new guidance in G.8.

The clause is added so the likelihood of misting in normal piping installations is
overstated.

The clause iS added since IEC 60079-14 does not deal with mist hazards.

Thisext is added until ISO/TR 15916 can be updated to improve referencing to the |
60079 and ISO/IEC 80079 series of standards.
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INTERNATIONAL ELECTROTECHNICAL COMMISSION

EXPLOSIVE ATMOSPHERES -

Part 10-1: Classification of areas —

Explosive gas atmospheres
FOREWORD

The International Electrotechnical Commission (IEC) is a worldwide organization for standardization compriging

all national electrotechnical committees (IEC National Committees). The object of IEC\ is to prom
international co-operation on all questions concerning standardization in the electrical and felectronic fields.
this end and in addition to other activities, IEC publishes International Standards, Tec¢hnical Specificatig
Technical Reports, Publicly Available Specifications (PAS) and Guides (hereaftersreferred to as *
Publication(s)”). Their preparation is entrusted to technical committees; any IEC Natiohal Committee interes
in the subject dealt with may participate in this preparatory work. International, governmental and n
governmental organizations liaising with the IEC also participate in this preparatien. IEC collaborates clos
with the International Organization for Standardization (ISO) in accordance ‘with conditions determined
agreement between the two organizations.

The formal decisions or agreements of IEC on technical matters express, as nearly as possible, an internatig
consensus of opinion on the relevant subjects since each technical committee has representation from
interested IEC National Committees.

IEC Publications have the form of recommendations for international use and are accepted by IEC Natid
Committees in that sense. While all reasonable efforts are.made to ensure that the technical content of
Publications is accurate, IEC cannot be held responsible for the way in which they are used or for
misinterpretation by any end user.

In order to promote international uniformity, IEC National Committees undertake to apply IEC Publicati
transparently to the maximum extent possible in their national and regional publications. Any diverge
between any IEC Publication and the corresponding national or regional publication shall be clearly indicate
the latter.

IEC itself does not provide any attestationof conformity. Independent certification bodies provide conforn
assessment services and, in some area$,-access to |[EC marks of conformity. IEC is not responsible for
services carried out by independent certification bodies.

All users should ensure that they_have the latest edition of this publication.

No liability shall attach to IEG -or/its directors, employees, servants or agents including individual experts
members of its technical coinmittees and IEC National Committees for any personal injury, property damaggd
other damage of any nature” whatsoever, whether direct or indirect, or for costs (including legal fees)
expenses arising out_of\the publication, use of, or reliance upon, this IEC Publication or any other
Publications.

Attention is drawn to the Normative references cited in this publication. Use of the referenced publication
indispensable_far the correct application of this publication.

Attention is\drawn to the possibility that some of the elements of this IEC Publication may be the subjec
patent rights. IEC shall not be held responsible for identifying any or all such patent rights.

erpational  Standard |IEC 60079-10-1 has been prepared by subcommittee 3

ote
To
ns,
EC
ted
on-
ely

by

nal
all

nal
EC
Bny

bns
hce
i in

nity

hny

hnd

or
bnd
EC

b is

of

1J:
cal

Classification of hazardous areas and installation requirements, of IEC techni
committee 31: Equipment for explosive atmospheres.

This third edition of IEC 60079-10-1 cancels and replaces the second edition, published in
2015, and constitutes a technical revision. The significant technical changes with respect to
the previous edition are as follows:
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Type
Minor and Major
Changes Clause editorial Extension technical
changes changes
Deleting commercial and industrial applications for
; 1 C1

fuel gas from the Scope exemptions
Updating editorial details and notes to the definitions | 3 X
Deletion of the previous edition clause 3.7.3
definition for catastrophic failure (dealt with in clause X
4.5)
Infroduction of new Subclause 4.4.2 Zone of

S 4.4.2 X
negligible extent
!n roduct_lon of new clause 5.3.2 Fuel gas 532 X
inistallations
Renumbering of headings 7 X
Introduction of Figure 1 — Dilution volume 7 X
Upgrading Table A.1 with UFL and its column 15 A1 X
hgading with the ‘source of data’ ’
Updating the flow-chart in Figure B.1 B.6 X
Updating equations for evaporation rate to align with B.7.3 X

the recent source modifications

Updating the chart in Figure B.2 according to the
upgdated equations for evaporation rate and the B.7.3 X
vgntilation velocity of 0,25 m/s

Restructuring Table C.1 C3.4 X
Removal of safety factor k and deleting it from the &35 co
hg@rizontal axis of the chart in Figure C.1 o
Revising equations (C.2) and (C.3) C.5.2 C3
Revising equations (C.4) and (C.5) C.5.3 C4
Revising the chart in Figure C.6 by changing the

: ] C.5.3 C5
lapel on the horizontal axis
Revising equation (C.6) and deleting ‘equation (C.7) C.5.4 C6
Removal of safety factor k and.deleting it from the D.3 c7
hgrizontal axis of the charts in Figure D.1 ’
Imposing limitations to'the* use of the chart in Figure D.3 X
Dj1 ’
Updating and correetions in Annex E Annex E X
Upgrading Annex G on Flammable mists Annex G X
Infroducing new items in Table K.1 Annex K X
Infroddcing new items in the Bibliography Bibliography X

NOTE The technical changes referred to include the significance of technical changes in the revised IEC
Standard, but they do not form an exhaustive list of all modifications from the previous version.
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Explanations:

A) Definitions

Minor and editorial changes clarification

decrease of technical requirements
minor technical change
editorial corrections

Extension addition of technical options

These are changes which add new or modify existing technical requirements) \in a way t
new options are given, but without increasing requirements.

B)

C1

C2

C3
C4
CH
C6q
CT7

Th

NO

ha

jor technical changes addition of technical requirements
increase of technical requirements
Information about the background of changes
The previous edition item e) was: “commercial and industrial applications where only |
pressure fuel gas is used for appliances e.g. fon'cooking, water heating and sim
uses, where the installation is compliant’«with relevant gas codes”. Indust
applications of any kind should not be exempted from the scope of this standard. S
also new clause 5.3.2.
The factor k was initially intended to, provide for additional safety for uncertainties
determining LFL for flammable substances, particularly gas mixtures. However, t
was considered as unnecessary.and confusing considering the derivation of the cha
The equations are updated to align with BS 5925
The equations are updated to align with BS 5925
The chart is revised to match the new equation (C.4)
The equationisiupdated to align with BS 5925
See the explanation under C2
ese are changes to technical requirements (addition, increase of the level or removal).

TE, These changes represent current technological knowledge. However, these changes should not norm

ey
ge.

hat

bow
lar
ial
ee

n
his

Blly

enatvinfluence on equipment already placed on the market.

The text of this standard is based on the following documents:

FDIS Report on voting
31J/307/FDIS 31J/310/RVD

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

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

A list of all parts of the IEC 60079 series, under the general title Explosive atmospheres, can
be found on the IEC website.
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The committee has decided that the contents of this document will remain unchanged until the
stability date indicated on the IEC website under "http://webstore.iec.ch" in the data related to
the specific document. At this date, the document will be

e reconfirmed,

e withdrawn,

e replaced by a revised edition, or
e amended.

IMPORTANT - The 'colour inside’' logo on the cover page of this publication indicates
thpt it contains colours which are considered to be useful for the, corrgct

urjderstanding of its contents. Users should therefore print this document using| a
cqalour printer.
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INTRODUCTION

In areas where dangerous quantities and concentrations of flammable gas or vapour may
arise, 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.
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EXPLOSIVE ATMOSPHERES -

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

1 Scope

Thjs 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 the proper design,

cofpstruction, operation and maintenance of equipment for use in hazardous areas.

It is intended to be applied where there may be an ignition hazard due to-the presence|of

flammable gas or vapour, mixed with air, but it does not apply to:

a) [ mines susceptible to firedamp;

b) | the processing and manufacture of explosives;

c) | catastrophic failures or rare malfunctions which are beyond'‘the concept of normality dgalt
with in this standard (see 3.7.3 and 4.5);

d) | rooms used for medical purposes;

e) | domestic premises;

f) | where a hazard may arise due to the presence~of/combustible dusts or combustible flyirlgs
but the principles may be used in assessment of a hybrid mixture (refer also|to
IEC 60079-10-2).

NOJTE Additional guidance on hybrid mixtures is provided in Annex I.

Flgmmable mists may form or be presént at the same time as flammable vapour. In such cgse

thg strict application of the details in'‘this document may not be appropriate. Flammable mists

mdy also form when liquids not(considered to be a hazard due to the high flash point are
released under pressure. In these€ cases the classifications and details given in this document

do|not apply. Information on-flammable mists is provided in Annex G.

Fof the purpose of thistdocument, an area is a three-dimensional region or space.

Atmospheric canditions include variations above and below reference levels of 101,3 kPa

(11013 mbar). and 20 °C (293 K), provided that the variations have a negligible effect on {he

explosion properties of the flammable substances.

In any(site, irrespective of size, there may be numerous sources of ignition apart from thgse

as$ociated with equipment. Appropriate precautions will be necessary to ensure safety in this

comtext. This standard 15 appliicabte with judgement for other fgnftion Sources but I some

applications other safeguards may also need to be considered. E.g. larger distances may
apply for naked flames when considering hot work permits.

This document does not take into account the consequences of ignition of an explosive
atmosphere except where a zone is so small that if ignition did occur it would have negligible
consequences (see 3.3.8 and 4.4.2).

2

Th

Normative references

is document contains no normative references.
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Terms and definitions

20

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

foll

owing apply.

ISO and IEC maintain terminological databases for use in standardization at the following
addresses:

IEC Electropedia: available at http://www.electropedia.org/
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Nofe 1 to entry: Although a mixture which has a concentration\above the upper flammable limit (UFL) is not
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Nofe 2 to entry: There are some gases and vapours which are explosive with the concentration of 100 % (
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TE Additional definitions applicable to explosive atmospheres can be found in IEC 60050-426.

plosive atmosphere
ture with air, under atmospheric conditions, of flammable substances in the form of g
bour, or dust which, after ignition, permits self-sustaining propagation

DURCE: IEC 60079-0:2017, 3.38]

plosive gas atmosphere
ture with air, under atmospheric conditions, of flammable’ sUbstances in the form of gas
pour, which, after ignition, permits self-sustaining flameé _propagation

losive gas atmosphere, it can readily become so and, gederally for hazardous area classification purposes,
isable to consider it as an explosive gas atmosphere.

tylene, CAS no. 74-86-2, C,H,; monovinyl acetylene, CAS no. 689-97-4, C,H,; 1-propyl nitrate (vapour), d
627-13-4, CH,; (CH,), NO,; isopropyl nitrate (vapour), CAS no. 1712-64-7, (CH;), CH ONO,; ethylene oX
pbour), CAS no. 75-21-8, (CH,), O; hydrazine{vapour), CAS no. 302-01-2, H, N,

DURCE: IEC 60079-0:2017, 3.40,"modified (addition of Notes to entry)]

zardous areas and zones

A

gzardous area <omaccount of explosive gas atmospheres>

a in which ancexplosive gas atmosphere is present or can be expected to be present,
Antities such that special precautions for the construction, installation and use of equipm
required

3.3

noE-hazardous area <on account of explosive gas atmospheres>

arean

.2

or

an
tis

)_g_
AS
ide

in
pnt

that special precautions for the construction, installation and use of equipment are required

3.3.3
zone
hazardous area classification based on the frequency of the occurrence and duration of the
explosive atmosphere

3.3.4

Zo

ne 0

ch

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

fre

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

3.3.6

Zone 2
area in which an explosive gas atmosphere is not likely to occur in normal operation, but, if it
dogs occur, will exist for a short period only

Nofe 1 to entry: Indications of the frequency of the occurrence and duration of the explosive atmospherne canf be
taken from codes or standards relating to specific industries or applications.

[SPURCE: IEC 60050-426:2020, 426-03-05]

3.3.7

extent of zone
digtance in any direction from the source of release to where a gas/air mixture will be dilufed
bylair to a concentration below the lower flammable limit

3.3.8
Zone NE
zohe of negligible extent such that if ignition did occur itwould have negligible consequencgs

Nofe 1 to entry: Zones of negligible extent could be Zone 0NEZone 1 NE or Zone 2 NE.
3.

releases

3.41

solurce of release
po|nt or location from which a flammable gas, vapour, mist or liquid may be released into tfhe
atmosphere so that an explosive gas atmosphere could be formed

[SPURCE: IEC 60050-426:2020, 426-03-06]

3.4.2
continuous grade (of)release
release which is continuous or is expected to occur frequently or for long periods

Nofe 1 to entpy. Both “frequently” and “long” are the terms which are intended to describe a very high likelihood of
a pptential 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

3.44

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

3.45

release rate

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

Note 1 to entry: Fresh air is intended to be synomonous with the term ‘clean air’ used in IEC 60079-13. Both terms
mean air that is essentially free of flammable gas or vapour.

3.52

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

e

3.8.3

dilution volume
volume in the vicinity of a source of release where the concentration of flammable gas|or
vapour is not diluted to a safe level

Nofe 1 to entry: In certain instances, the volumes under 3.5.3 and 3.5.5 could be‘the same.

3.5.4

bagkground concentration
mdan concentration of flammable substance within the volume under consideration outside| of
thg release plume or jet

3.8.5
vojume under consideration
volume served by the ventilation in the vicinjty ‘of the release being considered

Nofe 1 to entry: For an enclosed space thisyw.could be an entire room or part of a larger space where [the
corlsidered ventilation will dilute the gas or. vapour from a given source of release. Outdoors, this is the volyme
around a source of release where an explosive mixture could form. In congested outdoor places this volume cquld
be fictated by the partial enclosure provided by the surrounding objects.

3.
properties of flammablesubstance
3.6.1

flammable substance
substance which gsyitself flammable, or is capable of producing a flammable gas, vapour|or
mist

3.6.2
flammable' liquid
ligtid’capable of producing 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
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3.6.4

fla

mmable gas or vapour

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

3.6.5

fla

mmable mist

droplets of liquid, dispersed in air so as to form an explosive atmosphere

Note 1 to entry: Mists are also known as aerosols.

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

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

3.4.7
relative density of a gas or a vapour

de

nsity of a gas or a vapour relative to the density of air at\the same pressure 4

temperature (air is equal to 1,0)

3..8

fla

shpoint

lowest liquid temperature at which, under certain standardized conditions, a liquid gives

vapours in a quantity such as to be capable of forming\an ignitable vapour/air mixture
3.6.9
bojiling point

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

Nofe 1 to entry: The initial boiling point usedfor liquid mixtures to indicate the lowest value of the boiling point|

the

range of liquids present, as determined-in‘a standard laboratory distillation without fractionation.

3.6.10

va

pour pressure

pregssure exerted when a solid or liquid is in equilibrium with its own vapour

Nofe 1 to entry: This js<also, the partial pressure of the substance in the atmosphere above the liquid. It i

fun

Ction of the substance.and of the temperature.

3.6.11

au

fo-ignition*temperature (AIT)

lowest temperature (of a surface) at which under specified test conditions an ignition o

fla

mmable gas or vapour in mixture with air or air-inert gas occurs

hnd

off

for

[SOURCE: ISO/IEC 80079-20-1:2017, 3.3]

3.6.12
lower flammable limit (LFL)
concentration of flammable gas or vapour in air below which an explosive gas atmosphere

do

Note 1 to entry:

es not form

interchangeably to describe this limit.

[SOURCE: ISO/IEC 80079-20-1:2017, 3.6.1]

The term “lower explosive limit” is used especially in European standardization and regulations
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3.6.13

upper flammable limit (UFL)

concentration of flammable gas or vapour in air above which an explosive gas atmosphere
does not form

Note 1 to entry: The term “upper explosive limit” is used especially in European standardization and regulations
interchangeably to describe this limit.

[SOURCE: ISO/IEC 80079-20-1:2017, 3.6.2]

3.7
opleration
3.1.1

normal operation
sityiation when the equipment is operating within its designed parameters

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

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

3.1.2

royutine maintenance
action to be performed occasionally or periodically in normal operation to maintain proper performance
of gquipment

Nofe 1 to entry: Routine maintenance does not include activities' where the amount released or the rate of relegse
is greater than that used for the area classification. E.g-\Where equipment or systems require either paftial
dispnantling or deliberate venting to atmosphere is requiredhto enable the maintenance activity to be performed.

3.1.3
rafe malfunction
tyge of malfunction which may happen-@nly in rare instances

Nofe 1 to entry: Rare malfunctions in the context of this standard include failure of separate and independent
progess controls, that may be either automated or manual, that could trigger a chain of events that would leaq to
maljor release of flammable substange;

Nofe 2 to entry: Rare malfunctiohs could also include unanticipated conditions that are not covered by the plant
dedign such as unexpected ‘corrosion that results in a release. Where releases due to corrosion or similar

corlditions may or could reasonably be expected as part of the plant operations then this is not considered as a
rar¢ malfunction.

4 | General

4.1 Safety principles

Ingtallations in which flammable substances are handled or stored should be designéd,
constructed, operated and maintained so that any releases of flammable substance, and
consequently the extent of hazardous areas, are kept to a minimum, 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.

NOTE 1 Process equipment in the context of this document includes any item that may contain a flammable gas
or liquid.

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
hazardous area classification study.
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In the case of activities other than those of normal operation, e.g. commissioning or non-
routine maintenance, the hazardous 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 hazardous area classification should take into account any routine maintenance.

In a situation in which there may be an explosive gas atmosphere action should be taken to
eliminate:

a) the likelihood of an explosive gas atmosphere occurring around the source of ignition, or
b) 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'sp 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 leyel
of pafety.

NOJTE 2 As Low As Reasonably Practicable (ALARP) is a recognised term in many,jurisdictions and incluges
imglementing controls as possible according to the current state of the art and in accordance with relevant cofles
and standards.

Thjs document provides guidance on aspects that should be copsidered and the classificatjon
of hazardous areas requires the application of good engineering‘practice.

4.2 Hazardous area classification objectives

Hazardous area classification is a method of analysing and classifying the environment where
explosive gas atmospheres may occur, so as to fagilitate the proper selection, installation gnd
opgration of equipment to be used safely in that ‘environment. The classification also takes
intp account the ignition characteristics of the*gas or vapour such as ignition energy gnd
igrfition temperature. Hazardous area _(¢lassification has two main objectives, the
dejermination of the type of any zonei>and the extent of the zone (see Clause 8 gnd
Clause 9).

NOJTE Selected characteristics might_beydesignated for equipment e.g. ignition energy and temperature ratipgs
(sep ISO/IEC 80079-20-1).

In most practical situations 'where flammable substances are used, it is difficult to ensure that
an| explosive gas atmosphere will never occur. It may also be difficult to ensure that
eqpipment will never \give rise to a source of ignition. Therefore, in situations where [an
explosive gas atm¢sphere has a high likelihood of occurring, reliance is placed on using
equipment which(has a low likelihood of creating a source of ignition. Conversely, where t{he
likglihood of an\explosive gas atmosphere occurring is reduced, equipment constructed with
leds rigoroussequirements may be used.

In particutar, Zone 0 or Zone 1 areas should be minimized in number and extent by design|or
table operating procedures. In other words, plants and installations should be maiply

- v, T0 TazZaraous— VYV Nere a OT—a a TTAPOTE—S STaNCTE S 5 ii;i'ii'
equipment items should be limited to those which give secondary grade releases or, failing
this (that is where primary or continuous grade releases are unavoidable), the releases should
be of very limited quantity and rate. In carrying out plant design, these principles should
receive prime consideration. Where necessary, the design, operation and location of process
equipment should ensure that, even when it is operating abnormally, the amount of flammable
substance released into the atmosphere is minimized, so as to reduce the extent of the
hazardous area.

oo AV

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 hazardous area classification. The hazardous area classification should be
updated for any plant or operational changes. Reviews should be carried out during the
lifetime of the plant.
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4.3 Interior of equipment containing flammable materials

The interior of many items of equipment containing flammable substances such as tanks may
be considered as a hazardous area even though an explosive gas atmosphere may not
normally be present to account for the possibility of air entering the equipment.

NOTE 1 Items of equipment containing flammable substances are commonly given the generic term ‘process
equipment’ in many industries.

Where specific controls such as inerting are used, the interior of equipment containing
flammable substances may not need to be classified as a hazardous area or may be assigned
a Jess onerous zone. In such cases the reliability of the control measures should |be
cojnmensurate with the reduction in hazardous area that is determined for the interiartef {he
eqlipment. E.g. control measures could be assessed using a suitable study suchjas $IL
asgessment to IEC 61511.

NOJTE 2 Inerting is the replacement of atmospheric oxygen in a system by a non-reactive, non:flammable gas} to
make the atmosphere within the system unable to propagate flame. The addition of flammable.dases to ensure [the
spdce is always outside of the flammable range could prevent a hazardous area internal t6 equipment.

4.4 Explosion risk assessment
4.4.1 General

Supsequent to the completion of the hazardous area classification, a risk assessment may |be
cafried out to assess whether the consequences of ignition of an explosive atmosphegre
requires the use of equipment of a higher equipment protection level (EPL) or may justify {he
us¢ of equipment with a lower equipment protection léyel than normally required.

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

NOJTE 1 IEC 60079-0 describes EPLs and IEC 60079-14 defines the application of EPLs to an installation.

NOJTE 2 This standard does not define the methodology for carrying out a risk assessment to vary the EPL ratipgs
as ppecification for any risk assessment méethodology is out of the scope of this standard.

4.4.2 Zone of negligible extent

In |[some cases a zone of) hegligible extent (NE) may arise and may be treated as non
hagardous. A zone of megligible extent would also imply either a negligible release rate of a
negligible release quantity and considering the volume for dispersion.

D

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 rjsk
asgessment to determine EPL.

The. €riteria for a zone NE classification should be based on the following factors:

i) Ignition would not result in sufficient pressure to cause harm either due to the pressure
wave or due to damage that could cause flying objects or particles e.g. broken glass from
windows.

i) Ignition would not result in sufficient heat to cause harm or a fire from surrounding
materials.

iii) For gas distributed at pressures above 1 000 kPag (10 barg) consideration shall be given
to a specific risk assessment

iv) A zone NE shall not be applied to gas distributed at pressures above 2 000 kPag (20 barg)
unless a specific detailed risk assessment can document otherwise.

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 m3 or 1,0 % of the enclosed space concerned
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(whichever is smaller). For other gases a zone NE may be considered based on the ratio of
the heat of combustion, maximum explosion pressure and the maximum rate of pressure rise
of the gas to methane multiplied by the parameters used for methane.

NOTE 1 Natural gas in this context is gas used for conventional gas distribution networks and is predominately
methane.

NOTE 2 Refrigeration and heat pump applications are not regarded as gas distribution systems. Risk

assessments for this class of equipment have demonstrated that the value of 2 000 kPag (20 barg) might not be a
suitable reference for these applications.

4.5—Gatastrephie fatlures

As|far as possible, such failures should be prevented.

Relasonably unexpected catastrophic failures need not be accounted for in the‘“hazardqus
arga classification. For example, major accidents such as the rupture of a precess vessel,|or
large scale failures of equipment or piping such as total breakdown of a flangé.or seal.

The likelihood of such failures should be reduced by appropriate inspeciion, design, operatjon
anfl maintenance of a plant.

4.6 Competence of personnel

The hazardous area classification should be carried oui<by persons who understand {he
nature of flammable substances, gas dispersion and Aentilation and are familiar with {he
prgcess aspects for the plant under consideration. ltmay be beneficial for other engineering
digciplines, e.g. electrical and mechanical efngineers, and personnel with speclfic
regponsibility for safety to be part of and have.an input to the hazardous area classificat{on
prgcess. The competency of the person shall:be relevant to the nature of the plant gnd
mgthodology used for carrying out the hazardous area classification. Appropriate continujng
edlcation or training should be undertakenby personnel on a regular basis where required.

NOJTE 1 Competency can be demonstrated inyaccordance with a training and assessment framework relevant to
natlonal regulations or standards or user requirements.

NOJTE 2 Elements of competency are covered in several personnel certification schemes.
5 | Hazardous area classification methodology

5.1 General

It ip rarely possible by a simple examination of a plant or plant design to decide which parts] of
thg 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.

annrmlnlnn where—arelease r\F flammahln G S—OF—-3POH—aY—OCCHH- thelikelihood
n o= bl id =ty n

duration of the release should be assessed in accordance with the def|n|t|ons of continuous,
primary and secondary grades of release. Once the grade of release, the release rate,
concentration, velocity, ventilation and other factors are assessed there is then a firm basis
on which to assess the likely presence of an explosive gas atmosphere in the surrounding
areas and determine the type and/or extent of the hazardous area.

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

Subclauses 5.2 to 5.5 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.
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The hazardous 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 according 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
sys$tems). Such controls may therefore be considered where relevant to the hazardous area
clgssification.

When classifying areas consideration should be also given to a careful evaluation,ofi the same
or |similar installations. Where documented evidence indicates that a particular\plant design
anfl operations are sound this may be used to support the classification chosen: Furthermore,
it is conceivable that an area could be reclassified based on new evidence,

Fof mass-produced equipment that can be deployed in a range of, different situations sych
equipment may be subject to a generic hazardous area classification with relevant instructigns
abput placement and ventilation, etc., to detail any limitations forthe application and impact
on|the classification.

If the quantity of a flammable substance available for_felease is ‘small’, whilst a potential
explosion condition may exist, it may not be appropriate to use this hazardous afea
clgssification procedure. Notwithstanding this genefal*guidance, consideration should always
be| given to the potential for release and the_ ability to adequately dilute or disperse gny
release to avoid flammable conditions. l.e. small quantities in small spaces may still bg a
hakard.

Fof small quantities account shall also be taken of the particular factors involved. Sych
faqtors could include: levels of cleanliness, industry practice, competency and training| of
pefsonnel handling the flammable\ substances, other spill or release control measures,
ventilation, health risks and expasure controls, management of ignition sources by other than
the use of ‘Ex’ rated equipment:

NOJTE 1 Small quanities could apply to applications such as laboratories, small refrigerant systems or cylinder$ of
gaq.

NOJTE 2 Industry cogdes.ecommonly identify quantities below which the hazardous area classification process wduld
notlapply.

5.2 Classification by sources of release method

Classification may be approached by calculation or test, considering appropriate statistical
anfl nfumerical assessments for the factors concerned, for each source of release.

The source of release approach can be summarized as follows (refer to Annex F):

e Identify sources of release;

o Determine the release rate and grade of release for each source based on likely frequency
and duration of release;

e Assess ventilation or dilution conditions and effectiveness;

o Determine zone type based on grade of release and ventilation or dilution effectiveness;

e Determine extent of zone.

Formulae relevant to determining the release rates under specified conditions can be found in

Annex B. These formulae are generally accepted as providing a good basis for calculating
release rates for the conditions provided.
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Guidance on the assessment of ventilation and dispersion is provided in Annex C. Other
forms of assessment, e.g. computational fluid dynamics (CFD) or testing, may be used and
may provide a good basis for assessment in some situations. Computer modelling is an
appropriate tool when assessing the interaction of multiple factors.

In all cases the assessment method and tools used should be validated as suitable or used
with appropriate caution. Those carrying out the assessment should also understand the
limitations or requirements of any tools and adjust the input conditions or results accordingly
to ensure appropriate conclusions.

NOJTE It is not expected that all methods or tools used for the classification of hazardous areas will give the sgme
resplt and this need not indicate that one particular method or tool is unsuitable for the application.

5.3 Use of industry codes and national standards
5.3.1 General

Inqustry codes and national standards may be used where they provide guidance or examples
appropriate to the application and comply with the general principles of this)standard.

Anhex K identifies some relevant industry codes and national standards that may prov(de
further detail as well as examples.

5.3.2 Fuel gas installations

For commercial and industrial applications where only’low pressure fuel gas is used for
appliances e.g. for cooking, water heating and similar‘uses, then local gas codes would apply.

In most cases compliance to the relevant gas codes would result in a classification that is non
hagardous or lead to a zone of negligible extent:

NOITE Low pressures are commonly considered to be pressures below 200 kPa (gauge). Refer Annex K|for
exgmples of relevant codes.

5.4 Simplified methods

Where it is not practicable tomake required assessments from individual sources of releasge,
a §implified method may ke used. E.g. in basic projects, where the equipment or locations are
noi yet defined, or calculations for all sources of release may be too onerous. Simplified
mgthods shall identify.sources for each of the zone types, zone 0, 1 and 2 that are suitaply
cofpservative to allow)for potential sources of release without individual detail. The judgemegnt
is best made by reference to a set of criteria based on industry experience and appropriate| to
thg particular_plant.

It |s not-hécessary to carry out a detailed assessment of all items in a plant where |Jan
asgessment for one item or condition would be adequate to provide a conservat|ve
clgssification for all other similar items or conditions on the plant.

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.
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For example, at the initial conceptual stage of a plant the simplified method may be
appropriate to set out the equipment separations, plant layout and plant boundaries. This
might be the only method that could be applied due to lack of detailed data on sources of
release. As the plant design proceeds and detailed data are available on the potential sources
of release, the classification should be upgraded using a more detailed method of
assessment.

In some cases the simplified method can be applied to a group of similar equipment in
sections of plant (e.g. sections of piping with flanges, such as pipe racks) while applying a
more detailed assessment to the more significant potential sources of release (e.g. relief
valves, Vents, COMpPressors, pumps and the fkeJ:

In many cases the classification examples provided in relevant national or industry codes can,
whlere appropriate, be used to classify some components of larger plants.

6 | Release of flammable substance

6.1 General

14

The release rate of a flammable substance is the most importantAfactor that affects the extent
of p zone.

Gegnerally, the higher the release rate the larger the extent'of'the zone.

NOJTE Experience has shown that a release of ammonia (with*an LFL of 15 % by volume), will often dissipate
rapjdly in the open air (outdoor), so an explosive gas atmosphere can be, in most cases considered of neglig|ble
extent.

An| introduction to the nature of releases ‘that should be considered when approaching
clgssification of potentially explosive areas-i§’provided in Subclauses 6.2 to 6.3.

6.2 Sources of release

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

Since an explosive gas.atmosphere can exist only if a flammable gas or vapour is presé¢nt
with air, it is necessary to decide if any flammable substances can exist in the area
cophcerned. Generally*speaking, such gases and vapours (and flammable liquids or sollds
whlich may give rise to them) are contained within process equipment that may or may not|be

tot ist
in a
flammable'\atmosphere outside process equipment.

Eachdtem of process equipment (for be

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 hazardous area classification. By means of this procedure, each release will
be graded either ‘continuous’, ‘primary’ or 'secondary’.
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NOTE 1 Releases may form part of process, e.g. taking samples, or may occur as part of a routine maintenance
procedure. These forms of release are generally classified as continuous or primary grades of release. Accidental
releases are generally classified as secondary grades of release.

NOTE 2 One item may give rise to more than one grade of release. For example, there may be a small primary
grade release, but a larger release could occur under abnormal operation; thus giving rise to a secondary grade
release. In this situation, both release conditions (both grades of release) need full consideration as described in
this document.

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

In [some cases, a mixture of different flammable substances with different characteristics lLfor
eafth flammable substance may need to be considered, e.g. relative density and temperature
cldss. In such cases it is necessary to consider if the ratio of individual components*in the
mixture is sufficient to influence the relevant parameters, such as equipment\ group |or
temperature class, or may suggest a need to consider other factors such as hazardous afea
clgssification for both lighter than air and heavier than air release conditions! [The hazardqus
ar¢a classification of process equipment in which a flammable substance’is burned, for
exgmple, fired heaters, furnaces, boilers, gas turbines, should take inté_account any puige
cytle, start-up and shut-down conditions.

In some cases, the construction of closed systems where specific'‘¢construction codes are met
cah be accepted as effectively preventing or limiting releases of flammable substances t¢ a
negligible leakage hazard. The hazardous area classification of such equipment |or
indtallations requires a complete assessment to verify the full compliance of the installation| to
thg relevant constructional and operating standardsc.yVerification of compliance shotld
copsider design, installation, operation, maintenance‘and monitoring activities.

id

Mists which form through leaks of pressurized liguid can be flammable even though the ligu
temperature is below the flash point (see Annex’G).

6.3 Forms of release

6.3.1 General

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

e

e | a gas, which may be-atan 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 | a liquid with-an associated release of flammable vapour.

Relleases-from such plant items as pipe connections, pumps and compressor seals and valve
patkings often start with a low flow rate. However, if the release is not stopped, erosion at {he
source”’of the release can greatly increase the rate of release and hence the extent of {he
hazard. Conversely 1T the source of release has a finite quantity, the release rate may decline
over time reducing the extent of the hazard. For example, gas under pressure in a closed
system.

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. This characteristic 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.
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6.3.2 Gaseous release

A gas release will produce a gas jet or plume at the release source depending on the
pressure at the point of release, e.g. pump seal, pipe connection or evaporative pool area.
The relative density of the gas, the degree of turbulent mixing and the prevailing air
movement will all influence the subsequent movement of any gas cloud.

In calm conditions low velocity releases of a gas that is significantly less dense than air will
tend to move upwards, e.g. hydrogen and methane. Conversely, a gas that is significantly
denser than air will tend to accumulate at ground level or in any pits or depressions, e.g.
bu ; e i ; nix
ith air and become neutrally buoyant. A gas or vapour with density that is not significantly
different to air is regarded as neutrally buoyant.

NOITE 1 Near-neutrally buoyant gases, such as ethane, could tend to follow the layering behayiour of depse
gades, provided conditions are calm.

Higher pressure releases will initially produce jets of released gas which will mix turbulently
with the surrounding air and entrain air in the jet.

At |high pressures, a thermodynamic effect due to expansion can ©ome into play. As the das
esgapes, it expands and cools down and may initially behave @s-heavier than air. Howevier,
thg cooling due to the Joule-Thomson effect is eventually offset’ by the heat supplied by the
air] The resulting gas cloud will eventually become neutfally buoyant. The transition fropm
hepvier than air to neutrally buoyant behaviour may otccur at any time, depending on the
nature of the release, and may occur after the cloud has‘been diluted to below the LFL.

NOJTE 2 Hydrogen demonstrates a reverse Joule-Thomsoh/effect, heating up as it expands and so will negver
exHlibit a heavier than air effect.

6.3.3 Liquefied under pressure release

Some gases can be liquefied by the application of pressure alone, e.g. propane and butane,
anfl are usually stored and transporte@;in this form.

When a pressurized liquefied_gas”leaks from its containment the most likely scenario is that
thg substance will escape as@;gas from any vapour space or gas lines. The rapid evaporatjon
praduces significant cooling,at the point of release and icing due to the condensation of walter
vapour from the atmosphere may occur.

A |liquid leak wilt\partially evaporate at the point of release. This is known as flgsh
evaporation. The ‘evaporating liquid pulls energy from itself and the surrounding atmosphgre
anfl in turn goafs down the leaking fluid. The cooling of the fluid prevents total evaporation
anf thereforera flammable mist is produced. If the leak is large enough then cold pools of fluid
can accumiulate on the ground which will evaporate over time to add to the gas release.

The cold flammable mist cloud will act like a dense gas. A pressurized liquid release can offen
be seen as the cooling effect of evaporation will condense ambient humidity to produce a
visible cloud.

For some applications where a gas is liquified under pressure, a release in the liquid part of
the system may initially lead to a two phase release (liquid and vapour) with a ‘spitting’
behaviour. If there is a limited amount of flammable substance the release may transition to
be only vapour as the rate and pressure decrease.

6.3.4 Liquefied by refrigeration release

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
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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 but will become neutrally
buoyant on approaching ambient temperature.

NOJTE 2 Permanent gases have a critical temperature lower than —50 °C.
6.3.5 Flammable mists release

A flammable mist is not a gas but consists of small droplets of liquid suspendéd,in air. The
drgplets are formed from vapours or gases under certain thermodynamic conditions or |by
flash evaporation of pressurized liquids. The scattering of light within a flammable mist clqud
frequently makes the cloud visible to the naked eye. The dispersion of a(flammable mist may
valy between the behaviour of a dense gas or a neutrally buoyant ,gas. Flammable njist
drgplets can coalesce and rain out of the plume or cloud. Flammable mists made | of
flammable liquids may absorb heat from the surrounding environment, evaporate and add| to
thg gas/vapour cloud (for more details see Annex G).

NOJTE In some cases a visible mist may form at concentrations below the flammable limit. For example anhydrpus
amfonia mist is visible at 4 % v/v due to absorption of atmospheric ‘moisture in the liquid droplets but the LFL is
15 fo.

6.3.6 Vapours release

Lidquids at equilibrium with their environment \will generate a layer of vapour above their
sufface. The pressure this vapour exerts in @ closed system is known as the vapour pressufe,
whlich increases in a non-linear function with temperature.

The process of evaporation uses enéergy which may come from a variety of sources, for
example from the liquid or the-sUrrounding environment. The evaporation process may
defrease the temperature of the\liquid and limit temperature rise. However, changes in liquid
temperature due to increased evaporation from normal environmental conditions Ire

considered too marginal to affect the hazardous area classification. The concentration of the
geherated vapour is not easy to predict as it is a function of the evaporation rate, temperatire
of the liquid and the surtrounding air flow.

6.3.7 Liquidiwrelease

The release-of flammable liquids will normally form a pool on the ground, with a vapour clqud
at |the liguid’s surface unless the surface is absorbent. The size of the vapour cloud will
depend jon the properties of the substance and its vapour pressure at the ambi¢nt
terpperature (see B.7.2).

NOTE 1 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.

NOTE 2 The evaporation rate could be reduced significantly over time if the liquid has a high latent heat. A high
latent heat can cause the surface onto which the liquid is present to be cooled significantly which then limits the
flow of heat into the liquid. For example, with a leak of anhydrous ammonia, which has a high latent heat, the rate
of evapouration could slow considerably unless additional heat is brought to the liquid.

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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7 Ventilation (or air movement) and dilution

7.1 General

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. Unless the release is into a
space that is confined and well-sealed the gas disperses completely until the concentration is
essentially zero. Air movement due to natural or artificial ventilation will promote dispersion.

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

A ptructure with sufficient openings to allow free passage of air through all pafts of {he
bullding 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.

Digpersion or diffusion of a gas or vapour into the atmosphere is a key factor in reducing the
concentration of the gas or vapour to below the lower flammable limit.

Vephtilation and air movement have two basic functions:

a) | to increase the rate of dilution and promote dispersion to limit the extent of a zone;

b) [ to reduce the persistence of an explosive atmosphere‘that may influence the type of a
zone.

With increased ventilation or air movement the extent of a zone will normally be reduced.
Ofstacles which impede the ventilation or air movement may increase the extent of a zone.
Some obstacles, for example, dykes, walls and-ceilings, which limit the extent of vapour|or
gap movement, may also limit the extent of the-zone.

NOJTE 1 Increased air movement may also incréase the release rate of vapour due to increased evaporation flom
opdgn liquid surfaces. However, the benefits, of>increased air movement normally outweigh the increase in relepse
rate.

Fof low velocity releases the_rate of gas or vapour dispersion in the atmosphere increages
with wind speed, but in calm™ atmospheric conditions layering of the heavier than air gas|or
vapour may occur and the“distance for safe dispersal can be greatly increased. For Ipw
velocity releases where there are obstacles such as walls and ceiling, layering of lighter thHan
air| gas or vapour may.,roccur at the ceiling and the distance for the safe dispersal can |be
greatly increased.

NO[TE 2 |In plantiareas with obstructions to ventilation such as large vessels and structures, even at low wind
spdeds, eddiesMmnay be formed behind such obstructions thus forming pockets of gas or vapour without sufficient
turhulence to\promote dispersion.

In hormal practice, the tendency of layering in outdoor situations is not taken into accounf in
hagardous area classification 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. The tendency for layering should be
considered for indoor situations.

NOTE 3 Layering may be a relevant factor in some particular applications such as rooms with very little air
exchange to outside the room.

In some applications with a limited quantity of release, circulation airflow within a closed
space can be used to provide sufficient mixing to dilute a release.
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7.2 Main types of ventilation

7.2.1 General

The two types of ventilation are:

a)

natural ventilation; and,

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

7.2.2 Natural ventilation

Na]tural ventilation in buildings arises from pressure differences induced by the wind andfor
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nperature gradients (buoyancy induced ventilation). Natural ventilation may be efféctive
tain indoor situations (for example, where a building has openings in its walls and/or ro
Hilute releases safely.

amples of natural ventilation:

an open building which, having regard to the relative density of the gases and/or vapo
involved, has openings in the walls and/or roof so dimensiongd and located that f{
ventilation inside the building, for the purpose of hazardous.'area classification, can
regarded as equivalent to that in an open-air situation;

a building which is not an open building but which has/patural ventilation (generally le
than that of an open building) provided by permanent openings made for ventilat
purposes.

nsideration of natural ventilation in buildings shauld recognise that gas or vapour buoyarn
y be a significant factor and so, ventilation should be arranged to promote dispersion 3
ition. Where a gas or vapour has been  eleased which exhibits a high or low dens
btive to air, the pressure head of the mixture close to openings in the space envelope m
o be relied upon to generate its own ventitation.

ntilation rates arising from natural&entilation are inherently very variable. Generally, W
y natural ventilation, a lower ventilation rate leads to a higher level of availability and v
sa. Where dilution of releases is by natural ventilation, the worst case scenario sH
ferably be considered to.determine the ventilation rate. Such a scenario will then lead t
her level of availability"which will compensate for overly optimistic assumptions made
imating the ventilation rate.

ere are some situations which require special care. This is particularly the case where f{
ntilation openings are limited to mainly one side of the enclosure. Under cert
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avourable~ambient conditions, such as windy days when the wind is blowing onto

hilahility will both be poor resulting in a more rigorous classification.

he

ntilated face of the enclosure, the external air movement may prevent the operation of {he
rmal Jbuoyancy mechanism. Under these circumstances the level of ventilation and the

7.2.3 Artificial ventilation

7.2.3.1 General

Air movement required for ventilation may also be 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 air movement due to obstacles.

The artificial ventilation may be either general (e.g. a whole room) or local (e.g. extraction
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:
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reduction in the type and/or extent of zones;
shortening of the time of persistence of an explosive gas atmosphere;

prevention of the generation of an explosive gas atmosphere.

7.2.3.2 Artificial 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)
b)

c)
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system discharge point and other openings of the extraction system;

for ventilation of a hazardous area the ventilation air should normally be drawn fron
non-hazardous area taking into account the suction effects on the surrounding @rea;

before determining the dimensions and design of the ventilation system( \the locati
grade of release, release velocity and release rate should be defined.

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

flammable gases and vapours usually have densities other than"that of air, thus they nj
accumulate near to either the floor or ceiling of an enclosed @atea, where air movemen
likely to be reduced;

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

changes in gas density with temperature;

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

turbulence and circulating air patterns,

 more details, see Annex C.

nsideration should be given (o the possibility or need for recirculation of air in f{
ntilation arrangement. Thissmay impact the background concentration and effectiveness
ventilation system in reduceing the hazardous area. In such cases the classification of {
rardous area may need to be modified accordingly. Recirculation of air may also
cessary in some applications e.g. for some processes or to provide for the needs
'sonnel or equipment in high or low ambient temperatures where supplemental cooling
hting of the airgis~required. Where recirculation of air is needed then additional controls
ety may alsovbérequired, e.g. a gas analyzer with dampers controlling fresh air intake.

3.3 Examples of artificial ventilation

neral artificial ventilation may include a building which is provided with fans in the w4
H/er’in the roof to improve the general ventilation in the building.
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The role of fans may be twofold. They can increase the air flow through a building, helping to
remove gas from the building. Fans within a building can also increase turbulence and aid the
dilution of a cloud which is much smaller than the room which contains it, even if no gas is
transported out of the room. Fans may also enhance dilution by increasing turbulence in some
outdoor situations.

Local artificial ventilation may be:

a)

b)

an air/vapour extraction system applied to an item of process equipment which

continuously or periodically releases flammable vapour.

a forced or extraction ventilation system applied to a local area where it is expected that

an explosive gas atmosphere may otherwise occur.
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For more details, see Clause C.4.

7.2.4 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 lower degreelof
dilution for a given set of ventilation or atmospheric conditions, and a lower ventilation rate
cofresponds with a lower degree of dilution for a given size of release.

If pther 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 dilutjon
in either a positive or negative manner.

The degree of dilution will also affect the dilution volume. The dilutionyvolume is equal to the
volume that may be above the LFL, including any safety factor, i.ex the volume that could |be
flammable. However the boundary of the hazardous area additionally takes into account other
faqtors such as any possible movement of the release i.e. due to’'the direction and velocity| of
thg release and of the surrounding volume of air. The hazardeus area is then normally mych
larger than the dilution volume. The concept of dilution.*volume and relationship to the
hagardous area classification is shown in Figure 1.

Dilution volume Hazardous area

Y2
@?XD

Dilution volume Hazardous area

IEC

Figure 1 — Dilution Volume

The degree of dilution will depend not only on the ventilation, but also on the nature and the
type of the expected release of gas. Some releases, e.g. release with low velocity, will be
amenable to mitigation by enhanced ventilation with others much less so, e.g. release with
high velocity.

Commonly applied degrees of dilution are described in C.3.5.
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8 Type of zone

8.1 General

The likelihood of the presence of an explosive gas atmosphere depends mainly on the grade
of release and the ventilation. This is identified as a zone. Zones are recognized as: Zone 0,
Zone 1, Zone 2 and the non-hazardous area.

Where zones created by adjacent sources of release overlap and are of different zone types,
including temperature class and equipment group, the more severe classification criteria will
apply in the area of overlap. Where overlapping zones are of the same classification,\ this
common classification will normally apply.

8.2 Influence of grade of the source of release

There are three basic grades of release, as listed below in order of decreasing frequency| of
ocgurrence 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 ¢he'zone. In an adequately ventilated afea
(for example in an open air plant) a continuous_grade of release generally leads to a Zong 0
cldssification, a primary grade to Zone 1 and, a.secondary grade to Zone 2. This general rlle
mgy be modified by considering the degree of‘dilution and availability of ventilation which may
regult in a more or less severe classification(see 8.3, 8.4 and Annex D).

8.3 Influence of dilution

The effectiveness of ventilation ‘or’degree of dilution shall be considered when estimating the
tyge of zone classification.

A medium degree of dilution will generally result in the predetermined types of the zornes
based upon the types)of the sources of release. A high degree of dilution will allow a Igss
seyere classification,)e.g. Zone 1 instead of Zone 0, Zone 2 instead of Zone 1 and even Zgne
of negligible extent/in some cases. On the other hand a low degree of dilution will requirg a
mqre severe classification (see Annex D).

8.4 Influence of availability of ventilation

Theavailability of ventilation has an influence on the presence or formation of an explos|ve
ga atllluaphclc dIICII thua d:DU UTl thc typc Uf LUITIC. AD ava”abi“ty, Ul IU:Ide:Ity, Uf he
ventilation decreases, the likelihood of not dispersing gas explosive atmospheres increases.
The zone classification will tend to be more severe, i.e. a Zone 2 may change to a Zone 1 or
even Zone 0. Guidance on availability is given in Annex D.

Commonly applied descriptions for the availability of ventilation are provided in C.3.7.1.

NOTE Combining the concepts of the efficiency of ventilation and the availability of ventilation results in a
qualitative method for the evaluation of the zone type. This is further explained in Annex D.
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9 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
flammable limit. When assessing the area for spread of gas or vapour before dilution to below
its lower flammable 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 can be prevehted|by
suftable means such as:

a) | physical barriers; or,

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

c) | purging the area with fresh air or a protective non-flammablg''gas such as nitrogen|or
carbon dioxide at a sufficient flow and positive pressure tocreduce the concentration| of
any flammable gas or vapor initially present to non-hazardous) concentration.

NOJTE An example of a physical barrier is a sealed wall with no openiggs or other obstruction that will limit [the
pagsage of gas or vapour at atmospheric pressure, thus preventing the penetration of a significant quantity of
flarhmable gas or vapour into the area.

The extent of the zone requires assessment-~of) a number of physical and chemital
pafameters, some of which are intrinsic propertiés of the flammable substance; others are
specific to the situation (refer also to Clauses:6;,7 and 8).

Fof releases where only a small quantityis available to be released a lesser distance may |be
acgepted to an on-going release. In.cases of a small quantity, much of the guidance|in
Annex C and Annex D is not applicable.

Under some conditions heavier than air gases and vapours can behave like a spilled liqpid
spreading down terrain slopes) through plant drains or pipe trenches and can be ignited at a
po[nt remote from the original leakage, therefore putting at risk large areas of a plant (See
B.¢). 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
Zohe 2 may<{equire Zone 1 classification; on the other hand, wide shallow depressions used
for|pumping complexes or pipe reservations may not require such rigorous treatment.

10| ‘Documentation

10.1 General

It is recommended that the steps taken to carry out a hazardous area classification and the
information and assumptions used are fully documented. The hazardous area classification
document should be a living document and should include the method used for hazardous
area classification and should be revised during any plant changes. All relevant information
used should be referenced. Examples of such information, or of a method used, would be:

a) process and operating conditions;
b) recommendations from relevant codes and standards;

c) gas and vapour dispersion characteristics and calculations;
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a study of ventilation characteristics in relation to flammable substance release

parameters so that the effectiveness of the ventilation can be evaluated;

any limitations or basis of the assessment which may affect the classification e.g
manufactured assemblies when installed on site;

the properties of all process substances used on the plant (see ISO/IEC 80079-20-
which may include:

e molar mass

o flash point

for
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a)

e Dbolling point

e auto-ignition temperature
e vapour pressure

e vapour density

o flammability limits

e equipment group and temperature class

e source of information (code, national standard, calculation) needs-to be recorded so th
subsequent reviews, the philosophy adopted is clear to the hazardous area classificat
m.

2 Drawings, data sheets and tables

zardous area classification documents may be in<ard copy or electronic form and sho
kept in a form that is suitable for the site.

ssible hard copy formats for the substancés.listing is given in Table A.1 and for record
results of the hazardous area classification study and any subsequent alterations is giy
[able A.2.

bwings should include plans .and elevations or three dimensional presentation,
bropriate, which show both theytype and extent of zones, equipment group, auto-ignit
nperature or temperature class:

ere the topography of/an area influences the extent of the zones, this should
cumented.

e documents should also include other relevant information such as:

the location and identification of sources of release. For large and complex plants
process _areas it may not be practical to itemize or number all the sources of release
whieh.case simplified methods may be used as outlined in 5.4;

at,
on
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b)

thé-position of openings in buildings (for example, doors, windows and inlets and outl

e _c PR 3
Ul dir 10T VETTUIdauorT).

The hazardous 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 or temperature classes are required within the
same type of zone (for example, Zone 2 IIC T1 and Zone 2 IIA T3).
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Annex A
(informative)

Suggested presentation of hazardous areas

A.1 Hazardous area - Preferred symbols for zones

Figure A.1 shows preferred symbols for zones.

OO0 00000 O0
OO0 00000 O0
OO0 O 0O000O0O0
O O 000000

Figure A.1 — Preferred symbols for zones
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A.2 Hazardous area suggested shapes

Figure A.2 to Figure A.5 show some suggested hazardous area shapes based on the forms of
release described in Clause B.6, which may be useful in the preparation of hazardous area
classification drawings. The effects of impingement of the release on obstacles and the
influence of topography are not considered. The hazardous area generated by a release may
also result in the combination of different shapes.

For Figure A.2 to Figure A.5:

SR is the source of release

r is the main extent of the hazardous area to be defined taking into consideration the
estimated hazardous distance;

r,f” are the secondary extents of the hazardous area to be defined taking-into accolint
release behaviour;

h are the distances between the source of release and ground level‘or surface below the
release.

e \+/; Tl or

IEC

Figure A.2 — Gas or vapour at low pressure
(or at.high pressure in case of unpredictable release direction)
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Figure A.3 — Gas or vapour at high pressure
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T ] T
Ground
IEC

NOJTE Liquid pool would not normally be formed in case of dripping.

Figure A.4a) Gas or vapour (liquefied under pressure or by refrigeration)

IEC

NOJTE Liquid pool couldybe: formed in case of spillage. In this case, an additional source of release could|be
corfsidered.

FiguretA.4b) Gas or vapour (liquefied under pressure or by refrigeration) with spillage

Figure A.4 — Liquefied gas

Ground

IEC

NOTE Source of spillage of flammable substance is not indicated.

Figure A.5 — Flammable liquid (non boiling evaporative pool)
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Annex B
(informative)

Estimation of sources of release

Symbols

pool surface area (m2);

20

Sl;ﬂ E

<
s

S s

s

N

discharge coertricient (dimensionless) which IS a characteristic ot the release openin

and accounts for the effects of turbulence and viscosity, typically 0,50 to 0,%5
sharp orifices and 0,95 to 0,99 for rounded orifices;

specific heat at constant pressure (J/kg K);
polytropic index of adiabatic expansion or ratio of specific heats (dimensionless);

molar mass of gas or vapour (kg/kmol);
pressure inside the container (Pa);

pressure difference across the opening that leaks in (Pa);

atmospheric pressure (101 325 Pa);

critical pressure (Pa);

vapour pressure of the liquid at temperature T(Pa);

volumetric flow rate of flammable gas fromithé source (m3/s);

universal gas constant (8314,5 J/kmol'KY;

liquid density (kg/m3);

gas or vapour density at the ambient conditions (kg/m3);

cross section of the opening (hole), through which the fluid is released (m?2);

temperature of the fluidjsgas or liquid (K);
ambient temperature (K);

wind speed at.the liquid pool surface (m/s);

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

evaporation rate of liquid (kg/s);
mass’release rate of gas (kg/s);

compressibility factor (dimensionless).

gs
for

B.2

B.2.1

Examples of grade of release

General

The examples given in B.2.2 to B.2.4 are not intended to be rigidly applied and may need to
be varied to suit particular process equipment and the situation. It needs to be recognised
that some equipment may exhibit more than one grade of release.

The values for the parameters in the formulae provided should be selected to give an
appropriate level of conservatism considering any uncertaintity. Based on this approach,
specific safety factors are not shown.
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B.2.2 Sources giving a continuous grade of release

He

a)

b)

reunder are some typical examples:

the surface of a flammable liquid in a fixed roof tank, with a permanent vent to the atmo-

sphere.

the surface of a flammable liquid which is open to the atmosphere continuously or for lo
periods.

B.2.3 Sources giving a primary grade of release

ng

Hefreunder are some typical examples:

a) | Seals of pumps, compressors or valves if release of flammable substance during’normal
operation is expected.

b) | Water drainage points on vessels which contain flammable gases or liquids, which may
release flammable substance into the atmosphere while draining off water during normal
operation.

c) | Sample points which are expected to release flammable substanee into the atmosphegre
during normal operation.

d) [ Relief valves, vents and other openings which are expected to release flammable
substance into the atmosphere during normal operation.

B.2.4 Sources giving a secondary grade of release

Hereunder are some typical examples:

a) | Seals of pumps, compressors and valves where release of flammable substance during
normal operation of the equipment is not expected.

b) | Flanges, connections and pipe fittings, where release of flammable substance is not
expected during normal operation.

c) | Sample points which are not expected to release flammable substance during normal
operation.

d) | Relief valves, vents and_-ether openings which are not expected to release flammable
substance into the atmesphere during normal operation.

B.p Assessment of grades of release

A |wrong assessment of grades of release may compromise the outcome of the whole

prgcedure. Although the grades of release are defined (see 3.4.2, 3.4.3 and 3.4.4), in pract|ce

it is not always easy to distinguish one grade of release from the other.

Fofr . Jexample, it is usually considered that every release that does not occur in normal

Op.,latiuu ;O a OUbUIIddIy IU:UGOU dlld thc alltiuipatcd duldtiull Uf thc IU:UGOC ;O Uuou “y

neglected. However, the concept of a secondary grade of release is also based upon the
assumption that the release will only last for short periods. This implies that a potentially
ongoing release will be identified soon after the beginning of the release and that remedial
action will be taken as soon as possible. Such assumption leads to the issue of regular
monitoring and maintenance of the equipment and installation.
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Obviously, if there is no regular monitoring and the maintenance is poor, the releases may
last for hours if not days before being detected. Such delay in detection does not mean that
the sources of the release should therefore be declared as primary or continuous. There are
many unattended remote installations where a release may occur without being noticed for
long time, but even such installations should be monitored and inspected on a reasonably
regular basis. So, any assessment of the release grade must be based upon careful
considerations and the assumption that monitoring and inspection of the equipment and
installations will be performed in a reasonable way according to any manufacturer’s
instructions, relevant regulations and protocols and sound engineering practice. Hazardous
area classification should not be a cover for a poor maintenance practice but the user must be
aware—that-poorpractices—may—compromise—theestablished basisfor the hazardous—area

clgssification.

There are many cases of release which may apparently fit comfortably with the definition of a
primary grade of release. However when scrutinizing the nature of the releasg-it may |be
reyealed that the release could happen so frequently and so unpredictably that'ehe cannot|be
regsonably assured that an explosive atmosphere will not exist near the sourcé of release In
such cases the definition of continuous grade of release may be more suitable. Therefore t{he
definition of a continuous grade of release implies not only continuous releases but releages
with a high frequency as well (see 3.4.2).

B.4 Summation of releases

In lindoor areas with more than one source of release,*in" order to determine the type gnd
extent of zones, the releases might need to be summated before the degree of dilution gnd
bagkground concentration is determined.

Continuous grade releases can be expected to\be releasing most if not all of the time and|so
all|continuous grade releases should be summated.

Primary grade releases occur in normah operation but it is unlikely that all of these sourges
wil] be releasing at the same time.. Knowledge and experience of the installation should [be
used to determine the maximum™~number of primary grade releases that may relegse
simultaneously under worst conditions.

Sefcondary grade releases are not expected to release in normal operation so, given that i{ is
unlikely that more than one secondary source would release at any one time, only the largest
segondary release should be considered.

The summationtof sources of release with regular (i.e. predictable) activity should be baged
on|detailed analysis of operating conditions. In the determination of the summated releages
(bgth mass and volumetric):

e | the\overall continuous release is the sum of all the individual continuous releases,

° the overall primaryv release is the sum of some of the individual primary releases combined
™ ps L 4

with the overall continuous release,

e the overall secondary release is the largest individual secondary release combined with
the overall primary release.

Where the same flammable substance is released from all of the release sources then the
release rates (both mass and volumetric) can be summated directly.

However, when the releases are of different flammable substances, the situation is more
complex. In the determination of the degree of dilution (see Figure C.1), the release
characteristics need to be determined for each flammable substance before any summation
takes place. The secondary release with the highest value should be used.
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In the determination of the background concentration (see equation C.1) the volumetric
release rates can be summated directly. The critical concentration with which the background
concentration is compared is a proportion of the LFL. Since there could be a number of
different flammable substances being released the lowest LFL of the potential sources of
release should be used as the comparator.

In general, continuous and primary sources of release should preferably not be located in
areas with a low degree of dilution. Either the sources of release should be relocated,
ventilation should be improved or the grade of release should be reduced.
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e most significant factor to be estimated in a system is the equivalent hole radius for {
pective source of release. It determines the release rate of the flammable substance 3
s eventually the type of zone and the extent of the zone.

Herestimate of this equivalent hole size will therefore lead to a gress underestimate of {
culated value for release rate, which should be avoided. Overestimate of the equivalg
e size will lead to a conservative calculation which is acceptable for safety reaso
vever, the degree of conservatism should also be limited bécause it eventually leads

hole size.

TE While the term ‘hole radius’ is used, most unintended hole’s are not round. In such cases the coefficien
harge is used as a compensating term to reduce the release rate given a hole of equivalent area.

r continuous and primary grades of release 'the equivalent holes sizes are defined by f{
e and the shape of the release orifice, g.g. various vents and breather valves where f{
5 is released under relatively predictable conditions. A guide to equivalent hole sizes t
y be considered for secondary gradereleases is included in Table B.1.
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Table B.1 — Suggested hole cross sections for secondary grade of releases

Type of item

Item

Leak Considerations

Typical values for the
conditions at which the
release opening will not

Typical values for the
conditions at which the
release opening may

Typical values for the
conditions at which the
release opening may

expand expand, e.g. erosion expand up to a severe
failure, e.g. blow out
S (mm?) S (mm?) S (mm?)

Flanges with

(sector between two

Sealing
eIIments on

d parts

compressed
fibre gasket
or similar

> 0,025 up to 0,25

>0,25up to 2,5

bottsy

X
(gasket thickness) usudl
>1 mMm

y

Flanges with
spiral wound

(sector between two
bolts)

asket or 0,025 0.25 *
gas (gasket-thickness) usudlly
similar > 0.5 mm
Ring type
joint 0,1 0,25 0,5
connections
Small bore
connections > 0,025 up to 0,1 > 0,1 upto 0,25 1,0

up to 50 mm?

To be defined according

high speed

Selaling Valve stem 0,25 2.5 to EqU|p,ment
eléments on packings Manufacturer’s Data byt
maving parts not less than 2,5 mm?2|¢
atllow speed
rP;Iei:fs:;Tvesb 0,1 x (orifice section) NA NA

To be defined according
Sejaling to Equipment
elements on Pumps and Manufacturer’s Data
mgving parts |compressors® R 21uptod and/or Process Unit

Configuration but not Igss
than 5 mm2dande

@8 | Hole cross sections suggestedufor ring joints, threaded connections, compression joints (e.g. metallic
compression fittings) and rapid\joeints on small bore piping.

This item does not refer, to=full opening of the valve but to various leaks due to malfunction of the valve
components. Specific applications could require a hole cross section bigger than suggested.

¢ | Reciprocating Compressors — The frame of compressor and the cylinders are usually not items that leak but
the piston rod packings and various pipe connections in the process system.

Equipment Manufacturer's Data — Cooperation with equipment's manufacturer is required to assess the effe¢ts
in case of an-expected failure (e.g. the availability of a drawing with details relevant to sealing devices).

¢ | Process\Unit Configuration — In certain circumstances (e.g. a preliminary study), an operational analysis|to
defime the maximum accepted release rate of flammable substance may compensate lack of equipme¢nt
manufacturer’s data.

NOTE—Other—typfcat—vatuesor guidance o erosion andfaftureconditions—Tmay —aftso befounmd—m natfomat
industry codes relevant to specific applications.

or

Lower values in a range should be selected for ideal conditions where the likelihood of failure
is low, e.g. operating at well below design ratings. Higher values in a range should be
selected where operating conditions are close to design ratings and where adverse conditions
such as vibration, temperature variations, poor environmental conditions or contamination of
gases may increase the likelihood of failure. Generally, unattended installations require
special considerations to avoid severe failure scenarios. The basis for selection of a hole size
should be properly documented.
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B.6

Forms of release

— 43—

Figure B.1 illustrates the general nature of different forms of release.

Figure B.1 — Forms of release
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B.7 Release rate

B.7.1 General

The release rate depends on parameters such as:

a)

b)

c)

d)

e)

Nature and type of release

This is related to the physical characteristics of the source of release, for example,
open surface, leaking flange, etc.

Ralaasa valocityy
e85 VE1oG1ty

an

For a given source of release, the release rate increases with the release pressuret.Fo
subsonic release of gas, the release velocity is related to the process pressure/The s
of a cloud of flammable gas or vapour is determined by the rate of flammable” gas
vapour release and the rate of dilution. Gas and vapour flowing from a leak at high velog
will entrain air and may be self-diluting. The extent of the explosive gas atmosphere n
be almost independent of air flow. If the substance is released at low velocity or if

I a
ze
or
ity
ay
its

velocity is reduced by impingement on a solid object, it will be carried by the air flow gnd

its dilution and extent will depend on air flow.
Concentration

The mass of flammable substance released increases with the-concentration of flamma
vapour or gas in the released mixture.

Volatility of a flammable liquid

This is related principally to the vapour pressure, ,and the enthalpy (heat) of vaporizati
If the vapour pressure is not known, the boilingpoint and flashpoint can be used ag
guide.

An explosive atmosphere cannot exist if the flashpoint is above the relevant maxim

ple

ym

temperature of the flammable liquid (see NOTE 1). The lower the flashpoint, the greafer

may be the extent of the zone. Howeye¥, if a flammable substance is released in a W
that forms a mist (for example, by, spraying) an explosive atmosphere may be form
below the flashpoint of the substance.

NOTE 1 Published tables and experimentation giving data on flashpoint do not always record accurate val
and test data will vary. Unless values for flashpoint are known to be accurate, some margin of error is alloy
against quoted values. A margin-of + 5 deg C for pure liquids, with greater margins for mixtures, is
uncommon.

ay
ed

lles
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not

There are two measures of flash point; closed cup and open cup. For closed equipment,

and to be more conservative, the closed cup flash point is used. For a flammable liquid
the open, the open cup flash point can be used.

NOTE 2 Some liquids (for example, some halogenated hydrocarbons) do not possess a flashpoint altho
they are capable of producing an explosive gas atmosphere. In these cases, the equilibrium liquid temperat
which carresponds to the saturated concentration at the lower flammable limit is to be compared with
releyant-maximum liquid temperature.

Liquid temperature

in

igh
ure
the

Increasing liquid temperature increases the vapour pressure, thus increasing the release

rate due to evaporation.

The temperature of the liquid may be increased after it has been released, for example,
a hot surface or by a high ambient temperature. However, vapourisation will also tend

by
to

cool the liquid until an equilibrium condition is reached based on the energy input and the

enthalpy of the liquid.
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B.7.2 Estimation of release rate

B.7.2.1 General

The equations and assessment methodologies presented in this clause are not intended to be
applicable to all installations and only apply to the limited conditions noted in each section.
The equations also provide indicative results due to the restrictions of trying to describe
complex matters with simplified mathematical models. Other calculation methods may also be
adopted.
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with regularly shaped holes, e.g. for vents, and 0,75 for irregular{holes can be a reasona

sa
as

If
gu

Th

Th
m4
als
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.7.2.2 Release rate of liquids

foHowirg—eguations—give—the—approximate—retease—rates—ef-Hammabletiguids—and—gas
Fther refinement of release rate estimation would be achieved with consideration
perties of any openings and the viscosity of the liquid or gas. Viscosity may significarn
uce the release rate if the opening, through which the flammable substance is released

pfficient of discharge (Cy < 1).

e coefficient of discharge C4 is an empirical value which is obtained(through a series
pberiments for specific cases of release and for specific orifice details™ As a result Cy m
e a different value for each particular case of release. A C4 of not-less than 0,99 for ite

e approximation if there is no other relevant informatiap;-upon which to make f
Eessment.

[4 is applied to the calculations the value applied should be used by reference to a suita
de for the application.

e release rate of liquid can be estimated by means of the following approximation:

e rate of vapourisation of a‘liquid release is then required to be determined. Liquid releas
y take many forms. The\nature of the release and how any vapour or gas is generated
o dependant on many variables. Examples of releases include:

Two phase release(i.e. combined liquid and gas release)

Liquids such ag liquefied petroleum gas (LPG), may include both gas and liquid phas
either immedidtely before the release orifice or after the release orifice through a variety
thermodymamic or mechanical interactions. This may further lead to droplet and/or p
formation which results in further boiling of the liquid contributing to the vapour cloud.

Single phase release of a non-flashing liquid

W= CqS2p 2 (kals) (Bl

of
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g compared to the width of the opening. These factors are normally considered in the
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For liquids with higher boiling points (above atmospheric ranges) the release will generd

lly

include a significant liquid component which may evaporate near the source of release.
The release may also break up into small droplets as a result of a jet action. Vapour
released will then depend on any jet formation and vapourisation from the point of release,
from any droplets or any subsequent pool formation.

Due to the large number of conditions and variables methodology for assessing the vapour
conditions of a liquid release is not provided in this standard. Users should carefully select
a suitable model observing any limitations of the model and/or applying an appropriately
conservative approach with any results.
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B.7.2.3 Release rate of gas or vapour
B.7.2.3.1 General

The equations below are considered to provide reasonable estimations of release rate for
gases. If the gas density approaches that of liquefied gas then two phase releases may need
to be considered as noted in B.7.2.2.

The release rate of gas from a container can be estimated based on adiabatic expansion of
an ideal gas if the pressurized gas density is much lower than liquefied gas density.

The velocity of released gas is choked (sonic) if the pressure inside the gas contaiter| is
higher than the critical pressure p...

Critical pressure is determined by the following equation:

y+1 ri(r=1)
Pe = pa(—z j (Pa) Bl2)
Mcp
For ideal gas the equation 7 = may be used.
Mcy-R

NO[TE For the majority of gases the approximation p_ =~ 1,895, will generally serve the purpose for a qyick
est|mate. Critical pressures are generally low compared with-the/majority of operating pressures found in common
indlistrial processes. Pressures below the critical pressure_are normally found in terminal gas supply lines to fifed
eqlipment like e.g. heaters, furnaces, reactors, incinerators, vaporizers, steam generators, boilers and other
propess equipment. Such pressures can also be found‘igvatmospheric storage tanks with moderate overpressures
(uspally up to 50 kPag).

In the following equations the compressibility factor for ideal gases is 1,0. For the real gases,
thg compressibility factor takes values below or above 1,0 depending on type of the das
concerned, the pressure and the~temperature. For low to medium pressures, Z =1,0 can |[be
used as a reasonable approximation. For higher pressures, e.g. above 50 bar, and whgre
improved accuracy is requiréd the real compressibility factor should be applied. The valdes
forlcompressibility factor ¢an'be found in data books for gas properties.

B.7.2.3.2 Release rate of gas with non choked gas velocity (subsonic releases)

Non choked gas, _velocity is a discharge velocity below the speed of sound for the particular
gas.

The release rate of gas from a container, if the gas velocity is non-choked, can be estimaied
by|meéans of the following approximation:

M2 (r=01y 1y
Wy=CqSp 2 | Pa Pa | (kgrs) (B.3)
ZRT 71 » p

The volumetric flow rate of gas in (m3/s) is equal to:

Og = —9(m3 /s) (B.4)
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Pg
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_PaM is the density of the gas (kg/m3);
R T,

NOTE Where the temperature of the gas at the release opening may be below the ambient temperature, T, is
often used as equal to the gas temperature to provide an approximation for the purpose of easier calculation.

B.7.2.3.3 Release rate of gas with choked gas velocity (sonic releases)

Choked gas velocity (see B.7.2.3) is equal to the speed of sound for the gas. This is the
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.T.3 Release rate of evaporative pools

ximum theoretical discharge velocity.

e release rate of gas from a container, if the gas velocity is choked, can be estimated
ans of the following approximations:

Wg=CaSp.,¥

ZRT | y+1

pporative pools may be the result of liquid spillage or leakage in a bunded area or part o
cess system where a flammable liquid is stored aor “Wandled in an open vessel. T
sessment in this section does not apply to thin surfacé spills since no account is taken
pcific factors that may be relevant to such spills e.g. thermodynamic input from the surfs
which the liquid is spilt.

TE 1 A pool due to a catastrophic failure is not in the'scope of this document (see Clause 1).
e following assumptions are made coneerning the assessment below:

The flammable substance is evaporating, not boiling, and the plume is at ambig
temperature (phase and temperature changes would cause variations in dispersion g
evaporation rates).

The evaporating flammable substance is assumed to have a relatively low vap
pressure, hence the cancentration at the surface of the pool is also low, and the mixture
air and vapour is neutrally buoyant.

Liquid pools develop quickly forming a nominal 1 cm deep pool

Pools are allowed to evaporate at ambient conditions.

en the evaporation rate could be estimated by using following equation:

) 183x1073 1,078 45 py 140667

PR AR
{ ) (kg/s) (Bt

by

f a
he
for
ce

bnt
nd
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of

(I/nle) (Bl

s U

RxT

6)

NOTE 2 The source of this equation is U.S. Environmental Protection Agency, Office for Solid Waste and

Em

ergency Response, Risk management program for offsite consequence analysis, Appendix D, April 15 1999.

NOTE 3 Vapour pressure can be estimated through various methods, e.g. derived from Antoine’s equation.

NOTE 4 It is assumed that the vapour pressure at the boiling temperature is 101 325 Pa.

Since the density of the vapour in (kg/m3) is:

:M(k /m3j
Pg R T, g
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then, the volumetric evaporation rate in (m3/s) is approximately:

-8 0,78

1815x10°" uy """ Ao py T, ( 3 B

= 0333 x—2-Im°/s (
M T

20

7)

NOTE 5 Since p, increases with liquid temperature then the evaporation rate ultimately increases with the rise of

T.

If

ve assume that the pool surface area is 1.0 m2 that the wind speed at the pool surface

is

0,4
Vo

Th
co

Th
lat
tha
the

5 m/s and that the liquid temperature is equal to the ambient temperature, then\ {
umetric evaporation rate in (m3/s) would be:

615x10 p, (3
Og~ — 0333 ’ (m /3) (B

e real pool area should be based on the quantity of the spilled liquid and the lo
nditions such as gradient and bunding at the spill location.

e wind speeds for evaluation of evaporation rate shall be consistent with the wind speeds
br calculations for estimating the degree of dilution (se€,€<3.4). It should be emphasiz
t increasing the wind, speed will increase evaporation but at the same time contributes
dilution of flammable gas or vapour.
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Figure B.2 — Specific volumetric evaporation rate of liquids

e chart in Figure B.2 is based upon equation B.8. The values on the vertical axis refer
pool surface area of 1,0;m2. Thus the evaporation rate is obtained by multiplying the va
the vertical axis with thé real pool surface area.

e wind speed of 0,25 m/s is characteristic for meteorological calm just above ground leV
bically, it represénts the worst case regarding dispersion of the vapour but not the wo
e with respect to evaporation rate.

e value~for vapour pressure on the horizontal axis should be taken for the relevant liq
hperature.

o

NOTE 6 The chart is only valid for atmospheric pressure.

B.8 Release from openings in buildings

B.8.1 General

el.
rst

id

Subclauses B.8.2 and B.8.3 provide examples for openings in buildings or walls. They are not
intended to be rigidly applied and may need to be varied to suit the particular situation.
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B.8.2 Openings as possible sources of release

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

e the zone type of the adjoining area,

e the frequency and duration of opening periods,

o the effectiveness of seals or joints,

o the difference in pressure between the areas involved.

B.L.3 Openings classification

Fof the purpose of this assessment, openings are classified as A, B, C andD ‘with {he
following characteristics:

Type A

Opgenings not conforming to the characteristics specified for types B,,C¢r D, e.qg.:

e [open passages for access or utilities (examples of utilities inClude ducts or pipes throygh
walls, ceilings and floors);
e [openings which are frequently opened;

¢ [fixed ventilation outlets in rooms, buildings and similar‘openings.
Type B

Opgenings which are normally closed (e.g. automatic closing), infrequently opened and close-
fittjng.

Type C

Opgenings which are normally_closed (e.g. automatic closing), infrequently opened and fit{ed
with sealing devices (e.g. a(gasket) along the whole perimeter; or two type B openings|in
sefies, having independent automatic closing devices.

Type D

Opgenings which\ are effectively sealed, such as in utility passages; or openings norma3lly
clgsed confafming to type C which can only be opened by special means or in an emergengy;
or a combination of one opening type C adjacent to a hazardous area and one opening type B
in feriess

Table—B.2 shows the effect of npnningc on grndn of release when a zone has bden

established upstream of those openings.
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Table B.2 — Effect of zones on openings

as possible sources of release

Zone outside of opening Opening type Grade of release of openings
considered as sources of release

A Continuous
B (Continuous)/primary

Zone 0
C Secondary
D Secondary / no release
A Primary
B (Primary)/secondary

Zone 1
C (Secondary)/no release
D No release
A Secondary
B (Secondary)ino release

Zone 2
C No release
D No release

For grades of release shown in brackets, the frequency of operation of the.openings should be considered in the

dgsign.

The grade of release of an opening may also be defined according to the basic principles.

The grade of release of the opening between antindoor naturally ventilated classified locatjon
anfl an outdoor non classified area may be defined considering the grade of release of the
solirce generating the indoor zone.
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Annex C
(informative)

Ventilation guidance

20
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C.1 Symbols

Aq effective area of the upwind or the lower opening where applicable (m2);

A cffcutlvc alrcd Uf thc dUVVIIVV;IId Ul thc uppcl Upcll;lly VVhGIU app:luab:c <III9>.

o equivalent effective area for upwind and downwind openings at the same height or

the lower opening where applicable (m?2);

C air change frequency in the room (s1);

Ad, pressure coefficient characteristic of the building (dimensionless);

Cyq discharge coefficient (dimensionless), characteristic of\ large ventilat
openings, inlet or outlet, and accounts for the turbulence,and viscosity, typicg
0,50 to 0,75;

f inefficiency of ventilation (dimensionless);

g acceleration due to gravity (9,81 m/s2);

H vertical distance between the midpoints of the tower and upper openings (m);

LHL lower flammable limit (vol/vol);

M molar mass of gas or vapour (kg/kmok)

Pa atmospheric pressure (101 325 Pa);

Ap pressure difference, due to wind or temperature effects (Pa);

[N volumetric flow rate of air (m3/s);

04 volumetric flow rate of air,entering the room through apertures (m3/s);

0gd volumetric flow rate of flammable gas from the source (m3/s);

04=01+0g volumetric flow rate of air/gas mixture leaving the room (m3/s);

00 volumetric release characteristic of the source (m3/s);

R universalgas constant (8314,5 J/kmol K);

e air density (kg/m3);

or gas or vapour density at the ambient conditions (kg/m3);

T ambient temperature (K);

T indoor temperature (K);

Tout outdoor temperature (K);

AT difference between the indoor and the outdoor temperature (K);

Uy, wind speed at a specified reference height or ventilation velocity at given release
conditions where applicable (m/s);

Vo volume under consideration (room or building) (m3);

Wy mass release rate of flammable substance (kg/s), for mixtures, only the total
mass of flammable substance should be considered;

Xy background concentration (vol/vol);

X, the desired/critical value of the flammable substance concentration (vol/vol).
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C.2 General

The purpose of this annex is to provide guidance on determining the type of zone(s) by
assessing the type and likely extent of gas or vapour releases and comparing these factors

wit

h the dispersion and dilution of those gases or vapours by ventilation or air movement.

It should be emphasised that releases may take many forms and can be influenced by many
conditions (see Clause B.6). These include:

gases, vapours or liquids;
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indoor or outdoor situations;
sonic or subsonic jets, fugitive or evaporative releases;
obstructed or unobstructed conditions;

gas or vapour density.

sessment of the ventilation and dispersion conditions to determing fhe type of zone. T
dance applies to the conditions noted in each section and therefore’may not be applica
bl installations.

e guidance herein may be used in the selection and assessment of artificial ventilat

ntrol and dispersion of releases of flammable gasses and vapours in enclosed spaces.

TE Ventilation criteria for specific applications can also befound in national standards or industry codes.

is important to distinguish throughout .these discussions between the concepts
ntilation’ (the mechanism by which air enters and leaves a room or other enclosed spa
d dispersion (the mechanism by which(clouds dilute). These are very different concep
H both are important.

indoor situations it should be noted that the hazard depends on the ventilation rate, f{
ure of the expected source of.gas and the properties of the gas released, in particular {
5 density/buoyancy. In . some situations the hazard may depend sensitively on f
htilation; in others it may be almost independent of it.

outdoor situationststhe concept of ventilation is not strictly applicable and the hazard

bend on the nature of the source, the properties of the gas and the ambient air flow.
BN air situationsy air movement will often be sufficient to ensure dispersal of any explos
5 atmosphetre 'which arises in the area. Table C.1 provides guidance on wind speed
door situations.

e values for the parameters in the formulae provided should be selected to give
broptiate level of conservatism considering any uncertaintity. Based on this approa

e information presented in this annex is intended to provide qualitativeé guidance on the
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stems and natural ventilation arrangements, since these“aré of paramount importance in fhe
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specific safety factors are not shown.

C.3 Assessment of ventilation and dilution and its influence on hazardous

area

C.3.1 General

The size of a cloud of flammable gas or vapour and the time for which it persists after the
release stops can often be controlled by means of ventilation. Approaches for evaluating the
degree of dilution required to control the extent and persistence of an explosive gas
atmosphere are described below. Other calculations from reputable sources or alternative

for

ms of calculation, e.g. computational fluid dynamics (CFD), may also be applied.
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Any assessment of the degree of dilution first requires an assessment of the expected release
conditions including the size of the source of the release and the maximum release rate of
gas or vapour at the source (see Annex B).

It is normally indicated that a continuous grade of release leads to a Zone 0, a primary grade
to Zone 1 and a secondary grade to Zone 2. However, this is not always the case and may
vary depending on the ability of a release to mix with sufficient air to dilute down to a safe
level.

In some cases, the degree of dilution and level of availability of ventilation may be so high
thdt in practice there is no hazardous area or a hazardous area of negligible extent.
Alternatively, the degree of dilution may be so low that the resulting zone has a lower.zgne
number than might otherwise be applicable for the grade of release (i.e. a Zone 1 hazardqus
ar¢a from a secondary grade source). This occurs, for example, when the level of‘ventilation
is puch that the explosive gas atmosphere persists and is dispersed only slowly. after the das
or [vapour release has stopped. Thus, the explosive gas atmosphere persists [for longer than
would be expected for the grade of release.

The dilution of a release is determined by the interaction of the momentum and buoyarncy
forces of the release and the atmosphere within which it is dispersing. For an unimpeded
jetied release, for example from a vent, the jet momentum dominates and the initial dispersjon
is dominated by the shear between the release and the atmosphere. However, if a jetfed
release is at low velocity or is impeded to such an extent that.the momentum is redirected|or
digsipated, the release buoyancy and atmospheric effects become more important.

Fof small releases of lighter than air gas the dispersion in the atmosphere will dominate, [for
exgample similar to dispersion of cigarette smoke,)For larger releases of lighter than air das
thg stage may eventually be reached, especially'in low wind conditions, when the relegse
bupyancy is significant and the release will lift\off from the ground and disperse like a plume,
for| example similar to the plume from a_large bonfire. For vapour releases from a liguid
sufface the vapour buoyancy and local airmovement will dominate the dispersion behaviouf.

In |all cases, where there is adequate fresh air for dilution of a release to very small
cohcentrations (i.e. well below the LFL), the diluted gas or vapour will tend to move along with
thg general mass of the air and_exhibit neutral behaviour. The exact concentration where sych
neptral behaviour is reached\.will depend on the relative density of the gas or vapour to air.
Fof greater relative density Jdifferences a lower concentration of the gas or vapour is requirned
forfneutral behaviour.

C.3.2 Effectiveness of ventilation

The most important factor is the effectiveness of ventilation, in other words the quantity of fair
relptive to (the type, release location and release rate of the flammable substance. The higher
thg amount of ventilation in respect of the possible release rates, the smaller will be the
extent\of the zones (hazardous areas) and shorter the persistence time of explosive das
atrhosphere. With a sufficiently high effectiveness of ventilation for a given release rate, the
extent of the hazardous area may be so reduced to be of negligible extent (NE) and be
considered a non-hazardous area.

C.3.3 Criteria for dilution
The criteria for dilution are based upon the two values that are characteristic for any release:

e the relative release rate (ratio of release rate and LFL in mass units);

o the ventilation velocity (the value that symbolizes the atmospheric instability, i.e. air flow
induced by ventilation or wind speed outdoors).

The relation between the two determines the degree of dilution as displayed in Figure C.1.
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C.34 Assessment of ventilation velocity

If a gas leak exists, the gas must be transported away, or gas build up will occur. The gas can
be transported away by flow induced by the momentum in the gas leak, by buoyancy induced

by

the gas, or by flow caused by natural or forced ventilation or by wind.

The flow caused by momentum in the release itself should generally not be taken into account
unless it is very clear that this momentum will not be broken by impingement or other
influence of geometry.
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e flow to transport away the gas should be assessed primarily based on an assessment
ventilation for indoor situations, or by flow caused by the wind for outdoor situations!

r indoor situations the flow or ventilation velocity may be based on an average flow velog

ided by the cross section area perpendicular to the flow. This air velogity should
uced by a factor due to inefficiency of the ventilation or due to flow being obstructed

ail or accuracy is needed to get an estimate of the ventilation velogity in different parts
room under consideration.

r naturally ventilated enclosures and for open areas, the ventilation velocity should
tessed as the velocity that is exceeded 95 % of the timel, The availability of this ventilat
N be considered to be ‘fair’.

htilation velocity for open areas may be based on‘wind speed statistics using a reduct
tor considering the reference height applied for*any weather statistics. Published valy
usually available for elevations above the height of a process plant and may need to
uced due to local geometry such as topography, buildings, vegetation and other obstacl

htilation velocity could typically be as lew as 1/10 of the free flow velocity above the pl
sessment could also be made by measurement of the velocity in some locations around
nt and comparing these to the published figures. Computational fluid dynamics (CFD)
o recommended for any comptex plant where there are a number of equipment items t
Lld affect localised air movement.

hter than air gases tend.to move upwards where the ventilation normally will be better, 4
buoyancy may alse.transport the gas away. This may be taken into account by increas
effective ventilation' velocity for such releases. For releases with a relative density of Ig
n 0,8, it is normally considered safe to assume that the effective ventilation velocity is
st 0,5 m/s_in.outdoor situations. The availability of this minimum ventilation can
nsidered as.good.
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avier-than air gases tend to move downwards where the ventilation generally will be low
accumulation at ground level is a possibility. This can be taken into account by lower
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low temperature. Low temperature can be caused by leak from high pressure. For gases with
a relative density above 1,0 the effective ventilation velocity should be reduced by a factor of
approximately 2.

Where statistical data are not available, Table C.1 illustrates a practical approach to define
ventilation velocity values outdoors.
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Table C.1 - Indicative outdoor ventilation velocities (u,,)

Elevation from Unobstructed areas Obstructed areas
ground level

<2m >2mup >5m <2m >2mup

>5m
Type of Release to5m to5m

Lighter than air gas/vapour releases 0,5 m/s 1 m/s 2m/s 0,5 m/s 0,5 m/s 1 m/s

pavier thamairand-eutratty touyant 03mis | 06mis | 1mis | 016mis | 03mis | 1m/

Hg
gds/vapour releases

liquid pool evaporation rate at any

A > 0,25 m/s > 0,1 m(s
elgvation

Typically, values in the table would result in an availability of ventilation as fair (see Clause D.2),

Inglicative ventilation velocities are not meant to suggest that actual air velocity will vary according to the
ggs/vapour density but take into account the influence of buoyancy for the gas/vapour when considering gn
agparent velocity which may be considered in the assessment of dilution.

C.3.5 Assessment of the degree of dilution
The following three degrees of dilution are normally recognized:

a) | High dilution
The concentration near the source of release reduces quickly and there will be virtually [no
persistence after the release has stopped.
b) | Medium dilution

The concentration is controlled resulting in a stable zone boundary, whilst the release ig in
progress and the explosive gas atmosphere does not persist unduly after the release has
stopped.

c) | Low dilution

There is significant conc¢entration whilst release is in progress and/or significant
persistence of an explosive gas atmosphere after the release has stopped.

The degree of dilutiofrmay be assessed by using the chart in Figure C.1, where the velocity is
regsonably consistent in the space under consideration. Where the ventilation is inefficient| or
is reduced due,to“flow being obstructed by different objects a lower apparent air velogity
should be used:

The degree of dilution may also be influenced by the release velocity, e.g. a jet release in a
largesroom (see C.3.6.1) and this is not accounted for in Figure C.1.

For indoor applications the background concentration should also be assessed in accordance
with C.3.6.2 and if the background concentration exceeds 25 % of the LFL the degree of
dilution should generally be considered as low.

Figure C.1 is based on an initial background concentration that is negligible.
Figure C.1 is not intended for guidance when considering releases from large pools.

Extrapolation of the curves beyond the chart area shown in Figure C.1 should not be
undertaken due to other factors that will affect the assessment beyond the limits indicated.

The method of using the chart in Figure C.1 is demonstrated in the examples of Annex E.
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Figure C.1 — Chart for<assessing the degree of dilution
Where
Wg
0d= W is the volumetric release characteristic of the source (m3/s);
Pol= ‘;a;/[ is the density of the gas/vapour (kg/m3);
a
Figure C.1 doesinot include a specific safety factor. A suitable factor should be determined
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user based on the application and any safety factors applied to other parameters used
assessment e.g. assumed release rate.

e degree of dilution is obtained by finding the intersection of respective values displayed
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‘dilution medium’ represents a flammable volume of 0,1 m3, so any intersection point left to
this curve implies an even smaller flammable volume. The line dividing the chart area
between ‘dilution medium’ and ‘dilution low’ represents a flammable volume of approximately
100m3, so any intersection point right to this curve implies an even larger flammable volume.

In outdoor locations where there are no significant restrictions to air flow, the degree of
dilution should be classified as medium if the condition for high dilution is not met. A low
degree of dilution will not generally occur in open air situations. Situations where there are
restrictions to air flow, for example, in pits, should be considered in the same way as an
enclosed area.
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C.3.6 Dilution in a room
C.3.6.1 General

Dilution may occur by either the exchange of fresh air that dominates the release of the gas or
vapour or by having sufficient volume to allow the gas or vapour to disperse to a low
concentration even with minimal fresh air. In this later case the volume available for dilution
must be high with respect to the anticipated volume of the release.

For a jet release of gas, dilution may occur even W|thout any local air movement due to

enpratrment—efair—inthe
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objects then the ability for self dilution is greatly reduced.

The degree of dilution can also be assessed by assessment of the average backgroynd
copcentration of the flammable substance (see C.3.6.2). The higher the ratio of release rate
agpinst the ventilation rate the higher will be the background concentration Xy and the lower
will be the degree of dilution.

In |assessing background concentration the release rate, ventilation.rate and inefficiercy
fagtor must be carefully selected to take into account all relevant factors considering [an
appropriate safety margin. The ventilation inefficiency factor sheuld recognize if there ig a
posgsibility of recirculating or impeded air flow in a space which”may reduce the efficierncy
conpared to a good air flow pattern.

A zero background concentration should be considered(only outdoors or in regions with logal
exfraction ventilation which controls the movement of\flammable substance near the source of
relpase. A negligible background concentration, described as X << X, may be considered in
highly ventilated rooms or enclosures. X, is an_arbitrary value below LFL, e.g. the value| at
whlich a gas detector is set to alarm.

crit

A low background concentration does notimean that the whole room is a non hazardous ar¢a.
The larger part of the room may be considered non hazardous but the area near the source| of
thg release is still a hazardous area\until the release is sufficiently dispersed (similar as for
opgn air situations).

Consideration of background:éoncentration and the extent of possible zones around sourdes
of release also need to be_moderated with practical factors considering variations in possible
digpersion patterns intan- enclosed space. Many enclosed areas contain multiple sources| of
release and it is not-safe practice to have multiple small hazardous areas within an encloged
arg¢a generally classified as non hazardous. Also, it is not safe practice to have a limifed
hagardous areawwithin a relatively small room and the whole room should be considered fof a
un|form classification.

C.3.6.2 Background concentration and releases in a ventilated room

Fol_indoor releases it is necessary to specify the room background concentration, X,, which
embodies the effects of ventilation. Background concentration is the average concentration of
flammable substance within the volume under consideration (room or building) after a period
of time during which a steady state has been established between the release and the flow of
air induced by ventilation.

Consideration of the background concentration then provides a measure for assessing
ventilation in a room which removes gas or vapour compared to dispersion of the gas or
vapour. This ratio then influences the consideration of the degree of dilution.

The background concentration (vol/vol) may be assessed as:
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fXQg _ fog
Qg+Q1 o)

Xy = (vol/vol) (C.1)

and the air change frequency and ventilation flux are related by:

0, =Cly [m3 /s)

The average background concentration X, which is ultimately achieved depends on\ the
relptive magnitude of source and ventilation fluxes, but the timescale over which_this| is
achieved is inversely proportional to the air change frequency.

The safety factor f, ventilation inefficiency, is a measure of the degree to whichthe air in t{he
entlosure outside of the release zone is well mixed and is the mean backgroynd
cohcentration Xp in the room divided by the concentration at the .ventilation ouflet
(dimensionless).

f=[I: the background concentration is essentially uniform and the ‘outlet is distant from the
release itself, so that the concentration at the outlet reflects the mean background
concentration.

f=M: there’s a gradient of background concentration in.the room due to inefficient mixing,
and the outlet is distant from the release itself, s that the concentration at the ouflet
is smaller than the mean background concentration. f may be between 1,5 for milgdly
inefficient mixing and 5 for very inefficient mixihg.

Giyen the origin of the cases =1 or f>1, this value may be denoted as a safety factor relafed
to the inefficiency of mixing (as progressively<larger values reflect progressively less efficignt
mixing of air within the room). This factor_allows for imperfections of air flow patterns in a real
spfice with obstructions and where ventilation openings may not be ideally positioned for
mgximum ventilation (see C.5). The degree of dilution should be taken as being low if the
bagkground concentration exceeds 25 % of the LFL or if indicated through an assessment
based on Figure C.1.

NOJTE Ventilation alone which describes how air enters the room has little to say about the expected volume ¢f a
hazardous area. That depends ¢6nhow the gas, or vapour and air are distributed within the room, i.e. on dispersipn.

C.3.7 Criteria foriavailability of ventilation
C.3.71 General

The availability of ventilation has an influence on the presence or formation of an explos|ve
gap atmosphere. Thus, the availability (as well as the effectiveness) of ventilation needs to|be
taen into consideration when determining the type of zone.

ThreeTevels of availability of the ventilation should be considered (se€e lable D.T):

e good: ventilation is present virtually continuously;

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

e 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 should not be
considered to contribute to the ventilation of the area, i.e. low dilution would apply.

Different types of ventilation require different approaches for assessing their availability, e.g.
availability of natural ventilation indoors shall never be considered as good because it
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depends heavily upon ambient conditions, i.e. outdoor temperature and wind (see
Clause C.5). As a matter of fact, the availability of natural ventilation depends on how realistic
the assessment of indoor or outdoor conditions has been, i.e. whether the worst case
scenario has been applied. If yes, then it may be that the level of availability could be fair, but
never good. It has to be assumed that the higher the difference between indoor and outdoor
temperature applied for calculation, the lower the level of availability in terms of diluting an
explosive gas atmosphere.

On the other hand, artificial ventilation that serves the areas exposed to explosion conditions
usually has a good availability because it incorporates technical means to provide for high
defgree of Tettabiitty:

The level of availability should be assessed as realistically as possible taking into account|all
thg relevant factors. For outdoor gas jet releases dilution will occur irrespective of the ambi¢nt
wind, and so the dispersion must be considered as being equivalent to good-availability| of
ventilation indoors.

C.3.7.2 Criteria for natural ventilation

In [case of natural ventilation, the worst case scenario shall be cohsidered to determine {he
veftilation rate. Such a scenario will then lead to a higher levelf-availability. Generally, for
any natural ventilation, a lower ventilation rate leads to a higheDlevel of availability and v|ce
vefsa. That will compensate for too optimistic assumptions made in the procedure |of
esfimating the ventilation rate.

There are some situations which require particular,care. In the case of natural ventilation| of
entlosed spaces, consideration of unfavourablesgonditions needs to be accounted for, |.e.
freguency and probability of occurrence of such situations. As an example, during hot gnd
windy summer days, two potential scenarios:exist. In one scenario the indoor temperatire
mdgy be slightly above the outdoor temperature so that buoyancy induced ventilation mnay
hafdly work and the wind from a certain direction may prevent the flow of air. Therefore in this
case there is a combination of poor ventilation and a poor availability which will likely resul{ in
a Mmore onerous classification. In another scenario, if only buoyancy is considered, then
mqgdest, buoyancy induced ventilation could be present virtually all the time and hence the
availability could be estimated as.fair if not good.

In lopen air situations thé degree of dilution is generally considered as medium while the
avdilability of ventilation‘in terms of wind presence may be considered as good unless therq is
regtricted ventilation.such as within pits, dykes or areas surrounded by high structures.

C.3.7.3 Criteria for artificial ventilation

In |assessing ‘the availability of artificial ventilation, the reliability of the equipment and the
availabilitysof, for example, standby blowers should be considered. Good availability ill
nofmally)require, on failure, automatic start-up of standby blower(s). However, if provision is
mgdefor preventing the release of flammable substance when the ventilation has failed (for
example, by automatically closing down the process), the classification determined with the
ventilation operating need not be modified, i.e. the availability may be assumed to be good.

C.4 Examples of ventilation arrangements and assessments

C.4.1 Introduction

The following examples are intended to illustrate the interaction between the release of
flammable substance and ventilation based on the principles outlined in Clauses 6, 7 and 8. It
is important to understand that dilution is a complex process which takes place either through
air entrainment at the boundaries of a release jet, or through mixing with air caused by
ventilation flow or atmospheric instabilities. Usually, both mechanisms are considered
because a jet eventually becomes a passive plume susceptible to air movement. Mixing with
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air generally does not happen uniformly throughout the ventilated space and the background
concentration as the result of the mixing with air is just a very rough measure of the average
contamination of the volume under consideration.

In a real ventilated space the ventilation arrangement may not be adequate to dilute the
flammable substance uniformly. In practice the true nature of dispersion and dilution may
substantially deviate from the average results obtained by calculation. The ventilation
arrangement, i.e. position of the inlet and outlet openings relative to each other and relative to
source of the release, may sometimes have greater influence on the atmosphere than the
capacity of the ventilation itself.
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1.2 Jet release in a large building

s example (see Figure C.2) illustrates the conditions where there are_a limited number|
irces of gas release in a large space e.g. gas release from pipe fittings:

small leak in a pipe fitting would be expected to create a jet release with a high velocity
pressure is high. The jet would self dilute and disperse even'without much other appar
movement in the building.

r a space with normal ventilation, (e.g. good sized ‘door and wall openings and/or r
ntilation or other designated ventilation provisions), the volume of the space and natural
vement would suggest the degree of dilution is nmredium and the availability of ventilation

 a space with poor ventilation, (e.g. an unventilated basement), a jet release may initiz

e examples below illustrate a few possible scenarios which may help in betlter
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self dilute and disperse into the space butcthe lack of air movement may also lead to a longer
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m build up of gas in the space. In this situation the diluted gas from the release will be
rained in the continuing jet release resulting in a build-up of the background g
ncentration.

Unfless the ventilation provisiens are adequate to control the background concentration in f{
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hce the degree of dilutieniis considered low. However it may still be practical to provide
erent zone classifications throughout the space.
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Figure C.2 — Self diffusion of an unimpeded high velocity jet release
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NOTE d_ is pseudo source diameter, i.e. the diameter of the jet at the downstream cross section at which it
becomes isobaric (reduced to atmospheric pressure).

C.43 Jet release in a small naturally ventilated building

This example illustrates conditions where there may be sources of gas release in a small
room or building.

Dispersion and dilution factors are the same as described in C.3.5.

w
fro
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WH
rel
sources of release. Where there are large numbers of possible sources ofirelease then if is
conmon practice to classify the entire space with a single zone classification. This reflects {he
copsideration of the self dilution volume from a jet from many possible positions and the
pogsible variants in gas or vapour dispersion from various locations,

Where the degree of dilution is low then it is normal practice’ to provide a single zdne
clgssification for the enclosed space irrespective of the number)of sources of release.

C.4.4 Jet release in a small artificially ventilated building

Thjs example (see Figure C.3) might apply to a situation such as a gas compressor room.

Irréspective of the rate of ventilation or arrangement of a ventilation system a jet release| is
not likely to be diluted to below the LFL immediately at the source of release unless the
prgssure is very low. Therefore the degre€e*of dilution at the source of release can rarely |be
described as high.

The degree of dilution for the remainder of the space is largely dependent on the arrangement
anfl rate of artificial ventilation. The degree of dilution may also be highly sensitive to both
thgse factors as illustrated by Figure C.3 and Figure C.4.

Fan
Vel “ \
Airysupply — § K /
™ NN /7
Source of release ° —
N ~— < Ventilation
Dilution volume 7 - . outlet
(Volume around ’ =
source of release) N / ™

IEC
Figure C.3 — Supply only ventilation

In this case an enclosed space is supplied with fresh air with an equal volume discharging
through a vent.

Despite an apparently high number of air changes per hour the ventilation arrangement can
create a circulatory air movement within the enclosure resulting in an elevated background
concentration. An alternative way of looking at this is that the re-entrained gas increases the
dilution volume from the sources of release. Where this happens the degree of dilution should
be treated as low.
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Figure C.4 — Supply and extraction ventilation

this case the enclosed space is provided with both supply and extraction ventilation.

As

with the case for supply only there is a possibility that the ventilation arrangement will create
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irculating air movement and result in re-entrainment of the diluted gas into-a jet reled
reby increasing the background gas concentration.

th careful consideration of the ventilation arrangements and positioning of the extract
nts it is possible to minimize any re-circulatory air patterns. In this\case a degree of dilut
medium or even high may be achieved.

TE Ventilation is commonly applied as an extraction system only swhiech may be either general or local
h| extraction ventilation see 7.2.3.3).

1.5 Release with low velocity

ch as evaporation of flammable liquids from.vents, baths, drains or printing and painting.

ocity of the jet can be reduced with-the jet turning into a passive plume.

[ releases at low velocity dispersion and dilution are influenced largely by air movement
space and the buoyancy ofithe gas or vapour.

for jet releases, the degree of dilution will be dependent on the size of the building
m, rate of releasé._and ability to control any background concentration by gene
ntilation.

L.6 Fugitive emissions

pitive emissions are small releases of gases or vapours from pressurized equipment due
ks (génerally in an order of magnitude between 107 kg/s and 109 kg/s). Though sm
s€ refeases can still accumulate in enclosures that are not ventilated.
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Such fugitive emissions may accumulate in the course of time thus giving rise to an explosion
hazard. Therefore, care must be taken when designing particular facilities or equipment such
as analyzer houses and sealed enclosures e.g. instrument panels or instrument weather
protection enclosures, thermally insulated heated enclosures or enclosed spaces between
pipe installations and the envelope of thermal insulation or similar items with higher pressure
gas lines. Such items should be provided with some ventilation or provision for gas dispersion
even if only for critical periods of time.

Where tightly closed enclosures are used the likely low effectiveness and availability of
ventilation in such enclosures with natural ventilation may result in low dilution and hence
may require classification as Zone 0 or Zone 1 according to Table D.1.
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Cc.4.7 Local ventilation-extraction

Local artificial ventilation is recommended wherever practical (see Figure C.5).

Local artificial ventilation can improve the degree of dilution near to the source of release.
More importantly local artificial ventilation should control the movement of the gas or vapour
to limit gas or vapour beyond the intended area of influence of the local ventilation system.
Where this is achieved the degree of dilution around the source of release can be considered
as medium.

Gdnerally local artificial ventilation should be located close to the source of release to |be
effective. Local artificial ventilation can be very effective where the source of release| is
characterized by a very low release velocity. As local artificial ventilation needs to overcome
the release velocity of the gas or vapour to control the movement of that release, the
applicability of local artificial ventilation for jet releases is greatly reduced over.other forms| of
relpase.
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Figure €.5 — Local extraction ventilation

C.p Natural Ventilation'in buildings

C.5.1 General

Supclauses C.5.2-t0 C.5.4 provide a means for assessing the natural ventilation in buildings.
Other means-0fiassessment may also be suitable, e.g. by use of building standards such |as
B 5925.

Cqution_heeds to be applied as without evidence and specific building features to promote
n:ﬂural ventilation, the size and shape of the building may not be conductive to promoting
natural ventilation and in such cases the degree of the natural ventilation efficiency should be
considered as low.

C.5.2 Wind induced ventilation

The degree of air movement in the interior of a building will depend on the size and position of
the openings relative to wind direction, as well as on the shape of the building. Ventilation
flows may be induced by infiltration through non-airtight doors and windows or cracks and
gaps in parts of the structure even if there are no ‘architectural’ openings in the walls and/or
roof, or if those are closed. The equations used here assume flow through openings designed
for ventilation, rather than infiltration. This philosophy is also appropriate to adopt for the
classification of hazardous areas.
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Ventilation implies both ingress and egress of air and some openings will act primarily as inlet
openings and others as outlet openings. Windward (upwind) openings will normally act as the
inlet openings and leeward (downwind) and roof openings as the outlet openings. This implies
that wind induced ventilation could be estimated only with a good knowledge of the wind rose
diagram for a particular location.

The driving force of wind induced ventilation is the pressure differential between the windward
and leeward sides of a building.

The air flow due to wind can be expressed as:

0 =Cydg uy JAC, (m?15) (cl2)

_ | A4 (2 a3
e A12+A22(m) 2

Values for AC, should be derived from ventilation or building codes:

The values for 44 and 4, refer to effective areas of the upwind and the downwind openings
regpectively.

CHD modelling or wind tunnel testing may also be used to provide a more reliable assessmegnt
of the pressure coefficient for a building.

Wihd strength and direction are variable and“not generally predictable. Guidance on wind
speed is provided in Table C.1. Wind should’be considered in conjunction with other types| of
ventilation to verify whether it complements or opposes other ventilation. Wind may have a
pogitive effect if the inlet and outlet openings for purely wind-induced ventilation are the same
as|they would have been for other.sources of ventilation, but an impairing effect if they are
opposed. e.g. wind of any direction will have a positive effect if there is a ventilation opening
on|the roof top, but will have an impairing effect if the outlet ventilation openings happen to [be
upwind.

C.5.3 Buoyancy induced ventilation

Bupyancy induced ‘Stack Effect’ ventilation is accomplished by the movement of air due to {he
difference between indoor and outdoor temperatures. The driving force is the difference in fair
depsity due/stovthe different temperatures. The vertical pressure gradient depends on the
depsity of @ir*and will therefore not be the same indoors and outdoors, leading to a pressure
differences-

vill
have a Iower density. If an enclosed space has openings at d|fferent helghts air will enter
through the lower openings and leave through the upper level openings. The flow rate will
increase as the magnitude of the temperature difference grows larger. Therefore buoyancy
induced ventilation will be more effective at lower ambient outdoor temperatures. At higher
ambient outdoor temperatures buoyancy induced ventilation will become less effective and if
the ambient outdoor temperature rises above the indoor temperature the flow would reverse.

The indoor temperature may be higher due to natural causes, deliberate heating or process
heat. Thermal currents may also be induced indoors varying the effect of average indoor
temperature. Assuming that the inside of the building is fully mixed, constant temperatures
can be used both inside and outside.
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For a temperature gradient, assuming the inside temperature at the lower opening is the same

as
vol

the outside temperature, T, and the inside temperature at the upper opening is T, the
ume flow rate of air can be calculated from the following equation:

- __44aT 3 C.4
Oy =Cy A4e (Tin+Tout)gH(m /s) ( )
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| AT (MZ) (C.5)

M

e values for 4, and 4, refer to effective areas of the lower and the upper _openings
pectively.

pse equations give reasonable results only for rooms with inlet and\outlet openirgs
sitioned on opposite walls relative to each other (see Figure C.7), and little or [no
structions which could impede the free flow of air. Also, if the vertical distance between t{he
jpoints of the lower and upper openings H is small and the hofizental distance is large,
n the buoyancy induced ventilation will be reduced and theJcalculation may be lgss
curate. E.g. where H is smaller than the width of the room, then a safety factor related| to
inefficiency of ventilation must be applied (see C.3.6.2).

e coefficient of discharge C4 is an empirical value which is obtained through a series| of
periments for specific cases of release and for speeific types of openings or apertures. Any
ue above 0,75 should be based on established references for the application.

e indoor temperature must be higher than the outdoor temperature to achieve the
cessary conditions for buoyancy inducéd ventilation. During periods of high outdgor
bient temperatures the indoor tempefrature may become lower than the outdoor unlgss
re is some heat source indoors. Temperature gradients are also affected by the substar|ce
the building and for some constri¢tions the indoor temperature may be lower than the
side temperature under certain conditions. If the indoor temperature is lower than the
door temperature, then equatien C.4 is not applicable.

e greater the vertical distance between the midpoints of the lower and upper openings, {he
re effective the natural ventilation will be. For buoyancy induced ventilation, the mgpst
sirable position forithe inlet openings is at the bottom of the opposite walls and for ouflet
Enings, at the roof top. However, where this is not feasible, the inlet and outlet openirgs
puld be positioned at the opposite walls to provide for air movement across the whole arefa.

many .cases the heating requirements at the lower ambient temperatures may |be
mpromised by the natural ventilation thus imposing the need to reduce, or close the
ntilatien openings. Consideration must be given to reduction of the openings to the extent

thg

t\might impair natural ventilation thus preventing the dilution of the explosive das

atmosphere. Generally, all the openings that could be normally closed such as doors,
windows and adjustable louvres should not be considered as ventilation openings.
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Figure/C,6 — Specific volumetric flow rate of fresh air
of equivalent effective opening area
e chart in Figure\C.6 is based upon equation (C.4). Therefore the limitations in the use

Th
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grate of fresh air Q_/A_ (m3/sm?)
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se calculations-described in C.5.2 also apply.

5.4

Combination of the natural ventilation induced by wind and buoyancy

th,,wind and buoyancy induced ventilation can occur separately but are likely to occur

same time. Pressure differences due to thermal buoyancy will typically be the dominat

of

at
ng

driving force on a calm cold day with practically no wind, whereas pressure differentials
created by wind may be the dominating driving force on a windy hot day. Their forces can
oppose or complement each other depending on the position of the inlet and outlet openings

(of the buoyancy-induced ventilation) in relation to the wind direction (see Figure C.7).

A probability based assessment must be applied taking into account climate, the wind rose
diagram for a particular location and the possible indoor temperatures.
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Figure C.7 — Example of opposing ventilation driving forces

The ventilation flows caused by pressure differences due to & combination of wind gnd
temperature differences can also be estimated through more complex calculations. For edch
ventilation opening, of area A, the flow can be obtained from(the following equation based [on

the pressure difference due to wind and the change in air density:

0,=C4 4 2ﬁ(m:*/s) (cle)

La
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Annex D
(informative)

Estimation of hazardous areas

The guidance in this annex provides for the estimation of the type of zone (D.2) and the

extentof zone (n Q) torelate relevant factors inr‘llmling'

e [the grade of release (Annex B),

o [the effectiveness of ventilation and degree of dilution (Annex C), and

e [the availability of ventilation (Annex C).

The values for the parameters in the formulae provided should be selected to give [an
appropriate level of conservatism considering any uncertaintity. Based~on this approac¢h,
specific safety factors are not shown.
D.p Estimating types of the zones
Taple D.1 can be used for estimating the type of zone for,indoor areas and open areas.
Table D.1 — Zones for grade of release and effectiveness of ventilation
Effectiveness of Ventilation
High Dilution Medium Dilution D."°Y"
iade of ilution
lease Availability of ventilation
Good Fair Poor Good Fair Poor Good, fair
or poof
Continuous Non-hazardous xgne 2 Zone 1 Zone 0 Zorle ° Zorle ° Zone (
a a a
(Zone 0 NE) (Zone 0 NE) (Zone 0 NE) Zone 2° Zone 1
Priary Non-hazardous Zone 2 Zone 2 Zone 1 Zorle L Zorle L Zone 1 ’)r
a a a
(Zone 1 NE) (Zone 1 NE) (Zone 1 NE) Zone 2 Zone 2 zone 0
Se¢ondaryd | Non-hazardous | Non-hazardous Zone 2 Zone 2 Zone 2 Zone 2 aﬁgneev;n
Y'| (Zene 2 NE)® | (Zone 2 NE)? !
Zone 0
a8 |Zone ONE{ 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 primaryj

lcontinuous grade of release: in this case the greater distance should be taken

or

¢ Zone 1 is not needed here. |I.e. small Zone 0 is in the area where the release is not controlled by the ventilation
and larger Zone 2 for when ventilation fails.

4 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).

‘+’ signifies ‘surrounded by’.

Availability of ventilation in naturally ventilated enclosed spaces is commonly not considered as good.
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D.3 Estimating the extent of the hazardous area

The extent of the hazardous area or region where flammable gas may occur depends on the
release rate and several other factors such as gas properties and release geometry and
surrounding geometry.

Figure D.1 may be used as a guide to determine the extent of hazardous area for various
forms of release. Other forms of calculation or assessment based on reputable sources may
also be applied (see Annex K).

Th
meg

NO|
The
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us

Ex
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dium and low dilution situations (see C.3.6.1).

TE The curves in the chart of Figure D.1 are based upon CFD simulations for different ‘ventilation velociti
distances in the chart are given to be reasonably worst-case for the given release. This_has‘been comp|
CFD simulations and the distances given in reputable industry codes.

e chart represents a rough approximation for some large-scale situations but would not
able on a small scale level. Where a zone of negligible extent (NE).is suggested then f{
b of this chart is not applicable.

frapolation of the curves beyond the chart area shown in should not be undertaken due
er factors that will affect the assessment beyond the limits indicated even thod

e appropriate line should be selected based on thetype of release as either:

An unimpeded jet release with high velocity(typically a choked release);

A diffusive jet release with low velocity (typically a subsonic release) or a jet that loses
momentum due to the geometry of.thé€ release or impingement of the jet on nea
surfaces;

Heavy gases or vapours that spre@d along horizontal surfaces (e.g. the ground).

vardous distances can be less than 1 m as well as higherthan those shown in Figure D.1].

e curves are based on a zero background concentration and are not applicable for indcl)or

to
gh

its
by

Use of the ‘Jet’ curve should “applied with caution as many applications may be betfter

reg

resented by the ‘Diffusive’(curve.
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Figure D.1 — Chart for estimating hazardous area distances
Where
U 3
= ———— is the volumetric release characteristic of the source (m?/s);
99 pg X LFL ( )
_Pa M is tha density of the gas/ kg/m?3);
pg_RT is the density of the gas/vapour (kg/m?);
a
Where appropriate, other forms of calculation or assessment based on computational fl
dypamics (CGED) or testing may also be applied.
Figure(D»1 does not identify different zones and zones should be assessed based on f{
veptilation around the source of release (see Annex C) and possible variations in releg
CoReittons-

=

id

he
se

The method of using the chart in Figure D.1 is demonstrated in the examples of Annex E.
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Annex E
(informative)

Examples of hazardous area classification

E.1 General

The practice of hazardous area classification involves knowledge of the behaviour of

fla

mmable aases and liaguids when thev are released from containment and sol
J -1 J L)

en
un
co

Th

op
an
mg

E.

Exfmple 1

A normal industrial pump with mechanical (diaphragmi) seal, mounted at ground level, locat

ou

Chiaracteristics of release:

Flgmmable substance Benzene (CAS no. 71-43-2)

Mqglar mass 78,11 kg/kmol

Lower flammable limit, LFL 1,2 % vol. (0,012 vol./vol.)

Auto-ignition temperature, AlT 498 °C

Ggs density, pg4 3,247 kg/m3 (calculated at ambient conditio

Source of release, SR Mechanical seal
Grade of release Secondary (leakage due to a seal rupture)
Liquid.-release rate, W 0,192 kg/s, determined considering

jineering judgement based on experience of the performance of items of plant equipms¢
Her specified conditions. For this reason, it is not practicable to give examples for\ev
nceivable variation of plant and process characteristics.

e examples are not intended to be applied in practice and are provided only,to illustrate
ional means of assessment as presented in this standard. The charactefristics of reled
 other parameters used are also only provided to illustrate the means-of assessment 3
y not represent real conditions.

P Examples

door, pumping flammable liquid.

Gas density indicates the curve that should
applied from the chart in Figure D.1

Gas release rate, Wg

Vo

discharge coefficient Cyq= 0.75, a hole size |

-

D

nd
pnt
bry

an
se
nd

NS)
be

a

5 mm?2, a liquid density p = 876,5 kg/m3 and a

pressure difference 4p = 15 bar

3,85 x 10-3 kg/s, defined considering the

fraction of liquid vaporised from the point of
release (2 % of W); remaining liquid drained to

sewer system

lumetric release characteristic, O¢ 0,099 m3/s
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Characteristics of location:

Outdoor situation

Ambient pressure, p,

Ambient temperature, T

73—

Unobstructed area

101 325 Pa
20 °C (293 K)

D¢
Ty
Eq

Ventilation velocity, u,, 0,3 m/s
Ventilation availability Good (wind speed at meteorological calm
condition)
Efflects of release:
gree of dilution (see Figure E.1) Medium
be of zone(s) Zone 2
uipment group and temperature class IHA T1
D 4
£ 10 -
E N
=) </
3 N &
= &%
o 9
°
Z Dilution
i) high
5
C
()
§ /
Y Dilution
EEEEEEEEEEERERD R II* medium
1k
0,1 / .
]
S :
\ .
] .
N . . .
b . Dilution
~\N . low
Nt .
0,01 - .
AN :!/
A\ .
.
.
.
T,007 v 4 —
0,001 0,01 0,1 1 10 100
Q, (m%s)

Figure E.1 — Degree of dilution (Example No. 1)

IEC
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Figure E.2 — Hazardous distance (Example No. 1)

ardous area classification:

EC

Hazardous area distances are'based on the assessment from Figure E.2. Figure E.3 displays
front view of the facility: The figure is based on heavier than air vapour; the vertical
tance is less than the.hofrizontal as illustrated in Figure E.3.

th
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L 4 — Source of release

— Zone 1

— Zone 2

Sump

NOTE The more severe classification of the sump due to the low degree of dilution.

Figure E.3 — Zone classification (Example No. 1)

IEC
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A normal industrial pump with mechanical (diaphragm) seal, mounted at ground level, located
indoor, pumping flammable liquid

Characteristics of release:

Flammable substance

Molar mass

Lo

Benzene based liquid product

78,11 kg/kmol

ver flammable limit, LFL

Auto-ignition temperature, AIT

Gds density, Py

Source of release, SR

Gr

hde of release

1,2 % vol. (0,012 vol./vol.)

498 °C

3,247 kg/m?3 (calculated at ambjéent’conditio
Gas density indicates the curvelthat should
applied from the chart in Figure D.1

Mechanical seal

Secondary (leakagerdue to a seal rupture)

NS)
be

Liduid release rate, W 0,192 kg/s,( jdetermined considering | a
discharge cgefficient C4 = 0,75, a hole s|ze
S = 5 mm?, ‘a liquid density p = 876,5 kg/m3
and agressure difference Ap = 15 bar

Evpporation rate, 7, 3,85 "x 10-3 kg/s, defined considering the
fraction of liquid vaporised from the point|of
release (2 % of W); remaining liquid drained| to
sewage system
NOTE Information taken from industrial code.

G4s volumetric release rate, Qg 1,19 x 103 m3/s

Volumetric release characteristic, O¢ 0,099 m3/s

Chiaracteristics of location:

Inqoor situation Building naturally ventilated (by wind)

Ajbient pressute,p, 101 325 Pa

Ambient temperature, T, 20 °C (293 K)

EnclosUre size, L x Bx H =V 6,0m x 50mx50m=150,0 m3

Aitflowrater 0 306 m3/h (0.085ms)

Air flow rate availability Fair, defined considering the worst
environmental conditions (wind speed at

Ve

ntilation velocity, u,,

Critical concentration, X,

Effects of release:

Ve

Ba

ntilation inefficiency factor, f

ckground concentration, X}

meteorological calm condition)
0,003 m/s, estimated by O, / (L x H)

0,003 vol./vol., equal to (0,25 x LFL)

5

0,068 vol./vol.
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Concentrations comparison X > Xgrit
Time required to reach X, t4 7,67 h (safety margin equal to f)
Degree of dilution (see Figure E.4) Low due to Xy, > X
Type of zone(s) Zone 1
Equipment group and temperature class IHA T1

°

E 10

33

>

H

o

> Dilution

5 high

5 /

=

(]

>

Dilution
medium
0,1 / N7/
Dilution
low
0,01
0,001 ' : .
0,001 0,01 0,1 1 10 100

Q, (m%s)
IEQ

Figure E.4 — Degree of dilution (Example No. 2)

The procedure of estimating the degree of dilution by using the chart is not necessary in this
case beeause the background concentration in the enclosed space is higher than the critigal
(X4 > Xht). So the degree of dilution would be declared as low anyway. Figure E.4 simply
copfirm's the assessment.

Hazardous area classification:

The example deals with a relatively small indoor location where the background concentration
is twice the critical one. Moreover, the time required to reach the critical background
concentration is significant (almost 8 h). There are no reasons to establish a vertical zone or a
Zone 2 beyond Zone 1. The resulting hazardous area will encompass the volume of the indoor
location considering the comparisons of concentrations, and the time required to reach the
critical ones after the stop of the release. Openings, if any, should be considered as potential
sources of release.

If the air flow rate were to be improved, then the degree of dilution could be ‘medium’ and the
hazardous area could be Zone 2 instead of Zone 1.
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- 77 —

Vapour from a breather valve in the open air, from a process vessel.

Characteristics of release:

Flammable substance

Molar mass

Benzene (CAS no. 71-43-2)

78,11 kg/kmol

Lo[vm—ﬁmm-ﬁmi'l,—tFL
Auto-ignition temperature, AIT

Gds density, Py

Soprce of release, SR

Grade of release

Rellease rate, Wy

Volumetric release characteristic, O¢
Grade of release

Rellease rate, Wg

Volumetric release characteristic, O¢

Chlaracteristics of location:

Odtdoor situation

A:[bient pressure, p,
Ambient temperature, T
Ventilation velocity, u,,

Veptilation availability

Effects of releases:

Degree-of dilution (see Figure E.5)

Type.of zone(s)

+2-%vot—(6;0t2vottvot)

498 °C

3,247 kg/m?3 (calculated at ambiepf\conditio
Gas density indicates the curve that should
applied from the chart in Figure D.1
Breather valve

Primary (process vesselfilling)

4,5 x 103 kg/s (fmanufacturer’s data)

0,115 m3/s

Secondary (sealing device rupture)

4,95% 102 kg/s (manufacturer’s data)

1,27 m3/s

Un-obstructed area
101 325 Pa

20 °C (293 K)

1,0 m/s

Good (wind speed at calm conditions)

Medium

Zone 1 + Zone 2

NS)
be

Equipment group and temperature class

A T1
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Figure E.5 — Degree of dilution (Example No. 3)
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Figure E.6 — Hazardous distance (Example No. 3)

100

Q. (m%s
1gC

Exfent(s) of zone(s), » for primary.grade release = 1,5 m; for secondary grade release = 5,0|m

Hazardous area classification.

Haizardous area distances are based on the assessment from Figure E.6. Taking into accolint
relevant parameters,sthe following hazardous areas are specific for the considered breather

valve (see Figure E.7).
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Figure E.7 — Zones classification (Example No. 3)
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Control valve in congested location, installed in a closed process pipe-work system conveying

fla

mmable gas.

Characteristics of release:

Flammable substance

Molar mass

Lo

Propane based gas mixture

44,1 kg/kmol

ver flammable limit, LFL

Auto-ignition temperature, AIT

Gds density, Py

Source of release, SR

Gr

hde of release

Release rate, Wg

Volumetric release characteristic, O¢

Chlaracteristics of location:

Odtdoor situation

A

A:[bient pressure, p,

bient temperature, T

Ventilation velocity, u,,

Ventilation availability

Efflects of releases:

Ty

1,7 % vol. (0,017 vol./vol.)

450 °C

1,833 kg/m3 (calculated at ambijént’conditio
Gas density indicates the curvelthat should
applied from the chart in Figure D.1

Valve stem packing

Secondary (packing rupture)

5,06 x 10~3 Kg/s, determined considering
operating préssure p =
T = 154°C, hole size § = 2,5 mn
compressibility factor Z = 1, polytropic ingd
7 =1, and discharge coefficient C4 = 0,75

0,462 m3/s

Unobstructed area
101 325 Pa

20 °C (293 K)

0,3 m/s

Good (wind speed at calm condition)

NS)
be

an

10 bar, temperatire

2,
ex

Degree of dilution (see Figure E.8) Medium
be/of-zone(s) Zone 2
uipment group and temperature class A T1

Eq
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Figure E.8 — Degree of dilution (Example No. 4)
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Figure E.9 — Hazardous distance (Example No. 4)

fent(s) of zone(s), » from 1,0 m ta\2,0 m due to surrounding characteristics (i.e. impeded
mpeded jet release).

nement of this zone .extent is desired, then another assessment methodology should
bd.

Halzardous area classification:

Ha
rel
(s€

zardous area distances are based on the assessment from Figure E.9. Taking into acco
bvant<parameters, the following hazardous area is specific for the considered control va
e Figure E.10).

18C

or

ce the chart is not valid for less than 1 m the zone is assessed as 1 m. If further

be

int
ve
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Figure E.10 — Zones classification (Example Nol4)

Exfmple 5

Clgsed process pipework system, located indoor, conveyingflammable gas.

Chlaracteristics of releases:

A

q

F

Mg

Lo

mmable substance
lar mass

ver flammable limit, LFL

Auto-ignition temperature, AIT

Wet, oil well natural gas
20 kg/kmol

4 % vol. (0,04 vol./vol.)
500 °C

NS)
be

Ggs density, pg4 0,831 kg/m3 (calculated at ambient conditio
Gas density indicates the curve that should
applied from the chart in Figure D.1.
Mdltiple sources of release, MSR
a)| grade of release Continuous (fugitive emissions)
— type Pipe fittings (discontinuities along piping)
— rel€ase rate per unit, Wy 1,0 x 109 kg/s (laboratory data)
~ (volumetric release rate per unit, O 1,2 x 10~9 m3/s
</number of releases 10
b) grade of release Primary

— type

release rate per unit, Wy

volumetric release rate per unit, Qg

number of releases

Sealing elements on moving parts at
speed (control valves stem packing)

1,5 x 106 kg/s (manufacturer’s data)
1,8 x 10=6 m3/s
3

low
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c)

grade of release
- type

— release rate per unit, Wg

— volumetric release rate per unit, Oy

-84 —

IEC 60079-10-1:2020 © |IEC 2020

Secondary

Sealing elements on fixed parts (flange with
fibre gasket)

1,7 x 10-3 kg/s, determined considering
operating pressure p = 5 bar, a temperature
T = 15 °C, a hole size § = 2,5 mm2, a
compressibility factor Z = 1, polytropic index
7= 1,1 and a discharge coefficient C4 = 0,75

2,05 x 103 m3/s

— number of releases

Chlaracteristics of location:

Ing

oor situation

A
En
Al

n

Ai

1

Ve

Ve

Critical concentration, X

Effects of multiple sources of release:

A:[bient pressure, p,

bient temperature, T,
closure size, L x B x H =V,
flow rate, O,

flow rate availability

ntilation inefficiency factor, f

htilation velocity, u,,

rit

Gr

hde of release

summation of release rates, ZWg

background concentration, X},

concentrations comparison

degree of dilution

summation of volumetric release rates, ZQg

volumetric release characteristic, O¢

1, the largest one

Building naturally ventilated (by wind)
101 325 Pa

20 °C (293 K)

3,0mx3,0mx 3,5m=231,5m3

189 m3/h (0,053 m®/s)

Fair, defined considering the wolrst
environmental conditions (wind speed |at
meteotrological calm condition)

3
0,005 m/s, estimated by O, /(B x H)

0,01 vol./vol., equal to (0,25 x LFL)

Continuous (fugitive emissions)
1,0 x 10~8 kg/s

1,2 x 1078 m3/s

6,79 x 10~ vol./vol.

Xp << Xerit

3,01 x 10=7 m3/s

High

type of zone(s)

Grade of release

summation of release rates, ZWg

summation of volumetric release rates, 20,

background concentration, Xy

concentrations comparison

volumetric release characteristic, Q¢

Zone 0 NE

Primary plus continuous
4,51 x 1076 kg/s

5,42 x 10-6 m3/s

3,1 x 104 vol./vol.

Xp << Xerit

1,36 x 10~4 m3/s
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degree of dilution

type of zone(s)

Grade of release

Eq

release rate, Wg

volumetric release rate, Qg

background concentration, X

— 85 —

High

Zone 1 NE

Secondary plus primary plus continuous
1,7 x 10-3 kg/s

2,05 x 1073 m3/s

0,12 vol./vol.

degree of dilution

concentrations comparison

time required to reach X, t4

volumetric release characteristic, O¢

Xb > Xcrit
1,23 h (safety margin equal to f)
0,051 m3/s

Low due to X, > X

type of zone(s) Zone 1
uipment group and temperature class IHA T1
Q
E 10 Z
g RS
=)
= N
= _
o
°
Z Dilution
o high
5
= C—
(0] /
Dilution
medium
0,1 /
Dilution
low
0,01 — A
__I- - n
I;I;Llllllllllllllllllll L B |
N [
]
u
|
]
0,001 / = >
0,001 0,01 0,1 1 10 100

Q, (m%s)
IEC

Figure E.11 — Degree of dilution (Example No. 5)

The procedure of estimating the degree of dilution by using the chart is not necessary in this
case because the background concentration in the enclosed space is higher than the critical
(Xp > Xgpit)- So the degree of dilution would be declared as low anyway. Figure E.11 shows
that the intersection point is within the area of ‘dilution medium’ but close to the dividing line.
Allowing for uncertainties in the methodology this shows the preceding assessment is
appropriate.
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Figure E.12 — Hazardous distance (Example No. 5)

Extent of zone (see Figure E.12, « extent of zone is approximately 1,0 m due to surrounding
characteristics (i.e. impeded jet release)

Hazardous area classification:

The resulting hazardous area will encompass the whole volume of the indoor locatjon
berause the background concentration exceeds the critical concentration and the time for {he
cohcentration tanfall to the critical concentration after the release has stopped, is significant.
Algo, the extént of zone is significant related to the enclosure size (see C.3.6.1).

E.3 , \Example case study for hazardous area classification

The following example is intended to illustrate the methodology of hazardous area
classification and the way in which zones should be displayed. Zone details may vary
depending on the specific installation details or application of the relevant code of practice.
This example has been taken because it contains a variety of forms of release which are
frequently met in practice, separately or in various combinations or in different contexts.
That's why the compressor facility in this example should be considered just as a framework
for the methodology set forth in the standard.

The example is a compressor facility handling natural gas (see Figure E.13). The compressor
units are skid mounted packages consisting of a gas engine, compressor, combined air
cooler, process piping, on-skid scrubbers, pulsation bottles, and auxiliary equipment.
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Gas engines and compressors in this example are considered to be installed within a naturally
ventilated shelter with air entering through louvered openings at the bottom and an open front
of the shelter and leaving through a rooftop opening (see Table E.1).

The external part of the facility is considered to consist of combined air coolers with cooling
water and process gas heat exchangers, piping, valves (emergency shut down, block and
regulating), off-skid scrubbers, etc.

The flammable substances that appear in this example are presented in Table E.2:

1)
2)

Process gas (natural gas with 80 % vol methane),

Process gas condensate collected in the scrubbers and automatically drained towards
collecting reservoir (mainly heavier hydrocarbons in quantities which are determined
the respective equilibrium state at each stage of compression),

Gas engine fuel and starting gas (dry pipeline quality natural gas, min 96 %)vol methane

Various chemicals applied in the process, e.g. corrosion inhibitors, antifreezing additive
e sources of release that appear in this example are presented in Table E.3:
Starting gas vent (a predictable source that gives primary grade of release; happens

each start of the engine),

Compressor blowdown vent (a predictable source that, gives primary grade of relea
happens at each depressurization of the blocked compressor),

Gas engine shut-off valve vent (a relatively predictable source that gives primary grade
release (happens at each shutdown of the engine when the incoming fuel gas g
blocked and the trapped gas is evacuated to atmosphere),

Pressure relief valve vent (a non predictable source that typically gives secondary gra
of release; happens if the pressure upstream increases above the set point; usually

before the safety relief valve opens.and therefore it should not normally be considered
the source that gives primary grade of release; see B.2.2 and B.2.3),

Compressor piston rod packings vent (a source that typically gives primary grade
release, however, if in doubt régarding monitoring, control and quality of maintenance, t
B.2.3),

Gas engine, compressor and air cooler (sources that give secondary grade of release),

Process gas scrubbers and drains (sources that give secondary grade of release of f{
liquid phase).

Valves inside and outside of the shelter (sources that give secondary grade of release).
Pipe connections (sources that give secondary grade of release).

b rates of release for the purpose of this illustration are assessed as follows:

by

~

at

be;

of
pts

de
a

shutdown safety device is installed in(the protective system of compressor units to frip

as

of
his

vent may be considered-as,a source that gives continuous grade of release, see B.2.2 and

he

For starting gas, the gas flow rate delivered as shown in the manufacturer’s data sheet
pneumatic starters,

for

For blowdown vent, the pressurized gas trapped in the compressor cylinders, scrubbers,

pulsation bottles and process piping,
For gas engine shut-off valve vent, the gas trapped in the fuel line and cylinders,

For safety relief valves vent, the gas flow rate delivered in the manufacturer’s data sheet

for the respective pressure set point, or the gas flow rates calculated according
B.7.2.3.2 or B.7.2.3.3, or estimated otherwise.

For all other sources of release, the gas flow rates calculated according to B.7.2.3.2,
B.7.2.3.3, or estimated otherwise.

to

or
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Air outlet 1
/ —_— 3
7 ~
i z ~ A 4
,/ 6
| - vooT
T T H
Air inlet & ~
\ i j
o [T AR S '
. - =N
inlet | » [ \ ? O) (O r < § U ) :
\ —//Z i — | —_—',l , ~ \_:|
] ] ] | | : .
- o IEC
Ke

2 |
3
4 —

Air outlet ventilation opening
Starting gas vent
Compressor blowdown vent

Fuel gas shut-off valve vent

5 ahd 5a — Pressure relief valve vents

6 —|Compressor piston rod packings vent
Figure E.13 — Enclosed compressor handling natural gas
Table E.1 — Compressor facility handling natural gas
Classification procedure considerations for the shelter
o What are the flammable Process gas, gas condensate collected in the interstage scrubbers pf
substances involved? the compressor units and engine fuel and starting gas.
op Is the composition of those It is known for the process, fuel and starting gas but it is not known
substances known? for the process gas condensate. For the purpose of this example It
has been assumed that it is a mixture of various heavier
hydrocarbons, mostly pentane and hexane with water.
03 For this example values e for the process gas: LFL = 0,04;
calculatedior assumed for the )
lowerflgmmable limits of the o for the fuel and starting gas: LFL = 0,05;
fIammabIe substances are e for the condensate: LFL = 0,013 to 0,08 depending on the
provided. .
compression stage.
04 What are the sources of release Pipe connections on the gas engines, compressors, scrubbers and
Wit the Shefter? the pipmy as wellas tocar MStruments connections
05 What are the grades of release? The grades of release are all secondary. It is assumed that there
should be no gas in the shelter under normal operating conditions
provided that the facility is well monitored and maintained.
06 What would be the most Reciprocating compressors rarely leak at the cylinders. However,

representative sources of release
under given conditions?

they are vibrating machinery with the process piping exposed to
dynamic and thermal stresses. Therefore, any pipe connection may
be a source of release.

The other realistic source of release would be crankcase breather
valve of the compressor. When a piston rod packing gets worn or
broken, then the compressed gas may blow-by, enter the crankcase
and then leak through the breather valve into the surrounding area.

There are also other sources of release which have to be scrutinized.
Some may not be obvious and may remain hidden for quite some
time thus raising the doubts about the grade.
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Classification procedure considerations for the shelter

07 Since the sources that give The one that will give higher release rate, e.g. at 2nd stage of
secondary grades of release are compression which is the more stressed, taking the release orifice of
not summated, which of those 2,5 mm? (see Table B.1).
should be chosen for the
purpose? e M=21,6 kg/kmol;
e =12
e p=>51bar
e T =422 K (max allowed working temperature).
08 /\:\ollming that thg lgak ot thg Since-the r\pnraﬁng BEESSHES ndicateas-—sonic Pn|naon’ tho rasult ch |
blown gasket appears as more be:
abundant, what would be the ) . . 2
release rate? Wy = 1,54 x 1072 kg/s; with C4 being 0,75 and S as 2,5 mm
(see equation B.4)
0,~1,85 x 1072 m%/s
04 Is natural ventilation of the Yes, the buoyancy induced natural ventilation will be possible even
shelter possible at all ambient during hot summer days because the heat dissipated by the engine$
conditions throughout a year? and compressors will constantly keep the intefiof temperature above
the ambient. The configuration of the shelterwill also enable wind tp
enhance the ventilation no matter at which\direction it is blowing.
14 What are the geometrical e Length of the shelter: L =12 m
characteristics of the building?
e Breadth of the shelter: B = 12(m
. Overall height of the shelter: H# = 8,0 m
e Total volume concerfied: ¥ ~ 1 000 m3
e  Volume under cénsideration: "o ~0,80 x V=800 m3; A volume|
less than ¥ is applied as an allowance for the enclosed
equipment which reduces the effective volume.
e Total effective area of the air inlet openings: 4, = 30 m?
e Totaleffective area of the air outlet openings: 4, = 24 m?2
e Vertical distance between the midpoints of rear inlet and outlet
openings: H, =7,0 m
" Vertical distance between the midpoints of front inlet and outlet
openings: H, = 5,4 m
e Average vertical distance between the midpoint of the openings:
H, = 6,2 m
1 What is the equivalent effective Az~ 26,5 m? (see C.5.2)
area of the lower opening?
14 What are the temperatures atthe | ¢  Average inside temperature: T; =316 K
most unfavourable conditions? _
e Outside temperature: 7, =313 K
13 What is.the volumetric flow rate 3 ; ; ;
~10,7m” / s ; with C, being 0,75 (see equation C.4
of frésh air? Oa m= s 4 being 0,75 (see eq )
14 What is the number of air 0a 1
changes per hour in the volume C= % ~48h
under consideration? 0
48 air changes per hour is selected for the purpose of this example
to illustrate very draughty conditions and may not be applicable for
actual conditions in a real situation.

15 What is the ventilation velocity? The ventilation velocity should be calculated according to the air flow
pattern and that implies that the referent cross section of the shelter
is horizontal:

Uy = Qa ~0,075m/s
LxB
16 What is the background f*0qg )
concentration in the volume b=y~ 018% ~ 4,5% LFL (see equation C.1)
0

under consideration?
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Classification procedure considerations for the shelter

17 What is the volumetric release Q. =05 m3/s
characteristic? . . o .
Since the air flow pattern indicates movement of the air upwards,
there is no reason to apply a more strict factor of inefficiency of
ventilation than 1,0.

18 What is the degree of dilution? See the chart in Figure C.1 and find the intersection of the values for
axis X and Y. The dilution appears as medium.

19 Is the background concentration No, itis 4,5 % LFL.

in this volume higher than 25 % . .
LFL? Taking into account the answer, the degree of dilution can be
- CoTsTdeTet-as e U
2 What is the availability of the The availability in naturally ventilated enclosed spaces should hevef
ventilation? be considered as good due to the various natural uncertainties."So
we have to consider the availability as fair.
2 What will be the type of the zone Taking into account the grades of release, the degreg.of dilution and
within the shelter? the availability of ventilation, the interior of the shelter.is classified
as zone 2 (see Table D.1).
23 Is there any opening which may Yes, it is the rooftop outlet opening.
be considered as the source of . .
release? It is type A opening.
23 What is the mass r.elease.rate of Wg =up Ao Pg Xp=uyL Bpg Xp
the gas through this opening?
Wy~ 1,54 x 1072 kg/s;
The result is the same as with,equation (B.4) which is in compliancg
with Mass Conservation Law:

24 What is the degree of dilution? The degree of dilutiofivis again obtained by using the chart in
Figure C.1, except(that the ventilation velocity u,, is now the wind
speed. We assufe that 1,0 m/s is a realistic approximation taking
into account the height of the opening above the ground (see Table
C.2). The degree of dilution still appears as medium.

24 What is the hazardous area The hazardous area shall apparently be zone 2 (see Figure E.14).

around the opening?

24 What is the hazardous distance Theshazardous distance can be estimated by applying the method

around the opening? set in Annex D (see Figure D.1). Taking into account the position of]
the source of release, there is no need for too much conservatism
and the lower curve should be the logical choice. Hazardous
distance in the chart appears somewhat above 1,0 m so the zone wjll
have the extent of 1,5 m (see Figure E.14).

21 Conclusion The whole area under the shelter is zone 2. There is no need to
extend the zone beyond the walls except at the rooftop where the a|r
and gas mixture may escape as result of the buoyancy induced
natural ventilation (see Figure E.14 and Figure E.15).

Similar considerations could be applied for other sources of release quoted in this case stuqy.
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Figure E.15 - EXF@g of hazardous area classification for a compressor facility handling natural gTs (plan)
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Annex F
(informative)

Schematic approach to classification of hazardous areas

Schematic approach to classification of hazardous areas

Figure F.1 shows a schematic approach to classification of hazardous areas.

m

Flammable substance container

v

explosive gas atmosphere?

Does it contain a quantity of flammable substance
which is capable of producing a dangerous volume of » No

.

Yes

v

Are there any sources of release?

|——>No—

v

Yes

v

Can the sources of'‘release be eliminated?

Yes

!

No

v

¢ \ 4 y
Non-hazardous
area

The grades of each release must be determined

v v

v

ONTINUOUS grade of release PRIMARY grade of release

SECONDARY grade of releas¢

NO

-ﬁﬂ-ﬁ

TE A ‘source of release may give rise to more than one grade of release or a combination.

Figure F.1 — Schematic approach to classification
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Schematic approach to classification of hazardous areas

Figure F.2 shows a schematic approach to classification of hazardous areas.

-E?_

CONTINUOUS grade of release

v

el L - — YT W WtV .
wdliT TP UTHargeu tu TmINTIVIATN T yTrautc?

v v

No Yes

—> Go to F.3

v

Parameters which affect the type and extent of zones must be evaluated

(e.g. release rate, velocity, etc.)

v

The degree of dilution must be determined (indoor locations require background/concentration assessment)

v

High

A

Medium

v

Yes

v

Low

v

Can it be changed

to High Dilution?

Can it be changed
to Medium Dilution?

Yes

A 4

v

No

v

Tlhe availability of the ventilation
must be determined

The(ayailability of the ventilation
must be determined

The availability of the ventilatign
is not considered

v v v

! v v

Ggod Fair Poor

Good Fair Poor

l A 4 \ 4

\ 4 A l

A 4

The type of zone is determined

The type of zone is determined

The type of zone is determine

v v

v v

Non- Zone 0
lazardous Zone Zone 0 +
(Zone 0 NE) (Zone 0 NE) Zone 1
A 4 A \ 4
Zaone 2 Zone 0
Zone 0 NE . Zone 0
( ) Zone 2
\ 4 47 \ 4 \ 4 \ 4 l

Using an appropriate code or
calculations determine the extent
of zone

Using an appropriate code or
calculations determine the extent
of zone

Using an appropriate code or
calculations determine the extent
of zone

IEC

NOTE Zones NE indicate zones which would be of negligible extent under normal conditions.

Figure F.2 — Schematic approach to classification for continuous grade releases
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F.3 Schematic approach to classification of hazardous areas

Figure F.3 shows a schematic approach to classification of hazardous areas.

v

From F.1 or F.2

PRIMARY grade of release

'

Can it be changed to secondary grade?

v v

No Yes

— HET A

v

Parameters which affect the type and extent of zones must be evaluated (e.g:

release rate, velocity, etc.)

v

The degree of dilution must be determined (indoor locations require background concentration assessment)

v

A

\ 4
High Medium Low
Can it be changed to Can it be changed tq
ves High Diluition? Y& [ Medium Dilution?
v v
No No
! I T

The availability of the ventilation
is not considered

The.availability of the ventilation
is not considered

The availability of the ventilatio
is not considered

=]

A 4 i A 4

v v .

Gbod Fair Poor,

Good Fair Poor

! v v

v ! v

A 4

The type of zone is détermined

The type of zone is determined

The type of zone is determine

v v

v v

N¢n-hazardous Zone 2 Zone 1
(Zpne 1 NE) || [ (zone 1 NE)™ Zone 1 one 2
A \ 4 \ 4
Zone-2 Zone 1 Zone 1 or
(Zone 1 NE) Zone 2 Zone 0@
* A A 4 ¢ A 4 \ 4

Using an appropriate code or
calculations determine the extent
of zone

Using an appropriate code or
calculations determine the extent
of zone

Using an appropriate code or
calculations determine the extent
of zone

NOTE 1

IEC

Zones NE indicate zones which would be of negligible extent under normal conditions.

NOTE 2 Will be Zone 0 if the low dilution is so weak and the release is such that in practice an explosive gas
atmosphere exist virtually continuously i.e. approaching a “no ventilation” condition.

Figure F.3 — Schematic approach to classification for primary grade releases
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F.4 Schematic approach to classification of hazardous areas

Figure F.4 shows a schematic approach to classification of hazardous areas.

From F.1 or F.3

SECONDARY grade of release

v

Can it be eliminated?

DR R o nazavcous sret

Parameters which affect the type and extent of zones must be evaluated
(e.g. release rate, velocity, etc.)

.

The degree of dilution must be determined (indoor locations require background’concentration assessment)

y , y

High Medium Low
Can it be changédyto Can it be changed t
Yes 4| " High Dilution? Yes 9 " Medium Dilution?
No No
v v v
Tlhe availability of the ventilation Thé.availability of the ventilation The availability of the ventilation [is
must be determined must be determined not considered
Glood Fair Poor. Good Fair Poor
v v I v v v v
The type of zone is determined The type of zone is determined The type of zone is determined
Ngn-hazardous
(3) (3)
(Zbne 2 NE)1 Zone 2 Zone 2 Zone 2
\ 4 A \ 4
Non-hazardous Zone 1 and
(Zone 2 NE)( Zone 2 even Zone 0(2)
¢ \ 4 \ 4 * \ 4 *
Using an appropriate code or Using an appropriate code or Using an appropriate code or
calculations determine the extent calculations determine the extent calculations determine the extent
of zone of zone of zone

IEC
NOTE 1 Zones NE indicate zones which would be of negligible extent under normal conditions.

NOTE 2 Will be Zone 0 if the low dilution 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.

NOTE 3 The Zone 2 area created by secondary grade of release can exceed that attributable to a primary or
continuous grade of release.

Figure F.4 — Schematic approach to classification for secondary grade releases
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Annex G
(informative)

Flammable mists

G.1 When a liquid is handled at or above its flash point, any release will be treated through
the normal hazardous area classification process described in this standard. If it is released
below the flash point, under certain conditions, it may form a flammable mist cloud. Even the
liquids that can be considered as non hazardous at process temperatures, in some situations
m y fUIIII d f:allllllab:c III;Ot vvh;uh |||a_y thUII 3IVU I;OG tU alt U/\P:U°;UII haLald. EAGIIIP:UO Of
ligtiids that are commonly considered in this regard include high flash point liquid fuels;-héat
exthange oils and lubricating oils.

G.2 In practice, a liquid release will normally comprise of broad range of droplet’sizes with
larger droplets tending to fallout immediately, leaving only a small fraction\of the relegse
airporne in the form of a flammable mist. The flammability of the mist depends upon the
cohcentration in air of the droplets plus any vapour, a function of the volatility of the liquid gnd
thg droplet sizes within the cloud. The size of droplets depends upon the pressure at which
thg liquid is being released, the properties of the liquid (primarily density, surface tension gnd
visicosity) and the size and shape of the release opening. Normally, higher pressures Td

smaller openings will contribute to the degree of atomization of(the release jet thus giving the
rise to an explosion hazard. On the other hand, smaller (felease openings imply smaller
release rates thus reducing the hazard.

G.B It has been proved that flammable mist sized droplets are the most easily ignitaple
poftion of the mist cloud, though generally these are only a small fraction of the total releasge.
Thijs fraction may increase if the release jet impacts on a nearby surface.

NOJTE 1 Flammable mists are small (sub-micron to 50, microns) particles in suspension in the atmosphere.

NOITE 2 Droplets in the flammable mist range, might be as low as 1 % of the total mass released, subjeci to
relgase conditions.

NOJTE 3 Fuel droplet clouds have generally*been found difficult to ignite, unless there is sufficient mass of vappour
or Jery small droplets present.

G.4 The likelihood that_the’release of liquid will generate a flammable mist during normal
opgration and/or expected.malfunctions should be carefully assessed along with the likelihdod
of pvents that could leadto such a release. The assessment may indicate that the release| of
substance is of a very*low probability or that the mist cloud could be generated only during
rane malfunctionscor-catastrophic failures. Assessments should be backed up by references|or
opgrational experience with similar plants. However, due to thermodynamic complexity| of
mists and a/targe number of factors that influence formation and flammability of mists, the
reference may not be available for every given situation. In such cases, a judgement baged
uppn relevant data should be applied.

G.p It is important to point out that not every leak will cause a mist formation, e.g. the
leaks through broken flange gaskets or stuffing boxes/packing glands that are the most
common secondary grades of release in case of gases or vapours, will usually be negligible in
case of viscous liquids and in most cases will cause dripping rather than mist. That means
that the likelihood of mists being generated through leaks at pipe joints, valves, etc. should
not be overstated. Such considerations should take into account the physical properties of the
liquid, the conditions at which it is being handled, mechanical details of the equipment
through which it is being processed, quality of equipment and obstructions near a source of
release.

NOTE 1 For liquids released well below their flash point, examples of mist explosions are rare in process
industries. This is probably due to difficulty in generating sufficiently small droplet sizes from an accidental release
and the associated difficulty of ignition.


https://iecnorm.com/api/?name=1196a436ad64675e41518b22a622b9f1

IEC 60079-10-1:2020 © |IEC 2020 - 101 -

NOTE 2 Flammable mists may be ignited by sparks of similar energy as for vapour ignition but generally require
very high surface temperatures for ignition. Ignition of mists by contact with hot surfaces generally requires
temperatures higher than for vapour ignition.

G.6 If formation of a flammable mist is considered possible, then the source of release
should preferably be contained or managed to reduce the hazard, e.g. by porous guards in
order to promote the coalescing of the mist, mist detectors or suppression systems. Where
containment or similar controls cannot be assured, then the potential for a mist hazard should
be considered. However, because the dispersion mechanisms and the criteria of flammability
for mists are different than those for gases and vapours, the methodology of classification
presented in Annex B cannot be applied.

NOITE 1 The conditions that are needed to form a flammable mist are so complex that only a qualitative«approach
ma} be appropriate. It might be useful to identify the factors related to the handled liquid which contributg to
forhation, and to the flammability of mist. These factors along with the probability of events that(would lead to
relgase of the liquid may be sufficient to evaluate the degree of the hazard and help to decide whether-a hazardpus
aref is required.

NOITE 2 In general, the only element relevant to determining the type of zone is the grade. of release. In njost
cades, it will be a secondary grade of release. Continuous or primary grades of release would typically|be
asgociated with equipment which is intended for spraying, e.g. spray painting.

G.Y Taking into account that there are many uncertainties involved in formation of a
flammable mist cloud, the assessment of a mist hazard should-be)based on specific industry
experience and specific codes. E.g. Mist hazards are recognized for some heat transfer
applications where the liquid is heated to near or above thé flashpoint and used at very high
temperatures. Mist hazards for typical fuel distribution networks designed to suitable piping
cofles are not considered a credible risk based on the) many years of operations for sych
indtallations worldwide.

NOJTE Industry codes for the classification of hazardous®areas for flammable liquids generally do not account|for
migting as if misting was considered then larger hazardéusrareas would be recommended for common applicatidns.
Thip also suggests the potential for mists due combustible liquids should not be overstated when the combust{ble
ligid is handled at a similar pressures and with coniparable integrity of piping codes.

G.8 If a mist hazard has been established, it should not be classified as Zone 0, 1 of 2
hagardous areas as the types of protection applied for these zones are not required for mist
hagards. See IEC 60079-14. The potential for a mist hazard should be distinguished on {he
ar¢a drawing from other hazardous areas associated with gases and vapours, e.g. by
appropriate marking.

G.9 Even the mists\that are not ignitable according to the criteria of droplets size could
eventually land on @a~hot surface, relative to the auto-ignition temperature of the vapour, thHus
calising a fire hazard. Other high energy ignition sources such as flames should also |be
copsidered. Care-should be taken to contain potential releases and prevent contact with hot
suffaces and other high energy ignition sources.

G.10 Mists require minimum concentrations to be flammable (in a similar manner |to
flammable vapours or combustible dusts). For liquids well below their flash point, this would

ty ir\ally be associated with a2 cloud-that reduces \/ieihilify

Mists are typically visible and hence releases can be usually mitigated. Consideration should
be given to the time frame before a leak is detected.

NOTE Lower flammability limits for fuel flammable mists have been shown to be similar to or less than those
associated with the fuel vapour.
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Flammable mists may occur within equipment due to oil lubrication systems, splashing

or agitation as a part of the process operations. The hazards associated with internal parts of
process plant should then be considered and may require specific mitigation measures to be
applied. E.g. mist explosion or fire suppression system. Under certain conditions, such mists
may also be vented to atmosphere, e.g. lubricating oil mists through crankcase breathers,
tank or gearbox vents, thus giving the rise to fire hazard. Venting of such mists should
preferably be eliminated by mist extractors.

G.12 Additional considerations should be applied for situations where the liquids are being
sprayed intentionally, e.g. spray painting. Hazardous area classification in such cases is

us

G.
req
arg

Ually the subDjecCt OT SpecCITiC InNaustrial codes.

13 |EC 60079-14 for selection of equipment and installations does not™ incluy
uirements for mist hazards due to liquids with a high flash point where flammable vapo
not present.
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irs



https://iecnorm.com/api/?name=1196a436ad64675e41518b22a622b9f1

IEC 60079-10-1:2020 © |IEC 2020 - 103 -

Annex H
(informative)

Hydrogen

H.1 The flammable range of hydrogen in air is between 4 % and 77 % by volume.
Hydrogen is also commonly found in mixtures of flammable gases such as refinery process
streams. With gas mixtures, the equipment group should be considered as IIC or IIB+H,
where a gas mixture includes 30 % or more of hydrogen by volume unless other specific data
is pvattabte—Thre—temperature—ctass—shoutdbetakenras—thetowest—=auto-ignitiomtemperature

forlany gas exceeding 3 % in the mixture.

NOJTE ISO/IEC 80079-20-1 includes guidance for specific gas mixtures including hydrogen such as goke“oven gas
and industrial methane for relevant equipment groups.

H.2 The auto-ignition temperature of hydrogen is 560 °C. Although very high temperatures
ar¢ required to ignite a hydrogen-in-air mixture, precautions should be ‘taken to ensdre
hyg@rogen leaks are not exposed to any hot surfaces.

H.3 The diffusion rate of a gas due to buoyancy is proportional ‘to its density relative|to
that of air. Hydrogen is a lighter than air gas which diffuses rapidly with a tendency to r|se
upvards. However, as the gas diffuses the bulk density ©of a given volume will tend|to
approach that of air. As the concentration of hydrogen reduces, such that the bulk dengity
approaches that of air, the low concentration of hydrogen.will tend to move with the air.

H.4 High volume releases of hydrogen are lik€ly*to accumulate in overhead spaces| A
hyg@rogen gas release can form gas pockets in alcaves, roof peaks, and dormers which tend to
be|poorly ventilated. Conversely, relatively small;openings in such spaces will allow hydrogen
to |escape and may be sufficient to prevent”hydrogen concentrating due to low volume
relpases.

H. Hydrogen gas releases will geferally result in a jet plume in the orientation of the pqint
of release. Once the jet momentumiis dissipated the plume will take a more vertical ascg¢nt
anfl generally harmlessly disperse-in a well ventilated area.

>

H.6 A liquid hydrogen spill, which commonly has a vessel saturation pressure of 4 bar, dan
sufldenly expose the cryogenic content of the vessel to ambient pressure. Such a condit{on
will instantly boil or«lash a significant portion of the liquid to cryogenic vapour potentiglly
regulting in the remaining contents to spill. Liquid hydrogen boils at 20 K at 1 atmosphere gnd
thg contents when’ exposed to ambient temperatures will have sufficient heat to rapifly
vaporize the liguid hydrogen. The exposed cross-sectional area of the liquid hydrogen spill
affects the rate at which the contents flash to vapour and warms. At hydrogen’s boiling point,
thg cold_hydrogen vapour is heavier than air until it warms. As the cold vapours mix with air,
thg airccan be chilled below the dew point, causing condensation and forming a visible clold.
Afterdwelling near the ground and warming sufficiently, the visible vapour cloud may fornr a

p|L'mo as it ricac
H-e—a5—1t+HS8S-

H.7 The flame fronts observed with hydrogen-in-air mixtures burn less readily when
constrained to burning in a horizontal direction, and even less so in a downward direction.

The release of a large quantity of hydrogen can form a plume that possesses an increasing
concentration of hydrogen towards the centreline of the plume. Regions of lower-
concentration hydrogen-air mixtures require greater initiation energy to ignite than those of
higher concentration towards the centre of a plume. Movement and water vapour in a plume
will also result in greater initiation energy when compared to the same composition mixture,
that is dry and without movement.
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Therefore, as a plume of hydrogen rises, the exterior regions of the plume (the regions likely
to encounter an ignition source) are less likely to ignite when compared to near-stoichiometric
mixtures. Should ignition occur in an exterior region of the plume, only the gas in the
immediate vicinity of the ignition source will tend to burn and the potential for flame
propagation or deflagration throughout the cloud is reduced. Therefore, unless some process
rapidly mixes the hydrogen plume to form a near-stoichiometric mixture with air throughout
the cloud, the normal factors that typically influence mixing (diffusion, buoyancy, wind, and
turbulence) in a release will not result in complete combustion of the plume.

H.8 Mitigation strategies for hydrogen release should consider providing for rapid
asfension of the gas to open air away rom Structures to assist with prevention of potential
igrfition during a release. Indoors, supplemental ventilation and/or adequate space for dilution
anfl dispersion of a release may be provided. Where gas detection is used as a “confrol
mgasure, sensors should be placed above release points and/or near the ceiling~exit fan|or
exit duct. The sensors require a routine calibration schedule, and the sensor showld only [be
calibrated using hydrogen as the calibration gas.

H.9 Hydrogen gas has several personnel safety and health hazard implications that should

be|considered during facility installation.

Hydrogen gas has the potential to cause oxygen deficiency. An-increased hydrogen-indair
mixture condition may be safe for breathing for short periodstof time, but the atmosphegre
would be above the lower flammable limit (LFL) causing a potentially explosive das
atmosphere.

Hydrogen flames, unless seeded with impurities,~ate very hard to see in daylight. This
praperty, combined with its low emissivity producing very little infrared radiation, maKes
hyfirogen combustion hard to sense until physical contact is made with the flame. Hydrogen
cofbustion in air also produces ultraviolet (UM)'radiation capable of producing effects similar
to pverexposure to the sun. Direct exposureito hydrogen flames produces immediate burns.

Hydrogen is very easily ignited where it is released and ignition and/or fire is normally
expected to occur. Small leaks may occur and ignite, but go unnoticed until maintenance
pefsonnel enter the area. A plume of hydrogen that is ignited will rapidly flash back to the
sopirce of hydrogen. From the perspective of controlling hazards, a hydrogen fire localized| to
a dqource or leak is often preferable to a growing hydrogen plume.

Where hydrogen leaks are known to be problematic, e.g. very high pressure or high
temperature systemsy\then additional safeguards for the leak sources should be considergd.
These safeguards could include:

o [ Deflectionguards to limit jet momentum and promote dispersion,

o [ Steam\jets around the source of release to cool high temperature releases, wet the das
and modify jet dispersion behaviour.

Combustion—of a-hvdrogen -cloudwill cccur comupletely within several seconds—There is hot
4 ) * 4

enough deposition of thermal energy to ignite typical substances of construction used in
buildings. Personnel caught in close proximity may be severely burned and directly exposed
flammable liquids may also be ignited.

Hydrogen stored at high pressure will normally produce a jet on release. If ignited, this would
create a loud jet of nearly invisible flame that would be extremely dangerous to anything in its
path. In high pressure systems with joints that are known to be susceptible to leakage
supplemental controls should be considered.

H.10 ISO/TR 15916 provides additional guidance on safety for hydrogen but does not
consider the classification of hazardous areas or suitably reference the IEC 60079 series. In
this case the safety guidance may be useful but the requirements from IEC 60079 series and
ISO/IEC 80079 series should also be followed.
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1.1

Annex |
(informative)

Hybrid mixtures

General

A hybrid mixture is a combined mixture of a flammable gas or vapour with a combustible dust

or

ombustible fl\]/ingc This hyhriri mixture. may- behave Hiffnrnnfly than the gnc/\lnpnnr ord

ing
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1.4 Chemical reactions
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iable and as such it is not practical to provide specific guidance. However this-Ann
vides guidance on issues that should be considered when hybrid mixtures are found.

Use of ventilation

e use of ventilation as a control measure needs to be carefully considered as it may redu
gas/vapour hazard but increase the dust hazard or have othefoyarying effects on f
erent components of the mixture.

Concentration limits

nybrid mixture may form an explosive atmosphere outside the individual explosive limits

a is available, that a hybrid mixture is considered explosive if the concentration of f{
5/vapour exceeds 25 % of the LFL or the cencentration of the dust exceeds 25 % of f{
C.

nsiderations should also be taken to chemical reactions that may occur within the materi
entrapped gas in the dust that'may result in evolution of gas in the process.

Energy/temperature limits

ition temperature for gas/vapour or minimum ignition temperature of a dust cloud could
er than any~component parameter in the mixture. In the absence of other information, {
rameterased should be the lowest of any component in the mixture.

st

ividually. The number of situations that may be encountered in industry will be highly

ex

ce
he

of

gas/vapour or explosive concentrations for the~dust. It is recommended, unless further

he
he

als

ere a hybrid mixture exists, the minimum ignition parameters such as MIE and aufo-

be
he

Zoning requirements

Consideration should be given to the assignment of both gas and dust zones with the same
rating to match the worst case requirement for any component, e.g. zone 21 with zone 2
should be considered as zone 21 with zone 1. It should be identified that the result of ignition
of any component will lead to a worst case consequence when considering any EPL
assessment.
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Annex J
(informative)

Useful equations in support to
hazardous area classification

J.1 General

Thu G}J}JIUGV:‘I tU haLalduuo daircd u:aca;f;uat;un IUL{U;IUD D\JLJIICJI ulldclatalld;lly Uf ﬂalllllla Ie
substance properties to identify their behaviour when released or being released:=l\lhe
following sections contain useful equations that could be used to calculate some paramete¢rs
influencing the dispersion and dilution of flammable gas or vapour in air at\ambignt
copditions. Laboratory or field tests are preferred where appropriate.

J.2 Dilution with air of a flammable substance release

The theoretical minimum ventilation flow rate of fresh air to dilute a given release|of
flammable substance to a concentration below the lower flammable limit O, ., can |be
calculated by means of the equation:

% , T 1)

Qamin =727 593

whlere

Oulmin is theoretical minimum ventilation flow rate of fresh air required for dilution (m3/s);

Qg is the volumetric release rate of flammable substance (m3/s);
LFIL is the lower flammable limit (vol/vol);
T, is the ambient temperature(K).

Safety margins should alway§,;be considered to account for other factors such as turbulerice
or uneven distribution of the/fresh air.

EXAMPLE

Find the theorgtical minimum ventilation flow rate of fresh air required to dilute a release rate
Qy| = 8,64 x104 m3/s of benzene due to the evaporation of a confined liquid pool, at [an
amlbient temperature of 40 °C:

Q T 864104 313 A
g & _— = X = 0,077 m° /s
LFL 293 0,012 293

Qa min —

A safety margin could be considered upon a sound judgement and hence a higher value
would be obtained.

NOTE The lower flammable limit was taken from ISO/IEC 80079-20-1.
J.3 Estimate of the time required to dilute a flammable substance release

The theoretical time ty required to dilute the concentration of flammable substance from a
certain steady state background concentration X, to a required critical concentration X, in a
specific volume, can be estimated from:
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fg=--In| —— (J.2)
C Xerit
where
tq is the theoretical time required to dilute a defined value of flammable substance

concentration to another one lesser than first (s);

f is the ventilation inefficiency factor;

C tsthenumberof airchanges perunit time-mthe—specificvotumets—H;

Xp| is the flammable substance background concentration at steady-state conditigns
(vol/vol);

X.fit is the desired/critical value of the flammable substance concentration (vol/vgh.

EXAMPLE

Find the theoretical time to reduce the average flammable substance\concentration in |an
artfficially ventilated enclosure with a number of air changes per,Ghit time C = 0,002 $1
(=16 h ~) from the initial value X, = 0,012 to the desired value X 4= 0,0024 if the ventilatjon
indfficiency factor is 3:

ty=Lin[ X |23 n[0912 | 5445 ¢~ 403 min
Xy ) 0002 00024

The theoretical time ¢y calculated as above istbased on an ideal dilution of the flammable
substance released into the enclosure. Sdafety margins should always be considered|to
acgount other factors such as turbulence or@neven distribution of the flammable substance
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Annex K
(informative)

Industry codes and national standards

1 General

In general, examples of classification may be accepted in accordance with national or industry

co
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Ch individual case, e.g. process and location characteristics.

general, the examples provided in industry codes and national standafds are based on f
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appropriate national standard or industry code; or
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extent of the hazard or the likelihood of the oceurrence of a particular hazardous area.
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a preferred base for a site or application, examples from another standard should not
ected to achieve a less rigorous classification without due justification. Notwithstanding t
nciple, in some cases the classification examples provided in relevant industry codes
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ere examples from industry codes or national standards are used, then they should
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Table K.1 — Examples of codes and standards

Country or Region Code or Standard Title Developing Body Application Notes
of Origin Designation
Australia and New AS/NZS (IEC) Explosive Standards Australia/ |Additional detail is

Zealand

60079.10.1

Atmospheres Part 10-
1: Classification of
areas — Explosive
Gas Atmospheres

Standards
New Zealand

included in AS/NZS
60079.10.1 as a
national Annex or
Supplement

Germany

DGUV-Regel 113-001
“Explosionsschutzreg

Explosionsschutz-
Regeln (EX-RL) —

DGUV-Deutsche
Gesatzliche

eln (EX-RL)

Sammlung
technischer Regeln
fur das Vermeiden der
Gefahren durch
explosionsfahige
Atmosphare mit
Beispielsammlung zur
Einteilung
explosionsgefahrdeter
Bereiche in Zonen

Explosion Protection
Rules (EX-RL) —
Collection of technical
rules for avoiding the
dangers of explosive
atmospheres with
examples collection
for classification of
hazardous areas into
zones

Untallversicherung

TRBS 2152/
TRGS 720

Gefahrliche
explosionsfahige
Atmosphére)—
Allgemeines

Hazardous explosive
atmospheres —
General information

BauA-Bundesanstalt
fur Arbeitsschutz und
Arbeitsmedizin

TRBS 3151/TRGS 751

Vermeidung von
Brand-, Explosions
und
Druckgefahrdungen
an Tankstellen und
Gasfillanlagen zur
Befilllung von
Landfahrzeugen

Avoidance of fire,
explosion and
pressure hazards at
filling stations and
gas filling systems for
filling land vehicles

BauA-Bundesanstalt
flr Arbeitsschutz und
Arbeitsmedizin

TRGS 509

Lagern von flissigen

dfaat
tHe—eSteh

BauA-Bundesanstalt

£ Aol oot [ ol
o= o eSStttz

Gefahrstoffen in
ortsfesten Behaltern
sowie Fill und
Entleerstellen fur
ortsbewegliche
Behalter

Storage of liquid and
solid hazardous
substances in fixed
containers as well as
filling and emptying
points for mobile
containers

Arbeitsmedizin
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Country or Region
of Origin

Code or Standard
Designation

Title

Developing Body

Application Notes

TRGS 510

Lagerung von
Gefahrstoffen in
ortsbeweglichen
Behaltern

Storage of hazardous
substances in
transportable
containers

BauA-Bundesanstalt
flr Arbeitsschutz und
Arbeitsmedizin

Sweden

Klassning av
explosionsfarliga
omraden

Classification of
Hazardous Areas

SEK Svensk
Elstandard

Available only if
Swedish

Switzerland

SUVA Merkblatt
Nr. 2153

Explosionsschutz-
Grundsatze-

Mindestvorschriften-
Zonen

Explosion protection-
Basics-Minimal
requirements-Zones

Schweizerische
Unfall-
versicherungsanstalt

The¢ Netherlands

NPR 7910-1

Netherlands practical
guideline NPR 7910-
1, Classification of
hazardous areas with
respect to explosion
hazard — part 1: gas
explosion hazard;
based on NEN~EN-
IEC 60079-10-1

Netherlands
StandardiZation
Institute, NEN

UK|

El15

Model code.of safe
practicesfor the
petroleum industry,
Part 15: Area
Classification Code
for Petroleum
Installations Handling
Flammable Liquids.

Energy Institute

El15 is used as an
industry standard ir|
the petro(chem)
industry in many
countries

IGEM/SR/25

Hazardous area
classification of
natural gas
installations.

Institution of Gas
Engineers and
Managers

USA

API'"RP 505

Recommended
Practice for
Classification of
Locations for
Electrical Installations
at Petroleum Facilities
classified as Class I,
Zone 0, Zone 1 and
Zone 2.

American Petroleum
Institute (API)

NFPA 59A

Standard for the
Production, Storage,
and Handling of
Liquefied Natural
Gas.

National Fire
Protection
Association

NFPA 496

Standard for Purged
and Pressurized
Enclosures for
Electrical Equipment

National Fire
Protection
Association

Where relevant to
pressurized control
room
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Practice for the
Classification of
Flammable Liquids,
Gases, or Vapours
and of Hazardous
(Classified) Locations
for Electrical
Installations in
Chemical Process

Protection
Association

Country or Region Code or Standard Title Developing Body Application Notes
of Origin Designation
NFPA 497 Recommended National Fire

Areas.
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COMMISSION ELECTROTECHNIQUE INTERNATIONALE

ATMOSPHERES EXPLOSIVES -

Partie 10-1: Classification des emplacements —
Atmospheéres explosives gazeuses

AVANT-PROPOS

La Commission Electrotechnique Internationale (IEC) est une organisation mondiale de(normalisa
composée de I'ensemble des comités électrotechniques nationaux (Comités nationaux de I'lEC).*L'IEC a p
objet de favoriser la coopération internationale pour toutes les questions de normalisation.dans les domai
de I'électricité et de I'électronique. A cet effet, 'IEC — entre autres activités — publie des Norn
internationales, des Spécifications techniques, des Rapports techniques, des Spécifications accessibles
public (PAS) et des Guides (ci-aprés dénommés "Publication(s) de I'l[EC"). Leur élaboration est confiée a
comités d'études, aux travaux desquels tout Comité national intéressé par le sujet traité peut participer.
organisations internationales, gouvernementales et non gouvernementales, en,liaison avec I'lEC, particip
également aux travaux. L'IEC collabore étroitement avec I'Organisation Interpationale de Normalisation (IS
selon des conditions fixées par accord entre les deux organisations.

Les décisions ou accords officiels de I'lEC concernant les questions techhiques représentent, dans la mes
du possible, un accord international sur les sujets étudiés, étant donné' que les Comités nationaux de I
intéressés sont représentés dans chaque comité d’études.

Les Publications de 'lEC se présentent sous la forme de recommandations internationales et sont agré
comme telles par les Comités nationaux de I'lEC. Tous les £fforts raisonnables sont entrepris afin que I’
s'assure de I'exactitude du contenu technique de ses publigations; I'lEC ne peut pas étre tenue responsable
I'éventuelle mauvaise utilisation ou interprétation qui en est faite par un quelconque utilisateur final.

Dans le but d'encourager l'uniformité internationale, Iés\Comités nationaux de I'l[EC s'engagent, dans toutd
mesure possible, a appliquer de fagon transparente‘tes'Publications de I'lEC dans leurs publications nationg
et régionales. Toutes divergences entre toutesPublications de I'lEC et toutes publications nationales
régionales correspondantes doivent étre indiquéesen termes clairs dans ces dernieres.

L'IEC elle-méme ne fournit aucune attestation de conformité. Des organismes de certification indépendd
fournissent des services d'évaluation de(conformité et, dans certains secteurs, accédent aux marques
conformité de I'lEC. L’IEC n'est responsable d'aucun des services effectués par les organismes de certifica
indépendants.

Tous les utilisateurs doivent s'assurer qu'ils sont en possession de la derniére édition de cette publication.

Aucune responsabilité ne ,doit” étre imputée a I'IEC, a ses administrateurs, employés, auxiliaires
mandataires, y compris ses._experts particuliers et les membres de ses comités d'études et des Com
nationaux de I'lEC, pour tout préjudice causé en cas de dommages corporels et matériels, ou de tout a
dommage de quelque‘nature que ce soit, directe ou indirecte, ou pour supporter les colts (y compris les fi
de justice) et les dépenses découlant de la publication ou de I'utilisation de cette Publication de I'lEC ou
toute autre Publication de I'lEC, ou au crédit qui lui est accordé.

L'attention est:attirée sur les références normatives citées dans cette publication. L'utilisation de publicati
référencées. est obligatoire pour une application correcte de la présente publication.

L’attention-est attirée sur le fait que certains des éléments de la présente Publication de 'lEC peuvent f
I'objet de droits de brevet. L’IEC ne saurait étre tenue pour responsable de ne pas avoir identifié de tels dr
desbrevets et de ne pas avoir signalé leur existence.
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des emplacements dangereux et regles d'installation, du comité d'études 31 de I'IEC:
Equipements pour atmosphéres explosives.

Cette troisieme édition de I'lEC 60079-10-1 annule et remplace la deuxiéme édition parue
en 2015. Cette édition constitue une révision technique. Les modifications techniques
majeures par rapport a I’édition précédente sont les suivantes:
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Type
Modificatio Modificatio
Modifications Article mineures et | Extension ns
. . techniques
rédactionne X
majeures
lles
Suppression des applications commerciales et
industrielles du gaz combustible des exemptions du | 1 C1
Domaine d'application
Mise a jour de détails éditoriaux et de notes dans
|les-définitions 3 X
Slippression de la définition 3.7.3 de I’édition
antérieure portant sur les défaillances X
cdtastrophiques (traitées au 4.5)
Infroduction d'un nouveau 4.4.2 Zone d’étendue
: 4.4.2 X
neégligeable
Infroduction d'un nouveau 5.3.2 Installations au
] 5.3.2 X
g3z combustible
Nouvelle numérotation des titres 7 X
Introduction de la Figure 1 — Volume de dilution 7 X
M|se a niveau du Tableau A.1 avec la limite
sypérieure d’inflammabilité (LSI) et I'en-téte de sa A1 X
cqlonne 15 avec la "source de données"
M|se a jour du schéma de la Figure B.1 B.6 X
M|se a jour des équations de la vitesse
d'Bvaporation de fagon a sd’alignerr les récentes B.7.3 X
mpdifications des sources
M|se a jour du graphique de la Figure B.2
sglon les équations mises a jour de la vitesse
N ) ) - B.7.3 X
d'Bvaporation et de la vitesse de ventilation
de 0,25 m/s
Restructuration du Tableau C.1 C.3.4 X
Slippression du facteur de sécurité k et'en le
sypprimant de I'axe horizontal du graphique de la C.3.5 C2
Figure C.1
Regvision des équations (C.2) et(C.3) C.5.2 C3
Revision des équations (€.4) et (C.5) C.5.3 C4
Revision du graphique de la Figure C.6: C53 c5
mpdification de I’étiquétte de I’axe horizontal e
bvisi I’'é i i
I’?,V|S|c_)n de 'égquation (C.6) et suppression de C54 c6
I’dquation (C.7)
Slippression du facteur de sécurité k et et en le
sypprimant de I'axe horizontal des graphiques de la | D.3 (o4
F1gure D.1
Imposition de limitations a I'utilisation du graphique
- D.3 X
de la Figure D.1
Mise a jour et corrections dans I'Annexe E Annexe E X
Mise a niveau de I'"Annexe G relative aux
: ) Annexe G X
brouillards inflammables
Introduction de nouveaux points dans le
Tableau K.1 Annexe K X
Introduction de nouveaux points dans la Bibliographie X

NOTE Les modifications techniques dont il est fait mention comprennent les modifications techniques majeures
contenues dans la version révisée de la norme IEC, mais elles ne constituent pas une liste exhaustive de toutes

les modifications par rapport a la version précédente.
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Explications:

A) Définitions

Modifications mineures et rédactionnelles clarification

réduction des exigences techniques
modifications techniques mineures
corrections d'ordre rédactionnel

Ces modifications portent sur les exigences et sont de nature rédactionnelle ou technique

mi
ex

Ex

Ce
ted
niv

Mg

B)

C1

C2

C3
C4
C5
C6
C7

neure. Elles comprennent des modifications de formulations destinees a clarifien
gences techniques sans apporter de modification technique.

tension ajout d’options techniques

s modifications ajoutent de nouvelles exigences techniques ou modifient| les exigend
hniques existantes, de maniére a fournir de nouvelles options sans toutefois augmenter
eaux d’exigences.

difications techniques majeures ajout d’exigencestechniques

Information sur le contexte des modifications

augmentation.du niveau d’exigences
techniques

Le point e€) de I'édition antérieure énoncait: “applications commerciales et industriel

es

es
es

es

dans lesquelles seul du gaz combustible basse pression est utilisé, par exemple, pour

cuisiner, chauffer lI'eau, etc., linstallation satisfaisant aux codes de
correspondants. Il convient que les @applications industrielles ne soient, en aucu
fagon, exclues du champ d'application de la présente norme. Se reporter égalemd
au nouveau 5.3.2.

az
ne
ent

Le facteur k était initialement:destiné a prévoir une sécurité supplémentaire concernant

les incertitudes liées a la détermination de la LIl pour les substances inflammables,
particulier les mélanges<gazeux. Toutefois, celui-ci a été jugé inutile et prétant
confusion compte tenu'de 'origine du graphique.

Les équations ont été mises a jour de fagon a s’aligner sur la BS 5925

Les équations;ont été mises a jour de fagon a s’aligner sur la BS 5925

Le graphique est révisé pour prendre en compte la nouvelle équation (C.4)
L’équation a été mise a jour de fagon a s’aligner sur la BS 5925

Se reporter aux explications figurant sous C2

en
a

Ces modifications sont apportées aux exigences techniques (ajout, augmentation de leur
niveau ou suppression).

NOTE Ces modifications reflétent le niveau de maitrise technologique actuel. Cependant, en regle générale, il
convient que ces modifications n’aient pas une incidence sur les matériels déja mis sur le marché.

Le texte de cette norme est issu des documents suivants:

FDIS Rapport de vote
31J/307/FDIS 31J/310/RVD

Le rapport de vote indiqué dans le tableau ci-dessus donne toute information sur le vote ayant
abouti a I'approbation de cette Norme internationale.
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Ce document a été rédigé selon les Directives ISO/IEC, Partie 2.

Une liste de toutes les parties de la série IEC 60079, publiées sous le titre général
Atmospheres explosives, peut étre consultée sur le site web de I'lEC.

Le comité a décidé que le contenu de ce document ne sera pas modifié avant la date de
stabilité indiquée sur le site web de I'IEC sous "http://webstore.iec.ch" dans les données
relatives au document recherché. A cette date, le document sera

reconduit,

supprimé,
remplacé par une édition révisée, ou

amendé.

IMPORTANT - Le logo "colour inside"” qui se trouve sur la page de couverture de cefte
blication indique qu'elle contient des couleurs qui sont considérées comme utileg a

pu
un
im

e bonne compréhension de son contenu. Les utilisateurs devraient, par conséque
primer ce document en utilisant une imprimante couleur.

ht,
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INTRODUCTION

Dans les emplacements ou des quantités et concentrations dangereuses de gaz ou vapeurs
inflammables peuvent apparaitre, il est nécessaire d'appliquer des mesures pour réduire le
risque d'explosions. La présente partie de I'lEC 60079 expose les critéres essentiels en
fonction desquels les dangers d'inflammation peuvent étre évalués et donne des
recommandations relatives aux paramétres de conception et d'exploitation qui peuvent étre
appliquées pour réduire ces dangers.
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ATMOSPHERES EXPLOSIVES -

Partie 10-1: Classification des emplacements —
Atmospheéres explosives gazeuses

1 Domaine d’application

La|présente partie de I'lEC 60079 concerne la classification des emplacements dans lesqugls
dep phénomenes dangereux dus a des gaz ou vapeurs inflammables peuvent apparaitre,| et
pelt ainsi constituer une base pour la conception, I'exploitation et la maintenance,correctes
du|matériel utilisé dans de tels emplacements.

Elle est destinée a étre appliquée la ou il peut exister un danger d'inflammation du fait de| la
prgsence de gaz ou vapeurs inflammables, en mélange avec l'air, mais elle’ne s'applique pas:

a) | aux mines grisouteuses;
b) | au traitement et a la fabrication des explosifs;

c) | aux défaillances catastrophiques ou rares dysfonctionnements, qui dépassent le concept
de normalité traité dans la présente norme (voir 3.7.3 et4.5);

d) | aux locaux utilisés a des fins médicales;
e) | aux locaux a usage domestique;

f) | lorsqu’un danger peut apparaitre compte tenu de la présence de poussiéres combustibles
ou de particules combustibles en suspension' dans I'air, mais les principes définis peuvéent
toutefois étre appliqués dans I'évaluation, d’'un mélange hybride (se reporter également a
I'IEC 60079-10-2).

NOJTE Des recommandations supplémentaires,relatives aux mélanges hybrides sont fournies dans I’Annexe |.

Des brouillards inflammables pedyent se former ou étre présents en méme temps que [es
vapeurs inflammables. Dans\ce” type de cas, l'application stricte des détails du présé¢nt
dofument peut ne pas étre-appropriée. Les brouillards inflammables peuvent également |se
former lorsque les liquides_qui ne sont pas considérés comme dangereux en raison du pdint
d’d4clair élevé sortent sous pression. Dans ces cas, les classifications et détails donnés dgns
le [ présent document* ne s’appliquent pas. Des informations relatives aux brouillatds
inffammables sont-dennées a ’Annexe G.

Pour les besoins du présent document, un emplacement est une région ou un espgce
trigimensiannel.

—
[0}
L

c¢onditions atmosphériques englobent les écarts au-dessus et au-dessous des niveaux|de

nca—de 0 D 0 m-b o n.° Q - ond on—aLe a af

négligeable sur les propriétés explosives des substances inflam
Dans tout site quelle que soit son importance, il peut y avoir de nombreuses sources
d'inflammation en dehors de celles qui sont associées au matériel. Il est nécessaire dés lors
de prendre les précautions appropriées pour garantir la sécurité. La présente norme est
applicable avec prudence pour ces autres sources d'inflammation mais d'autres applications
peuvent nécessiter de prendre en considération d’autres mesures de protection. Par exemple,
de plus grandes distances peuvent s'appliquer aux flammes nues lorsqu’il s’agit de permis de
travaux a chaud.

Le présent document ne tient pas compte des conséquences de l'inflammation d'une
atmospheére explosive, sauf dans une zone si petite que si une inflammation se produit, ses
conséquences sont négligeables (voir 3.3.8 et 4.4.2).
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Références normatives

document ne contient aucune référence normative.

Termes et définitions

20

Pour les besoins du présent document, les termes et définitions donnés dans I'lEC 60079-0 et

les

suivants s'appliquent.

L'l
en

NO
I'"E

3.1

atmosphére explosive

mé
de
au

[S

3.2

atmosphére explosive gazeuse

mé
de

50 et I'lEC tiennent a jour des bases de données terminologiques destinées a étre utilisé
normalisation, consultables aux adresses suivantes:

IEC Electropedia: disponible a 'adresse http://www.electropedia.org/
ISO Online browsing platform: disponible a I'adresse http://www.iso.org/obp

TE Des définitions supplémentaires applicables aux atmosphéres explosives peuvent, étre consultées d
C 60050-426.

lange avec l'air, sous conditions atmosphériques, de substahces inflammables sous for
gaz, de vapeur ou de poussiéres qui, aprés inflammation, permet une propagat
oentretenue

DURCE: IEC 60079-0:2017, 3.38]

lange avec l'air, sous conditions atmosphériques, de substances inflammables sous for
gaz ou de vapeur qui, aprés inflammation, permet une propagation autoentretenue

No
d'i

recbmmandé de le considérer comme tel généralement a des fins de classification des emplacements dangereux.

No

ac§
[va
OXY

[S

3.3
en

3.3
en

e 1 a l'article: Bien qu'un mélange \dont Ila concentration est supérieure a la limite supérieg
lammabilité (LSI) ne soit pas une Aatmosphere explosive gazeuse, il peut aisément le devenir et il

e 2 a l'article: Certains gaz_et\eertaines vapeurs sont explosifs a une concentration de 100 % (par exem
tylene, CAS n° 74-86-2, C,H,;) monochlorure de vinyle acétyléne, CAS n° 689-97-4, C,H,; nitrate de 1-pro(
beur], CAS n° 627-13-4, CH [CH 1 , NOg; nitrate d'isopropyle [vapeur], CAS n°® 1712- 64 7 [CH,;]1 , CH ON

de d'éthyléne [vapeur]s CAS n° 75 21 8, [CH,] , O; hydrazine [vapeur], CAS n°® 302-01-2, H, N,).

DURCE: IEC 600/9-0:2017, 3.40, modifiée (ajout des Notes a I'article)]

placements et zones dangereux

A
placement dangereux <en raison d’atmospheres explosives gazeuses>

es

ANsS

me
on

ne

ure
est

ble,
yle

O,;

emplacement dans lequel une atmosphere explosive gazeuse est présente ou dont il peut étre
prévu qu'elle est présente, en quantités suffisantes pour exiger des précautions particuliéres
pour la construction, l'installation et I'utilisation d’équipements

3.3.2
emplacement non dangereux <en raison d’atmosphéres explosives gazeuses>
emplacement dans lequel il n'est pas prévu qu’'une atmosphére explosive gazeuse soit

présente en quantités suffisantes pour exiger des précautions particuliéres pour
construction, l'installation et I'utilisation d’équipements

la
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https://iecnorm.com/api/?name=1196a436ad64675e41518b22a622b9f1

IEC 60079-10-1:2020 © |IEC 2020 - 125 -

3.3.3
zone
classification des emplacements dangereux d’aprés la fréquence d’apparition et la durée de la
présence de I'atmosphére explosive

3.3.4

Zo

ne 0

emplacement dans lequel une atmosphére explosive gazeuse est présente en permanence,

ou

pour de longues périodes ou fréquemment

Nofe 1 a Il'article: Les termes "longues" et "fréquemment" sont destinés a décrire une trés forte probabilité

de

ter

pur

présence d'une atmosphere potentiellement explosive dans I'emplacement. A cet égard, il n'est pas nécessaire| de
qudntifier ces termes.

3.3.5

Zone 1

enplacement dans lequel une atmosphére explosive gazeuse est susceptible de se présen
ocgasionnellement en fonctionnement normal

3.3.6

Zone 2

enmplacement dans lequel une atmosphére explosive gazeuse-n'est pas susceptible de
prgsenter en fonctionnement normal mais qui si c’est le cas; peut persister uniguement
ung durée courte

Nofe 1 a l'article: Des indications sur la fréquence d'apparition- et\la durée peuvent étre obtenues a partir

Co(g

[S

3.3
ét
di
un
d’i

3.3

es des industries spécifiques ou des applications.

DURCE: IEC 60050-426:2020, 426-03-05]

7
ndue de zone
tance, dans toutes les directions, a-partir de la source de dégagement et jusqu’au point

fHes

ou

meélange gaz/air est dilué par I'aitf“a une concentration au-dessous de la limite inférielire

hflammabilité

.8

Zone EN

Zo
né

ne d'étendue négligeable telle que si l'inflammation se produit, ses conséquences s
pligeables

No

e 1 a l'article:\\Les zones d'étendue négligeable peuvent étre une Zone 0 EN, une Zone 1 EN ou

Zone 2 EN.

3

dégagements

3.

A

bnt

ne

source de dégagement
point ou localisation a partir duquel un gaz, une vapeur, un brouillard ou un liquide
inflammable peut étre dégagé dans 'atmosphére, de telle sorte qu'une atmosphere explosive
gazeuse peut étre formée

[SOURCE: IEC 60050-426:2020, 426-03-06]

3.4.2

degré "dégagement continu”
dégagement qui est continu ou qui est supposé apparaitre fréequemment ou sur de longues
périodes
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Note 1 a l'article: Les termes "fréquemment" et "longues” sont destinés a décrire une tres forte probabilité de
dégagement potentiel. A cet égard, il n'est pas nécessaire de quantifier ces termes.

3.4.3
degré "dégagement primaire”
dégagement qui peut étre périodique ou occasionnel, en fonctionnement normal

3.4.4

degré "dégagement secondaire”

dégagement non prévisible en fonctionnement et qui, s’il se produit néanmoins, le fait avec
une _probabilité faible et sur de courtes durées

3.4.5

taux de dégagement
qupntité de gaz, de liquide, de vapeur ou de brouillard inflammable émise par unité de temps
paf la source de dégagement

3.5
ventilation et dilution

3.8.1

veptilation
mduvement de l'air et son remplacement par de l'air frais dus dux effets du vent et/ou a des
grgdients de température, ou a des moyens artificiels \(par exemple, ventilateurs |ou
exfracteurs)

Nofe 1 a l'article: Le terme "air frais" est destiné a étre synonymé.du terme "air propre" utilisé dans I'lEC 6007913.
Led deux termes définissent de I'air sans gaz ou vapeur inflammable.

3.8.2

dilution

mdlange de vapeur ou de gaz inflammable avec l'air qui, dans le temps, réduit
cohcentration inflammable

a

3.5.3

vojume de dilution
volume a proximité d'une source de dégagement ou la concentration d'un gaz ou d'une
vapeur inflammable n'est pas-diluée a un niveau sar

Nofle 1 a I'article: Dans certains cas, les volumes de 3.5.3 et 3.5.5 peuvent étre identiques.

3.4

copncentration_de fond
copcentratiof moyenne de substance inflammable dans le volume a I'étude hors du panadhe
ou|du jet de dégagement

3.4.5
volume-at-étude
volume concerné par la ventilation a proximité du dégagement a I'étude

Note 1 a l'article: S'agissant d'un espace clos, il peut s'agir d'une piéce entiere ou d'une partie d'un espace plus
important dans laquelle la ventilation a I'étude dilue le gaz ou la vapeur a partir d'une source de dégagement
donnée. En extérieur, il s'agit du volume qui entoure une source de dégagement dans laquelle un mélange explosif
peut se former. Dans les espaces extérieurs exigus, ce volume peut étre dicté par I’enveloppe partielle fournie par
les objets environnants.

3.6
propriétés d'une substance inflammable

3.6.1

substance inflammable

substance inflammable par elle-méme ou capable de produire un gaz, une vapeur ou un
brouillard inflammable
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3.6.2

liquide inflammable

liquide capable de produire une vapeur inflammable dans toute condition d'exploitation
prévisible

Note 1 a l'article: Un exemple de condition d’exploitation prévisible est la manipulation du liquide inflammable a
des températures proches ou au-dessus de son point d’éclair.

Note 2 a l'article: Cette définition est utilisée pour la classification des emplacements dangereux et peut étre
différente de la définition des liquides inflammables utilisés pour d'autres besoins (codes de classification des
liquides inflammables pour le transport, par exemple).

ou vapeur inflammable
ou vapeur qui, mélangé(e) a l'air dans certaines proportions, forme une atmosphégre
losive gazeuse

.5
uillard inflammable
ttelettes de liquide, dispersées dans l'air et qui forment.une atmosphere explosive

e 1 a l'article: Les brouillards sont également appelés aérosols,

3.6.6
mélange hybride
médlange de gaz ou de vapeur inflammable avec une poussiére

Nofle 1 a l'article: Conformément a I'lEC 60079x10-2, le terme "poussiére" est défini comme incluant a la fois|les
poUssiéres combustibles et les particules combustibles en suspension dans l'air.

3.4.7

depsité relative d'un gaz ou.d'une vapeur
ragport de la densité d'un gaz ou d'une vapeur a la densité de l'air a la méme pression et 3
mégme température (elle estyégale a 1,0 pour I'air)

a

3.6.8

pojint d’éclair
température la plus basse d’un liquide a laquelle, dans certaines conditions normalisées, |ce
ligtiide libéredes vapeurs en quantité telle qu’'un mélange vapeur/air inflammable puisse |se
former

3.6.9
pointd'ébullition
température a laquelle un liquide bout a la pression ambiante de 101,3 kPa (1 013 mbar)

Note 1 a l'article: Le point d'ébullition initial utilisé dans les mélanges de liquides pour indiquer la valeur la plus
basse du point d'ébullition de la plage des liquides présents dans le mélange, telle que cette valeur est déterminée
par distillation en laboratoire normale sans fractionnement.

3.6.10
pression de vapeur
pression exercée quand un solide ou un liquide est en équilibre avec sa propre vapeur

Note 1 a l'article: Il s'agit également de la pression partielle de la substance dans I'atmosphére au-dessus du
liquide. Elle dépend de la substance et de la température.
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3.6.11

température d’auto-inflammation (TAl)

température la plus basse (d'une surface) a laquelle se produit I'inflammation d’'un gaz ou
d’'une vapeur inflammable mélangé(e) a l'air ou d’'un mélange air/gaz inerte, dans des
conditions d'essais spécifiées

[SOURCE: ISO/IEC 80079-20-1:2017, 3.3]

3.6.12

limite inférieure d'inflammabilité (LII)
cofcentration de gaz ou de vapeur inflammable dans I'air, au-dessous de laquelle\Une
atmospheére explosive gazeuse ne se forme pas

Nofle 1 a I'article: Le terme "limite inférieure d'explosivité" est utilisé en particulier en normalisatiop,'européenng et
dar]s les réglements pour décrire cette limite.

[SPURCE: ISO/IEC 80079-20-1:2017, 3.6.1]

3.6.13

limite supérieure d’inflammabilité (LSI)
copcentration de gaz ou de vapeur inflammable dans l'air, (@u-dessus de laquelle Une
atrhosphére explosive gazeuse ne se forme pas

Nofle 1 a l'article: Le terme "limite supérieure d'explosivité" est utilisé en’particulier en normalisation européepne
et dans les réglements pour décrire cette limite.

[SPURCE: ISO/IEC 80079-20-1:2017, 3.6.2]
3.7
manceuvre
3.71.1

fonpctionnement normal
sityiation dans laquelle le matériel fonctionne selon ses paramétres nominaux

Notfe 1 a l'article: Des défaillances\(la rupture de garnitures d'étanchéité de pompe ou de joints d’étanchéité| de
brides ou des déversements accidentels, par exemple) qui entrainent une réparation ou un arrét ne sont pas
corlsidérées comme faisant partié du fonctionnement normal.

Note 2 a l'article: Le fonetionnement normal inclut les conditions de démarrage et d'arrét, ainsi que| la
ma|ntenance courante, mais‘exclut le démarrage initial de la mise en service.

3.1.2

maintenance,courante
action a réaliser occasionnellement ou périodiqguement en fonctionnement normal afin de maintenir |es
pefformances’correctes du matériel

enI a l'article: La maintenance courante ne comprend pas les activités au cours desquelles la quanftité
dédagée—ou—te—tad de—aégagermen SFed e ad s i
d’emplacement. Par exemple, lorsque le matériel ou les systémes exigent un démontage partiel, ou lorsqu’une
purge délibérée dans I’'atmosphére est exigée pour permettre la réalisation de I'activité de maintenance.

a—a—eaden eH—a ad é—pod a—eta eadion
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3.7.3
dysfonctionnement rare
type de dysfonctionnement qui peut se produire mais uniquement dans de rares cas

Note 1 a l'article: Dans le contexte de la présente norme, les dysfonctionnements rares incluent la défaillance des
commandes de processus seéparées et indépendantes, qui peuvent étre automatisées ou manuelles, et qui
entrainent une série d'événements qui donnent lieu a un dégagement important de substance inflammable.

Note 2 a I'article: Les dysfonctionnements rares peuvent également inclure les conditions imprévues non
couvertes par la conception des installations (la corrosion imprévue qui donne lieu a un dégagement, par
exemple). Lorsque des dégagements dus a la corrosion ou a des conditions analogues peuvent ou sont

sumem €S d etre raisonnablement prevus dans le cadre de lexploitaton de rinstanation, 11 ne sagit pas dun
dydfonctionnement rare.
4 | Généralités

4.1 Principes de sécurité

Il qgonvient que les installations dans lesquelles des substances inflammables sont manipuldes
ou| stockées soient congues, construites, exploitées et entretenues)de sorte que tous |es
dépagements de substances inflammables, et par conséquent, que I'étendue des
enlplacements dangereux soit maintenue la plus réduite possible, en ce qui concerne|la
fréjguence, la durée et I'importance d'un dégagement.

Il ¢st important d'examiner les parties du matériel de production et les systemes d'ou peut
sufvenir un dégagement de substance inflammable et d'envisager la modification de|la
cohception pour réduire le plus possible tant Ja\‘probabilité que la fréquence de tgls
dépagements, ainsi que la quantité et le taux de dégagement de substance.

NOITE 1 Dans le contexte du présent document, le “‘matériel de production comprend tout élément qui peut
corjtenir un gaz ou un liquide inflammable.

Il [convient d'examiner ces considérations fondamentales a un stade précoce |du
déyeloppement de la conception dn local industriel, et il convient également de lgur
acgorder une attention extréme. lors de la réalisation de [|'étude de classification des
emplacements dangereux.

Dans le cas d’activités @autres que le fonctionnement normal (la mise en service oufla
mdintenance non courarnte, par exemple), la classification des emplacements dangereux péut
ne| pas étre valable.' L’hypothése est faite que les activités autres que celles |de
forjctionnement nermal sont traitées par un systéme de travail sécurisé. Il convient que|la
clgssification des ‘emplacements dangereux tienne compte de la maintenance courante.

Dans les_sSituations ou il peut y avoir une atmosphére explosive gazeuse, il convient [de
préndre.fes mesures suivantes pour éliminer:

a

~

lalprobabilité d'apparition d'une atmosphére explosive gazeuse a proximité de la soufce
d'inflammation, ou

b) la source d'inflammation.

Lorsque cela n'est pas possible, il convient de choisir et de préparer des mesures
préventives, des matériels de production, des systemes et des procédures tels que la
probabilité de la simultanéité de a) et b) soit ramenée a un niveau admis comme étant aussi
faible que raisonnablement possible. De telles mesures peuvent étre appliquées
individuellement, s'il est reconnu qu'elles présentent une grande fiabilité, ou combinées de
fagon a obtenir le niveau de sécurité exigé.

NOTE 2 "Aussi faible que raisonnablement possible (ALARP)" est un terme reconnu dans de nombreuses
juridictions et comprend le fait de mettre en place des contréles conformes a I'état de I'art actuel et aux codes et
normes pertinents.
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Le présent document donne des recommandations relatives aux aspects qu'il convient de
prendre en considération et la classification des emplacements dangereux exige d'appliquer
de bonnes pratiques techniques.

4.2 Objectifs de la classification des emplacements dangereux

La classification des emplacements dangereux est une méthode d'analyse et de classification
de I'environnement dans lequel peuvent apparaitre des atmosphéres explosives gazeuses, de
facon a faciliter le choix, l'installation et I’exploitation corrects du matériel utilisable sans
danger dans cet environnement. La classification prend également en compte les
ca dbtél;btiquvb d,illﬂdlllllldb;“té du ydL Uu UICb vapcurs tU“Cb yuc i’éllwgic u”illﬂdlllllld‘l;ull et
la température d'inflammation. La classification des emplacements dangereux a deux objecf{ifs
principaux: la détermination du type d'une zone dangereuse, et [I'étendue de>zdgne
(vqir I'Article 8 et I'Article 9).

NOJTE Les caractéristiques choisies peuvent étre désignées pour les matériels (I'énergie diinflammation et |les
carpctéristiques assignées de température, par exemple). Voir I'lSO/IEC 80079-20-1.

En| pratique, dans la plupart des cas ou des substances inflammables 'sont utilisées, il est
difficile de faire en sorte qu'une atmosphére explosive gazeuse n'apparaisse jamais. Il p¢ut
aupsi étre difficile de faire en sorte que le matériel ne preduise jamais de soufce
d'inflammation. C'est pourquoi, lorsque la présence d'une atmospheére explosive gazeuse est
hajitement probable, un matériel qui a une faible probabilité de créer une soulce
d'inflammation est utilisé. Inversement, si la probabilité/,de présence d'une atmosphgre
explosive gazeuse est faible, un matériel qui répond a des“exigences moins séveres peut é‘tre
utilise.

En| particulier, il convient de réduire le plus pa@ssible tant en nombre qu‘en étendue, [es
enlplacements de Zone 0 ou de Zone 1 par\ conception ou par des procédures |de
forjctionnement adaptées. En d’autres termesyil convient que les usines et les installatigns
solent principalement en Zone 2 ou en zone non dangereuse. Quand un dégagement |de
substance inflammable est inévitable, il convient de limiter les matériels de production a cqux
qu| produisent des degrés "dégagemeht secondaire”, ou sinon (a savoir quand des degiés
"degagement primaire" ou "dégagement continu" sont inévitables), il convient de limiter |es
dépgagements a de petites quaptités et a des taux faibles. Lors de la conception des
indtallations, il convient de prendre en considération ces principes en premier lieu. Si cela ¢st
négessaire, il convient que_la conception, le fonctionnement et 'emplacement du matériel |de
prgduction assurent que, )méme en condition anormale d’exploitation, la quantité |de
substance inflammable dégagée dans I'atmosphére est réduite le plus possible, de sorte que
I'éfendue de I'emplacement dangereux soit réduite.

lors que lacclassification d'une installation a été réalisée et que tous les enregistrements
négessaires ont' été préparés, il est important qu’aucune modification de matériels ou [de
prgcéduresne soit effectuée sans qu'il n'en soit fait référence auprés des responsables de la
ssification des emplacements dangereux. |l convient de mettre a jour la classification des
enmplacements dangereux en cas de modification de linstallation ou de modificatigns
opgrationnelles. Il convient d'effectuer des examens tout au long de la durée de vie |de
I'installation.

4.3 Intérieur du matériel qui contient des matériaux inflammables

L'intérieur de nombreux matériels qui contiennent des substances inflammables (des
réservoirs, par exemple) peut étre considéré comme étant un emplacement dangereux, méme
si une atmosphére explosive gazeuse peut ne pas étre normalement présente pour prendre
en compte la possibilité d'entrée d'air dans les matériels.

NOTE 1 Dans un grand nombre de secteurs industriels, le terme générique "équipements de processus" est
souvent donné aux matériels qui contiennent des substances inflammables.


https://iecnorm.com/api/?name=1196a436ad64675e41518b22a622b9f1

IEC 60079-10-1:2020 © |IEC 2020 - 131 -

Lorsque des commandes particulieres (I'inertage, par exemple) sont utilisées, il peut ne pas
étre nécessaire de classer l'intérieur du matériel qui contient des substances inflammables
comme étant un emplacement dangereux; une zone moins sévére peut lui étre attribuée.

Da

ns ces cas, il convient d'adapter la fiabilité des mesures de contréle a la réduction

d'emplacement dangereux déterminée pour l'intérieur du matériel. Par exemple, les mesures

de
sel

controle peuvent étre évaluées dans le cadre d'une étude adaptée (évaluation du SIL
on I'lEC 61511, par exemple).

NOTE 2 L’inertage désigne le remplacement de I'oxygéne atmosphérique dans un systéme par un gaz non réactif
et non inflammable, afin de rendre I'atmosphére a l'intérieur du systéme incapable de propager la flamme. Il est

Apres la classification des emplacements dangereux, une appréciation did\risque peut éfre
réalisée pour évaluer si les conséquences d'inflammation d'une atmosphére explosive exigeént
l'ufilisation d’un matériel de niveau de protection du matériel supérieur (EPL — equipment
pratection level) ou peuvent justifier 'utilisation d’un matériel de/\niveau de protection |du
m3tériel inférieur a celui normalement exigé.

Lep exigences d’EPL peuvent étre, le cas échéant, consignées dans les documents et |es
plgns de classification des emplacements dangereux, afin“de permettre le bon choix des
mdtériels.

NOJTE 1 L'IEC 60079-0 décrit les EPL et I'lEC 60079-14 définitJ’application des EPL a une installation.

NO
av
du

4.4

TE 2 La présente norme ne définit pas la méthodologie*pour la réalisation d'une appréciation du risque visant
brier les caractéristiques assignées EPL, dans la mesure ou la spécification d'une méthodologie d'appréciafion
isque ne releve pas du domaine d'application de_|a présente norme.

.2 Zone d'étendue négligeable

Dans certains cas, une zone d'étendue négligeable (EN) peut apparaitre et peut étre trai{ée

co
de
VO

Ce
né
po

Il g

mme étant non dangereuse. Upe zone d'étendue négligeable implique également un tgux
dégagement ou une quantité-de dégagement négligeable et de prendre en considération le
ume de dispersion.

type de zone _implique qu'une explosion, si elle se produit, a des conséquendges
gligeables. Le concept de zone EN peut étre appliqué quels que soient les autres réglades
Lir 'appréciation-du risque permettant de déterminer I'EPL.

onvient(ue les critéres de classification de zone EN reposent sur les facteurs suivants:

L'inflammation ne génére pas de pression dangereuse soit en raison de I'onde de pression
soit en raison des dommages liés a des projections d'objets ou de particules (bris |de

vitres de fenétre, par exempte):

L'inflammation ne génére pas de chaleur dangereuse ou un incendie a partir des
matériaux environnants.

Pour les gaz distribués a des pressions supérieures a 1 000 kPag (10 barg), une
appréciation du risque particuliére doit étre prise en considération.

Une zone EN ne doit pas étre appliquée a des gaz distribués a des pressions supérieures
a 2 000 kPag (20 barg), sauf si une appréciation du risque détaillée spécifique peut le
justifier.
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Un nuage de gaz naturel est un exemple de zone EN avec une concentration moyenne
de 50 % par volume de LIl et inférieure & 0,1 m3 ou 1,0 % de I'espace clos concerné (selon la
plus faible des deux valeurs). Pour les autres gaz, une zone EN peut étre prise en
considération en fonction du rapport de la chaleur de combustion, de la pression d’explosion
maximale et de la vitesse maximale de montée en pression du gaz sur le méthane multiplié
par les paramétres utilisés pour le méthane.

NOTE 1 Dans ce contexte, le gaz naturel est celui qui est utilisé dans les réseaux conventionnels de distribution;
il s'agit dans la plupart des cas de méthane.

NOfFE2—tespompes—de—réfrigérationrettes—pompes—tchatetrre—sont-pas—considérées—comme—des—systémes de
dis{ribution du gaz. Les appréciations du risque pour cette classe de matériels ont permis de démontrer.que la
valeur de 2 000 kPag (20 barg) peut ne pas étre une référence pertinente pour ces applications.

4.5 Défaillances catastrophiques

Dalns toute la mesure du possible, il convient de prévenir ce type de défaillances-

Il p’est pas nécessaire de tenir compte des défaillances catastrophiques raisonnablemeént
imprévues dans la classification des emplacements dangereux. Al.,s'agit, par exemple,
d'gccidents majeurs (la rupture d'une cuve, par exemple) ou de défaillances a grande échglle
du|matériel ou de la tuyauterie (rupture d'une bride ou d'un joint, parexemple).

Il convient de réduire la probabilité de ce type de défaillances par un examen, une
copception, une exploitation et une maintenance appropriées’de l'installation.

4.6 Compétences du personnel

Il gonvient que la classification des emplacements*dangereux soit réalisée par des personrjes
qu| comprennent la nature des substances inflammables, la dispersion et la ventilation des
gak et qui ont une bonne connaissance des aspects liés au processus de l'installatior] a
I'éude. Il peut s'avérer avantageux pour d'autres disciplines techniques (les ingénieurs
élgctriciens et mécaniciens, par exemple) et d'autres personnes qui assument des
regponsabilités particulieres en matiére de sécurité, de s'inscrire dans un processus [de
clgssification des emplacements dangereux et d'avoir une influence sur cette derniére. |La
compétence de la personne dojt'correspondre a la nature de l'installation et a la méthodologie
utilisée pour procéder a la. ¢lassification des emplacements dangereux. Le cas échéantj il
copvient de prévoir une formation réguliére et continue appropriée du personnel.

NO[TE 1 La compétencespeut étre démontrée dans le cadre d'une formation et d'un programme d'évaluation [qui
réppndent aux réglementations nationales, aux normes ou aux exigences de |'utilisateur.

NOJTE 2 Les éléments de compétence sont traités dans plusieurs programmes de certification des personnes.
5 | Méthodologie de classification des emplacements dangereux

5.1 Généralités

Exceptionnellement, il est possible de décider, par un simple examen d’une installation ou par
la conception d’une installation, quelles parties de l'installation peuvent étre réparties dans
les trois définitions de zone (Zone 0, Zone 1 et Zone 2). Une approche plus détaillée est donc
nécessaire et elle implique l'analyse de la possibilité fondamentale d’apparition d’une
atmospheére explosive gazeuse.
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En déterminant a quel endroit un dégagement de gaz ou de vapeur inflammable peut se
produire, il convient d'évaluer la probabilité et la durée du dégagement conformément aux
définitions du degré "dégagement continu" et des degrés "dégagement primaire" et
"dégagement secondaire". L'évaluation du degré de dégagement, du taux de dégagement, de
la concentration, de la vitesse, de la ventilation et des autres facteurs permet d'établir un
socle solide d'évaluation de la présence éventuelle d'une atmosphére explosive gazeuse dans
les emplacements environnants et de déterminer le type et/ou I'étendue de I'emplacement
dangereux.

Cette approche exige par conségquent de porter une attention particuliére a chaque matériel
de|production qui contient une substance inflammable, et qui peut donc étre une source |de
dépagement.

Lep paragraphes 5.2 a 5.5 donnent des recommandations relatives aux ~options |de
clgssification des emplacements dans lesquels peut régner une atmosphérée explos|ve
gareuse. L’Annexe F fournit un exemple d'approche schématique de la classification des
emplacements dangereux.

Il gonvient de procéder a la classification des emplacements dangeneux lorsque les schénjas
inifiaux de lignes de production et d'instrumentation et les plans(ihitiaux d'implantation sont
digponibles et de le confirmer avant le démarrage de l'installation.

Il ¢onvient de toujours prendre en considération le type,<le nombre et I'emplacement des
différents points de dégagement potentiels, de maniére-a attribuer la zone et les conditigns
auk limites pertinentes dans I'ensemble de I'évaluation.

Les systémes de commande conformes a une“norme de sécurité fonctionnelle peuvent
réduire les risques de source de dégagement.et/ou la quantité d'un dégagement (contrbles|de
séquences par lots, systémes d'inertage, par exemple). Ces commandes peuvent donc étre
considérées comme étant adaptées a la elassification des emplacements dangereux.

Lofs de la classification des emplacements, il convient également de prendre |[en
copsidération une évaluation précise des installations identiques ou similaires. Lorsque des
élgments de preuve circonstanciés indiquent qu'une conception et des exploitatigns
d’installation particuliéres -sont solides, ces éléments peuvent venir a l'appui de|la
classification choisie. De plus, il est envisageable qu'un emplacement puisse étre reclassé [en
forjction de nouveaux éléments de preuve.

Lep matériels produits en masse qui peuvent étre déployés dans de nombreuses situatigns
pebivent faire l'ebjet d'une classification générique des emplacements dangereux avec des
ingtructions relatives aux emplacements et a la ventilation, etc., pour détailler toutes |es
limitations (relatives a I'application et I'impact sur la classification.

Si [laguantité de substance inflammable disponible pour le dégagement est "faible", alors
qulun-fisque d'explosion potentiel peut exister, il peut ne pas étre approprié d’appliquer ceftte
procédure de classification des emplacements dangereux. Malgré cette recommandation
générale, il convient de toujours prendre en considération le risque de dégagement et
I'aptitude a diluer ou disperser de maniére adéquate le dégagement afin d'éviter les
conditions inflammables. En d'autres termes, de petites quantités dans de petits espaces
peuvent toujours représenter un danger.
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Pour de petites quantités, les facteurs particuliers impliqués doivent également étre pris en
compte. Ces facteurs peuvent inclure: les niveaux de propreté, les pratiques industrielles, la
compétence et la formation du personnel qui manipule les substances inflammables, d'autres
mesures de contrbole du déversement ou du dégagement, la ventilation, les risques pour la
santé et les contrbles d'exposition, la gestion des sources d'inflammation par d'autres moyens
que l'utilisation d'un matériel assigné "Ex".

NOTE 1 De petites quantités peuvent concerner, par exemple, les laboratoires, les petits systéemes réfrigérants
ou les bouteilles de gaz.

NCTI_ o) 1 SEAS ol L bl R LHY | P H | P H i s | FH DA HY S l d
FE2—tes—referentietsappheablesatindustreidentifientsouvent-desauantitesinférreuresueteproeessus de

clasgsification des emplacements dangereux n'applique pas.
5.2 Méthode de classification des sources de dégagement

La|classification peut étre approchée par calcul ou essai, en s'appuyant sur des|évaluatigns
statistiques et numériques appropriées pour les facteurs concernés et pour chague source|de
dépagement.

[V

La|méthode de classification des sources de dégagement peut étre résumée comme suit (se
reporter a ’Annexe F):

¢ | Identifier les sources de dégagement;

o [Déterminer le taux de dégagement et le degré de dégagement pour chaque source suf
base de la fréquence et de la durée de dégagement probables;

a

e | Evaluer les conditions de ventilation ou de dilution,ainsi que I'efficacité;

e [Déterminer le type de zone sur la base du<degré de dégagement et de l'efficacité [de
ventilation ou de dilution;

e | Déterminer I'étendue de zone.

Lep formules pertinentes pour déterminer les taux de dégagement dans des conditigns
spécifiques sont données dans I’Anpexe B. Il est généralement accepté que ces formules
foyrnissent une base correcte pour*calculer les taux de dégagement pour les conditigns
foyrnies.

Des recommandations relatives a I'évaluation de la ventilation et de la dispersion so¢nt
dohnées a I'’Annexe C. D'autres formes d'évaluation, par exemple la dynamique des fluides
numérique (CFD - computational fluid dynamics) ou des essais, peuvent étre utilisées|et
pepvent représenter une bonne base d'évaluation dans certaines situations. La modélisat{on
informatique est unjoutil approprié lors de I'évaluation de l'interaction de plusieurs facteurs.

Dalns tous Jes cas, il convient de valider la méthode d'évaluation et les outils utilisés ou de |es
utiliser avee la prudence qui s'impose. Il convient que les personnes qui procédent a
I'éyaluation mesurent également les limites ou les exigences relatives a des outils, et ajustént
leq .€onditions d'entrée ou les résultats en conséquence afin d'en tirer les conclusigns

bhranei Ao
ap PTOPTIC T ST

NOTE Il n’est pas attendu que toutes les méthodes ou tous les outils utilisés pour la classification des
emplacements dangereux donnent le méme résultat. Il n’est pas nécessaire d’'indiquer qu'une méthode particuliere
ou un outil particulier n’est pas adapté a I'application.

5.3 Utilisation des référentiels applicables a lI'industrie et des normes nationales

5.3.1 Généralités

Les normes nationales et les référentiels applicables a l'industrie peuvent étre utilisés s'ils
donnent des recommandations ou des exemples adaptés a l'application et s’ils satisfont aux
principes généraux de la présente norme.
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L'Annexe K identifie certains référentiels applicables a l'industrie et normes nationales
pertinents qui peuvent donner plus de détails et d'exemples.

5.3.2 Installations au gaz combustible

Pour les applications commerciales et industrielles dans lesquelles seul du gaz combustible
basse pression est utilisé, par exemple, pour cuisiner, chauffer I'eau, etc., les codes de gaz
locaux s'appliquent.

Dans la plupart des cas, la conformité aux codes de gaz donne lieu a une classification qui
n'gdst pas dangereuse ou a une zone d'etendue negligeable.

NO[TE Les basses pressions sont souvent considérées comme étant les pressions inférieures( 200 kPa
(m3nomeétre). Voir I'Annexe K pour des exemples de codes pertinents.

5.4 Méthodes simplifiées

Lofsqu'il s'avére impossible de procéder aux évaluations exigées a partifr de sources [de
dépagement individuelles, une méthode simplifiée peut étre utilisée. Par‘exemple, dans |es
projets de base, si les matériels ou les emplacements ne sont pas gncore définis ou que |es
calculs pour toutes les sources de dégagement peuvent se révéler trop onéreux. les
mdthodes simplifiées doivent identifier les sources pour chacun des types de zornes
cldssiques (zone 0, zone 1 et zone 2) afin de tenir compte ‘des sources potentielles [de
dépgagement sans détail individuel. L'appréciation est portée“en s'appuyant sur un ensemble
de| critéres reposant sur l'expérience acquise dans le secteur industriel et en fonction |de
I'installation particuliere.

Il p'est pas nécessaire de procéder a une évaldation détaillée de tous les éléments d'une
indtallation lorsqu'une évaluation d'un élémentiou d'une condition s'avére suffisante pour
dohner une classification correcte pour tous’ les autres éléments ou toutes les autres
cofhditions analogues de l'installation.

Des emplacements de zone plus importants sont caractéristiques des méthodes simplifiées,
isslus de l'approche et de la nécessité d'appliquer une classification en zones plus classique
oufle doute existe quant aux dangers impliqués. Cette approche doit privilégier la sécurité.

Pour parvenir a des chiffres moins prudents ou plus exacts des limites de I'emplacement
clgssé, il convient d'utiliser’'une référence a des exemples représentatifs ou a une évaluatjion
plys détaillée des sources de dégagement, selon le cas.

5.5 Combinaison de méthodes

L'dtilisationde différentes méthodes peut étre appropriée pour la classification d'yne
indtallation~~a différents stades de son développement ou pour différentes parties [de

tre
appropriée pour définir les séparations de matériel, I|mplantat|on de l'installation et les limites
de l'installation. Cette méthode peut étre la seule a appliquer en raison du manque de
données détaillées sur les sources de dégagement. Au fur et & mesure de l'avancée de la
conception de l'installation et de la disponibilité de données détaillées sur les sources
potentielles de dégagement, il convient de mettre a niveau la classification a l'aide d'une
méthode d'évaluation plus détaillée.

Dans certains cas, la méthode simplifiée peut étre appliquée a un groupe de matériels
analogues dans des sections de l'installation (sections de tuyauteries avec brides, comme les
rateliers a tuyaux, par exemple) tout en appliquant une évaluation plus détaillée aux sources
potentielles de dégagement les plus importantes (soupapes de décharge, évents,
compresseurs, pompes et analogues, par exemple).
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Dans un grand nombre de cas, les exemples de classifications fournis dans les normes
nationales ou les codes applicables a l'industrie correspondants peuvent, le cas échéant, étre
utilisés pour classer certains composants d'installations plus importantes.

6 Dégagement de substance inflammable

6.1 Généralités

Le taux de dégagement d’'une substance inflammable est le facteur le plus important qui

aff ctal'dtandue-diune zone
P-otoTeteHaue—-aute—=£o0re-

Généralement, plus le taux de dégagement est élevé, plus la zone est étendue.

NOJTE L'expérience a démontré qu'un dégagement d'ammoniac dont la LIl est de 15 % par volume se disdipe
soyvent rapidement a l'air libre (extérieur), si bien que I’étendue d’'une atmosphére explosive~gazeuse peut étre
COJsidérée comme étant négligeable dans la plupart des cas.

Unle présentation de la nature des dégagements qu'il convient de prendre en considérat{on
lors de la classification des emplacements potentiellement explosifs’ est fournie dans |es
pafagraphes 6.2 a 6.3.

6.2 Sources de dégagement

Lep éléments de base pour identifier les types de zones, sont l'identification de la source |de
dégagement et la détermination du ou des degrés de dégagement.

Etant donné qu'il ne peut y avoir d'atmosphére expldsive gazeuse qu’en présence de gaz |ou
de|vapeur inflammable dans I'air, il est nécessaire de poser la question de la possibilité |de
I'existence de I'une de ces substances inflammables dans I'emplacement concerné. En régle
géhérale, de tels gaz et vapeurs (et les, liquides ou solides inflammables qui peuvent |es
enfendrer) sont contenus a l'intérieur du“matériel de production, lequel peut étre ou peut|ne
pap étre entierement clos. Il est nécessaire d’identifier les endroits ou une atmosphére
explosive gazeuse peut exister a l'intérieur d'un matériel de production ou les endroits ou |un
dépagement de substances inflammables peut engendrer une atmosphére inflammablg a
I'extérieur du matériel de production.

Il gonvient de considérer chaque matériel de production (réservoir, pompe, canalisation, cuye,
paf exemple) comme une source potentielle de dégagement de substance inflammable. Si le
mdtériel ne peut, de toute évidence, pas contenir de substance inflammable, il est évident
qulil n’engendrerapas autour de lui un emplacement dangereux. Cela vaut aussi si le matériel
contient une substance inflammable mais ne peut toutefois pas la libérer dans I'atmosphégre
(une canalisation entiérement soudée n'est pas considérée comme une source [de
dépagement) par exemple).

S'i| est'constaté que le matériel peut libérer une substance inflammable dans I'atmosphérg, il
estnecessaire de déterminer en premier lieu le ou les degrés de dégagement conformémeéent
aux définitions, en déterminant la fréquence et la durée probables du dégagement. Par
ailleurs, au moment de la réalisation de la classification des emplacements dangereux, il
convient également de considérer les ouvertures des parties de systémes de traitement
fermés (par exemple pendant un changement de filtre ou un chargement de matiére) comme
des sources de dégagement. Cette procédure permet ainsi de noter chaque dégagement
comme suit: degré "dégagement continu", degré "dégagement primaire" ou degré
"dégagement secondaire”.

NOTE 1 Les dégagements peuvent faire partie du processus (prélevement d'échantillons, par exemple) ou
peuvent se produire dans le cadre d'une procédure de maintenance courante. Ces formes de dégagement sont en
général classées comme étant de degré continu ou de degré "dégagement primaire". Les dégagements accidentels
sont en général classés comme étant de degré "dégagement secondaire".
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NOTE 2 Un matériel peut faire l'objet de plusieurs degrés de dégagement. Par exemple, un faible degré
"dégagement primaire" peut avoir lieu, mais un dégagement plus important peut se produire en fonctionnement
anormal, donnant lieu a un degré "dégagement secondaire". Dans cette situation, il est nécessaire de prendre
pleinement en considération les deux conditions de dégagement (les deux degrés de dégagement) comme cela est
décrit dans le présent document.

Apres avoir constaté le ou les degrés de dégagement, il est nécessaire de déterminer le taux
de dégagement et les autres facteurs qui peuvent avoir une influence sur le type et I'étendue
de zone.

Dans certains cas, il peut étre nécessaire de prendre en considération un mélange de
différentes substances inflammables aux caractéristiques différentes (classe de densgité
relptive et de température, par exemple). Dans ces cas, il est nécessaire de savoinsi|le
rapport des composantes individuelles du mélange est suffisant pour influencer |es
pafameétres concernés (le groupe de matériels et la classe de température, par exemple) ou
s'ill peut indiquer la nécessité de prendre d'autres facteurs en considération (Femplacement
dahgereux pour les conditions de dégagement de gaz plus Iégers que l'air ou’ plus lourds que
I'aifr, par exemple). Il convient que la classification des emplacements dangereux pour|le
mdtériel de production ou bridle une substance inflammable (par ,éxemple, postes |de
chauffage, fours, chaudiéres, turbines a gaz) prenne en compte le cycle de purge et |es
copditions de démarrage et d'arrét.

Dalns certains cas, la construction de systémes clos, dans lesquels des codes de constructjon
pafticuliers sont respectés, peut étre acceptée si elle empéche ou limite efficacement |es
dépagements de substances a un niveau de danger de fuitenégligeable. La classification des
enmplacements dangereux de ce type de matériel ou de ces installations exige une évaluation
exhaustive visant a vérifier la totale conformité de l'installation aux normes de construction| et
de|fonctionnement correspondantes. Il convient que. Ja vérification de la conformité prennelen
considération les activités de conception, d'installation, de fonctionnement, de maintenance et
de|surveillance.

D

Lepg brouillards qui résultent de fuites de)liquide sous pression peuvent étre inflammablgs,
mégme si la température du liquide est iftférieure au point d'éclair (voir I’Annexe G).

6.3 Formes de dégagement
6.3.1 Généralités

La|caractéristique d'un dégagement dépend de I'état physique de la substance inflammable,
de|sa température et«de sa pression. Les états physiques incluent:

e [un gaz, qui peut étre a une température ou une pression élevée;

e [un gaz ligquéfié par I'application d'une pression (GPL, par exemple);

e [un gaz'qui peut uniquement étre liquéfié par réfrigération (le méthane, par exemple);

e [un liquide avec un dégagement de vapeur inflammable associé.

Les degagements qui proviennent de ces elements dinstallation (raccords de tuyauterie,
pompes, joints de compresseur et garnitures d'étanchéité d'une vanne, par exemple)
commencent souvent par un faible débit. Toutefois, si le dégagement n'est pas interrompu,
I'érosion a la source de dégagement peut considérablement augmenter le taux de
dégagement, et donc I'étendue du danger. A linverse, si la quantité de sources de
dégagement est finie, le taux de dégagement peut décroitre dans le temps, ce qui réduit
I'étendue du danger. Par exemple: un gaz sous pression dans un systéme fermé.

Un dégagement de substance inflammable au-dessus de son point d'éclair se traduit par un
nuage de vapeur ou de gaz inflammable qui peut a 'origine étre plus ou moins dense que l'air
environnant ou peut présenter une flottabilité neutre. Les formes de dégagement et le
comportement général a différentes conditions sont présentés dans l'organigramme de la
Figure B.1. Cette caractéristique affecte I'étendue de zone générée par une forme particuliére
de dégagement.
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L'étendue horizontale de la zone au niveau du sol s’accroit généralement lorsque la densité
relative s’accroit, et I'étendue verticale au-dessus de la source s’accroit généralement lorsque
la densité relative décroit.

6.3.2 Dégagement gazeux

Un dégagement gazeux produit un jet ou un panache de gaz au niveau de la source de
dégagement selon la pression au point de dégagement (joint de pompe, raccord de tuyauterie
ou zone d'évaporation, par exemple). La densité relative du gaz, le degré de mélange
turbulent et le mouvement d'air dominant ont tous une influence sur le mouvement ultérieur
d' I rudyc L;U yd<L.

Dans des conditions calmes, les dégagements lents d'un gaz beaucoup moins dense-que lfair
on} tendance a s'élever (I'hydrogéne et le méthane, par exemple). A l'inverse,“un daz
bepucoup plus dense que l'air a tendance a s'accumuler au niveau du sol ou dans des crgux
ou|des dépressions (le butane et le propane, par exemple). Avec le temps,iles turbulenges
atrmosphériques provoquent le mélange du gaz dégagé et de I'air, dont la flettabilité est alors
neptre. Un gaz ou une vapeur dont la densité n'est pas sensiblement differente de celle |de
I'air est considéré(e) comme présentant une flottabilité neutre.

NOJTE 1 Les gaz dont la flottabilité est presque neutre, comme I'éthane, peuvent avoir tendance a suivrg le
comportement de formation de couches des gaz denses, a condition que les conditions soient calmes.

Lep dégagements a pression plus élevée produisent a l'origine” des jets de gaz dégagé qui|se
mdlangent avec turbulence a I'air ambiant et font monter 4air dans le jet.

A Tnes pressions élevées, un effet thermodynamique da a la dilatation peut intervenir. Au fur et
a mesure de lI'échappement, le gaz se dilate et‘se refroidit, et peut a I'origine devenir plus
loyrd que l'air. Toutefois, le refroidissement dd~ a 'effet de Joule-Thomson est finalemént
détalé par la chaleur de l'air. La flottabilité 'du nuage de gaz qui en résulte est finalemgnt
neptre. Un gaz plus lourd que l'air peut.atout moment devenir un gaz a flottabilité neutre,
selon la nature du dégagement, et cette-transition peut avoir lieu aprés dilution du nuage
autdessous de la LII.

NOJTE 2 L'hydrogéne présente un effet'de Joule-Thomson inverse, son échauffement accompagnant sa dilatation.
Ainki, il ne présente jamais un effet plus lourd que l'air.

6.3.3 Dégagement liquéfié sous pression

Certains gaz peuvent. étre liquéfiés par la seule application de pression (le propane et
butane, par exemple)et sont en général stockés et transportés sous cette forme.

e

Lofsqu’un gaz-liquéfié sous pression s'échappe de son confinement, le scénario le p|us
prgbable est\que la substance s'échappe sous la forme d'un gaz depuis I'espace de vapeur|ou
leqd canalisations de gaz. L'évaporation rapide engendre un refroidissement important au pqint
de|dédagement, et du givre peut apparaitre en raison de la condensation de la vapeur d'gau
de|l'atmosphére.

Une fuite s'évapore partiellement au point de dégagement. Il s'agit d'une évaporation éclair.
Le liquide sujet a évaporation puise I'énergie en lui-méme et dans I'atmosphére environnante
et, en retour, refroidit le fluide qui fuit. Le refroidissement du fluide empéche I'évaporation
totale, ce qui produit par conséquent un brouillard inflammable. Si la fuite est suffisamment
importante, des flaques de fluide froid peuvent s'accumuler sur le sol, et s'évaporer avec le
temps pour s'ajouter au dégagement de gaz.

Le nuage de brouillard inflammable agit comme un gaz dense. Un dégagement de liquide
sous pression peut souvent s'apparenter a un effet refroidissant de [I'évaporation qui
condense I'humidité ambiante pour générer un nuage visible.
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Dans certaines applications dont le gaz est liquéfié sous pression, un dégagement d'une
partie du fluide du systéme peut a l'origine entrainer un dégagement en deux phases (liquide
et vapeur) avec un comportement de "projection". En présence d'une quantité limitée de
substance inflammable, le dégagement peut uniquement se transformer en vapeur, car le taux
et la pression diminuent.

6.3.4 Dégagement liquéfié par réfrigération

Les autres gaz (appelés gaz permanents) peuvent uniquement étre liquéfiés par réfrigération
(le méthane et I'hydrogeéne, par exemple). Les petites fuites de gaz réfrigéré s'évaporent
I'ap ;dclllcllt odIilTS fUIIIIUI UIC ﬂaquc UIU ilqum‘c CIl Iébupéldllll ia bildicul UIU i'UIIViIUIIIIUIIIUIlt. S|
la fuite est importante, une flaque de liquide froid peut se former.

Dans la mesure ou le liquide froid puise I'énergie du sol et de I'atmosphére environhante, il
bopt et génére un nuage de gaz dense et froid. Comme pour les liquides, des_ digues ou des
myrs de protection peuvent étre utilisés pour acheminer ou maintenir les fuites)

NOITE 1 Il est nécessaire d’accorder une attention particuliere a la classification\des emplacements |qui
corftiennent des gaz cryogéniques inflammables comme le gaz naturel liquéfié. Les vapeurs émises sont
gérléralement plus lourdes que l'air a basses températures, mais leur flottabilité deyvient neutre a I'approche d¢ la
tenjpérature ambiante.

NOJTE 2 Les gaz permanents ont une température critique inférieure a =50 °G(
6.3.5 Dégagement de brouillards inflammables

Unl brouillard inflammable n'est pas un gaz. Il est_composé de gouttelettes de liquide |en
sugpension dans l'air. Les gouttelettes sont formées a partir de vapeurs ou de gaz dgns
ceftaines conditions thermodynamiques ou par évaporation éclair des liquides sous pression.
La|diffusion de lumiére a I'intérieur d'un nuage de. brouillard inflammable permet souvent dg le
voir a I'eeil nu. La dispersion d'un brouillard inflammable peut varier selon qu'il s'agit d'un daz
depse ou d'un gaz a flottabilité neutre. Lés gouttelettes de brouillard inflammable peuvént
fugionner et tomber du panache ou du nuage. Les brouillards inflammables qui proviennent|de
ligtiides inflammables peuvent absorber'la chaleur du milieu ambiant, s'évaporer et s'ajouter
au(nuage de gaz/vapeur (pour plus_de-détails, voir I'Annexe G).

NOJTE Dans certains cas, un brouillard visible peut se former a des concentrations inférieures a la limite
inflammable. Par exemple, un brodillard d'ammoniac anhydre est visible a 4 % v/v en raison de |'absorption|de
I'hnUmidité atmosphérique dans |€s ,gouttelettes de liquide, mais la LIl est de 15 %.

6.3.6 Dégagement'de vapeurs

Lep liquides a I'équijlibre avec leur environnement générent une couche de vapeur au-desgus
de| leur surfacey. La pression exercée par cette vapeur dans un systeme clos est appelée
pregssion de yapeur, qui augmente de maniére non linéaire en fonction de la température.

Le|processus d'évaporation utilise I'énergie qui peut provenir d'un large éventail de sourges
(dy Jliguide ou du milieu ambiant, par exemple). Le processus d'évaporation peut diminuer la
terqpn’rghurn du qunidn ot limiterl'échauffement- Tr\nfnfnie, lesvariations—de. fnmpn’rafnrn du
liguide en raison de l'augmentation de ['évaporation dans les conditions normales
d'environnement sont considérées comme étant trop marginales pour avoir un impact sur la
classification des emplacements dangereux. La concentration de la vapeur générée n'est pas
facile a prévoir, étant donné qu'elle dépend de la vitesse d'évaporation, de la température du
liquide et du débit d'air environnant.

6.3.7 Dégagement de liquide

Le dégagement de liquides inflammables forme en général une flaque sur le sol, avec un
nuage de vapeur a la surface du liquide, sauf si la surface est absorbante. La taille du nuage
de vapeur dépend des propriétés de la substance et de sa pression de vapeur a la
température ambiante (voir B.7.2).
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NOTE 1 La pression de vapeur est une indication de la vitesse d'évaporation du liquide. Une substance qui
présente une pression de vapeur élevée aux températures normales est souvent dite volatile. En regle générale, la
pression de vapeur du liquide aux températures ambiantes augmente au fur et a mesure de la diminution du point
d'ébullition. Lorsque la température augmente, la pression de vapeur augmente également.

NOTE 2 Le taux d'évaporation peut étre réduit de maniere significative dans le temps si la chaleur latente du
liquide est élevée. Une chaleur latente élevée peut provoquer le refroidissement important de la surface sur
laquelle le liquide est présent, ce qui limite le flux de chaleur dans le liquide. Par exemple, dans le cas d’une fuite
d'ammoniac anhydre, dont la chaleur latente est élevée, le taux d'évaporation peut ralentir considérablement, sauf
si de la chaleur supplémentaire est amenée sur le liquide.

Le dégagement peut également se produire sur de I'eau. De nombreux liquides inflammables
sopt-moins-denses que l'eau et ne sont souvent pas miscibles. Ces qunidnc se diffusent-a la
sufface de I'eau, que ce soit sur le sol, dans les tuyaux de drainage, les nappes en tranchéges
ou| en eaux libres (mer, lac ou riviere), formant un film mince et augmentant la«vitegse
d'gvaporation en raison de la surface plus importante. Dans ces circonstances, les ¢alculs |de
I'Ahnexe B ne sont pas applicables.

7 | Ventilation (ou mouvement d'air) et dilution

7.1 Généralités

Le|lgaz ou la vapeur qui se dégage dans l'atmosphére peut se.diluer par mélange turbulgnt
avec l'air et, dans une moindre mesure, par diffusion en‘“fonction des gradients |de
copcentration. A moins que le dégagement ne se produise,'dans un espace confiné et bien
étgnche, le gaz se disperse complétement tant que la“concentration n'est pas nulle. |Le
mdquvement d'air d0 a la ventilation naturelle ou artificielle favorise cette dispersion.

Dels taux de ventilation appropriés peuvent réduir@ la durée de persistance d'une atmosphére
explosive gazeuse et ainsi affecter le type de zone:

Unle structure qui comporte un nombre suffisant d'ouvertures pour assurer le libre passage|de
I'ajr dans toutes les parties du batiment est considérée, dans un grand nombre de cas,
comme étant bien ventilée, et il convient de la traiter comme un emplacement a l'air libre (un
abfi avec les cOtés ouverts et des prises d’air de ventilation sur le toit, par exemple).

La|dispersion ou la diffusion de-gaz ou de vapeur dans I'atmosphére est un facteur essentiel
de| réduction de la coneentration de gaz ou de vapeur sous la limite inférielire
d'ipflammabilité.

Lalventilation et le. mouvement d'air ont deux fonctions de base:

a) | augmenter.le ‘taux de dilution et favoriser la dispersion afin de limiter I'étendue d'une
zone;

b) | réduirecta persistance d'une atmosphére explosive qui peut influencer le type d'une zong.

L'dtendue d’'une zone est normalement réduite lorsque la ventilation ou le mouvement dfair
auglllclltc. LUD UIUDtdbiUD qw yéncnt id VUIIti:atiUII uu :U IIIUUVUIIIUIIt d'a;l pUUVCIIt dUyInicTtlI er
I'étendue d'une zone. Certains obstacles (les digues, les parois et plafonds, par exemple) qui
limitent I'étendue de circulation du gaz ou de la vapeur peuvent également limiter I'étendue de
zone.

NOTE 1 L'augmentation du mouvement d'air peut également augmenter le taux de dégagement de la vapeur d0 a
une augmentation de I'évaporation sur des surfaces liquides ouvertes. Toutefois, I'augmentation du mouvement
d'air présente normalement plus d'avantages que I'augmentation du taux de dégagement.
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Pour les dégagements a basse vitesse, le taux de dispersion du gaz ou de la vapeur dans
I'atmosphére augmente avec la vitesse du vent. Toutefois, dans des conditions
atmosphériques calmes, la formation de couches de gaz ou de vapeur plus lourdes que l'air
peut se produire, et la distance de dispersion slre peut étre considérablement augmentée.
Pour des dégagements a basse vitesse, et en présence d'obstacles comme des murs et un
plafond, la formation de couches de gaz ou de vapeur plus légéres que l'air peut se produire
au plafond, et la distance de dispersion slre peut étre considérablement augmentée.

NOTE 2 Dans les emplacements d'installation qui comportent des obstacles a la ventilation tels que des grandes
cuves et structures, méme a faibles vitesses du vent, des turbulences peuvent apparaitre derriére ces obstacles,
formant ainsi des poches de gaz ou de vapeur, sans turbulences suffisantes pour favoriser la dispersion

En| pratique normale, la tendance de formation de couches en situations extérieures n'eést gas
prise en compte dans la classification des emplacements dangereux, dans la mesure ou |es
copditions qui donnent lieu a cet effet sont rares et se produisent uniquement qpendant [de
colirtes périodes. Cependant, si des périodes prolongées de vitesse faible~du vent sont
prg¢vues dans la circonstance particuliére, alors il convient que I'étendue de zone prenne [en
compte la distance supplémentaire exigée pour réaliser la dispersion. Il conyient de prendre
en|considération la tendance a la formation de couches pour les situations intérieures.

NOJTE 3 La formation de couches peut étre un facteur pertinent dans certaines applications particuliéres, conime
les|pieces avec trés peu d'échange d'air avec I'extérieur.

Dans certaines applications dont la quantité de dégagement@stlimitée, I'écoulement d'air|de
circulation a l'intérieur d'un espace fermé peut étre utilisé{pour fournir un mélange suffisant
popr diluer un dégagement.

7.3 Principaux types de ventilations
7.2.1 Généralités
Lef deux types de ventilations sont:

la ventilation naturelle; et

()
~

b) | la ventilation artificielle (ou forcee), générale par rapport a I'emplacement ou locale par
rapport a la source de dégageément.

7.2.2 Ventilation naturelle

La|ventilation naturelle des batiments est le résultat des différences de pression induites par
le vent et/ou les gradients de température (ventilation induite par la flottabilité). La ventilatjon
najurelle peut étre\efficace dans certaines situations a l'intérieur de batiments (quand |es
myrs et/ou le toit“d'un batiment comportent des ouvertures, par exemple) pour diluer |es
dépgagements.en toute sécurité.

Expmples-de ventilations naturelles:

e | Unvbatiment ouvert qui, compte tenu de la densité relative des gaz et/ou vapeurs [en
cause, a des ouvertures dans les murs et/ou le toit, qui sont dimensionnees et localisees
de fagon telle que la ventilation a l'intérieur du batiment puisse, pour I'objectif de
classification des emplacements dangereux, étre considérée comme équivalente a celle
en plein air;

e un batiment qui n'est pas un batiment ouvert mais qui posséde une ventilation naturelle
(généralement plus faible que celle qu'il y a dans un batiment ouvert) assurée par des
ouvertures permanentes réalisées a des fins de ventilation.

Il convient que la ventilation naturelle dans les batiments prenne en considération le fait que
la flottabilité du gaz ou de la vapeur peut étre un facteur significatif. De ce fait, il convient de
placer la ventilation de maniére a favoriser la dispersion et la dilution. Si la densité d'un gaz
ou de la vapeur dégagé(e) est élevée ou basse par rapport a I'air, la hauteur de pression du
mélange proche des ouvertures de l'enveloppe de locaux peut également étre utilisée pour
générer sa propre ventilation.
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Les taux de ventilation qui résultent de la ventilation naturelle sont par définition trés
variables. En régle générale, avec une ventilation naturelle, un taux de ventilation inférieur
donne un niveau de disponibilité supérieur, et inversement. Lorsque la dilution des
dégagements est assurée par ventilation naturelle, le scénario le plus défavorable doit de
préférence étre pris en considération pour déterminer le taux de ventilation. Ce type de
scénario donne donc lieu a un niveau plus élevé de disponibilité, ce qui compense les
hypothéses trop optimistes formulées lors de I'estimation du taux de ventilation.

Certaines situations exigent une attention particuliere. Cela est particulierement le cas
lorsque les prlses dalr de ventllatlon sont I|m|tees prmmpalement a un seul coté de
l'e : - : q

vent souffle sur le cote ventilé de Ienveloppe par exemple), le mouvement dalr extéri¢
pebt empécher le fonctionnement du mécanisme de flottabilité thermique. Dans des
circonstances, le niveau de ventilation et la disponibilité sont tous deux faibles, ce.qui donne
lieb a une classification plus rigoureuse.

7.2.3 Ventilation artificielle
7.2.3.1 Généralités

Lel mouvement d'air exigé pour la ventilation peut également étre ‘assuré par des moygns
artjficiels (des ventilateurs ou des extracteurs, par exemple). Bien-que la ventilation artificiglle
soft principalement utilisée dans une piéce ou un espace clos, elle peut également I'étre [en
plgdin air de fagon a compenser la réduction ou la géne apportée au mouvement d'air par des
obgtacles.

La| ventilation artificielle peut étre générale (un€ ‘piece entiere, par exemple) ou locale
(exftraction proche du point de dégagement, par‘exemple) et, dans ces deux cas, différepts
degrés de mouvement et de remplacement d'air;peuvent étre appropriés.

Avec l'utilisation de la ventilation artificielle, il est parfois possible de:

e [réduire le type et/ou I'étendue des’zones;
e [raccourcir la durée de persistance d'une atmosphére explosive gazeuse;

e [prévenir la formation d'ungvatmosphére explosive gazeuse.
7.3.3.2 Considérations’relatives a la ventilation artificielle

La|ventilation artificielle peut fournir un systéme de ventilation efficace et fiable a l'intérigur
d'un batiment. llsconvient de prendre en considération ce qui suit pour les systémes |de
ventilation artifigielle:

la clasgifieation de 'emplacement a l'intérieur du systéme d'extraction et immédiatement a
I'extérieur du point de rejet et des autres ouvertures du systeéme d'extraction;

Y]
~

b) | ikkconvient que I'air qui assure la ventilation d'un emplacement dangereux soit en principe
issu d'un emplacement non dangereux en tenant compte des effets d'aspiration sur
I’emplacement environnant;

c) il convient de définir 'emplacement des dégagements, ainsi que le degré, la vitesse et le
taux de dégagement avant de déterminer les dimensions et la conception du systéme de
ventilation.

En outre, les facteurs suivants ont une influence sur la qualité d'un systéme de ventilation
artificielle:

a) les gaz et vapeurs inflammables ont généralement des densités différentes de celle de
I’air, et peuvent ainsi s’accumuler a proximité soit du sol, soit du plafond de I'emplacement
clos, ou les mouvements d’air sont susceptibles d'étre réduits;
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b)

la proximité de la ventilation artificielle de la source de dégagement; la ventilation
artificielle proche de la source de dégagement est en principe plus efficace et peut étre

nécessaire pour controler de maniére appropriée la circulation de gaz ou de vapeur;
c) les variations de la densité des gaz avec la température;

d) des obstacles peuvent provoquer des réductions des mouvements d’air, voire leur

absence, c’est-a-dire que certaines parties de I'emplacement ne sont plus ventilées;

e) les turbulences et circulations d’air.

Pour plus de détails, voir ’Annexe C.

Il gonvient de prendre en considération la possibilité ou la nécessité de la recirculation de-l
daps la disposition de la ventilation. Cela peut avoir un impact sur la concentration de fond
I'efficacité du systéme de ventilation dans la réduction de I'emplacement dangereux. Dans ¢
cas, il peut s'avérer nécessaire de modifier la classification de I'emplacement-dangereux
cohséquence. La recirculation de Il'air peut également étre nécessaire (dans certain
applications (pour certains processus ou pour répondre aux besoins delpersonnel ou
mdtériel, par exemple) a basse ou haute température ambiante €én cas de bes
supplémentaire de refroidissement ou réchauffement de l'air. En, “cas de besoin
regirculation de I'air, des commandes supplémentaires pour la sécurité peuvent égalems
étre exigées (un analyseur de gaz avec des registres qui permettent de contrdler I'entrée d
frajs, par exemple).

7.2.3.3 Exemples de ventilations artificielles

Une ventilation artificielle générale peut inclure un batiment équipé de ventilateurs dans
myrs et/ou dans le toit afin d'améliorer la ventilation générale du batiment.

Le| réle des ventilateurs peut étre double. (lIs*peuvent augmenter le débit d'air dans

bafiment, ce qui facilite I'évacuation du gaz, ,du batiment. Les ventilateurs installés dans

bafiment peuvent également augmenterles turbulences et faciliter la dilution d'un nuag
bepucoup plus petit que la piéce qui le«¢ontient, méme si aucun gaz n'est chassé de la pié
Les ventilateurs peuvent également.améliorer la dilution en augmentant les turbulences ds
ceftaines situations extérieures.

La|ventilation artificielle local€;peut étre:

a) | un systéme d'extraction d'air/vapeur appliqué a un matériel de production qui dégage
facon permanente.ou périodique une vapeur inflammable.

air
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b) [ un systeme de ventilation forcée ou d'extraction appliqué a un emplacement local ou, par

ailleurs, I'apparition d'une atmosphére explosive gazeuse peut se produire.

Popr plus de ‘déetails, voir I'Article C.4.

7.3.4 Degré de dilution

L'efficacité de Ta venliilalion a mafiriser Ta dispersion el Ta persistance de Taimosphere
explosive dépend du degré de dilution, de la disponibilité de la ventilation et de la conception
du systeme. Par exemple, la ventilation peut ne pas étre suffisante pour prévenir la formation

d'une atmospheére explosive, mais peut étre suffisante pour empécher sa persistance.

Le degré de dilution est une mesure de l'aptitude des conditions de ventilation ou des
conditions atmosphériques a assurer la dilution d’'un dégagement a un niveau sir. Par
conséquent, un dégagement plus important correspond a un degré de dilution plus faible pour

un ensemble donné de conditions de ventilation ou de conditions atmosphériques, un taux
ventilation plus faible correspondant a un degré de dilution moins élevé pour une quantité
dégagement donnée.

de
de
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Si d’autres formes de ventilation (des ventilateurs de refroidissement, par exemple) sont
prises en compte, il convient alors de prendre des précautions quant a la disponibilité de la
ventilation. La ventilation utilisée a d’autres fins peut également avoir un impact positif ou
négatif sur la dilution.

Le degré de dilution a également un impact sur le volume de dilution. Le volume de dilution
est égal au volume qui peut étre supérieur a la LIl, y compris les facteurs de sécurité. En
d'autres termes, il s'agit du volume qui peut étre inflammable. Toutefois, la limite de
I'emplacement dangereux prend également en compte d'autres facteurs, tels que le
mouvement possible du dégagement, c'est-a-dire celui di a la direction et a la vitesse du
dégagement et duU volume dair environnant. En principe, t'empiacement dangereux € danc
bepucoup plus grand que le volume de dilution. Le concept de volume de dilutionget [sa
relption avec la classification des emplacements dangereux sont représentés a la Figure*1.

Volume de dilution Emplacement dangereux

=

Volume de dilution Emplacement dangereux

IEC

Figure 1 — Volume de dilution

Le|degré de dilution dépend non seulement de la ventilation, mais également de la nature| et
du|type de dégagement de gaz prévu. Certains dégagements (a basse vitesse, par exemple)
sont limitables par—~unte ventilation améliorée avec d'autres qui le sont beaucoup mojns
(dggagement a grande vitesse, par exemple).

L

D

5 degrés_de-dilution couramment appliqués sont décrits en C.3.5.

8 | Type de zone

8.1 Généralités

La probabilité de présence d'une atmosphére explosive gazeuse dépend principalement du
degré de dégagement et de la ventilation. Cela est identifié comme une zone. Les zones sont
reconnues de la maniére suivante: Zone 0, Zone 1, Zone 2 et zone non dangereuse.

Lorsque des zones créées par des sources adjacentes de dégagement se chevauchent et
reléevent de différents types de zones, y compris la classe de température et le groupe de
matériels, les critéeres de classification plus sévéres s'appliquent dans I’emplacement de
chevauchement. Lorsque les zones de chevauchement relévent de la méme classification,
cette classification commune s'applique normalement.


https://iecnorm.com/api/?name=1196a436ad64675e41518b22a622b9f1

IEC 60079-10-1:2020 © |IEC 2020 - 145 —

8.2 Influence du degré de la source de dégagement

Il existe trois degrés de dégagement de base, énumérés ci-dessous dans I'ordre décroissant
de fréquence d'occurrence et/ou de durée de dégagement de substance inflammable:

a) degré "dégagement continu";

b) degré "dégagement primaire";

c) degré "dégagement secondaire".

Une source de dégagement peut donner lieu a n'importe lequel de ces degrés de dégagement
oula une combinaison de deux degres ou plus.

Le|degré de dégagement détermine en général le type de la zone. Dans un emplacement
cofrectement ventilé (une installation a l'air libre, par exemple), un degré "dégagement
coptinu" se traduit en principe par une classification en Zone 0, un degré~'dégagement
primaire" par une classification en Zone 1 et un degré "dégagement secondaire" par une
clgssification en Zone 2. Cette régle générale peut étre modifiée en prenant*en considératjon
le |degré de dilution et la disponibilité de la ventilation qui peuvent:\donner lieu a une
clgssification plus ou moins sévere (voir 8.3, 8.4 et ’Annexe D).

8.3 Influence de la dilution

L'dfficacité de la ventilation ou du degré de dilution doit étre/prise en considération lors |de
I'estimation du type de classification en zones.

En[ régle générale, un degré moyen de dilutien< donne lieu a des types de zones
prédéterminés en fonction des types de sources<devdégagement. Un degré élevé de dilutjon
pefmet une classification moins sévére (Zonexh au lieu de la Zone 0, Zone 2 au lieu de| la
Zohe 1 et méme, dans certains cas, une Zone d'étendue négligeable, par exemple). Rar
ailleurs, un degré faible de dilution exige un€jclassification plus sévére (voir I’Annexe D).

8.4 Influence de la disponibilité de“la ventilation

La| disponibilité de la ventilatiopya une influence sur la présence ou la formation d'une
atmosphére explosive gazeuse “et, par conséquent, également sur le type de zone. |La
prgbabilité de ne pas disperser les atmosphéeres explosives gazeuses augmente au fur ef a
mgsure de la diminution dejla disponibilité (ou fiabilité) de la ventilation. La classification [en
zohes a tendance a étre. plus sévere, c'est-a-dire qu'une Zone 2 peut devenir une Zong 1
vofre une Zone 0. Des recommandations relatives a la disponibilité sont données| a
I'Apnexe D.

Des descriptions couramment appliquées de la disponibilité de la ventilation sont fourn|es
en|C.3.7.1(

NOJTE/ ,Lla’ combinaison des concepts d'efficacité et de disponibilité de la ventilation génére une méthode
qudlitative d'évaluation du type de zone. Cela est expliqué plus en détail a I'Annexe D.

9 Etendue de zone

L'étendue de zone dépend de la distance estimée ou calculée sur laquelle existe une
atmosphére explosive avant sa dispersion pour atteindre une concentration dans l'air
au-dessous de sa limite inférieure d'inflammabilité. Lors de I'évaluation de I'emplacement de
diffusion de gaz ou de vapeur avant sa dilution au-dessous de sa limite inférieure
d'inflammabilité, il convient de demander conseil a un expert.

Il convient de toujours prendre en considération la possibilité selon laquelle un gaz qui est
plus lourd que l'air peut se diffuser dans des emplacements souterrains (dans des puits ou
des dépressions par exemple) et que le gaz qui est plus léger que I'air peut étre retenu a un
niveau élevé (par exemple, sur le toit).
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Lorsque la source de dégagement est située a l'extérieur d'un emplacement ou dans un
emplacement avoisinant, la pénétration d'une quantité significative de gaz ou de vapeurs

infl

a)
b)

c)

ammables dans I'emplacement peut étre évitée par des moyens appropriés, tels que:

des barriéres physiques; ou

le maintien d'une surpression statique dans I'emplacement contigu aux emplacements

dangereux, empéchant ainsi la pénétration de I'atmosphére explosive gazeuse.

la purge de I'emplacement avec de l'air frais ou un gaz de protection non inflammable
(azote ou dioxyde de carbone, par exemple) a un débit suffisant et une pression positive,

de maniére a réduire la concentration de gaz ou de vapeurs inflammables a |'orig

NO

pagsage de gaz ou de vapeurs a la pression atmosphérique, empéchant ainsi la pénétration dune’ quan

sig
L'é
do
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Dans certaines conditions, les gaz et vapeurs plus/Jodrds que l'air peuvent se compor

co
drg
ce

ingtallation (voir B.6). Il convient de concevoir.Vimplantation de l'installation, lorsque cela

po

Un
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rés
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10

Il ¢st recommandé de documenter de maniére exhaustive la procédure de classification g

en
do
de
de

présents a une concentration inoffensive.
TE Un exemple de barriere physique est un mur étanche sans ouverture ou autre obstacle quUi limitg

hificative de gaz ou de vapeur inflammable dans I'emplacement.

bcifiques a la situation (se reporter également aux Articles 6, 7 et 8).

ur les dégagements ou seule une quantité réduite est effectivement libérée, une distan
s petite peut étre acceptée avec un dégagement en cours.Dans le cas d'une pef
Antité, la plupart des recommandations de I'Annexe C et “"de I'Annexe D ne sont g
blicables.

mme un liquide déversé et s'écoulant sur un terrain en pente, a travers des tuyaux
inage ou des nappes en tranchées, et peuvent.s'énflammer a distance de la fuite d'origi
qui entraine par conséquent un risque Jau niveau des surfaces importantes d’'u

5sible, pour faciliter la dispersion rapide-des atmosphéres explosives gazeuses.

emplacement a ventilation restreinte (par exemple dans des puits ou des tranchées)
respond normalement a la Zone-2 peut exiger la classification en Zone 1. D'autre part,
jes dépressions de faible profondeur utilisées pour des complexes de pompage ou d
ervations pour canalisation\peuvent ne pas exiger un traitement aussi rigoureux.

Documentation
1 Généralités

placements dangereux et les informations et hypothéses utilisées. Il convient que
cumeht-de classification des emplacements dangereux soit évolutif, contienne la méthog
classification des emplacements dangereux utilisée et soit révisé pendant les modificatig

ne

le
tité

tendue de zone exige d'évaluer un certain nombre de paramétres physiques et chimiques,
Nt certains sont des propriétés intrinséques de la substance inflammable, les autres étant

ce
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in'stallation. Il convient de référencer toutes les informations pertinentes utilisé

Exemples de telles informations ou d'une méthode utilisée:

a)
b)
c)
d)

e)

processus de montage et de fonctionnement;
recommandations tirées de codes et de normes appropriés;
caractéristiques de dispersion des gaz et vapeurs et calculs;

étude des caractéristiques de ventilation par rapport aux paramétres de dégagement
substance inflammable, de sorte que I'efficacité de la ventilation puisse étre évaluée;

toutes les limitations ou bases de ['évaluation qui peuvent avoir un impact sur
classification (pour les ensembles fabriqués lors de l'installation sur site, par exemple);

de

la
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f)

les propriétés de toutes les substances de processus utilisées dans l'installation (voir

I"'SO/IEC 80079-20-1), qui peuvent inclure:
e la masse molaire

e le point d’éclair

e |e point d'ébullition

e la température d'auto-inflammation

e la pression de vapeur

Py la densité-de vaneur
1

Il ¢st nécessaire d’enregistrer la source des informations (code, norme nationale; calcul)
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b)

e les limites d'inflammabilité
e le groupe de matériels et la classe de température

te que, lors des examens suivants, la philosophie adoptée soit claire pour I'équipe charg
la classification des emplacements dangereux.

2 Plans, fiches techniques et tableaux

bier ou sous format électronique. Il convient de les conserver dans un format adapté

)
.

5 formats de copie papier possibles pour la liste, de) substances sont proposés dans
bleau A.1. Un format d'enregistrement des résultats de I'étude de classification d
placements dangereux et de toutes les modifications apportées est donné dans
bleau A.2.

onvient que les dessins comportent des-vues en plan et en élévation ou des présentatid
imensionnelles, selon le cas, qui fassent apparaitre a la fois le type et I'étendue d
nes, le groupe de matériels, la>température d'auto-inflammation ou la classe
npérature.

'sque la topographie d'un emplacement a une influence sur I'étendue des zones, il convis
le documenter.

convient égalementique les documents comprennent d'autres informations approprié
es que:

lemplacement et l'identification des sources de dégagement. Pour les installations
aires deffraitement complexes de grandes dimensions, il peut ne pas étre pratique
détailler_ou de numéroter toutes les sources de dégagement, auquel cas des méthod
simplifiées peuvent étre utilisées (voir 5.4);

5 documents pour la classification des emplacements peuventyétre sous forme de copie

e
es
le

ns
es
de

ou
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lalposition des ouvertures dans les batiments (les portes, fenétres, orifices d'entrée et

La

Zo

de

SOTtie d'air pour Ia ventlation, par exemple).

Figure A.1 représente les symboles préférentiels relatifs a la classification des
emplacements dangereux. Une légende des symboles doit toujours étre fournie sur chaque
plan. Différents symboles peuvent étre nécessaires lorsque plusieurs groupes de matériels ou
classes de températures sont exigés au sein du méme type de zone (la Zone 2 lIC T1 et la

ne 2 IIA T3 par exemple).
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Annexe A
(informative)

Suggestion de présentation des emplacements dangereux

A.1  Emplacements dangereux — Symboles préférentiels pour les zones

La Figure A.1 représente les symboles préférentiels pour les zones.

OO0 00000 O0
OO0 00000 O0
OO0 O 0O000O0O0
O O 000000

Figure A.1 — Symboles préférentiels pour les zones
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Formes suggérées des emplacements dangereux

La Figure A.2 a la Figure A.5 représentent certaines formes suggérées d'emplacement
dangereux en fonction des formes de dégagement décrites dans I’Article B.6, qui peuvent étre
utiles dans la préparation des plans de classification des emplacements dangereux. Les effets
de l'incidence du dégagement sur les obstacles et l'influence de la topographie ne sont pas
pris en considération. L'emplacement dangereux généré par un dégagement peut également
donner lieu a la combinaison de différentes formes.

De
SR

la Figure A.2 a la Figure A.5:

est la source de dégagement

est I'étendue principale de I'emplacement dangereux a définir enphenant
considération la distance dangereuse estimée;

sont les étendues secondaires de I'emplacement dangereux a définimen’tenant com
du comportement du dégagement;

sont les distances entre la source de dégagement et le sohou la surface sous
dégagement.

or

IEC

Figure A.2 — Gaz ou vapeur a basse pression
(ou a haute préession dans le cas ou le sens de dégagement n'est pas prévisible)

en

hte

e

N | ]
_—
ou ) 82‘
0 O
g ot
(I)\g
o |
\L/

IEC

Figure A.3 — Gaz ou vapeur a haute pression
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NOJTE En cas d'égouttement, il ne se forme généralement pas de flaque de liquide.

Figure A.4a) Gaz ou vapeur (liquéfié(e) sous pression ou par réfrigération)
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NOJTE En cas de déversement accidentel, une flaque de liquide peut se former. Dans ce cas, une source|de
dédagement supplémentaire*peut étre prise en considération.

igure A.4b) Gaz ouvapeur (liquéfié(e) sous pression ou par réfrigération) avec déversement accidentg

Figure A.4 — Gaz liquéfié

SR

IEC
NOTE La source de déversement accidentel de substance inflammable n'est pas indiquée.

Figure A.5 — Liquide inflammable
(flaque d’évaporation qui n’est pas en ébullition)
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Annexe B
(informative)

Estimation des sources de dégagement

B.1 Symboles

Ap surface de la flaque (m?2);

Cq coefficient de débit (sans dimension) caractéristique des ouvertures de dégagement et
qui prend en compte les effets de turbulence et de viscosité, généralement
de 0,50 a 0,75 pour les orifices a aréte vive et de 0,95 a 0,99 pour les_orifiges
arrondis;

“p chaleur massique a pression constante (J/kg K);

r indice polytropique de la détente adiabatique ou rapport des chaleurs massiques (sgns
dimensions);
masse molaire du gaz ou de la vapeur (kg/kmol);

P pression dans le conteneur (Pa);

47 différence de pression dans 'ouverture qui fuit (Pa);

Pa pression atmosphérique (101 325 Pa);

Pd pression critique (Pa);

Py pression de vapeur du liquide a la température T (Pa);

2 débit volumétrique du gaz inflammable par rapport a la source (m3/s);

R constante universelle des gaz{(8314,5 J/kmol K);

P densité du liquide (kg/m3)

Py densité du gaz ou de:la vapeur dans les conditions ambiantes (kg/m3);
section transversale de l'orifice (trou) par lequel le fluide est dégagé (m2);
température/du fluide, du gaz ou du liquide (K);

Ta température ambiante (K);

Uw vit€sse du vent a la surface de la flaque de liquide (m/s);

w taux de dégagement du liquide (masse par unité de temps, kg/s);

. vitesse d'évapwatiun du iiquiu'c (kg/’b),

/4

9 taux de dégagement massique du gaz (kg/s);

z facteur de compressibilité (sans dimension).

B.2 Exemples de degrés de dégagement

B.2.1 Généralités

Les exemples donnés de B.2.2 a B.2.4 ne sont pas destinés a étre appliqués de fagon stricte.
Ils peuvent nécessiter des adaptations en fonction du matériel de production particulier et de
la situation. Il est nécessaire de savoir que certains matériels peuvent avoir plusieurs degrés
de dégagement.
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Il convient de choisir les valeurs des parametres dans les formules fournies de maniére a
donner un niveau approprié de prudence en prenant en considération l'incertitude. Dans cette
approche, les facteurs de sécurité spécifiques ne sont pas indiqués.

B.2.2 Sources qui donnent le degré "dégagement continu"
Ci-dessous quelques exemples caractéristiques:

a) surface d'un liquide inflammable dans un réservoir a toit fixe équipé d'un évent, avec une
ventilation continue vers 'atmosphére.

b) [ surface d’un liquide inflammable ouvert a 'atmosphere de fagcon permanente ou pendant
de longues périodes.

B.2.3 Sources qui donnent le degré "dégagement primaire"

Ci

dessous quelques exemples caractéristiques:
a) | Garnitures de pompes, compresseurs ou vannes, si un dégagement de substarce
inflammable est prévu pendant le fonctionnement normal.

b) | Points de vidange d'eau placés sur des cuves qui contiennent\des gaz ou des liquiges
inflammables qui peuvent donner lieu a des dégagements de substance inflammable dgns
I'atmosphére tandis que s'effectue la vidange de I'eau pendante fonctionnement normall.

c) | Points d'échantillonnage dans lesquels des dégagements-de substance inflammable s¢nt
prévus dans I'atmosphére pendant le fonctionnementnermal.

d) | Soupapes de décharge, évents et autres ouvertures-ou sont prévus des dégagements |de
substance inflammable dans I'atmosphére pendant-le fonctionnement normal.

B.2.4 Sources qui donnent le degré "dégagement secondaire"

Ci

dessous quelques exemples caractéristiques:
a) | Garnitures de pompes, compresseurs et vannes, ou ne sont pas prévus de dégagements
de substance inflammable pendantile fonctionnement normal du matériel.

b) [ Brides, raccords et accessoires de tuyauteries ou ne sont pas prévus de dégagements ([de
substance inflammable pendant le fonctionnement normal.

c) | Points d'échantillonnage"ou ne sont pas prévus de dégagements de substarce
inflammable pendant le-fonctionnement normal.

d) | Soupapes de décharge, évents et autres ouvertures ou ne sont pas prévus |de
dégagements .de substance inflammable dans I'atmosphére pendant le fonctionnement
normal.

B.p Evaluation des degrés de dégagement

Unle {mauvaise évaluation des degrés de dégagement peut compromettre le résultat [de
I'ell le d < Ri I leqrés de dé ; \&finis (vair 34,2,

3.4.3 et 3.4.4), il n'est pas toujours facile, dans la pratique, de distinguer un degré de
dégagement d'un autre.

Par exemple, il est en général considéré que chaque dégagement qui ne se produit pas en
fonctionnement normal est un degré "dégagement secondaire". La durée prévue du
dégagement est en général négligée. Toutefois, le concept de degré de "dégagement
secondaire" repose également sur I'hnypothése selon laquelle le dégagement ne dure que tres
peu de temps. Cela implique qu'un éventuel dégagement est identifié dés le début et que la
mesure corrective est prise dés que possible. Ce type d'hypothése permet de procéder a une
surveillance et une maintenance réguliéres du matériel et de l'installation.
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De toute évidence, si la surveillance n'est pas réguliére et que la maintenance est
insuffisante, il peut s'écouler plusieurs heures, voire plusieurs jours, avant de détecter les
dégagements. Ce retard de détection ne signifie pas qu'il convient donc de déclarer les
sources de dégagement comme primaire ou comme continu. Un dégagement peut se produire
dans de nombreuses installations éloignées laissées sans surveillance sans qu'il soit signalé
pendant une longue période, mais il convient également de surveiller et d'examiner ces
installations d’une maniére réguliére raisonnable. Par conséquent, une évaluation du degré
de dégagement doit reposer sur des considérations attentives et sur I'hypothése selon
laquelle le matériel et les installations sont surveillés et examinés de maniére raisonnable,
selon les instructions du fabricant, les réglements et protocoles pertinents et des pratiques
teGhrigues—sires—H convientguelaclassification-des—emplacementsdangereuxne-servepas
de|prétexte a une maintenance insuffisante; I'utilisateur doit au contraire étre conscient du fait
que de mauvaises pratiques peuvent compromettre les bases établies pour la classification
dep emplacements dangereux.

Dans un grand nombre de cas, le dégagement peut correspondre assez bien‘a la définitjon
d'un degré "dégagement primaire". Toutefois, dans le cadre de I'examen niinutieux de|la
najure du dégagement, il peut s'avérer que le dégagement se produit de maniére si fréquente
et fmprévisible que personne ne peut raisonnablement affirmer qu'une atmosphére explos|ve
n'gpparait pas a proximité de la source de dégagement. Dans ces eas) la définition du degré
"dg¢gagement continu" peut étre plus adaptée. Par conséquent,yla définition d'un deiré
"dg¢gagement continu" implique non seulement que les dégagements sont continus, mais

égplement trés fréquents (voir 3.4.2).

B.# Cumul des dégagements

Dans les emplacements intérieurs qui contiennent plusieurs sources de dégagement, et {fin
de| déterminer le type et I'étendue des zone$,\il pourrait étre nécessaire de cumuler |es
dépagements avant de déterminer le degré de\dilution et la concentration de fond.

Il peut étre prévu que les degrés "dégagement continu" ont souvent, sinon toujours, lieu, &t il
cofvient donc de cumuler tous les degrés "dégagement continu".

Le| degré "dégagement primaire™ se produit en fonctionnement normal, mais il est peu
prabable que toutes ces sources fassent simultanément I'objet d'un dégagement. Il convient
de|s'appuyer sur les connaissances et I'expérience de l'installation pour déterminer le nombre
d’dccurrences du degré."dégagement primaire" qui peuvent se produire simultanément dgns
leqd conditions les plus_défavorables.

Lep occurrences ‘du degré "dégagement secondaire" ne sont pas réputées se produire |en
fonpctionnement-normal. Par conséquent, étant donné qu'il s'avere peu probable que plusielirs
sofirces secondaires fassent simultanément I'objet d'un dégagement, il convient de prendre
en|considération uniquement le dégagement secondaire le plus important.

Il conwvient d’établir le cumul des sources de dégagement avec une activité réguligre
(c'est-a-dire previsible) sur la base d’'une analyse detaillee des conditions d’exploitation. Dans
la détermination des dégagements cumulés (massiques et volumétriques):

e I'ensemble du dégagement continu est égal a la somme de tous les dégagements continus
individuels,

e I'ensemble des dégagements primaires est égal a la somme des dégagements primaires
individuels combinés a I'ensemble des dégagements continus,

e l'ensemble des dégagements secondaires se compose du dégagement secondaire
individuel le plus important combiné a I'ensemble des dégagements primaires.

Lorsque la méme substance inflammable s'échappe de toutes les sources de dégagement, les
taux de dégagement (massiques et volumétriques) peuvent alors étre cumulés directement.


https://iecnorm.com/api/?name=1196a436ad64675e41518b22a622b9f1

- 156 — IEC 60079-10-1:2020 © |IEC 2020

Toutefois, en cas de dégagements de substances inflammables différentes, la situation est
plus complexe. Dans la détermination du degré de dilution (voir la Figure C.1), il est
nécessaire de déterminer les caractéristiques de dégagement pour chaque substance
inflammable avant de procéder au cumul. Il convient d'utiliser le dégagement secondaire qui
présente la valeur la plus élevée.

Dans la détermination de la concentration de fond (voir I'équation C.1), les taux de
dégagement volumétrique peuvent étre cumulés directement. La concentration critique a
laquelle est comparée la concentration de fond est proportionnelle a la LII. Etant donné qu'un
certain nombre de substances inflammables différentes peuvent s'échapper, il convient
d'ytitiserta Citta ptus Tatble des Sources potentieiles de degagement en comparalson.

En| général, il convient que les sources de dégagement primaires et continues ne soient, |de
préférence, pas situées dans des emplacements avec un faible degré de dilutionCll convignt
de|relocaliser les sources de dégagement, d’améliorer la ventilation ou de diminuer le degré
de|dégagement.

B.p Alésage et rayon de la source

Le|facteur le plus significatif a estimer dans un systéme est le rayon de la surface de fuite [de
la |source de dégagement respective. Il détermine le taux de‘degagement de la substance
inffammable et donc, finalement, le type et I'étendue de zone!

Le|taux de dégagement est proportionnel au carré du rayon de la surface de fuite équivalgnt.
Une Iégére sous-estimation de cet alésage équivalent(se traduit par conséquent par une laijge
soys-estimation de la valeur calculée du taux de,dégagement, ce qu'il convient d'éviter. Une
sufestimation de 'alésage équivalent donne un.galcul prudent, ce qui est acceptable pour des
raisons de sécurité. Toutefois, il convient également de limiter le degré de prudence, caf |l
dohne finalement des étendues de zone démesurées. Une approche soigneusement
éqpilibrée est donc nécessaire lors de I'estimation de |'alésage.

NO[TE Méme si le terme "rayon de la surface de fuite" est utilisé, la plupart des fuites imprévues ne sont pas
rondes. Dans ces cas, le coefficient de débit'est utilisé en compensation pour réduire le taux de dégagement a Yine
surface de fuite équivalente.

Pour le degré "dégagement continu" et le degré "dégagement primaire", les alésages
éqpivalents sont définis.par la taille et la forme de l'orifice de dégagement (divers évents| et
digpositifs de respiration, par exemple) par lequel le gaz s'échappe dans des conditigns
relptivement prévisibles. Un guide relatif aux alésages équivalents qui peuvent étre pris |en
copsidération pour les degrés "dégagement secondaire" est inclus dans le Tableau B.1.
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Tableau B.1 — Sections d’alésage suggérées
pour les degrés "dégagement secondaire”

Considérations relatives aux fuites

Valeurs classiques
pour les conditions
dans lesquelles

Valeurs classiques pour
les conditions dans
lesquelles I'ouverture

Valeurs classiques pour
les conditions dans
lesquelles I'ouverture

Type P I'ouverture de de dégagement peut de dégagement peut
Elément
d'élément dégagement n’est étre étendue (érosion, étre étendue jusqu'a
pas étendue par exemple) une défaillance séveére
(éclatement, par
nvnmpli\)
S (mm?2) S (mm?) S (mm?)
Brides avec (zone entre deux
joints en fibres boufons)
comprimées > 0,025 jusqu’a 0,25 > 0,25 jusqu’a 2,5 X
ou matériau (épaisseur du joint) en
analogue genéral > 1 mm
Brides avec (zone entre deux
Orjganes garnitures boulons)
d'étanchéité d’étanchéité 0 025 0,25 x
suk les en spirale ou (épaisseur du joint) en
piﬁes analogues général > 0,5 mm
fixes Raccords
a joints 0,1 0425 0,5
annulaires
Raccords a
faible alésage . ) s . s
jusqu'a > 0,025 jusqu’a 0,1 X0,1 jusqu’a 0,25 1,0
50 mm?
Organes Garnitures A définir en fonction d¢s
d'dtanchéité | de tiges de 0,25 25 données du fabricant qu
suk les manceuvre matériel, mais pas moifps
pafties de 2,5 mm? ¢
mgbiles a Soupapes de 0,1 x (section de so so
basse vitesse | jecharge P l'otifice) 0 0.
3. t::if\éité A définir en fonction dg¢s
suk les données du fabricant
; Pompes et : ' a du matériel et/ou de I
o E,'ﬁ:s a compresseurs® 50 2 Tjusqua’s configuration de I'unité de
rhnde traitement, mais pas
si sse moins de 5 mm?2 9 et

a8 | Les sections d’alésage suggérées pour les joints annulaires, les raccords filetés, les joints a compression (les
raccords a compression métalliques, par exemple) et les joints rapides sur les canalisations a faible alésagg.

Ce point ne-fait pas référence a l'ouverture compléte de la soupape, mais a diverses fuites dues Jau
dysfonctionnement des composants de la soupape. Des applications particuliéres peuvent exiger une sectjon
d’alésage plus importante que celle suggérée.

¢ | Compresseur a pistons — Le chéassis du compresseur et les cylindres ne sont en général pas ceux qui fuient,
sauf les garnitures de tiges de piston et les différents raccords de tuyauterie dans le systéme de traitement.

Données du fabricant du matériel — La coopération avec le fabricant du matériel est exigée pour évaluer les
effets d'une défaillance imprévue (la disponibilité d'un plan qui contient les détails des dispositifs d'étanchéité,
par exemple).

€ Configuration de I'unité de traitement — Dans certaines circonstances (une étude préliminaire, par exemple),
une analyse opérationnelle visant a définir le taux de dégagement maximal accepté de substance inflammable
peut compenser le manque de données du constructeur du matériel.

NOTE D'autres valeurs typiques ou des recommandations relatives a I’érosion et aux conditions de défaillance
peuvent également étre consultées dans les codes nationaux ou applicables a l'industrie concernant des
applications spécifiques.

Il convient de choisir des valeurs inférieures dans une plage de valeurs pour les conditions
théoriques, lorsque la probabilité de défaillance est faible (fonctionnement & des
caractéristiques assignées de conception bien inférieures, par exemple). Il convient de choisir
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des valeurs plus élevées dans une plage de valeurs lorsque les conditions d’exploitation sont
proches des caractéristiques assignées de conception et que des conditions défavorables
(vibrations, variations de température, conditions environnementales défavorables ou
contamination des gaz, par exemple) peuvent augmenter la probabilité de défaillance. En
régle générale, les installations laissées sans surveillance exigent des considérations
particulieres afin d'éviter de graves défaillances. Il convient de correctement documenter les
raisons qui expliquent le choix d'un alésage.
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B.6 Formes de dégagement

La Figure B.1 représente la nature générale des différentes formes de dégagement.

Gaza
flottabilité Flottant
(plus léger
que l'air)
A basse Gaza
—P Pt esston Hité =‘|—N‘eultre—
Voir I'équation B.3 neutre
Dégagement Gaz dense
_en’fravé_ > (plus I‘OL.er » Lourd
Voir I'équation que l'air)
B.4
A pression Gaz A rorigine
> Gaz et élevée >
vapeurs "1 Voir I'équation Cijaud flottant
B4
Gaz - A rorigine
froid lourd
A 4
Gaz Jet de Autodilué Tous
liquéfiés liquide Jet de‘gaz utodilue (selon les conditions
™ sous [”] re \(Joa:{ion "] sonique > (Voir Figure 1 gazeuses et la nature
pression qB_1 C.2) du dégagement)
$ource de Gaz -
dégagement [ froid Lourd
Evaporation
éclair
Gaz )
liquéfiés _Brouillard » Lourd
> par |~ inflammable
réfrigération
Condensation 4———’
A
Reservoir Evaporation Gaz
a ébullition
1 Voir I'équation ™ dechaleur [P froid
B.6
Flaques Lo?"'fj
Liquides d’évaporation Evaporation Considéren
—P inflammables » n“e,tfnt _p_as“ »  de chaleur | Vapeur » Lfne etendlua
bbbt e Zome pius
voir 'équation B.6 importante
Liquides Possibilité de
—»| combustibles [  brouillards
ou inflammables Voir Annexe G
IEC

Figure B.1 — Formes de dégagement
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B.7 Taux de dégagement

B.7.1 Généralités

Le taux de dégagement dépend de parametres tels que:

a)

b)

c)

d)

La nature et le type de dégagement

Cela est lié aux caractéristiques physiques de la source de dégagement (par exemple,
surface libre, bride sur laquelle il y a une fuite, etc.).

| 2 vitacca da da
= teSSe-ae-a6

Pour une source de dégagement donnée, le taux de dégagement augmente avec|la
pression de dégagement. Pour un dégagement subsonique de gaz, la vitesse |de
dégagement est liée a la pression de travail. La dimension d'un nuage decgaz ou [de
vapeur inflammable est déterminée par le taux de dégagement de gaz _du,de vapgur
inflammable et le taux de dilution. Le gaz et la vapeur qui s'échappent agrande vitegse
par une fuite entrainent l'air et peuvent s’autodiluer. L'étendue de I'atmosphére explos|ve
gazeuse peut alors étre presque indépendante du débit d’air. Si la substance est dégadgée
a basse vitesse ou si un objet solide réduit sa vitesse, elle est transportée par le dgbit
d'air et sa dilution et son étendue dépendent du débit d'air.

La concentration

La masse de la substance inflammable dégagée augmente avec la concentration du daz
ou de la vapeur inflammable dans le mélange dégagé.

La volatilité d'un liquide inflammable

Cela est lié principalement a la pression de-vapeur et a l'enthalpie ("chaleur") [de
vaporisation. Si la pression de vapeur n’est gas’ connue, le point d'ébullition et le pdint
d'éclair peuvent servir de guide.

Une atmosphére explosive ne peut pas eXister si le point d'éclair est au-dessus de|la
température maximale appropriée du.liquide inflammable (voir la NOTE 1). Plus le pdint
d'éclair est bas, plus I'étendue de zonée peut étre importante. Cependant, si une substar|ce
inflammable est dégagée de facon>a former un brouillard (par pulvérisation, par exemple),
une atmospheére explosive peut-étre produite a une température inférieure au point d'éclair
de cette substance.

NOTE 1 Les tableaux publiés et I'expérimentation a l'origine des données relatives au point d'édair
n‘enregistrent pas toujours/dé.'valeurs exactes, et les données d'essai varient. A moins que les valeurs| de
point d'éclair ne soient réputées étre exactes, une certaine marge d'erreur est admise par rapport aux valgurs
indiquées. Une marge de * 5 °C pour les liquides purs, avec des marges plus importantes pour les mélandes,
n'est pas inhabituelle.

Deux méthodes’ permettent de mesurer le point d'éclair: en vase clos et en vase ouvegrt.
Pour le materiel fermé, et par mesure de prudence, le point d'éclair en vase clos gest
utilisé. Pour un liquide inflammable dans I'ouverture, le point d'éclair en vase ouvert p¢ut
étre utilisé.
NOTE 2 Certains liquides (certains hydrocarbures halogénés, par exemple) n'ont pas de point d'éclair HQien
qu'ils _soient capables de produire _une atmosphére explosive gazeuse. Dans ces cas, la_ tempérafjure

d'équilibre du liquide, qui correspond a la concentration de saturation a la limite inférieure d'inflammabilité,
doit étre comparée avec la température maximale pertinente du liquide.

La température du liquide

L'augmentation de la température du liquide augmente la pression de vapeur, augmentant
ainsi le taux de dégagement da a I'évaporation.

La température du liquide peut augmenter aprés dégagement (par une surface chaude ou
une température ambiante élevée, par exemple). Toutefois, la vaporisation tend
également a refroidir le liquide tant qu'une condition d'équilibre n'a pas été obtenue, en
fonction de 'apport énergétique et de I'enthalpie du liquide.
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B.7.2 Estimation du taux de dégagement

B.7.2.1 Généralités

Le
de
co

s équations et méthodes d'évaluation présentées dans le présent article ne sont pas
stinées a étre appliquées a toutes les installations. Elles s'appliquent uniquement aux
nditions limitées indiquées dans chaque section. Les équations donnent également des

résultats indicatifs en raison des restrictions liées a la volonté de décrire des concepts

co
ég

Le
ga
co
pe
inf
en

Le
co

mplexes avec des modéles mathématiques simplifiés. D'autres méthodes de calcul peuvent
alement étre adoptées.

5 équations suivantes donnent les taux de dégagements approximatifs pour des liquides| et
y inflammables. Une estimation de taux de dégagement plus fine est obtenue [en
nsidérant les propriétés des ouvertures et la viscosité du liquide ou du gaz. La\viscodité
it réduire sensiblement le taux de dégagement si l'ouverture par laquelle da-substar|ce
ammable est dégagée est longue comparée a sa largeur. Ces facteurs sont.en‘général gris
considération dans le coefficient de débit (Cy < 1).

coefficient de débit Cy est une valeur empirique obtenue par une_séerie d'expériences qui
respondent a des cas spécifiques de dégagement et des détails d"orifice spécifiques. Il|en

régulte que la valeur de Cy peut étre différente pour chaque cas particulier de dégagement.
Une valeur de Cq d'au moins 0,99 pour les éléments qui comportent des trous aux fornjes
régulieres (les évents, par exemple) et de 0,75 pour les (trous irréguliers peut étre une

ap
pe

Si
gu

B

Le

Le
dé

va

a)

.T-2.2 Taux de dégagement des liquides

broximation raisonnablement s(re en l'absence d'aufres informations pertinentes qui
‘mettent de procéder a I'évaluation.

Cq est utilisé dans les calculs, il convient d'utiliser la valeur appliquée en référence ajun
de approprié pour I'application.

taux de dégagement d’un liquide peut €tre estimé a partir de 'approximation suivante:

W =CqS2p 2 (kals) Bl1)

taux de vaporisation )d'un dégagement de liquide doit alors étre déterminé. Les
jagements de liquide peuvent prendre de nombreuses formes. La nature du dégagemen{ et
manieére dont la-Svapeur ou le gaz est généré dépendent également de nombreuges
iables. Exemples.de dégagements:

Dégagement biphasique (c'est-a-dire dégagement de liquide et de gaz combinés)

Les liquides, tels que le gaz de pétrole liquéfié (GPL), peuvent inclure les phages
gazeuses et liquides soit immédiatement avant I'orifice de dégagement, soit aprées I'orif[ce
de, dégagement avec un ensemble d'interactions thermodynamiques ou mécaniques. Cela
pedt donner lieu a la formation de gouttelettes et/ou de flaque, puis a I'ébullition |du

b)

liquide, ce qui participe au nuage de vapeur.
Dégagement monophasique d'un liquide sans tension de vapeur

Pour les liquides qui présentent des points d'ébullition plus élevés (au-dessus des plages
atmosphériques), le dégagement comprend en général un composant liquide significatif
qui peut s’évaporer a proximité de la source de dégagement. Le dégagement peut
également se décomposer en gouttelettes par I'action d'un jet. La vapeur dégagée dépend
alors de la formation d'un jet et de la vaporisation a partir du point de dégagement, de
gouttelettes ou de la formation ultérieure d'une flaque.

En raison du grand nombre de conditions et de variables, une méthode d'évaluation des
états de vapeur d'un dégagement de liquide n'est pas fournie dans la présente norme. Il
convient que les utilisateurs choisissent avec soin un modéle adapté en observant toutes
les limites du modeéle et/ou en appliquant une approche judicieusement prudente des
résultats.
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B.7.2.3 Taux de dégagement de gaz ou vapeur
B.7.2.3.1 Généralités

Les équations ci-dessous sont réputées fournir des estimations raisonnables du taux de
dégagement des gaz. Si la densité du gaz avoisine celle du gaz liquéfié, il peut alors étre
nécessaire de prendre en considération les dégagements biphasiques comme indiqué
en B.7.2.2.

tamant infAriaiien S ~nlla A az
e e orc—a— St c—Cto

Le taux de dégagement d’'un gaz d’un conteneur peu
L - ~ ;
ot > )

d' a-—aaznarfait  coi
T—gor

étre estimé par la détente adiabatique
parfait—si St
liguéfié.

La|vitesse du gaz dégagé est constante (vitesse du son) si la pression dans le conteheur |du
gay est supérieure a la pression critique p...

La|pression critique est déterminée par I'équation suivante:

y+1 7 1(y=1)
Pe = pa(—z j (Pa) Bl2)
Mcp
Pour le gaz parfait, I’équation 7= peut étre utilisée.
Mcp -R

NO[TE Pour la majorité des gaz, I'approximation p_ ~ 1589 p, sert généralement a une estimation rapide. |es
prepsions critiques sont généralement faibles comparées.ayla majorité des pressions de service présentes dans|les
processus industriels habituels. Les pressions inférieures a la pression critique sont en général présentes dans|les
tuypux d'alimentation en gaz de terminal vers~les appareils d'utilisation (réchauffeurs, fours, réacteyrs,
incinérateurs, vaporisateurs, générateurs de vapeur; chaudiéres et autres matériels de production, par exempje).
Ceg pressions peuvent également apparaitrei~dans les cuves de stockage atmosphériques a surpressipns
mofiérées (en général jusqu'a 50 kPag).

Dans les équations suivantes,, le-facteur de compressibilité pour les gaz parfaits est de 1|,0.
Pour les gaz réels, les valeurs du facteur de compressibilité sont inférieures ou supérieures
a 1,0 selon le type de gaz'cohcerné, la pression et la température. Pour les pressions basges
a moyennes, la valeur Z = 1,0 peut servir d'approximation raisonnable. Pour des pressigns
plys élevées (au-dessus de 50 bars, par exemple) et lorsqu’une plus grande exactitude est
exigée, il convient!d’appliquer le facteur de compressibilité réel. Les valeurs du facteur |de
conpressibilité ,peuvent étre obtenues dans les recueils de données relatifs aux proprié{és
des gaz.

B.7.2.3.2 Taux de dégagement d’un gaz avec une vitesse du gaz non constante
(dégagements subsoniques)

Lavitessedugaz o constante estunme vitesse de deécharge au—dessous detavitesse duson
pour un gaz particulier.

Le taux de dégagement d’'un gaz d’un conteneur, si la vitesse du gaz n’est pas constante,
peut étre estimé par I'approximation suivante:

v 2 (r=0lr 1y
Wy=CySp LY | La La | (kgts) (B.3)
ZRT y-1 p p


https://iecnorm.com/api/?name=1196a436ad64675e41518b22a622b9f1

	Commented version (English only)
	CONTENTS
	FOREWORD
	INTRODUCTION
	1 Scope
	2 Normative references
	3 Terms and definitions
	4 General
	4.1 Safety principles
	4.2 Hazardous area classification objectives
	4.3 Interior of equipment containing flammable materials
	4.4 Explosion risk assessment
	4.4.1 General
	4.4.2 Zone of negligible extent

	4.5 Catastrophic failures
	4.6 Competence of personnel

	5 Hazardous area classification methodology
	5.1 General
	5.2 Classification by sources of release method
	5.3 Use of industry codes and national standards 
	5.3.1 General
	5.3.2 Fuel gas installations

	5.4 Simplified methods
	5.5 Combination of methods

	6 Release of flammable substance
	6.1 General
	6.2 Sources of release
	6.3 Forms of release 
	6.3.1 General
	6.3.2 Gaseous release
	6.3.3 Liquefied under pressure release
	6.3.4 Liquefied by refrigeration release
	6.3.5 Flammable mists release
	6.3.6 Vapours release
	6.3.7 Liquid release


	7 Ventilation (or air movement) and dilution
	7.1 General
	7.2 Main types of ventilation
	7.2.1 General
	7.2.2 Natural ventilation 
	7.2.3 Artificial ventilation
	7.2.4 Degree of dilution


	8 Type of zone
	8.1 General
	8.2 Influence of grade of the source of release
	8.3 Influence of dilution
	8.4 Influence of availability of ventilation

	9 Extent of zone
	10 Documentation 
	10.1 General
	10.2 Drawings, data sheets and tables

	Annexes
	Annex A (informative) Suggested presentation of hazardous areas
	A.1 Hazardous area – Preferred symbols for zones
	A.2 Hazardous area suggested shapes

	Annex B (informative) Estimation of sources of release
	B.1 Symbols
	B.2 Examples of grade of release
	B.2.1 General
	B.2.2 Sources giving a continuous grade of release
	B.2.3 Sources giving a primary grade of release
	B.2.4 Sources giving a secondary grade of release

	B.3 Assessment of grades of release
	B.4 Summation of releases
	B.5 Hole size and source radius
	B.6 Forms of release
	B.7 Release rate
	B.7.1 General
	B.7.2 Estimation of release rate
	B.7.2.1 General
	B.7.2.2 Release rate of liquids
	B.7.2.3 Release rate of gas or vapour 

	B.7.3 Release rate of evaporative pools

	B.8 Release from openings in buildings
	B.8.1 General
	B.8.2 Openings as possible sources of release
	B.8.3 Openings classification


	Annex C (informative) Ventilation guidance
	C.1 Symbols
	C.2 General
	C.3 Assessment of ventilation and dilution and its influence on hazardous area
	C.3.1 General
	C.3.2 Effectiveness of ventilation
	C.3.3 Criteria for dilution
	C.3.4 Assessment of ventilation velocity
	C.3.5 Assessment of the degree of dilution
	C.3.6 Dilution in a room
	C.3.6.1 General
	C.3.6.2 Background concentration and releases in a ventilated room

	C.3.7 Criteria for availability of ventilation
	C.3.7.1 General
	C.3.7.2 Criteria for natural ventilation
	C.3.7.3 Criteria for artificial ventilation


	C.4 Examples of ventilation arrangements and assessments
	C.4.1 Introduction
	C.4.2 Jet release in a large building
	C.4.3 Jet release in a small naturally ventilated building
	C.4.4 Jet release in a small artificially ventilated building
	C.4.5 Release with low velocity 
	C.4.6 Fugitive emissions 
	C.4.7 Local ventilation-extraction 

	C.5 Natural Ventilation in buildings
	C.5.1 General 
	C.5.2 Wind induced ventilation
	C.5.3 Buoyancy induced ventilation
	C.5.4 Combination of the natural ventilation induced by wind and buoyancy


	Annex D (informative) Estimation of hazardous areas
	D.1 General
	D.2 Estimating types of the zones 
	D.3 Estimating the extent of the hazardous area

	Annex E (informative) Examples of hazardous area classification
	E.1 General
	E.2 Examples
	E.3 Example case study for hazardous area classification

	Annex F (informative) Schematic approach to classification of hazardous areas
	F.1 Schematic approach to classification of hazardous areas
	F.2 Schematic approach to classification of hazardous areas
	F.3 Schematic approach to classification of hazardous areas
	F.4 Schematic approach to classification of hazardous areas

	Annex G (informative) Flammable mists
	Annex H (informative) Hydrogen
	Annex I (informative) Hybrid mixtures
	I.1 General
	I.2 Use of ventilation
	I.3 Concentration limits
	I.4 Chemical reactions
	I.5 Energy/temperature limits
	I.6 Zoning requirements

	Annex J (informative) Useful equations in support tohazardous area classification
	J.1 General
	J.2 Dilution with air of a flammable substance release
	J.3 Estimate of the time required to dilute a flammable substance release

	Annex K (informative) Industry codes and national standards
	K.1 General


	Bibliography
	Figures
	Figure 1 – Dilution Volume
	Figure A.1 – Preferred symbols for zones
	Figure A.2 – Gas or vapour at low pressure (or at high pressure in case of unpredictable release direction)
	Figure A.3 – Gas or vapour at high pressure
	Figure A.4 – Liquefied gas
	Figure A.5 – Flammable liquid (non boiling evaporative pool)
	Figure B.1 – Forms of release
	Figure B.2 – Specific volumetric evaporation rate of liquids
	Figure C.1 – Chart for assessing the degree of dilution
	Figure C.2 – Self diffusion of an unimpeded high velocity jet release
	Figure C.3 – Supply only ventilation
	Figure C.4 – Supply and extraction ventilation
	Figure C.5 – Local extraction ventilation
	Figure C.6 – Specific volumetric flow rate of fresh air of equivalent effective opening area
	Figure C.7 – Example of opposing ventilation driving forces
	Figure D.1 – Chart for estimating hazardous area distances
	Figure E.1 – Degree of dilution (Example No. 1) 
	Figure E.2 – Hazardous distance (Example No. 1)
	Figure E.3 – Zone classification (Example No. 1)
	Figure E.4 – Degree of dilution (Example No. 2)
	Figure E.5 – Degree of dilution (Example No. 3)
	Figure E.6 – Hazardous distance (Example No. 3)
	Figure E.7 – Zones classification (Example No. 3) 
	Figure E.8 – Degree of dilution (Example No. 4)
	Figure E.9 – Hazardous distance (Example No. 4)
	Figure E.10 – Zones classification (Example No. 4) 
	Figure E.11 – Degree of dilution (Example No. 5)
	Figure E.12 – Hazardous distance (Example No. 5)
	Figure E.13 – Enclosed compressor handling natural gas 
	Figure E.14 – Example of hazardous area classification for a compressor facility handling natural gas (elevation)
	Figure E.15 – Example of hazardous area classification for a compressor facility handling natural gas (plan)
	Figure F.1 – Schematic approach to classification
	Figure F.2 – Schematic approach to classification for continuous grade releases 
	Figure F.3 – Schematic approach to classification for primary grade releases 
	Figure F.4 – Schematic approach to classification for secondary grade releases 

	Tables
	Table A.1 – Hazardous area classification data sheet – Part I: Flammable substance list and characteristics
	Table A.2 – Hazardous area classification data sheet – Part II: List of sources of release
	Table B.1 – Suggested hole cross sections for secondary grade of releases
	Table B.2 – Effect of zones on openingsas possible sources of release
	Table C.1 – Indicative outdoor ventilation velocities (uw)
	Table D.1 – Zones for grade of release and effectiveness of ventilation
	Table E.1 – Compressor facility handling natural gas
	Table E.2 – Hazardous area classification data sheet – Part I: Flammable substance list and characteristics 
	Table E.3 – Hazardous area classification data sheet – Part II: List of sources of release
	Table K.1 – Examples of codes and standards

	List of comments

	International standard (Bilingual)
	English
	CONTENTS
	FOREWORD
	INTRODUCTION
	1 Scope
	2 Normative references
	3 Terms and definitions
	4 General
	4.1 Safety principles
	4.2 Hazardous area classification objectives
	4.3 Interior of equipment containing flammable materials
	4.4 Explosion risk assessment
	4.4.1 General
	4.4.2 Zone of negligible extent

	4.5 Catastrophic failures
	4.6 Competence of personnel

	5 Hazardous area classification methodology
	5.1 General
	5.2 Classification by sources of release method
	5.3 Use of industry codes and national standards 
	5.3.1 General
	5.3.2 Fuel gas installations

	5.4 Simplified methods
	5.5 Combination of methods

	6 Release of flammable substance
	6.1 General
	6.2 Sources of release
	6.3 Forms of release 
	6.3.1 General
	6.3.2 Gaseous release
	6.3.3 Liquefied under pressure release
	6.3.4 Liquefied by refrigeration release
	6.3.5 Flammable mists release
	6.3.6 Vapours release
	6.3.7 Liquid release


	7 Ventilation (or air movement) and dilution
	7.1 General
	7.2 Main types of ventilation
	7.2.1 General
	7.2.2 Natural ventilation 
	7.2.3 Artificial ventilation
	7.2.4 Degree of dilution


	8 Type of zone
	8.1 General
	8.2 Influence of grade of the source of release
	8.3 Influence of dilution
	8.4 Influence of availability of ventilation

	9 Extent of zone
	10 Documentation 
	10.1 General
	10.2 Drawings, data sheets and tables

	Annex A (informative)Suggested presentation of hazardous areas
	A.1 Hazardous area – Preferred symbols for zones
	A.2 Hazardous area suggested shapes

	Annex B (informative)Estimation of sources of release
	B.1 Symbols
	B.2 Examples of grade of release
	B.2.1 General
	B.2.2 Sources giving a continuous grade of release
	B.2.3 Sources giving a primary grade of release
	B.2.4 Sources giving a secondary grade of release

	B.3 Assessment of grades of release
	B.4 Summation of releases
	B.5 Hole size and source radius
	B.6 Forms of release
	B.7 Release rate
	B.7.1 General
	B.7.2 Estimation of release rate
	B.7.3 Release rate of evaporative pools

	B.8 Release from openings in buildings
	B.8.1 General
	B.8.2 Openings as possible sources of release
	B.8.3 Openings classification


	Annex C (informative)Ventilation guidance
	C.1 Symbols
	C.2 General
	C.3 Assessment of ventilation and dilution and its influence on hazardous area
	C.3.1 General
	C.3.2 Effectiveness of ventilation
	C.3.3 Criteria for dilution
	C.3.4 Assessment of ventilation velocity
	C.3.5 Assessment of the degree of dilution
	C.3.6 Dilution in a room
	C.3.7 Criteria for availability of ventilation

	C.4 Examples of ventilation arrangements and assessments
	C.4.1 Introduction
	C.4.2 Jet release in a large building
	C.4.3 Jet release in a small naturally ventilated building
	C.4.4 Jet release in a small artificially ventilated building
	C.4.5 Release with low velocity 
	C.4.6 Fugitive emissions 
	C.4.7 Local ventilation-extraction 

	C.5 Natural Ventilation in buildings
	C.5.1 General 
	C.5.2 Wind induced ventilation
	C.5.3 Buoyancy induced ventilation
	C.5.4 Combination of the natural ventilation induced by wind and buoyancy


	Annex D (informative)Estimation of hazardous areas
	D.1 General
	D.2 Estimating types of the zones 
	D.3 Estimating the extent of the hazardous area

	Annex E (informative)Examples of hazardous area classification
	E.1 General
	E.2 Examples

	Annex F (informative)Schematic approach to classification of hazardous areas
	Annex G (informative)Flammable mists
	Annex H (informative)Hydrogen
	Annex I (informative)Hybrid mixtures
	I.1 General
	I.2 Use of ventilation
	I.3 Concentration limits
	I.4 Chemical reactions
	I.5 Energy/temperature limits
	I.6 Zoning requirements

	Annex J (informative)Useful equations in support tohazardous area classification
	J.1 General
	J.2 Dilution with air of a flammable substance release
	J.3 Estimate of the time required to dilute a flammable substance release

	Annex K (informative)Industry codes and national standards
	K.1 General

	Bibliography
	Figures
	Figure 1 – Dilution Volume
	Figure A.1 – Preferred symbols for zones
	Figure A.2 – Gas or vapour at low pressure(or at high pressure in case of unpredictable release direction)
	Figure A.3 – Gas or vapour at high pressure
	Figure A.4 – Liquefied gas
	Figure A.5 – Flammable liquid (non boiling evaporative pool)
	Figure B.1 – Forms of release
	Figure B.2 – Specific volumetric evaporation rate of liquids
	Figure C.1 – Chart for assessing the degree of dilution
	Figure C.2 – Self diffusion of an unimpeded high velocity jet release
	Figure C.3 – Supply only ventilation
	Figure C.4 – Supply and extraction ventilation
	Figure C.5 – Local extraction ventilation
	Figure C.6 – Specific volumetric flow rate of fresh air of equivalent effective opening area
	Figure C.7 – Example of opposing ventilation driving forces
	Figure D.1 – Chart for estimating hazardous area distances
	Figure E.1 – Degree of dilution (Example No. 1) 
	Figure E.2 – Hazardous distance (Example No. 1)
	Figure E.3 – Zone classification (Example No. 1)
	Figure E.4 – Degree of dilution (Example No. 2)
	Figure E.5 – Degree of dilution (Example No. 3)
	Figure E.6 – Hazardous distance (Example No. 3)
	Figure E.7 – Zones classification (Example No. 3) 
	Figure E.8 – Degree of dilution (Example No. 4)
	Figure E.9 – Hazardous distance (Example No. 4)
	Figure E.10 – Zones classification (Example No. 4) 
	Figure E.11 – Degree of dilution (Example No. 5)
	Figure E.12 – Hazardous distance (Example No. 5)
	Figure E.13 – Enclosed compressor handling natural gas 
	Figure E.14 – Example of hazardous area classification for a compressor facility handling natural gas (elevation)
	Figure E.15 – Example of hazardous area classification for a compressor facility handling natural gas (plan)
	Figure F.1 – Schematic approach to classification
	Figure F.2 – Schematic approach to classification for continuous grade releases 
	Figure F.3 – Schematic approach to classification for primary grade releases 
	Figure F.4 – Schematic approach to classification for secondary grade releases 

	Tables
	Table A.1 – Hazardous area classification data sheet – Part I: Flammable substance list and characteristics
	Table A.2 – Hazardous area classification data sheet – Part II: List of sources of release
	Table B.1 – Suggested hole cross sections for secondary grade of releases
	Table B.2 – Effect of zones on openingsas possible sources of release
	Table C.1 – Indicative outdoor ventilation velocities (uw)
	Table D.1 – Zones for grade of release and effectiveness of ventilation
	Table E.1 – Compressor facility handling natural gas
	Table E.2 – Hazardous area classification data sheet – Part I: Flammable substance list and characteristics 
	Table E.3 – Hazardous area classification data sheet – Part II: List of sources of release (1 of 2)
	Table K.1 – Examples of codes and standards


	Français
	SOMMAIRE
	AVANT-PROPOS
	INTRODUCTION
	1 Domaine d’application
	2 Références normatives
	3 Termes et définitions
	4 Généralités
	4.1 Principes de sécurité
	4.2 Objectifs de la classification des emplacements dangereux
	4.3 Intérieur du matériel qui contient des matériaux inflammables
	4.4 Appréciation du risque d'explosion
	4.4.1 Généralités
	4.4.2 Zone d'étendue négligeable

	4.5 Défaillances catastrophiques
	4.6 Compétences du personnel

	5 Méthodologie de classification des emplacements dangereux
	5.1 Généralités
	5.2 Méthode de classification des sources de dégagement
	5.3 Utilisation des référentiels applicables à l'industrie et des normes nationales
	5.3.1 Généralités
	5.3.2 Installations au gaz combustible

	5.4 Méthodes simplifiées
	5.5 Combinaison de méthodes

	6 Dégagement de substance inflammable
	6.1 Généralités
	6.2 Sources de dégagement
	6.3 Formes de dégagement
	6.3.1 Généralités
	6.3.2 Dégagement gazeux
	6.3.3 Dégagement liquéfié sous pression
	6.3.4 Dégagement liquéfié par réfrigération
	6.3.5 Dégagement de brouillards inflammables
	6.3.6 Dégagement de vapeurs
	6.3.7 Dégagement de liquide


	7 Ventilation (ou mouvement d'air) et dilution
	7.1 Généralités
	7.2 Principaux types de ventilations
	7.2.1 Généralités
	7.2.2 Ventilation naturelle
	7.2.3 Ventilation artificielle
	7.2.4 Degré de dilution


	8 Type de zone
	8.1 Généralités
	8.2 Influence du degré de la source de dégagement
	8.3 Influence de la dilution
	8.4 Influence de la disponibilité de la ventilation

	9 Étendue de zone
	10 Documentation
	10.1 Généralités
	10.2 Plans, fiches techniques et tableaux

	Annexe A (informative)Suggestion de présentation des emplacements dangereux
	A.1 Emplacements dangereux – Symboles préférentiels pour les zones
	A.2 Formes suggérées des emplacements dangereux

	Annexe B (informative)Estimation des sources de dégagement
	B.1 Symboles
	B.2 Exemples de degrés de dégagement
	B.2.1 Généralités
	B.2.2 Sources qui donnent le degré "dégagement continu"
	B.2.3 Sources qui donnent le degré "dégagement primaire"
	B.2.4 Sources qui donnent le degré "dégagement secondaire"

	B.3 Évaluation des degrés de dégagement
	B.4 Cumul des dégagements
	B.5 Alésage et rayon de la source
	B.6 Formes de dégagement
	B.7 Taux de dégagement
	B.7.1 Généralités
	B.7.2 Estimation du taux de dégagement
	B.7.3 Taux de dégagement des flaques d'évaporation

	B.8 Dégagement par les ouvertures des bâtiments
	B.8.1 Généralités
	B.8.2 Ouvertures considérées comme sources de dégagement possibles
	B.8.3 Classification des ouvertures


	Annexe C (informative)Recommandations relatives à la ventilation
	C.1 Symboles
	C.2 Généralités
	C.3 Évaluation de la ventilation et de la dilution, et de leur effet sur l'emplacement dangereux
	C.3.1 Généralités
	C.3.2 Efficacité de la ventilation
	C.3.3 Critères de dilution
	C.3.4 Évaluation de la vitesse de ventilation
	C.3.5 Évaluation du degré de dilution
	C.3.6 Dilution dans une pièce
	C.3.7 Critères de disponibilité de la ventilation

	C.4 Exemples de dispositions et d'évaluations de la ventilation
	C.4.1 Introduction
	C.4.2 Dégagement par jet dans un bâtiment de grande taille
	C.4.3 Dégagement par jet dans un petit bâtiment à ventilation naturelle
	C.4.4 Dégagement par jet dans un petit bâtiment à ventilation artificielle
	C.4.5 Dégagement à basse vitesse 
	C.4.6 Émissions fugitives
	C.4.7 Ventilation par extraction locale 

	C.5 Ventilation naturelle dans les bâtiments
	C.5.1 Généralités
	C.5.2 Ventilation induite par le vent
	C.5.3 Ventilation induite par la flottabilité
	C.5.4 Combinaison de la ventilation naturelle induite par le vent et de la ventilation induite par la flottabilité


	Annexe D (informative)Estimation des emplacements dangereux
	D.1 Généralités
	D.2 Estimation des types de zones
	D.3 Estimation de l'étendue d’emplacement dangereux

	Annexe E (informative)Exemples de classifications d’emplacements dangereux
	E.1 Généralités
	E.2 Exemples
	E.3 Exemple d'étude de cas de classification des emplacements dangereux

	Annexe F (informative)Approche schématique de la classificationdes emplacements dangereux
	F.1 Approche schématique de la classification des emplacements dangereux
	F.2 Approche schématique de la classification des emplacements dangereux
	F.3 Approche schématique de la classification des emplacements dangereux
	F.4 Approche schématique de la classification des emplacements dangereux

	Annexe G (informative)Brouillards inflammables
	Annexe H (informative)Hydrogène
	Annexe I (informative)Mélanges hybrides
	I.1 Généralités
	I.2 Utilisation de la ventilation
	I.3 Limites de concentration
	I.4 Réactions chimiques
	I.5 Limites d'énergie/température
	I.6 Exigences relatives au zonage

	Annexe J (informative)Équations utiles à l'appui de la classificationdes emplacements dangereux
	J.1 Généralités
	J.2 Dilution avec de l'air d'un dégagement de substance inflammable
	J.3 Estimation de la durée exigée pour diluer un dégagement de substance inflammable

	Annexe K (informative)Référentiels applicables à l’industrieet normes nationales
	K.1 Généralités

	Bibliographie
	Figures
	Figure 1 – Volume de dilution
	Figure A.1 – Symboles préférentiels pour les zones
	Figure A.2 – Gaz ou vapeur à basse pression(ou à haute pression dans le cas où le sens de dégagement n'est pas prévisible)
	Figure A.3 – Gaz ou vapeur à haute pression
	Figure A.4 – Gaz liquéfié
	Figure A.5 – Liquide inflammable(flaque d’évaporation qui n’est pas en ébullition)
	Figure B.1 – Formes de dégagement
	Figure B.2 – Vitesse d'évaporation volumétrique des liquides
	Figure C.1 – Graphique pour l'évaluation du degré de dilution
	Figure C.2 – Autodiffusion d'un dégagement par jet libre à grande vitesse
	Figure C.3 – Ventilation par alimentation uniquement
	Figure C.4 – Ventilation par alimentation et extraction
	Figure C.5 – Ventilation par extraction locale
	Figure C.6 – Débit volumétrique spécifique de l'air fraisde surface d'ouverture utile équivalente
	Figure C.7 – Exemple d'énergies motrices de ventilation en opposition
	Figure D.1 – Graphique pour l'estimation des distances d'emplacement dangereux
	Figure E.1 – Degré de dilution (Exemple 1)
	Figure E.2 – Distance dangereuse (Exemple 1)
	Figure E.3 – Classification en zones (Exemple 1)
	Figure E.4 – Degré de dilution (Exemple 2)
	Figure E.5 – Degré de dilution (Exemple 3)
	Figure E.6 – Distance dangereuse (Exemple 3)
	Figure E.7 – Classification en zones (Exemple 3)
	Figure E.8 – Degré de dilution (Exemple 4)
	Figure E.9 – Distance dangereuse (Exemple 4)
	Figure E.10 – Classification en zones (Exemple 4)
	Figure E.11 – Degré de dilution (Exemple 5)
	Figure E.12 – Distance dangereuse (Exemple 5)
	Figure E.13 – Compresseur fermé qui manipule du gaz naturel
	Figure E.14 – Exemple de classification des emplacements dangereuxd'une installation de compression qui manipule du gaz naturel (vue de face)
	Figure E.15 – Exemple de classification des emplacements dangereuxd'une installation de compression qui manipule du gaz naturel (vue en plan)
	Figure F.1 – Approche schématique de la classification
	Figure F.2 – Approche schématique de la classificationpour les degrés "dégagement continu"
	Figure F.3 – Approche schématique de la classificationpour les degrés "dégagement primaire"
	Figure F.4 – Approche schématique de la classificationpour les degrés "dégagement secondaire"

	Tableaux
	Tableau A.1 – Fiche de données de classification des emplacements dangereux – Partie I: Liste et caractéristiques des substances inflammables
	Tableau A.2 – Fiche de données de classification des emplacements dangereux – Partie II: Liste des sources de dégagement
	Tableau B.1 – Sections d’alésage suggéréespour les degrés "dégagement secondaire"
	Tableau B.2 – Effet des zones sur les ouverturescomme sources possibles de dégagement
	Tableau C.1 – Vitesses de ventilation indicatives en extérieur (uw)
	Tableau D.1 – Zones qui correspondent au degré de dégagementet efficacité de la ventilation
	Tableau E.1 – Installation de compression qui manipule du gaz naturel
	Tableau E.2 – Fiche de données de classification des emplacements dangereux – Partie I: Liste et caractéristiques des substances inflammables 
	Tableau E.3 – Fiche de données de classification des emplacements dangereux – Partie II: Liste des sources de dégagement (1 sur 2)
	Tableau K.1 – Exemples de codes et de normes






