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FOREWORD

The International Electrotechnical Commission (IEC) is a worldwide organization for’standardization compri
pll national electrotechnical committees (IEC National Committees). The object of IEG\ is\to pron|
nternational co-operation on all questions concerning standardization in the electrical and-€lestronic.fields
his end and in addition to other activities, IEC publishes International Standards, Technical Specificati
Technical Reports, Publicly Available Specifications (PAS) and Guides- (hereafter »referred to as
Publication(s)”). Their preparation is entrusted to technical committees; any IEC Natiohal Committee intere
n the subject dealt with may participate in this preparatory work:_International, ‘governmental and i
governmental organizations liaising with the IEC also participate in_thispreparation. IEC, collaborates clo
with the International Organization for Standardization (ISO) in accordance\wth conditions determined

pgreement between the two organizations. ~\

The formal decisions or agreements of IEC on technical matters éxpress; as nearly as possible, an internati
consensus of opinion on the relevant subjects since each technica/l. committee has representation fromj
nterested IEC National Committees. v

EC Publications have the form of recommendations for international Use and are accepted by IEC Nati
Committees in that sense. While all reasonable efforts are ‘made to ensure that the technical content of
Publications is accurate, IEC cannot be held-responsiblée for the way in which they are used or for
misinterpretation by any end user. 8

n order to promote international uniformity, IEC National Committees undertake to apply IEC Publicat
ransparently to the maximum“extent possible in. théir national and regional publications. Any diverg¢g
between any IEC Publication.and the corresponding/national or regional publication shall be clearly indicate]
he latter. XN\

EC itself does not provide ‘any. attestation;ef conformity. Independent certification bodies provide confor
pssessment services_and, in some areasy‘access to IEC marks of conformity. IEC is not responsible for
Services carried out by independéent certification bodies.

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

No liability shall attach“to IE o its directors, employees, servants or agents including individual experts
members of its technical committees~andIEC National Committees for any personal injury, property damag
pther damage of any nature“whatsoever, whether direct or indirect, or for costs (including legal fees)
pxpenses arising out _of\the publication, use of, or reliance upon, this IEC Publication or any other
Publications. \

ndispensable forithe ‘correct application of this publication.

AN
Attention is¢drawn_to the possibility that some of the elements of this IEC Publication may be the subjeq
patent rights). IEC shall not be held responsible for identifying any or all such patent rights.
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Attention_is drawn \tQ\the Normative references cited in this publication. Use of the referenced publications is

t of

s.redline version of the official IEC Standard allows the user to identify the chan
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has been made. Additions are in green text, deletions are in strikethrough red text.

es


https://iecnorm.com/api/?name=01b5ffb28b7218c6668d1406fc5a189d

IEC 60079-10-1:2015 RLV © IEC 2015

International Standard I|EC 60079-10-1

has

—-7-

been

prepared by subcommittee 31J:

Classification of hazardous areas and installation requirements, of IEC technical committee

31: Equipment for explosive atmospheres.

This second edition of IEC 60079-10-1 cancels and replaces the first edition, published in
2008, and constitutes a technical revision. The significant technical changes with respect to

the previous edition are as follows:

Type
e
Changes Clause P Extension | technigal
editorial
changes
changes
Complete restructuring and dividing into N
sgctions to identify possible methodologies Main ’
for classifying hazardous areas and to | body of X X X
provide further explanation on specific | the text &
agsessment factors
A\
Inrroducing new terms and the definitions 3 te) X
Inlroducing clauses for alternative methods ¢
P 5 \ X X
ofl area classification
Updating examples for presentation. of
hgzardous area classification ANRRIA X X
Updating calculations for release rate Annex B X X
Cpmplete re-write with a“new appromﬁh
bgsed upon the degree of dilution instead | Annex C X X
of| the degree of ventilation \!
Introduced as a new “Annex.for. zone Annex D X
extents )
Updated with"new. examples to explain the
methodology set forthhin Annexes A, B, C | Annex E X
and D \
NN
Update of “the\\flow chart illustrating the
area classification procedure by dividing it | Annex F X
into four sections
Inrroduced as a new Annex on hydrogen Annex H X
[
In.troduced as a new Annex on hybrid Annex | X
mixtures
Introduced as a new Annex with
. Annex J X
supplementary equations
Introduced as a new Annex for reference to
national and industry codes with specific | Annex K X

examples of hazardous area classification

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

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

in the revised IEC
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Explanations:

Definitions
Minor and editorial changes clarification

decrease of technical requirements

minor technical change

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

Th
ne

bse are changes which add new or modify existing technical requirements,\m a way t
v options are given, but without increasing requirements. .
\

Majjor technical changes addition of technical requirements

Th

NO
hav

Th

VO

Th

Al
be

Th
the

increase of technical re\qm'rements

\\
bse are changes to technical requirements (addition, increase of the level or removal).
I‘\

[E These changes represent current techhological knowledge. HoWever, these changes should not norni

e an influence on equipment already placed.on the market.
e text of this standard is based on the following decuments:
EDIS v Report on voting
3131253/FDIS ¥ 31J/256/RVD

N

Fu11I information .on the voting for'the“approval of this standard can be found in the report

ng indicated in.the~above table:

s publication has\been d@f‘ted in accordance with the ISO/IEC Directives, Part 2.

st of all parts of the\|EC 60079 series, under the general title Explosive atmospheres,
found on the IEC-Website.
a "

e committee has decided that the contents of this publication will remain unchanged u
stabilitySdate-indicated on the IEC website under "http://webstore.iec.ch" in the d

related tothe specific publication. At this date, the publication will be

reconfirmed,

.......

hat

ally

on

tan

ntil
pta

wHherewh
replaced by a revised edition, or
amended.

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

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

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

co

lour printer.
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INTRODUCTION

In areas where dangerous quantities and concentrations of flammable gas or vapour may
arise, protective measures-are 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

This part of IEC 60079 is concerned with the classification of areas where flammable_gaq or
vapour-or-mist hazards-{see-Notes—1,2-and-3) may arise and may then bé used as asbasig to
support the proper selection and installation of equipment for use in hazardous arg@as.

It ip intended to be applied where there may be an ignition hazard due.to _thé presencg of

flaljnmable gas or vapour, mixed with aw#anda—nepma#a#nesphen&ee@&ens—esee—NmeA—),

buf it does not apply to:

x

a) |[mines susceptible to firedamp; \‘\\

~

b) |the processing and manufacture of explosives; N

c) |catastrophic failures or rare malfunctions which are beyond the“concept of abnormglity
dealt with in this standard (see-Nete-5 3.7.3.and\3:7.4);\/

d) [rooms used for medical purposes;

e) |commercial and industrial applications wherelonly low pressure fuel gas is used |for
appliances e.g. for cooking, water heatinghafQid similar uses, where the installation is
compliant with relevant gas codes;

f) |domestic premises;

g) |areas where a hazard may arise due to_the presence of combustible dusts or—fibfes
combustible flyings but” the\principles may be used in assessment of a hybrid mixtpure
(refer alsotEC-64244-10-/JEC 60079-10- -2).

appl|cat|on ofa#ea%ta%aﬂenie#gase&aad#apm the detalls in this standard may not be
appropriate—-as-thebasisfor-selection—of-equipment. Flammable mists may 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 standard do not apply. Information
on flammable mists is provided in Annex G.

NoTE3 For the purpose of this standard, an area is a three-dimensional region or space.
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NoTE4 Atmospheric conditions include variations above and below reference levels of 101,3
kPa (1 013 mbar) and 20 °C (293 K), provided that the variations have a negligible effect on
explosion properties of the flammable-materials substances.

the

NOTE6 In any process plant, irrespective of size, there may be numerous sources of ignition
apart from those associated with equipment. Appropriate precautions will be necessary to
ensure safety in this context. This standard-may-beused is applicable with judgement for |

other ignition sources.
This standard does not take into account the consequences of ignition—of an explodfive
atnfosphere.
. N\
2 | Normative references

Th

\
e following documents, in whole or in part, are normatively referenced in thissdocument
indispensable for its application. For dated references; only thesedition ‘cited applies.

untated references, the latest edition of the referenced ~document” (including

ndments) applies. N

and
For
any

IE( and
ergction AN

Part- 20 Data{for
3 | Terms anﬁ definitions
For the purposes of this document, the terms and definitions given in IEC 60079-0 and the
follpwing apply.

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

3.1

explosive atmosphere
mixture with air, under atmospheric conditions, of flammable substances in the form of gas,
vapour, dust, fibres, or flyings which, after ignition, permits self-sustaining flame propagation

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

3.2

explosive gas atmosphere
mixture with air, under atmospheric conditions, of flammable substances in the form of gas or
vapour, which, after ignition, permits self-sustaining flame propagation
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Note 1 to entry: Although a mixture which has a concentration above the upper-explesive flammable limit (VEL
UFL) is not an explosive gas atmosphere, it can readily become so and,-in—certain—cases generally for area
classification purposes, it is advisable to consider it as an explosive gas atmosphere.

Note 2 to entry: There are some gases and vapours which are explosive with the concentration of 100 % (e.g.
acetylene, CAS no. 74-86-2, C,H,; monovinyl acetylene, CAS no. 689-97-4, C,H,; 1-propyl nitrate (vapour), CAS
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 60079-0:2013, 3.32, modified (addition of Notes to entry)]

ardous area (on account of explosive gas atmospheres)

an|area in which an explosive gas atmosphere is or may be expected to belpresent| in
quantities such as to require special precautions for the construction, installatiqn and usqg of
eqliipment
Notp 1 to entry: The interior of many items of process equipment are commonly conside}ed as.a hazardous 3rea
eveh though a flammable atmosphere may not normally be present to agCountor thepdssibility of air entering|the
equl p_ment. Where specific controls such as inerting are used the interior_of process‘gquipment may not need t¢ be
clagsified as a hazardous area. \
N
3.3.2 X
noh-hazardous area (on account of explosive gas atmospheres)
an|area in which an explosive gas atmosphere is ‘\not expected to be present in quantilies
sugh as to require special precautions for the construction, installation and use of equipment
3.33
zones
hazardous area—are—classified—into~zones ‘classification based upon the frequency of the
ocgurrence and duration of.an explosiveﬂxas atmosphere
3.34 7))
zone 0
an|area in which an explosive gas’atmosphere is present continuously or for long periodq or
frequently N
N
Notg 1 to entry: /Beth “long” and*“frequently” are the terms which are intended to describe a very high likelihood of
a pptentially explosive. atmesphere insthe area. In that respect, those terms do not necessarily need tol be
quahtified. A\
A
3.3.5 !
zone 1 AN
an Jarea in whiich an_explosive gas atmosphere is likely to occur periodically or occasionally in
noimal operation
3.3.6
zone 2

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

itd

Note 1 to entry:

oes occur, it will-persist exist for a short period only

specific industries or applications.

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

3.3

7

extent of zone
distance in any direction from the source of release to where a gas/air mixture will be diluted

by

air to a concentration below the lower flammable limit

Indications of the frequency of the occurrence and duration may be taken from codes relating to
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3.4
releases
3.4.1
source of release
a 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 60050-426:2009, 426-03-06, modified (addition of "mist")]
3.1|ﬂ
thofrosrothroobocie cpndoe el polooes oo letoc bolon o opdlor o dosrans i feocs s oo gl
likglihood-of the-explosive-gas-atmosphere being-present:
a)r{continuous-grade: N\
c) |secondary grade. \
A _dource-of release mav-aive rice toanv-one-of these arades of ral;\abn orto a3 combination
A-qource-of release-may give rise-to-any one of these grades-of release;or to-a-combinatjon
of more-thanone \\
0\
3.4.2

ary grade of release

\

; NN : : :
ase which can be expected to occursperiodically or occasionally during normal operatiof
N

0 of

relgase which is not expected to occur in normal operation and, if it does occur, is likely to|do
so pnly infrequently and for§hort periods

3.4.5 N

relpaserate AN

quantity of flammable ‘gas, liquid, vapour or mist emitted per unit time from the source| of |
rel¢ase >N\

3.

ventitation and dilution

3.5+

ventilation

movement of air and its replacement with fresh air due to the effects of wind, temperature

gradients, or artificial means (for example, fans or extractors)

3.5.2

dilution

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

3.5.3
dilution volume

the volume in the vicinity of a source of release where the concentration of flammable gas or

vapour is not diluted to a safe level

ble
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Note 1 to entry: In certain instances, the volumes under 3.5.3 and 3.5.5 could be the same.

3.5

4

background concentration
the mean concentration of flammable substance within the volume under consideration

outside of the release plume or jet
3.5.5
volume under consideration
the volume served by the ventilation in the vicinity of the release being considered
Notg 1 to entry: For an enclosed space this could be an entire room or part of a larger space where |the
conpidered ventilation will dilute the gas or vapour from a given source of release. Outdoers, this is the_voliime
arofind a source of release where an explosive mixture could form. In congested outdoor places this voldme cpuld
be dlictated by the partial enclosure provided by the surrounding objects.
3.6 N
properties of flammable substance
3.6.1 \
flapnmable-material{flammable substance) "
mafterial substance which is itself flammable, or is capable of producmg a flammable gjas,
vapour or mist ~
\
3.6.2
flammable liquid \
liquid capable of producing a flammable vapour under, any foreseeable operating conditions
Notg 1 to entry: An example of a foreseeable joperating corditidn is_one in which the flammable liquid is hanglled
at tgmperatures close to or above its flash point.
Notp 2 to entry: This definition is used for the classification of>hazardous areas and may be different from|the
defipition of flammable liquids used for other ‘purposes e.g>codes for classification of flammable liquids| for
transport. N
N
A\
3.6.3
liquefied flammable gas
fIa mable—materiak substance wh|ch is/stored or handled as a liquid and which at ambient
perature and atmospheric pressure is a flammable gas
3.6.4
flammable-gas or va}our
gas or vapour Wthh 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 form an explosive atmosphere

3.6.

6

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

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

3.6.

7

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

and
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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 pomt that should be used for I|qU|d mixtures is to indicate the Iowest value of
the pout
fragtionation.

vapour pressure
prgssure exerted when a solid or liquid is in equilibrium with its own vapour \\

Notg 1 to entry: This is also, the partial pressure of the substance in the/atmosphere
fungtion of the substance and of the temperature.

\above the liquid. It |s a

x

3.6.11 Q)
ignition temperature of an explosive gas atmosphere =~

lowest temperature of a heated surface which, under spec&fled conditions (according| to
IEG-600679-4 60079-20-1), will ignite a flammable substance in the form of a gas or vappur
mixture with air

[SOURCE: IEC 60079-0:2013, 3.37]

3.6.12

lower-explesive flammablelimit-(EEL LFL)
thel concentration of flammable| gas, vapeur or mist in air below which an explosive g¢gas
atmosphere will not be/formed

=N

&
[SOURCE: IEC%0050-426:2009, 426-02-09; modified (definition in 60050-426 referred| to
"Lgwer Explosive Limit")]
3.6.13 N
upper-explosive flammable limit (UEL UFL)
thel concentration ofsflammable” gas, vapour or mist in air, above which an explosive gas
atmosphere will notlbe formed

X

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

3.7
operation

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

Note 1 to entry: Failures (such as the breakdown of pump seals, flange gaskets or spillages) caused by accidents

which involve-urgent repair or shut-down are not considered to be part of normal operation-ner-are-they-considered
bl e e

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.



http://chemistry.about.com/od/chemistryglossary/a/pressuredef.htm
http://chemistry.about.com/od/chemistryglossary/a/liquiddef.htm
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3.7.2

routine maintenance

action to be performed occasionally or periodically in normal operation to maintain proper
performance of equipment

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
. , ; ; d to

ant
des|gn such as unexpected corrosion that results in a release. Where releases due, to corrosien or sinilar
conflitions may or could reasonably be expected as part of the plant operations thef_this i$ net-conSidered gs a

3.7.4 Q

an |occurrence which exceeds the design parameters of the process“Qlant and control system
resjulting in a release of flammable substance \

~

a

1 to entry: Catastrophic failures in the context of this standard, include, fer example, major accidents such as
the [rupture of a process vessel, or large scale failures of gquipmert grdiping such as total breakdown of a flahge
or seal. |

4 | General X

4.1[ Safety principles

Installations in which" flamnfable—materials substances are handled or stored should |be
desgigned, constructed, operated and maintained so that any releases of flammable-matefiat
sulpstance, ahd consequently the extent of hazardous areas, are kept to a minimum, whetpher
in Iormal or abnormakoperation-or-otherwise, with regard to frequency, duration and quantity
of & release. AN

X

of flammabler-material substance may arise and to consider modifying the design to mini
the| likelihood and frequency of such releases and the quantity and rate of release of
sulpstanee.

Itis important% examine those parts of process equipment and systems from which a relegase
jize

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

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

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

b) eliminate the source of ignition.

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

4. Area classification objectives

Arega classification is a method of analysing and classifying the environment where €xplosive
gas atmospheres may occur, so as to facilitate the proper selection, installation an@operafion
of gquipment to be used safely in that environment. The classificationalso takes.into account
the| ignition characteristics of the gas or vapour such as ignition energy{-g%s—g%eup—) nd
ignjtion temperature—{temperature—class}. Area classification has two\main. ‘objectives, fhe
defermination of the type of any hazardous zone, and the extent of the\zoRe (see % and 8).

x

NOTE Selected characteristics may be designated for equipment e.gx.ignitien \eﬁb\rgy and \temperature ratipgs,
see|lEC 60079-20-1. \

~

2N

In most practical situations where flammable-materials . substances are used, it is difficul{ to
engure that an explosive gas atmosphere will never occur/\t may-also be difficult to ensjre
that equipment will never give rise ta_a source of ignitien. Therefore, in situations where|an
explosive gas atmosphere has a high-likelihood of{eccurring/ reliance is placed on usjng
eqliipment 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
lesp rigorous requirements may be used.

N

In particular, zone .0 or zonhe™ areas should be minimized in number and extent by design or
suitable operating ‘procedures.\In other words, plants and installations should be mainly
zone 2 or.non-hazardous. Where release of a flammable-material substance is unavoidable,
prdcess<equipmentitems should be limited to those which give secondary grade releases|or,
failjng this (thatiis*where primary or continuous grade releases are unavoidable), the releages
shquld be of Avery limited quantity and rate. In carrying out-area—classification plant design,
thelse principles should receive prime consideration. Where necessary, the design, operafion
and location”of process equipment should ensure that, even when it is operating abnormdlly,
thel amount of flammable-material substance released into the atmosphere is minimized, so| as
to reddce the extent of the hazardous area.

Once a plant has been classified and all necessary records—made prepared, it is important
that no modification to equipment or operating procedures is made without reference to those

responS|bIe for the area cIassﬁmann—Gna&thensed—aenen—may—m#a#dafee—Me—a#ea

befe#e—ﬁ—;satetwned—te—sewm& The Classmcatlon should be updated for any plant or
operational changes. Reviews should be carried out during the life of the plant.

4.3 Explosion risk assessment

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

In some cases a zone of negligible extent (NE) may arise and may be treated as non
hazardous. Such a zone implies that an explosion, if it takes place, will have negligible
consequences. The zone NE concept can be applied irrespective of any other adjustments for
risk assessment to determine EPL.

NOTE 1: An example of Zone NE is a natural gas cloud with an average concentration that is 50 % by volume of
the LFL and that is less than 0,1 m® or 1,0 % of the enclosed space concerned (whichever is smaller).

Th‘k EPL requirements may be recorded, as appropriate, on the area classification documelnts
and drawings to allow proper selection of equipment.

NOTE 2: IEC 60079-0 describes EPLs and IEC 60079-14 defines the application of ERLs to an ir@allation.

4.4 Competence of Personnel 'V
The area classification should be carried out by those who.understand the rélevance gnd
sighificance of the properties of the flammable substances,~pxinciples of gas/vappur
dispersion and those who are familiar with the process.and(the ‘equipment. It may [be
beneficial for other engineering disciplines, e.g. electrical andOmechanical engineers, and
peflsonnel with specific responsibility for safety te he paft,ofdnd have an input to the afea
clapsification process. The competency.of the~person shallMbe relevant to the nature of fhe
plapt and methodology used for carrying out the area (classification. Appropriate continufng
eddication or training should be undertaken by personfiel on_a regular basis where required

NOTE Competency can be demonstrated in accordancelwith a training and assessment framework relevant to
natipnal regulations or standards er user requirements.

5 | Area classification-precedure méthodology

A\
5.1 General

It i$ rarely possible by a simpletexamination of a plant or plant design to decide which partg of
the plant can be‘equated tolthe.three zonal definitions (zones 0, 1 and 2). A more detaifed
approach is therefore'\necessary and this involves the analysis of the basic possibility offan
explosive gas atmosp\he(e occurring.

In determining whe?e a release of flammable gas or vapour may occur, the likelihood 4nd
dutation of thewrelease should be assessed in accordance with the definitions of continuolus,
primary and\Secondary grades of release. Once the grade of release, the release rate,
concentratien, velocity, ventilation and other factors are assessed there is then a firm bgsis
on|whichio assess the likely presence of an explosive gas atmosphere in the surroundjng
ardasand determine the type and/or extent of the hazardous zones.

This approach therefore requires detailed consideration to be given to each item of process
equipment which contains a substance flammable by itself or due to process conditions, and
which could therefore be a source of release.

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

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

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

When classifying areas consideration should be also be given to a careful evaluation of prior
experience with the same or similar installations. It is not enough to identify only a potential
source of flammable substance and proceed immediately to defining the extent of zone 1 or
zo iff : i i frreh ieglar
t design and operations are sound this may be used to support the classification ch&s n.
thermore, it is conceivable that an area could be reclassified based on industry eQévfe ce
or hew evidence. <O

5.2 Classification by sources of release method
Clgssification may be approached by calculation, consideri and
nuinerical assessments for the factors concerned, for each s

e |ldentify sources of release;

e |Determine the release rate and grade
and duration of release;

Formulae relevant to determinj serates under specified conditions can be found in
Anphex B. Thes pted as providing a good basis for calculafing
rel¢ase rates fo

Gu
for
ad

her
de
pte

too
In ed
the

gly

to
5.J\<(J’se of industry codes and national standards

Industry 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.

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

5.4 Simplified methods

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



https://iecnorm.com/api/?name=01b5ffb28b7218c6668d1406fc5a189d

- 20 - IEC 60079-10-1:2015 RLV © IEC 2015

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

It is not necessary to carry out a detailed assessment of all items in a plant where an
assessment for one item or condition would be adequate to provide a conservative
classification for all other similar items or conditions on the plant.

Larger zone areas are characteristic of simplified methods, stemming from the approach and
thel necessity to apply more conservative zonal classification where doubt exists ast& he
hazards involved. This approach shall err on the side of safety.

Tol|arrive at less conservative or more accurate figures of the bound heclassified
arda, reference to illustrative examples or more detailed assesspien of
rel¢ase, as applicable should be used.

5.5 Combination of methods

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

For example, at the initial conceptu f\ a Si ifi be
appropriate to set out the equipme his
mi{ht be the only method that could : of
rel¢ase. As the plant design proceeds and ai ed(ddta is available on the potential sourges
of |release, the classification should be upgrati€d “using a more detailed method| of
asgessment.

In in
sedti j a
moj refief
val

In many cases the“¢tla i ples provided in relevant national or industry codes cpn,
whe i assify some components of larger plants.

6

6.1

The reIe@Qate of a flammable substance is the most important factor that affects the extent
of & zo{(g%

Ge erdally, the nigner the reiease rdte tne larger tne exient or the Zone.

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

An introduction to the nature of releases that should be considered when approaching
classification of potentially explosive areas is provided in the 6.2 to 6.5.

6.2 Sources of release

The basic elements for establishing the hazardous zone types are the identification of the
source of release and the determination of the grade or grades of the release.
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Since an explosive gas atmosphere can exist only if a flammable gas or vapour is present
with air, it is necessary to decide if any-ef-these flammable-materials substances can exist in
the area concerned. Generally speaking, such gases and vapours (and flammable liquids or
solids which may give rise to them) are contained within process equipment that may or may
not be totally enclosed. It is necessary to identify where a flammable atmosphere can exist
inside process—plant equipment, or where a release of flammable-materials substances can
create a flammable atmosphere outside process-plant equipment.

Each item of process equipment (for example, tank, pump, pipeline, vessel, etc.) should be
considered as a potentlal source of release of a fIammabIe—m-aieeHaJr substance If the item

sulpstance but cannot release it into the atmosphere (for example, a fully welded pipéling
nofl considered to be a source of release).

If |t is established that the item may release a flammable—materiat substéme into the
atmosphere, it is necessary, first of all, to determine the grade ‘or ‘grades “of release| in
acgordance with the definitions, by establishing the likely frequency,and duration of the
relgase. It should be recognized that the opening-up of parts of enclosed process’systems (for
ex{mple, during filter changing or batch filling) should ‘also be considered as sources| of
relgase when developing the area classification. By means of_this’procedure, each release
will be graded either ‘continuous’, ‘primary’ or 'secondary’. D

NOTE 1 Releases may form part of process, e7g. taking~samples, of, méy‘occur as part of a routine maintengnce
pro¢edure. These forms of release are generdlly classified as ContinkQus.or primary grades of release. Accidgntal
relelases are generally classified as secondary grades of release.

NOTE 2 One item may give rise to more than/one grade.oftel€ase. For example, there may be a small prinpary
gragle release, but a larger release could occur under.abpormal operation; thus giving rise to a secondary grade
relgase. In this situation, both reJease conditions (bath grades\of releéase) need full consideration as describef in
this|standard. \

Haying established the. grade or grade&of the release, it is necessary to determine fhe
release rate and other factors that maysinfluence the type and extent of the zone.
A\

If the—tetal quantity of\a flammable~material substance available for release is “small”, [for
example, laboratory use, whilstla potential-hazard explosion condition may exist, it may not|be
appropriate to usé this area-glassification procedure. In such cases, account shall be taker of
the| particular—risks\factorstinvolved:

The area classmcatlc\m of process equipment in which a flammable-material substancqd is
buined, for example fired heaters, furnaces, boilers, gas turbines etc., should take into
acgount any purge cycle, start-up and shut-down conditions.

In $ome cases the construction of closed systems where specific construction codes are et
can be(ageepted as effectively preventing and/or limiting releases of flammable substanceg to
a 1eghg|ble Ieakage hazard. The hazardous area classification of such eqmpment or
InS dIIGLIUIID IUqUIICD [=] bUlII'JICLU GDDUDDIIIUIIL LU VUIIIy LIIU IuII UUIIIPIIGIIL;G UI LIIC IIIDLaIIaLIUI tO
the relevant constructional and operating standards. Verification of compliance should
consider design, installation, operation, maintenance and monitoring activities.

Mists which-ean form through leaks of pressurized liquid can be flammable even though the

liquid temperature is below the flash point—lt-is—impertant-therefore-to-ensure-that clouds—of
mist-do-net-oceur (see Annex G).
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6.3 Forms of release
6.3.1 General

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

e a gas, which may be at an elevated temperature or pressure;
e a gas liquefied by the application of pressure, e.g. LPG;

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

e |a liquid with an associated release of flammable vapour.

Rel|eases from such plant items as pipe connections, pumps and compre

pag¢kings often start with a low flow rate. However, if the release is not’stop
soyrce of the release can greatly increase the rate of release and hence
hazard.

A release of flammable substance above its flashpoint will give
gag cloud which may initially be less or more dense tha 9
neytrally buoyant. The forms of release and the patterpo
displayed as a flow chart in Figure B.1.

Every form of release will eventually vapour release and the gas|
vapour may appear as buoyant, ea (see Figure B.1). This
characteristics will affect the extent of the zone'g Q articular form of release.

The¢ horizontal extent of the zone at
relative density and the
degreasing relative densi

generally increase with increasjng
ource will generally increase with

6.3.2 Gaseous rele

A gas release or ‘plume at the release source depending on fhe
prgssure at the point 2 /mp seal, pipe connection or evaporative pool arga.
The relative den:s degree of turbulent mixing and the prevailing |air

In galm condi MWLV E releases of a gas that is significantly less dense than air will
g. hydrogen and methane. Conversely, a gas that is significaptly
denmser tha o0 accumulate at ground level or in any pits or depressions, ¢.g.

bufane and p1og Over time, atmospheric turbulence will cause the released gas to mix
with air an co eutrally buoyant. A gas or vapour with density that is not significaptly
diffferent ir is regarded as neutrally buoyant.

Higher’ pressure releases will initially produce jets of released gas which will mix turbulemtly
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
escapes, it expands and cools down and may initially behave as heavier than air. However,
the cooling due to the Joule-Thomson effect is eventually offset by the heat supplied by the
air. The resulting gas cloud will eventually become neutrally buoyant. The transition from
heavier than air to neutrally buoyant behaviour may occur at any time depending on the
nature of the release and may occur after the cloud has been diluted to below the LFL.

NOTE Hydrogen demonstrates a reverse Joule-Thomson effect, heating up as it expands and so will never exhibit
a heavier than air effect.
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6.3.3 Liquefied under pressure

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

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

A
eva

anI
an

acg

The cold aerosol cloud will act like a dense gas. A pressurized
segn as the cooling effect of evaporation will condense ambien
clopd.

6.3.4 Liquefied by refrigeration

Other gases, the so-called permanent gases,
metthane and hydrogen. Small leaks of/te

a pool of liquid by drawing heat from
maly form.

i

gemerating a cold dense g S A Hds, di inect
or hold the flow of leakages.

NOTE 1 Care needs to b
natfral gas. Vapou i
buolyant on approact a

NOTE 2 Permanent gase

fied

6.3.5

An
arg form
evdporatio
m
belaviour ;
ouf of t lume or cloud. Aerosols from flammable liquids may absorb heat from fhe
su r%e g environment, evaporate and add to the gas/vapour cloud (for more details gee

6.3.6 Vapours

Liquids at equilibrium with their environment will generate a layer of vapour above their
surface. The pressure this vapour exerts in a closed system is known as the vapour pressure,
which 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.
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6.3.7 Liquid releases

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

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

Release may also occur on water. Many flammable liquids are less dense than water n5§ bre
oftgn not miscible. Such liquids will spread on the surface of water, Q&’n the
grdund, in plant drains, pipe trenches or on open waters (sea, lake o ng a rin
film and increasing the evaporation rate due to the increased st e area.ln thg¢se
cirgumstances the calculations in Annex B are not applicable.

6.4 Ventilation (or air movement) and dilution

to bes
corpletely and the conce i S ) Cial
veiptilation will promote dispersion. e [ of
rel¢ase of vapour due te_i

Sultable ventila

atmposphere thus

A s$tructure with the
building is consi en
airlarea

Digpersio the
concentratio

Ve 1ti|ati@d air movement have two basic functions:

a) @Cw{:rease the rate of dilution and promote dispersion to limit the extent of a zone;

b) To avoid 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.
Obstacles 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
gas 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 atmospheric conditions layering of the gas or vapour may occur
and the distance for safe dispersal can be greatly increased.
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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.

In normal practice, the tendency of layering is not taken into account in 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.

6.5 Main types of ventilation

6.5.1 General

Vahtilation _—ecan bhe sccompnlichad hv the movaement of air due
Loptlotieneon o ceocornoliohed b fhe mescrnondt of
tenpperature-gradients—or-byartificialmeans-such-asfans- The two types o

a) | natural ventilation;
b) |artificial (or forced) ventilation, either general to the area o

hd of vantitatidn the

vie ‘W" his espectiveof the
\

Prgctical-examples—for g" celonthe '4° & ofventilation—which—may—used—are—giverq-in

AnhexB-

6.5.2 Natura@ti a
Natural ventilation i

terqr;perature gradie

pressure differences induced by the wind and/or by
d ventilation). Natural ventilation may be effectivg in
certain indoor situ ; where a building has openings in its walls and/or rqof)

to qlilute releas

e |an open b 3 which, having regard to the relative density of the gases and/or vapolrs
involve as~qpenings in the walls and/or roof so dimensioned and located that fhe
venti inside the building, for the purpose of area classification, can be regarded|as

eg valent to that in an open-air situation;

ilding which is not an open building but which has natural ventilation (generally I¢ss
than that of an open building) provided by permanent openings made for ventilation
purposes.

Consideration of natural ventilation in buildings should recognise that gas or vapour buoyancy
may be a significant factor and so, ventilation should be arranged to promote dispersion and
dilution.

Ventilation rates arising from natural ventilation are inherently very variable. Where dilution of
releases is by natural ventilation, the worst case scenario shall preferably be considered to
determine the degree of ventilation. Such a scenario will then lead to a higher level of
availability even though the degree of the ventilation is reduced. Generally, with any natural
ventilation, a lower degree of ventilation leads to a higher level of availability and vice versa
which will compensate for overly optimistic assumptions made in estimating the degree of
ventilation.
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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.

6.5.3 Artificial ventilation

6.5.3.1 General

Airfmovement required for ventilation may also be provided by artificial means, for exaQ;l:le,
fans or extractors. Although artificial ventilation is mainly applied inside a—room or $ed
spdce, it can also be applied to situations in the open air to compensate for restficted| or
impeded air movement due to obstacles.

The¢ artificial ventilation may be either general (e.g. a whole room) on local {e.g:extraction
negr a point of release) and for both of these, differing )
reglacement can be appropriate.

6.9.3.2 Ventilation considerations

Artfficial ventilation can bor
sityation. The following
a) | classification of the inside © e exftaction system and immediately outside the extractlion
system disc)@ )i
for ventilation ) . the ventilation air should normally be drawn from a

s and design of the ventilation system, the locatipn,
elocity and release rate should be defined.

and“vapours usually have densities other than that of air, thus they nmpay
o either the floor or ceiling of an enclosed area, where air movement is

ity of the artificial ventilation to the source of release; artificial ventilation closq to
ource of release will normally be more effective and may be needed to adequatlely
COTTtrogas or vapour TTOVETTTETTt;

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.

For more 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
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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.

6.5.3.3 Examples of artificial ventilation

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 bundmg, helpmg to

oufdoor situations.

Logal artificial ventilation may be:

a) |An air/vapour extraction system applied to an item
continuously or periodically releases flammable vapour.

b) | A forced or extraction ventilation system applied to a
an explosive gas atmosphere may otherwise occu

Fot more details see C.4.

6.9.4 Degree of dilution

The¢ effectiveness of the ventilation in spersi i ive
atnnosphere will depend upon the deree ifutio 9 ilabili ilati he
ion

The¢ degree of dilution| is e fat ity of ventilation or atmospheric conditiong to
dilgte a release t ger release corresponds with a lower degreg of
dilgtion for a gi@ ospheric conditions, and a lower ventilation rpte
coffresponds with a'lg for a given size of release.

If g ~eooling fans are taken into account, then care should|be
exe ability. Ventilation for other purposes may also affect dilufjon
in ¢ither a-po anner

The¢ degree- o n/will also affect the dilution volume. The dilution volume]| is
ma hematic qual\to the hazardous volume but the boundary of the hazardous afea
addlitional es into account other factors such as possible movement of the release dug to
the| direction and velocity of the release and of the surrounding volume of air.

De P I 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.

The following three degrees of dilution are 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 is in
progress and the explosive gas atmosphere does not persist unduly after the release has
stopped.
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c) Low dilution

There is significant concentration whilst release is in progress and/or significant
persistence of a flammable atmosphere after the release has stopped.

7 Type of zone

7.1 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 recagnized as* zone 0

zone 1, zone 2 and the non-hazardous area.

NOFE 1 A _continyot rade of release normallvleads toa zone 0 g
N E—1—H—CORHRUG ace—ot+freteasenormaty1eaas+toa—zohReu—=a

R A RRRRE R =

nrimarv—arade tolzone 1 snd- a secondary
prHRary—gracet0Zoh —aRea—Secongat

<

NoFE2 Where zones created by adjacent sources of release overlap and are of&fferent zopal
clapsification, the-higher more severe classification criteria willapply in the ‘area of overlgp.
WHere overlapping zones are of the same classification, this commow classification Wwill
nofmally apply. OV
7.2 Influence of grade of the source of release N

~

a

There are three basic grades of release, as listed helow jin,drder of decreasing frequency of
ocgurrence and/or duration of release of flammable\substanse;
a) | continuous grade;

b) | primary grade;

c) | secondary grade.

A dource of release may give rise to any \oréof thesé grades of release, or to a combinatjon
of more than one. N
N
The grade of reléase generally detefpiines type of the zone. In an adequately ventilated afea
(typical open air.plant)_a coptinuous grade of release generally leads to a zond O
clapsification, a primary grade\to zéne\} and a secondary grade to zone 2. This general rule
maly be modified Hy consideQng the dégree of dilution and availability of ventilation which npay
resjult in a more or\less se\ere classification (see 7.3 and 7.4).

\
7. Infldence of d\il\ution

The effectivengds of\ventifation or degree of dilution shall be considered when estimating fhe
type of zon@ ¢lassification. A medium degree of dilution will generally result in fhe
prgdetermifed types/of the zones based upon the types of the sources of release. A hjigh
degree of-dilution will allow a less severe classification, e.g. zone 1 instead of zone 0, zong 2
insfeadhof zone 1 and even zone of negligible extent in some cases. On the other hand a |ow
degreg’of dilution will require a more severe classification (see Annex D).

7.4 Influence of availability of ventilation

The availability of ventilation has an influence on the presence or formation of an explosive
gas atmosphere and thus also on the type of zone. As availability, or reliability, of the
ventilation decreases,-the-type—of zone-is—normallyinecreased the likelihood of not dispersing
flammable 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.

NOTE Combining the concepts of-degree the efficiency of ventilation and-levelof the availability of ventilation
results in a-quantitative qualitative method for the evaluation of the zone type. This is further explained in Annex D.
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8 Extent of zone

The extent of the zone depends on the estimated or calculated distance over which an
explosive atmosphere exists before it disperses to a concentration in air below its lower
explosive flammable limit-with-anappropriate-safety factor. Determination of the extent of the
zone should consider the level of uncertainty in the assessment by the application of a safety
factor. When assessing the area for spread of gas or vapour before dilution to below its lower
explosive flammable limit, expert advice should be sought.

Consideration should always be given to the possibility that a gas which is heavier than air
maly 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 pehe-
tration of a significant quantity of flammable gas or vapour into the area can be.prevented| by
suitable means such as:

a) |physical barriers; \

x

NOTE An example of a physical barrier is a wall or other obstrustion that V\;}U 4imit the passage of ga$ or
vapour at atmospheric pressure, thus preventing the accumulation of a flammable ‘atmosphere.

b) [maintaining a sufficient overpressure in the area/relative to th?a adjacent hazardous aregs,
so preventing the ingress of the explosive gas-atmosphere;

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

The¢ extent of the zone-is-mainlyaffected-by-the-felfowing requires assessment of a numbef of
physical and chemical parameters, some ©f-which are intrinsic properties of the flammaple
mafterial substance; others’are specific\to thé<precess situation (refer also to Clauses 6 gnd
7). implicity,—the—effe e j

paffameters remain unchanged. N

Fol releases whére only a small"mass. is available to be released a lesser distance may|be
acgepted to an on-gojng release,

Unper some conditions hea\(ie\r thanair gases and vapours can behave like a spilled liquid
sprieading down_terrain stopes; through plant drains or pipe trenches and can be ignited 4t a
point remote\from~the Yariginal leakage, therefore putting at risk large areas of a plant ($ee
B.g). TheTayout of thé plant, where possible, should be designed to aid the rapid dispersal of
explosive-gas atmospheres.

AN
An|area withi\estricted ventilation (for example, in pits or trenches) that would otherwise|be
zone 2 may-fequire zone 1 classification; on the other hand, wide shallow depressions uged
for[pumping complexes or pipe reservations may not require such rigorous treatment.
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below—that of the wind- however gobstruction—of-air
————— —_— — ——————— -
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9 Documentation

9.1 General

wheh—teae4e—the—ﬂﬁ34—a4ea—etaes4ﬁeahwea¥e—p¥epem#eeemnemed— It is recommended that

the| steps taken to carry out area classification and the information and assumptions used hre

fully documented. The area classification document should be a living\docume&nt and’should

include the method used for area classification and should”be-revisgd”during any plant

chgnges. All relevant information used should be referenced. Examples“of such informatipn,

or pf a method used, would be: \\\

a) [recommendations from relevant codes and standards; ~\ )

b) |gas and vapour dispersion characteristics and calculatjons; )

c) |a study of ventilation characteristics.in relation\to flammable—tnaterial substance relegse
parameters so that the effectiveness of\the ventilation)can-be evaluated.

Those nroperties which - are relevant to-area clascification-of allnrocess materials used-on a

FThose properties-which-are relevant-to-areaclassification-of all-process-materials-used-on-the

plapt-should-be listed:

d) | Fhese the properties ©f all process ‘substances used on the plant (see IEC 60079-201{1),

: ’k : ials licting ie_aiveninT

which may include: o\
e molar mass \

o flash point N

e boiling point

e minimum ignition teerPature

e vapour pressure

e vapour density\ ’

o oxploshee ﬂe%mability limits

e gas eqxhpment group and temperature class

-

rXcnlte of tha arag claccificatinn C+III‘|\I and anv Cllhcnﬂllﬂh+ altaratione to it chall

A suggested format for the substances listing is given in Table A.1 and a format for recording

the results of the area classification study and any subsequent alterations

in Table A.2.

is given

The source of information (code, national standard, calculation) needs to be recorded so that,
at subsequent reviews, the philosophy adopted is clear to the area classification team.
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9.2 Drawings, data sheets and tables

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

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

The documents should also include other relevant information such as:

a) [the location and identification of sources of release. For large and complex planis| or
process areas, it may be helpful to itemize or number the sources ,of release/sovag to
facilitate cross-referencing between the area classification data sheets and thedrawings;

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

The area classification symbols which are shown in Figure A.1 are\the preferred ones| A
symbol key shall always be provided on each drawing. Different symbols ‘'may be necesspry
whpre multiple equipment groups and/or temperature classes are-required\within the same
type of zone (for example, zone 2 IIC T1 and zone 2 I|A T3): O\

™.
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Annex A
(informative)

Suggested presentation of hazardous areas

A.1 Hazardous area zones — Preferred symbols

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

O O O O O o O O
O O O O O o O O Q
O O O O O O OMN\|\y
O O O O O OO0 O\
N\
W

IEC

Figure-C-1 A.1 — Preferred symbols for hazardous area zones
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A.2 Hazardous area suggested shapes

Figures A.2 to A.5 show some suggested hazardous area shapes based on the forms of
release described in 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.

///’/ ‘\‘r\_\

// \\
4 S
/ \
/ \
/
g o k
s e
\‘-"ﬁ\ / —Z {_,_/”
\ | jf
\ ’
N S
AN o

~ S R 7
/f”' \\:\ _{:// "‘-ui\

/; ~—
IEC IEC
Key
SR Source of release .
N
r Main extent of the hazardous area to be defined taking into consideration the estimated hazardous distange

X
r, r| Secondary extents of the hazardous_area to.be défined taking into account release behaviour

h Distances between the source oflrelease and ground level or surface below the release

Fi}ure A:2—- Gas/vapour at low pressure
(or-at high'pressure in case of unpredictable release direction)

\ \

or

Release direftion
/?elease dirpction

r
\
\
\
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/
/
’
/
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- -
-

IEC IEC

Figure A.3 — Gas/vapour at high pressure
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NOT

NO
con

k.

Ground

IEC

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

x

Figure A.4a — Gas or vapour (liquefied under pressure or_by re‘{rigeration)
| ¢

\
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é)sound
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AN
[E Liquid_fi@eel could be formed in case of spillage. In this case, an additional source of release could
Bidered.

Figure A.4b — Gas or vapour (liquefied under pressure or by refrigeration) with spillage

Figure A.4 — Liquefied gas

be


https://iecnorm.com/api/?name=01b5ffb28b7218c6668d1406fc5a189d

IEC 60079-10-1:2015 RLV © IEC 2015

NO

—41 -

Ground

IEC

[E Source of spillage of flammable substance is not indicated.

Figure A.5 — Flammable liquid (non boiling evaporative\pdol)

N\
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Annex B
(informative)

L e

Estimation of sources of release

B.}+—Symbels
pool surface area (m?2);

Cq discharge coefficient (dimensionless) which is a characteristic of the releasge’openings

and accounts for the effects of turbulence and viscosity,/typically 59 t0°0,75 |for
sharp orifices and 0,95 to 0,99 for rounded orifices;

cp specific heat at constant pressure (J/kg K); \

¥ polytropic index of adiabatic expansion or ratio of specific hgé\s\ (‘dimensionless);
molar mass of gas or vapour (kg/kmol); N )

p pressure inside the container (Pa); ) '

Ap pressure difference across the/opening’that feaks in 'EP‘a);

Pa atmospheric pressure (101 325 Pa);

Pe critical pressure (Pa);
Dy vapour pressure of the.liquid at.tempgrature 7 (kPa);
Oy volumetric flow [fate of flamnrable, §&s-from the source (m3/s);

universal gas_constant £8314JfKmal K};

liquid density (Rg/m3);
Pg gas or vapour densi&((kg/m‘?);

S cross/éection of\the<opening (hole), through which the fluid is released (m?2);
T abselute tempéra\ture of the fluid, gas or liquid (K);

Ty absolute ar%gient temperature (K);

Uy wind sr;:ed over the liquid pool surface (m/s);

/4 rélease rate of liquid (mass per time, kg/s);

We evaporation rate of liquid (kg/s);

Wy mass release rate of gas (kg/s);

Z compressibility factor (dimensionless).

B.2 Processplant Examples of grade of release

B.2.1 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.
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B.2.2 Sources giving a continuous grade of release
Hereunder are some typical examples:

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

b) 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

Hefeunder are some typical examples:

a) | Seals of pumps, compressors or valves if release of flammable-material substanee-durfing |
normal operation is expected.

b) [Water drainage points on vessels which contain flammable gases “or liquids, which may
release flammable-material substance into the atmosphere while dralmng off water durjng
normal operation. C

c) |[Sample points which are expected to release flammable—mateﬁal substance into the |
atmosphere during normal operation. N\

d) |Relief valves, vents and other openings which are”expected to r\elease flammable-matefial
substance into the atmosphere during normal operation.

B.2.4 Sources giving a secondary’‘grade of release '\
Hefreunder are some typical examples:

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

b) [ Flanges, connections ‘and pipe fittings, Where release of flammable-material substancg is |
not expected during-normal operation

c) | Sample points.which are.not expected to release flammable-material substance durfing |
normal operation;

d) |Relief valves, vents. and_other,.openings which are not expected to release flammaple
material substance into thejatmosphere during normal operation.

B.3 Assessment of grades of release
\ \

A Wrong-assessiient_of grades of release may compromise the outcome of the whple
prdcedure. Although'the grades of release are defined (see 3.4.2, 3.4.3 and 3.4.4), in pracfice
it ig not always-easy to distinguish one grade of release from the other.

Fo example it is usually considered that every release that does not occur in normnal

assumptlon that the release will only last for short periods. This |mpI|es that a potentially
ongoing release will be detected 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.

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
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instructions, relevant regulations and protocols and sound engineering practice. Area
classification should not be a cover for a poor maintenance practice but the user must be
aware that poor practices may compromise the established basis for area classification.

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 release it may be
revealed that the release could happen so frequently and so unpredictably that one 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 suitable. Therefore the
definition of a continuous grade of release implies not only continuous releases but releases

H Lo acle .t [Ta Q40N
W|t Fa ThHyrrimrocyutTIVy do WTIT (oTT U.5%.4).

B.4 Summation of releases

In jndoor areas with more than one source of release, in order t

bag¢kground concentration is determined. Since continuous gra
be |expected to be releasing most if not all of the time, t
shquld be included.

Primary grade releases occur in normal operation b Ces

will be releasing at the same time. Knowledge 2 be

usgd to determine the maximum nun

simultaneously under worst conditions

Segondary grade releases are not expgcted to i [is

unlikely that more than one secondary\sou est

segondary release should be considered.

Theé summation of sources o ed
bes

on|detailed analysis of opera
(bdth mass and e ic):
e |the overall contin : (F sum of all the individual continuous releases,

e |the overall pr
with the ove

e |the overall seconfiary release is the largest individual secondary release combined with

sum of some of the individual primary releases combirjed

WHere the same‘flammable substance is released from all of the release sources then fhe

Hop €r) when the releases are of different flammable substances, the situation is mpre
com . 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.

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 (typically 25 %). Since there are a
number of different flammable substances being released the combined LFL 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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B.5 Hole size and source radius

The most significant factor to be estimated in a system is the hole radius. It determines the
release rate of the flammable substance and thus eventually the type of zone and the extent

of t

he zone.

Release rate is proportional to the square of the hole radius. A modest underestimate of the
hole size will therefore lead to a gross underestimate of the calculated value for release rate,
which should be avoided. Overestimate of the hole size will lead to a conservative calculation
which is acceptable for safety reasons, however, the degree of conservatism should also be

ap

NO
disd

Fo
sha

undler relatively predictable conditions. A guide to hole

sed

IimFLted because it eventually results with overlarge zone extents. A carefully bal@

roach is therefore needed when estimating the hole size.

ondary grade releases is included in Table B.1.

ed

t of

continuous and primary grades of release the holes sizes a . i the
$ed

for
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Table B.1 — Suggested hole cross sections for secondary grade of releases

Leak Considerations

Typical values for the
conditions at which the

Typical values for the
conditions at which the

Typical values for the
conditions at which the

mdving parts

co e-
SS

Type of item Item release opening will not release opening may release opening may
expand expand, e.g erosion expand up to a severe
failure, e.g blow out
S (mm?) S (mm?) S (mm?)
Flanages with (sectorffiti\;v:aen two
compressed > 0.025 u
g >0, p to 0,25 > 0,25 up to 2,5 x
f'br? g_asket (9 t thicknes ﬁj h[ly
or similar 1m
£
Flanges with lt\
Sefling spiral wound 0.025 025
eldments on |9asket or ’ ' bily
fixpd parts similar
Ring type O
joint 0,1 5 0,5
connections QA
Small bore ‘O\/
connections > 0,025 up to 0,1 >0,1u 5 1,0
up to 50 mm @
N \ \) To be defined accordipg
. Valve stem to Equipment
Segl
°rng packings 0.2 Q 25 Manufacturer’s Data HQut
elegments on 1q
mdving parts b\ not less than 2,5 mm
at fow speed | progsyre NON
relief valves ° 0.1 W seciQ NA NA
\k \Z To be defined accordipg
Segling to Equipment
elgments on |Pumps an >1uptos Manufacturer’'s Datg

and/or Process Unit]

nufacturer's Data — Cooperation with equipment's manufacturer is required to assess the effects

¢ |Process=tnit Configuration — In certain circumstances (e.g. a preliminary study), an operational analysig
de 'é) e maximum accepted release rate of flammable substance may compensate lack of equipm
acturer’s data.

ening of the valve but to various leaks due to malfunction of the valve

at high speed Configuration but not I¢ss
than 5 mm2dande
a joints, threaded connections, compression joints (e.g.,metqllic

put

to
ent

NOTE Other typical values may also be found in national or industry codes relevant to specific applications.

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.

B.6

Forms of release

Figure B.1 illustrates the general nature of different forms of release.
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Buoyant
gas »| Buoyant
| (lighter
than air)
At low Neutrally
pressure »| buoyant »{ Neutral
See eq. B.3 gas
Obstructed Dense
release gas o
See eq. B.4 (heavier | eay)
than air)
Gases At high Initially
and > pressure ] »| Hot gas »| buoyant
vapours y
\
+Cold Initially
P \gas > heavy
N\
\\
\ 4 \
n?ﬁi’f‘?id Sonic /self diluted (depen(ﬁ:; on gds
under g gas jet P See Figure 1y conditions and
See eq. B.4 C.2
pressure ) nature of releasq)
$ource
Cold
of > > Heavy
nelease v gas
Flash
evapo
Gases ration
liquefied _
by — » Aerosol > Heavy
refrigera
tion
N
Conden P
sation [V
\ \
NN\
] \ 4
Heat
Boiling pool Cold
—»|  See eg pB 6 b evapor > as ]
T ation g
o Heavy
Flamm Non boiling Heat Considgr
able > evaporative »| evapor »| Vapour > larger
liquids pools ation zone
See eq. B.6 extent
Flammable Possibility
or combust- [ of mists
ible liquids See Annex G
IEC

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

B.71.1 General
The¢ release rate depends on parameters such as:

a) | Nature and type of release

This is related to the physical characteristics of the source 2 an
open surface, leaking flange, etc.

b) | Release velocity

For a given source of release, the release rate ihcr ith tt ‘ ra
subsonic release of gas, the release velocit
of a cloud of flammable gas or vapoaur is
release and the rate of dilution. Ge
entrain air and may be self-diluting.
almost independent of air flow. If t
is reduced by impingement on a

bur
will
ofithe explosive gas atmosphere may|be
eleased at low velocity or if its velogity
its

ble

ter
ay

NOT@ Published tables and experimentation giving data on flashpoint may not record accurate values pnd
tg/ ta will vary. Unless values for flashpoint are known to be accurate, some margin of error is allojed
against quoted values. A margin of + 5 deg C for pure liquids, with greater margins for mixtures are|not
uncommon.

NOTE 2 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 should be used. For a flammable liquid in the open, the open cup
flash point may be used.

NOTE 3 Some liquids (for example, some halogenated hydrocarbons) do not possess a flashpoint although
they are capable of producing an explosive gas atmosphere. In these cases, the equilibrium liquid temperature
which corresponds to the saturated concentration at the lower flammable limit should be compared with the
relevant maximum liquid temperature.

e) Liquid temperature

Increasing liquid temperature increases the vapour pressure, thus increasing the release
rate due to evaporation.
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NOTE 4: 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.

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 equatlons also prowde indicative results due to the restr|ct|ons of trying to describe

hrough a series
ils. As a result Cy avay

nottéss than 0,99 for itegms

holes can be a reasonably

approximation if there is no ( inf atiof i the
essment.

W =CyS2p 4 (kals) (B.1)

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

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

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

b) Single phase release of a non-flashing liquid

For liquids with higher boiling points (above atmospheric ranges) the release will generally
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 a methodology for assessing
tlo alads £ L el 1 - N H | al H tla 'y al al Ll la

urc vapuur CUTTUTUIUTTS UT a 1TTYuTu TTITaotT 1o TIUL PYTUvIuUTU 11T 1o otdiiudru. UoTIT o oll |d
carefully select a suitable model observing any limitations of the model and/or applyiag|an
appropriately conservative approach with any results.

B.1.2.3 Release rate of gas or vapour
B.1.2.3.1 General

for
ed

Th¢ equations below are considered to provide reasonable e
gages. If the gas density approaches that of liquefied gast
to lbe considered as noted in B.7.2.2.

The release rate of gas from a container-may can be e

The velocity of released gas is choke
higher than the critical pressure p...

FcFE

5

b

_c_p_ : asacs
%—Www%m&' ~t K4,
N\ >

Critical pressure is determined by the following equation:

y+1 7 (1)
Pc = pa[T] (Pa) (B.2)
McID
For ideal gas the equation 7 = o _R may be used
-

NOTE For the majority of gases the approximation p_ =~ 1,89 p_ will generally serve the purpose for a quick
estimate. Critical pressures are generally low compared with the majority of operating pressures found in common
industrial processes. Pressures below the critical pressure are normally found in terminal gas supply lines to fired
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equipment like e.g., heaters, furnaces, reactors, incinerators, vaporizers, steam generators, boilers and other
process equipment. Such pressures can also be found in atmospheric storage tanks with moderate overpressures

(usually up to 0,5 barG).

In the following equations the compressibility factor for ideal gases is 1,0. For the real gases,
the compressibility factor takes values below or above 1,0 depending on type of the gas
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, e.g.
above 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 gas

properties.

B.7.2.3.2 Release rate of gas with non choked gas velocity (subson

Nop choked gas velocity is a discharge velocity below the speed of s
gas.

The¢ release rate of gas from a container, if the gas veloci
estimated by means of the following approximation:

dG on,M 2y ’74 (Po/j(y/_ﬂ
0

dt ””VRT y—ﬂ

ic releas@xﬁ

he particy
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,_PM
RT
(r=01r 1y
Wg=CaSp M2y 1—[p—aJ (p_a] (kg/s) (B.3)
ZRT y-1 p p
B.7.2.3.3 Release rate of gas with choked gas velocity (sonic releases)

Chpked gas velocity (see B.7.2.3) is equal to the speed of sound for the gas. This s the
maximum theoretical discharge velocity.

The release rate of gas from a container, if the gas velocity is choked,~may\can be estimated
by means of the following approximations:

06 _ [ M (2 VR S

Q
——=0p

dt V' RT [y+1) <\

(r+0/(y-1)

M 2

W,=CyS kg/s (H4.4)
g p\/yZRT[;/+1J (kos)

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

W,
0g = _9(m3 /s) (B.5)
Py
where
Pq _PaM is the density of the gas (kg/m3);

R T,
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NOTE Where the temperature of the gas at the release opening may be below the ambient temperature, 7 is
often used as equal to the gas temperature to provide an approximation for the purpose of easier calculation.

B.7.3 Release rate of evaporative pools

Evaporative pools may be the result of liquid spillage or leakage but also part of a process
system where a flammable liquid is stored or handled in an open vessel. The assessment in
this section does not apply to thin surface spills since no account is taken for specific factors
that may be relevant to such spills e.g. thermodynamic input from the surface on which the
liquid is spilt.

The following assumptions are made concerning the assessment below: Q

e |The flammable substance released is neutrally buoyant. Heaw
the same way as neutrally buoyant gases in this analysis wh

The¢n the evaporation rate could be estimated b

NOTE 1 The source of this eguation_is
Aggncy, U.S. Department g i
Extfemely Hazardous Substa

NOTE 2 Vapour pr@e
NOTE 3 Itis assumed't

Since the density"o

theln, the voI 2
C)é

6,5 u 0.78 4 p T.
& 0g= 2t ol Ta (i) (8.7)

japoration rate in (m3/s) is approximately:

a-229

10 Mvuuu

NOTE 4 Since p, increases with liquid temperature then the evaporation rate ultimately increases with the rise of
T.

If we assume that the pool surface area is 1,0 m2 that the wind speed above ground level is
0,5 m/s and that the liquid temperature is equal to the ambient temperature, then the
volumetric evaporation rate in (m3/s) would be:

3,78x107°
ng MO—,333pv(m3/S) (BS)
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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.

u, =0,5m/s
x10-3 T=T,

n/s)

25

%om

it e

\

5

o
7

1,5

\
Aee %

Specific Volum

:
/

z

=

NN
AN

\

AN

Methanol ==

Behzene
0 NQ)

T
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Vapour pressure p, (kPa)
IEC
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o
~
o
©
o

\(</ Figure B.2 — 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
the pool surface area of 1,0 m2. Thus the evaporation rate is obtained by multiplying the value
on the vertical axis with the real pool surface area.

The wind speed of 0,5 m/s is characteristic for meteorological calm just above ground level.
Typically, it represents the worst case regarding dispersion of the vapour but not the worst
case with respect to evaporation rate.

The value for vapour pressure on the horizontal axis should be taken for the relevant liquid
temperature.
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v £

NN

erdss section-of-Z 5 mm <
—H1<105 _-VA\" e-in-Pkp

— =SSP v o= =
ot RT 7+1

(1,41+1)/[2x(1,41-1)]
2 x[ 2 j ~1,7x10° ks

8,3x10°% x 293 1,41+1

=2,5x10'6x11x1o5xJ1,41x
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B.8 Release from openings in buildings

B.8.1 General

The following clause provides 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 situations.

B.8.2 Openings as possible sources of release

Opwmwmmmm of
rel¢ase will depend upon:

e |the zone type of the adjoining area,

e |the frequency and duration of opening periods, Q
e |the effectiveness of seals or joints,

e |the difference in pressure between the areas involved. \

N

A\

For the purpose of this assessment, openings ar¢ classmed @s A, B, C and D with fhe
following characteristics:

B.§4.3 Openings classification

¥ X
1

Type A

OpEgnings not conforming to the characteristics spegified. for types B, C or D, e.g.:
— |open passages for access or utilities (examples of utilities include ducts or pipes through
walls, ceilings and floors);

— |openings which are frequently openea,\

— |fixed ventilation outlets in, roomsZ/buildings and similar openings—of-types B Cand-bB

Type B \
N
OpEgnings which-are normally closed (e.g., automatic closing), infrequently opened and cloge-
fitting. RN
A
Type C

N

OpEgnings which are-normally closed (e.g., automatic closing), infrequently opened and fitted
with sealing devices (e.g., a gasket) along the whole perimeter; or two type B openingq in
seffies, having independent automatic closing devices.

Type D

Openings which are effectively sealed, such as in utility passages—{fer-exampleducts;—pipes); ‘
or openings normally closed conforming to type C which can only be opened by special

means or in an emergency; or-ean-be a combination of one opening type C adjacent to a |
hazardous area and one opening type B in series.

Table B.2 shows the effect of openings on grade of release when a hazardous zone has been
established upstream of those openings.
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Table B.2 — Effect of-openings-on-grade-of release hazardous zones on openings

as possible sources of release

IEC 60079-10-1:2015 RLV © IEC 2015

Grade of release of openings
Zone upstream of opening Opening type considered as
sources of release

A Continuous

B (Continuous)/primary
Zone 0

C Secondary

D Secondary/ng release

A Primary

B (Primary)/secondary
Zone 1

C (Secondary)/no-release

D No release N\

A Secondary

\

B (Secondary)ino release
Zone 2 o

C No re@ase

| ¢
D Norelease

DTE For grades of release shown in brackets, the frequency of gperationof the~openings should be considg
the design.

‘L

red

Th

Th

SOU

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

b grade of release of the epenjing-between®an indeor/naturally ventilated classified locaffon
andl an outdoor non classified~area may\bgZdefined considering the grade of release of

rce generating the indoorhazardoeus zZane.

N
A\

the
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Annex C
(informative)

Ventilation guidance

ight

C.1  Symbols
A effective area of the upwind or the lower opening where applicable (m?2);
A2 Uffcut;vc drcd Uf thc d\JVVIIVV;IIGl Ul thc uppcl U}JUII;IIH vvhclc app:;uab:c (IIIO).
Ag equivalent effective area for upwind and downwind openings a
(m2)
e equivalent effective area of the lower opening (m?2);
C air change frequency in the room (s™1);
Ad, pressure coefficient characteristic of the building
Cq discharge coefficient (dimensionless), sfi arge ventilafion

% universal gas constant (8314 J/kmol K);
air density (kg/m3);

hlly

at

density of the gas or vapour (kg/m9);
absolute ambient temperature (K);
indoor temperature (K);

outdoor temperature (K);

difference between the indoor and the outdoor temperature (K);

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);
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Wy mass release rate of flammable substance (kg/s), for mixtures, only the total
mass of flammable substance should be considered,;

X, background concentration (vol/vol).

C.2 General

The purpose of this annex is to provide guidance on determining the type of zone(s) b
assessing the type and likely extent of gas or vapour releases and comparing these factors
with the dispersion and dilution of those gases or vapours by ventilation or air movement.

It ghould be emphasised that releases may take many forms and can be i
conditions (see B.6). These include:

e |gases, vapours or liquids;

e |indoor or outdoor situations;
e |sonic or subsonic jets, fugitive or evaporative releases;
e |obstructed or unobstructed conditions;

e |gas or vapour density.

The¢ information presented in this annex is intended vie i i the
asgessment of the ventilation and dispersi Q [ ol i . The
guidance applies to the conditions no i 2 acti z erefore may not be applicaple
to 4ll installations.

The i i i € d assessment of artificial ventilation

sydtems and natural venti 1gen { i in kthe
control and dispersion of re s S

NOTE Ventilation criteria fi
It Js important i

of

‘veptilation’ (the mec p ce)

I dispersion ( iS ich clouds dilute). These are very different concepts,
both are i

be noted that the hazard depends on the ventilation rate, the
ce of gas and the properties of the gas released, in particular the
A some situations the hazard may depend sensitively on fhe
t\may be almost independent of it.

Will
In

gas atmosphere WhICh arises in the area. Table C1 provides gmdance on W|nd speed for
outdoor situations.

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.
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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
thaft in practice there is no hazardous area or a hazardous area of negligible exignt.
Alternatively, the degree of dilution may be so low that the resulting zone has a lower-zgne
nuinber than might otherwise be applicable for the grade of release (i.e.
arda from a secondary grade source). This occurs, for example, when
is guch that the explosive gas atmosphere persists and is dispersed, only slw g as
or japour release has stopped. Thus, the explosive gas atmosphe )
wolld be expected for the grade of release.

The¢ dilution of a release is determined by the interaction” of tt ] L cy
forges of the release and the atmosphere within which i ;r* i ed
jettled release, for example from a vent, the jet momentum dem ' ion
is fominated by the shear between the release and the » i fed

relg¢ase is at low velocity or is impeded to such a c i i or
dispipated, the release buoyancy and atn € ‘

For small releases of lighter than air gas the\di Sion i : [ i ,|for
exgmple similar to dispersion of cigargtte smok i ir gas
thel stage may eventually be reached| es| i wind conditions, when the relegse
bugyancy is significant and ‘ he ground and disperse like a plume

for| example similar to th 1 a.la fire. For vapour releases from a liguid
sufface the vapour buayancy.and local aj nt will dominate the dispersion behaviouy.

In Jall cases, <® is fresh air for dilution of a release to very small
corncentrations (i.e/well b € he diluted gas or vapour will tend to move along With
thel general mass of t ir an dit\néutral behaviour. The exact concentration where sfich

nelitral behaviou nd on the relative density of the gas or vapour to hir.
For greater relative rences a lower concentration of the gas or vapour is requifed
for|neutral be

C.3.2

Theé most imgporta tor is the effectiveness of ventilation, in other words the quantity of|air
relative t @ type,release location and release rate of the flammable substance. The higher
thel a %k of ventilation in respect of the possible release rates, the smaller will be fhe
er:F% the zones (hazardous areas) and shorter the persistence time of explogive

osphere. With a sufficiently high effectiveness of ventilation for a given release rate, the
extent of the hazardous zone 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);

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.
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C.3.4 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.

ThETIOW 10 transport away the gas should be assessed primarily based on an assessment of
the| ventilation for indoor situations, or by flow caused by the wind for outdoor situation%

For indoor situations the flow or ventilation velocity may be based on a a ity
caysed by the ventilation. This may be calculated as the volumetric 1 mixture

divjded by the cross section area perpendicular to the flow. Th be
reduced by a factor due to inefficiency of the ventilation or due ructed| by
dh:]erent objects. Computational fluid dynamics (CFD) 3|mulat| icylar
deflail or accuracy is needed to get an estimate of the ve g of
thel room under consideration.

For naturally ventilated enclosures and for open g : oh velocity should |be
asgessed as the velocity that is exceeded 95 % f availability of this ventilatjon

carn be considered to be ‘fair’.

Ve
fac
are

speed statistics using a reducﬂ:on
weather statistics. Published vallfies
a process plant and may need to|be
buildings, vegetation and other obstacles.
E. q e ing and process equipment, the effecfive
ver 1/ 0 of the free flow velocity above the plgnt.
As ent of the velocity in some locations around fhe
pla igures. Computational fluid dynamics (CFD) is

where there are a number of equipment items that

to move upwards where the ventilation normally will be better, and
b the gas away. This may be taken into account by increasfng
for such releases. For releases with a relative density of I¢ss
sidered safe to assume that the effective ventilation velocity i at
situations. The availability of this minimum ventilation can |be

gﬁn air gases tend to move downwards where the ventilation generally will be lower,
: uIat|on at ground Ievel is a possibility. This can be taken into account by lowering

..... to
low temperature Low temperature can be caused by leak from hrgh 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,,)

Type of outdoor locations Unobstructed areas Obstructed areas
Elevation from ground level <2m >2m up >5m <2m >2mup ~5m
to5m to5m

Indicative ventilation velocities for
estimating the dilution of lighter than air 0,5 m/s 1 m/s 2 m/s 0,5 m/s 0,5 m/s 1 m/s
gas/vapour releases

i
estimating the dilution of heavier than air | 0,3 m/s 0,6 m/s 1m/s 0,15 m/s | 0,3 m/s 1~L&s
gap/vapour releases

Inglicative ventilation velocities for
estimating the liquid pool evaporation > 0,25 m/s
rafe at any elevation

Gdgnerally, values in the table may be considered with an availability of ventil

Fof indoor areas, the evaluations should normally be based on an assumed
wHich will be present virtually everywhere. Different values may be ass
thg air inlet/outlet openings). Where ventilation arrangement can be c
be|calculated.

C.3.5 Assessment of the degree of dilution

The¢ degree of dilution may be assess&usk{;\éh\gt\%.
E 10 Q\

S

Loala)

\

S

=
N

\Lantilatl
v-efRthratt

Dilution
medium

ol

C Dilution
Q/ low
},C‘. /
/V
e
0,001 >
0,001 0,01 0,1 1 10 100
Release characteristic Wy/ (pg * k x LFL) (m3/s)

IEC

Figure C.1 — Chart for assessing the degree of dilution
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Where

Wg s
EE— is a characteristic of release in (m2/s);
pgkLFL ( )

_PaM s the density of the gas/ kg/m3);
pg—RT is the density of the gas/vapour (kg/m?);

a

k is the safety factor attributed to LFL, typically between 0,5 and 1,0.

dilyti
de
restrictions to air flow, for example,
englosed area.

are
an

For indoor applications users should 2
wit
dildtion should generally be considered a

of

C.3.6 Dilution in a room
C.3.6.1 General

q or
ow
. In this later case the volume available for dilufion
d volume of the release.

Dilption may occur by
vagour or by h
cofncentration ev
must be high with re

Fo ay occur even without any local air movement due| to
entL K ing jet. However if a jet is impeded due to impact on neafby
obj iyt dilution is greatly reduced.

The dilution ~ean also be assessed by assessment of the average backgroynd
cof centratlo ammable substance (see C.3.6.2). The higher the ratio of release rpte

agaunst t i rate the higher will be the background concentration X, and the loyer
wil egree of dilution.

|n \aecunn har-llnrr\nnrl r\r\nr-anh'»:\hr\n +ha ralnoca rc\h: \u:nhlahr\n rate anA QF'FII'\IQHI'\\I 'F':rtor
uuuuuuuuu G—oa6KG Y

must be carefully selected to take into account all relevant factors considering an appropriate
safety margin. The ventilation efficiency factor should recognize if there is a possibility of
recirculating or impeded air flow in a space which may reduce the efficiency compared to a
good air flow pattern.

A zero background concentration should be considered only outdoors or in regions with local
extraction ventilation which controls the movement of flammable substance near the source of
release. 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
which a gas detector is set to alarm.

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

Consideration of background concentration and the extent of possible zones around sources
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 good practice to have multiple small hazardous areas within an enclosed
area generally classified as non hazardous. Also, it is not good 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 \%
0,

Fo
em
fla
of
air

Co
ver
vay

Th

0>

Th¢ average bat
relative magmi
ach

Th
zo

=¥, th Qckgrou d concentration is essentially uniform and the outlet is distant from fhe
ase itself, so that the concentration at the outlet reflects the mean backgroynd
{(}anentration.

f>I; there's a gradient of background concentration in the room due to Inetficient mixing,
and the outlet is distant from the release itself, so that the concentration at the outlet
is smaller than the mean background concentration. f may be between 1,5 for mildly
inefficient mixing and 5 for very inefficient mixing.

Given the origin of the cases =1 or f>1, this value may be denoted as a safety factor related
to the inefficiency of mixing (as progressively larger values reflect progressively less efficient
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
maximum ventilation (see C.5).

NOTE Ventilation alone which describes how air enters the room has little to say about the expected hazardous
volume. That depends on how the gas, or vapour and air are distributed within the room, i.e. on dispersion.
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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) of ventilation needs to be taken
into consideration when determining the type of zone.

Three levels of availability of the ventilation should be considered (see Table D.1):

e good: ventilation is present virtually continuously:;

e |[fair: ventilation is expected to be present during normal operation. Discontinuii\e% hre
permitted provided they occur infrequently and for short periods; Q~
e |poor: ventilation which does not meet the standard of fair or good tinuities pre
not expected to occur for long periods.
Ve be
cor
Dif 4.9.
avai it
de 5 a
m nt
of iti ' , 0.8 ¢ ' case scenario has bgen
ilitWcould pe fair, but never good. It has
to ed
for E.
On|the other hand, artifici j S € i i 'Tns
usyally has a good availahjlity\{ SRINN 2 igh
degree of reliability.
Th¢ level of av all
thel relevant factors”. F ient
wirld, and so the di of
veiptilation indoors
the
a scenarlo will then Iead to a higher level of availability. Generally,
e lity
a. That'will compensate for too optimistic assumptions made in the procedurg of
he degree of ventilation.
Th of

enclosed spaces, consideration of unfavorable conditions needs to be accounted for. l.e.
frequency and probability of occurrence of such situations. As an example, during hot and
windy summer days, two potential scenarios exist. In one scenario the indoor temperature
may be slightly above the outdoor temperature so that buoyancy induced ventilation may
hardly 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 result in
a more onerous classification. In another scenario, if only buoyancy is considered, then
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.
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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 be&twe e of
flajnmable substance and ventilation based on the principles outline It is
important to understand that dilution is a complex process which s \ b gh
air|entrainment at the boundaries of a release jet, or throug i it Cd by
veiptilation flow or atmospheric instabilities. Usually, hra 9 red
beg¢ause a jet eventually becomes a passive plume susceptible to aiOgiove . Mixi ith
air|generally does not happen uniformly throughout the vent Yo)= d the backgroynd

concentration as the result of the mixing with air is j
contamination of the volume under consideration.

re of the avergge

In the
flammable substance uniformly. ice ay
suli > ¢ on
arr to
so\ the

caf

Th¢ examples belo

undlerstanding of ’fie ve
C.4.2 Jet release

S scenarios which may help in befter
s that may be suited for a particular situation.

Th of
sol
A s ity if
the ent
air
For a s with normal ventilation, (e.g. good sized door and wall openings and/or rpof

ventilationr or other designated ventilation provisions), the volume of the space and naturalfair
mov%ent would suggest the degree of dilution is medium and the availability of vent|lat|orl| is
fair-

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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NOTE 4 is pseudo source radius, i.e. the radius of the jet at the“downstream(ctess section at which it becomes
isoharic (reduced to atmospheric pressure). o)

Concentration in
flammable range

release velocity profile
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Figure C.2 — Self diffusion of an unimpeded high velocity jet release

C.4.3 Jet release in a small naturally ventilated®uitding

This example illustrates conditions wiiere there @ay be sources of gas release in a snpall
rodm or building.

Digpersion and dilution.facters are the saqe as described in 6.5.4.

WhHere the buildipg.includes provisiotx for_ventilation to ensure adequate removal of any ¢gas
fro a release then the dinterior of the building may be considered to have a medium degreg of
dilgtion. )

WHere there are“a Iimited\number of sources of release (or locations for the sources| of
relg¢ase) it may be_practicalto classify hazardous areas that are limited to regions around fhe
soyrces of release. Wihere theré are large numbers of possible sources of release then if is
common(practice fo‘classify the entire space with a single zone classification. This reflects fhe
consideratien of\the self dilution volume from a jet from many possible positions and fhe
pogsible variafits in gas or vapour dispersion from various locations.

WhHere the» degree of dilution is low then it is normal practice to provide a single z¢gne
clapsjfieation for the enclosed space irrespective of the number of sources of release.

Cc.4.4 Jet release in a small artificially ventilated building

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

Irrespective 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
pressure is very low. Therefore the degree 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
and rate of artificial ventilation. The degree of dilution may also be highly sensitive to both
these factors as illustrated by Figure C.3 and Figure C.4.
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.4 — Supply and extraction ventilation

In this case d space is provided with both supply and extraction ventilation.|As
with the cas€ A0 y only there is a possibility that the ventilation arrangement will crepte
recircula@a ment and result in re-entrainment of the diluted gas into a jet release
thereb;c) easing the background gas concentration.
WI afe San Sav SammmS 23 San oH—afahRgeen Re—PO oHHHRE—0 Re—e 10N

points it is possible to minimize any re-circulatory air patterns.

In this case a degree of

dilution of medium or even high may be achieved.

NOTE Ventilation is commonly applied as an extraction system only which may be either general or local (for

local extraction ventilation see 6.5.3.3).

C.4.5 Release with low velocity

Releases at low velocity are common in many industrial processes and include applications
such as evaporation of flammable liquids from vents, baths, drains or printing and painting.

A jet release may also be considered a low velocity release if the jet impinges on a surface.

Velocity of the jet can be reduced with the jet turning into a passive plume.
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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 1077 kg/s and 109 kg/s). Though small,
th

shquld normally be kept out of insulation enclosures 3
be |considered a potential source of release.

WH
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J— Extraction air flow

|| J Fan

Fresh air T [

[ ritii

e o ‘{:\ Py Dilution A

— volume

Ca

col

A1 General

naﬂ
naflural ventilation and

sidered as low

.2 Wind in; ed

be

of
ion, as well as on the shape of the building. VentiIann
. ation through non-airtight doors and windows or cracks &nd
cture™€éven if there are no ‘architectural’ openings in the walls and/or
The equations used here assume flow through openings designped
infiltration. This philosophy is also appropriate to adopt for

that wind induced vent|lat|on could be estimated only W|th 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.
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The air flow due to wind can be expressed as:

AC,
Qa=cheuW1/—2" [m3/s) (C.2)
242 42
Ao = f%(mﬂ (C.3)
A1 +A2

Values for Cy4 should be derived from ventilation or building codes.

The values for 4, and A4, refer to effective areas of the upwind and.i w(nd openings
regpectively.
CFD modelling or wind tunnel testing may also be used to prov ' eli ent

Wind strength and direction are variable and not g nd
spged is provided in Table C.1. Wind should be consider G i of
veiptilation to verify whether it complements or opp : ntilation. Wind may have¢ a
pogitive effect if the inlet and outlet openi i ed ventilation are the same
as |[they would have been for other source ilati n impairing effect if they Fe
opposed. e.g. wind of any direction will K ) if there is a ventilation openfing

on [the roof top, but will have an impairing effect\if¢he’outlet ventilation openings happen to|be
upwind.

C.4.3 Buoyancy induced ve
Bupyancy induced ‘St
difference betw
density due to the di
density of air and wil
difference.

s.accomplished by the movement of air due to the
>tatures. The driving force is the difference in|air
the
Lire

If the averag QOr tempe Wil
haye a lower\d y ter
through 3 will
incfease as~the\n hcy

induced ventilat her
ampient outdoor temperatures buoyancy induced ventilation will become less effective and if
the am&')p% outdoor temperature rises above the indoor temperature the flow would reversg.

Th MM@MMWMMLMESS
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.

For 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:
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AT [mslsj (C.4)

=C, H
O d e (nn _j_'_ Tout g

2 .2
2‘41_/12(,,12) (C.5)
A? + 42

The values for 44 and 4, refer to effective areas of the lower and the upper openings
re pprti\/ply

These equations give reasonable results only for rooms with inlet g
pogitioned on opposite walls relative to each other (see Figure (
obgtructions which could impede the free flow of air. Also, if the vertical distance'bstween fhe
midpoints of the lower and upper openings H is small and the ho i i ce\s large,
theln the buoyancy induced ventilation will be reduced and ale 2
acgurate. E.g. where H is smaller than the width of the room(then.a s?\ actor related to
the| inefficiency of ventilation must be applied (see C.3.6.1).

The coefficient of discharge C4 is an empirical value
experiments for specific cases of release and for spgcific-types ‘@f-openings or apertures. Any
valpe above 0,75 should be based on established fothe application.

Th¢ indoor temperature must be hi i b emperature to achieve fhe
neq C ¥ ring periods of high outdpor
ampient temperatures the indoor tempe ) ecome lower than the outdoor unlg¢ss
there is some heat source indoors. Te pe ) {s are also affected by the substance
of the building and for som i temperature may be lower than the

The¢ greater the c istance betive midpoints of the lower and upper openings, the
more effective t ile vill be. For buoyancy induced ventilation, the mjost
degirable position fo ¢ : enings/is at the bottom of the opposite walls and for ouflet

opéni , ftop. here this is not feasible, the inlet and outlet openifpgs
shd iti z i alls to provide for air movement across the whole arga.

requirements at the lower ambient temperatures may |be
al ventilation thus imposing the need to reduce, or close fhe
s Consideration must be given to reduction of the openings to the extent
that might i -‘o al ventilation thus preventing the dilution of the explosive atmosphgre.
Generall the ~epenings that could be normally closed such as doors, windows &nd
adjust e) uvres should not be considered as ventilation openings.

In
cofl
verpti
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olumetric flow rate of fresh air per m2
guivalent effective opening area

The char L > based upon equation (C.4). Therefore the limitations in the usdg of

C.5.4 @nbination of the natural ventilation induced by wind and buoyancy

nd and buoyancy induced ventilation can occur separately but are likely to occul at
S&athe “‘-“‘-‘G e ceS—Gue O e e G-Gv:“vvv vG‘; V1€ “GG“‘:'
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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The ventilation flows caused by pressure _differences, dug tawind, or temperature differences,
also be calculated. For larger openings, designed fofyventilation, the flow can be obtained

car

from the following equation using the pressure diffefehce-due fo wind and the change in

demsity due to the average temperature:

0a =Cddty \/?(m?»/s)

N
A\

2 ,2
242 42

Figure C.7 — Example of opposing yentilation @niving forces
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Annex D
(informative)

Estimation of hazardous zones

D.1 General

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

extent of zone (D.3) to relate relevant factors including:

e |the grade of release (Annex B),

e |the effectiveness of ventilation and degree of dilution (Annex C), and

e |the availability of ventilation (Annex C).
D.2 Estimating types of the zones
Table D.1 can be used for estimating the type of zone for i

Table D.1 — Zones for grade of release and

I
/\E\ffecti)re&eséofv W}m\ >
. L . A Low
High Dilution f Mgdium Dilution .
Gfade of \/l <» Dilutidn
release ( ; \Q\Q‘\' \t} :
A}Lal\lab\\‘ f ventilation
Good (N:a/'('\ @Q} > Good Fair Poor Ggl?s;)::ar"
N \ ) Zone 0 | Zone 0
Codti Non-hazardous one ‘Q\ne,'/ one one
orntinuous (Zone 0 NE) ( 0 NE) (Zone 0 NE)? Zone 0 + + Zone
/\ \ Zone 2 Zone 1
AN\
N N\ Zone 1 | Zone 1
Prithary Non-hazar Zo Zone 2 Zone 1 orle N Zone 1 |or
a a a C
(Zone 1,NE) %1 (Zone 1 NE) sone o | zonea | zomeo
\\
N azardous n-hazardous Zone
Sedondary® Zone ) ‘., one'2 NE)? Zone 2 Zone 2 Zone 2 Zone 2 and evén
Zone (°
a2 Fone NE 1 NE\indicates a theoretical zone which would be of negligible extent under nofmal
Condition
b Ihe zone created by a secondary grade of release may exceed that attributable to a primary or
tontinuou de ofreléase; in this case, the greater distance should be taken.

axi}t ally continuously (i.e. approaching a 'no ventilation* condition).
Vi

¢ Will tﬁ) e 0 if the ventilation is so weak and the release is such that in practice an explosive gas atmosplere
vjrtu

4 ‘Mes ‘surrounded by’

Availability of ventilation in naturally ventilated enclosed spaces shall never be considered as good.

D.3 Estimating the extent of the hazardous zone

The extent of the hazardous zone 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 zones for various forms of release. Other forms of calculation or assessment
based on reputable sources, e.g. Computational fluid dynamics (CFD) may also be applied.

The appropriate line should be selected based on the type of release as either:
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a) An unimpeded jet release with high velocity;

b) A diffusive jet release with low velocity or a jet that loses its momentum due to the
geometry of the release or impingement on nearby surfaces;

c) Heavy gases or vapours that spread along horizontal surfaces (e.g. the ground).

3

100

Heavygas

-
2

Hazardous distance (m)

%
ngo

10 100
Release characteristic Wy/ (pg x k x LFL) (m3/s)

IHC

is the density of the gas/vapour (kg/m3);

k is the safety factor attributed to LFL, typically between 0,5 and 1,0.

Where a zone of negligible extent (NE) is suggested then the use of this chart is not
applicable.

The curves are based on a zero background concentration and are not applicable for indoor
low dilution situations.

NOTE This chart has been developed based on continuity equations and selected computational fluid dynamics
(CFD) simulations assuming a dispersion distance proportional to the square root of the X axis and the results have
been moderated for the purpose of this standard.
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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
Figure E.2, Figure E.5, Figure E.7, Figure E.10 and Figure E.13).
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Annex E
(informative)

Examples of hazardous area classification

E.1 General

Thf practice of area classification involves knowledge of the behaviour of fIammabIe*gSes
and liquids when they are released from containment, and sound enginéering j ment
baged on experience of the performance of items of plant equipme det ecified
conditions. For this reason, it is not practicable to give example conceivaple

vatfiation of plant and process characteristics. Therefore—the—e Ermple e thgse
bt | et} I ohi ¢ lassification.
oot
oc
ithe.
fhe
il
—
g
- to
g
--em~ d A3 v v—iHustra a—Aumb of di yatio oHe gthe
=.m%%§?m- hi andard-includingthe use of Table B- he ay-also-bgof
o i dercron R B suppiomentory standards
A gHHeS-=510 ae—taKen om—oeF—6GoHEesSpoRa—6GoeSe S5 ROSe—A O s e
-:m==‘ ne e tntended on as-a gulgance to tne e AT
Accereireto—therationater—industriatcode——setected—te—shape—and—extentefthe—onesn a2y
e

The examples are not intended to be applied in practice and are provided only to illustrate an
optional means of assessment as presented in this standard.
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E.2 Examples

Example No. 1

A normal industrial pump with mechanical (diaphragm) seal, mounted at ground level,-situated
located outdoor, pumping flammable liquid.

Plant and process

\Lentilation
v-eRtHatoh

Not to scale

Ground level

Sump

L4 Source of release (pump seal)
IEC 2152/08
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Characteristics of release:

Flammable substance

Molar mass

Lower flammable limit, LFL
Auto-ignition temperature, AIT

Gas density, p,

— 97 —

Benzene (CAS no. 71-43-2)
78,11 kg/kmol

1,2 % vol. (0,012 vol./vol.)
498 °C

3,25 kg/m3 (calculated at ambient conditions)

Solirce of release, SR
Gréde of release

Liquid release rate, W

Gap release rate, Wg

Release characteristic, Wg/(pg X kX LF

Safety factor, &

=

Chhpracteristics of Ioca{i\on:

Ouldoor situatio@

Ambient pressure, p

Ambient tempera
Ventilation ve

Veptilation \x

Effpcts g{\@ase:

Gas density indicates the curve that sho@ be
applied from the chart in Figure D.1 Qy

Mechanical seal

a dischafge
§=5mm1, a
3 and a pressjre

defined considering fhe
aporised from the point| of
Q);/femaining liquid drained to

Un-obstructed area
101 325 Pa

20 °C (293 K)

0,3 m/s

Good (wind speed at meteorological calm
condition)

De ;@ f dilution (see Figure E.1) Medium
Type of zone(s) Zone 2
Equipment group and temperature class IHA T1
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100

— 99 —

azardous distance (m)

Heavy gas

Diffusive

-

10

<IIIIIIIIIIIII

0,01 0,1

Hakardous area classification :

N

\ \

A ‘\Not to 'scale

X

10

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

Figure E.2'- Hazardous distance (Example No. 1)

Figure E.3 displays ‘the front view of the facility. The figure is based on heavier than
vapour; the verticalhdistance isess than the horizontal as illustrated in Figure A.5.

3,0m

100

IHC

air

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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Example No. 2

A normal industrial pump with mechanical (diaphragm) seal, mounted at ground level,-situated
located indoor, pumping flammable liquid.

Not to scale

Ground level

@ {one 1 ® Source of release (pump seal) IEC 2153/08
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Characteristics of release:

Flammable substance

Molar mass

Lower flammable limit, LFL
Auto-ignition temperature , AIT

Gas density, p,

- 101 -

Benzene based liquid product
78,11 kg/kmol

1,2 % vol. (0,012 vol./vol.)
498 °C

3,25 kg/m3 (calculated at ambient conditions)

Solirce of release, SR
Gréde of release

Liquid release rate, W

Evaporation rate, W,

Ga

Re
Sa

c

=2

Ind
Ambi

An

Englosure ig‘ =V
Air ﬂo@, 0,
Airl&rate availability

Gas density indicates the curve that sho@ be
applied from the chart in Figure D.1 Qy

Mechanical seal

Secondary (leakage

0,19 kg/s, deter c 31 ¢ a dischafge
coefficient 0 ize
= 876,5 kgim3

defined considering fhe
aporised from the point| of

0,5 (due to high uncertainty related to LFL)

Building naturally ventilated (by wind)
101 325 Pa

20 °C (293 K)

6,0m x5,0m x50m=150,0m3
306 m3/h (0,085 m3/s)

Good defined considering the worst

Ventilation velocity, u,,

Critical concentration, X,

environmental conditions (wind speed at
meteorological calm condition)

0,003 m/s, estimated by O, / (L x H)

0,003 vol./vol., equal to (0,25 x LFL)
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Effects of release:

Ventilation (in)efficiency factor, f 5

Background concentration, X, 0,07 vol./vol.

Concentrations comparison Xy > Xerit

Time required to reach X, #4 7,67 h (safety margin equal to f)
De I . N

Type of zone(s) Zone 1

Equipment group and temperature class IHA T1

Laala)
7
?
.

10

Sexs
; S
T Dilution %>

(0

high \%
a8 g

£
e JHw o\

u\,\.
\)

€

\antilation.
v-SHthattort

Il

Dilution
low

=N

10 100
Release characteristic Wy/ (pg * k x LFL) (m3/s)

1EQ

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 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.4 just
confirms the assessment.
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100

Heavy gas

azardous distance (m)

/ Diffusive

w O
X

N

‘IIIIIIIII..IIIIIII

<<

a N
N
@ 10 100
2] lease characteristic Wy/ (pg x k x LFL) (m3[s)

IHC
dous distance (Example No. 2)
Ex{ i ) 0 m (approximately)
Ha
Th 3 ous area will encompass the volume of the indoor location considering
the entrations, 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 a@w rate were to be improved, then the degree of dilution could be “medium” and the
zof e\@' ent could be smaller and maybe of zone 2 instead of zone 1.
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Example No. 3

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

Not to scale

@ Zone 1
VV J Zone 2

\Q/ ® Source of release (vent outlet diameter 25 mm) IEC 2154/08
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Characteristics of release:

Flammable substance

Molar mass

Lower flammable limit, LFL
Auto-ignition temperature , AIT

Gas density, Pg

- 105 -

Benzene (CAS no. 71-43-2)
78,11 kg/kmol

1,2 % vol. (0,012 vol./vol.)
498 °C

3,25 kg/m3 (calculated at ambient conditions)

Source of release, SR
Grade of release
Rel|ease rate, Wy
Release characteristic, Wy/(pg X k x LFL)
Grade of release
Release rate, Wy

Release characteristic, Wg/(pg XkXL

Chhracteristics of location:

Outdoor situation

Anbient pressure, p,

Ambient temperature,
Ventilation velo@ (@)

Veptilation availab

o ! PRI T 4 4l PRSP 1l
OdS UCTISTly TTUILAaiCs 1T CUrve idtl DIIUKJ be

applied from the chart in Figure D.1

Breather valve

20 °C (293 K)

1,0 m/s

Good (wind speed at calm conditions)

Medium
Zone 1 + Zone 2

A T1
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s
PR R SR Y
i . e / /A S‘Qf)
= 20 Nt
PN
oo
it
(s A R

1 Q‘ M 10 100
(%2) Release characteristic Wy/ (pg x k x LFL) (m3/s

IEC

dilution (Example No. 3)
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Ex{

Ha

0,01

4
~ 100
E
8
é Heavy gas
§ ’f/ Diffusive
/ /’ N
S A0 e &
e R\
10 / 1’ A 4% \
.4 ANAV_4
y.d YN\
A FAVNRN N
/ . aSANIN
<=== -nnE I I -' [ . N \ \\ \/
A TR D
/ . N
/f’ / /7 ("\’\} \
/ 1 N
e A % S %’/\{8 i
‘lllll{l/l NN . m (x .QQ\/)\
Al N
1 ydiir A | .
|

Taki
colpsi

10 100
elease characteristic Wy/ (pg x k x LFL) (m3

1E
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Not to scale

Figure E.8 — Zones classification

Ground level

\
_IEG*
\

(Examplé No. 3)
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Example No. 4

Control valve in congested location, installed in a closed process pipe-work system conveying
flammable gas.

Ground level

Source of release (valve)

C)% Zone 2 IEC 2155/08
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Characteristics of release:

Flammable substance Propane based gas mixture

Molar mass 44 1 kg/kmol

Lower flammable limit, LFL 1,7 % vol. (0,017 vol./vol.)

Auto-ignition temperature , AIT 450 °C

Gas density, Pg 1,83 kg/m3 (calculated at ambient conditions)

Gas density indicates the curve that sho@ be
applied from the chart in Figure D.1 Qy

Sopirce of release, SR Valve stem packing

Grade of release

Release rate, Wy e idering |an

; temperatpre

2,5 mm?,

{ polytropic indlex

ficient C4 = 0,75
Safety factor, & , ue rtainty related to LFL)

Release characteristic, Wg/(pg X k X LFE

Chhracteristics of location:

Outdoor situation

Anbient pressure, p,

Anlbient temperature, 20 °C (293 K)
Veftilation velocity; ©) 0,3 m/s

Ve Good (wind speed at calm condition)
Eff

De Medium

Tympe of zone(s Zone 2

Eq A T1
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E 4
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2 /
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S Dilution // 2%55 /
5 high
E y 4
5 1 5 A 4
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1 @ N 10 100
(%2) Release characteristic Wy/ (pg x k x LFL) (m3/s

IEC

dilution (Example No. 4)
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100

Heavy gas

Hazardous distance (m)

/7 Diffusive

10

10 100
elease characteristic Wy/ (pg x k x LFL) (m3[s)

1EC

Ex{ent(s) of zo 5 i . extent of zone from 1,0 m to 2,0 m due| to
suffrounding characteristi i. P ec or unimpeded jet release)

Hakardous area ¢lassificatiol

Ta 2| t parameters, the following hazardous area is specific for the
corl >

Not to scale

Ground level

- Source of release [11-Diffusive

Tl - Zone 2 [21- Jet dispersion
IEC

Figure E.11 — Zones classification (Example No. 4)
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Example No. 5

ity

Vi
YWatraohty——

Not to scale

d

0000
% % Zone 0

O NE B2
Zone 1
RERE V. / Zone 2

ﬁ_g}\ﬁ/g{/o
R d e

Ground level

Process liquid

the followina—are twv
tHe—oHOWHRgG— t

IEC 2156/08

nical—values which will
e—typicat cHHeS—WHHGH—WHH
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Closed process pipework system, located indoor, conveying flammable gas.

Characteristics of releases:

Flammable substance Wet, oil well natural gas

Molar mass 20 kg/kmol

Lower flammable limit, LFL 4 % vol. (0,04 vol./vol.)
Aufe—sriHentemperatgre——H+ 506

Gap density, Pg 0,83 kg/m3 (calculated at ambient coRdjtiops)

Gas density indicates the aéi)s ould|be

Multiple sources of release, MSR
a) | grade of release Continuous (fugi

type Pipe fitting i ‘ 3 piping)
release rate per unit, Wy 1 x 10~9kg

volumetric release rate per unit, Qg

number of releases

b) | grade of release

— type ) emenis on moving parts at [|ow
control valves stem packing)

— release rate per uni 9’kg/s (manufacturer’s data)

— volumetric release ( -6 m3/s

— number of relea
c) |grade of reIe@
— type

— release rate

Secondary

Sealing elements on fixed parts (flange with
fibre gasket)

1,95 x 10-3 kg/s, determined considering
operating pressure p = 5 bar, a temperatpre
T = 15 °C, a hole size S = 2,5 mm?| a
compressibility factor Z = 1, polytropic inglex
7= 1,1 and a discharge coefficient Cy = 0,79

— volumethit

e
- n@r of re

Ch ara'z@ristics of location:
AN\Z

gse rate per unit, Q4 2,35 x 10~3 m3/s
ases 1, the largest ones

Indoor situation Building naturally ventilated (by wind)

Ambient pressure, p, 101 325 Pa

Ambient temperature, T, 20 °C (293 K)

Enclosure size, L x B x H =V, 25mx25mx35m=219m3

Air flow rate, O, 266,4 m3/h (0,074 m3/s)

Air flow rate availability Good, defined considering the  worst

environmental conditions (wind speed at
meteorological calm condition)

Ventilation (in)efficiency factor, f 3
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Ventilation velocity, u,,

Critical concentration, X,

Effects of multiple sources of release:

Grade of release

summation of release rates, ZWg

- 115 -

0,008 m/s, estimated by O, / (L x H)

0,01 vol./vol., equal to (0,25 x LFL)

Continuous (fugitive emissions)
1,0 x 1078 kg/s

1.2 x 108 m3/s

ummation of volumetric release rates 20,
background concentration, X,
concentrations comparison

Felease characteristic Wg/(pg X kX LFL)
safety factor, &

degree of dilution

fype of zone(s)

Grade of release

summation of release rates, W,

summation of volumetric release ratgs, 20,

release chara@is
safety factor, &

degree of dilu

summ@ of volumetric release rates, ZQg

b@ound concentration, X,

4,88 x 10~7 vol./vol.

Xb << Xcrit

6,01 x 10~8 m3

x 10=6 m3/s

x 104 vol./vol.
Xp << Xerit
9,02 x 10~ m3/s

0,5 (due to uncertainty of LFL)
High

Zone 1 NE

Secondary plus primary plus continuojis
2,18 x 103 kg/s
2,63 x 10-3 m3/s
0,103 vol./vol.

concentrations comparison

time required to reach X, ¢4

safety factor, &

release characteristic Wg/(pg X kX LFL)
degree of dilution (see Figure E.12)
type of zone(s)

Equipment group and temperature class

Xb > Xerit

0,57 h (safety margin equal to f)
0,5 (due to uncertainty of LFL)
0,13 m3/s

Low (due to X, > X 1)

Zone 1

A T1
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=N
o

Dilution / /
high
° /

Dilution
ND

. / medium /\ QQ

N
N

Mentilation velocity u,, (m/s)

N
L

100

IEQ

of dilution by using the chart is not necessary in this

ould be declared as low anyway. Figure E.4 shows that
he area of “dilution medium” but almost on the dividing lipe.
e methodology this shows the preceding assessment] is
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A — Ground level

IEC 2157/08
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Not to scale
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Not to scale
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Not to sca
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E.3 Example case study for area classification

The following example is intended to illustrate the methodology of 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.

Th
uni

COo¢g

Ga
of

The

wa

The

8)
9)

pped gas is evacuated to atmosphere),

e example is a compressor facility handling natural gas (see Figure E.14). The cog?;ssor

at each shutdown of the engine when the incoming fuel gas ¢

lets

Pre relief valve vent (a non predictable source that typically gives secondary grade

o ease; happens if the pressure upstream increases above the set point; usuall
shutdown safety device is installed in the protective system of compressor units to

a
rip

before the safety relief valve opens and therefore it should not normally be considered as

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 of
release, however, if in doubt regarding monitoring, control and quality of maintenance, this
vent may be considered as a source that gives continuous grade of release, see B.2.2 and

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).

the

Valves inside and outside of the shelter (sources that give secondary grade of release).

Pipe connections (sources that give secondary grade of release).
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The rates of release for the purpose of this illustration are assessed as follows:
1) For starting gas, the gas flow rate delivered as shown in the manufacturer’s data sheet for
pneumatic starters,

2) For blowdown vent, the pressurized gas trapped in the compressor cylinders, scrubbers,
pulsation bottles and process piping,

3) For gas engine shut-off valve vent, the gas trapped in the fuel line and cylinders,

4) 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 to

5) |For all other sources of release, the gas flow rates calculated according to B.7.1.2>9/ or
B.7.1.2.2, or estimated otherwise.

1 — Air outlét\entilatiopnopening
2 — Starting gas vent
3 — Compressor t\IoWdown vent

4 Fuel gas shut-off valve’vent

Air outlet 1 2 5 & 5a —\Pr‘é\ssure relief valve vents
ir outle
‘ //'\\ 3 6.— CQTp}essor piston rod packings vgnt
*t/ — 4 X
A - ~ A ) 5a
// \ 5 " ‘ l i
6
T hy .
Airiinlet
B o4
il
mf N |
¥ X
W e R MG S S
-~ n
inlet v - -I[© @] ALY air |11 |
j I: Tw N\ [ [coote \J A ‘FA\T/ .
A — 1~ IJ— .| (l \‘y l\ ) LZga S E
\_, » | [ ] '
B
- — IEC

Figu}~e \E.14 ~Enclosed compressor handling natural gas
A

X
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Table E.1 — Compressor facility handling natural gas

Classification procedure considerations for the shelter

01 What are the flammable Process gas, gas condensate collected in the interstage scrubbers of
substances involved? the compressor units and engine fuel and starting gas.

02 | 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 that it is a mixture

of various higher hydrocarbons, mostly pentane and hexane with
water.

03 Can we calculate or reasonably e for the process gas: LFL = 0,04;

:a_lss_tjme the I‘?wer flifnmable e for the fuel and starting gas: LFL = 0,05;
TS A T e for the condensate: LFL = 0,013 to 0,08 depending on, the
substances? compression stage. N Q

04 | What are the sources of release Pipe connections on the gas engines, compregsors;-scrubb. d
within the shelter? the piping as well as local instruments connggctions Ca

0p | What are the grades of release? The grades of release are all secondary. {i is assu there

should be no gas in the room under norm perati nditions
provided that the facility is well monitored an aint: .

06 | What would be the most Reciprocating compressors rarel : sylinders Ho\v/ever,
representative sources of release | they are vibrant machinery with € g exposed to
under given conditions? dynamic and thermal stresse e my hot pipe’connection

may be a source of release \
The other realistic sou kcase breather
packing gets worn or
blow;by, enter the crankcas¢
to the surrounding area
which have to be scrutinizdd.
reémain hidden for quite some
s about/the grade

oy Since the sources that give igher\|‘e+e/alse rate, e.g. at 2nd stage of
secondary grades of release are more stressed, taking the release orifice pf
not summated, which of those
should be chosen for the
purpose?

o | If we decide/\tr:? I
blown gasket app e:
abundant, what 1,54 x 1072 kg/s; with C, being 0,75 and S as 2,5 mm?
release rate? (see equation B.4)

,=1,85 x 1072 m®/s

09 Is natu tilati Yes, the buoyancy induced natural ventilation will be possible even
shelter 3 during hot summer days because the heat dissipated by the engingjs
c and compressors will constantly keep the interior temperature aboye

‘ the ambient. The configuration of the shelter will also enable wind fo
AN enhance the ventilation no matter at which direction it is blowing.
19 | What awtrical _ e Length of the shelter: L =12 m
char stics e building? e Breadth of the shelter: B =12 m
% . Overall height of the shelter: # =8,0 m
<¢ C) e Total volume concerned: ¥ ~1 000 m3
\K/ e Volume under consideration: 5 ~0,80 = 800 m3; A volume le
tan VO 1] dpplieu das dll allowdarice 107 the enciosead equipmenl
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?
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 outlet
openings: H, = 5,4 m
e Average vertical distance between the midpoint of the openings:
H,=6,2m

11 What is the equivalent effective A~ 26,5 m? (see C.5.2)
area of the lower opening?

12 | What are the temperatures atthe | ¢  Average inside temperature: 7; =316 K
most unfavourable conditions? o  Outside temperature: 7, =313 K

ou

13 | What is the volumetric flow rate - 3w : ’

of fresh air? Oy 10,7 m” | s ; with C, being 0,75 (see equation C.4)
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Classification procedure considerations for the shelter

14 | What is the number of air 0, 1
changes per hour in the volume C=="-~48h
f ) )
under consideration?
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 = YQa“ ~0075m/s
LAD \

16 | What is the background fx0q _ N
concentration in the volume b= 7 ~ 018% ~ 4,5% LFL (see equation C: Q}/
under consideration? 0 ln

1f | What is the release s, ; with k being 1,0 N NI
characteristic? ~0,5m" /s

Py kLF

Since the air flow pattern indicate
there is no reason to apply a mote stri
ventilation than 1,0.

18 | What is the degree of dilution? See the chart in Figure C. nd rsect n of the values fpr
axis X and Y. The dilution-ap

19 | Is the background concentration No, itis 4,5 % LFL.
in this volume higher than 25 % Taking into account the @answer; the de ee of dilution can be
LFL? considered as p@Qh m

2 What is the availability of the ailabih tura jlated enclosed spaces should nevdgr
ventilation? b con de d as good to rious natural uncertainties. So

S|de a ilability as fair.

2 What will be the type of the zone inginto aeco & grades of release, the degree of dilution ard
within the shelter? th ava|lab|||ty n, the interior of the shelter is classified

as \zone 2 le

2P | Is there any opening w ch ay s\t is oftop utlet opening.
be considered as the o) rce It is openl
release?

2B | What is the mass r Iea of
the gas through. this penmg

24 | What is the /ye degree of dilution is again obtained by using the chart in Figure

-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.1|).
Na The degree of dilution still appears as medium.

25 tis h ous area The hazardous area shall apparently be zone 2 (see Figure E.15).
around.the

26 | Whati azar us distance The hazardous distance can be estimated by applying the method
arou e op set in Annex D (see Figure D.1). Taking into account the position o

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 Will
\</ have the extent of 1,5 m (see Figure E.15).

27

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 air
and gas mixture may escape as result of the buoyancy induced
natural ventilation (see Figure E.15 and Figure E.16).

Similar considerations could be applied for other sources of release quoted in this case study.
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Figure E.16 — Example of area classification for a compressor facility handling naturaf gas (plan)
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Annex F
(informative)

Schematic approach to classification of hazardous areas

F.1 Schematic approach to classification of hazardous areas

Figure F.1 shows a schematic approach to classification of hazardous areas.

Starting

v

Flammable substance container Q
Does it contain a quantity of flammable substance \
which is capable of producing a dangerous.volume of " »{ No
explosive gas atmosphere? AN

v N
\\
Yes
Are there any sources(of relgase? |—> No

Yes

v

Can the sources of release bé eliminated? I-_'P Yes

\\ ¢ ¢ \ 2\ 4
v

The.grades of'each release must be determined

\

Non-hazardous
area

l Y ¢

JONTINUOUS 'grade of}elease PRIMARY grade of release SECONDARY grade of releade

N v v
E

C

NOTENZA source of release may give rise to more than one grade of release or a combination.

Figure F.1 — Schematic approach to classification



https://iecnorm.com/api/?name=01b5ffb28b7218c6668d1406fc5a189d

F.2

—142 -

IEC 60079-10-1:2015 RLV © IEC 2015

Schematic approach to classification of hazardous areas

Figure F.2 shows a schematic approach to classification of hazardous areas.

v

CONTINUOUS grade of release

v

Can it be changed to PRIMARY grade?

v

v

No

Yes

v

Gowrs

Parameters which affect the type and extent of zones must be evaluated

(e.g. release rate, velocity, etc.)

\

v

x

The degree of dilution must be determined (indoor locations require backgroun\d

&ncentration assessment)

.

v

High

A

Medium -

v

Yes

Can it be changed to

A 4

High Dilution?
\‘ No

v

=N

¥

Low

v

Can it be changed f{
Medium Dilution?

o

Yes

v

No

v

—

he availability of(the ventilation

The availability of the ventilation

The availability of the ventilati
is not considered

must be determined
v v

v

»

must be determined
i v

!

Gpod Fair Paqor Good Fair Poor
v A «\\ VYV \ 4 A $ \ 4
The type of zone is determined The type of zone is determined The type of zone is determingd
v Ik v v v
Zpne 0 NE Zohe 0 NE Zone 0 Zone 0
Non- Zone 1 +
hpzardots Zone 1
v \ v
Zone 0 NE Zorle 0 Zone 0
Zone 2 Zone 2
\ 4 y \ 4 \ 4 y y

Using an appropriate code or
calculations determine the extent
of zone

Using an appropriate code or

of zone

calculations determine the extent

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

+

y

Can it be changed to secondary grade?

v v

] G T
v

Parameters which affect the type and extent of zones must/be-evaluated.(e.g.
release rate, velocity, etc.)

— — ) ) NS ,
The degree of dilution must be determined (indoor locations require-background)concentration assessment)
.
v \

High Medium 1 Low

Yes Can it be changed to Yes Can it be changed to
- High-Dilution? Medium Dilution?
l \ 4
X\ No No
\ 4 - ¢ i
The availability of'the ventilation The availability of the ventilation The availability of the ventilatipn
must be determined \ must be determined is not considered
A4 i \ 4 S ¢ ¢ A
Gbod Fair Poor Good Fair Poor
* i N ¢ * * * \ 4
The type of zone is determined The type of zone is determined The type of zone is determindd
(1)
Z4 neNlnl\fE Zoné 1 NE (1) Zone 1 Zorle !
azardous Zone 2 Zone 2
A A \ 4
Zome—+NE+H Zome—t Zome—tor
Zone 2 + Zone 0 (@
Zone 2
A A VL * \ 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 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
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.

| FromFiorF3 |
v

SECONDARY grade of release

v

Can it be eliminated”
No Yes , Non-hazardous area
v Q
Parameters which affect the type and extent of zones must be evaluated
(e.g. release rate, velocity, etc.) QX
The degree of dilution must be determined (indoor locations require backgrouqd‘ts\ohcentration assessment)
\\
l y U 1
High Medium % Low
Can.it be changed)to Can it be changed to
Yes High Dilution? Yes Medium Dilution?
A <No No
N
v ! !
The availability of theventilation Thedvailability’ of the ventilation The availability of the ventilatior] is
must be determined must bé determined not considered
Gpod Fair Pooh) Good Fair Poor
v v i v v v v
The typeof zone is determined The type of zone is determined The type of zone is determined
[P N N
= neN2 NE Zone 2 ©®) Zone 2 Zone 2 )
on-
hazardous
\ 4 \ 4 y
Zone 2 NE (1) Zone 2 Zone 1and
Zone 2 one even Zone 0 (?)
¢ \ 4 JV 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
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 area classification process described in this standard. If it is released below the
flash pomt under certain conditions, it may form a flammable m|st cloud. Even the I|qU|ds that
N a
are
Dils

ith
se
he

nd
smaller openings will contribute to the degree of atomization ofithe release jet thus giving the
ris¢ to an explosion hazard. On the other hand, smaller.release openings imply smaller

G.3 It has been proved that aerosol sized dropletsswittikehrbe are the most easily ignitaple
poftion of the mist cloud, though-—Hewever—aerosol-sized-droplets—will generally-be these pre
only a small fraction of the total release: This' fraction may—be—inecreased increase if the
relg¢ase jet impacts on a nearby surface.

N

NOTE 1 Aerosols are small (sub<micron to\50 mjcrons) particles in suspension in the atmosphere.
A\

NOTE 2 Droplets in the aerosol range-may»might beas low as 1 % of the total mass released, subject to relgase
confitions.

NOTE 3 Fuel droplet'clouds hav%;énerally been found difficult to ignite, unless there is sufficient mass of vagour
or Vlery small droplets\present.

G.4 The likelihood that the release of liquid will generate a flammable mist during normal
op¢ration’and/or expected malfunctions should be carefully assessed along with the likelihgod
of =vents that could Tead to such a release. The assessment may indicate that the releasq of
substance is of a very low probability or that the mist cloud could be generated gnly
duting rare_<malfunctions or catastrophic failures. Assessments should be backed up|by
references'\ or operational experience with similar plants. However, due to thermodynamic
complexity of mists and a large number of factors that influence formation and flammability of
migts{, the reference may not be available for every given situation. In such cases| a
judgement based upon 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 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.
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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
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.

NOTE 1 The conditions that are needed to form a flammable mist are so complex that only a qualitative apptgach
may be appropriate. It-may might be useful to identify the factors related to the handled liquid-which centribute to
formation, and to the flammability of mist. These factors along with the probability of events that would lead to
relejase of the liquid may be sufficient to evaluate the degree of the hazard and help to decide whether.a hazardous
ared is required. Q

NOTE 2 In general, the only element relevant to determining the type of zone is the grade of.release. In most
casps, it will be a secondary grade of release. Continuous or primary grades_of rel{aaSe would typically] be
asspciated with equipment which is intended for spraying, e.g. spray painting.

x

NoFe3 If a hazardous area for mist has been established, it—sheu{d‘ishall be\distinguished|on
thel area drawing from other areas associated with gases-and _vapours, e/g. by appropripte
mafrking. D)

G.1T Even the mists that are not ignitable acdording to-the criteria of droplets size coluld
eventually land on a hot surface, relative to the(ignition \temperature of the vapour, t:Lus
caysing a fire hazard. Care should be taken-tocontaif)y potentia) releases and prevent confact
with hot surfaces.

G.8 Mists require minimum concentrations<fo be “flammable (in a similar manner| to
flajmmable vapours or combustible dusts). For-non-flammable liquids, this would typically|be
asgociated with a cloud that\reduces visib'kl‘ity.

Fhe-considerations-shouldalsotakedntoacecount-that Mists are typically visible and hefce
relgases can be usually-be mitigated-in-due—time. Consideration should be given to the time
frane before a leak is detected; |

»

NOTE Lower flammability\limits for.fuel aerosols have been shown to be similar to or less than those associated
with the fuel vapour:

G.9 Flammable mi§t\s\ may occur-interaathy-te within equipment due to oil lubrication systens,
splpshing~or agitation.as a part of the process operations. Internal parts of process plant
shquld then besconsidered as hazardous areas. Under certain conditions, such mists may also
be|vented tocatmosphere, 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.1 ing
sprayed intentionally, e.g. spray painting. Area classification in such cases is usually the
subject of specific industrial codes.

G.11 |IEC 60079-14 for selection of equipment and installations does not include
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 group should be considered as IIC or |[IB+H, where a gas
mixture includes 30 % or more of hydrogen by volume unless other specific data is available.
Thg 2
exceedmg 3 % in the mlxture Q

NOTE |IEC 60079-20-1 includes guidance for specific gas mixtures including hydrogen s gas jand

indystrial methane for relevant gas groups.

H.2 The ignition temperature of hydrogen is 560 °C. Although fiperatures pre
re(T(Jired to ignite a hydrogen-in-air mixture, precautions should’be_taken nsure“hydrogen
leaks are not exposed to any hot surfaces

H.3 The diffusion rate of a gas due to buoyancy i e density relativd to
that of air. Hydrogen is a lighter than air gas which/diffuse ith a tendency to fise

upyvards. However, as the gas diffuses the bulk|density ¢fya given” volume will tend| to
apmroach that of a|r As the concentratlon of es).such that the bulk density

ap

H.4 High volume releases of hydroge: e likélyto accumulate in overhead spaces| A
hydrogen gas release can form gas pockets i of peaks, and dormers which tend to
be |poorly ventilated. Conve sely, relatively gs in such spaces will allow hydrogen
to |[escape and may be 9 hydrogen concentrating due to low volume

rel¢ases.

H.§ Hydrogen
of felease. Onc
andl generally har

esult in a jet plume in the orientation of the pgint
sipated the plume will take a more vertical ascent
| ventilated area.

H. ich-commonly has a vessel saturation pressure of 4 bar, ¢an
suddenly expo0s ygenic.content of the vessel to ambient pressure. Such a condifion
will instant S ignificant portion of the liquid to cryogenic vapour potentially
resjulting maining ‘contents to spill. Liquid hydrogen boils at 20 K at 1 atmosphere gnd
thel contert d to ambient temperatures will have sufficient heat to rapidly
vaporize the ljg drogen. The exposed cross-sectional area of the liquid hydrogen dpill
affects the e h the contents flash to vapour and warms. At hydrogen’s boiling pojnt,
the| cold fiydrogen vapour is heavier than air until it warms. As the cold vapours mix with pir,
the| air €an be chilled below the dew point, causing condensation and forming a visible clojud.

Aft elling near the ground and warming sufficiently, the visible vapour cloud may form a

p|l.u||c; asitrises:

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.

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
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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
ascension of the gas to open air away from structures to assist with prevention of potential
ignition during a release. Indoors, supplemental ventilation and/or adequate space for dilution

and—mwm—ﬁ—m—m—m—pmdﬁ%w—gmmm—mmd—aﬁ—w frol
mejasure sensors should be placed above release points and/or near the ceiling, exit or

exif duct. The sensors require a routine calibration schedule, and the ser shoul y|be
callbrated using hydrogen as the calibration gas.

H.¢ Hydrogen gas has several personnel safety and health haza uld

be [considered during facility installation.

Hyfirogen gas has the potential to cause oxygen deficiency. An i air
mifture condition may be safe for breathing for short _periods “ofctih bre

Hyfirogen flames, unless seeded with impurities his
prdperty, combined with its low emijssivi ) i es
hydrogen combustion hard to sense i i . 2 en
corhbustion in air also produces ultravio z jlar

to pverexposure to the sun. Direct expo

Hyfirogen is very easily Iy
expected to occur. Small g r ce
petlsonnel enter the area. ¢ the

soyrce of hydrogen. From the p to
a spurce or Ieak '

WHere hydrogen Aea
temperature syste {
The¢se safegua

be problematic, e.g. very high pressure or hjigh
safeguards for the leak sources should be considergd.

o |Deflect 1 it jet momentum and promote dispersion,

e |Steam jets @ S e/source of release to cool high temperature releases, wet the gas

Combusti f a hydrogen cloud will occur completely within several seconds. There is hot
engu position of thermal energy to ignite typical substances of construction used| in
bui %gs. Personnel caught in close proximity may be severely burned and directly exposed

fl Ll L HPS | 1 I H HP~=|
al mrmravic 1myuiuos Illay dlou UU IBIIILUU.

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.
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Annex |
(informative)

Hybrid mixtures

General

iable and as such it is not practical to provide specific guidance.
vides guidance on issues that should be considered when hybrid mixt

Use of ventilation

b use of ventilation as a control measure needs to be car
gas/vapour hazard but increase the dust hazard or

Concentration limits

C.

Chemical rea

hsiderations s@

tion tem

er than
amen%@~

O .
\QZonmg requirements

of
her
the
the

als

to-
be
the

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

col

J.2

The¢ theoretical minimum ventilation flow rate of fres
flagmmable substance to a concentration below the
calpulated by means of the equation:

where

Oafnin  is theoretical mi

Wy is the release|rate of flam
k is the safety fa

LFL, isthe m@b

T is the ambi

ntilation flow rate of fresh air required to dilute a release rpte
e due to the evaporation of a confined liquid pool, at an ambignt

Oali x _ 00038 313 _ 5164 mis
FL, 293 05x0039 293

iZN

NO The Tower flTammable Timit was taken from IEC 600/9-20-1.
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 a
certain steady state background concentration X, to a required critical concentration X, in a
specific volume, can be estimated from:

A In[ Xb ] (J.2)
d= ~+ .
C Xcrit

crits
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where

tq is the theoretical time required to dilute a defined value of flammable substance
concentration to another one lesser than first (s);

C is the number of air changes per unit time in the specific volume (s=1);

X, is the flammable substance background concentration at steady-state conditions
(vol/vol);

Xt is the desired/critical value of the flammable substance concentration (vol/vol).

EXAMPLE

Find

artfficially ventilated to obtain a number of air changes per unit time C =6
initial value X, = 0,012 to the desired value X = 0,0024.

the

lq

Th
sul

1
c

_|n[Xb]— L In[0‘012]:2347s:0,65h

b theoretical time ¢y calculated as above is based on_ & al> g ple

the theoretical time to reduce a flammable substance concentration-into an losbre

= X
X ) 0002 | 00024
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Annex K
(informative)

Industry codes and national standards

K.1 General

In general, examples of classification may be accepted in accordance with national or industry
o . o ) ! . ny
crieria or limitations identified in the national or industry code should be followed. A

If i
arg
pro

In
asy

WH
addiressing the same anged, e.g. where a standard is selected
as [a preferred base fo ples from another standard should not|be
sel ) assification without due justification.

WH es or national standards are used, then they shall|be
quoted as the basjs\fc : ca and not IEC 60079-10-1. Examples of national standafds
' limited to those shown in Table K.1. The countrieq of
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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

AS/NZS (IEC)
60079.10.1

Explosive Atmospheres Part 10-1:
Classification of areas — Explosive Gas
Atmospheres

Standards
Australia/
Standards
New Zealand

national Annex

Introduced in AS/NZS
60079.10.1 as the

Germany DGUV-Regel 113- | ExRL “Explosionsschutz- Regeln —
001 Regeln flir das Vermeiden der Gefahren
fesnlaciaonc dureh Bloacionafabic At acob s oot
Explesteons Sureh-explostienstahigeAtmesphare—rrit
schutz-Regeln Beispielsammlung” A
(Rx-RL)" ExRL “Explosion Protection- Rules — \/
Rules for avoiding the dangers of Q‘
explosive atmospheres with examples QD
collection® \(\'\
TRBS 2152. Technischen Regeln fir
Betriebssicherheitsverordnung T
Technical Rules for Plant Safety
Provisions
Italy GUIDA CEI 31-35 |[Explosive atmospheres — Guide for Scope of this Gliide
& GUIDE CEI 31- |classification of hazardous areas for is the analysis i
35/A the presence of gas in application of details of the
CEI EN 60079-10-1 (CEI 31-87) classification of
hazardous area$ due
ommission to the presence|of
flammable gasep,
S\ vapours or mists$,
Q according to IE(
standard 60079{10-1.
Swedén Klassning av Classificationf of Hazardo as Svensk Available only if
explosionsfarliga \\ Elstandard Swedish
omraden <
Switz¢rland SUVA Merkblatt ) Schweizerische
Nr. 2153 Unfall- versicher-
ungsanstalt
The Netherlands practical guideline NPR Netherlands
Netheflands 9101, Classification of hazardous Standardization
aredas with respect to explosion hazard |Institute, NEN
— part 1: gas explosion hazard, based
on NEN-EN-IEC 60079-10-1
UK Model code of safe practice for the Energy Institute IP15 is used asjan
petroleum industry, Part 15: Area industry standand in
Classification Code for Petroleum the petro(chem)
% Installations Handling Flammable industry in many
C) Liquids. countries
\Q/ IGEM/SR/25 Hazardous area classification of natural |Institution of Gas
gas mstattations: Emgimeersamd
Managers
USA API RP 505 Recommended Practice for American
Classification of Locations for Electrical | Petroleum
Installations at Petroleum Facilities Institute (API)
classified as Class |, Zone 0, Zone 1
and Zone 2.
NFPA 59A Standard for the Production, Storage, National Fire
and Handling of Liquefied Natural Gas. |Protection
Association
NFPA 497 Recommended Practice for the National Fire
Classification of Flammable Liquids, Protection
Gases, or Vapours and of Hazardous Association

(Classified) Locations for Electrical
Installations in Chemical Process
Areas.
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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 compri
bl national electrotechnical committees (IEC National Committees). The object of\IEC )is to pron
nternational co-operation on all questions concerning standardization in the electricaland «electronic fields
his end and in addition to other activities, IEC publishes International Standards, Technical Specificati
Technical Reports, Publicly Available Specifications (PAS) and Guides (hereaftery referred to as
Publication(s)”). Their preparation is entrusted to technical committees; any IEC National Committee intere
n the subject dealt with may participate in this preparatory wofk. Internatidnal, governmental and T
hovernmental organizations liaising with the IEC also participate in“this preparation. IEC\collaborates clo
with the International Organization for Standardization (ISO) in accordance\with conditions determined
pgreement between the two organizations. o)

The formal decisions or agreements of IEC on technical matters express, as nearly.as possible, an internati
consensus of opinion on the relevant subjects since (each\technical )committee has representation from
nterested IEC National Committees. {

EC Publications have the form of recommendations-for international use and are accepted by IEC Nati
Committees in that sense. While all reasonable effortsaremade 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
Mmisinterpretation by any end user.

n order to promote international unjformity, IEC_National "\Committees undertake to apply IEC Publicat
ransparently to the maximum extent possible ipy;their national and regional publications. Any diverg¢g
between any IEC Publication and the correspo%ﬁng national” or regional publication shall be clearly indicate
he latter.

EC itself does not.provide any attestatiog of. confermity. Independent certification bodies provide confor
pssessment services and; in some areas,*access to IEC marks of conformity. IEC is not responsible for
services carried out by independent, certification bodies.

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

No liability shall attach to IEC\Qr its.directors, employees, servants or agents including individual experts
members of its.technical committees and IEC National Committees for any personal injury, property damag
bther damage of-any nature“whatsoever, whether direct or indirect, or for costs (including legal fees)
Expenses arising out \Qf the publication, use of, or reliance upon, this IEC Publication or any other

Publications.
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Attentionis_drawn“to, the. Normative references cited in this publication. Use of the referenced publication
ndispensable<or'the correct application of this publication.

batent rights. IEC shall not be held responsible for identifying any or all such patent rights.

rnational Standard IEC 60079-10-1 has been prepared by subcommittee

Equipment for explosive atmospheres.

This second edition of IEC 60079-10-1 cancels and replaces the first edition, published in
2008, and constitutes a technical revision. The significant technical changes with respect to
the previous edition are as follows:
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Type
M;:gr Major
Changes Clause P Extension | technical
editorial
changes
changes

Complete restructuring and dividing into
sections to identify possible methodologies Main
for classifying hazardous areas and to | body of X X X
provide further explanation on specific | the text
agsessment factors
Infroducing new terms and the definitions 3 X
Inlroducing clauses for alternative methods

o 5 X AN X
of| area classification
Updating examples for presentation of Y
hgzardous area classification Annex A X X X
Updating calculations for release rate Annex B \ X X
Cpmplete re-write with a new approach
bgsed upon the degree of dilution instead | Ahnex C / X X
of| the degree of ventilation {
Intfroduced as a new Annex for zone AnnéD X
extents )
Updated with new examples to explain the [\
methodology set forth in. Annexes A, B; CZ|~Annex E X
and D X
Update of the flow ‘chart iIIustrating\ the
area classification procedure by dividing it"| Annex F X
info four sections )
Infroduced as a new Anne)?\oﬁ hydrogen Annex H X
Inlroduced as a rew\ Annex’ on hybrid Annex | X
mjxtures

NN

Infroduced as. a  new Annex  with Annex J X
sypplementary equations
Infroduced as a new Annex for reference to
ngtional and industry codes with specific | Annex K X
efamples of hazardous area classification

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:
Definitions

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

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

Extension addition of technical options

The¢se are changes which add new or modify existing technical requirements,\m a way that
ney options are given, but without increasing requirements. .

\
Majjor technical changes addition of technical requirements
increase of technical re\qm'rements

\\
The¢se are changes to technical requirements (addition, increase of the level or removal).
’ S X
NOTE These changes represent current techhological ‘knowledge. HoWever, these changes should not nornjally
have an influence on equipment already placed.on the market.

The text of this standard is based on the following doéuments:

EDIS v Report on voting

31J/253/FDIS ¥ 31J/256/RVD

Fu11I information .on the voting for'the“approval of this standard can be found in the report|on
votfng indicated in.the~above table:

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

A llst of all parts of tt\e MEC 60079 series, under the general title Explosive atmospheres, ¢an
be foundon-the IEC website.

The committeéshas decided that the contents of this publication will remain unchanged until
thel stability~date “indicated on the IEC website under "http://webstore.iec.ch" in the data
related to-the specific publication. At this date, the publication will be

* |réconfirmed,

* withdrawn,

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

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

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

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

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

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

Scope

Th
vaf

and installation of equipment for use in hazardous areas.

It i

flammable gas or vapour, mixed with air, but it does not apply to® ~

NO

s part of IEC 60079 is concerned with the classification of areas where flammable _gasg
our hazards may arise and may then be used as a basis to support the proper<select

N\
5 intended to be applied where there may be an ignition hazard due.to thé presence

\

x

<\

the processing and manufacture of explosives; \

mines susceptible to firedamp;

dealt with in this standard (see 3.7.3 and 3.7.4);
rooms used for medical purposes;

¥ X
1

commercial and industrial applications where ‘obly low pressure fuel gas is used

appliances e.g. for cooking, water heating ‘and)similar uses, where the installation
compliant with relevant gas codes; s

domestic premises; )

where a hazard may arise due to the presence \of combustible dusts or combustible flyi
but the principles “\may. be 0(sed. in "assessment of a hybrid mixture (refer
IEC 60079-10-2). 2

[E Additional guidance on_hybrid-mixtures is*provided in Annex I.

Fl

the strict application of the_details-in this standard may not be appropriate. Flammable m

m
rel
do

Fo

Atn
(1

also form when ligquids not considered to be a hazard due to the high flash point
ased under presstire. In these cases the classifications and details given in this stand
not apply. Information on flammable mists is provided in Annex G.

the purposE of this standard, an area is a three-dimensional region or space.

hospheric conditions include variations above and below reference levels of 101,3 K
D13 mbar) and 20 °C (293 K), provided that the variations have a negligible effect on

catastrophic failures or rare malfunctions which are beyona\the concept of abnormdlity

mmable mistscmay form Q‘be present at the same time as flammable vapour. In such case

or
ion

of

for

gs
Iso

sts
are
ard

Pa
the

In any process plant, irrespective of size, there may be numerous sources of ignition apart
from those associated with equipment. Appropriate precautions will be necessary to ensure

saf

ety in this context. This standard is applicable with judgement for other ignition sources.

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

2

Normative references

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


https://iecnorm.com/api/?name=01b5ffb28b7218c6668d1406fc5a189d

IEC 60079-10-1:2015 © IEC 2015 -1 -

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

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

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

3 Terms and definitions

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

NOTE Additional definitions applicable to explosive atmospheres can be found in IEC 60050-426y

3.1

explosive atmosphere \

mixture with air, under atmospheric conditions, of flammable substanges in the form of gas,

vapour, dust, fibres, or flyings, which, after ignition, permits-self-sustaining flame propagatipn
A\

~
™.

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

3.2
explosive gas atmosphere ‘
mixture with air, under atmospheric conditions; of. flammable-substances in the form of gag or
vapour, which, after ignition, permits self-sustaining-flame propagation

Notg 1 to entry: Although a mixture which has ‘a congcentration ‘above the upper flammable limit (UFL) is nof an
exp|osive gas atmosphere, it can. readily become sg-ahd, generally for area classification purposes, it is advisable
to cpnsider it as an explosive.gas atmosphere. N

Notg 2 to entry: There _are.some gases and\vanours which are explosive with the concentration of 100 % (f.g.
acefylene, CAS no.<74-86-2,(C,H,; monovinyl acetylene, CAS no. 689-97-4, C,H,; 1-propyl nitrate (vapour), ¢AS
no.[627-13-4, CH, (CHy), NOj; isopropyl nitrate (vapour), CAS no. 1712-64-7, (CH,;), CH ONO,; ethylene oxide
(vapour), CAS no. 75-2148, (CH,), O; hydrazine (vapour), CAS no. 302-01-2, H, N,.

[SOURCE: IEC 60079-0:201\3, 3.32, modified (addition of Notes to entry)]

3. N\
hazardous areas and zones
3.3.1

hazardous are\a (on account of explosive gas atmospheres)
an|area innwhich an explosive gas atmosphere is or may be expected to be present| in
quantities.such as to require special precautions for the construction, installation and usdg of
equipment

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

3.3.2

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

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

3.3.3

zones

hazardous area classification based upon the frequency of the occurrence and duration of an
explosive atmosphere
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3.3.4
zone 0

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

frequently

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

quantified.

3.3.5
zone 1

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

nofmal operation

Not

exfent of zone .
disfance in any direction from the source of release~tg where a’gas/air mixture will be dilu

N
solirce of release QS
a goint or location from. which_a flammablegas, vapour, mist or liquid may be released i

thel atmosphere so-that an.explosive gas atmosphere could be formed

[SQURCE: IEC 60050-426:2\009, 426<03-06, modified (addition of "mist")]

3.42 )
continuous grade of release

rel¢gase which isscontinuous or is expected to occur frequently or for long periods
N

b to

ked

nto

Notg 1 to entfy:) ‘Both “frequently” and “long” are the terms which are intended to describe a very high likelihood of

a potentialsrelease. In that respect, those terms do not necessarily need to be quantified.

3.41.3
pri 5

release which can be expected to occur periodically or occasionally during normal operation

3.4.4

secondary grade of release

release which is not expected to occur in normal operation and, if it does occur, is likely to
so only infrequently and for short periods

3.4.5
release rate

do

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)

3.5.2

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

3.53

dilution volume
thel volume in the vicinity of a source of release where the concentration of flatnmable gag or
vapour is not diluted to a safe level

Notg 1 to entry: In certain instances, the volumes under 3.5.3 and 3.5.5 could be the same.

3.5.4 A\
background concentration ~\

thel mean concentration of flammable substance( within the, volume  under consideration
oufside of the release plume or jet
3.9.5

volume under consideration

thel volume served by the ventilation in/the vicinity<sf the release being considered

Notg 1 to entry: For an enclosed space this ‘could.be’an entire room or part of a larger space where |the
conpidered ventilation will dilute.the gas or vapourfrom a given source of release. Outdoors, this is the volyime
arolind a source of release where an explosive mixture _could form. In congested outdoor places this volume c¢uld
be dlictated by the partial enclosure provided by t{]e surrounding objects.

\

3.6
properties of flammable substance
3.6.1 N
flammable substance N
substance which-is\itself flammable, or is capable of producing a flammable gas, vapoun or
migt N
a
3.6.2 '

flammable liguid
liquid capable of proeducing a flammable vapour under any foreseeable operating conditions

Notg 1/to.entry: An example of a foreseeable operating condition is one in which the flammable liquid is hanglled
at tgmperatures close to or above its flash point.

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

3.6.3

liquefied flammable gas

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

3.6.4

flammable gas or vapour

gas or vapour which, when mixed with air in certain proportions, will form an explosive gas
atmosphere
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3.6.5
flammable mist
droplets of liquid, dispersed in air so as to form an explosive atmosphere

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

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

3.6.7

relptive density of a gas or a vapour
denmsity of a gas or a vapour relative to the density of air at the same “pressure and
tempperature (air is equal to 1,0)

N\

3.6.8
flashpoint S
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
A\

~

3.6.9 D
bolling point J
temperature of a liquid boiling at an ambient pressure-of 1043 kPa(1 013 mbar)

Notg 1 to entry: The initial boiling point that should be used fof quu‘id mixtures is to indicate the lowest valup of
the|boiling point for the range of liquids present, as ‘determined in a standard laboratory distillation without
fradgtionation. ’

3.6.10
vapour pressure ;
pressure exerted when a solid or liquid is ‘i equilibrium with its own vapour

=N

lowest temperature of a heated surface which, under specified conditions (according| to
IEQ 60079-201), wilkignite a flammable substance in the form of a gas or vapour mixture With
air AN

atmosphere will not be formed

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

3.6.13

upper flammable limit (UFL)

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

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


http://chemistry.about.com/od/chemistryglossary/a/pressuredef.htm
http://chemistry.about.com/od/chemistryglossary/a/liquiddef.htm
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3.7
operation

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

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

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

actjon to be performed occasionally or periodically in normal operation to_maintain proper

\
1 to entry: Rare malfunctions in the context of this standard include failure of\separate and independent
prog¢ess controls, that may be either automated or manual, that could trigger_a-chain of’events that would leafl to
majpr release of flammable substance.

Notg 2 to entry: Rare malfunctions could also include Unanticipated.condifions that are not covered by the plant
des|gn such as unexpected corrosion that resultsin “a release. Where releases due to corrosion or sinpilar
confitions may or could reasonably be expected.as part of the-plant operations then this is not considered 3s a
rard malfunction. o)

3.7.4

cafastrophic failure )
an occurrence which exceeds the design¥parameters of the process plant and control system
resulting in a release of flammable substance
A\

Notg 1 to entry: Catastrophic failures.inhe context of this standard include, for example, major accidents sucl as
the rupture of a process Vessel,”or largexscale failures of equipment or piping such as total breakdown of a flahge
or seal. .

N

4 | General

4.1[ Safety princ\iﬁles

Installations in\ which> flammable substances are handled or stored should be designgd,
constructed, Joperated and maintained so that any releases of flammable substance, 4nd
consequently the extent of hazardous areas, are kept to a minimum, whether in normal or
abrrormal operation, with regard to frequency, duration and quantity of a release.

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

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

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

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

b) eliminate the source of ignition.

Where this is not possible, protective measures, process equipment, systems and procedures
should be selected and prepared so the likelihood of the coincidence of a) and b) is so small
as to be accepted as low as reasonably pract|cable Such ‘measures may be used |nd|V|duaIIy,
if th . .

of

4.2 Area classification objectives

Arga 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 _operafion
of equipment to be used safely in that environment. The classification als0\takes into accolunt
thel ignition characteristics of the gas or vapour such -as \ignitiony energy./and ignition
temperature. Area classification has two main objectives, the determ\natlon of the type of any
hazardous zone, and the extent of the zone (see 7 and 8): \

~
™.

NOTE Selected characteristics may be designated for equipment\e.g. jignition energy and temperature ratipgs,
see|IEC 60079-20-1. e

1

an| explosive gas atmosphere will never occur, {lt)"may also be difficult to ensure that
eqliipment will never give rise to a [source of\ignition. Therefore, in situations where [an
explosive gas atmosphere has a high likelihood ‘of “occurring, reliance is placed on usjng
eqliipment which has a low likelihood- . of creating a source of ignition. Conversely, where the
likglihood of an explosive gas atmospheke occurring is reduced, equipment constructed with
lesp rigorous requirements may be used:

=N
A\

In particular, zone 0-or Zone 1 areas should’be minimized in number and extent by design or
suitfable operating” procedures. ¥ln’ other>words, plants and installations should be mainly
zone 2 or non-hazardous:Where release of a flammable substance is unavoidable, procgss
eqlipment items‘should beNimited to’ those which give secondary grade releases or, failing
thig (that is where primary-or continuous grade releases are unavoidable), the releases shopld
be|of very limited-quantity “and’ rate. In carrying out plant design, these principles should
redeive pfime conS|de ation. Where necessary, the design, operation and location of procg¢ss
eq |pment should ensure that, even when |t is operatmg abnormally, the amount of flammaple

In ]:wost practical situations where flammable substances are used, it is difficult to ensure that

operatlonal changes Rewews should be carrled out durlng the life of the plant

4.3 Explosion risk assessment

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

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

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

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

4.4 Competence of Personnel

sig |f|cance of the propert|es of the flammable substances prlnC|pIes of gas/vap:)ur
dispersion and those who are familiar with the process and the equipment. It-may |be
beneficial for other engineering disciplines, e.g. electrical and mechanical engineers, gnd
pelsonnel with specific responsibility for safety to be part of and have an(input\io’ the afea
clapsification process. The competency of the person shall be relevant to the\nature of fhe
plant and methodology used for carrying out the area classification. Appropriate.continujng
edyication or training should be undertaken by personnel on a regular basis\where-required

x

NOTE Competency can be demonstrated in accordance with a training and ass%sment framework relevarjt to

natipnal regulations or standards or user requirements. N

~
™.

5 | Area classification methodology

5.1 General

It i$ rarely possible by a simple examination of a plant or_plant design to decide which partg of
thel plant can be equated to the three\ zonal-definitions (zones 0, 1 and 2). A more detaifed
approach is therefore necessary and this involves the“analysis of the basic possibility of|{an
explosive gas atmosphere-.occurring. .
N
In determining where a release_of flammable gas or vapour may occur, the likelihood and
dutation of the rélease should be assessed in accordance with the definitions of continuolus,
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 bgsis
on|which to assess\the lik Iy presence of an explosive gas atmosphere in the surroundfing
ardas and determine the type andfor’extent of the hazardous zones.

This approach therefére requires detailed consideration to be given to each item of procg¢ss
eqliipment which Cofitains ‘a substance flammable by itself or due to process conditions, gnd
which could thgrefore be-a source of release.

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

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

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

When classifying areas consideration should be also be given to a careful evaluation of prior
experience with the same or similar installations. It is not enough to identify only a potential
source of flammable substance and proceed immediately to defining the extent of zone 1 or
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zone 2 classified areas. Where experience or documented evidence indicates that a particular
plant design and operations are sound this may be used to support the classification chosen.
Furthermore, it is conceivable that an area could be reclassified based on industry experience
or new evidence.

5.2 Classification by sources of release method

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

ReferAnnex F. The source of release approach can be summarized as 10llows.:
¢ |ldentify sources of release;

e |Determine the release rate and grade of release for each source based on likely£frequency
and duration of release; Q

e |Assess ventilation or dilution conditions and effectiveness;

e |Determine zone type based on grade of release and ventilation or dilufion effectiveness
<\

A\
Formulae relevant to determining the release rates under specified’conditions can be found in

Anpex B. These formulae are generally accepted as prowdmg a good’ basis for calculating
rel¢ase rates for the conditions provided. e

1

e |Determine extent of zone.

Gujdance on the assessment of ventilation_and dispersion is/provided in Annex C. Other
forms of assessment, e.g. computational-fluid dynamics (CFD), may be used and may provjide
a dood basis for assessment in some[situations:>*Caomputer modelling is also an appropripte
todl when assessing the interaction of multiple factors.

In gll cases the assessment method andctools used should be validated as suitable or used
with appropriate caution:. Those carrylng out-the assessment should also understand the
limjtations or requirements ofany tools “and adjust the input conditions or results accordingly
to €nsure appropriate conclusions.

5.3 Use of industry code{ and national standards

Industry codes and‘national standards may be used where they provide guidance or examplles
ap;Lropriate to the app\lication and comply with the general principles of this standard.

A
Anpex K identifies”some relevant industry codes and national standards that may provjde
further detail @siwell as examples.

5.4 Simplified methods

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

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

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

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

5.5 Combination of methods

relgase. As the plant design proceeds and detailed data is available on'‘the.potential’sourg¢es
of |release, the classification should be upgraded using \a more detailed “method | of

<\
In some cases the simplified method can be applied to a grqu\p of\ similar equipment in
segtions of plant (e.g. sections of piping with flanges, (such aas pipe_racks) while applying a

mofre detailed assessment to the more significant \potential Sources of release (e.g. refief
valyves, vents, gas compressors, pumps and the like). (&1

asgessment.

In many cases the classification examples. provideddnjrelevant'national or industry codes cpan,
where appropriate, be used to classify some companents of larger plants.

6 | Release of flammable substance.,
R\

6.1 General )

The release rate of/a flammable substance is the most important factor that affects the extent
of & zone.

»

Geperally, the‘higher the release rate the larger the extent of the zone.

\

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

An| introduction'to the nature of releases that should be considered when approachjng
clapsificationyof potentially explosive areas is provided in the 6.2 to 6.5.

6.2 /Sources of release

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

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

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

If it is established that the item may release a flammable substance into the atmosphere, it is
necessary, first of all, to determine the grade or grades of release in accordance with the
definitions, by establishing the likely frequency and duration of the release. It should be

rec

ognized 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
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er ‘continuous’, ‘primary’ or 'secondary’.

[E 1 Releases may form part of process, e.g. taking samples, or may occur as part. of a routing,/maintengnce
edure. These forms of release are generally classified as continuous or primary dgrades of releas&. Accidental
ases are generally classified as secondary grades of release.

[E 2 One item may give rise to more than one grade of release. For example,\there_may be.a small prinpary
le release, but a larger release could occur under abnormal operation; thus giving rise) to.a secondary grfade
ase. In this situation, both release conditions (both grades of release) need full considerationas describefl in
standard. AN

A\

ing established the grade or grades of the release, it isxge\cessary to determine the

he quantity of a flammable substance available for release s ‘small’, for example, lapo-
bry use, whilst a potential explosion condition may exist, it may not be appropriate to lise

area classification procedure. In such cases,caccount-shall be taken of the particylar
tors involved. 0

p area classification of’process equipment in which a flammable substance is burned, |for
mple, fired heaters, furnaces, boilersyogas turbines etc., should take into account any
ge cycle, start-up and.shut-down cond?tions.

=N
A\

some cases the construction of Closed systems where specific construction codes are et
be accepted as effectively preventing’and/or limiting releases of flammable substanceg to
hegligible leakage. hazardwThe “hazardous area classification of such equipment| or
lallations requires‘a complete-assessment to verify the full compliance of the installatior] to
relevant /Censtructional and operating standards. Verification of compliance should
sider design, insta\IIation, operation, maintenance and monitoring activities.

a
ts which form\through Jeaks of pressurized liquid can be flammable even though the liguid

te

6.
6.

perature isSbelow the flash point (see Annex G).

Forms of release

.1 General

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

a gas, which may be at an elevated temperature or pressure;
a gas liquefied by the application of pressure, e.g. LPG;
a gas which can only be liquefied by refrigeration, e.g. methane;

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

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

The horizontal extent of the zone at ground level will generally increase with increasing
reldfive density and the vertical exient above the source will generally increase \W{ith
degreasing relative density.

6.3.2 Gaseous release

A gas release will produce a gas jet or plume at the release ‘source depe\nding 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
mojvement will all influence the subsequent movement of any gas.cloudx*

X

In calm conditions low velocity releases of a gas that is significan?ly less dense than air will
tend to move upwards, e.g. hydrogen and methane. Conversely, a_gas that is significaptly
denser than air will tend to accumulate at ground level/ ofxin” any pits or depressions, ¢.g.
butane and propane. Over time, atmosphericturbulence. will \cause the released gas to mix
with air and become neutrally buoyant. A gas. or vapourwith density that is not significaftly
different to air is regarded as neutrally buoyant.

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

At high pressures, a thermodynamic effeét due-to’ expansion can come into play. As the gas
esgapes, it expands and cools down@nd may initially behave as heavier than air. Howeyer,
thel cooling due to the dJoule-Thomson effect is eventually offset by the heat supplied by the
air] The resulting gas cloud will\eventually become neutrally buoyant. The transition from
heﬁmer than air to neutrally buoyant ‘behaviour may occur at any time depending on the
nafure of the release\and may occur after the cloud has been diluted to below the LFL.

NOTE Hydrogen demons{ates a reverse Joule-Thomson effect, heating up as it expands and so will never exhibit
a heavier than. aireffect;

A

6.3.3 Liquefied under pressure

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

from ita ntainmmant tha ot 1
Heom—HS—eontathment LII oot T

WHhen—-a—pressurizedHaguefied—gasteaks Helyseenario—ts—that
the substance will escape as a gas from any vapour space or gas lines. The rapid evaporation
produces significant cooling at the point of release and icing due to the condensation of water

vapour from the atmosphere may occur.

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

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

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

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

NOTE 1 Care needs to be taken when classifying areas containing cryogenic flammable gases such as liqueffied
natdral gas. Vapours emitted will generally be heavier than air at low temperatures but-will become, neutfally
buolyant on approaching ambient temperature.

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

6.3.5 Aerosols

arg formed from vapours or gases under certain thermodynamig Conditions or by flash
evaporation of pressurized liquids. The scattering of light within_-an) aerosol cloud frequently
malkes the cloud visible to the naked eye. The dispersion of an &erosol may vary between fhe
behaviour of a dense gas or a neutrally buoyant gas. Aerosol droplets can coalesce and rain
oufl of the plume or cloud. Aerosols from flammable /liquids may absorb heat from fhe
surrounding environment, evaporate and add to the gasfvapour cloud (for more details gee
Anpex G). .

\
An|aerosol is not a gas, but consists of small droplets of liquid suspendedin air. The drop{ts

6.3.6 Vapours

Liguids at equilibrium with theirenvironment. 'will generate a layer of vapour above their
sunfface. The pressure this'vapour exerts inma’closed’system is known as the vapour pressyre,
whl|ch increases in a non-linear funétion_ with temperature.

=N

A\
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 nl\ay
deg¢rease the temperature.of the liquid and limit temperature rise. However, changes in liguid
temperature dué. to increased. evaporation from normal environmental conditions pre
considered too~marginal .to-affect the hazardous area classification. The concentration of fhe
gemerated vapour is_not\easy to predict as it is a function of the evaporation rate, temperatpre
of fhe liguid.and th\e\s rrounding air flow.

X

6.3.7 Liquid-releases

The release_of flammable liquids will normally form a pool on the ground, with a vapour clgud
at the diquid’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 ambiFnt
termpnrnhlrn (cnn B.Z 9)

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

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

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

Suitable ventilation rates can reduce the persistence time of an explosive gas atmosphere

thu

s influencing the type of zone.
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structure with sufficient openings to allow free passage of air through all parts of
ding is considered in many cases to be well ventilated and should be‘treated aslan’oj
area, e.g. a shelter with open sides and rooftop ventilation openings,

N\
Digpersion or diffusion of a gas or vapour into the atmosphere is a key factor.in reducing

centration of the gas or vapour to below the lower flammable/limit:

ntilation and air movement have two basic functions: \
To increase the rate of dilution and promote dispersion to Iimit\t?]e extent of a zone;

To avoid the persistence of an explosive atmosphere that. may-influence the type o
zone. ¢

1

h increased ventilation or air movement the extent“ef a zone will normally be reduc

stacles which impede the ventilation 'or air movement may-increase the extent of a zo

me obstacles, for example, dykes, Wwalls and. ¢gilings, which limit the extent of vapour
movement, may also limit the extent of(the zone.

[E 1 Increased air movement may. also increase\the release rate of vapour due to increased evaporation f
h liquid surfaces. However the benefitsof incfeased air movement normally outweigh the increase in reld

=N
A\

low velocity'releases the‘rate of gas or vapour dispersion in the atmosphere increa
N wind speed, bat/in stable atmespheric conditions layering of the gas or vapour may oc

and the distance for safe dispersal can be greatly increased.
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[E 2 In plant areas with -obStructions to ventilation such as large vessels and structures, even at low
eds, eddies ‘may be f({emad behind such obstructions thus forming pockets of gas or vapour without suffig
ulence to~promote dispersion.

the
en

the

fom
ase

BES
cur

ind
ient

N

hormal practice; the-tendency of layering is not taken into account in area classificafon

ause the eonditions which give rise to this effect are rare and occur only for short peri

S.

ivever, if prolonged periods of low wind speed are expected for the specific circumstapce

theln theextent of the zone should take account of the additional distance required to achig¢ve

dis

persion.

6.5
6.5

Main types of ventilation

A1 General

The two types of ventilation are:

a)
b)

natural ventilation;

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

6.5.2 Natural ventilation

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

Examples of natural ventilation:

an open building which, having regard to the relative density of the gases and/or vapours
involved, has openings in the walls and/or roof so dimensioned and located that the

ventilation inside the building, for the purpose of area classification, can be regarded
equivalent to that in an open-air situation;

as

a building which is not an open building but which has natural ventilation (generally less

purposes.

than that of an open building) provided by permanent openings made for ventilation

Copsideration of natural ventilation in buildings should recognise that gas\or vapourbuoyancy

maly be a significant factor and so, ventilation should be arranged to promote d\spersmn

dilu
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unfavourable ambient conditions, such as windy-.days when the wind is blowing onto
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near a point of release) and for both of these, differing degrees of air movement 3

rep

reITases is by natural ventilation, the worst case scenario”shall preferably. be considered

tion.

ntilation rates arising from natural ventilation are inherently very variable. Where dilutior

ermine the degree of ventilation. Such a scenario will_thenclead-to a higher level
ilability even though the degree of the ventilation“is reduced:. Generally, with any natd
tilation, a lower degree of ventilation leads to a/higher leyel of availability and vice ve
ch will compensate for overly optimistic assumptions rpe}de in estimating the degreeg
tilation. t

bre are some situations which require speciahcareiThis-is-particularly the case where

tilated face of the enclosure, the-external*airf movement may prevent the operation of
rmal buoyancy mechanism: Under ‘these’circumstances the level of ventilation and
ilability will both be/poor resulting-in a“more rigorous classification.

3 Artificial ventilation \

3.1 General

s or extractors. Although artificial ventilation is mainly applied inside a room or enclog
, it can\also bé&-applied to situations in the open air to compensate for restricted
eded air movement due to obstacles.

lacement can be appropriate.

Wi

movement required fof %ntilation may also be provided by artificial means, for example,

and

the

tilation openings are limited to /mainly onge. ‘side of the enclosure. Under certgin

the
the
the

ed
or

b artificial-ventilation may be either general (e.g. a whole room) or local (e.g. extracfion

nd

6.5

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

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.

3.2 Ventilation considerations

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

a)

classification of the inside of the extraction system and immediately outside the extract
system discharge point and other openings of the extraction system;

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

c) before determining the dimensions and design of the ventilation system, the location,
grade of release, release velocity and release rate should be defined.
In addition, the following factors will influence the quality of an artificial ventilation system:

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

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

c) | changes in gas density with temperature;

d) [impediments and obstacles may cause reduced, or even no, ‘air move\ment, i.e.|no
ventilation in certain parts of the area; '
e) [turbulence and circulating air patterns. \

x

Fot more details see Annex C. A\
N\

~

Copsideration should be given to the possibility (or (need/for recirculation of air in fhe
ventilation arrangement. This may impact the background cencentration and effectivenesq of
thel ventilation system in reducing the hazardous area. If.such cases the classification of the
hazardous area may need to be modified ‘accordingly.) Recirculation of air may also |be
neg¢essary in some applications e.g. for some. processes _or to provide for the needs| of
pefsonnel or equipment in high or low ambient.\te€mperatures 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.

6.5.3.3 Examples of.artificial ventilation

Geperal artificial”ventilation may-inclide a building which is provided with fans in the walls
and/or in the roofto/improve the general ventilation in the building.

The role of fans may be two{old. 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 fhe
dildtion of a‘cloud Which issmuch smaller than the room which contains it, even if no gag is
trapsported.out of. the¥Yoom. Fans may also enhance dilution by increasing turbulence in some
outdoor situations. ™~

N
Logal artificial’ventilation may be:

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

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

For more details see C.4.

6.5.4 Degree of dilution

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

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

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

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

Deprees of dilution depend not only on the ventilation, but also on the nature and the typq of
thel expected release of gas. Some releases, e.g. release with low velocity, will b€.amenaple
to mitigation by enhanced ventilation with others much less so, e.g. rélease with\high-velocity.

The following three degrees of dilution are recognized: QY

x

a) | High dilution

\
The concentration near the source of release reduces qwckly 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 i$ in
progress and the explosive gas atmosphere does/motipersist unduly after the release has
stopped.

¥ X

c) |Low dilution

There is significant Concentration. whilst¥releaseé is in progress and/or significant

persistence of a flammable ‘aimosphere-after the release has stopped.
N

7 | Type of zone h

\

7.1 General

The likelihood of‘the\presence of an explosive gas atmosphere depends mainly on the grade
of felease and the ventilation."This is identified as a zone. Zones are recognized as: zonqg 0,
zone 1, zone'\2 and tl'@ non-hazardous area.
a

WHere zones created by adjacent sources of release overlap and are of different zopal
clapsification,-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

ap

ly
7.J Influence of grade of the source of release

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

a) continuous grade;

b) primary grade;

c) secondary grade.

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

The grade of release generally determines type of the zone. In an adequately ventilated area
(typical open air plant) a continuous grade of release generally leads to a zone 0
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classification, a primary grade to zone 1 and a secondary grade to zone 2. This general rule
may be modified by considering the degree of dilution and availability of ventilation which may
result in a more or less severe classification (see 7.3 and 7.4).

7.3 Influence of dilution

The effectiveness of ventilation or degree of dilution shall be considered when estimating the
type of zone classification. A medium degree of dilution will generally result in the
predetermined types of the zones based upon the types of the sources of release. A high
degree of dilution will allow a less severe classmcatlon e.g. zone 1 instead of zone 0 zone 2

deree of dllutlon W|II require a more severe classmcatlon (see Annex D)

7.4 Influence of availability of ventilation

The¢ availability of ventilation has an influence on the presence or/formation afan exploslive
gas atmosphere and thus also on the type of zone. As availability, or'reliability,” of the
ventilation decreases, the likelihood of not dispersing flammable atmosphgres increases. The
zone classification will tend to be more severe, i.e. a zone 2. may change to a zone 1 or eYen
zonje 0. Guidance on availability is given in Annex D. \\

N\

NOTE Combining the concepts of the efficiency of ventilation and the av\aTIability of ventilation results in a
qualitative method for the evaluation of the zone type. This is further(explained.in AnnexD.

1

8 | 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 loyer
flajnmable limit. Determijnation ,of “the\ extent’of the zone should consider the level| of
ungertainty in the assessment by the application of.a safety factor. When assessing the afea
for|spread of gas or vapour before dilution to_below its lower flammable limit, expert adice
shquld be sought. \

\

Copsideration should“always be<given to>the possibility that a gas which is heavier than|air
maly flow into areas below ground level (for example, pits or depressions) and that a gas
which is lighter than airmay\be retained at high level (for example, in a roof space).

WHere the source ofswrelease is”situated outside an area or in an adjoining area, the pehe-
trafion of"a significant quantity of flammable gas or vapour into the area can be prevented| by
suifable means such as:

a) | physical bartiers;

NOTE__An“example of a physical barrier is a wall or other obstruction that will limit the passage of ga$ or
vapotr at atmospheric pressure, thus preventing the accumulation of a flammable atmosphere.

b) | maintaining a sufficient overpressure in the area relative to the adjacent hazardous aregas,
SO preventing the INgress of the explosive gas atmosphere,

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

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

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

Under some conditions heavier than air gases and vapours can behave like a spilled liquid
spreading down terrain slopes, through plant drains or pipe trenches and can be ignited at a
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point remote from the original leakage, therefore putting at risk large areas of a plant (see
B.6). The layout of the plant, where possible, should be designed to aid the rapid dispersal of
explosive gas atmospheres.

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

9 Documentation

9.1 General

It i$ recommended that the steps taken to carry out area classification and the information and
asgumptions used are fully documented. The area classification document shouldibe a living
dogument and should include the method used for area classification.and should be. reviged
duting any plant changes. All relevant information used should be\referenced. Exampled of
su¢h information, or of a method used, would be: QY

x

a) [recommendations from relevant codes and standards; \

b) | gas and vapour dispersion characteristics and calculations;~_(\:

c) |a study of ventilation characteristics in relation to ~flammable substance relegse
parameters so that the effectiveness of the ventilation/can be evaluated.

d) | the properties of all process substances<usedon thé blant (see IEC 60079-20-1), whiich
may include: )

e molar mass

e flash point

e boiling point )

e minimum ignition‘temperature \

e vapour pressure Q"

e vapour density

o flammability limits =\

e equipment group anchemperature class
quggested format forithe substances listing is given in Table A.1 and a format for recordjing

thel resdlts ~of\ thewcarea\ classification study and any subsequent alterations is giyen

in Table A.2.
AN

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

9.2 “Drawings data sheets and tables

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

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

The documents should also include other relevant information such as:

a) The location and identification of sources of release. For large and complex plants or
process areas, it may be helpful to itemize or number the sources of release so as to
facilitate cross-referencing between the area classification data sheets and the drawings;
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b) The position of openings in buildings (for example, doors, windows and inlets and outlets
of air for ventilation).

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

Suggested presentation of hazardous areas

A.1 Hazardous area zones - Preferred symbols

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

O O O O O o O O
O O O O O o O O Q
O O O O O O O\ |\
O O O O O OO
N\
N

IEC

Figure A.1 — Preferred symbols for hazardous area zones
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A.2

Figures A.2 to A.5 show some suggested hazardous area shapes based on the forms of
release described in 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

Hazardous area suggested shapes

— 33 -

also result in the combination of different shapes.

Key

SR

Source of release

Main extent of the hazardous area to be defined taking into consideration the estimated hazardous distand

IEC

X

\

Secondary extents of the hazardous _area to.be défined taking into account release behaviour

Distances between the source ofirelease and ground level or surface below the release

A

\ \

Fi}ure A.2—- Gas/vapour at low pressure
(orat high pressure in case of unpredictable release direction)

or

IEC

|

/\ Release direftion

N

A

IEC

Figure A.3 — Gas/vapour at high pressure
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<
.91
o,
[ /‘””‘::i-;:;m\
Ground LI
N\
IEC
NOTE Liquid pool would not normally be formed in case of dripping. \
Figure A.4a — Gas or vapour (liquefied under pressure or by re‘{rigeration)
\
\\
A
o
B > .
S \
N &N
[«
“’* I
.
o
2 Y
Ground
IEC
\ \
NOTE Liquid pool could be formed in case of spillage. In this case, an additional source of release coulq be
conpidered. .
Figure\A.4b — Gas or vapour (liquefied under pressure or by refrigeration) with spillage
Figure A.4 — Liquefied gas

/ | \
T

A

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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B.1

Ap

Annex B
(informative)

Estimation of sources of release

Symbols

pool surface area (m?2);

C4 st tfici o . f - stieoftt I mgs

o

=
S

NS S S

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);

N\
polytropic index of adiabatic expansion or ratio of specific heats \(dimensionless);

molar mass of gas or vapour (kg/kmol); \

x

<\

N\

pressure inside the container (Pa);

pressure difference across the opening that leaks in (Pa);\
atmospheric pressure (101 325 Pa); ‘
critical pressure (Pa); ( v
vapour pressure of the liquid at temperature T(kPé);
volumetric flow rate of flammable gas from ;[he source (m3/s);

universal gas constant (8314 J/kmol K)»*

liquid density (kg/m3); N\

gas or vapour density (kg/m3);\ h

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

absolute temperature ofthe fluid, gas or liquid (K);
absolute ambient temperature (K);

wind speed over the liquid pool surface (m/s);

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

evaporation rate of liquid (kg/s);
mass‘release rate of gas (kg/s);

compressibility factor (dimensionless).

B.2

B.2.1

Examples of grade of release

General

for

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.

B.2.2

Sources giving a continuous grade of release

Hereunder are some typical examples:
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a) The surface of a flammable liquid in a fixed roof tank, with a permanent vent to the atmo-
sphere.

b) 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
npprqfinn is nylnnr‘fnd

b) | Water drainage points on vessels which contain flammable gases or liquids, which r:Lay
release flammable substance into the atmosphere while draining off water during-normmal
operation.

c) | Sample points which are expected to release flammable substahce into_the)atmosph
during normal operation.

4
=
()

d) |Relief valves, vents and other openings which are expected\ to(release. flammaple
substance into the atmosphere during normal operation X

B.2.4 Sources giving a secondary grade of release Q
Hefeunder are some typical examples:

e .
a) | Seals of pumps, compressors and valves where releas€ \of flammable substance durjing

normal operation of the equipment.is not expected,

b) |Flanges, connections and pipe fittings, whererelease—of flammable substance is phot
expected during normal operation. ’

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

d) |Relief valves, vents. and. other open‘h:igs which are not expected to release flammaple
substance into the atmosphere during normal operation.
A\

B.3 Assessmentof grades of release

A Wwrong assessment of g\rades of‘release may compromise the outcome of the whole
prdcedure. Although the grades. of release are defined (see 3.4.2, 3.4.3 and 3.4.4), in praclice
it i not always easy tQ distingujsh one grade of release from the other.

a

example, ituis“usually considered that every release that does not occur in nor
ration is a\secondary release and the anticipated duration of the release is usually
neglected. However, the concept of a secondary grade of release is also based upon the
asgumption-that the release will only last for short periods. This implies that a potentially
ongoing release will be detected soon after the beginning of the release and that remedlal
action_will be taken as soon as possible. Such assumption leads to the issue of regylar
mo

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. Area
classification should not be a cover for a poor maintenance practice but the user must be
aware that poor practices may compromise the established basis for area classification.
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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 release it may be
revealed that the release could happen so frequently and so unpredictably that one 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 suitable. Therefore the
definition of a continuous grade of release implies not only continuous releases but releases
with a high frequency as well (see 3.4.2).

B.4 Summation of releases

In jndoor areas with more than one source of release, in order to determine the type elmd
extent of zones, the releases need to be summated before the degree-of dilutionr and
bag¢kground concentration is determined. Since continuous grade releases, by definition, ¢an
be |expected to be releasing most if not all of the time, then all continuous-grade releases
should be included. N\

Primary grade releases occur in normal operation but it is unfikely-that @l of these sourg¢es
will be releasing at the same time. Knowledge and experience. of thesinstallation should|be
used to determine the maximum number of primary ‘grade relegses that may release
simultaneously under worst conditions. \

~
™.

Segondary grade releases are not expected to release in/narmal operation so, given that it is
unlikely that more than one secondary source would releasé at any,one time, only the largest
seg¢ondary release should be considered.

The summation of sources of release with regular (ize. predictable) activity should be baged
on |detailed analysis of operating conditions=Inithe detepmination of the summated releages
(bgth mass and volumetric):

o |the overall continuous release is-the sum of all the individual continuous releases,

e |the overall primarylrelease is the sum of some of the individual primary releases combined
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
relgase rates\(both szs and volumetric) can be summated directly.

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

In [the“determination of the background concentration (see equation C.1) the volumetric
release rates can be summated direcily. The critical concentration with which the background
concentration is compared is a proportion of the LFL (typically 25 %). Since there are a
number of different flammable substances being released the combined LFL 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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B.5 Hole size and source radius

The most significant factor to be estimated in a system is the hole radius. It determines the
release rate of the flammable substance and thus eventually the type of zone and the extent
of the zone.

Release rate is proportional to the square of the hole radius. A modest underestimate of the
hole size will therefore lead to a gross underestimate of the calculated value for release rate,
which should be avoided. Overestimate of the hole size will lead to a conservative calculation
which is acceptable for safety reasons, however, the degree of conservatism should also be

IimFLted because it eventually results with overlarge zone extents. A carefully balan
approach is therefore needed when estimating the hole size.

NO

disd

Fo

she
under relatively predictable conditions. A guide to hole_sizes \that méy be considered
seq

ed

[E  While the term ‘hole radius’ is used, most unintended holes are not round. In such cases the’coefficient of

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

continuous and primary grades of release the holes sizes are-defined-by the size and

the

pe of the release orifice, e.g. various vents and breather valves where‘the gas’is releaged

ondary grade releases is included in Table B.1. Q

for
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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

expand

S (mm?2)

Typical values for the
conditions at which the
release opening may
expand, e.g erosion

S (mm?2)

Typical values for the
conditions at which the
release opening may
expand up to a severe
failure, e.g blow out

S (mm?2)

Flanges with

(sector between two

Sealing
elements on
fixed parts

compressed
fibre gasket
or similar

> 0,025 up to 0,25

>0,25up to 2,5

boits)
X

(gasket thickness)usually
21 mm

Flanges with
spiral wound

(sector between two

\Dbolts)

0,025 0,25
giar::(lztror (gasket thickness) usually
\ > 0,5 mm
Ring type *
joint 0,1 0,25 ~\ 0,5
connections N
Small bore D
connections > 0,025 up to 0,1 1,0

up to 50 mm @

> 0,1/up to 0,25

¥ X

To be defined accordipg

at high speed

f Valve stem to Equipment
Seaglin
elemer?ts on |Packings 0.25 2,5 Manufacturer’s Data Hut
mdving parts not less than 2,5 mm{ ¢
at low speed

fgﬁ:fscg‘fves b |~ 0,1 x (orifice section}i NA NA
\~ To be defined accordipg

Seagling to Equipment
elements on |Pumps and NAN > 1 ub to 5 Manufacturer’s Dat3
mdving parts ::g‘rzrf' \" =1up and/or Process Unit

Configuration but not I¢ss
than 5 mm2dande

Hole cross sections “suggestedyfor ring, joints, threaded connections, compression joints (e.g.,metdllic
compression fittings) and rapiNoints 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. Specificgpplications could require a hole cross section bigger than suggested.

Recipfocating Compressors\— The frame of compressor and the cylinders are usually not items that leak
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 effects
in case of-an expeectedfailure (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 analysiq to
define )the maximum accepted release rate of flammable substance may compensate lack of equipmgnt
manufacturer’s data.

but

NOTE Other typical values may also be found in national or industry codes relevant to specific applications.

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

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)

Nature and type of release

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

Release vplm‘i’ry

an

For a given source of release, the release rate increases with the release pressure.~Fg

ra

subsonic release of gas, the release velocity is related to the process pressure.(Iheé dize

of a cloud of flammable gas or vapour is determined by the rate~of flammable vap
release and the rate of dilution. Gas and vapour flowing from a leak at high ‘velocity
entrain air and may be self-diluting. The extent of the explosive gas. atmésphere~may
almost independent of air flow. If the substance is released at low velogity or ifits'velo
is reduced by impingement on a solid object, it will be carried by ‘the air flow and
dilution and extent will depend on air flow. &

Concentration ~\

N\
The mass of flammable substance released increases with the-concentration of flammalple

vapour or gas in the released mixture.

Volatility of a flammable liquid "G
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 a
guide. 0,

bur
will
be
City
its

An explosive atmosphere cannot exist\ if the flashpoint is above the relevant maximum

temperature of the flammablg liquid\(see NOTE 1).The lower the flashpoint, the greg
may be the extent of the zone. However, if a flammable substance is released in a

ter
ay

that forms a mist (for example, by.\spraying) an explosive atmosphere may be fornjed

below the flashpoint of the substance.

NOTE 1 Published'tables and expefimentation giving data on flashpoint may not record accurate values
test data will vary. Unless values for flashpoint are known to be accurate, some margin of error is allo
against quoted values. A margin.of + 5 deg C for pure liquids, with greater margins for mixtures are
uncommon.

NOTE 2 There are\twoymeasures of flash point; closed cup and open cup. For closed equipment, and tqg
more conservative, thé\clbsed cup’flash point should be used. For a flammable liquid in the open, the open
flash point-may beused.

NOTE 3 Seme\liquids (for example, some halogenated hydrocarbons) do not possess a flashpoint althg

and
ed
not

be
cup

ugh

they are capable of producing an explosive gas atmosphere. In these cases, the equilibrium liquid temperafure

which corfesponds-to-the saturated concentration at the lower flammable limit should be compared with
relevant\maximum liquid temperature.

Ligquid temperature

the

Increasing liquid temperature Increases the vapour pressure, thus Increasing the release

rate due to evaporation.

NOTE 4: 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.

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
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complex matters with simplified mathematical models. Other calculation methods may also be
adopted.

The following equations give the approximate release rates of flammable liquids and gases.
Further refinement of release rate estimation would be achieved with consideration of
properties of any openings and the viscosity of the liquid or gas. Viscosity may significantly
reduce the release rate if the opening, through which the flammable substance is released, is
long compared to the width of the opening. These factors are normally considered in the
coefficient of discharge (Cy < 1).

The coefficient of discharge C4 is an empirical value which is obtained through a serieq of
experiments for specific cases of release and for specific orifice details. As a result .Cy-may
take a different value for each particular case of release. A Cy of not less than.0,99<or itgms
with regularly shaped holes, e.g. for vents, and 0,75 for irregular holes can be a‘reasondbly
safe approximation if there is no other relevant information upon which \to make the
asgessment.

If ¢4 is applied to the calculations the value applied should be used by re}‘erence to a suitaple
guide for the application.

B.1.2.2 Release rate of liquids N

The release rate of liquid can be estimated by means of the{feltowing approximation:

W =Cy S\2pdp (kg/s) (§.1)

The rate of vapourisation of a liquid-release is<then required to be determined. Liquid releages
maly take many forms. The nature of therelease and how any vapour or gas is generated is
alsp dependant on many variables. Examples of releases include:

a) | Two phase release\i.e. combined\liauid and gas release)

Liquids such as”liquefied petroleum 'gas (LPG), may include both gas and liquid phages
either immediately before the release orifice or after the release orifice through a variety
of thermodynamic or m chanical interactions. This may further lead to droplet and/or pjool
formation which results_in*further boiling of the liquid contributing to the vapour cloud.

b) | Single phase releise of a_non-flashing liquid

For liquids_with<higher'boiling points (above atmospheric ranges) the release will generglly
include~a_significant liguid component which may evaporate near the source of relealse.
The releasermay also break up into small droplets as a result of a jet action. Vappur
released~will then depend on any jet formation and vapourisation from the point of relealse,
from any“droplets or any subsequent pool formation.

Due-to the large number of conditions and variables a methodology for assessjng
the” vapour conditions of a liquid release is not provided in this standard. Users sholuld
carefully select a suitable model observing any limitations of the model and/or applying an
appropriately conservative approach with any results.

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.
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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 J (Pa) (B.2)
M %
For ideal gas the equation y = -1 may be used
o -

NOTE For the majority of gases the approximation p =~ 1,89 p_ will generally serve the\purpose for a qpick
estimate. Critical pressures are generally low compared with the majority of operating\pressures| found in.common
indystrial processes. Pressures below the critical pressure are normally found, in terminal gas supply-lines to fjred
equjpment like e.g., heaters, furnaces, reactors, incinerators, vaporizers, /Steam_genexators, boilers and ofher
prog¢ess equipment. Such pressures can also be found in atmospherlc storage tanks wuth moderate overpressires
(ustally up to 0,5 barG). %
Q \

In {he following equations the compressibility factor for ideal gases is 1,0. For the real gases,
thegl compressibility factor takes values below or gbove )1,0-depending on type of the gas
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.
abgve 50 bar, and where improved accuracy is required(the real compressibility factor sholuld
be | applied. The values for compressibility factor ¢an “be found in data books for g¢as
prgperties.

B.1.2.3.2 Release raté of gas with-non choked'gas velocity (subsonic releases)

Nonh choked gas velocity is ‘a discharge ‘vélocity below the speed of sound for the particd

gas. \\
X

ar

The release rate of'gas _from a container,, if the gas velocity is non-choked, can be estimajed
by means of the following.approximation:

N
. (r=01y 1y
Wy =Cq S M_ 2y |y [Pa La | (kgls) (8.3)
) ZRT y-1 P p
AN
B.7.2.3.3 Release rate of gas with choked gas velocity (sonic releases)

Chpked-gas velocity (see B.7.2.3) is equal to the speed of sound for the gas. This is the
maximdm theoretical discharge velocity.

The release rate of gas from a container, if the gas velocity is choked, can be estimated by
means of the following approximations:

M 5 (r+0/(y-1)
W,=CyS £ kg/ B.4
g=td> P yZRT[yHJ (kors) (B-4)

The volumetric flow rate of gas in (m?3/s) is equal to:
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Og = V;—z(ms/Sj (B.5)

where

B.71.3 Release rate of evaporative pools

Evaporative pools may be the result of liquid spillage or leakage butalso part of-a procgss

syqtem where a flammable liquid is stored or handled in an open véssel. Theyassessment in

thig section does not apply to thin surface spills since no account is_taken for specific’factors
that may be relevant to such spills e.g. thermodynamic input from_the gurface on Wwhich the

liquid is spilt. .

: : . \

The following assumptions are made concerning the assessment balow:

\\

e |There is no phase change and the plume lis at ) ambient temperature (phase and
temperature changes would cause variations(in‘\dispersign.and-evaporation rates).

e |The flammable substance released is neutrally buoyant. Heayier than air vapour is trezred
the same way as neutrally buoyant gases in.this\analysis which will lead to a comparaple
assessment. )

e |A continuous release for catastrophic spillageross.is not considered in this analysis.

e |Liquids are instantaneously spilled. from containment onto a flat, level surface forming a
1 cm deep pool and are allowed to eva\porate at ambient conditions.

Then the evaporation rate could-be estimated.by using following equation:

\ 655 uW0,78 4y by 240667
N We= kgls B.6
N e RxT (g ) ( )

NOTE 1 The source of this\equationis U.S. Environmental Protection Agency, Federal Emergency Management

Aggncy, U/S. Department Jof Transportation, Technical Guidance for Hazard Analysis — Emergency Planning| for

Extfemely Hazardeus Su\Bstances, December 1987.

NOTE 2 Vapourpressure'can be estimated through various methods, e.g. derived from Antoine’s equation.

NOTE 3 It is~assumed that the vapour pressure at the boiling temperature is 101,3 kPa.

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

paM (k / 3)
=2 m
Pg RT, g
then, the volumetric evaporation rate in (m3/s) is approximately:
0,78
65u, " A, p T.
Qg = vas 0353 - X_a(m3/s) (B.7)
10° M ™ T

NOTE 4 Since p, increases with liquid temperature then the evaporation rate ultimately increases with the rise of

T.
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If we assume that the pool surface area is 1,0 m?2 that the wind speed above ground level is
0,5 m/s and that the liquid temperature is equal to the ambient temperature, then the

volumetric evaporation rate in (m3/s) would be:

Og =~

_378x107° p,
M0,333

o)

(B.8)

The real pool area should be based on the quantity of the spilled liquid and the local

conditions-such-as grndinnf and h||nr1ing at the epill location
The¢ wind speeds for evaluation of evaporation rate shall be consistent with'the.wind spe€ds in
later calculations for estimating the degree of dilution (see C.3.4). It should be.e€mphasized
that increasing the wind, speed will increase evaporation but at the same time, coniributeg to
thel dilution of flammable gas or vapour. N
u, =0,5m/s \ ;
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Figure B.2 — 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
the pool surface area of 1,0 m2. Thus the evaporation rate is obtained by multiplying the value
on the vertical axis with the real pool surface area.
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The wind speed of 0,5 m/s is characteristic for meteorological calm just above ground level.
Typically, it represents the worst case regarding dispersion of the vapour but not the worst
case with respect to evaporation rate.

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

B.8 Release from openings in buildings

B.§1 Generat

The following clause provides examples for openings in buildings or walls. They)arée hot
intended to be rigidly applied and may need to be varied to suit the particular situation:

B.§.2 Openings as possible sources of release »

OpEgnings between areas should be considered as possible sources.of rélease. The gradq of
rel¢ase will depend upon: .
¢ |the zone type of the adjoining area, \

e |the frequency and duration of opening periods,

e |the effectiveness of seals or joints, X

o |the difference in pressure between.the areas involved;

B.§4.3 Openings classification

For the purpose of this assessment,\openings:'are classified as A, B, C and D with the
following characteristics: )
A\
Type A

=N
A\

Opnings not conforming. to the characteristics specified for types B, C or D, e.g.:

e |open passages for.access or utilities (examples of utilities include ducts or pipes throjigh
walls, ceilings and floofs);
¢ |openings‘which-aretfrequently opened;

o |fixed/ventilation'qutlets in rooms, buildings and similar openings.
Type B N

OpEgnings.which are normally closed (e.g., automatic closing), infrequently opened and cloge-
fitting’

Type C

Openings which are normally closed (e.g., automatic closing), infrequently opened and fitted
with sealing devices (e.g, a gasket) along the whole perimeter; or two type B openings in
series, having independent automatic closing devices.

Type D

Openings which are effectively sealed, such as in utility passages; or openings normally
closed conforming to type C which can only be opened by special means or in an emergency;
or a combination of one opening type C adjacent to a hazardous area and one opening type B
in series.
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Table B.2 shows the effect of openings on grade of release when a hazardous zone has been
established upstream of those openings.

Table B.2 — Effect of hazardous zones on openings
as possible sources of release

Zone upstream of opening Opening type Grade of release of openings
considered as sources of release

A Continuous
B (f‘nnﬁnllnllc)/lnrimnr\/

Zone 0
C Secondary
D Secondary / no release
A Primary
B (Primary)/secondary

Zone 1
C (Secondary)(no‘ release
D No release
A Secc\)née\ry
B (8econdary)/no release

Zone 2 \
Cc _J/No release
D ! No release

Fdr grades of release shown in brackets, the frequency of-operation of'the openings should be considered in the
design. o

The grade of release of an*opening may a\lso be defined according to the basic principles.

The grade of release of the opening-lietween-an indoor naturally ventilated classified locatjon
and an outdoor ‘non classified area~may be“defined considering the grade of release of the
soyrce generating'the’ indeor hazardous zone.

»
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Annex C
(informative)

Ventilation guidance

ght

hlly

at

C.1  Symbols

A4 effective area of the upwind or the lower opening where applicable (m2);

Ao effective-areaof the—downwind-or-the-tpper-opening-where-appticabte—{m2):

Ag equivalent effective area for upwind and downwind openings at.the sameé hei
(m2)

Ag equivalent effective area of the lower opening (m?2); Q
air change frequency in the room (s™1); '

A, pressure coefficient characteristic of the building (dimensiopl\ess);

Cy discharge coefficient (dimensionless), characteristi‘&\ of large ventilation
openings, inlet or outlet, and accounts for the turbu\le\nce and’viscosity, typic
0,50 to 0,75; ‘

f mean background concentration Xy in the rogmxdivided by the concentration
the ventilation outlet (dimensionless);

g acceleration due to gravity (9,81 m/s?);
vertical distance between|the midpoinfs of the lower and upper openings (m);

k safety factor attributed-to LFL;

LFL lower flammable limit (voI/voI\);

M molar mass of'gas.or vapour (kg/kmol);

Pa atmospheric pressure (161 325Pa);

Ap pressure differen‘cé, due towind or temperature effects (Pa);

Oa volumetric flow\fa:[e of air (m3/s);

01 vqumeth flow-rate' of air entering the room through apertures (m3/s);

Og volumetric flow rate of flammable gas from the source (m3/s);

0o|=01+0qg volumetric flow rate of air/gas mixture leaving the room (m3/s);

R universal gas constant (8314 J/kmol K);

Pa air density (kg/m3);

Py density of the gas or vapour (kg/m?);

T, absolute ambient temperature (K);

Tin indoor temperature (K);

Tout outdoor temperature (K);

AT difference between the indoor and the outdoor temperature (K);

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);
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Wy mass release rate of flammable substance (kg/s), for mixtures, only the total
mass of flammable substance should be considered;

Xp background concentration (vol/vol).

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
with the dispersion and dilution of those gases or vapours by ventilation or air movement.

It ghould be emphasised that releases may take many forms and can be jinfluenced by.many
conditions (see B.6). These include:

e |gases, vapours or liquids; N\
e |indoor or outdoor situations; .
e |sonic or subsonic jets, fugitive or evaporative releases; . \
e |obstructed or unobstructed conditions; ; \
A\

e |gas or vapour density. ~\

The information presented in this annex is intended to provide.qualitative guidance on the
asgessment of the ventilation and dispersion canditions:to.determine the type of zone. The
guidance applies to the conditions noted in. each sectioniand-therefore may not be applicaple
to all installations.

The¢ guidance herein may be used in the seléction~and assessment of artificial ventilaffon
sydtems and natural ventilation arrangements;<since these are of paramount importance in the
control and dispersion of releases of flammable gasses and vapours in enclosed spaces.
N

NOTE Ventilation criteria for spéecific applications can.also be found in national standards or industry codes.
\

It js important “todistinguish_throughout these discussions between the concepts| of
‘veptilation’ (the mechanism by, which air'enters and leaves a room or other enclosed spage)
ani dispersion (the mechaQs‘m by which clouds dilute). These are very different concepts,
and both are important.

In |ndoor situations itishould e noted that the hazard depends on the ventilation rate, the
nafure of.the expected source of gas and the properties of the gas released, in particular the
gas density/budyancy.~In some situations the hazard may depend sensitively on the
ventilation; inothers itmay be almost independent of it.

In putdoor situations the concept of ventilation is not strictly applicable and the hazard will

depend:-on the nature of the source, the properties of the gas and the ambient air flow/ In
opi /. . ; W of I ffici . Lof lodive

gas atmosphere which arises in the area. Table C.1 provides guidance on wind speed for
outdoor situations.

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.
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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
thalt in practice there is no hazardous area or a hazardous area of negligible exignt.
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 ha@zardous
arda from a secondary grade source). This occurs, for example, when_ the level ofrventilafion
is guch that the explosive gas atmosphere persists and is dispersed, only slowly-after the gas
or vapour release has stopped. Thus, the explosive gas atmosphere persists. for. longer than
wolld be expected for the grade of release.

\

Thé¢ dilution of a release is determined by the interaction” of the m@mentum and buoyanpcy
forges of the release and the atmosphere within which itis dispersing. For an unimpeded
jetted release, for example from a vent, the jet momentum domina\te\s and the initial dispersfon
is gfominated by the shear between the release and the atmosphere,”However, if a jetted
release is at low velocity or is impeded to such an extent/ that-the momentum is redirecteq or
dispipated, the release buoyancy and atmospheric effects.become more important.

For small releases of lighter than air gas.the dispersion in-the’atmosphere will dominate, |for
example similar to dispersion of cigargtte smoke(JFor larger releases of lighter than air gas
thel stage may eventually be reached, especially.in-low” wind conditions, when the relegase
bugyancy is significant and the release will lift.eff from the ground and disperse like a plume,
for| example similar to the plume from a_.large bonfire. For vapour releases from a liquid
surface the vapour buayancy.and local aifmevement will dominate the dispersion behaviouy.

=N

In |all cases, where, there is adequ\ate fresh air for dilution of a release to very small
concentrations (i.e~well below the LKL), the diluted gas or vapour will tend to move along With
thel general mass of‘the air andlexhibit'neutral behaviour. The exact concentration where slich
nelitral behaviour is\reached.will depénd on the relative density of the gas or vapour to ir.
For greater relative density_differences a lower concentration of the gas or vapour is requifed
for|neutral behaviour,

C.3.2 Effectiveness of ventilation

The¢ most impc}tant 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
thel ametint 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 explodive
atnposphere. With a sufficiently high effectiveness of ventilation for a given release rate, the
extent of the hazardous zone may be so reduced to be of negligible extent (NE) and be
considered a non-hazardous area.

Cc.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);

¢ 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.3.4 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

infl

uence of geometry.

Th
the)

Fo
cal

ETIOW 10 transport away the gas should be assessed primarily based on an assessment of
ventilation for indoor situations, or by flow caused by the wind for outdoor situations.

indoor situations the flow or ventilation velocity may be based on an average flow velogity
sed by the ventilation. This may be calculated as the volumetric flow of dir/gas mixture

div

ded by the cross section area perpendicular to the flow. This air velocity. should |be

different objects. Computational fluid dynamics (CFD) simulation is recommended if particylar

de
the

Fo
asy
car

Ve
fac
are

reched by a factor due to inefficiency of the ventilation or due-to flow being obstructed|by

ail or accuracy is needed to get an estimate of the ventilation velogity in different partg of

room under consideration. ~ \
N\

~

naturally ventilated enclosures and for open areds,) the*ventilation velocity should |be
essed as the velocity that is exceeded 95 % of\the time{)The availability of this ventilatjon
be considered to be ‘fair’. (&1

ntilation velocity for open areas may be based anjywind speed statistics using a reductj:on
tor considering the reference height applied for.any-weather statistics. Published vallies
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.d.

ver
As

in a process area with a lot of structufés, piping and process equipment, the effecfive
tilation velocity could. typically be-as |owas 1/10 of the free flow velocity above the plant.
sessment could.also bemade by measurement of the velocity in some locations around the

plaht and comparing these to’the published figures. Computational fluid dynamics (CFDJ} is

als
col

b recommended for.any complex-plant where there are a number of equipment items that
Id affect localised air movement.

»

\

Lig
th
th
th

ter than air-gasestend-to move upwards where the ventilation normally will be better, and
buoyancy may-alsoitransport the gas away. This may be taken into account by increasjng
effective_ventilation velocity for such releases. For releases with a relative density of Igss
n 0,8,-it is normatly considered safe to assume that the effective ventilation velocity i at
t 0,5 mis_in-outdoor situations. The availability of this minimum ventilation can |be

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,,)

Type of outdoor locations Unobstructed areas Obstructed areas
Elevation from ground level <2m >2mup >5m <2m >2mup >5m
to5m to5m

Indicative ventilation velocities for
estimating the dilution of lighter than air 0,5 m/s 1 m/s 2 m/s 0,5 m/s 0,5 m/s 1 m/s

gas/vapour releases

Indi jes for
estimating the dilution of heavier than air 0,3 m/s 0,6 m/s 1 m/s 0,15 m/s | 0,3 m/s 1 /s
gap/vapour releases

Indicative ventilation velocities for
esftimating the liquid pool evaporation > 0,25 m/s > 0,1 mi$
rafe at any elevation

Gdnerally, values in the table may be considered with an availability of ventilation fair (see D.2);

Fof indoor areas, the evaluations should normally be based on an assumed Mminimum-\air §peed of 0,05 m/s,
which will be present virtually everywhere. Different values may be assumed in particular'situations”(e.g. close|to
thg air inlet/outlet openings). Where ventilation arrangement can be controlted,\minjimaum ventilation velocity may
be|calculated. v )

C.3.5 Assessment of the degree of dilution

The degree of dilution may be assessed by using the chart in Figure C.1:

Loala)
i

TOEHY—thy

Dilution < R
high ‘

S

=

\Lantilatl
Atrat

v

/

Dilution
medium

Dilution
1

0,01 /

0,001
0,001 0,01 0,1 1 10 100
Release characteristic Wy/ (pg x k x LFL) (m3/s)

IEC

Figure C.1 — Chart for assessing the degree of dilution
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Where

Wg s
— is a characteristic of release in (m®/s);
Pyg kLFL ( )

_PaM s the density of the gas/ kg/m3);
pg_W is the density of the gas/vapour (kg/m?);

a

k is the safety factor attributed to LFL, typically between 0,5 and 1,0.

The¢ degree of dilution is obtained by finding the intersection of respective/values displayed
hotizontal 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 intersectic@ pQint lef{ to
thel curve implies an even smaller flammable volume.

In joutdoor locations where there are no significant restrictions to-air flow;. the degree| of
dilytion should be classified as medium if the condition for-high djlutfon\is not met. A low
deiree of dilution will not generally occur in open air situations.\Situations \where there pre
restrictions to air flow, for example, in pits, should be considefetf in the”same way as|an
englosed area. D

For indoor applications users should also assess, the backgr’oimd concentration in accordance
with C.3.6.2 and if the background concentration'\excéeds 25/% of the LFL the degreel of
dildtion should generally be considered as low,

C.3.6 Dilution in a room

C.3.6.1 General ’
N
Dilpition may occur by eitherthe exchange of fresh air that dominates the release of the gaq or
vapour or by having sufficient ‘volume “to allow the gas or vapour to disperse to a |ow
concentration even with.minimal fresh air. In this later case the volume available for dilufjon
mujst be high with respect tothe anticipated volume of the release.

For a jet release of gas, (%ution may occur even without any local air movement dueg| to
entLainment of air.in the expanding jet. However if a jet is impeded due to impact on neafby
objects then the abilitycfor self.dilution is greatly reduced.

A
The degreeof ‘dilution “ean also be assessed by assessment of the average backgroynd
conjcentratiorJof the flammable substance (see C.3.6.2). The higher the ratio of release rpte
against the _ventilation rate the higher will be the background concentration X,, and the loyer
will be thedegree of dilution.

In assessing-backgreund-concentration-the—releaserate—ventilationrate—and-efficiency-fadtor
must be carefully selected to take into account all relevant factors considering an appropriate
safety margin. The ventilation efficiency factor should recognize if there is a possibility of
recirculating or impeded air flow in a space which may reduce the efficiency compared to a
good air flow pattern.

A zero background concentration should be considered only outdoors or in regions with local
extraction ventilation which controls the movement of flammable substance near the source of
release. 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
which a gas detector is set to alarm.

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

Consideration of background concentration and the extent of possible zones around sources
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 good practice to have multiple small hazardous areas within an enclosed
area generally classified as non hazardous. Also, it is not good 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
empodies the effects of ventilation. Background concentration is theimean concentration of
flaljnmable substance within the volume under consideration (roomdor building) after ‘a perfod
of {ime during which a steady state has been established between the release ‘and the flow of
airlinduced by ventilation. \

x

Copsideration of the background concentration then provides 4 \measure for assessjng
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 (vol/vol) concentration’may be assessed aS’: ‘

fXQg _ fXQg

0y + 01V 0, (vol/vol) (@.1)

Xp =

and the air change frequency.and ventilatien flux are related by:

=N
A\

04 = Cry (ms /SJ

Th¢ average background Bgn\centration Xp which is ultimately achieved depends on the
relative magnitude. of\ source and ventilation fluxes, but the timescale over which thiqg is
achieved is inversely\p\)rqportional to the air change frequency.

The factorfis a measure of the degree to which the air in the enclosure outside of the release
zone is well mixed and can be considered as follows:

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 backgroynd
concentration.

f>I; _there's a gradient of background concentration in the room due to inefficient mixing,
and the outlet is distant from the release itself, so that the concentration at the outlet
is smaller than the mean background concentration. f may be between 1,5 for mildly
inefficient mixing and 5 for very inefficient mixing.

Given the origin of the cases =1 or f>1, this value may be denoted as a safety factor related
to the inefficiency of mixing (as progressively larger values reflect progressively less efficient
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
maximum ventilation (see C.5).

NOTE Ventilation alone which describes how air enters the room has little to say about the expected hazardous
volume. That depends on how the gas, or vapour and air are distributed within the room, i.e. on dispersion.
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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) of ventilation needs to be taken
into consideration when determining the type of zone.

Three levels of availability of the ventilation should be considered (see Table D.1):

e good: ventilation is present virtually continuously;

o |fair: ventilation is expected to be present during normal operation. Discontinuitiés: pre
permitted provided they occur infrequently and for short periods;

e |poor: ventilation which does not meet the standard of fair or good,’but discontinuities pre
not expected to occur for long periods. \N\

Veptilation that does not even meet the requirement for poor availability ‘must 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 asse§si\ng their availability, ¢.g.
availability of natural ventilation indoors shall neyer be “considered\ as good becausg it
depends heavily upon ambient conditions, i.e. outdoor temperature~and'wind (see C.5). Ak a
maltter of fact, the availability of natural ventilation dependsxon how realistic the assessmgnt
of ndoor or outdoor conditions has been, i, \whether&the worst case scenario has bgen
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 betweeniindoor_and outdoor temperature appljed
for|calculation, the lower the level of availability interms.of diluting an explosive atmospher

L)

D

On|the other hand, artificial ventjlation that serves the areas exposed to explosion conditiTns
usually has a good availahility~because_it~incorporates technical means to provide for hjigh
degree of reliability. \

=N

A\
The level of availability should be ‘assessed as realistically as possible taking into accounf all
thel relevant factors. For outdoor«gasjet releases dilution will occur irrespective of the ambient
wind, and so the dispersion must be considered as being equivalent to good availability of
ventilation indoors.

C.3.7.2 Criteria er natural ventilation

In tase of.natural v\entilation, the worst case scenario shall be considered to determine the
ree of ventilation..Such a scenario will then lead to a higher level of availability. Generdlly,
forlany natufal-ventilation, a lower degree of ventilation leads to a higher level of availabflity
and vice versa. That'will compensate for too optimistic assumptions made in the procedurg of
estimating the degree of ventilation.

Th ; of
enclosed spaces, consideration of unfavorable conditions needs to be accounted for. l.e.
frequency and probability of occurrence of such situations. As an example, during hot and
windy summer days, two potential scenarios exist. In one scenario the indoor temperature
may be slightly above the outdoor temperature so that buoyancy induced ventilation may
hardly 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 result in
a more onerous classification. In another scenario, if only buoyancy is considered, then
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.
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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

Cc.41 Introduction

The following examples are intended to illustrate the interaction between_thelrelease| of
flagnmable substance and ventilation based on the principles outlined\in clause§'6 and 7. It is
important to understand that dilution is a complex process which takes ‘place either throygh
air| entrainment at the boundaries of a release jet, or through-mixing with air caused|by
ventilation flow or atmospheric instabilities. Usually, both mechanisis ‘are ’considefed
beg¢ause a jet eventually becomes a passive plume susceptible to ajitCmovement. Mixing with
air|generally does not happen uniformly throughout the ventilatedspace and the backgroilnd
concentration as the result of the mixing with air is just a very ro\uﬁh measure of the avergge
contamination of the volume under consideration.

In |a real ventilated space the ventilation arrangement ‘may not be adequate to dilute the
flajnmable substance uniformly. In practice the true,nature of) dispersion and dilution r:]ray
subpstantially deviate from the average results gbtained-_by calculation. The ventilaffon
arrangement, i.e. position of the inlet and outlet openings relative to each other and relativg to
soyrce of the release, may sometimes have greater. influence on the atmosphere than the
capacity of the ventilation itself. .

The examples below ‘tillustrate a few™ possible scenarios which may help in bejter
undlerstanding of the ventilation arrangements that may be suited for a particular situation.

C.4.2 Jet release‘in.alarge huilding

This example (see Figure 6\2)\ illustrates the conditions where there are a limited number of
soyrces of gasrelease in‘a-large space e.g. gas release from pipe fittings.
A gmall leak.in a pige\fitting would be expected to create a jet release with a high velocity if
the| pressure isthight The jet would self dilute and disperse even without much other appargent
airmovementiin.the building.

For 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|air
moyvement would suggest the degree of dilution is medium and the availability of ventilatiorlu is
fair-

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.


https://iecnorm.com/api/?name=01b5ffb28b7218c6668d1406fc5a189d

	Redline version 
	CONTENTS
	FOREWORD
	INTRODUCTION
	1 Scope
	2 Normative references
	3 Terms and definitions
	4 General
	4.1 Safety principles
	4.2 Area classification objectives
	4.3 Explosion risk assessment
	4.4 Competence of Personnel

	5 Area classification methodology
	5.1 General
	5.2 Classification by sources of release method
	5.3 Use of industry codes and national standards 
	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
	6.3.4 Liquefied by refrigeration
	6.3.5 Aerosols
	6.3.6 Vapours
	6.3.7 Liquid releases

	6.4 Ventilation (or air movement) and dilution 
	6.5 Main types of ventilation
	6.5.1 General
	6.5.2 Natural ventilation 
	6.5.3 Artificial ventilation
	6.5.4 Degree of dilution


	7 Type of zone 
	7.1 General
	7.2 Influence of grade of the source of release
	7.3 Influence of dilution
	7.4 Influence of availability of ventilation

	8 Extent of zone 
	9 Documentation
	9.1 General
	9.2 Drawings, data sheets and tables

	Annexes 
	Annex A (informative) Suggested presentation of hazardous areas
	A.1 Hazardous area zones – Preferred symbols
	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 zones
	D.1 General
	D.2 Estimating types of the zones 
	D.3 Estimating the extent of the hazardous zone

	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 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 to hazardous 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 A.1 – Preferred symbols for hazardous area zones
	Figure A.2 – Gas/vapour at low pressure (or at high pressure in case of unpredictable release direction)
	Figure A.3 – Gas/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 – 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 – Volumetric flow rate of fresh air per m2 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 – Hazardous distance (Example No. 2)  
	Figure E.6 – Degree of dilution (Example No. 3)
	Figure E.7 – Hazardous distance (Example No. 3)
	Figure E.8 – Zones classification (Example No. 3) 
	Figure E.9 – Degree of dilution (Example No. 4)
	Figure E.10 – Hazardous distance (Example No. 4) 
	Figure E.11 – Zones classification (Example No. 4) 
	Figure E.12 – Degree of dilution (Example No. 5)
	Figure E.13 – Hazardous distance (Example No. 5)
	Figure E.14 – Enclosed compressor handling natural gas 
	Figure E.15 – Example of area classification for a compressor facility handling natural gas (elevation)
	Figure E.16 – Example of 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 material 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 openings on grade of release hazardous zones on openings as 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


	International Standard
	CONTENTS
	FOREWORD
	INTRODUCTION
	1 Scope
	2 Normative references
	3 Terms and definitions
	4 General
	4.1 Safety principles
	4.2 Area classification objectives
	4.3 Explosion risk assessment
	4.4 Competence of Personnel

	5 Area classification methodology
	5.1 General
	5.2 Classification by sources of release method
	5.3 Use of industry codes and national standards 
	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
	6.3.4 Liquefied by refrigeration
	6.3.5 Aerosols
	6.3.6 Vapours
	6.3.7 Liquid releases

	6.4 Ventilation (or air movement) and dilution
	6.5 Main types of ventilation
	6.5.1 General
	6.5.2 Natural ventilation 
	6.5.3 Artificial ventilation
	6.5.4 Degree of dilution


	7 Type of zone
	7.1 General
	7.2 Influence of grade of the source of release
	7.3 Influence of dilution
	7.4 Influence of availability of ventilation

	8 Extent of zone
	9 Documentation 
	9.1 General
	9.2 Drawings, data sheets and tables

	Annexes 
	Annex A (informative) Suggested presentation of hazardous areas
	A.1 Hazardous area zones – Preferred symbols
	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 zones
	D.1 General
	D.2 Estimating types of the zones 
	D.3 Estimating the extent of the hazardous zone

	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 to hazardous 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 A.1 – Preferred symbols for hazardous area zones
	Figure A.2 – Gas/vapour at low pressure(or at high pressure in case of unpredictable release direction)
	Figure A.3 – Gas/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 – 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 – Volumetric flow rate of fresh air per m2 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 – Hazardous distance (Example No. 2)  
	Figure E.6 – Degree of dilution (Example No. 3)
	Figure E.7 – Hazardous distance (Example No. 3)
	Figure E.8 – Zones classification (Example No. 3) 
	Figure E.9 – Degree of dilution (Example No. 4)
	Figure E.10 – Hazardous distance (Example No. 4) 
	Figure E.11 – Zones classification (Example No. 4) 
	Figure E.12 – Degree of dilution (Example No. 5)
	Figure E.13 – Hazardous distance (Example No. 5)
	Figure E.14 – Enclosed compressor handling natural gas 
	Figure E.15 – Example of area classification for a compressor facility handling natural gas (elevation)
	Figure E.16 – Example of 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 hazardous zones on openings as 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





