IEC 60079-10-1:2015-09(en)

IEC IEC 60079-10-1

o
®

INTERNATIONAL
STANDARD

Edition 2.0 2015-09

colour
inside

Explosive atmospheres —
Part



https://iecnorm.com/api/?name=083af0e3709318ef22d216b4ecb3316a

THIS PUBLICATION IS COPYRIGHT PROTECTED
Copyright © 2015 IEC, Geneva, Switzerland

All rights reserved. Unless otherwise specified, no part of this publication may be reproduced or utilized in any form
or by any means, electronic or mechanical, including photocopying and microfilm, without permission in writing from
either IEC or IEC's member National Committee in the country of the requester. If you have any questions about IEC
copyright or have an enquiry about obtaining additional rights to this publication, please contact the address below or
your local IEC member National Committee for further information.

IEC Central Office Tel.: +41 22 919 02 11
3, rue de Varembé Fax: +41 22 919 03 00
CH-1211 Geneva 20 info@iec.ch
Switzerland www.iec.ch

About the IEC

The International Electrotechnical Commission (IEC) is the leading global organization th iblishes
Internatjonal Standards for all electrical, electronic and related technologies

About

The te ave the
latest eglition, a corrigenda or an amendment might have been published

IEC Ca A 8

The stand-alone application for i i ' i ry of electropic and

30 000 tegms and
equivalent terfns in 15

Technicpl Specifications, Technical Reports and other

documepts. Available for PC, Mac OS, Android Tablets and Integnational
iPad.

IEC puljlications search - www.iec.ch/searchpub g 3

The adyanced search enables to find IEC public els i i tries in
variety | of criteria (reference \ finitions
committee,. i¢ati i i . entries
and wit drawn publications. S i icati TC 37,
IEC Ju

Stay up| C
details igation or
also onde a month by email. need further assistance, please contact the Customer| Service

Centre: csc@iec.ch.

9,



mailto:info@iec.ch
http://www.iec.ch/
http://webstore.iec.ch/catalogue
http://www.iec.ch/searchpub
http://webstore.iec.ch/justpublished
http://www.electropedia.org/
http://std.iec.ch/glossary
http://webstore.iec.ch/csc
mailto:csc@iec.ch
https://iecnorm.com/api/?name=083af0e3709318ef22d216b4ecb3316a

IEC 60079-10-1

Edition 2.0 2015-09

INTERNATIONAL
STANDARD

colour
inside

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

INTERNATIONAL
ELECTROTECHNICAL
COMMISSION

ICS 29.260.20 ISBN 978-2-8322-2867-8

Warning! Make sure that you obtained this publication from an authorized distributor.

® Registered trademark of the International Electrotechnical Commission


https://iecnorm.com/api/?name=083af0e3709318ef22d216b4ecb3316a

-2- IEC 60079-10-1:2015 © IEC 2015

CONTENTS

O T O I S 6

LN I 75 16 L@ N 1 ] S 9

1 Yoo ] o1 YOO 10

2 NOIMAtiVE FEFEIENCES .. oeeii e e 10

3 Terms and definitioNs ... e 11

€ =Y 1= - Y PP 15
4.1 Safetyprinciptes————"

4, Area classification objectives
4, Explosion risk assessment............cocoiiiiiiiiiiiiii,
4. Competence of Personnel.........ccooooiviiiiiiiiiiiiii e o\

5 rea classification methodology ..o G-\ Y
5.1 General.....ooiiiii e e R T
5.2 Classification by sources of release method......< ...\ - ARG e N eemeeneenaennnsd
5.3 Use of industry codes and national standards
5.4 Simplified methods ... TN D e e
5.5 Combination of methods ....................

6 Release of flammable substance
6.1
6.2
6.3

6
6
6
6
6
6
6
6.4
6.9
6
6
6
6] 54 Degree of dilution ...

7 Typeofzore——
71 L= a1 =Y S 26
7.2 Influence of grade of the source of release ... 26
7.3 INfluence of dilULION.. ... e e e 27
7.4 Influence of availability of ventilation..............ooi i 27

8 EXIENt Of ZONE oo 27

9 DO CUM BN AT ON L. e 28
9.1 GBI AL e 28
9.2 Drawings, data sheets and tables ..., 28

Annex A (informative) Suggested presentation of hazardous areas...............ccoceeeiiiinnnnn.n. 30
A1 Hazardous area zones — Preferred symbols..........cccoiiiiiiiiiiiii e, 30

A.2 Hazardous area suggested Shapes ..o 33


https://iecnorm.com/api/?name=083af0e3709318ef22d216b4ecb3316a

IEC 60079-10-1:2015 © IEC 2015 -3-

Annex B (informative) Estimation of sources of release..........ccoooiiiiiiiiiii 35
B.1 377001 o Yo - PN 35
B.2 Examples of grade of release. ... ..o 35

B.2.1 GNETAL ..t 35
B.2.2 Sources giving a continuous grade of release..........ccoooooiiiiiiiiiii 35
B.2.3 Sources giving a primary grade of release ..........ccccooiiiiiiiiii i 36
B.2.4 Sources giving a secondary grade of release..........cooeiiiiiiiiiii i 36
B.3 Assessment of grades of release ...

B.4 SUMMALION Of FEIEASES ...uiviiiii e

B.5 Hetesizeandsotrceradits 70—

B.6 Forms of release......c.coouviiiiiiiiiiii e [ NG B

B.7 Release rate .....coooveiiiiii e o N
B.7.1 General oo GO N D GE DN N
B.7.2 Estimation of Release Rate ...........ccooiiiiiin oo NN RGN L
B.7.3 Release rate of evaporative pools

B.8 Release from openings in buildings................... OGN\
B.8.1 General cooooviiiiii T e XN NG
B.8.2 Openings as possible sources of relegse ,-
B.8.3 Openings classification...............

Annex C (informative) Ventilation guida

C.1 Symbols.....coooiii NG N

C.2 General....cooooiiii AT NG

C.3 Assessment of ventilation and di

.3.1 General
Effectiv

O 0 000 NOO0OO0OO0OO0O0 0 ¢

18 Fugitive emissions
c4a.7 Local ventilation-extraction ....... ..o 59

C.5 Natural Ventilation in buildings.......c.ooouiiii e 60
C.5.1 GBIl e 60
C.5.2 Wind induced ventilation ... ... 60
C.5.3 Buoyancy induced ventilation.............cooiiiii i, 61
C.54 Combination of the natural ventilation induced by wind and buoyancy ........... 63
Annex D (informative) Estimation of hazardous zones...........cccooiiiiiiiiiiii i, 65
D.1 LY o= = | 65
D.2 Estimating types of the ZONes ... 65
D.3 Estimating the extent of the hazardous zone..............cooi 65

Annex E (informative) Examples of hazardous area classification ..................coooiii. 68


https://iecnorm.com/api/?name=083af0e3709318ef22d216b4ecb3316a

-4 - IEC 60079-10-1:2015 © IEC 2015

E.1 LY o= = | 68
E.2 = 01 ] 1 68
E.3 Example case study for area classification..............ccooooiiiiiii i 83
Annex F (informative) Schematic approach to classification of hazardous areas .................. 93
F.A1 Schematic approach to classification of hazardous areas..............c.ccociiiin. 93
F.2 Schematic approach to classification of hazardous areas..............cooceeviiiiiiiinnnn.. 94
F.3 Schematic approach to classification of hazardous areas..............ccceeiiiiiiiiinnnn.. 95
F.4 Schematic approach to classification of hazardous areas..............c.ccociiiin. 96
Annex G (informative) Flammable mistS........ccooiiiiiiii e 97
Annel H T{IforMatiVe) HYUTOGEN ..o e e maee e eenenreige deeeen 99
Annex | (informative) Hybrid mixtures ..o N T N ...101
1.1 GENEIAL. .. i ) NG ... 101
1.2 Use of ventilation ... D .J... 101
1.3 Concentration mits .......oooeiiiiiiiii e DN D NG N e ... 101
1.4 Chemical reactions ..o AN\ e N TN e e ...101
1.5 Energy/Temperature limits ........cocoooiiiiii i O o O U S e ) e e eneenna ...101
1.6 Z0oning requiremMents .. ..o e NG yer e e\ e Yt ...101
AnneX J (informative) Useful equations in support tqg .102
J.1 General.....cooooiiii Ak YL ...102
J.2 Dilution with air of a flamm ¢ .102
J.3 Estimate of the time required te dilt{e a 3 o y ...102
Annex K (informative) Industry codes dnd national ...104
KA General. oo e N N0 s NN e ..104
=71 o]1TeT [ =T o] 1|2 PRUTRUPRUPRUUIUUII NP N SURUTI N N AP U R UPEUPRPRPRPIPPRN 106
Figurg A.1 — Prefetxe Area ZONES ...ovnieneeeeeeieeeieeeeeeeeeeeeee e 30
Figurg A.2 — Gaﬁ sureNor at high pressure in case of unpredictable
release dir€Ction) .. < . et A N et e e et et ettt et e e e e e et e et e et e et e e s e e e eneeteeteeseesnenneeneenesdianns 33
Figurg A.3 — Gasfvapo i {01 YRR R 33
Figurg A.4 —Li : T PP VRTPVPRUPRPTIY NP 34
Figure bie NiquidMnon boiling evaporative pool)..........coooviviiiiiiiin e 34
Figure B. £ = Y P RSP 40
Figurg B.2 — O ic evaporation rate of liquids ... 45
Figurg C,1 ="Chart fOr assessing the degree of dilution...............coooiin e 52
Figurg €.2 — Self diffusion of an unimpeded high velocity jet release ................ccccccoo ). 57
Figure C.3 — Supply only ventilation ... 58
Figure C.4 — Supply and extraction ventilation ... 58
Figure C.5 — Local extraction ventilation ... 60
Figure C.6 — Volumetric flow rate of fresh air per m2 of equivalent effective opening
= 1= I PP PPPRPRY 63
Figure C.7 — Example of opposing ventilation driving forces ..........ccocooiiiiiiiiiiiiiiie e, 64
Figure D.1 — Chart for estimating hazardous area distances ...........c...cooviiiiiiii, 66
Figure E.1 — Degree of dilution (Example NO. 1) ... 69
Figure E.2 — Hazardous distance (Example NO. 1) ..., 70
Figure E.3 — Zone classification (Example NO. 1) ..o, 70

Figure E.4 — Degree of dilution (Example NO. 2) ... 72


https://iecnorm.com/api/?name=083af0e3709318ef22d216b4ecb3316a

IEC 60079-10-1:2015 © IEC 2015 -5-

Figure E.5 — Hazardous distance (Example NO. 2) ..., 73
Figure E.6 — Degree of dilution (Example NO. 3) ..., 75
Figure E.7 — Hazardous distance (Example NO. 3) .....oiriiiiiiie e, 76
Figure E.8 — Zones classification (Example NO. 3) ... 76
Figure E.9 — Degree of dilution (Example NO. 4) ... 78
Figure E.10 — Hazardous distance (Example NO. 4) .......ccoiiiiiiiiii e, 79
Figure E.11 — Zones classification (Example NO. 4) ..., 79
Figure E.12 — Degree of dilution (Example NO. 5) ... 82
Figure E3—Heazardotwsdistancetbxampte N6+ im i - 83

Figurg E.14 — Enclosed compressor handling natural gas ..............cocoooo oo G 7 85

Figurg E.15 — Example of area classification for a compressor facility
gas (glevation) .. ... o NN - e D N e 91

Figurg
gas (g
Figure

E.16 — Example of area classification for a compressor facili

Figure
Figurg
Figurg

Table
list an

Table S
[EY =TT (<L U U A U N OO

Table|B.1 — Suggested h
Table|B.2 — Effectaf hs
Table|C.1 - Indic<;>a

Table

Table

Table
list an

Table



https://iecnorm.com/api/?name=083af0e3709318ef22d216b4ecb3316a

-6 - IEC 60079-10-1:2015 © IEC 2015
INTERNATIONAL ELECTROTECHNICAL COMMISSION
EXPLOSIVE ATMOSPHERES -
Part 10-1: Classification of areas —
Explosive gas atmospheres
FOREWORD
1) Th prising
aII gromote
idlds. To
this end and in addltlon to other activities, IEC publishes International 3 i¢ations,
Publicly Available Specifications (PAS) and Gui to as “IEC
i ; erested
d non-
closely
ned by
ational
rom all
ational
of IEC
or any
cations
rgence
i¢ated in
latter.

5) IEC] itself does formity
asspssment sery for any
seryices carried O

6) All

7) No rts and
mer| hage or
othé s) and
exp er IEC
Pub

8) Attq fions is
indi

9) Attg bject of
patent rights. IEC shall not be held responsible for identifying any or all such patent rights.

Internbteoral—Standard—EC606649140-1 as—been—prepared—by—subeommittee! 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 resp
the previous edition are as follows:

ect to
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Type
M;:gr Major
Changes Clause o . Extension | technical
editorial
changes
changes
Complete restructuring and dividing into
sections to identify possible methodologies Main
for classifying hazardous areas and to | body of X X X
provide further explanation on specific | the text
assessment factors
Introflucing new terms and the definitions 3 ﬁ(\
N
Introgucing clauses for alternative methods 5 %
of area classification (
Updating examples for presentation of
hazafdous area classification Annex A \ K

Complete re-write with a new approach

based upon the degree of dilution in{ste\ad //Xw/ﬁég,g(

of th¢ degree of ventilation

x X
Upd4gting calculations for release rate Annex/Bf— \ \X> K
X

~—

Introjuced as a new Annex for ne - \_/ X
extents \&

Upd3ted with new exam
methjodology set forth i
and D

AN N
Upddte of the w chart justrat \an(/
areaj|classifica rotedure\by djvid i'| Annex F X
into four sections (\

Introfluced as a%W%Wen Annex H X

Introfluced SN WO” hybrid | A hex | X
mixttre{\ N

Introfluced § \ne/w Annex  with
Annex J X
supplementary’eguations

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 in the revised IEC
Standard, but they do not form an exhaustive list of all modifications from the previous version.
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nations:

Definitions

Minor

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

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

Extenjsion addition of technical options

Thesd
new o

Major]

Thes¢

NOTE
have a

The te

Full in
voting

This p

A list
be fol

The ¢
the sf
relate

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

technical changes addition of techhisal xequirements
increase of technjcagduirements

\%{M on voting
3N25§EDE\ 3\/31J/256/RVD

formation@ve oting/forthé
indicated i eQ :

provdl of this standard can be found in the rep

ublication Kas Kee cordance with the ISO/IEC Directives, Part 2.

pf all p 079 series, under the general title Explosive atmosphere
ng’onth

bmmittee ecided that the contents of this publication will remain unchange
ability—dateNndicated on the IEC website under "http://webstore.iec.ch" in thg
 to the specific publication. At this date, the publication will be

y that

ormally

ort on

S, can

H until
data

* reconfirmed,

* withdrawn,

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

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

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

IMPORTANT - The 'colour inside’ logo on the cover page of this publication indicates
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.

that
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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.

@C@
o
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EXPLOSIVE ATMOSPHERES -

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

of areas WHere nmabie gas or
s to support

astrophic failures or rare malfunctions whic mality

alt with in this standard (see 3.7.3 and 3.7 .49;

pd for

also

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

For th thisy standard, an area is a three-dimensional region or space.

Atmogphéric conditions include variations above and below reference levels of 101,B kPa
(1 013maryanmd—20—"C <293 K), providedttrat the variations rave a negtigibte effecton the
explosion properties of the flammable substances.

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

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

2 Normative references

The following documents, in whole or in part, are normatively referenced in this document and
are indispensable for its application. For dated references, only the edition cited applies. For
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undated references, the Ilatest edition of the referenced document (including any
amendments) applies.

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

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

3 Terms and definitions

For tH

follow|ng apply.

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

3.1
eprorive atmosphere

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

f gas,

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

3.2
explorive gas atmosphere
mixtune with air, under atmospheric condiij \mab bstances in the form of gas or

vapour, which, after ignition, permits s¢ e propagation

Note 1 [to entry: Although a m
explosiye gas atmosphere, it ca
to consjder it as an explosi

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

acetylehe, CAS no. 6-2, gnie, CAS no. 689-97-4, C,H,; 1-propyl nitrate (vapouf), CAS
no. 627-13-4, CH, ( apour), CAS no. 1712-64-7, (CH;), CH ONO,; ethyleng oxide
(vapouf), CAS no. 75-21

Note 2 [to entry: Th“ are 3 vhich are explosive with the concentration of 100 f4 (e.g.

[SOU

3.3
hazar,

3.31
hazar,
an arg¢a in which arf explosive gas atmosphere is or may be expected to be presgnt, in
quantEes such as to require special precautions for the construction, installation and lise of
equiprment

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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3.34

zone 0

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

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

3.3.5

zone 1
an area in which an explosive gas atmosphere is likely to occur periodically or occasionally in
normgt upcldiiun

3.3.6
zone P
an arga in which an explosive gas atmosphere is not likely to occur\in N but, if
it does occur, it will exist for a short period only

Note 1 fto entry: Indications of the frequency of the occurrence and dufation } om codes relfting to
specifiq industries or applications.

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

3.3.7
extent of zone
distance in any direction from the source
by air|to a concentration below the lowg

& gas/air mixture will be diluted

3.4

releages

3.41

source of releas

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

[SOURCE: IEC 6 3¢03-06, modified (addition of "mist")]

3.4.2

contiJ\u QUS U
relea

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

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

3.4.4

secondary grade of release

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

3.4.5

release rate

quantity of flammable gas, liquid, vapour or mist emitted per unit time from the source of
release
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3.5
ventilation and dilution

3.5.1

ventilation

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

3.5.2

dilution

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

3.5.3
dilution volume
the vdlume in the vicinity of a source of release where the concentpah
vapoufr is not diluted to a safe level

jas or

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

3.54
backdground concentration

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

under considdration

3.5.5
volunje under consideration
the vglume served by the ventilation in/the vicini elease being considered

Note 1 [to entry: For an encldgsed\ spa W ire room or part of a larger space whgre the
considgred ventilation will dilutesxthe ga v source of release. Outdoors, this is the [volume
around|a source of release | q i ure_could form. In congested outdoor places this volumle could
be dictgted by the partial e

3.6
properties of fla
3.6.1
flam

subslt-l

mist

pur or

3.6.2
liquid [capable®of p DNS

andled

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

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

pressure and

3.6.8
flashpoint

lowest liquid temperature at which, under certain standardi qdid givles off
vapours in a quantity such as to be capable of forming an ignitakle va

3.6.9
boilinlg point
tempdrature of a liquid boiling at an a

alue of
without

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

3.6.10
vapoyr pressure
presslire exerted whe

Note 1 [to entry: Tk S
function of the substance

3.6.11

It is a

lowes
IEC 6
air

ng to
e with

[SOU

3.6.12
lower flammable Iimit (LFL)

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

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

3.6.13

upper flammable limit (UFL)

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

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

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

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

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

3.7.2
routire maintenance
action| to be performed occasionally or periodically in normal operation qtain proper
performance of equipment

3.7.3
rare malfunction
type df malfunction which may happen only in rare instancg

Note 1 |to entry: Rare malfunctions in the context of this standard incliqe separate and indepgendent
procesg controls, that may be either automated or manual, thaf co i hra events that would|lead to
major release of flammable substance.

Note 2 to entry: Rare malfunctions could als¢ intlude, at are not covered by tHe plant
design |such as unexpected corrosion that results\in“a . Where releases due to corrosion or|similar
conditigns may or could reasonably be expected\as p fons then this is not considerg¢d as a
rare mglfunction.

3.7.4
catastrophic failure

an ocg¢urrence which e
resulting in a release

ystem

Note 1 fo entry: Ca Euch as
the rupjure of a process 4 flange
or seal

4 G

4.1

Install
const

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

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

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

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

b) eliminate the source of ignition.

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

4.2 [Area classification objectives

Area ¢lassification is a method of analysing and classifying the en losive
gas almospheres may occur, so as to facilitate the proper selectj 8 ration
of eqyipment to be used safely in that environment. The classi |ca'n also t i count
the ignition characteristics of the gas or vapour such ignition
tempdrature. Area classification has two main objectives, 1 Df any
hazargous zone, and the extent of the zone (see 7 and

NOTE | Selected characteristics may be designated for equi 9. dgni gy and temperature fatings,
see |IE¢ 60079-20-1.

In mogt practical situations where flammabl a ed, it is difficult to ensure that
an explosive gas atmosphere will neve ay also be difficult to ensur¢ that
equipment will never give rise to a (sou ign Therefore, in situations whgre an
explogive gas atmosphere has a high_ i G Qf “accurring, reliance is placed on|using
equipment which has a Ig K : purce of ignition. Conversely, whefe the
likelihpod of an explosive ; e ing is reduced, equipment constructefd with
less rigorous requireme :

In particular, zo@o s should’be minimized in number and extent by design or
suitablle operating P : ther>words, plants and installations should be mmainly
zone fiere release of a flammable substance is unavoidable, prlocess
equipment |tems hould i those which give secondary grade releases or, failing
this (that is where pri antinuous grade releases are unavoidable), the releases ghould
be of|very Iini W i . In carrying out plant design, these principles ghould

receivie pfim i . Where necessary, the design, operation and location of process
equipme § i i
substrnce reteas
hazarflous area:

d \intovthe atmosphere is minimized, so as to reduce the extent pf the

Once |[a\plant has been classified and all necessary records prepared, it is important that no
modification to equipment or operating procedures 1s made without reierence 1o those
responsible for the area classification. The classification should be updated for any plant or
operational changes. Reviews should be carried out during the life of the plant.

4.3 Explosion risk assessment

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

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

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

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

4.4 Competence of Personnel

The area classification should be carried out by those who understand the relevance and
significance of the properties of the flammable substances, principles of gas/vapour
dispelnlsion and those who are familiar with the process and the equipment. It ¢mpy be
beneficial for other engineering disciplines, e.g. electrical and mechani \gi g, and

personnel with specific responsibility for safety to be part of and haye . area
classification process. The competency of the person shall be relgva of the
plant pnd methodology used for carrying out the area classification. App i nuing
education or training should be undertaken by personnel on a rggute i ined.

NOTE | Competency can be demonstrated in accordance with a traind vant to

national regulations or standards or user requirements.

5 Area classification methodology

5.1 [General

It is rgrely possible by a simple examination of =N o plant design to decide which parts of
the plpnt can be equated to the three z0 i ones 0, 1 and 2). A more degtailed
approgch is therefore nece i he“vanalysis of the basic possibility| of an
explosi i

In defermining
duratipn of the
prima

ble gas or vapour may occur, the likelihood and
i accordance with the definitions of contigquous,
ase. Once the grade of release, the releaseg rate,

conce her factors are assessed there is then a firm|basis
on whi : § ely-presente of an explosive gas atmosphere in the surroynding
areas extent of the hazardous zones.

This § efore xXequires detailed consideration to be given to each item of process

equipmen ntains \a substance flammable by itself or due to process conditiong, and
which 3

Subclauses 5.3 to 5.6 give guidance on options for classifying areas in which there may|be an
explogive .gas atmosphere. An example of a schematic approach to the classificatjon of

hazardousareas s givernm imATMEX -

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.

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

e Idéntify sources of release;

e Dgtermine the release rate and grade of release for each source baged luency
and duration of release;

e Asgsess ventilation or dilution conditions and effectiveness;

o Dgtermine zone type based on grade of release and ventila SS;

e Ddtermine extent of zone.

Formylae relevant to determining the release rates acifie ind in
AnneX B. These formulae are generally accepted as idi lating

Guidance on the assessment of ventilatio i i Other
forms|of assessment, e.g. computationg rovide

a goof basis for assessment in some(situations; priate
tool when assessing the int ' ultct

In all cases the assess fools used should be validated as suitable of used
with gppropriate cauti e assessment should also understarnd the

Iimitajions or requtrem 8 > adjust the input conditions or results accondingly
to engure appro )

5.3 MUseofind

Indusfry code ional standards may be used where they provide guidance or examples
appropriate to Rlicati d comply with the general principles of this standard.

Anney K identifias some felevant industry codes and national standards that may provide
furthel detail asywell as examples.

5.4 Simplified methods

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

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

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

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

5.5 Combination of methods

The use of different methods may be appropriate for classification of a plant at various stages

f't | 1 1 £ H r's £ 4+l 1 %
O I S HT VEUTUMITITTILU UT TUT vVAarivuo pdarto UT aic yiarit.

For example, at the initial conceptual stage of a plant the simplifie ny be
appropriate to set out the equipment separations, plant layout and\ plant\boundaxies| This
might[(be the only method that could be applied due to lack of d&tai > Ces of
releage. As the plant design proceeds and detailed data is avaitableNon\thexpoteatiat'squrces

of release, the classification should be upgraded using \@ morg d ’methpd of
assespment.

In some cases the simplified method can be app ent in
sections of plant (e.g. sections of piping with flanges, (s0ch .as ks) while applying a
more |detailed assessment to the more signifigant \potential so relief
valveg, vents, gas compressors, pumps aqnd the )

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

6 Release of flammakb

6.1 [General

The r¢lease rate@ 3 8 _Suik se Is the most important factor that affects the pxtent

of a zpne.

Genetally, thek

NOTE |Experience has shown\that a release of ammonia, with a LFL of 15 % by volume, will often d{ssipate
rapidly fin th \ IR

An infroductio 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-ofrelease

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
recognized that the opening-up of parts of enclosed process systems (for example, during
filter changing or batch filling) should also be considered as sources of release when
developing the area classification. By means of this procedure, each release will be graded

H ‘ H [ H ’ ) ’
continuous primaryv._or Qn(‘f\nf’lﬂl"\l
elther 1 Y Y

NOTE Releases may form part of process, e.g. taking samples, or may occur as paripf a routing mainfenance
proced S idental
release

NOTE 2 amm 3 q primary
grade release, but a larger release could occur under abnormal operation; { giving grade
release & i ibed in
this sta

Havin e the

If the eIe is/small’, for example,| labo-
ratory|use, whilst a potential explosioh conditiQ ay<exist, it may not be appropriate {o use
this afea classification procedure. In s S sHall be taken of the parficular
factor$ involved.

The area classification of/pro i ich a flammable substance is burng¢d, for
example, fired heater 3 i bines etc., should take into account any
purgelcycle, start-up apchshutcdown it

In some cases g S tems where specific construction codes ale met
can b¢ accepted as gf \ting>and/or limiting releases of flammable substantes to

a negligible leakak gzardous area classification of such equipment or
install i gssment to verify the full compliance of the installation to
the r | i and operating standards. Verification of compliance ghould
consig gn, insta gration, maintenance and monitoring activities.

Mists which gh Jeaks of pressurized liquid can be flammable even though the|liquid
tempe \

6.3 Forms of release

6.3.1 General

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

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

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

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

e aliquid with an associated release of flammable vapour.

Releases from such plant items as pipe connections, pumps and compressor seals and valve
packings often start with a low flow rate. However, if the release is not stopped erosion at the
source of the release can greatly increase the rate of release and hence the extent of the
hazard.
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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
relative density and the vertical extent above the source will generally increase with
decregsimg Tetative dersity:

6.3.2

A ga n the
presslire at the point of release, e.g. pump seal, pipe connection © 5 area.
The ixi 5P valllmg air
moveinent will all influence the subsequent movement of an

In cal ss dense than air will
tend . [ ificantly
denser than air will tend to accumulate at groy i i iong, e.g.

0 mix
ificantly

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

escapgs, it expand initially behave as heavier than air. However,
the cqoling due is eventually offset by the heat supplied by the
air. The resulting ga iti

from
heavi n the
nature
NOTE exhibit
a heavi
6.3.3
Some|gases can bevliquefied by the application of pressure alone, e.g. propane and bltane,
and afedsually stored and transported in this form.

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

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

The cold aerosol cloud will act like a dense gas. A pressurized liquid release can often be
seen as the cooling effect of evaporation will condense ambient humidity to 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 Care-needs-to-be-taken-when-classifving-areas—containing—ocrogenic-flammable—-gases—such-astiquefied
) P 4

natural|gas. Vapours emitted will generally be heavier than air at low temperatures b become -neutrally
buoyanf on approaching ambient temperature.

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

An aefosol is not a gas, but consists of small droplets of ligui pplets

are fgrmed from vapours or gases under certain therdod flash
evapdration of pressurized liquids. The scattering of light wi cloud frequently
makes the cloud visible to the naked eye. The dispe bn the
behaviour of a dense gas or a neutrally buoyant gas. d rain
out o . m the
surroynding environment, evaporate 8 s see
Anney G).

6.3.6 Vapours

Liquids at equilibrium wj their

surfade. The pressure this\vapou S Bsure,
which|increases in a no <

The gdrocess ofo a s, for
example from the” liqii may
decrease the tempera liquid
tempgrature dué - 2 5 are
considered tgoNmaxgi g g of the
generpted vapouri rature

of thelliguithand tke sUIrro

6.3.7

The r¢leaseyof flammable liquids will normally form a pool on the ground, with a vapour|cloud
at thg liquid’s surface unless the surface is absorbent. The size of the vapour clodd will
depe ; ; nbient

temperature (see B.7.2).

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

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

Ventilation (or air movement) and dilution

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

ate of

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

A strye H ctept—openings—to—atow—free—passage of the

building is conS|dered in many cases to be weII ventllated and should open

air arga, e.g. a shelter with open sides and rooftop ventilation openings

Dispefsion or diffusion of a gas or vapour into the atmosphere |s 3 sing the

concentration of the gas or vapour to below the lower flammabl

Ventil

a) Tqi

b) Tg pfluence the type of a
zone.

With increased ventilation or air mov uced.

Obsta zone.

Some| obstacles, for example, dykes bur or

gas m

NOTE Increased air moveme ipn from

open liquid surfaces. Howeper the Felease

rate.

For lgw velocits vapour dispersion in the atmosphere increases

with wind speed, b ¢ conditions layering of the gas or vapour may|occur

and tHe distance fok 5afe disp&rsal can Ye greatly increased.

NOTE P ons to ventilation such as large vessels and structures, even at Idqw wind

speeds uch obstructions thus forming pockets of gas or vapour without syfficient

turbule

In nofmal practise; dency of layering is not taken into account in area classification

because the ¢o dltlo s which give rise to this effect are rare and occur only for short pgriods.

Howeyer, ifsprolonged periods of low wind speed are expected for the specific circumgtance

then thesextent of the zone should take account of the additional distance required to a¢hieve

dispersign.

6.5 Main types of ventilation

6.5.1 General

The two types of ventilation are:

a) natural ventilation;

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

6.5.2

Natural ventilation

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

Exam

ples of natural ventilation:

e an open building which, having regard to the relative density of the gases and/or vapours
involved, has openings in the walls and/or roof so dimensioned and located that the
ventilation inside the building, for the purpose of area classification, can be regarded as

€q

uivalent to that in an open-air situation;

e a building which is not an open building but which has natural ventilation (generally less
than that of an open building) provided by permanent openings made for ventilation

pu

Consi

may be a significant factor and so, ventilation should be arranged to\p
dilution.

Ventil

FpOSES.

yancy

ign and

ion of
red to

determine the degree of ventilation. Such a scenario_w 2 » Vel of

availa
ventil
which

ventilation.

There

ventilation openings are

unfav when the wind is blowing on
ventilated face of the enc)d moverment may prevent the operation
therm mstances the level of ventilation an

availa

6.5.3
6.5.3.
Air m

fans d
space

near
replag

With t

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

Particularly the case whe
of the enclosure. Under d

orf may also be provided by artificial means, for ex4d
ificial ventilation is mainly applied inside a room or en

B point—of release) and for both of these, differing degrees of air movemen
ement can be appropriate.

atural
versa
ree of

re the
ertain
o the
of the
d the

mple,
losed
ed or

action
t and

he use of artificial ventilation it is sometimes possible to achieve:

e reduction in the type and/or extent of zones;

e sh

ortening of the time of persistence of an explosive gas atmosphere;

e prevention of the generation of an explosive gas atmosphere.

6.5.3.2 Ventilation considerations

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

a) classification of the inside of the extraction system and immediately outside the extraction

Sy

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

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

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

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

b) proximity of the artificial ventilation to the source of release; artificial ventilation close to
th i i uately
cadntrol gas or vapour movement;

c) chlanges in gas density with temperature;

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

e) turbulence and circulating air patterns.

For mpre details see Annex C.

Consifleration should be given to the possibility (or (ng c lation of air |n the
ventilation arrangement. This may impact the baCtkgtound tration and effectivenpss of
the vgntilation system in reducing the 2a. es the classification [of the
hazargous area may need to be m ulation of air may alpo be
necespary in some applications e.g. 6 to provide for the negds of
personnel or equipment in high or low ambient\te ratures where supplemental cooling or

heating of the air is required. Where reciroutation needed then additional contrpls for
safetyl may also be requirede.g. na i

6.5.3.3 Examples ¢

General artificia ) ay\incldideNa building which is provided with fans in the| walls
and/or in the roo

The r¢ ing to
remov id the
dilutio jas is
transp some
outdo

Local

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

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

For more details see C.4.

6.5.4 Degree of dilution

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

The degree of dilution is a measure of the ability of ventilation or atmospheric conditions to
dilute a release to a safe level. Therefore a larger release corresponds with a 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
the direction and velocity of the release and of the surrounding volume of air.

Degrees of dilution depend not only on the ventilation, but also on the nature a d the-type of
the eXpected release of gas. Some releases, e.g. release with low veldcH i nable
to mitigation by enhanced ventilation with others much less so, e.g. . i i ocity.

The fgllowing three degrees of dilution are recognized:

a) High dilution

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

b) Medium dilution

STQul will be virtually no

The concentration is controlled regtlting in < ] i e is in
progress and the explosive gas atmosphere i ge has
stgpped.

c) Lgw dilution

THere is significant [ficant

persistence of a flammsa

7 Type of zoni

7.1 General

The likelihood of he\pre G [ i grade
of relg¢ase a i is is i ifi . i : zpne 0,
zone 1, \ ;

Wherg¢ zon zonal

classification,)the moxe severe classification criteria will apply in the area of overlap. YWhere
overlgpping-zones.are of the same classification, this common classification will noymally

apply.

7.2 Influence of grade of the source of release

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

a) continuous grade;

b) primary grade;

c) secondary grade.

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

The grade of release generally determines type of the zone. In an adequately ventilated area
(typical open air plant) a continuous grade of release generally leads to a zone 0


https://iecnorm.com/api/?name=083af0e3709318ef22d216b4ecb3316a

IEC 60079-10-1:2015 © IEC 2015 - 27 -

classification, a primary grade to zone 1 and a secondary grade to zone 2. This general rule
may be modified by considering the degree of dilution and availability of ventilation which may
result in a more or less severe classification (see 7.3 and 7.4).

7.3 Influence of dilution

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

degree of dilution will require a more severe classification (see Annex D)
7.4 |Influence of availability of ventilation
The ajvailability of ventilation has an influence on the presence or/fo losive
gas atmosphere and thus also on the type of zone. As availabili i bf the
ventilgtion decreases, the likelihood of not dispersing flammab{e a i S 5. The
zone ¢lassification will tend to be more severe, i.e. a zone 7 even
zone 0. Guidance on availability is given in Annex D.
NOTE | Combining the concepts of the efficiency of ventilatigh apd the\avallq ts in a
qualitative method for the evaluation of the zone type. This is fufther(explaineddn Anrex
8 Ektent of zone
The ¢gxtent of the zone depends on/the esti e ch an
explogive atmosphere exists before it dig lower
flammjable limit. Determjriation ¢ b el of
uncerfainty in the assess ' area
for spread of gas or v dvice
should be sought.
Consifleration sho;i an air
may flow into area evél (for example, pits or depressions) and that ja gas
whichlis lighter than ai ed at high level (for example, in a roof space).
Wherg the source ofy e situated outside an area or in an adjoining area, the |pene-
tration] of’a signifisant-quantity of flammable gas or vapour into the area can be prevented by
suitabfle :
a) physical barkiers;

NQTE, ‘An example of a physical barrier is a wall or other obstruction that will limit the passage of|gas or

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

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

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

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

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

Under some conditions heavier than air gases and vapours can behave like a 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 is rgcommended that the steps taken to carry out area classification and the informatign and
assunjptions used are fully documented. The area classification docuytnent §hquld>be a| living
docunpent and should include the method used for area classificati d be\re¢vised
durind any plant changes. All relevant information used should i
such information, or of a method used, would be:

a) repommendations from relevant codes and standards;

b) gqs and vapour dispersion characteristics and calgdlatioqs

substance re¢lease
d.

He properties of all process subg & sée IEC 60079-20-1), |which
may include:

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

(o}
-
—

e | molar mass
e | flash point
¢ | boiling point

e | minimum ignitio

e | vapour préiﬁr
e | vapour de

¢ | flammabilify\ims

e | equip ture class
A sugpes ar-the stibstances listing is given in Table A.1 and a format for recprding
the resqlts ¢ area\ classification study and any subsequent alterations is |given
in Tahle A2

The spurce of informdtion (code, national standard, calculation) needs to be recorded s¢ 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).

@C@
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 U
o O 00000 Q
OO0 00000

.

Zone 2
IEC

Figure 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.

Key

SR S¢urce of release

r,r’” Secondary ext

>
w)

stances betweegR

A.2— Gas/vapour at low pressure
e in case of unpredictable release direction)

ance

or

IEC IEC

Figure A.3 — Gas/vapour at high pressure
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\

T T
Ground !

IEC

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

Figure A.4a — Gas or vapour (liquefied under pres$§

NOTE | Liduid p comld be formed in case of spillage. In this case, an additional source of release c

considq

buld be

Ground

IEC

NOTE Source of spillage of flammable substance is not indicated.

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

Estimation of sources of release

B.1 Symbols

Ap pool surface area (m2);

Cyq discharge coefficient (dimensionless) which is a characteristic of the release openings
and—accounts—for theeffects—ofturbutence—amd—vistosity, typicatty 0;50to0;75 for
sharp orifices and 0,95 to 0,99 for rounded orifices;

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

v polytropic index of adiabatic expansion or ratio of specific h ;

M molar mass of gas or vapour (kg/kmol);

p pressure inside the container (Pa);

Ap pressure difference across the opening that lez

Pa atmospheric pressure (101 325 Pa);

Pe critical pressure (Pa);

(m3/s);

mass release rate of gas (kg/s);

£ 4 /L

bUIIIprbbiIUi“ty |K=19149J] \dilllb‘llbiullicbb).
B.2 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.

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
operation is expected.

Huring

s not
ormal

mable

B.3

A wrd e whole
proce . 3 S actice
it is not alwa

For e I ormal

opera sually

negle ¢ n the

assunll‘ption that the release will only last for short periods. This implies that a potelntially
i

ongoing.r€lease 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
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

will bg¢ releasing at the same time. Knowledge and experie ' ¢ Id be

used |to determine the maximum number of primary lease

simultaneously under worst conditions.

Secorldary grade releases are not expected to rele n At , gi bt it is

unlike]y that more than one secondary sQurce ime, argest

secondary release should be conside

The spmmation of sources of release x i ivi based

on defailed analysis of operating conditi ~ leases

(both mass and volumetricy:

o thI overall continugys release i

e the overall primarylreleass bined
with the oven@)

e the overall secop & H with

Wher , bstance is released from all of the release sources thg¢n the

relea d votumetric) can be summated directly.

Howe W elegses are of different flammable substances, the situation is| more

complex. ermination of the degree of dilution (see Figure C.1), the r¢lease

characteristics need 10 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 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
limited because it eventually results with overlarge zone extents. A carefully balanced
approfich is therefore needed when estumating the hole size.

NOTE [While the term ‘hole radius’ is used, most unintended holes are not round. In guch cas e icient of
discharge is used as a compensating term to reduce the release rate given a hole of gguivalent a

For cgntinuous and primary grades of release the holes sizes a {nex i nd the
shape| of the release orifice, e.g. various vents and breather valves € i pased
under| relatively predictable conditions. A guide to hole ASi bd for
secondary grade releases is included in Table B.1.

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

Type of item

Item

Leak Considerations

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

expand

S (mm?2)

Typical values for the

release opening may
expand, e.g erosion

S (mm?2)

conditions at which the

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

relief valves P

0,1 x OI’IfIC sec on)

commpressl ed 0025 uptao 025 025 upto25 bO>I<tS)
:,I:)rsim“ar ’ (9 t thickness) Yisually
1 mm
Flanges with two
Sealing spiral wound 0025 025
elemefts on |gasket or ' ‘ isually
fixed parts similar
Ring type
joint 0,1 5 0,5
connections
Small bore
connections > 0,025 up to 0,1 > Q,1/up to, %25 1,0
up to 50 mm 2 ’\ A
U To be defined accgrding
Sealing Valve stem 25 to Equipmen
elemehts on |Packings . Manufacturer’s Dafa but
movinyg parts not less than 2,5 mm?2 ¢
at low|speed
Pressure \) NA

NA

Sealin

elemepts on
moving parts
at high speed

Pumps an

>1upto5b

Configuration but npt less

To be defined acc
to Equipmen
Manufacturer's pata
and/or Process Pnit

rding

than 5 mm2dande

¢ Retipfocating 3
thel piston rod packi

4 Eqfiipment Man
in ¢ase ofvamexpe

2 Hole cross sectidns
compression fittings) &

b This item g¢g6es o
component i

for rin
join

Jomts

threaded connections, compression joints (e.g.,metallic
aII bore piping.

ening of the valve but to various leaks due to malfunction of the
essors\— The frame of compressor and the cylinders are usually not items that Igdak but

facturer's Data — Cooperation with equipment's manufacturer is required to assess the
stegfailure (e.g. the availability of a drawing with details relevant to sealing devices).

¢ Prqcess“Unit Configuration — In certain circumstances (e.g. a preliminary study), an operational anallysis to
define\the maximum accepted release rate of flammable substance may compensate lack of equjpment

valve

pffects

manufacturer’s data.

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

Sou

rele

Figure B.1 — Forms of release

Buoyant
gas »| Buoyant
"] (lighter
than air)
At low Neutrally
—> pressure »| buoyant > Neutral
See eq. B.3 gas
Obstructed De 9/\
release > as ( |\ _Heavy
See eq. B.4 vier
thar air)
t N
Gases . \ .
= At high ~ Initjally
va:?):rs "| pressure Q Xl Qb gas »  buolant
X
Cold Initially
G ‘ > gas d heavy
Ii;;::fi:d Self diluted (depen(ﬁzg op gas
> under X > SeeCF|Zgure > conditions gnd
pressur \(\\) : nature of reldase)
Fce s % Cold - H
hse | | Q \ 4 v gas g ervy
/\ Fla
o
ation
»| Aerosol > Heavy
Conden |
sation
h 4
- Heat
| Sotngroet Ll evapor || G
a- 5. ation 9
L Heavy
Flamm Non boiling Heat Consider
L | able > evaporlatlve »| evapor » Vapour »| larger
liquids pools ation zone
See eq. B.6 extent
Flammable Possibility
L_»| or combust- of mists
ible liquids See Annex G
IEC
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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, an

open surface, leaking flange, etc.

b) Release velocity

train air and may be self-diluting. The extent of the explosi

almost independent of air flow. If the substance is released 2
is [reduced by impingement on a solid object, it will be ¢
dilption and extent will depend on air flow.

c) Concentration
The mass of flammable substance released incre ntration of flammable
vapour or gas in the released mixture.

d) Vaglatility of a flammable liquid
Thi ization.
If as a
gufide.
An ( imum
temperature of the fla : ).The lower the flashpoint, the greater
may be the extent of t . i ftammable substance is released in p way
that forms a mist 3 i an explosive atmosphere may be fprmed
below the flas
NJTE 1 Publis xperimentatign giving data on flashpoint may not record accurate valges and
test data will vary. Y S point are known to be accurate, some margin of error is pllowed
against quoted valtes 9 9 deg C for pure liquids, with greater margins for mixtures pre not
un
NG R S of flash point; closed cup and open cup. For closed equipment, and to be
mo & WP flash point should be used. For a flammable liquid in the open, the open cup
flagh
NG S fqui >f example, some halogenated hydrocarbons) do not possess a flashpoint ajthough
the bie_of producing an explosive gas atmosphere. In these cases, the equilibrium liquid temperature
wh|ch corfespond he saturated concentration at the lower flammable limit should be compared With the
relevantmaximum liquid temperature.

H ol b 4
e) LiGquittemperature

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 series of

experfments Tor SPECITC CasSes Or Telease ana 101 SPEeCHTC Ornice aetals.” AS a resuit CH may
take ¢ different value for each particular case of release. A Cy4 of not lesg tham0,99.far|items
with regularly shaped holes, e.g. for vents, and 0,75 for irregular hole 2 nably
safe ppproximation if there is no other relevant information upqQn e the
assespment.
If Cq is applied to the calculations the value applied should be L : € itable
guide [for the application.
B.7.22 Release rate of liquids
The r¢lease rate of liquid can be estimated by mg ing approximation:
(B.1)
The rdte of vapourisation of\q liqui i . Liqui leases
may tbke many forms. The na \ 8 i gted is
also dependant on maiij i
a) Two phase r@
Liquids such lie hases
i i [ ariety
r pool
erally
ease.
apour
lease,

, , , sessing
the vapour condltlons of a I|qU|d release is not provrded in th|s standard Users should
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:

7 I(y=1)
Pe = pa[y—HJ (Pa) (B.2)

Mcp
= maybeused
Mc,—R 7

For ideatgasthe-—eguaton—

NOTE [For the majority of gases the approximation p_ =~ 1,89 p_ will generally se
estimate. Critical pressures are generally low compared with the majority of operdti
industripl processes. Pressures below the critical pressure are normally found in texming
equipment like e.g., heaters, furnaces, reactors, incinerators, vaporizers,
procesg equipment. Such pressures can also be found in atmospheric storage tanks h y
(usually up to 0,5 barG).

b quick
dommon
to fired
H other
pssures

In the|following equations the compressibility factor fg ; . For the real gases,
the compressibility factor takes values below or 3 adi on type of the gas
concerned, the pressure and the temperature. b pressures, Z =1,0 dan be

used ps a reasonable approximation and m S . For higher pressuresg, e.g.
abovel 50 bar, and where improved acx i ! hould
be applied. The values for compressiili s ound in data books fdr gas
propefties.

B.7.23.2 Release rajé a5 Wi o%ke gas velocity (subsonic releases)
Non dhoked gas velo icular
gas.
The r¢lease rate ; mated
by me

(B.3)

B.7.23. Release rate of gas with choked gas velocity (sonic releases)

Chokad gas \/plnri’ry (QPP B72 '%) is pqnal to the cpppd of sound far the gas. This lis the
maximum 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:

Wg:CdSp v

5 (y+N/(y=1)
( j (kg/s) (B.4)

ZRT | y+1

The volumetric flow rate of gas in (m?3/s) is equal to:
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g@::IELOn3/sj

Pg
where
Py = 1;3;/[ is the density of the gas (kg/m3);
a

(B.5)

NOTE Where the temperature of the gas at the release opening may be below the ambient temperature, Ty is
often used as equal to the gas temperature to provide an approximation for the purpose of easier calculation.
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(B.6)

gement
ing for

B.7.3 Release rate of evaporative pools
Evapqrative pools may be the result of liquid spillage or leakage but/al
system where a flammable liquid is stored or handled in an open
this sg¢ction does not apply to thin surface spills since no account i
that may be relevant to such spills e.g. thermodynamic input
liquid |is spilt.
The fqllowing assumptions are made concerning the a
e There is no phase change and the plume (s
temperature changes would cause v
e The flammable substance releasefl_ is
th¢ same way as neutrally buoyant
aspessment.
e A continuous release for catastrophijc s
e Liquids are instantan
1 ¢m deep pool and.are
Then the evaporaﬁ' n
NOTE
Agency, W nsportatlon Techmcal Guidance for Hazard Analysis — Emergency Plan
Extremgly t 3, December 1987.
NOTE 2 Vapour psessure’can be estimated through various methods, e.g. derived from Antoine’s equation|
NOTE It is assumed that the vapour pressure at the boiling temperature is 101,3 kPa.
Since the density of the vapour in (kg/m?) is:

222 )

then, the volumetric evaporation rate in (m3/s) is approximately:

6,5 u 078 4 p T.
Qg = Vé 0353 - X_a(m3/s)
10° M ™

(B.7)

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:

378x107°
Oy~ = 033 = (m3/ S) (B.8)

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

The wlind speeds for evaluation of evaporation rate shall be consistent withtheawind spekds in
later ¢alculations for estimating the degree of dilution (see C.3.4). It sized
that increasing the wind, speed will increase evaporation but at the s& e ribytes to
the dilution of flammable gas or vapour.

lo-3 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.8.1 General

They{afe not

The j)llowing clause provides examples for openings in buildings or
intended to be rigidly applied and may need to be varied to suit the partis

B.8.2 Openings as possible sources of release

Openings between areas should be considered as possible sc S he grade of
releage will depend upon:

e the zone type of the adjoining area,

e the frequency and duration of opening periods,
e the¢ effectiveness of seals or joints,
o th

B.8.3

For th h the
follow
Type
Openi
e Op rough

Type

Openings’ which are normally closed (e.g., automatic closing), infrequently opened and glose-
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 (Continuous)/primary
Zone 0
C SU\JUIIdGIy
D Secondary /me
A .
B
Zone 1
C
D
A
B
Zone 2
C
{\ <D\(> G No rélease
For grjlades of release shown in brackets, the freEueWMenings should be considered|in the
design.
The gfade of release of an i atso be déefined according to the basic principle$.
n indoor naturally ventilated classified logation
defined considering the grade of release [of the

The grade of release
and ag outdoorcl

sourcé generating
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Annex C
(informative)

Ventilation guidance

Symbols

effective area of the upwind or the lower opening where applicable (m2);

effective area of the downwind or the upper opening where applicable (m?2).

equivalent effective area for upwind and downwind openings
(m2)
equivalent effective area of the lower opening (m?2);

the same_height

air change frequency in the room (s™1);

pressure coefficient characteristic of the building

discharge coefficient (dimensionless),

universal gas constant (8314 J/kmol K);

air densitv (ka/m3)-
R hD AN CAN- LA &)
density of the gas or vapour (kg/m3);

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;

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 shopuld be emphasised that releases may take many forms and can be 4 enced by|many
condifions (see B.6). These include:

e gajses, vapours or liquids;

e indoor or outdoor situations;
e sopic or subsonic jets, fugitive or evaporative releases;
e obpstructed or unobstructed conditions;

e gals or vapour density.

The ipformation presented in this annex is intend proyidengualitative guidance o¢n the
assespment of the ventilation and dis i i o&ter ine the type of zonT. The
guidance applies to the conditions no ection{and-therefore may not be applicable

to all installations.

The guidance herein may be used i s lation
systems and natural ventila | in the
contrdl and dispersion of

NOTE | Ventilation criteria fio

It is important@ i these discussions between the concepts of
‘ventilption’ (the me i j ir’enters and leaves a room or other enclosed gpace)
and d i isk ich clouds dilute). These are very different congepts,
and b

In ind , the
naturg r the
gas ( the

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
that in practice there is no hazardous area or a hazardous area of negligible extent.

Alterngtivety,thedegreeof ditutiom mmay be—sotow ttrattheTesuttimg—zome has—=atower zone
numbeér than might otherwise be applicable for the grade of release (i.e. 9 grdous
area from a secondary grade source). This occurs, for example, when lation
is such that the explosive gas atmosphere persists and is dispersed, Or e gas
or vapour release has stopped. Thus, the explosive gas atmosph r than
would|be expected for the grade of release.

The dilution of a release is determined by the interaction” ok the R ! yancy
forceq of the release and the atmosphere within which_itN YErsing., beded
jetted|release, for example from a vent, the jet momeptum d { Eersion
is dominated by the shear between the release and phe 3 R jetted
release is at low velocity or is impeded to such c i irected or
dissippted, the release buoyancy and a ic e

For small releases of lighter than air gas the\dis fon in~the’atmosphere will dominage, for
example similar to dispersion of cigargtte smoke. arger releases of lighter than ir gas
the s}ge may eventually be reached\ espewvi ' wind conditions, when the re¢lease
buoyancy is significant and i he ground and disperse like a plume,
for edample similar to th N fire. For vapour releases from alliquid
surfade the vapour bugyancyand Iqcal ai ent will dominate the dispersion behavjour.
In all| cases, <@ is h air for dilution of a release to very|small
concentrations (i.ewel b he diluted gas or vapour will tend to move along with
the ggneral mass of% ir an 3 utral behaviour. The exact concentration wherg such
neutrgl behaviouf i i nd on the relative density of the gas or vapour fo air.
For greater relative erences a lower concentration of the gas or vapour is required
for neptral bé

C.3.2

The most important fastor is the effectiveness of ventilation, in other words the quantity| of air
relativie tosthe type,r€lease location and release rate of the flammable substance. The higher
the amaunt” of ventilation in respect of the possible release rates, the smaller will e the
extent%‘%@uw%m@ua&&m_@e_mewlosive

atmosphere. 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
influence of geometry.

The row to transport away the gas should be assessed prlmarlly based on an assessment of
the ven 5 W y 5

For indoor situations the flow or ventilation velocity may be based on aria geAflow ve¢locity

caused by the ventilation. This may be calculated as the volumetri ixture
divided by the cross section area perpendicular to the flow. TRhjs ‘ain velocitk shoyld be
reduced by a factor due to inefficiency of the ventilation or dye i ricied by
differgnt objects. Computational fluid dynamics (CFD) 5|mulat| e me ed if parficular

detail or accuracy is needed to get an estimate of the ve
the ropm under consideration.

For npturally ventilated enclosures and for open areas)) theNyen oh velocity shoyld be
assesped as the velocity that is exceeded 95 % ©f ne, availability of this ventjlation
can be considered to be ‘fair’.

Ventilgtion velocity for open areas may be base

factor| considering the reference height applied

are ugually available for elevations abveg [
o0 0

reduced due to local geo

ed statistics using a reduction
weather statistics. Published yalues
a process plant and may need|to be
hy, buildings, vegetation and other obsfcles.

E.g. ih a process area wi urés, piping and process equipment, the effective
ventilation velocity coyld typ aIIy as_1/10 of the free flow velocity above the|plant.
Assesisment could als beMna ent of the velocity in some locations around the
plant pnd comp ¢ i figures. Computational fluid dynamics (CFD) is
also recommended fq 3 where there are a number of equipment items that

could [affect localisg

Lightgr than airgas G move upwards where the ventilation normally will be bettdr, and
the bu b the gas away. This may be taken into account by incrgasing
the eff for such releases. For releases with a relative density ¢f less
than ( ,sidered safe to assume that the effective ventilation velocity is at
least situations. The availability of this minimum ventilation cgn be
consid

Heavigr'than air gases tend to move downwards where the ventilation generally will be Jower,
and atcumutatiomatground—tevetisapossibitity—This tanm betakemimtoaccount by fowering
the effective ventilation velocity. A gas can be heavy due to the molecular weight or due to
low temperature. Low temperature can be caused by leak from high pressure. For gases with
a relative density above 1,0 the effective ventilation velocity should be reduced by a factor

of approximately 2.

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

Indicative ventilation velocities 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 m/s

gas/vfpma
IndicJtive ventilation velocities for
estimating the liquid pool evaporation > 0,25 m/s
rate af any elevation
Generplly, values in the table may be considered with an availability of ventilation
For ingloor areas, the evaluations should normally be based on an assumed
which jwill be present virtually everywhere. Different values may be assumed } i \ i .g. clpse to
the ainjinlet/outlet openings). Where ventilation arrangement can be ¢ may
be calfulated.
C.3.5 Assessment of the degree of dilutio
The dggree of dilution may be assessed by\uys s
¢ Ox
= o b
: \( X

=
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Release characteristic Wy/ (pg x k x LFL) (m3/s)
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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);
Py kLFL ( )
Pq _PaM s the density of the gas/vapour (kg/m3);
a
k is the safety factor attributed to LFL, typically between 0,5 and 1,0.

Figure C.1 is based on an initial zero background concentration.

The degree of dilution is obtained by finding the intersection of respectivevalues displayed on
horizgntal and vertical axis. The line dividing the chart area betweeq ‘dilutien~high’ and
‘dilutign medium’ represents a flammable volume of 0,1 m3, so any.faterséction pqint |left to
the curve implies an even smaller flammable volume.

In oufdoor locations where there are no significant restrictiops to~aj ee of
dilution should be classified as medium if the condition i iloffon \ . |A low

degreg of dilution will not generally occur in open air sit e are
restrigtions to air flow, for example, in pits, should as an
encloged area.

For indoor applications users should 3 Hance
with €.3.6.2 and if the background &g ree of
dilution should generally be considered a

C.3.6 Dilution in a room

c.3.61 General

Dilutign may occur by either ange of fresh air that dominates the release of the gas or
vapour or by h S que o allow the gas or vapour to disperse to |a low

this later case the volume available for dflution

conceptration ev .
d volume of the release.

must be high with re

For a|jet release \of \gasy. dilyfi may occur even without any local air movement que to
entraipment Of air panding jet. However if a jet is impeded due to impact on rlearby
objects t ity dilution is greatly reduced.

The degree™afiditution™>ean also be assessed by assessment of the average backdround
conceptrationo ammable substance (see C.3.6.2). The higher the ratio of releasg rate
againgt the ventilatiofi rate the higher will be the background concentration X, and the|lower
will bg the degree of dilution.

In assessing background concentration the release rate, ventilation rate and efficiency factor
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,

For indoor releases it is necessary to specify the room background con ) which
embodies the effects of ventilation. Background concentration is thg ntrafion of
flammlable substance within the volume under consideration (roo ilding 8 period
of time during which a steady state has been established betwegn the re the flow of

air ind

Consi i i i : for assg¢ssing
ventilation |n a room WhICh removes gas or vapoup compares i S gas or
vapour. i

The b

(C.1)
and th
0o =
The 4 n the
relativ and ventilation fluxes, but the timescale over which fhis is
achie is i
The f4 lease
zone i

f=1; | the"background concentration is essentially uniform and the outlet is distant frgm the
release itself so that the concentration at the outlet reflects the mean backdround

nnnnnnnnnnnnn
cOoOTTCCTI atroTT,

f>1; 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: igs are

e p ies are

: ot be
consig

y , .g.

as good becase it

ang’wind (see C.5)| As a

how realistic the assesgment

€ ' case scenario has| been

applied. , i be fair, but never good.|It has

to be i i nety 5 d outdoor temperature applied
i 5\of diluting an explosive atmosphere.

Ydtes technical means to provide fof high

int all
nbient
lity of

The Iqvel of av
the re|evant factors. F

ime the

and vice versa. That'will compensate for too optimistic assumptions made in the procedure of
estimating-the degree of ventilation.

There are some situations which require particular care. In the case of natural ventilation 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.41 Introduction

The fpllowing examples are intended to illustrate the interaction between the\relegse of
flammlable substance and ventilation based on the principles outlin /. It is

imporfant to understand that dilution is a complex process which tHrough
air entrainment at the boundaries of a release jet, or throug i ' it cdused by
ventilation flow or atmospheric instabilities. Usually, Prani dered
because a jet eventually becomes a passive plume susceptible to ai . Mixing with
air geperally does not happen uniformly throughout the venii dround

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

re of the aVerage

In a o e the
flam o ure of dlsperS|on and dilutiop may
subst * lation
arrang ¢ ive to
sourceé of the release, may sometimes h > an the
capac i

The examples belo
undergtanding of fie Ve
C.4.2 Jet release

This g

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

ber of

A sm{ city if
the pr| barent
air mg

For a|spacé with normal ventilation, (e.g. good sized door and wall openings and/dr roof
ventilation”or other designated ventilation provisions), the volume of the space and natural air
movement would suggest the degree of dilution is medium and the availability of ventilation 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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Eddy diffusion at extremities
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NOTE
isobari

C.4.3

room pr building.

|
Concentration in !
flammable range !

|

release velocity profile

d, is pseudo source radius, i.e. the radius of the jet at the
(reduced to atmospheric pressure).

Figure C.2 — Self diffusion of an unj
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C44

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.


https://iecnorm.com/api/?name=083af0e3709318ef22d216b4ecb3316a

—58 —
Fan
/_ —_—
Air supply —A—> § & /
iR \ /

Source of release ° —
\\s ~ /// §
Dilution area around - - — §
source of release ]

" / ™
-

IEC 60079-10-1:2015 © IEC 2015

Ventilation outlet

In thig

through a vent.

Despi
create

conceptration. An alternative way of looking at this |
dilution volume from the sources of release. Where this(hdppe

be trepted as low.

Fan

Air supply—A—>

Sourge of release

h area aroun(\

Dilutio

.

sourd

e of release 0

/7111111

Extraction air flo
_A_,

Alternate locatio
extraction accor
gas/vapour de

/111111

|

AX—> Extraction air flo

In this
with the case'fo
recirc
therel

upply only there is a possibility that the ventilation arrangement will
Ilatinghair movément and result in re-entrainment of the diluted gas into a jet r¢lease
ydncreasing the background gas concentration.

IEC

Brging

Nt can
round
es the
hould

ns for
ing to
sity

IEC

n. As
create

With careful consideration of the ventilation arrangements and positioning of the extraction
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 107 kg/s and 109 kg/s). Though
these releases can still accumulate in enclosures that are not ventilated.

small,

Such fugitive emissions may accumulate in the course of time thus giving/rise 1 an expllosion
hazard. Therefore, care must be taken when deS|gn|ng particular faciljt such
as anfalyzer houses and sealed enclosures e.g. bather
proteqtion enclosures, thermally insulated heated enclosures or €nclposed tween
pipe installations and the envelope of thermal insulation or simitz ssure
gas lipes. Such items should be provided with some ventllatlon or pro ersion
even if only for critical periods of time. Where that is not po s$hould
be mdde to keep major potential sources of release out o ctions
should normally be kept out of insulation enclosures 3z at may
be copsidered a potential source of release.

Wherg ti 4Se 28 i availability of ventilafion in
such ¢nclosures with natural ventilation ma i ively.
Cc.4.7

Local

Local c S < Jease.
More jmportantly Jqcallartificis an should control the movement of the gas or apour
to limft gas or i ded _drea of influence of the local ventilation system.
Wherg this is ach eVed\tf ilu§ion around the source of release can be cons|dered
as medium.

Genefally lo ation should be located close to the source of release|to be
effective. Logal a ation can be very effective where the source of relegse is
charagteriz ow release velocity. As local artificial ventilation needs to ovefcome
the rglea of the gas or vapour to control the movement of that releasg, the
applicpbility © yrtificial ventilation for jet releases is greatly reduced over other fofms of
release.



http://en.wikipedia.org/wiki/Vapor
http://en.wikipedia.org/wiki/Leak
https://iecnorm.com/api/?name=083af0e3709318ef22d216b4ecb3316a

- 60 - IEC 60079-10-1:2015 © IEC 2015

J— Extraction air flow
d JL‘.‘.%‘_‘ Fan

Fresh air

J S \, T Dilution
.; — x_,*.n ¥
. A ™
IEC
Figure C.5 — Local extractio
C.5 | Natural Ventilation in buildings
C.5.1 General
The clauses below provide a means forrassessing atural ventilation in buildings.
Cautign needs to be apphed i e d specific building features to prpmote
naturgl ventilation, the size anq| shape\of.the buijding may not be conductive to promoting
naturgl ventilation and|in hecdegree of the natural ventilation efficiency sholld be
considered as low
C.5.2 Wind i@ :
The degree of aikmoye » grior of a building will depend on the size and posifion of
the openings ! i ion, as well as on the shape of the building. Ventjlation
flows Imay b€ indu tion through non-airtight doors and windows or cracKs and
gaps In pa uctureéven if there are no ‘architectural’ openings in the walls and/or
roof, @r The equations used here assume flow through openings degigned
for ventilatio 2 9 infiltration. This philosophy is also appropriate to adopt fpr the
classification ofhazardous areas.
Ventilation implies both ingress and egress of air and some openings will act primarily af inlet
openings—and-ethers—as-outet-epenings—Windward{upwine-epenings—will-rormatyaetas the

inlet openings and leeward (downwind) and roof openings as the outlet openings. This implies
that wind induced ventilation could be estimated only with a good knowledge of the wind rose
diagram for a particular location.

The driving force of wind induced ventilation is the pressure differential between the windward
and leeward sides of a building.

The air flow due to wind can be expressed as:

0, = Cydo 11y, \/AT?p(m%s)

(C.2)
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(C.3)

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

The values for 4, and 4, refer to effective areas of the upwind and the downwind openings
respectively.

CFD modelling or wind tunnel testing may also be used to provide a more reliable assessment

of thepressure-ceoefficientfor-abuding:

Wind |strength and direction are variable and not generally predictapie idan wind
speed is provided in Table C.1. Wind should be considered in conjuncti i bes of
ventilgtion to verify whether it complements or opposes other ve . ave a
positiye effect if the inlet and outlet openings for purely wind-ingticed ilagi same
as thgy would have been for other sources of ventilation, buf\an irmpaifing effecp if they are
oppos : - i ening
on thg to be
upwingd.

C.5.3

Buoygncy induced ‘Stack Effect’ ventitation\ i ‘ to the
differg < j in air
densify due to the different temperatures. . i n the
density of air and will therefore not b i ssure
differgnce.

If the [average indoor ir will
have p lower density. enter
through the low fe will
increase as the yancy
inducsg nigher
ambi huoyarncy induced ventilation will become less effective |and if
the ambient oytdogr tem re rises above the indoor temperature the flow would revdrse.

The indogrtemperatixe may be higher due to natural causes, deliberate heating or process
heat. |T surReRts may also be induced indoors varying the effect of average |ndoor

> el plat the inside of the building is fully mixed, constant tempergtures
can be¢ used both_inside and outside.

For a tefapera same
as the-etiside—temperaturerFor—and-the-inside—temperatureat-the—upperoepening n the

AT gH[m3 /sj (C.4)

=C,
Ca d Ao (Zln + Tout)

242 42
Aq = %(mz) (C.5)
A1 +A2

The values for 44 and 4, refer to effective areas of the lower and the upper openings
respectively.
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These equations give reasonable results only for rooms with inlet and outlet openings
positioned on opposite walls relative to each other (see Figure C.7), and little or no
obstructions which could impede the free flow of air. Also, if the vertical distance between the
midpoints of the lower and upper openings H is small and the horizontal distance is large,
then the buoyancy induced ventilation will be reduced and the calculation may be less
accurate. E.g. where H is smaller than the width of the room, then a safety factor related to
the inefficiency of ventilation must be applied (see C.3.6.1).

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

The ipdoor temperature must be higher than the outdoor temperatdre achie the
necespary conditions for buoyancy induced ventilation. During peyiods of high outdoor

[ nless
there Js some heat source indoors. Temperature gradients are also ¢ by, the subgtance
of theg building and for some constructions the indoor tempera an the
outside temperature under certain conditions. If the indoor ¢ an the
outdopr temperature, then equation C.4 is not applicable.

The gfeater the vertical distance between the midpoin awer and upper openings, the
more |effective the natural ventilation will be. For{bugya i entilation, the| most
desirgble position for the inlet openings is at thebattor heqpposite walls and for|outlet
open%gs, at the roof top. However, re thjs ot fe¢as inlet and outlet opgnings
should be positioned at the opposite wallstQ p i ent across the whole Jarea.

In m er ambient temperatures may be
comp] g’the need to reduce, or cloge the
ventil duction of the openings to the pxtent

that m e dilution of the explosive atmosphere.
Genet ¢ ally closed such as doors, windowp and
adjustiable louvres sho 3 red\as ventilation openings.
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o

C4=075
2,5

(m3/sm2)

Specific volumetric flowrate of fresh air Q,/ A,

umetric flow rate of fresh air per m2
gquivalent effective opening area

B\ 0,20 025
Temperature factor [AT/(Tin+Tout)]'/2

o
|

0,30

IEC

The ¢ i ~ 6 is based upon equation (C.4). Therefore the limitations in the lise of

these i scribed in C.5.2 also apply.

C.54 Combination of the natural ventilation induced by wind and buoyancy

Both, wWind and buoyancy induced ventilation can occur separately but are likely to occur at
the same time. Pressure differences due to thermal buoyancy will typically be the dominating
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.


https://iecnorm.com/api/?name=083af0e3709318ef22d216b4ecb3316a

— 64 —

IEC 60079-10-1:2015 © IEC 2015

outdoor

lower relative to

higher relative to -
outdoor
| —di
e — e — . — [
A /—" l—
= - [
P2 = PsPw —]
i (O]
'Stack' pressure :: - 5 =
c w0
(ps) ]s8¢2
14 o
T ;

)
&m\

2
i
N

y due to the average temperature;:

XN
S
tio iying forces

IEC

ained
in air

(C.6)

(C.7)


https://iecnorm.com/api/?name=083af0e3709318ef22d216b4ecb3316a

IEC 60079-10-1:2015 © IEC 2015 - 65—

D.1

Annex D
(informative)

Estimation of hazardous zones

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), an

e th

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 ihg Jand open areas.
Table D.1 — Zones for grade of release a dfi‘?ectl eness ofventilation
£\ X
/\E\ffecti)ré&eséof V{nti(at}ynk >
Grade of High Dilutior& dium Dilution Dill-:)t‘?:)n

relegse ( A)(_aQabi'y\e{vMIation
Poor

Gool
or

Good o Good Fair Poor

N

d, fair
poor

Contin

N\
N
ous | Non-hazardoyis one W Zone 0 Zone 0 Zone 0 70
(Zone Q_NE) { 0 NEY? ~\\ (ZOre 0 NE)2 + +
Zone 2 Zone 1

ne 0

Primar

’ Non-M ZOone'2 Zone 2 Zone 1 Zorle 1 Zorle 1 Zon
a a a
(eone J ) \N 1 (zone 1 NE) Zone 2 Zone 2 z0

e 1 or
e 0°

Secon(

b N azardoys.N\Non-hazardous 20
ary a Zone 2 Zone 2 Zone 2 Zone 2 and
Zone ) one NE) 70

ne 1
even
he 0°

a Zon

con
b The
con
¢ Will
exig

e NENI\NE 2 NE\indicates a theoretical zone which would be of negligible extent under
Hition

zone 2 (a created by a secondary grade of release may exceed that attributable to a prin
inuoustgrade eJéase; in this case, the greater distance should be taken.

be’zone 0 if the ventilation is so weak and the release is such that in practice an explosive gas atmg
tswirtually continuously (i.e. approaching a 'no ventilation‘ condition).

normal

nary or

sphere

Availab

+’ signifies ‘surrounded by’.

ility 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:



https://iecnorm.com/api/?name=083af0e3709318ef22d216b4ecb3316a

- 66 - IEC 60079-10-1:2015 © IEC 2015

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).

—~ 100
E
8
c
% Heavy gas
©
(2]
=}
o
©
@
S
I
10
1 ' >
0,01 Q 0, \/ 1 10 00
Release characteristic Wy/ (pg x k x LFL) (m3/s)
IEC
S — Chart for estimating hazardous area distances
Where¢
Wg s
— =7 is a characteristic of release in (m®/s);
Pyg k DFL ( )
_PaM s the density of the gas/ kg/m3);
Pg = 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.

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).

@C@
o
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Annex E
(informative)

Examples of hazardous area classification

E.1 General

The practice of area classification involves knowledge of the behaviour of flammable gases
and liquids when they are released from containment, and sound engineering judgement
based on experience of the performance of items of plant equipment under specified
condifions. For this reason, it is not practicable to give examples for every concelivable
variation of plant and process characteristics.

The ekamples are not intended to be applied in practice and are pr, hte an

optional means of assessment as presented in this standard.

E.2 | Examples
Example No. 1

A normal industrial pump with mechanig cated

outdopr, pumping flammable liquid.

Charalcteristics of release:

Flammable substance

Molar{mass
Lower| flammable Jimit, 1,2 % vol. (0,012 vol./vol.)
Auto-ignition temb)j 498 °C

3,25 kg/m3 (calculated at ambient condjtions)
Gas density indicates the curve that shotld be
applied from the chart in Figure D.1

Gas density, Py

Sourck ¢ Mechanical seal

Gradg of relea Secondary (leakage due to a seal rupturg)

Liquid release rate, 0,19 kg/s, determined considering a disgharge
coefficient C4 = 0,75, a hole size S = 5 mm?2, a
L [ ‘L Qa=zo -1 T} 1

MU OensSIty P — 070,00 Rg/NT ana a pressure

difference 4p = 15 bar

Gas release rate, Wy 3,85 x 103 kg/s, defined considering the
fraction of liquid vaporised from the point of
release (2 % of W); remaining liquid drained to
sewer system

Release characteristic, Wg/(pg X k x LFL) 0,1 m3/s

Safety factor, & 1,0
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Characteristics of location:

Outdoor situation Un-obstructed area

Ambient pressure, p, 101 325 Pa

Ambient temperature, T 20 °C (293 K)

Ventilation velocity, u,, 0,3 m/s

Ventilation availability Good (wind speed at meteorological calm
condition)

Effectp of release:

Degree of dilution (see Figure E.1) Medium
Type ¢f zone(s) Zone 2
Equipment group and temperature class 1A T1

10

Dilution

high §
1
IIIIIIIIIIIE

Ventilation velocity u,, (m/s)

/

JDiIution

medium

\ i .
D
1 o
1 . /
u
|
u
.
.
.
. . .
. Dilution
. low
.
0,01
Z
'\ .
B~ - .
/.
L , |
.
/ .
.
.
0,001 -
0,001 0,01 0,1 1 10 100
Release characteristic Wy/ (pg x k x LFL) (m3/s)

IEC

Figure E.1 — Degree of dilution (Example No. 1)
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IEC
s.distance (Example No. 1)
Hazar]
Figurg E. [ tew df the facility. The figure is based on heavier than air
vapour; icaNdistante isNess than the horizontal as illustrated in Figure A.5.
3,0m
- s -
iy /;////%/ // /{//‘///
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oee —Zone 1
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IEC

NOTE The more severe classification of the sump due to the low degree of dilution.

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

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

indoor, pumping flammable liquid

Characteristics of release:

Flammable substance Benzene based liquid product
Molar mass 78,11 kg/kmol
Lower flammable limit, LFT 1,2 % vol. (0,012 vol /vol.)

Auto-ignition temperature , AIT 498 °C

Gas density, Py

Sourcg of release, SR
Graddq of release

Liquid release rate, W

Evapdration rate, W, § 0-3 kg/s, defined considerin
' f liquid vaporised from the pgint of

NOTE

Gas v 1,19 x 10-3 m3/s

Relea 0,2 m3/s

Safety

0,75, a hole
density p = 876,5

Information taken from industrial code.

0,5 (due to high uncertainty related to LF[)

Jtions)

olild be

)

harge

size
kg/m3
g the

ned to

Indoor situation Building naturally ventilated (by wind)

Ambigntpressure, p, 101 325 Pa

Ambient temperature, T, 20 °C (293 K)

Enclosure size, L x B x H =V, 6,0m x 5,0m x 5,0 m = 150,0 m3

Air flow rate, O, 306 m3/h (0,085 m3/s)

Air flow rate availability Good, defined considering the worst
environmental conditions (wind speed at

meteorological calm condition)
Ventilation velocity, u,, 0,003 m/s, estimated by O, / (L x H)

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

Ventilation (in)efficiency factor, 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)
Degree of dilution (see Figure E.4) Low (also due to X, > Xgit)
Type pF zone(s) Zone 1

Equipment group and temperature class IHA T1

10

Dilution

high (\

Ventilation velocity u,, (m/s)

/

Dilution
low
>I EEEEER
0,0 . >
0,001 0,01 1 10 10

Release characteristic Wy/ (pg x k x LFL) (mp/s)
IEC

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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dous distance (Example No. 2)
Exten
Hazar]
The r i us ayea will encompass the volume of the indoor location consiflering
the cq ntrations, and the time required to reach the critical ones aftEr the
stop df the release. Openings, if any, should be considered as potential sources of releage.
If the pirdlow rate were to be improved, then the degree of dilution could be “medium” ahd the

zone extenttouldbe smatter and maybe of zone 2 nstead of zone t-
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Vapour from a breather valve in the open air, from a process vessel.

Characteristics of release:

Flammable substance
Molar mass

Lower flammable limit, LFL

Benzene (CAS no. 71-43-2)
78,11 kg/kmol
1,2 % vol. (0,012 vol./vol.)

Auto-ignition temperature , AIT

Gas density, Py

Sourck of release, SR
Gradd of release
Releape rate, Wy
Releape characteristic, Wy/(pg X k X LFL
Gradd of release
Releape rate, Wy

Releape characteristic, 7, X k

Chardcteristics of Ioca{i\on:

Outdoor situatio@

Ambignt pressure, p

Ambignt temperatt
Ventilgtion v

Ventilatio

Effectp of releasess

Degre|e of dilution (see Figure E.6)

498 °C

Jtions)
Lld be

Un-obstructed area

101 325 Pa
20 °C (293 K)
1,0 m/s

Good (wind speed at calm conditions)

Medium

Type of zone(s)

Equipment group and temperature class

Zone 1 + Zone 2

A T1
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Taking i Mameters, the following hazardous areas are specific fpr the
consid Ive {see Figure E.7).
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Figure E.8 — Zones classification (Example No. 3)
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Example No. 4

—-77 -

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

flammable gas.

Characteristics of release:

Flammable substance
Molar mass

Lower flammable limit, LFL

Propane based gas mixture
44 1 kg/kmol

1.7 % vol (0,017 vol/vol.)

Auto-ignition temperature , AIT

Gas density, Py

Sourcpg of release, SR
Graddq of release

Releage rate, Wg

Safety factor, &
Releape characteristic, Wg

Chardcteristics of Jocation®

Outdopor situation
Ambignt pressure/py
Ambignt températu

Ventilatio

Ventilation ava

Effectp of releases:

450 °C

Jtions)
olld be

termined considering an

10 bar, tempefrature
ofe size S = 2,5 |mm2?
, polytropic|index

and dlscharge coeff|0|ent Cq=0,715

Unobstructed area
101 325 Pa

20 °C (293 K)

0,3 m/s

Good (wind speed at calm condition)

D afdilition (o Eiaue-a T QN
egr O oo (ST IgurC=-JI7

Type of zone(s)

Equipment group and temperature class
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Ventilation velocity u,, (m/s)

10
Dilution Dilution
high medium
1 //
EEEEEEEEEEEEEEESR A EEEEERED
D, 1 /
0]01
0,4qo1 o
0,001 10 10
Release characteristic Wy/ (pg x k x LFL) (m?/s)
IEC
dilution (Example No. 4)
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100

Hazardous distance (m)

Heavy gas

Exteni(s) of zo
rae

surroynding cha

Hazardous area

assificati

100
m3/s)
IEC

ue to

consig

t parameters, the following hazardous area is specific fpr the

Not to scale

Ground level

+* - Source of release [11-Diffusive

1 -Zone 2 [2]- Jet dispersion
IEC

Figure E.11 — Zones classification (Example No. 4)
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Example No. 5
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Closed process pipework system, located indoor, conveying flammable gas.

Characteristics of releases:

Flammable substance
Molar mass

Lower flammable limit, LFL

Wet, oil well natural gas
20 kg/kmol
4 % vol. (0,04 vol./vol.)

Auto-ignition temperature , AIT

Gas density, Py

Multip
a) g

le sources of release, MSR
ade of release
type
—| release rate per unit, Wy
volumetric release rate per unit, «
number of releases
ade of release

type

release rate per uni

—| number
c) grade of releasé

500 °C

tions)
Lld be

t low

Secondary

Sealing elements on fixed parts (flang¢ with

fibre gasket)

1,95 x
operating pressure p

103 kg/s, determined consiflering
5 bar, a temperature

T = 15 °C, a hole size § = 2,5 mm?, a
compressibility factor Z = 1, polytropic|index
y=1,1 and a discharge coefficient Cy = (4,75
2,35 x 10=3 m3/s
1 tha larnnct Annc
oo argoot UiToco

Characteristics of location:

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=21,9m3

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

Critical concentration, X

Effects of multiple sources of release:

Grade of release

summation of release rates, ZWg

- 81 -

3
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

summation or volumetric release rates, LQg

bag¢kground concentration, X,

concentrations comparison

release characteristic Wy/(pg X k x LFL)

safety factor, &
degree of dilution
type of zone(s)
Gradd of release
summation of release rates, X1,
summation of volumetri
ba¢kground concentration
concentration m
relgase charai?

safety factor, &

type
Graddq of release

summation of release rates, ZWg

T,2x 108 md/s

4,88 x 10=7 vol./v

Xb << Xcrit

2,2 x 104 vol./vol.
Xp << Xerit
9,02 x 10-5 m3/s

0,5 (due to uncertainty of LFL)
High

Zone 1 NE

Secondary plus primary plus contin

2,18 x 103 kg/s

uous

Sur Illlatiull Uf VU:UIIICtI ib IU:CGOU |atca, EQQ 2,03 AIG_Q IIIQIIO
background concentration, X}, 0,103 vol./vol.
concentrations comparison Xp > Xerit

time required to reach X, ¢4

safety factor, &

release characteristic Wy/(pg X k x LFL)

degree of dilution (see Figure E.12)

type of zone(s)

Equipment group and temperature class

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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The p Hm'a ¢ of dilution by using the chart is not necessary |n this
case S stration in the enclosed space is higher than the ¢ritical
(Xp > it). 2 gre iluti ould be declared as low anyway. Figure E.4 shows that
the in T i he area of “dilution medium” but almost on the dividing line.
Allowi i e methodology this shows the preceding assessmegnt is

appro
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I
|
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4 EEEERN
1 >
0,01 10 100
elease characteristic W/ (pg x k x LFL) [m?3/s)
IEC
s distance (Example No. 5)
Exten ent of zone is 1,5 m due to surrognding
chara N gded jet release)
Hazar
The 1 i dous\area will encompass the whole volume of the indoor logation
becau g concentration exceeds the critical concentration and the time, for the
conce fall to_ the critical concentration after the release has stopped, is significant.
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.

The example is a compressor facility handling natural gas (see Figure E.14). The compressor
units are skid mounted packages consisting of a gas engine, compressor, combined air
cooler, process piping, on-skid scrubbers, pulsation bottles, and auxiliary equipment.
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Gas engines and compressors in this example are considered to be installed within a naturally
ventilated shelter with air entering through louvered openings at the bottom and an open front

of the shelter and leaving through a rooftop opening (see Table E.1).

The external part of the facility is considered to consist of combined air coolers with ¢

ooling

water and process gas heat exchangers, piping, valves (emergency shut down, block and

regulating), off-skid scrubbers, etc.

The flammable substances that appear in this example are presented in Table E.2:

1) Process gas (natural gas with 80 % vol methane),

2) Prpcess gas condensate collected in the scrubbers and automatically drained towards a

ined by

the respective equilibrium state at each stage of compression),

3) Gas engine fuel and starting gas (dry pipeline quality natural gag ane),

4) Vgrious chemicals applied in the process, e.g. corrosion inhjlsitor itives.

The spurces of release that appear in this example are presénted

1) Stprting gas vent (a predictable source that gives primary pns at
edch start of the engine),

2) Cgmpressor blowdown vent (a predictable g i [ Jease;
hgppens at each depressurization o

3) Gas engine shut-off valve vent (a hde of
release (happens at each shutdown of gets
blpcked and the trapped gas is evacuated to

4) Pressure relief valve ve grade
of| release; happens reases above the set point; usually a
shjutdown safety devic ctive system of compressor units o trip
before the safety relie nsgand therefore it should not normally be considefed as
the source th ive ima de of release; see B.2.2 and B.2.3),

5) Cgmpressor (a source that typically gives primary grdde of
release, howeve bt.regarding monitoring, control and quality of maintenancg, this
veint may be das¥a sourge that gives continuous grade of release, see B.2|2 and
B.p.3),

6) Gas engine, cOMRresso dair cooler (sources that give secondary grade of releasg),

7) Prpcgss™gas s and drains (sources that give secondary grade of release of the
liguid phase

8) V3glves inside putside of the shelter (sources that give secondary grade of releage).

9) Pipe connections (sources that give secondary grade of release).

The rates-ofretease-forthepurpose-ofthisiHustration-are-assessed-as—follews

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

B.7.1.2.1, or B.7.1.2.2, or estimated otherwise.

5) For all other sources of release, the gas flow rates calculated according to B.7.1.2.1, or

B.7.1.2.2, or estimated otherwise.
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1 — Air outlet ventilation opening
2 — Starting gas vent
3 — Compressor blowdown vent

4 — Fuel gas shut-off valve vent

. 2 5 & 5a — Pressure relief valve vents
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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;
assume the lower flammable e for the fuel and starting gas: LFL = 0,05;

Ilmgts of the?flammable e for the condensate: LFL = 0,013 to 0,08 depending on the
substances? compression stage

04 || What are the sources of release Pipe connections on the gas engines, compre scrubbefs\and
within the shelter? the piping as well as local instruments conne(?tﬁr:\

05 || What are the grades of release? The grades of release are all secondary. is\s edcthat' there
should be no gas in the room under no operatingz¢onditjon
provided that the facility is well monitdred \and maintained.

06 || What would be the most Reciprocating compressors rarely the, cylipder: Howévdr,
representative sources of release | they are vibrant machinery with in d to
under given conditions? dynamic and thermal stresses, onnectfon

may be a source of release
The other realistic sour kcase breatHer
valve of the compres ing gets worn pr
broken, then the compressed gas.m y, enter the crankgase
and then leak through the ipfo the surrounding afea.
There are also(ot e which have to be scrutipized.
S ay e

e th i

07 Since the sources that give i
secondary grades of release are ce of
not summated, which of those
should be chosen for the
purpose?

08 || If we decidethattheleak at the shall
blown gaskekappears\as mo
abundant, what wou e ’54 x 1072 kg/s; with C, being 0,75 and S as 2,5 mm?
release rate? equation B.4)

(\ ~1,85 x 1072 m%/s

09 Yes, the buoyancy induced natural ventilation will be possible even
during hot summer days because the heat dissipated by the engines
and compressors will constantly keep the interior temperature gbove
the ambient. The configuration of the shelter will also enable wipd to
enhance the ventilation no matter at which direction it is blowing.

10 || What arethe geometrical e Length of the shelter: L =12 m

charactetistics of the building? e Breadth of the shelter: B=12m

e Overall height of the shelter: # =8,0 m

e Total volume concerned: ¥ ~ 1 000 m®

b4 Yotumeunderconsideration: 'VO = 0,60 =866 |||q, A-votume less
than 7 is applied as an allowance for the enclosed equipment
which reduces the effective volume.

e Total effective area of the air inlet openings: 4, = 30 m2

e Total effective area of the air outlet openings: 4, = 24 m2

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 4.~ 26,5 m? (see C.5.2)
area of the lower opening?

12 What are the temperatures at the e Average inside temperature: T, = 316 K
most unfavourable conditions? o Outside temperature: 7, = 313 K

ou
13 | What is the volumetric flow rate

of fresh air?

0, =107 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 O, 1
changes per hour in the volume C= v ~48h
under consideration? 0
48 air changes per hour is selected for the purpose of this example
to illustrate very draughty conditions and may not be applicable for
actual conditions in a real situation.

15 | What is the ventilation velocity? The ventilation velocity should be calculated according to the air flow
pattern and that implies that the referent cross section of the shelter
is horizontal:

Uy = Qa ~0,075m/s
LxB
16 | What is the background £xQ0
concentration in the volume Xo=—,— =~ 018% =~ 45% I7T (seeequation C.T)
; ; 0
under consideration?

17 What is the lrelease w, ~05m /s : with & being 1,0

characteristic? g kLFL
Slnce the air flow pattern indicates mowxem
there is no reason to apply a moré strict Yactar o
ventilation than 1,0.

18 || What is the degree of dilution? See the chart in Figure C.1 d@ndtk\fin mt\se ion of the valups for
axis X and Y. The dilution appear

19 Is the background concentration No, it is 4,5 % LFL.

in this volume higher than 25 % Taking into account/the swe the>degree gf dilution can be
LFL? considered as med um
20 || What is the availability of the The availabilit atedienclosed spaces should rjever
ventilation? b considergd as od d e t e various natural uncertainties.|So
Wi hav toeonsider the valla ility as fair.
21 What will be the type of the zone Taking int untihe gfa\ie\_p/release the degree of dilutiop and
within the shelter? the |Iab|I| o) ventl tion, the interior of the shelter is classiffed
as(zone 2 (seelka
22 || Is there any opening whi may Ye it is thexgeoft &kt)e/t opening.
be considered as the so(rc of pe pening.
release?
23 What is the mass rell e o’r’ b =uy L Bpg Xp
the gas through thi op
1072 kgls;
is the same as with equation (B.4) which is in complipnce
ss Conservation Law.

24 || What is the de Mgree of dilution is again obtained by using the chart in Figure
C )1, except that the ventilation velocity u,, is now the wind spegd.

e 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).
The degree of dilution still appears as medium.

25 m arﬁ%us\ea The hazardous area shall apparently be zone 2 (see Figure E.1p).

nd pe

26 |[|Whati >Us distance The hazardous distance can be estimated by applying the methpd

around th enin ? set in Annex D (see Figure D.1). Taking into account the positign of
the source of release, there is no need for too much conservati$m
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.



https://iecnorm.com/api/?name=083af0e3709318ef22d216b4ecb3316a

	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




