IEC 61882:2016-03 RLV(en)

IEC 61882

I NTE RNATIO NAL REDLINE VERSION
STANDARD

3
Y
Q.
NO
‘19 colour
QS . inside
NS
©
Q/C)
« \
o\
Hazgrd and operability studies (HAZOP studi@£ Application guide

N
2

%



https://iecnorm.com/api/?name=9066cee734a70c0a533da3437d7b556e

THIS PUBLICATION IS COPYRIGHT PROTECTED
Copyright © 2016 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

IEC Central Office
3, rue de Varembé
CH-1211 Geneva 20

Switzerland www.iec.ch

your local IEC member National Committee for further information.

Tel.: +41 22 919 02 11
Fax: +41 22 919 03 00
info@iec.ch

About the IEC

The Intgrnational Electrotechnical Commission (IEC) is the leading global organization that prepares and ppblishes

Internatonal Standards for all electrical, electronic and related technologies.

About IEC publications

The tecpnical content of IEC publications is kept under constant review by the IEC. Please make §ure'that you have the

latest edlition, a corrigenda or an amendment might have been published.

IEC Catplogue - webstore.iec.ch/catalogue

The stand-alone application for consulting the entire
bibliogrgphical information on IEC International Standards,
Technical Specifications, Technical Reports and other
documehts. Available for PC, Mac OS, Android Tablets and
iPad.

IEC puljlications search - www.iec.ch/searchpub

The adJanced search enables to find IEC publications by a
variety |of criteria (reference number, text, technical
committge,...). It also gives information on projects, replaced
and withjdrawn publications.

IEC Just Published - webstore.iec.ch/justpublished

Stay up|to date on all new IEC publications. Just Published
details @ll new publications released. Available online and
also onde a month by email.

Electropedia - www.electropediaZorg
The world's leading online(dictionary of electropic and
electrical terms containing, 20 000 terms and defirfitions in
English and French, swith~equivalent terms in 15 gdditional
languages. Also known/as the International Electrofechnical
Vocabulary (IEV) anline.

IEC Glossary ¢ std.iec.ch/glossary
65 000 electrotechnical terminology entries in Endglish and
French._extracted from the Terms and Definitions dause of
IEC publications issued since 2002. Some entries hgve been
collected from earlier publications of IEC TC 37, 77| 86 and
CISPR.

IEC Customer Service Centre - webstore.iec.ch/cstc
If you wish to give us your feedback on this publi¢ation or
need further assistance, please contact the Customef Service
Centre: csc@iec.ch.



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=9066cee734a70c0a533da3437d7b556e

IEC 61882

Edition 2.0 2016-03

INTERNATIONAL
STANDARD

Haz3grd and operability studies (HAZOP studjgs) — Application guide

INTERNATIONAL
ELECTROTECHNICAL
COMMISSION

ICS 03.100.50; 03.120.01; 13.020.30 ISBN 978-2-8322-3234-7

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

® Registered trademark of the International Electrotechnical Commission



https://iecnorm.com/api/?name=9066cee734a70c0a533da3437d7b556e

-2- IEC 61882:2016 RLV © IEC 2016

CONTENTS

FOREWORD ... ettt e et et e e e e e et e e e e e et e et e e e e e e e et e enas 4
INTRODUGCTION ..ottt e e e e ettt et e e e e e e e e et e enns 2
ST o7 o 1= S 8
NOrmMative referENCES .. o e 8
Terms, definitions and abbreviations ... 8
3.1 Terms and definitioNS ... 8
3.2 Abbreviations 11
Brinciples Key features of HAZOP ... 0 11
4.1 Overview General ... ..o SN 11
4.2 Principles of examination...............cooiiiiiii e DO e 12
4.3 Design representation ... O e 14
413 .1 LT =Y 7= - Y A U A 14
413.2 Design requirements and design intent............... 0T e 14
Applications of HAZOP ... O 15
5.1 GeNneral.....cooiiiiiiii e K e e 15
5.2 Relation to other analysis tOOIS ... e 16
5.3 HAZOP study limitations............coocovviiiviicnc e | 16

5.4 Hazard Risk identification studies during diffetent system life cycle-phases
] = T 1= R RPN R 17
5]4.1 Concept-and-definitionphase stageV.......cooviiiiii e 17
5|4.2 Designand-developmentphasePevelopment stage ... 17
5(4.3 Manufacturingand-installationphase Realization stage .............oo . 17
5]4.4 Operationand-maintenange-phase Utilization stage ...........oocooev i 17
5]4.5 Decommissioning-or-disposalphase Enhancement stage........................]..... 18
5|4.6 Retirement stage. sl i e 18
The HAZOP study ProCeAUIE ... .. ittt e e e ean e e e e 18
6.1 (T T=T = | P TTPUTPSPPUPRN A 18
6.2 D e fiNIiONS . . . e e 20
6]2.1 Initiaté the study ..o | 20
6]2.2 Define scope and objectives........cooviiiiiiiiiiii e e 20
6]2.3 Define roles and responsibilities ..o e 21
6.3 Preparation-work ... ..o e 22
6]3A4 General Plan the study.......oooiii e e 22
6132 Desigh-descriptionCollect dataand documentation —eerrrrrrrreeeeeeeeeeeee . 23
6.3.3 Establish guide words and deviations ..........c..coooiiiiiiii 24
6.4 EXaMINA i ON L. e 25
6.4.1 Structure the examination ... 25
6.4.2 Perform the examination ... 25
6.5 Documentation and fOllOW UP ... 28
6.5.1 LT =Y o= =Y 28
6.5.2 Stytes Establish method of recording ........coovviiiiiii i, 29
6.5.3 Output Of the STUAY ..o 29
6.5.4 Reporting-requirements Record information ... 30
6.5.5 Sign off the documentation ... 30

6.5.6 Follow-up and responsibilities ... 30


https://iecnorm.com/api/?name=9066cee734a70c0a533da3437d7b556e

IEC 61882:2016 RLV © IEC 2016 -3-

B
Annex A (informative) Methods of-reporting recording.......covvviiii i, 32
A1 Reporting Recording OpPtiONS ... 32
A.2 HAZOP WOrKsheet ... e 32
A.3 Marked-up representation .. .. ..o e 33
A.4 HAZOP StUAY FEP O ..o e e 33
Annex B (informative) Examples of HAZOP studies ........coooiiiiiiiiiiiii e, 34
B.1 GBI Al e 34
B.2 INtrodUCTOry @XamPIe ... 34
B. | ToTeT=e IVT=T-J ST URFYRY U 39
B.4 Automatic train protection system ... 42
Bl.4.1 GENEIAl it e [ 42
Bl.4.2 Application.. ..o e e e 42
B.5 Example involving emergency planning.............ccovviviiiiiiiini et e e 45
== cesee=—
B.6 Piezo valve control system..........cooooviiiiiiii N 49
B.7 HAZOQOP of a train stabling yard horn procedure ........... =% e o, 58
Bibliography. ..o e e 69
Figurd 1 — The HAZOP study procedure...........cocovvveeem S Lo 20
Figurd 2 — Flow chart of the HAZOP examination procedure —Element Property first
L= T [UT=: o Lot T PRSPPI IR 27
Figurg 3 — Flow chart of the HAZOP examination,procedure — Guide word first
1= 1o V1= o Tod= TR PPN IR 28
Figurd B.1 — Simple flow sheet ... mi e 35
Figurd B.2 — Train-carried ATP equipment ... 42
Figurg B.3 — Piezo valve control system ..o 49
Bleweg 4 Oilbvepedtzoe
Table |1 — Example of basic guide words and their generic meanings ...........ccoocoevvevvenee e, 13
Table |2 — Example of.guide words relating to clock time and order or sequence .............]..... 13
Table [3 — Examples' of deviations and their associated guide words...............ccooeeeen . 24
Table|B.1 — Rroperties of the system under examination...............coccoeeiiiiiiinine e o 35
Table |B.2— Example HAZOP worksheet for introductory example............ccocooiinnn e, 36
Table [B:3’— Example HAZOP worksheet for procedures example...........o.ooeeeeeeeeeeeeeeeeee ). 40
Table B.4 — Example HAZOP worksheet for automatic train protection system...................... 43
Table B.5 — Example HAZOP worksheet for emergency planning
Table B.6 — System design intent..... ... 50
Table B.7 — Example HAZOP worksheet for piezo valve control system ................cccoveiinnnn. 51
Table B.8 — Operational breakdown matrix for train stabling yard horn procedure ................. 60
Table B.9 — Example HAZOP worksheet for train stabling yard horn procedure..................... 54



https://iecnorm.com/api/?name=9066cee734a70c0a533da3437d7b556e

1)

2)

3)

4)

5)

6)

7)

8)

9)

This
made|to<the previous edition. A vertical bar appears in the margin wherever a c

The

-4 - IEC 61882:2016 RLV © IEC 2016

INTERNATIONAL ELECTROTECHNICAL COMMISSION

HAZARD AND OPERABILITY STUDIES (HAZOP STUDIES) -
APPLICATION GUIDE
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International Standard IEC 61882 has been prepared by IEC technical committee 56:
Dependability.

This second edition cancels and replaces the first edition published in 2001. This edition

constit

utes a technical revision.

This edition includes the following significant technical changes with respect to the previous

edition

a) clarification of terminology as well as alignment with terms and definitions within

ISO 31000:2009 and ISO Guide 73:2009;

b) adfition of an improved case study of a procedural HAZOP.

The tgxt of this standard is based on the following documents:

FDIS Report on voting

56/1653/FDIS 56/1666/RVD
Full infformation on the voting for the approval of this standard can;be found in the report on
voting|indicated in the above table.
This plublication has been drafted in accordance with the ISG/IEC Directives, Part 2.
The cpmmittee has decided that the contents of this~publication will remain unchangef until
the stability date indicated on the IEC website .under "http://webstore.iec.ch" in the data
relateql to the specific publication. At this date, the publication will be
e re¢onfirmed,
e withdrawn,
e replaced by a revised edition, or
e anmended.
IMPORTANT - The “colour.inside” logo on the cover page of this publication indjcates

that it

of its [contents. Users'should therefore print this publication using a colour printer,.

contains coloursiwhich are considered to be useful for the correct understanding
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INTRODUCTION

This standard describes the principles for and-precedures—of approach to guide word-driven
risk identification. Historically this approach to risk identification has been called a hazard and
operability study or HAZOP study for short. This is a structured and systematic technique for
examining a defined system, with the objectives of:

e identifying-petential-hazards risks associated with the operation and maintenance of the
system. The hazards or other risk sources involved-may can include both those essentially
relevant only to the immediate area of the system and those with a much wider sphere of
influence, for example some environmental hazards;

e idgntifying potential operability problems with the system and in particular idenitifying
capses of operational disturbances and production deviations likely to lead "td non-
copforming products.

An important benefit of HAZOP studies is that the resulting knowledge, obtained by identifying
potential-hazards risks and operability problems in a structured and systematic mannet, is of
great assistance in determining appropriate remedial measures.

A characteristic feature of a HAZOP study is the examination session during which a|multi-
disciplinary team under the guidance of a study leader systematically examines all relevant
parts pf a design or system. It identifies deviations from the.system design intent utilizing a
set off guide words. The technique aims to stimulate theXimagination of participant$ in a
systematic way to identify-hazards risks and operability problems. A HAZOP study sholld be
seen as an enhancement to sound design using experiénce-based approaches such as|codes
of pragtice rather than a substitute for such approaches.

Histor|cally, HAZOP and similar studies were, described as hazard identification ag their
primafy purpose is to test in a systematicway whether hazards are present and,|if so,
undergtand both how they could result in adverse consequences and how such consequences
could |be avoided through process redgsign. ISO 31000:2009 defines risk as the effect of
uncerfainty on objectives, with a noté’ that an effect is a deviation from the explected.
Therefore HAZOP studies, which eenAsider deviations from the expected, their causgs and
their gffect on objectives in the coptext of process design, are now correctly characterized as
powerful risk identification tools:

There| are many different\\tools and techniques available for the identification of-pejential
hazardls—and—operabilityproblems risks, ranging from checklists,—fault failure modes and
effect$ analysis (FMEA)—Fault—Tree-Analysis{(FFA)} to HAZOP. Some techniques, sych as
check|ists and what-if/analysis, can be used early in the system life cycle when little
information is_-available, or in later phases if a less detailed analysis is needed. HAZOP
studiep requite/more detail regarding the systems under consideration, but produce| more

>

azard
identification techniques (e.g. checklist HAZOP HAZOP 1 or 2, knowledge based HAZOP).
The use of the term with such techniques is considered to be inappropriate and is specifically
excluded from this document.

Before commencing a HAZOP study, it should be confirmed that it is the most appropriate
technique (either individually or in combination with other techniques) for the task in hand. In
making this judgment, consideration should be given to the purpose of the study, the possible
severity of any consequences, the appropriate level of detail, the availability of relevant data
and resources and the needs of decision-makers.
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This standard has been developed to provide guidance across many industries and types of
system. There are more specific standards and guides within some industries, notably the
process industries where the technique originated, which establish preferred methods of
application for these industries. For details see the bibliography at the end of this standard.
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HAZARD AND OPERABILITY STUDIES (HAZOP STUDIES) -
APPLICATION GUIDE

Scope

IEC 61882:2016 RLV © IEC 2016

This International Standard provides a guide for HAZOP studies of systems using guide
words. It gives guidance on application of the technique and on the HAZOP study procedure,

including definition, preparation, examination sessions and resulting documentation and
followtup.

Documentation examples, as well as a broad set of examples encompassing vjrious
industries applications, illustrating HAZOP studies are also provided.

2 Nprmative references

The fdllowing documents, in whole or in part, are normatively referenced in this document and
are inflispensable for its application. For dated references, only the edition cited appligs. For
undated references, the latest edition of the referenced document (including any
amendiments) applies.

IEC 60050-192, International electrotechnical vocabdlary — Part 192: Dependability (available
at httg://www.electropedia.org)

IEC 200-3-O  Denendabilitvy manasagemen Daort - Annlication —ouide Section—9l icle
HEC—60300-3-9;—Dependability-managementoPart3-—Application—guide—Section—9-—Risk
analygis of technological systems

L= ehedn Analenle tochnicnos fo cvenn ealinbiling. Dreococlien o ndlien saodle ancl piiocle
analysis{(FMEA)

e

IEC 61160.F , .

3 Terms, definitions and abbreviations

3.1 |Terms and definitions

For the/purposes of this document, the terms and definitions given in IEC-800540-191
60050L 192 and the following apply.

NOTE Within this clause, the terms defined are in italic type.

3.1.1
characteristic
qualitative or quantitative property-efan-element

EXAMPLE Pressure, temperature, voltage.

3.1.2
consequence
outcome of an event affecting objectives

Note 1 to entry: An event can lead to a range of consequences.
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Note 2 to entry: A consequence can be certain or uncertain and can have positive or negative effects on
objectives.

Note 3 to entry: Consequences can be expressed qualitatively or quantitatively.

Note 4 to entry: Initial consequences can escalate through knock-on effects.

[SOURCE: ISO Guide 73:2009, 3.6.1.3]

3.1.3
control
measure that is modifying risk (3.1.12)

Note 1 fo entry: Controls include any process, policy, device, practice, or other actions which modify rigk\

Note 2 fo entry: Controls may not always exert the intended or assumed modifying effect.

[SOURCE: ISO Guide 73:2009, 3.8.1.1]

314
desigh intent
designer’s desired, or specified range of behaviour for-elements-ang-characteristics properties
which|ensure that the item fulfills its requirements

33
deviation
| ¢ losiani

315
element property
constifuent of a part which serves to identify:the part's essential features

Note 1 fo entry: The choice of-elements—may ptaeperties can depend upon the particular application, but-elements
propertles can include features such as the material involved, the activity being carried out, the eqliipment
employged, etc. Material should be consideréd.ih a general sense and includes data, software, etc.

3.1.6
guide|word
word ¢r phrase which expresses and defines a specific type of deviation from-an-element a
propefty’s design intent

3.1.7
harm
physidal injury_or damage to the health of people or damage to—property assets pr the
environment

3.1.8
hazard
source of potential harm (3.1.7)

Note 1 to entry: Hazard can be a risk source (3.1.14).

[SOURCE: ISO Guide 73:2009, 3.5.1.4]

3.1.9

level of risk

magnitude of a risk (3.1.12) or combination of risks, expressed in terms of the combination of
consequences (3.1.2) and their likelihood

[SOURCE: ISO Guide 73:2009, 3.6.1.8]
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manager
person with responsibility for a project, activity or organization.

3.1.11
part

section of the system which is the subject of immediate study

Note 1 to entry: A part-may can be physical (e.g. hardware) or logical (e.g. step in an operational sequence).

3.1.12

risk

combihation of tha nrobahilitv_of occurrance_of _harm and the cavaritv_of thAtl harm
combpination—oi—the—prodadiity —or —oceurrence—oharm—ana—the —severty —ortaathafm
effect|of uncertainty on objectives 2\,

Note 1 fo entry: An effect is a deviation from the expected — positive and/or negative. Q’\Q-)

Note 2 [to entry: Objectives can have different aspects (such as financial, health and fgly, and enviropmental
goals) dnd can apply at different levels (such as strategic, organization-wide, project, p@zf and process).

Note 3 |to entry: Risk is often characterized by reference to potential events ﬁ\t consequences (3.1.R) or a
combingtion of these. 6

Note 4 [to entry: Risk is often expressed in terms of a combination of th@nsequences of an event (irfcluding
changep in circumstances) and the associated likelihood of occurrence.

Note 5 [to entry: Uncertainty is the state, even partial, or deficie of information related to, understarlding or
knowledilge of an event, its consequence, or likelihood. Q

[SOURCE: ISO Guide 73:2009, 1.1] s\Q\\

3.1.13 *(\Q’

risk identification

procesgs of finding, recognizing and desc\|® ng risks (3.1.12)

Note 1 [to entry: Risk identification involvés,Qhe identification of risk sources (3.1.14), events, their cauges and
their pgtential consequences (3.1.2). c\)&

Note 2 fo entry: Risk |dent|f|cat|onC9 involve historical data, theoretical analysis, informed and expert opinions,
and stakeholder's needs.

[SOURCE: ISO Gmd@%% 3.5.1]

3.1.1 @

risk sqQurce QQ

element whi lone or in combination has the intrinsic potential to give rise to risk (3.1.[12)
Note 1 o\g(ry: A risk source can be tangible or intangible.

[SOURCE: ISO Guide 73:2009, 3.5.1.2]

3.1.15

risk treatment
process to modify risk (3.1.12)

Note 1 to entry: Risk treatment can involve:

— avoiding the risk by deciding not to start or continue with the activity that gives rise to the risk;

— taking or increasing risk in order to pursue an opportunity;

— removing the risk source (3.1.14);

— changing the likelihood;

— changing the consequences (3.1.2);
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— sharing the risk with another party or parties (including contracts and risk financing); and

— retaining the risk by informed decision.

Note 2 to entry: Risk treatments that deal with negative consequences are sometimes referred to as “risk
mitigation”, “risk elimination”, “risk prevention” and “risk reduction”.

Note 3 to entry: Clarification of risk treatment and risk control (3.1.3) — a risk control is already in place whereas a
risk treatment is an activity to improve risk controls. Hence, an implemented treatment becomes a control.

[SOURCE: ISO Guide 73:2009, 3.8.1, modified — Note 3 to entry replaces the existing note 3]

3.2 Abbreviations

ATP sttofmatic-tramprotection

EER escape, evacuation and rescue

ETA event tree analysis

FMEA| failure mode and effects analysis

FTA fault tree analysis

GPA general purpose alarm

HAZOP hazard and operability

LH left hand

LOPA layer of protection analysis

OIM offshore installation manager

P&ID{ process and instrumentation diagrams

PAPA prepare to abandon platform alarm

PA public address

PES programmable electronic system

PPE personal protective equipmed

QP qualified person

RH right hand

4 Ptinciples Key features of HAZOP

4.1 |Overview General

A HAZOP study,is a detailed process carried out by a dedicated team to identify-hazards risks
and operability~problems. HAZOP studies deal with the identification of potential deviations
from fhe design intent, examination of their possible causes and assessment of their
consefjuences.

Key features of a HAZOP-examination study include the following.

e The-examination study is a creative process that proceeds by systematically using a
series of guide words to identify potential deviations from the design intent and employing

these-deviations—as—“triggering-devices” to stimulate team members to envisage how the

deviation might occur and what might be the consequences.

e The-examination study is carried out under the guidance of a trained and experienced
study leader, who has to ensure comprehensive coverage of the system under study,
using logical, analytical thinking. The study leader is preferably assisted by a recorder who
records pertinent data associated with identified—hazards risks and/or operational
disturbances for-further risk analysis, evaluation and-reselution treatment.

e The-examination study relies on specialists from various disciplines with appropriate skills
and experience who display intuition and good judgement.
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e The-examination study should be carried out in an atmosphere of-pesitive critical thinking
in a frank and open atmosphere. %ﬂ%—m

e A HAZOP study produces minutes or software to record the deviations, their causes,
consequences and recommended actions together with marked up drawings, documents
or other representations of the system that indicate the associated minute number and
where possible the recommended action.

e The development of risk treatment actions for identified risks or operability problems is not

a JI;IIIGIy UbJUUtIVU Uf thU HAZCP UI\GIII;IIGt;UII, but IUUUIIIIIIUIIdat;UIIO ohuu:d bU made
wHere appropriate and recorded for consideration by those responsible for the degign of
theg system.

e The initial HAZOP study might be done in a progressive fashion so that de&Sign changes
cah be incorporated but the completed HAZOP study has to correlate t§\the final design
intent.

e Exjsting HAZOP studies should be reviewed at regular intervals torevaluate whether there
haje been any changes to the design intent or hazards and also.during other stages|in the
lifg cycle such as the enhancement stage.

4.2 |Principles of examination

The bpsis of a HAZOP study is a “guide word examination” which is a deliberate seaich for
deviatjons from the design intent. To facilitate the examination, a system is divided intq parts
in such a way that the design intent or function for.each part can be adequately definedl. The
size of the part chosen is likely to depend on thescomplexity of the system and the-s¢verity
potenfial magnitude and significance of the—hazard consequence. In complex systems or
those |[where the level of-hazard risk might be~expected to be high, the parts are likely to be
small jn comparison to the system. In simple“systems or those where the level of-hazafd risk
might pe expected to be low, the use of.larger parts will expedite the study.

The design intent for a given part 6f-a system is expressed in terms of-elements propkrties,
which|convey the essential-featdres characteristics of the part and which represent natural
divisigns of the part. The selection of-elements properties to be examined is to some extent a
subjegtive decision in that there-may might be several combinations which will achieye the
required purpose and the. choice—may can also depend upon the particular appli¢ation.
Elemgnts—may Parts can‘be discrete steps or stages in a procedure, clauses in a coptract,
indiviqual signals andjequipment items in a control system, equipment or components in a
process or electranic ‘system, etc.

ifput material taken from a source;

In sorle cases-it-may might be helpful to express the function of a part in terms of:

— an activity which is performed on that material;
— apreduet an output which is taken to a destination.

Thus the design intent will contain the following elements:—materials inputs and outputs,
functions, activities, sources and destinations, which can be viewed as-elements properties of
the part.

Elements Properties can often be usefully defined further in terms of characteristics that can
be either quantitative or qualitative. For example, in a chemical system, the-element“material”
may inputs could be defined further in terms of characteristics such as temperature, pressure
and composition. For a transport activity, characteristics such as the rate of movement, the
load or the number of passengers—may might be relevant. For computer-based systems,
information—ratherthan-material-is communication, interfaces, and data processing are likely
to be the-subject characteristic of each part.
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For each part in turn, the HAZOP study team examines each-element{and-characteristic;
whererelevant) property for deviation from the design intent which can lead to undesirable (or

desirable) consequences. The identification of deviations from the design intent is achieved
by a questioning process using predetermined guide words. The role of the guide word is to
stimulate imaginative thinking, to focus the study and elicit ideas and discussion, thereby
maximizing the chances of study completeness. An example of basic guide words and their
meanings is given in Table 1.

Table 1 — Example of basic guide words and their generic meanings

Guide word Meaning
NO OPR NOT f‘nmplnh\ nngnﬁnn of-thao Anoign mntont
MORE Quantitative increase
LESS Quantitative decrease
AS WELL AS Qualitative modification/increase
PART OF Qualitative modification/decrease
REVERSE Logical opposite of the design intent
OTHER THAN Complete substitution

A further example of additional guide words relating to clock titne and order or sequepce is
given |n Table 2.

Tlable 2 — Example of guide words relating to clock time and order or sequencp

Guide word Meaning
EARLY Relative to\th'e clock time
LATE Relative to the clock time
BEFORE Relating to order or sequence
AFTER Relating to order or sequence

Fheretare—a-numberof-interpretations—of theabove-guide-words: Additional guide words-may

can bp used to facilitate identification of deviation, provided they are identified befofe the
examipation commences.

Having selected a part.for examination, the design intent of that part is-breken-inrto-separate
specifiedinsterms of discrete properties. Each relevant guide word is then applied to
property, thus a thorough search for deviations is carried out in a syst¢matic
manng¢r. Having\ applied a guide word, possible causes and consequences of a|given

deviatjon areréxamined and mechanisms for-detection-or-indication-of-failures—may corltrol of

the prledidted consequences can also be investigated. The results of the examination are

Guide word/etement property assomatlons—may can be regarded as a matrix;—with-the—guide
A . Within each cell of the matrix
thus formed WI|| be a specmc guide word/etement property combination. To achieve a
comprehensive—hazard risk identification, it is necessary that the—elements—andtheir
associated-characteristics properties cover all aspects of the design intent and guide words
cover all possible deviations. Not all combinations will give credible deviations, so the matrix
may can have several empty spaces when all guide word/element property combinations are
considered.

In general the study leader will predefine the applicable guide word/property combinations to
make the risk identification process more efficient and make best use of the participant
expertise and time.
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There are two possible sequences in which the cells of the matrix can be used for the
examination of the chosen part: column by column (i.e.-element property first), or row by row
(i.e. guide word first). The details of examination are outlined in 6.4 and both-seguences
forms of examination are illustrated in Figures 2 and 3. In principle the results of the
examination should be the same.

As well as applying guide words to defined properties of a part there can be other attributes
such as access, isolation, control, and the work environment (noise, lighting, etc.) that are
important to the desired operation of the system and to which a subset of the guide words can
be applied.

4.3 [Destgnrepresentation
4.31 General

An acpurate and complete design representation of the system under study is @ prerequisite
to thg examination task. A design representation is a descriptive model of the gystem
adequiately describing the system under study, its parts and-elements;~gnd identifying their
charagteristics properties. The representation-may could be of the physical design or |of the
logical design and it should be made clear what is represented.

The design representation should convey the system function/of-each part and element in a
qualitative or quantitative manner. It should also describe thevinteractions of the system with
other pystems, with its operator/user and possibly with the(environment. For example, P&IDs
are likely to provide the level of detail required fer the design representation|[ The
confomance of-elements properties or characteristics\to their design intent determings the
corredtness of operations and in some cases the safety of the system.

The rgpresentation of the system consists of twa basic-parts components:

— the¢ system requirements; and

— a physical and/or logical descriptionof the design.

The-rgsulting value of a HAZOP study depends on the completeness, adequacy and acg¢uracy
of the|design representation including the design intent.-Care-should-be-taken—therefpre—in
of

aration the informationwackage 1 HAZOP is being conductedin-the operational-or
SHatHoR—o+—thetHermatoRspacKkage: LS pehg—-cohauctea—ih the operatoRai—o+

dispogal-phase,—care-should-be-takente-ensure-that Any modlflcat|ons—a¥e—Feﬂeeted frgm the

origingl design should pbesshown in the design representation. Before starting the examination,
the tepm should review-this information package, and if necessary have it revised so [that it
accurately represents-the system.

4.3.2 Design requirements and design intent

The design-requirements consist of qualitative and quantitative requirements that the gystem
has tq satisfy, and provide the basis for development of system design and design intgnt. All
reasonableuse-and-misuse-conditions reasonably foreseen ways in which-are—expected-by
the-user system could be used or misused should be identified. Both the design requirements
and resulting design intent have to meet customer-expectations requirements and those of
any relevant legislation, norms or standards.

On the basis of system requirements, a designer develops the system design; for instance, a
system configuration is arrived at, and specific functions are assigned to subsystems and
components. Components are specified and selected. The designer should not only consider
what the-equipment system should do, but also ensure that it will not fail under any-urusual
foreseeable set of conditions, or that it will not-wear-eut fail or degrade during the specified
lifetime. Undesirable behaviours or features should also be identified so they can be designed
out or thelr effects m|n|m|zed by approprlate deS|gn or malntenance lhe—abeve—miewtmahen
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The design intent forms a baseline for the examination and should be-cemplete accurate and
correct, as far as possible. The verification of design intent (see IEC 61160) is outside of the
scope of the HAZOP study, but the study leader should ascertain that it is-eemplete accurate
and correct to allow the study to proceed. In general most documented design intents are
limited to basic system functions and parameters under normal operating conditions.-Hewever
provisions—for Reasonably foreseeable abnormal operating conditions and undesirable

activities that-may might occur (e.g. severe vibrations,-water-hammer-inpipes,—voltage-surges
which—may—lead—to—failure extreme weather events, abnormal stoppages or third party
interventions)—are—rarely—mentioned,—but should be identified and considered during the

examination. Also deterioration mechanisms such as-ageinrg decay, corrosion and-erosion
non-compliance of procedures and other mechanisms which cause deterioration in-material
system properties-are-not-specifically-stated-—However-they-have-to should be identified and
considered in a study using appropriate guide words. If necessary, a more detailed|study
lookinp specifically at failure modes and effects may be required (see IEC 60812).

Expedted life, reliability, maintainability and-maintenance-—support supportability’ should also
be identified and considered together with—hazards risk sources whiehmay coldld be

encountered during maintenance and logistic support activities, provided-they are included in
the scppe of the HAZOP study.

5 Applications of HAZOP

5.1 General

Originplly a HAZOP study was a technique developed.fop systems involving the treatmept of a
fluid medium or other material flow in the process industries where it is now a major element
of progess safety management. However its area ofrapplication has steadily widened in fecent
years [and for example includes usage for:

— software applications including programmable electronic systems;
— sys$tems involving the movement of pegople by transport modes such as road, rail, and air;
— expmining different operating sequences and procedures;
— aspessing administrative procedures in different industries;
— aspessing specific systems,,for example medical devices;
— software and code development;

— aspessing proposed_organizational change and defining the mechanisms to achieve|those
chpnges;

— tegdting and improving draft contracts and other legal documents;

— tegting aqQd/ improving documents including instructions and procedures for ¢ritical
aclivities;

A HAEZOP study is particularly useful for identifying weaknesses in systems (existing or
proposed) involving the flow of materials, people or information, or a number of events or
activities in a planned sequence or the procedures controlling such a sequence. HAZOP
studies can also be used for non-operational conditions such as storage and transport. As
well as being a valuable tool in the design and development of new systems, HAZOP-may can
also be profitably employed to identify-hazards risks and potential problems associated with
different operating states of a given system: for example, for start-up, standby, normal
operation, normal shutdown, emergency shutdown states. It can also be employed for batch
and unsteady-state processes and sequences as well as for continuous ones. HAZOP-may-be
viewed-as is an integral part of the overall design process-ef-value-engineering and one of the
methods that can be employed for risk identification as part of the risk management process
(see 1SO 31000).
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5.2 Relation to other analysis tools

A HAZOP study-may can be used in conjunction with other-dependability risk identification
and analysis methods (see IEC/ISO 31010) such as FMEA (see IEC 60812) and FTA (see
IEC 61025) or LOPA (see IEC 61511-3:2003, Annex F). Such combinations—may might be
utilized in situations when:

— the HAZOP—analysis study clearly indicates that the performance of a particular—item
component of-egquipment a system is critical and needs to be examined in-censiderable
greater depth; the HAZOP study-may can then be usefully complemented by an FMEA of

thatitem-of-equipment component;

— having examined single—element/single echaracteristic property deviations by a HAZOP
stydy, it is decided to use FTA and ETA to analyse the effect of multiple deviationg or to
qupntify the likelihood of the failure event and its consequences.

HAZOP i a entia 3 am entred—approach—a opbposed-to Vi A which4 omponent
entrgd- FMEA starts wrth a possible component/functlon failure and then procegds to
invest|gate the consequences of this failure on the system as a whole. Thusrthe investigation
is unidirectional, from cause to consequence. A HAZOP study, on.lthe other hanpd, is
concefned with identifying possible deviations from the design intentoand then proceeds to
find thle potential causes of the deviation and to predict its consequénces.

FTA npay be used after single property deviations have been idefntified by HAZOP, to apalyse
the effect of multiple deviations or to quantify the likelihood of the failure event gnd its
consefjuences.

LOPA| uses the data developed by HAZOP andsdocuments the initiating cause and the
protedtion layers that modify the risk. This can ther be used to determine the amount pf risk
reducfion achieved by existing controls ang,to ascertain whether further treatmgnt is
needgd.

5.3 |HAZOP study limitations

Whils{f HAZOP studies have proved'to be extremely useful in a variety of different industries,
the teghnique has limitations that;should be taken into account when considering a potential
applicption. Some of the limitatiohs are mentioned below.

e A HAZOP study is a<hazard risk identification technique which considers system| parts
individually and methodically examines the effects of deviations on each part. Somegtimes
a-gerious—-hazard\wery high risk will involve the interaction between several of parts|of the
system. In these* cases, the-hazard-may-need-to risk should be analysed in more|detail
us|ng techpigles such as ETA (see IEC 62502) and FTA (see IEC 61025).

e As|with.any technique for the identification of-hazards risks or operability problems] there
cah bewnb guarantee that all-hazards-or-operability-problems will be identified in a HAZOP
stydy“The study of a complex system should not, therefore, depend just upon a HAZOP
study. The technique should be used in conjunction with other suitable approaches and
other relevant studies should be coordinated within an effective, overall—safety
management system.

e Many systems are highly interlinked, and a deviation in one part-may can have causes and

consequences in other parts of the system—Adeqeate—leeaJ—n%hgatmg—aehen—may—net

frem—ene—paﬁe—anether—m—praetree—thrs—rs—#eqeenﬂwret—dene— To understand the rlsk

and take appropriate risk treatment actions, the causes and consequences have to be
followed across the system. However, where the system is highly interlinked there is a
danger that the follow through is not comprehensive of every eventuality and a more
rigorous event analysis might be required.
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e The success of a HAZOP study depends greatly on the ability and experience of the
study leader and the knowledge, experience and level of interaction between team
members.

e A HAZOP study can only consider those parts that appear on the design representation.
Activities and operations which do not appear on the representation-are might not always
be considered. This can be partially overcome by applying a set of additional, non-specific
guide words to a part that are not strictly properties, such as access and maintenance and
also by adding to the process a step whereby, on completion, a final ‘common sense
check’ is applied using a checklist.

5.4 Hazard Risk identification studies during different system life

5.4.1 Concept-and-definitionphase stage

In the|concept phase of a system’s life cycle, the design concept and major system parts are
decided but the detailed design and documentation required to Conduct the HAZOP study do
not exjist. However, it is necessary to identify major-hazards risks at this time, to allow them to
be copsidered in the design process and to facilitate future 'HAZOP studies. To carnry out
these [studies, other basic methods should be used (for example descriptions of some of|these
methods seeEC-603060-3-9 IEC/ISO 31010).

5.4.2 Designand-developmentphase Development stage

Durind thic nhace of 3 life ecvele detsiled «deSiaon is develoned methods of oneratidn—are
HHHHR G HS—PHaSe—O0+—a—He— Gy 66— G ahe G GE€SI gh—15—GEe Ve 0 pe G — e oGSO opeadghi—ate
decidad unon-and documentation-is nrenared™®The desiaon reaches maturitvy and is frozeh The
ceciagouponanc-aoctmhenatdonRisSpreparec—ne-aesigh-reacnesSMattityaRci1sSHoZep-—ne
hest tlme to carrv out a2 HAZOP ctudv ieshist hafore the desian—is frozen At this statie the
P eSt{Re 0 Cay—oudta+—A~ALS STHEY S, TSt etroreme—GeSigh1sHOoZe R—At+tHSStage—me
desian_is sufficientlhv_detailed to allowrthe auestionina—mechanism of 9 HAZOP to hiain
GesSigh1s—StHcehny—Getahe G100 aHoOWGtHe—qUeSHORHRG recasS o+ L0 otaH

i - The most cosi(effective time to carry out a HAZOP study is whegn the
detail¢d design is available and methods of operation have been decided upon. There ¢an be
severdl iterations as the desighvis being finalized. It is important to have a-system pjocess

that will assess the implicatien’s of any changes made after the study has been carrigd out.
This-sjstem process should be maintained throughout the life of the system.

5.4.3 Manufacturing-and-installation Realization stage

are—ertiealowheptherc-hosboonacubstantial chance ot intentino-latestace. Duripng the
realization\phase, it is advisable to carry out an additional study prior to commissioning| when
initial |operation or start-up of the system can lead to significant levels of risk and proper
operating sequences and instructions are critical. The study should also be carried out or
repeated when there has been a substantial change of design or intent at a later stage.
Additional data such as commissioning and operating instructions should be available at this
time. In addition, the study should also review all actions raised during earlier studies to
ensure that these have been-reselved completed.

5.4.4 Operation and maintenance phase Utilization stage

The application or update of a HAZOP study should be considered before implementing any
changes that could affect the-safety—or—operability normal operation of a system-er-have
environmental—effeets, particularly if these changes could lead to high levels of risk.—A

- Periodically, the system should also be studied to detect and
understand the effects and implications of slowly acting changes. It is important that the
design documentation and operating instructions used in such a study are up to date.
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5.4.5 Decommissioning or disposal phase Enhancement stage

The enhancement stage is concerned with improving performance, making changes to
respond to new operating conditions, extending operating life and addressing obsolescence.
HAZOP studies can be used to understand the implications of any proposed changes to judge
if they are acceptable and whether new controls or changes to existing controls are required.

When _conducting studies to identify risks associated with an roposed changes
impor:lant to consider the implications and responses for the whole system and not qur
the stlidy to the part or property being changed. N/

Q~

5.4.6 | Retirement stage Q’\Q)

In the|retirement stage, a study of activities related to decommissioningycéssation of
dispogal might be required if it leads to different risks from those in | operations,
the sgquence of activities has been defined HAZOP studies can be lied to the seq

and pfocedures as well as any interim operating modes.

Q/
\
6 The HAZOP study procedure o

L
6.1 |General QQ

HAZOPP studies consist of four basic sequential s{\@ shown in Figure 1.
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Definition (6.1-3)

Define scope and objectives
Define responsibility

Select team

Preparation (6.4)

T 1arruane otuuy

Collect data

Agree style of recording (6.6.2)
Estimate the time

Arrange a schedule

!

Examination (6.5)

Divide system into parts

Select a part and define design intent

Identify deviation by using guide words-on each element
Identify consequences and causes

Identify whether a significant problem exists

Identify protection, detection, and indicating mechanisms
Identify possible remedial/mitigating measures (optional)
Agree actions

Repeat for each element and then each part of the system

!

Documentation and
follow-up (6.6-7)

Record the examination

Sign off the documentation

Produce the report of the study

Follow up that actions are implemented
Re-study any parts of system if necessary
Produce final output report

IEC 450/01
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Definitions (6.2)

e |nitiate the study (6.2.1)
e Define scope and objectives (6.2.2)
¢ Define roles and responsibilities (6.2.3)

y
Preparation (6.3)

e Plan the study (6.3.1)

6.2
6.2.1

The dtudy is genérally initiated by a person with responsibility for a project, acti

organ
detern
resou

¢ Collect data and documentation (6.3.2)
e Establish guide words and deviations (6.3.3)

y
Examination (6.4)

e Structure the examination (6.4.1)
e Perform the examination (6.4.2)

y
Documentation and follow<up (6.5)

e Establish method of recording (6.5.2)
e Output of the study (6.5.3)

e Record the information (6.5.4)

¢ Sign off the documentation (6.5.5)

e Follow-up and responsibilities (6.5.6)

IEC

Figure’d—— The HAZOP study procedure

Definitions
Initiate the study
sation, whooin this guide is called—preject the manager. The—projeet manager

nine when"a study is required, appoint a study leader and provide the nec:s
ces toccarry it out.

bed for such a ehld\/ will often have heen identified dllrlnn normal nrnlnni' nlnnnln

The n

ity or
should
bssary

g, due

to legal requirements or because it is an organization’s pohcy With the aSS|stance of the
study leader, the-project manager should define the scope and objectives of the study and
ensure that members appomted to the study team have the appropnate competenmes to

The manager is ultimately accountable for ensuring that any actions that arise from the study
are completed.

6.2.2

Define scope and objectives

Be%h The scope of a study should be clearly stated to ensure that:
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— the system boundaries, and its interfaces with other systems and the environment are
clearly defined; and

— the study team is focused, and does not stray into aspects irrelevant to the objectives.

The scope will depend upon a number of factors, including:

— the-physieal boundaries and extent of the system;
— the number and level of detail of the design representations available;

— the scope of any previous studies;whether HAZOP or-otherrelevant-analyses; carried out

on the system; and

The fdllowing factors should be considered when defining objectives of thie study:

— th¢ relevant objectives of the organization;

— th¢ purpose for which the results of the study will be used,and how it relates fo the
organization’s objectives;

— the phase of the life cycle at which the study is to be carried out (for details see 5.4)
— opgrability-preblems considerations, including effects.on product quality;

— persons or property that may be at risk, for “éxample staff, the general publig, the
enyironment, the system;

— the-standards—required performance requirements of the system;—beth-interms—ofjsafety
and-operational-performance.

6.2.3 Define roles and responsibilities

The rples and responsibilities of ‘astudy team should be clearly defined by the
er and agreed with the study-leader at the outset of the study. The study leader

are required from the study team members. A programme of activities should be deve

which| reflects the—milestenes—of the—project timing of decision making, to enablge any

recommendations to be carried out in a timely fashion.

It is the study leader's responsibility to ensure that-an—appropriate—communication-sydtem a

suitable mechamsm is in place to communicate the results of the study. It is the respongibility
of the manager to ensure that the results of the study are followed up and degisions

regarding<—Hnplementation—made—by—the design—team necessary actions are prpperly

docunented.

The-projeet manager and the study leader should agree whether the study team activity is to
be confined to identification of-hazards risks and problem areas (which are then referred back
to the-preject manager and any designers for resolution) or whether they are also to suggest
possible-remedial/mitigating-measures risk treatments. In the latter case there also needs to
be agreement as to the responsibility and mechanism for selecting preferred

i Heed risk treatments and securing appropriate authorization for any
actions that have to be taken.

A HAZOP study is a team effort, with each team member being chosen for a defined role. The
team should be as small as possible and consistent with the relevant-technical-and-operating
skills and experience available.—This—will-generaly—involve—at-least fourpersons—and-rarely
more-than-seven- The larger the team, the slower the process, however, all relevant areas of
knowledge should be represented.
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Where a system has been designed by a contractor, the study team should contain personnel
from both the contractor and the client.

Recommended roles for team members are as follows:

— Study leader: not closely associated with the design team and the project. Trained and
experienced in leading HAZOP studies. Responsible for communications between-prejest
management and the study team. Plans the study. Agrees study team composition.
Ensures the study team is supplied with a design representation package. Suggests
guide words and guide word/elementicharacteristic-interpretations property combinations
to be used in the study.-Cenduets Facilitates the study. Ensures-documentation accurate
recording of the results.

— Recorder: documents records proceedings of meetings. Documents the-hazards risis and
problem areas identified, recommendations made and any proposed actions .
Aspists the study leader in planning and administrative duties. In some cases, the|study
legder-may can carry out this role. The recorder should have good technjcal knowlefige of
the subject being studied, linguistic skills and a good ability to listen and\uAderstand

— Ddsigner(s): explains the design and its representation. Explains how.a defined deyiation
caph occur and the corresponding system or organizational response:

— Usger(s): explains the operational context within which the-eleméat-under-study systgm will
opgrate, the operational consequences of a deviation and the’ extent to which deviations

mgy-be-hazardous might lead to unacceptable consequences”

— Specialists: provide expertise relevant to the system,the study, the hazards and their
copsequences.—May They could be called upon Aer limited participation—with—thp—role

— Mg3intainer: someone who will maintain the system going forward.

Other|people such as suppliers of major systetf items, manufacturer, and other stakehplders
might falso be needed.

The Viewpoint of the designer and™~user are always required for the study. Hoywever,
depending on the particular phase ‘of-the life cycle in which the study is carried out, the type
of spefcialists most appropriate to-the study-may might vary.

Either| all team members- should have sufficient knowledge of the HAZOP—technigue
methodology to enable them to participate effectively in the study, or suitable—intreduction
training should be provided.

6.3 |Preparation-work
6.3.1 General Plan the study

The slludy leader is responsible for the following preparatory work:

a) obtaining the information about the system;

b) converting the information into a suitable format;

c) planning the sequence of the study meetings or workshops; and
d) arranging the necessary meetings.

In addition, the study leader-may might arrange for a search to be made of databases, etc. to
describe historical experience of the same or similar-technologies systems.

The study leader is responsible for ensuring that an adequate design representation is
available. If the design representation is flawed or incomplete, it should be corrected before
the study begins. In the planning stage of a study, the parts;—elements and—their
characteristics properties should be identified—en-the—designrepresentation—by and agreed

with a person very familiar with the design.
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The study leader is responsible for the preparation of a study plan that should contain the
following:

A Dbri

objectives and scope of the study;

a-Hist-of participating-members the study team;
technical details:

— a design representation divided into parts-and-elements with defined design intent and
for each—element part, a list of components, materials and activities and their
characteristies properties;

— a list of proposed guide words to be used, and-the—interpretation—of guide—word——
element/characierisic combmatons thelr application 1o systems properties as olitlined

in 6.4.3;
a ljst of appropriate reference, design criteria, standards or norms;

administrative arrangements, schedule of meetings, including their dates ‘and timgs and
logations;

form of recording required (see Annex A); and

adequate room facilities and visual and recording aids should be provided to fagilitate
efficient conduct of the meetings.

ing package consisting of the study plan and negessary references should be gent to

the sfudy team members in advance of the first meeting to allow them to familiarize

themsglves with its content. A physical review of the system is desirable.

The spccess of the study strongly depends on,the alertness and concentration of thg team
membjers and it is therefore important that {fig 'sessions are not too long and that thefe are
appropriate intervals between sessions. Haw these requirements are achieved is ultilately

the regponsibility of the study leader.

6.3.2 Design-deseription Collectdata and documentation

Typically this-may can consist of some of the following documentation that should be ¢learly

and uniquely identified, approved and dated:

a)

b)

e)

for all systems:
— | design intention’s, requirements and descriptions;
fon hardware’systems:

— | flow sheets, functional block diagrams, control diagrams, interfaces, electrical [circuit
diagrams, engineering data sheets, arrangement drawings, 3D models (where
available), utilities specifications, operating and maintenance requirements and

mctriiatinne .
ot o otroTHos

for process flow systems:

— piping/process and instrumentation diagrams, material specifications and standards
equipment, piping and system layout;

for programmable electronic systems:

— data flow diagrams, object-oriented design diagrams, state transition diagrams, timing
diagrams, logic diagrams;

for procedure or document related systems:
— draft documents;
— results of any task analyses or operational breakdown matrices.

In addition, the following information-shewld might also be provided:
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— the extent and location of the boundaries of the system being studied and the interfaces at
the borders;

— information about the external and internal environment in which the system will operate;

— operating and maintenance-personnel-qualifications,—skills—and-experience arrangements

for the system;

— information about user interface design;
— operationhaland—maintenance historical experience—and—known—hazards with similar

systems.

|

6.3.3 Establish guide words and deviations
In the| planning stage of a HAZOP study, the study leader should propose an<nitial |list of
guide words to be used. The study leader should test the proposed guide waords against the
systemm and confirm their adequacy. The choice of guide words should\ be consjdered
carefully, as a guide word which is too specific-may can limit ideas and discussion, and one
which|is too general-may might not focus the HAZOP study efficiently./Some exampgles of
differgnt types of deviation and their associated guide words are given-in-Table 3.
Table 3 — Examples of deviations and their associated guide words
Deviation type Guide word Example interpretation for process Example interpretation for a
industry programmable electronic system,
PES
Negatiye NO No part of the intention is achjeved, No data or control signal passg¢d
e.g. no flow
Quantiative MORE A quantitative increase, Data is passed at a higher ratg than
modifi¢ation e.g. higher temperature intended
LESS A quantitative decrease Data is passed at a lower rate [than
e.g. lower tempgerature intended
Qualitgtive AS WELL AS Impurities_present Some additional or spurious signal is
modifi¢ation Simultaneous execution present
of ahother operation/step
PART OF Only some of the intention is achieved, | The data or control signals are|
i-€. only part of an intended fluid incomplete
transfer takes place
Substifution REVERSE Covers reverse flow in pipes and Normally not relevant
reverse chemical reactions
OTHER THAN | A result other than the original The data or control signals are
intention is achieved, i.e. transfer of incorrect
wrong material
Time EARLY Something happens early relative to The signals arrive too early with
clock time, e.g. cooling or filtration reference to clock time
LATLE S amatbhinabanoan Lot ralatiang £ Th ool S £3 ot AALLE
= methirgheppenstaterelativet Fre—sigralsearrivetoetate-wit
clock time, e.g. cooling or filtratio reference to clock time
Order BEFORE Something happens too early in a The signals arrive earlier than
or sequence, e.g. mixing or heating intended within a sequence
sequence
AFTER Something happens too late in a The signals arrive later than
sequence, e.g. mixing or heating intended within a sequence

Guide word/elementicharacteristic property combinations-may can be interpreted differently in
studies of different systems, at different phases of the system life cycle, and when applied to
different design representations. Some of the combinations-may might not have meaningful
interpretations for a given study and should be disregarded. Generally the study leader will
predefine the appropriate guide word/property combinations for the study. The interpretation
of all guide word/element/characteristic property combinations should be defined and
documented. If a given combination has more than one sensible interpretation in the context
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of the design, all interpretations should be listed. On the other hand, it-may can also be found
that the same interpretation is derived from different combinations. When this occurs,
appropriate cross-references should be made.

6.4

Examination

6.4.1 Structure the examination

The examination sessions should be structured, with the study leader facilitating the
discussion and following the study plan. At the start of a study meeting the study leader or a
team member who is familiar with the process to be examined and its problems should:

6.4.2 Perform the examination

outline the study plan, to ensure that the team is familiar with the system and objgctives
and scope of the study;

outline the design representation and explain the proposed guide words -and—elements
properties to be used;

reyiew-the—known-hazards any previously identified risks and operational problenfs and
pofential areas of concern.

The apalysis should follow the flow or sequence related to thedsubject of the analysis, tracing

inputs| to outputs in a Ioglcal sequence —He%ard—reenﬂﬂeatren—teehmques—sueh—as—HAZQP

derivel

- There are two

possiljle sequences of examlnatlon Etement property frrst and gurde word first’, as shown in
Figurgs 2 and 3 respectively. The study leader and’team should agree which sequepce to
use. Tlhe decision will be influenced by the detailed\manner in which the HAZOP examination
is conducted. Other factors involved in the decision include the nature of the techndlogies
involved, the need for flexibility in the conducpof the examination and, to some exteft, the

training which the participants have receiveds

The ‘dlemen property first’ sequence is\described below.

a)

b)

c)

d)

The study leader starts by selecting a part of the design representation as a starting point
and m rklng it. The deS|gn lntent of the part is then explained and the relevant-elefments
and-any-characte ass@ciated-with-these-elements properties identified.

THe study leader chaoses one of the—elements properties and agrees with the| team
whether the guide-word should be applied directly to the—element term itself|or to
indhividual the characteristics of that-element property. The study leader identifies [which
gulide word is to:be applied first.

The first applicable guide word interpretation is examined in the context of the-element
prpperty ‘or/characteristic being studied in order to see if there is a—ecredible pdssible
deviations from the design intent. If a—eredible possible deviation is identified| it is
examined for possible causes and consequences —Ln—sencre—er|eert+eertlens—rt—rs—feunel—usetbhL

oleatege he—devia Hhe SFA he—poten sdences

o '. te”.sfe N |e|a. tve ||sle_|alE;;mgagbgagsgedg Ee_“ the use of a risk matrix. The use of risk

The team should identify whether any control will be present that will detect and/or
indicate a deviation or respond to it, which-may could be included within the selected part
or—ferm—a—pertrem—et—the—de&g—n—rntenﬂens—eﬁ other parts of the system. The presence of
such—meeh&msms controls should not stop the—petentrat—ha%ard r|sk or operab|l|ty problem
being-¢e

identified ormﬂg&tmg—rts—eensequenees for further rlsk treatment to be specmed

The team should specify the actions required to treat the risk if appropriate.
Recommended change should be marked up on the representation and taken into account
as the study proceeds. If necessary a completed part should be re-examined as a result of
a change in another part.
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f) The study leader should summarize the results as they are being recorded by the
recorder. Where there is a need for additional follow-up work, the name of the person
responsible for ensuring that the work is carried out should also be recorded. The
progress of the study should also be recorded at the end of a study session.

g) The process is then repeated for any other interpretation for that guide word; then for
another guide word; then for each characteristic of the element under examination (if

analysis at the characteristic level has been agreed for that element); then for each
element property of the part under study. After a part has been fully examined, it should

be marked as completed. The process is repeated until all parts have been-analysed
studied.

At the

completion of the study of each part of the system the team is invited {0 consid

or any

other
etc.)
considg

An alt
guide
compl

bttributes such as access, isolation, control, and the work environment (noise, lighting,

hat are important to the desired operation of the system. This could ,hyel
eration of the system as a whole as opposed to dealing with each part in jsofation

e the

ernative method of guide word application to that described above, i5't0 apply tHe first
word to each of the-elements properties that apply to a part in turn(C)When this hag been
bted, the study proceeds with the next guide word which again isyapplied to all-elefments

propefties in turn. The process is repeated until all the guide words-have been used for gll the

elemepts properties that apply to a particular part before moyingZon to another part (see

Figurqg 3).

studyHeader—and—his—team—ltis :nf!u nced by the detailed manner-in-which the HAZOP

examipationis conducted. Other factors-involved-in-the decision-include the nature jof the

technglogies involved, the need for flexibility-in-the conduct of the examination-and, tof some
, S hi g I hvod.
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Start

v

Explain overall design

Y

> Select a part

'

Examine and agree design intent

7

Identify relevant properties

'

Identify whether any of the properties can be
usefully sub-divided

v

- Select a property
- Select a guide word

v

Apply guide word to the selected property to obtain a
specific interpretation

Investigate causes,
consequences and protection of
indication and document

Is deviation Yes

reasonably foreseeable?

Have all
interpretations of the.guide word
and property comibinations been
applied?

Have all
guide words been applied to
the selected property?

Have all properties been examined?

No

Have all parts been examined?

Yes
Stop

IEC

Figure 2 — Flow chart of the HAZOP examination procedure —
Element Property first sequence
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Start

v

Explain overall design

Y

> Select a part

'

Examine and agree design intent

7

Identify relevant properties

'

Identify whether any of the properties can be
usefully sub-divided

v

- Select a guide word
> Select a property

v

Apply guide word to the selected property to
> obtain a specific interpretation

Investigate causes,
consequences and protection of
indication and document

Is deviation Yes

reasonably foreseeable?

Have all
interpretations of the.guide word
and property comibinations been
applied?

Have the selected
guide words been applied to
all properties?

No

Have all guide words been applied?

No

Have all parts been examined?

Yes
Stop
IEC
Figure 3 — Flow chart of the HAZOP examination procedure —
Guide word first sequence

6.5 Documentation and follow up
6.5.1 General

A HAZOP study involves the systematic, disciplined and documented—appreach study of a
system. To achieve full benefits from a study, it has to be properly documented;it-has-to-be

properly—documented—and-folowed—up and any suggested actions completed.-The-—recorder
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ab#rty—te—Hsten—aﬂd—pay—atteﬂtren—te—detmts— The study Ieader is responS|bIe to ensure that

suitable records are produced for each meeting. Various methods of reporting are discussed
in Annex A.

6.5.2 Styles Establish method of recording

There are two basic-styles forms of recording: full, and by exception only. The method of
recording should be decided before any sessions take place, and the recorder advised
accordingly.

e Full_recording involves—recording—of documenting all results on applying each guide
wqrd/element/characteristic property combination to every part or element of the, design
representation. This method, though cumbersome, provides the evidence that the|study
has been thorough and should satisfy—the most-stringentaudit regulatory ofcorporate
requirements.

e By exception recording involves—+ecerding documenting only the identified—hazardg risks
and operability problems together with the follow-up actions. Rreperty/guide| word
combinations where no risk or operability issue is identified are nopin¢luded. Recording by
exgeption results in more easily managed documentation. However; it does not document
the thoroughness of the study and-is-therefore-less—usefulfor-atditpurpeses it could lead

to |an unnecessary, repeated study in the future 4#ean4tse—lead4eaeever+ng4hesame

In dediding the form of reporting to be employed, the following factors should be considdred:

e regulatory requirements;
e copntractual obligations;

e company-corperate policies;

o the need for traceability and auditability of the study;

o thg-magnitude-of-therisks-pesed-by-the-system-concerned:

e the importance of the systemo the organization’s objectives;

o the¢ time period and resources available.
6.5.3 Output of the-study
The output from a HAZOP study should include the following:

e defails of jdentified—hazards risks and operability problems together with details ¢f any

provisionssfor their-detection,—andlormitigation treatment including the means by |which
they would be detected;
. th i . . . )

e recommendations for any further studies of specific aspects of the design using different
techniques, if necessary;

¢ recommendations—fermitigation—of the—problems—identified of options for risk treatment

based on the team’s knowledge of the system (if within the scope of the study);

e notes which draw attention to particular points which need to be addressed in the
operations and maintenance-procedures;

e a list of team members for each session;

e a list of all the parts considered in the analysis together with the rationale where any have
been excluded;

e a list of the guide words and properties used; and
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numbers.

reports, etc. used, quoting revision

With by exception recording, these outputs will normally be contained-fairhr—coneisely within
the HAZOP worksheets. With full recording, the required outputs-may-need-te can be “distilled
oeut” summarised from the-overall study worksheets.

6.5.4

Reporting-requirements Record information

The recorded information should conform to the following:

e every-hazard risk and operating problem should be recorded as a separate item;

e all]

Hhazards risks and operating problems together with their causes should be-r&g

regardless of any-protection-oralarm-mechanism control already existing in the-syste

e eV
re

bry question raised by the team for-study consideration after the meeting, sho
orded, together with the name of a person who-isrespensible-te mightanswer it;

orded
m;

ild be

numbering system should be adopted to ensure that every—hazard risk, operational

e a
pr

e th
re

Preci

compa

blem, question, recommendation, etc. is uniquely identifiable;

study documentation should be archived for retrieval, as~ahd when requireg
renced in the-hazard management system log for the system (if such exists).

ely who should receive a copy of the final report will be largely dictated by in
ny policy or by regulatory requirements but shouwld normally include the—

manager, the study leader and the people responsiblé. for actions/recommendationg

6.2.3)

6.5.5

At the|
team.
and 1
agree

6.5.6

The p
for thq
team.

Beforg
implen

Sign off the documentation

end of the study, the report of the study should be produced and agreed upon
There should be an official sign-off-ahd approval of the final report by the team

, and

ternal
oot

(see

by the
eader

hanagement representative (preferably the manager that instigated the stugy). If

ment cannot be reached, the reasons for divergent views should be recorded.

Follow-up and responsibilities

irpose of the HAZOR study is to review and not re-design a system. It is also not
study leader to/beaccountable for the completion of the actions recommended

any significant changes resulting from the findings of the HAZOP study have
hented,\ahd once a revised—decumentation design representation is availabl

projeg

t manager should consider reconvening the HAZOP study team to ensure that n

usual
by the

been
2, the
0 new

hazar—fs fisks or operability or maintenance problems have been introduced.

In some cases, as indicated in 6.2.3, the—project manager-may can authorize the HAZOP
study team to implement the recommendations and carry out design changes. In this case the

HAZO

P study team-may might be required to do the following additional work:

— agree on outstanding—preblems actions and revise the design or the operating and
maintenance-procedures arrangements;

— verify the—revisions—and changes and communicate-them their completion to the-projest
management manager and receive his or her approval,

— conduct further HAZOP studies of the revised system-interfaces.
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7 Audit
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Annex A
(informative)

| Methods of-reperting recording

A.1 Reporting Recording options

Various recording options are available.

— Ma3nual recording on prepared forms can be perfectly adequate, particularly far|[small
stydies, provided that the basic needs for legibility are met. Manuscript HAZOP| study

nofes—may can be-werd-processed entered into software after the sessionftoe produce
suftable-guality a legible copy for issue.

— A-jportable—computer,—with-standard Word-processing or spread-sheetrsoftware-mgy can
be used to produce the worksheets during the session.

— Specific PC software codes, of various degrees of sophistication may assist |nthe
recording—of the HAZOP results.-—Using—a package thatenablesthe notes i the
expmination to-be displayed (by overhead projector) as they are recorded can pfovide
fugther-savings- Specific HAZOP study recording software ganbe used.

If softjvare is used, the study results can be projected as they are created. This ensures the

team agrees with the record at the time.

A.2 | HAZOP worksheet

A worksheet should be used to record the results of examinations and follow-up. Regardless
of thetreperting recording option chosen, the worksheet should contain the-essential feptures

to—sult—particularrequirements,—examples—of which—are given below. The layout of the

worksheet will vary depending on whether it is created manually or as part of software.

Fhem

The header-may should contain the following information: project, subject of the study, design
intent| part of the system*being examined, members of the team, drawing or document|being
examiped, date, pagé number, etc.

‘ The headings (litles) of the columns-may can be as follows:

a) fof thosecompleted during the examination:
1)| reference number;

| 2) element:
2) guide word,;
3) property;
‘ 4) deviation/event;
)

cause;
6) consequences;

7) actionrequired existing controls;

8) suggested actions.

Additional information such as-safeguards;severity; comments-and-risk-ranking-may can also

be recorded.
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b) for those completed during the follow-up:

1)

recommended agreed action;

0\ erioritvirisl g

2)
3)

responsibility for action;
status of action.

5)—comments

NOTE The columns mentioned in b)1), b)2) and b)3) can also be completed at the meetings themselves.

Using a computer offers greater flexibility in layout, better presentation of information and

ease

— de}ailed worksheets;

fpreparationm of TequiTed TEpPOTtS SUTT a5,

orts sorted by causes and/or consequences;
ow-up reports with responsibilities and status.

Mizad renortina forms can he develoned easilv _usina availshlé word
HZea HSH e \Saa%)

lh

LA POty oo —Sart—oT voTOPTTO—Caoity oy V3HAD v

hs- Several software packages are available which aim to simplify the task o
nd generating reports. Such packages are valuable in aiding)the task of the reg

ist of guide word/property pairs. Whilst these packages will identify-many-hazards

of aenerating-hazardsfrom-the “work-svstem” andthave limited-applicabilit \l beveo

(X ad fal
e
prding
order.

er, some packages attempt to replace the study leader) by—applying generafing a

some

nd produce a print-out which resembles the print-out from a HAZOP study4hes,ula|ek4he

ﬂ ha

syster
discou

The r
defing]

A.3

The d
each
recom

This npight limit misunderstandings that might arise from just a word description of the p

recom
the m
by the]

O g Cratmyg azar 0o ot c— WOt oy St a Gy a v T T O—appricaoiht u\;

M%%%H%es%m this will not haye been produced from a rlgorou

hatic study. The use of software to replace the study leader entirely is
raged.

handom application of ad hoc checklists' cannot be regarded as a HAZOP sty
d in this standard.

Marked-up representation

pbart that has been studieéd and to show any changes to the design that the study
mends.

mended chabiges. It forms an important part of the report information. A photogr
hrked-up~design representation is usually sufficient for the report with the original
manager until all actions have been completed.

s and
to be

dy as

bsign representation cah,be marked-up to indicate the worksheet reference number for

team

arts or
aph of
s kept

A4

HAZOP-stud t
tUUy TSpuIt

A final report of the HAZOP study should be prepared and contain the following:

— summary;

— conclusions;

— scope and objectives;

— output of the study itemized as given in 6.5.3;
— HAZOP study worksheets;
— the marked-up design representation;

- a

list of the drawings and documentation referred to;

— any historical information that was used in the study.
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Annex B
(informative)

Examples of HAZOP studies

General

The purpose of the examples contained in Annex B is to illustrate how the principles of a
HAZOP—examinatien study, outlined in this standard (particularly in 4.2, 6.3 and 6.4) are

applie
noted
and d
studie

B.2

The ¢
exami

b not purport in any way to reproduce all the detailed technical complexity“of-rea
5. It should also be noted that only sample outputs are provided.

Introductory example

urpose of this example is to introduce the reader to the basics of the H
nation method. The example is adopted from one given lin)the original publicat

HAZOP studies|H*.

Consi
transf
the rg
explog
effect
pumps
ignore

jer a simple process plant, shown in Figure B.15Materials A and B are contin
prred by pumps from their respective supply tanks to combine and form a produ
actor. Suppose that A always has to be in.excess of B in the reactor to av
ion hazard. A full design representation would include many other details such
of pressure, reaction and reactant temperature, agitation, reaction time, compatib|

A and B, etc. but for the purposes<of this simple illustrative example they Vv
d. The part of the plant being examined is shown in bold.

d to a range of applications encompassing various industries and activities. It sho’rld be
I

however that the examples have been simplified significantly for illustrative. pufposes

case

AZOP
on on

ously
tt C in
bid an
as the
ility of
vill be
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Vent
Fy >
Material A
Reactor
gy
Pump A
M3terial B <" )
Pump B \
Reag¢tion: A+ B=C Overfl
Component A must always be in excess Product C
of cqmponent B to avoid an explosion
Figure B.1 — Simple flow sheet
The pgrt of the system selected for examination is the line from the supply tank holdin

the regactor, including pump A (see Table B.1). The design intent for this part

contin
rate o
given

uously transfer material A from the tank to the reactor at a rate greater than the tr
[ material B . In_terms of the-elements properties suggested in 4.2, the design in
n the-header\previous paragraph of Clause B.2.

Table B.1 — Properties of the system under examination

Material Activity Source Destination

IEC

g A to
is to
ansfer
tent is

A Transfer Tank for A Reactor
(at a rate > B)

Each of the guide words indicated in Table 3 (plus any others agreed as appropriate during
the preparatory work, (see 6.3.3)) is then applied to each of these-elements properties in turn
and the results recorded on HAZOP worksheets. Examples of possible HAZOP outputs-fer-the
“materialand “activity"elements are indicated in Table B.2, where the 'by exception' style of
reporting is utilized and only meaningful deviations are recorded. Having examined each of
the guide words for each of the—elements properties relevant to this part of the system,
another part (say the transfer line for material B) would be selected and the process repeated.
Eventually all parts of the system would be examined in this manner and the results recorded.
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B.3 Procedures

Consider a small batch process for the manufacture of a safety critical plastic component. The
component has to meet a tight specification in terms both of its material properties and its

colour

. The processing sequence is as follows:

a) take 12 kg of powder “A”;

b) place in blender;

c) take 3 kg of colourant powder “B”;

d) plaee-inr-blender;

e) start blender;

f) mi

for 15 min; stop blender;

g) remove blended mixture into 3 x 5 kg bags;

h) wash out blender;

i) add 50 | of resin to mixing vessel;

j) add 0,5 kg of hardener to mixing vessel;
k) add 5 kg of mixed powder (“A” and “B”);

[) sti
m) po

A HAZ
produ

for 1 min;
ur mixture into molds within 5 min.

OP study is carried out to examine ways in whiCch below-specification material mi
ced. As a procedural sequence, the parts under examination during the HAZOP p

are the relevant sequential instructions. Extracts*from a HAZOP study of the sequen

given

n Table B.3. A “by exception” reportingsystem has been employed.

ght be
ocess
ce are
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Automatic train protection system

General

The purpose of Clause B.4 is to give a small example of a typical HAZOP study at the system
block diagram level to illustrate some of the points in this standard. The example will be
presented in two sections:

— a brief description of the system and a block diagram;

— sample HAZOP worksheets exploring some of the potential deviations, reported

“b}

It sho
detail.
taken
compl

B.4.2
B.4.2.

The a
a fung
speed
autom
syster
from

differi

B.4.2.
On bg

” A\
~exceptiononhy (see Table B4}

ld be noted that the design used in this example is of a system at a limited. le

from a real system. They are included to show the process and are not’‘claimed
bte.

Application
g System purpose

pplication concerns train-carried equipment for automaticitrain protection (ATP). ]
tion implemented on many metro trains and some mainline trains. ATP monito
of the train, compares that speed with the planned safe speed of the trai
atically initiates emergency braking if an overspéed condition is recognized. On a
ns there is equipment on both the train and trackside whereby information is trans
he track-side to the train. There are many~different ATP systems in existen
g in the detail of how they fulfil the basic.requirement.

] System description

ard the train there are one or more antennae which receive signals from the tra

equipment giving information on ‘safe speeds or stopping points. This information

throud
The o
speed
contrg

h some processing before-feing passed to a programmable electronic system

her major input to the PES"is from tachometers or other means of measuring the
of the train. The major-output of the PES is a signal to safety relays such as th
Iling the emergency‘brake. Figure B.2 gives a simple block diagram of this proces

vel of

The design and the sample HAZOP study worksheets are illustrative only‘and dre not

to be

I'his is
rs the
n and
Il ATP
ferred
ce, all

Ckside

goes
PES).
actual
e one

.

TRAIN BODY BOGIE MOUNTED
_ Emergency
" brake
PES — Tacho - Tacho
processing generators

Signals from
trackside

Antennae —

Antenna
processing

A
A

IEC

Figure B.2 — Train-carried ATP equipment
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B.5 Example involving emergency planning

Organizations make plans to deal with a variety of anticipated emergencies. These

emergencies can vary from reaction to a bomb threat, the provision of emergency
supplies or the escape of personnel in the event of a fire. The validity and integrity of
plans can be tested in a variety of ways — typically by some form of rehearsal.

power
these
Such

rehearsals are valuable, but can be expensive and, by their very nature, disrupt normal
working. Fortunately, real emergencies which test the system are rare and in any case, even

rehearsals-may-net are unlikely to cover all possibilities.

mergency plan, in order to supplement the experience obtained
relatively infrequent rehearsal or the even rarer actual emergency itself (see Table"B\5).

v

On an|offshore oil and gas platform there needs to be in place effective arrangements fo
in the [event of potentially life-threatening incidents. These arrangements would aim to &
that personnel are quickly alerted to the existence of a dangerous situation; are able to
their way rapidly to a safe muster point, then evacuate the platform preferably in a con
manngr by helicopter or lifeboat and then be rescued and taken to@.place of safety. Eff
EER arrangements are an essential part of an overall offshore  installation system.

typical EER arrangements there are usually a number of different’stages (elements) suc

a) ralsing the GPA by automatic instruments or manually. bybany operator;

b) communicating the situation both to the local stand-by vessel and to onshore emej
sefvices;

c) personnel making their way along designated.access routes to the muster point;
d) mustering involving registration of personnel’present;

e) ddnning of survival equipment, etc.;

f) await PAPA which has to be initiated\by the OIM or his deputy;

g) egress in which personnel make'their way from the muster point to the chosen met
evicuation;

h) evjcuation normally by helicopter or by special forms of lifeboat;
i) escape directly into the sea if the preferred means of evacuation is not available;

j) rescue, where either) personnel in a lifeboat or those who had escaped directly in
sefa would be recovered and taken to a place of safety.

swhich

by the

r EER
nsure
make
trolled
ective
Within
n as:

gency

hod of

to the
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B.6

Piezo valve control system

The piezo valve control system shows how a HAZOP study can be applied to a detailed
electronic system (see simplified Figure B.3, Table B.6 and Table B.7).

A piezo valve is a valve driven by a piezo ceramic. The ceramic element is electrically driven
and lengthens itself in the charged state. A charged piezo ceramic closes the valve.
A discharged piezo ceramic opens the valve. If the piezo ceramic does not lose or gain
charge, the state of the valve is kept.

The sjsiem sprays a flammable and explosive Tiquid into a reaction vessel (nof shown
overall system with reactor vessel, pipes, pumps, etc. is part of a separate HAZOP

Here (

The o
“state

An elgctrical charge from capacitor C1 is conducted via the transistor T1 to the co
tor C2 and via the power wire to the piezo valve to close.it'‘In this case transisfor T2
and thie protection transistor T3 are closed (high resistance).

capac

nly the application of a HAZOP study to an electronic unit is shown.

17, and open it on demand, “state 2”.

). The
study.

peration of the unit is a two-state process designed to close the valve on demand,

upling

Capagitor C2 is discharged by transistor T2 to open, the valve. To prevent asymmetric
chargihg of the piezo valve, for example by mechanical or thermal stress, transisfor T4
connefts the low side to ground.
An eldctrical shield around the twisted wires of thecable prevents electro-magnetic influences
from dffecting the valve.
Control unit Cable Piezp
valve
D1
AC/DC T1 charge R
converter ,E 1
D2 i
—
RV, By
= T2 discharge—| Shield
= Ground
T3 protection~|| N na
T4 D4
—| L
=

Figure B.3 — Piezo valve control system

IEC
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Description of state 1: close valve.

Part considered: cable from AC/DC converter and from capacitor C1 via transistor T1,
diode D1, capacitor C2 to the power side of the valve and from the ground side of the valve
via transistor T4 and resistor R to ground.

Description of state 2: open valve.

Part considered: cable from power side of valve via transistor T3, diode D3 and resistor R to
ground.

Table B.6 — System design intent

Input

Activity

Source

Destination

State [1: Close valve

1. Charge in C1 Transfer charge via C1 and converter 1._.Power to power|side
T1, D1 and C2 of valve
Chardcteristics: Transfer charge via Low side of valve 2. Low side chargg to
T4 and R to ground ground
Voltage
Capagity
2. Control signals to T1, Control opening via Signal from centrofler T1, T3 and T4
T3 and T4 T1 and T4 from
ground
Isolate via T2
Overcharge to groynd

Prevent overcharge
via T3

Prevent reverse flow
of charge via D2

Power side of valve

State 2: Open valve

1. Discharge power side Isolate from™~€C1 and Power side of valve and Ground
oflvalve convertef.via T1 Cc2
Chardcteristics: Transfer power
charge via D2 and T2
Voltage
Capagity Transfer any charge
of valve via D3, D4
and R
2. Co¢ntrol signals to T4, Isolate low charge Signals from controller T1, T2 and T4

T2 and T4

side of valve via T4



https://iecnorm.com/api/?name=9066cee734a70c0a533da3437d7b556e

— 51 -

IEC 61882:2016 RLV © IEC 2016

Ayney-el
Ayres o
Ayney 1
SolIMm usoug
Ayney 20

punoub 0} Y BIA IO BA|BA
ozald jo apis mo| 0}
BIA JN2}IOYS (paualoys
€d 8polg —

SMOJ} JUS1INJ OU ‘}IN2JID
uado yym LQq epoig —
‘ainiey (€@ ‘1@) sepolq
Ayney |1

|osson uado Ajjusuewuad sl g1

ay} ojul Buruuni

paso|o
peJinbe. [BLjBW 8AlOBSY Apusuewdad si |1
abueyo . uado Ajjusuewuad LD Ul }neq
ubiseq {9S0|0 JOU S0P dSABA
alinnosisa] 19)J9AUOD JO ain|ie4 18jsuel}
a|gejdadoe anjea ozaid .uop Buipnjoul 1D ul abieyn
yHws ' wJele [ans|-ybiH| jou uonenys SUON 0}ul O BIA MOJ} ON abejno Jamod ‘abieyo oN ON :3ndu
s|jo1juo) Kyadouay
0} pajedojje uol}oy | pailinbailsuonoy sjuswWwo) spienbojes saouanbasuo) sasned 9|qIssod uolleinaq Juowoig

awi}‘paulyep e je aA|eA 8y} 8S0|0 0} Jojenjoe ozald ay} 0} abieyo [eol309|e Jo Ayjuenb pauly

bp e Jejsuel]

;jJuajul ubisag

9A|BA S8S0|0 W

1sAg 1| ejelg

:paJapisuod ped

/6°L1L°v0 :31vaA ONILIIN Jebeuew Ayjenp ‘1esuibue weisAg ‘1gsuibus juswdoeAsg :NOILISOdINOD INVIL
‘31va :"ON NOISIA3Y :oN Buimeag
€40 | [193HS NWILSAS TOHLNOD IATVA OZ3ld :3711IL AANLS

wojsAs |043u0d aAnjeA ozaid 10j }9aysyIom JOZVH @|dwexg — /g a|qgel



https://iecnorm.com/api/?name=9066cee734a70c0a533da3437d7b556e

2016 RLV © IEC 2016

IEC 61882

—54 —

ypws °r

[

JIEIETIN)
a|qejdegpe suleQg

1os9y
aujnos 1s8 |

wJie|y

a|qejdaooe
aq p|noo Aew
S9oUBIBYIP
llews

UMOYs 8UON

yoloeal
|eslwayo Pefjoljuooun

EEEEYY
uoljoeal 8y} ojul sunu
|eleleW BAORDY

9S0|0 JOU S0P dA[BA

2D 0} 8bieyo sse

slel

uado
se |leamse ||

SV 113aM SV

Lo ul
abieyo :ndu

ynws

wlely

a|qejdaooe
jou uonenjig

auUoN

paijoads
ueyj Jaje| S8S0|d SA|BA

48]
ul abieyo jualdiynsu|

uado Ajjued si g1
Alues 00} s8S0|9 ||

sieaddesip
abieyo ‘a|qeo
Jo uone[nsul Ayne4

S)SIX@
Aj1oedes juaioinsu|

uey

paloads
) 9b1eyd sso

SS31

1O ul ebieyg

uosisjed Jeled

wJiele
joA8| ybiy|apisuon

a|qejdaooe
Jjou uonenys

umoys auoN

‘aAlBA

ozald sebieyosip
€1 Jojsisuedy
‘Aiuenb ybiy ooy
SMOYS J81aW Mo|H

anjea ozaid pabewe(q

pauljep ueyj Jaljies
S9S0|0 9A|BA 0Z8ld

¢1 uonoajoud Ayne4

awl} ul 8s0|0 jou
So0p || Jojsisuel]

abejjon
yb1y o0} siaAllep
18}1J8AU0D DQ/DV

Aney 2o

awl} ul 8s0|o jou
So0p || Jojsisuel]

J8148AU0D Ajney

yb1y 00} zH ul 8bieyn

uey

psulep
abieyo aloy

JHON

Lo ul
abieyo :ndu

0} pajeso||e uoljoy

palinbaa suonoy

sjuswwo)

s|oJjuon

spienbojesg

saosuanbasuo)

sasneo 9|qissod

uonelraqg

piom apino

Ayadouayg
Juowoig



https://iecnorm.com/api/?name=9066cee734a70c0a533da3437d7b556e

- 53 - IEC 61882:2016 RLV © IEC 2016

Interlock shuts

main valve
TCV C /4_|

TSH
FAL
Vaporized-of -
< :
Heating coil :
: ......... QE/ < @
Interlock shuts FQV Liquid oil
main valve «
TCV
@ Firebox

Burners

Natural : PRV@
gas :
> :

..........................................................................

IEC | 456/01
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B.7 HAZOP of a train stabling yard horn procedure

Trains in a stabling yard are required to sound the horn prior to any movement. The procedure
was required to be changed due to planning restrictions concerning noise. The new procedure
requires a suitably qualified person, in addition to the train guard, to check the area around
the train prior to any movement to ensure it is safe to do so.

The procedure is as follows:

1. Start procedure

11 Driver observes STOP indication from leading crew compartment. A
1|2 QP stands adjacent to the leading crew compartment. Qy

1{3 Driver to confirm to QP that driver preparation is complete or that drh@ has
changed ends and to commence checking procedure.

—_

4 Driver advises guard (internal PA) to commence checking proqgf}ure.
2. QP checking procedure N
211 QP checks the first 4 cars on LH side of train. @

2.1.1 If not clear, remove/clear obstruction then ?\h&k the first 4 cars on LH|side
again. e)

2.1.2 If clear, QP gives one long, loud whi last to warn of train departing.
2{2 QP checks the first 4 cars on RH side of{{gm

2.2.1 If not clear, remove/clear obstr&}}on then check the first 4 cars on RH|side

again. Q@
2.2.2 |If clear, QP gives one Io%\oud whistle blast to warn of train departing.

3 QP advises driver that both Q\@s have been checked and all is clear

1 Guard opens doors K@\%th sides of train.

2 Make internal and g&ernal PA announcement on both sides of train, “Stand clear
this train is ab@{ to depart the yard from No. x road”.

3]3 Check the6@4 cars on the RH side of train.

3.3.1 @sot clear, remove/clear obstruction then check the last 4 cars on same
d

2

3. Guard checking procedure \O
3
3

e again.
3 If clear, guard gives one long, loud whistle blast to warn of train deparfing.
3 4\ eck the last 4 cars on the LH side of train.

3.4.T Tf not clear, remove/clear obstruction then check the last 4 cars on same
side again.

3.4.2 If clear, guard gives one long, loud whistle blast to warn of train departing.

3.5 Close doors on both sides and check by visual inspection and by checking that the
Door Open indicator is extinguished.

3.6 Give the ALL RIGHT bell signal to driver.
4. Complete departure procedure
4.1 Driver advises QP that the guard has completed the departure process.
4.2 QP contacts signal box to advise the signaller that the train is ready to depart.

4.2.1 If the signal cannot be cleared within approximately 1 min then maintain
signal at STOP and advise the QP of the approximate time to clear and
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advise the QP prior to clearing so that QP and guard can restart checking
procedure.

4.2.2 After receiving confirmation from QP that the train is ready to depart, clear
the relevant signals.

4.3 Driver confirms PROCEED indication and performs modified inching movement.

5. Driver takes train to whistle sign and tests train horn.

An operational breakdown matrix is given in Table B.8 and an example of a HAZOP
worksheet is given in Table B.9.
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btional—Standard IEC 61882 has been prepared by IEC technical committde 56:

This second edition cancels and replaces the first edition published in 2001. This edition
constitutes a technical revision.

This edition includes the following significant technical changes with respect to the previous
edition:

a) clarification of terminology as well as alignment with terms and definitions within
ISO 31000:2009 and ISO Guide 73:2009;

b) ad

dition of an improved case study of a procedural HAZOP.
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The text of this standard is based on the following documents:

FDIS Report on voting

56/1653/FDIS 56/1666/RVD

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

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

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

e reg¢onfirmed,
. wilhdrawn,
e replaced by a revised edition, or

e amended.
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INTRODUCTION

This standard describes the principles for and approach to guide word-driven risk
identification. Historically this approach to risk identification has been called a hazard and
operability study or HAZOP study for short. This is a structured and systematic technique for
examining a defined system, with the objectives of:

e identifying risks associated with the operation and maintenance of the system. The
hazards or other risk sources involved can include both those essentially relevant only to
the immediate area of the system and those with a much wider sphere of influence, for
example some environmental hazards;

e idgntifying potential operability problems with the system and in particular idenftifying
cajises of operational disturbances and production deviations likely to lead “tq non-
copforming products.

An important benefit of HAZOP studies is that the resulting knowledge, obtained by ider‘]tifying
risks dnd operability problems in a structured and systematic manner, is of great assistance in
determining appropriate remedial measures.

A characteristic feature of a HAZOP study is the examination session during which a|multi-
disciplinary team under the guidance of a study leader systematically examines all relevant
parts pf a design or system. It identifies deviations from the.system design intent utilizing a
set off guide words. The technique aims to stimulate the:imagination of participants in a
systematic way to identify risks and operability problems., A“\HAZOP study should be sg¢en as
an enhancement to sound design using experience<based approaches such as codes of
practi¢e rather than a substitute for such approachest

Histor|cally, HAZOP and similar studies were, described as hazard identification ag their
primafy purpose is to test in a systematiciway whether hazards are present and,|if so,
understand both how they could result in adverse consequences and how such consequences
could [be avoided through process redesign. ISO 31000:2009 defines risk as the effect of
uncerfainty on objectives, with a note that an effect is a deviation from the expected.
Therefore HAZOP studies, which eonsider deviations from the expected, their causgs and
their dffect on objectives in the context of process design, are now correctly characterized as
powerful risk identification tools.

There|are many different.tools and techniques available for the identification of risks, ranging
from ghecklists, failure(modes and effects analysis (FMEA) to HAZOP. Some techniques|, such
as chgcklists and what-if/analysis, can be used early in the system life cycle when little
ation is available, or in later phases if a less detailed analysis is needed. HAZOP

requiresmore detail regarding the systems under consideration, but produce| more
compriehensive.information on risks and weaknesses in the system design.

The term/HAZOP is sometimes associated, in a generic sense, with some other hazard
identi f i 0. i ; ; = ZOP).
The use of the term with such techniques is considered to be inappropriate and is specifically
excluded from this document.

Before commencing a HAZOP study, it should be confirmed that it is the most appropriate
technique (either individually or in combination with other techniques) for the task in hand. In
making this judgment, consideration should be given to the purpose of the study, the possible
severity of any consequences, the appropriate level of detail, the availability of relevant data
and resources and the needs of decision-makers.

This standard has been developed to provide guidance across many industries and types of
system. There are more specific standards and guides within some industries, notably the
process industries where the technique originated, which establish preferred methods of
application for these industries. For details see the bibliography at the end of this standard.
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HAZARD AND OPERABILITY STUDIES (HAZOP STUDIES) -
APPLICATION GUIDE

1 Scope

This International Standard provides a guide for HAZOP studies of systems using

guide

words. It gives guidance on application of the technique and on the HAZOP study procedure,
including definition, preparation, examination sessions and resulting documentation and

followtup.

Documentation examples, as well as a broad set of examples encompassing V|
applicptions, illustrating HAZOP studies are also provided.

2 Nprmative references

The fdllowing documents, in whole or in part, are normatively referenced in this docume
are inflispensable for its application. For dated references, only the edition cited applie
undate¢d references, the latest edition of the referenced document (including
amendments) applies.

IEC 60050-192, International electrotechnical vocabulary — Part 192: Dependability (av
at httg://www.electropedia.org)

3 Terms, definitions and abbreviations

3.1 Terms and definitions

For the purposes of this document, the terms and definitions given in IEC 60050-192 a
follow|ng apply.

NOTE [Within this clause, the terms defined are in italic type.

3.1.1
charagteristic
qualitative or quantitative property

EXAMPLE Pressure, temperature, voltage.

arious

nt and
s. For
any

hilable

nd the

3.1.2

consequeTice
outcome of an event affecting objectives

Note 1 to entry: An event can lead to a range of consequences.

Note 2 to entry: A consequence can be certain or uncertain and can have positive or negative effects on

objectives.
Note 3 to entry: Consequences can be expressed qualitatively or quantitatively.

Note 4 to entry: Initial consequences can escalate through knock-on effects.

[SOURCE: ISO Guide 73:2009, 3.6.1.3]
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control
measure that is modifying risk (3.1.12)

Note 1 to entry: Controls include any process, policy, device, practice, or other actions which modify risk.

Note 2 to entry: Controls may not always exert the intended or assumed modifying effect.

[SOURCE: ISO Guide 73:2009, 3.8.1.1]

3.1.4

design intent

designer’s desired, or specified range of behaviour for properties which ensure that th
fulfills|its requirements

3.1.5

propejrty

constifuent of a part which serves to identify the part's essential features

Note 1 fo entry: The choice of properties can depend upon the particular application;y but properties can
feature$ such as the material involved, the activity being carried out, the equipmentiemployed, etc. Materia

be cong

3.1.6
guide
word
desigr

3.1.7
harm
physid

3.1.8
hazar

source¢ of potential harm (3.1.7)

Note 1

[SOUH

3.1.9
level

idered in a general sense and includes data, software, etc.

word
br phrase which expresses and defines a specificitype of deviation from a proy
intent

al injury or damage to the health of people or damage to assets or the environmer

¢

o entry: Hazard can be a.risK source (3.1.14).

RCE: ISO Guide 73:2009, 3.5.1.4]

bf risk

magnitude of\a-risk (3.1.12) or combination of risks, expressed in terms of the combina
conseuences (3.1.2) and their likelihood

[SOU

3.1.10

[

item

include
should

perty’s

lion of

SO Guide 15.Z2U0Y, 5.0.1.0]

manager
person with responsibility for a project, activity or organization.

3.1.11
part

section of the system which is the subject of immediate study

Note 1 to entry: A part can be physical (e.g. hardware) or logical (e.g. step in an operational sequence).

3.1.12
risk
effect

of uncertainty on objectives
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Note 1 to entry: An effect is a deviation from the expected — positive and/or negative.

Note 2 to entry: Objectives can have different aspects (such as financial, health and safety, and environmental
goals) and can apply at different levels (such as strategic, organization-wide, project, product and process).

Note 3 to entry: Risk is often characterized by reference to potential events and consequences (3.1.2) or a
combination of these.

Note 4 to entry: Risk is often expressed in terms of a combination of the consequences of an event (including
changes in circumstances) and the associated likelihood of occurrence.

Note 5 to entry: Uncertainty is the state, even partial, or deficiency of information related to, understanding or
knowledge of an event, its consequence, or likelihood.

SOU ol =il laYaWaXity-| Z2:2900N00Q 4 11
INCLTTOoOU OUTradC T U 200, 1. 1]

3.1.13
risk identification
process of finding, recognizing and describing risks (3.1.12)

Note 1 [to entry: Risk identification involves the identification of risk sources (3.1.14)).events, their cauges and
their patential consequences (3.1.2).

Note 2 fo entry: Risk identification can involve historical data, theoretical analysis,/ informed and expert opinions,
and stakeholder's needs.

[SOURCE: ISO Guide 73:2009, 3.5.1]

3.11
risk spurce
element which alone or in combination has the intrinsic potential to give rise to risk (3.1.012)

Note 1 fo entry: A risk source can be tangible or intangible.

[SOURCE: ISO Guide 73:2009, 3.5.1.2]

3.1.14
risk tjeatment
process to modify risk (3.1.12)

Note 1 fo entry: Risk treatment\can involve:

— avqiding the risk by deciding not to start or continue with the activity that gives rise to the risk;
— tak|ng or increasing\risk in order to pursue an opportunity;

— removing the risk-source (3.1.14);

— chdnging theMiKelihood;

— chdnging the consequences (3.1.2);

— shdringthe risk with another party or parties (including contracts and risk financing); and

retaining the risk by informed decision.

Note 2 to entry: Risk treatments that deal with negative consequences are sometimes referred to as “risk

mitigation”, “risk elimination”, “risk prevention” and “risk reduction”.

Note 3 to entry: Clarification of risk treatment and risk control (3.1.3) — a risk control is already in place whereas a
risk treatment is an activity to improve risk controls. Hence, an implemented treatment becomes a control.

[SOURCE: ISO Guide 73:2009, 3.8.1, modified — Note 3 to entry replaces the existing note 3]

3.2 Abbreviations

ATP automatic train protection

EER escape, evacuation and rescue
ETA event tree analysis
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FMEA failure mode and effects analysis
FTA fault tree analysis
GPA general purpose alarm

HAZOP hazard and operability

LH left hand

LOPA layer of protection analysis

OIM offshore installation manager
P&IDs process and instrumentation diagrams
PAPA prepare-to-abandon-platform—alarm
PA public address

PES programmable electronic system
PPE personal protective equipment

QP qualified person

RH right hand

4 Kegpy features of HAZOP

4.1

General

A HAZOP study is a detailed process carried out by<a)dedicated team to identify risks and
operability problems. HAZOP studies deal with the identification of potential deviation$ from

the

consepguences.

Key fdatures of a HAZOP study include thefollowing.

design intent, examination of their possible causes and assessment of| their

Thee study is a creative process~that proceeds by systematically using a serjes of
gujde words to identify potentiakdeviations from the design intent and employing these to
stimulate team members to eavisage how the deviation might occur and what might pe the
copsequences.

wHo has to ensure_temprehensive coverage of the system under study, using lpgical,
anplytical thinking.\The study leader is preferably assisted by a recorder who r¢cords
peftinent data @ssociated with identified risks and/or operational disturbances fgr risk
anplysis, evaliation and treatment.

TI:E study is carried qut.under the guidance of a trained and experienced study lgader,

The study._relies on specialists from various disciplines with appropriate skills and
experience who display intuition and good judgement.

Thiestudy should be carried out in an atmosphere of critical thinking in a frank and open
atmosphere:

A HAZOP study produces minutes or software to record the deviations, their causes,
consequences and recommended actions together with marked up drawings, documents
or other representations of the system that indicate the associated minute number and
where possible the recommended action.

The development of risk treatment actions for identified risks or operability problems is not
a primary objective of the HAZOP examination, but recommendations should be made
where appropriate and recorded for consideration by those responsible for the design of
the system.

The initial HAZOP study might be done in a progressive fashion so that design changes
can be incorporated but the completed HAZOP study has to correlate to the final design
intent.
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e Existing HAZOP studies should be reviewed at regular intervals to evaluate whether there
have been any changes to the design intent or hazards and also during other stages in the
life cycle such as the enhancement stage.

4.2 Principles of examination

The basis of a HAZOP study is a “guide word examination” which is a deliberate search for
deviations from the design intent. To facilitate the examination, a system is divided into parts
in such a way that the design intent or function for each part can be adequately defined. The
size of the part chosen is likely to depend on the complexity of the system and the potential
magnitude and significance of the consequence. In complex systems or those where the level
of risk might be expected to be high, the parts are likely to be small in comparison to the
W, the

which
convel the essential characteristics of the part and which represent natural\divisions |of the
part. The selection of properties to be examined is to some extent a subjective decigion in
that there might be several combinations which will achieve the required purpose amd the
choicg can also depend upon the particular application. Parts can be discrete steps or gtages
in a grocedure, clauses in a contract, individual signals and eqGipment items in a gontrol
system, equipment or components in a process or electronic system, etc.

In sonpe cases it might be helpful to express the function of @ 'part in terms of:

— the input material taken from a source;
— an|activity which is performed on that material;

— an|output which is taken to a destination.

Thus the design intent will contain the follewing elements: inputs and outputs, functions,
activit|es, sources and destinations, which-can be viewed as properties of the part.

Propefrties can often be usefully defined further in terms of characteristics that can be|either
quantitative or qualitative. For example, in a chemical system, the inputs could be defined
furthef in terms of characteristics such as temperature, pressure and composition. |For a
transport activity, characteristics such as the rate of movement, the load or the numper of
passehgers might be relevant. For computer-based systems, communication, interfacep, and
data processing are likely-to be the characteristic of each part.

For eqch part in turn; the HAZOP study team examines each property for deviation frgm the
design intent which can lead to undesirable (or desirable) consequences. The identificafion of
deviatjons frem/the design intent is achieved by a questioning process using predeterfmined
guide words The role of the guide word is to stimulate imaginative thinking, to focus thel study
and elicit-ideas and discussion, thereby maximizing the chances of study completenegs. An
examy lenof basic glli(‘lp words and their mpnningc is gi\/nn in Tabhle 1

Table 1 — Example of basic guide words and their generic meanings

Guide word Meaning
NO OR NOT Complete negation of the design intent
MORE Quantitative increase
LESS Quantitative decrease
AS WELL AS Qualitative modification/increase
PART OF Qualitative modification/decrease
REVERSE Logical opposite of the design intent
OTHER THAN Complete substitution
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A further example of additional guide words relating to clock time and order or sequence is
given in Table 2.

Table 2 — Example of guide words relating to clock time and order or sequence

Guide word Meaning
EARLY Relative to the clock time
LATE Relative to the clock time
BEFORE Relating to order or sequence
AFTER Relating to order or sequence

Additipnal guide words can be used to facilitate identification of deviation, provided.they are
identified before the examination commences.

Having selected a part for examination, the design intent of that part is spécified in tefms of
discrefe properties. Each relevant guide word is then applied to edch’ property, thus a
thoroygh search for deviations is carried out in a systematic manner. Having applied a
guide word, possible causes and consequences of a given deyiation are examined and
mechanisms for control of the predicted consequences can also~be”investigated. The fesults
of the|examination are recorded in an agreed format (see 6.5.2).

Guide|word/property associations can be regarded as a matrix. Within each cell of the matrix
thus fprmed will be a specific guide word/property conibjnation. To achieve a comprehgnsive
risk identification, it is necessary that the properties cover all aspects of the design intept and
guide |words cover all possible deviations. Not all.eembinations will give credible deviations,
so thg matrix can have several empty spaces when all guide word/property combinatiops are
considered.

In general the study leader will predefine’the applicable guide word/property combinatipns to
make [the risk identification process ‘more efficient and make best use of the participant
experfise and time.

There| are two possible sequences in which the cells of the matrix can be used fpr the
examipation of the chosen-part: column by column (i.e. property first), or row by row (i.e.
guide word first). The details of examination are outlined in 6.4 and both forms of examination
are illustrated in Figures 2 and 3. In principle the results of the examination should be the
same.

As well as applying guide words to defined properties of a part there can be other attiibutes
such as access, isolation, control, and the work environment (noise, lighting, etc.) thjat are
imporfant to)the desired operation of the system and to which a subset of the guide words can
be applied:

4.3 Design representation
4.3.1 General

An accurate and complete design representation of the system under study is a prerequisite
to the examination task. A design representation is a descriptive model of the system
adequately describing the system under study, its parts and identifying their properties. The
representation could be of the physical design or of the logical design and it should be made
clear what is represented.

The design representation should convey the system function of each part and element in a
qualitative or quantitative manner. It should also describe the interactions of the system with
other systems, with its operator/user and possibly with the environment. For example, P&IDs
are likely to provide the level of detail required for the design representation. The
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conformance of properties or characteristics to their design intent determines the correctness
of operations and in some cases the safety of the system.

The representation of the system consists of two basic components:

— the system requirements; and
— a physical and/or logical description of the design.

The value of a HAZOP study depends on the completeness, adequacy and accuracy of the
design representation including the design intent. Any modifications from the original design
should be shown in the design representation. Before starting the examination, the team
shoulg—+eview-this-irformation—package—ane—irecessaryrhaveitrevised-se-thatitaesyrately

ackage;
repregents the system.

4.3.2 Design requirements and design intent

The design requirements consist of qualitative and quantitative requirements-that the gystem
has tq satisfy, and provide the basis for development of system design.and design intgnt. All
reasomably foreseen ways in which the system could be used or misused’should be identified.
Both the design requirements and resulting design intent have to meet Customer requirements
and those of any relevant legislation, norms or standards.

On th¢ basis of system requirements, a designer develops the'system design; for instahce, a
system configuration is arrived at, and specific functions“are assigned to subsystems and
compagnents. Components are specified and selected./The designer should not only consider
what the system should do, but also ensure that it will"not fail under any foreseeable |set of
conditjons, or that it will not fail or degrade during the specified lifetime. Undegirable
behavjours or features should also be identified 'so"they can be designed out, or their ¢ffects
minim|zed by appropriate design or maintenance.

The désign intent forms a baseline for thezgxamination and should be accurate and corrg¢ct, as
far as|possible. The verification of design intent (see IEC 61160) is outside of the scope|of the
HAZOP study, but the study leader should ascertain that it is accurate and correct to allpw the
study [to proceed. In general most documented design intents are limited to basic gystem
functigns and parameters undernormal operating conditions.

Reasdnably foreseeable.abnormal operating conditions and undesirable activities that| might
occur|(e.g., severe vibrations, extreme weather events, abnormal stoppages or third| party
interventions) should be identified and considered during the examination. Also deterigration
mechanisms such\\as decay, corrosion and non-compliance of procedures and | other
mechanisms which cause deterioration in system properties should be identified and
considered in\a@ study using appropriate guide words. If necessary, a more detailed|study
lookinpg specifically at failure modes and effects may be required (see IEC 60812).

EXpe ted :;fc, |c:;ab;:;ty, |||a;||ta;||ab;“ty and oupp\utab;:;ty shottd—atso—be—identifie and
considered together with risk sources which could be encountered during maintenance and
logistic support activities, provided they are included in the scope of the HAZOP study.

5 Applications of HAZOP

5.1 General

Originally a HAZOP study was a technique developed for systems involving the treatment of a
fluid medium or other material flow in the process industries where it is now a major element
of process safety management. However its area of application has steadily widened in recent
years and for example includes usage for:

— software applications including programmable electronic systems;
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— systems involving the movement of people by transport modes such as road, rail, and air;
— examining different operating sequences and procedures;

— assessing administrative procedures in different industries;

— assessing specific systems, for example medical devices;

— software and code development;

— assessing proposed organizational change and defining the mechanisms to achieve those
changes;

— testing and improving draft contracts and other legal documents;

— testing and improving documents including instructions and procedures for critical
acfivities.

A HAKOP study is particularly useful for identifying weaknesses in systems<{(eXistjng or
proposed) involving the flow of materials, people or information, or a numberof events or
activitles in a planned sequence or the procedures controlling such a sequence. HAZOP
studies can also be used for non-operational conditions such as storage and transpgrt. As
well ag being a valuable tool in the design and development of new systems, HAZOP can also
be propfitably employed to identify risks and potential problems associated with different
operaling states of a given system: for example, for start-up, standby, normal operation,
normgl shutdown, emergency shutdown states. It can also be employed for batch and
unsteady-state processes and sequences as well as for centinuous ones. HAZOP|is an
integral part of the overall design process and one of the methods that can be employed for
risk identification as part of the risk management process-(see ISO 31000).

5.2 |Relation to other analysis tools

A HAEOP study can be used in conjunction “with other risk identification and analysis
methdds (see IEC/ISO 31010) such as FMEAY{see IEC 60812) and FTA (see IEC 61025) or
LOPA| (see IEC 61511-3:2003, Annex F). Such combinations might be utilized in situations
when:

— thg¢ HAZOP study clearly indicates that the performance of a particular componerjt of a
system is critical and needs to be examined in greater depth; the HAZOP study cap then
be|usefully complemented by(an FMEA of that component;

— haying examined single preperty deviations by a HAZOP study, it is decided to usg FTA
and ETA to analyse_the ‘effect of multiple deviations or to quantify the likelihood |of the
failure event and itsTconsequences.

FMEA| starts with_a\possible component/function failure and then proceeds to investigdte the
consefjuences (©f\this failure on the system as a whole. Thus the investigatjon is
unidirg¢ctional(fhom cause to consequence. A HAZOP study, on the other hand, is congerned
with ifdentifying possible deviations from the design intent and then proceeds to find the
potenfial-calses of the deviation and to predict its consequences.

FTA may be used after single property deviations have been identified by HAZOP, to analyse
the effect of multiple deviations or to quantify the likelihood of the failure event and its
consequences.

LOPA uses the data developed by HAZOP and documents the initiating cause and the
protection layers that modify the risk. This can then be used to determine the amount of risk
reduction achieved by existing controls and to ascertain whether further treatment is
needed.

5.3 HAZOP study limitations

Whilst HAZOP studies have proved to be extremely useful in a variety of different industries,
the technique has limitations that should be taken into account when considering a potential
application. Some of the limitations are mentioned below.
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e A HAZOP study is a risk identification technique which considers system parts individually
and methodically examines the effects of deviations on each part. Sometimes a very high
risk will involve the interaction between several of parts of the system. In these cases the
risk should be analysed in more detail using techniques such as ETA (see IEC 62502) and
FTA (see IEC 61025).

¢ As with any technique for the identification of risks or operability problems, there can be
no guarantee that all will be identified in a HAZOP study. The study of a complex system
should not, therefore, depend just upon a HAZOP study. The technique should be used in
conjunction with other suitable approaches and other relevant studies should be
coordinated within an effective, overall management system.

e Many systems are highly interlinked, and a deviation in one part can have causes and
copsequences in other parts of the system. To understand the risk and take apprqpriate
risk treatment actions, the causes and consequences have to be followed acrogs the
system. However, where the system is highly interlinked there is a danger that-the |follow
through is not comprehensive of every eventuality and a more rigorous, event analysis
might be required.

e The success of a HAZOP study depends greatly on the ability and e€xperience pf the
stydy leader and the knowledge, experience and level of interaction between| team
mgmbers.

e A HAZOP study can only consider those parts that appear, 6n,the design represenfation.
Acttivities and operations which do not appear on the representation might not always be
copsidered. This can be partially overcome by applying<a set of additional, non-specific
gujde words to a part that are not strictly properties, such as access and maintenange and
al§o by adding to the process a step whereby, enhycompletion, a final ‘common |sense
chgeck’ is applied using a checklist.

5.4 |Risk identification studies during different system life cycle stages
5.4.1 Concept stage

In the|concept phase of a system’s life;cycle, the design concept and major system parts are
decided but the detailed design and documentation required to conduct the HAZOP study do
not exist. However, it is necessary\to identify major risks at this time, to allow them|to be
considered in the design process;and to facilitate future HAZOP studies. To carry out|these
studiels, other basic methods should be used (for example descriptions of some of|these
methods see IEC/ISO 31010).

5.4.2 Development.stage

The mpost cost effective time to carry out a HAZOP study is when the detailed degign is
availaple and methods of operation have been decided upon. There can be several itenations
as the design—is being finalized. It is important to have a process that will assess the
implications ;of any changes made after the study has been carried out. This process $hould
be malintained throughout the life of the system.

5.4.3 Realization stage

During the realization phase, it is advisable to carry out an additional study prior to
commissioning, when initial operation or start-up of the system can lead to significant levels of
risk and proper operating sequences and instructions are critical. The study should also be
carried out or repeated when there has been a substantial change of design or intent at a
later stage. Additional data such as commissioning and operating instructions should be
available at this time. In addition, the study should also review all actions raised during earlier
studies to ensure that these have been completed.

544 Utilization stage

The application or update of a HAZOP study should be considered before implementing any
changes that could affect the normal operation of a system, particularly if these changes
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could lead to high levels of risk. Periodically, the system should also be studied to detect and
understand the effects and implications of slowly acting changes. It is important that the
design documentation and operating instructions used in such a study are up to date.

5.4.5 Enhancement stage

The enhancement stage is concerned with improving performance, making changes to
respond to new operating conditions, extending operating life and addressing obsolescence.
HAZOP studies can be used to understand the implications of any proposed changes to judge
if they are acceptable and whether new controls or changes to existing controls are required.
When conducting studies to identify risks associated with any proposed changes it is

important to consider the implications and responses for the whole system and not just restrict
the stlidy to the part or property being changed.

5.4.6 Retirement stage
In the|retirement stage, a study of activities related to decommissioning, cessation of tise or
dispogal might be required if it leads to different risks from those in normal‘operations | Once

the sgquence of activities has been defined HAZOP studies can be applied to the sequence
and procedures as well as any interim operating modes.

6 The HAZOP study procedure

6.1 General

HAZOP studies consist of four basic sequential steps;{shown in Figure 1.



https://iecnorm.com/api/?name=9066cee734a70c0a533da3437d7b556e

IEC 61882:2016 © IEC 2016 -17 -

Definitions (6.2)

e |nitiate the study (6.2.1)
¢ Define scope and objectives (6.2.2)
e Define roles and responsibilities (6.2.3)

y
Preparation (6.3)

e Plan the study (6.3.1)

6.2
6.2.1

The dtudy is genérally initiated by a person with responsibility for a project, acti

organ
study

The n

¢ Collect data and documentation (6.3.2)
e Establish guide words and deviations (6.3.3)

y
Examination (6.4)

e Structure the examination (6.4.1)
e Perform the examination (6.4.2)

y
Documentation and follow<up (6.5)

e Establish method of recording (6.5.2)
e Output of the study (6.5.3)

¢ Record the information’(6.5.4)

¢ Sign off the documentation (6.5.5)

e Follow-up and tesponsibilities (6.5.6)

IEC

Figure’d-—— The HAZOP study procedure
Definitions

Initiate the study

sation, whio.in this guide is called the manager. The manager should determine W
s required, appoint a study leader and provide the necessary resources to carry it

eed for such a study will often have been identified during planning, due tg

requir

bments or because it is an nrgnni7nfinn’c pnlir‘y With the assistance of the

ity or
hen a
out.

legal
study

leader, the manager should define the scope and objectives of the study and ensure that
members appointed to the study team have the appropriate competencies to undertake the

study.

The manager is ultimately accountable for ensuring that any actions that arise from the study
are completed.

6.2.2

Define scope and objectives

The scope of a study should be clearly stated, to ensure that:

— the system boundaries, and its interfaces with other systems and the environment are
clearly defined; and

— the study team is focused, and does not stray into aspects irrelevant to the objectives.


https://iecnorm.com/api/?name=9066cee734a70c0a533da3437d7b556e

-18 — IEC 61882:2016 © IEC 2016

The scope will depend upon a number of factors, including:

the boundaries and extent of the system;

the number and level of detail of the design representations available;

the scope of any previous studies carried out on the system; and

any regulatory requirements, standards or norms which are applicable to the system.

The following factors should be considered when defining objectives of the study:

6.2.3 Define roles and responsibilities

The roles and responsibilities of a study team should be clearly defined by the manag
agreed with the study leader at the outset of the study., The study leader should revie
design representation to determine what information is-available and what skills are re
from the study team members. A programme of activities should be developed, which r
the timing of decision making, to enable any recommendations to be carried out in a
fashiop.

It is t
commupnicate the results of the study. It is;the responsibility of the manager to ensure th
result$ of the study are followed up and decisions regarding necessary actions are pr
documented.

confined to identification of risks and problem areas (which are then referred back
manager and any designérs ‘for resolution) or whether they are also to suggest possib,
treatments. In the lattercase there also needs to be agreement as to the responsibili
mechanism for selecting preferred risk treatments and securing appropriate authorizat
any agtions that have to be taken.

The anager and the studyeader should agree whether the study team activity is

A HAZOP study/is a team effort, with each team member being chosen for a defined rol
team ghould \be as small as possible and consistent with the relevant skills and expe

availaples, The larger the team, the slower the process, however, all relevant arg
knowl daao chould ha ranrcacantad
bdge-shewld-berepresented-

the relevant objectives of the organization;

th
organization’s objectives;

the phase of the life cycle at which the study is to be carried out (for details se€2574)
opgrability considerations, including effects on product quality;

pefsons or property that may be at risk, for example staff, the general publi
enyironment, the system,;

the performance requirements of the system.

c, the

er and
w the
quired
pflects
timely

he study leader's responsibility to ensure that a suitable mechanism is in place to

at the
operly

to be
to the
e risk
y and
on for

2. The
rience
as of

Where a system has been designed by a contractor, the study team should contain personnel
from both the contractor and the client.

Recommended roles for team members are as follows:

Study leader: not closely associated with the design team and the project. Trained and
experienced in leading HAZOP studies. Responsible for communications between
management and the study team. Plans the study. Agrees study team composition.
Ensures the study team is supplied with a design representation package. Suggests

guide words and guide word/property combinations to be used in the study. Facilitat
study. Ensures accurate recording of the results.

es the
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— Recorder: records proceedings of meetings. Documents the risks and problem areas
identified, recommendations made and any proposed actions. Assists the study leader in
planning and administrative duties. In some cases, the study leader can carry out this role.
The recorder should have good technical knowledge of the subject being studied, linguistic

ski

Ils and a good ability to listen and understand.

— Designer(s): explains the design and its representation. Explains how a defined deviation
can occur and the corresponding system or organizational response.

— User(s): explains the operational context within which the system will operate, the
operational consequences of a deviation and the extent to which deviations might lead to
unacceptable consequences.

- S
co

Other
might

The
depen
of speg

Either

sequences. They could be called upon for limited participation.

intainer: someone who will maintain the system going forward.

people such as suppliers of major system items, manufacturer, and other stakeh
also be needed.

iewpoint of the designer and user are always required forythe study. Ho
ding on the particular phase of the life cycle in which the studyis carried out, th
cialists most appropriate to the study might vary.

all team members should have sufficient knowledge. of the HAZOP methodol

enablé them to participate effectively in the study, or suitable training should be provide

6.3
6.3.1

Preparation

Plan the study

The sfudy leader is responsible for the following preparatory work:

a) ob
b) co
c) plg

faining the information about the.system;
hverting the information into a‘suitable format;

nning the sequence of the(study meetings or workshops; and

d) arfanging the necessary meetings.

In add

ition, the study deader might arrange for a search to be made of databases, ¢

descripe historical experience of the same or similar systems.

their

olders

vever,
e type

bgy to
.

ptc. to

The study leader-'is responsible for ensuring that an adequate design representafion is

availa

identi

ble. If the/design representation is flawed or incomplete, it should be corrected

edand agreed with a person very familiar with the design.

before

the s%udy begins. In the planning stage of a study, the parts and properties shouyld be

The study leader is responsible for the preparation of a study plan that should contain the
following:

e objectives and scope of the study;

o the study team;

e technical details:

a design representation divided into parts with defined design intent and for each part,

a list of components, materials and activities and their properties;

a list of proposed guide words to be used, and their application to systems properties

as outlined in 6.4.3;

e a list of appropriate reference, design criteria, standards or norms;
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e administrative arrangements, schedule of meetings, including their dates and times and
locations;

e form of recording required (see Annex A); and

e adequate room facilities and visual and recording aids should be provided to facilitate
efficient conduct of the meetings.

A briefing package consisting of the study plan and necessary references should be sent to
the study team members in advance of the first meeting to allow them to familiarize
elves with its content. A physical review of the system is desirable.

thems

The s

membjers and it is therefore important that the sessions are not too long and that the

appro
the re

6.3.2

briate intervals between sessions. How these requirements are achieved is\ulli
sponsibility of the study leader.

Collect data and documentation

Typicdlly this can consist of some of the following documentation that‘should be clear
uniquely identified, approved and dated:

a) fo

all systems:

design intentions, requirements and descriptions;

b) fon hardware systems:

flow sheets, functional block diagrams, contre/ndiagrams, interfaces, electrical
diagrams, engineering data sheets, arrangement drawings, 3D models
available), utilities specifications, operating and maintenance requirement
instructions;

c) forl process flow systems:

piping/process and instrumentation diagrams, material specifications and star
equipment, piping and system layout;

d) forn programmable electronic systems:

data flow diagrams, object-oriented design diagrams, state transition diagrams,
diagrams, logic diagrams;

e) for procedure or document related systems:

draft documents:

results of any-task analyses or operational breakdown matrices.

In addition, the following information might also be provided:

team
e are
ately

y and

circuit
where
5 and

dards

timing

— th¢ extent and location of the boundaries of the system being studied and the interfaces at
the bofrders; al

— information about the external and internal environment in which the system will operate;

— inf

erating and maintenance arrangements for the system;
ormation about user interface design;

— historical experience with similar systems.

6.3.3

Establish guide words and deviations

In the planning stage of a HAZOP study, the study leader should propose an initial list of
guide words to be used. The study leader should test the proposed guide words against the
system and confirm their adequacy. The choice of guide words should be considered
carefully, as a guide word which is too specific can limit ideas and discussion, and one which
is too general might not focus the HAZOP study efficiently. Some examples of different types
of deviation and their associated guide words are given in Table 3.
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Table 3 — Examples of deviations and their associated guide words

Deviation type

Guide word

Example interpretation for process

Example interpretation for a

industry programmable electronic system,
PES
Negative NO No part of the intention is achieved, No data or control signal passed
e.g. no flow
Quantitative MORE A quantitative increase, Data is passed at a higher rate than
modification e.g. higher temperature intended
LESS A quantitative decrease Data is passed at a lower rate than
e.g. lower temperature intended
Qualitgtiw ASWHELAS Hrp- P+ R Seme-additional-orspureds—signal is
modifi¢ation Simultaneous execution present
of another operation/step
PART OF Only some of the intention is achieved, | The data or control signals are
i.e. only part of an intended fluid incomplete
transfer takes place
Substifution REVERSE Covers reverse flow in pipes and Normally not-relevant
reverse chemical reactions
OTHER THAN | A result other than the original The data of control signals are
intention is achieved, i.e. transfer of incorrect
wrong material
Time EARLY Something happens early relative to The signals arrive too early with
clock time, e.g. cooling or filtration reference to clock time
LATE Something happens late relative tg The signals arrive too late with
clock time, e.g. cooling or filtration reference to clock time
Order BEFORE Something happens too early in a The signals arrive earlier than
or sequence, e.g. mixing erhgeating intended within a sequence
sequeimce
AFTER Something happens\too late in a The signals arrive later than

sequence, e.g. mixing or heating

intended within a sequence

Guide|word/property combinations, €an be interpreted differently in studies of different

systems, at different phases of the "system life cycle, and when applied to different
repregdentations. Some of the .combinations might not have meaningful interpretations
study and should be_disregarded. Generally the study leader will predefirle the

given

appropriate guide word/property combinations for the study. The interpretation of all

esign
for a

guide

word/property combinations should be defined and documented. If a given combinatign has

more

han one sensjble“interpretation in the context of the design, all interpretations

should

be listed. On the other hand, it can also be found that the same interpretation is derived from

differgnt combinations. When this occurs, appropriate cross-references should be made

6.4

6.4.1

Examination

Structure the examination

The examination sessions should be structured, with the study leader facilitating the
discussion and following the study plan. At the start of a study meeting the study leader or a
team member who is familiar with the process to be examined and its problems should:

e outline the study plan, to ensure that the team is familiar with the system and objectives
and scope of the study;

e outline the design representation and explain the proposed guide words and properties to

be used;

e review any previously identified risks and operational problems and potential areas of

concern.
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6.4.2 Perform the examination

The analysis should follow the flow or sequence related to the subject of the analysis, tracing
inputs to outputs in a logical sequence. There are two possible sequences of examination:
‘property first’ and ‘guide word first’, as shown in Figures 2 and 3 respectively. The study
leader and team should agree which sequence to use. The decision will be influenced by the
detailed manner in which the HAZOP examination is conducted. Other factors involved in the
decision include the nature of the technologies involved, the need for flexibility in the conduct
of the examination and, to some extent, the training which the participants have received.

The ‘property first’ sequence is described below.

a) The study leader starts by selecting a part of the design representation as a starting point
and marking it. The design intent of the part is then explained and the relevant.properties
identified.

b) The study leader chooses one of the properties and agrees with the team”whether the
guide word should be applied directly to the term itself or to the characteristics ¢f that
property. The study leader identifies which guide word is to be appliedfirst.

c) The first applicable guide word interpretation is examined in the céhtext of the property or
chiaracteristic being studied in order to see if there is a possible-deviation from the design
infent. If a possible deviation is identified, it is examingd, for possible causep and
copsequences.

d) THe team should identify whether any control will bepresent that will detect and/or
indicate a deviation or respond to it, which could be& included within the selected part or
other parts of the system. The presence of such _tontrols should not stop the fisk or
operability problem being identified or for further risk treatment to be specified.

e) The team should specify the actions regquired to treat the risk if appropriate.
Rgcommended change should be marked up,on the representation and taken into a¢count
as|the study proceeds. If necessary a completed part should be re-examined as a result of
a ¢hange in another part.

f) The study leader should summarize the results as they are being recorded by the
recorder. Where there is a need)for additional follow-up work, the name of the person
regponsible for ensuring that.the work is carried out should also be recorded. The
progress of the study should.also be recorded at the end of a study session.

g) The process is then repeated for any other interpretation for that guide word; then for
another guide word; then for each property of the part under study. After a part hag been
fully examined, it should be marked as completed. The process is repeated until al| parts
have been studied.

At the| completion-of the study of each part of the system, the team is invited to consider any
other pttributes such as access, isolation, control, and the work environment (noise, lighting,
etc.) thatare" important to the desired operation of the system. This could involye the
consideration of the system as a whole as opposed to dealing with each part in isolation

An alternative method of guide word application to that described above, is to apply the first
guide word to each of the properties that apply to a part in turn. When this has been
completed, the study proceeds with the next guide word which again is applied to all
properties in turn. The process is repeated until all the guide words have been used for all the
properties that apply to a particular part before moving on to another part (see Figure 3).
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Start

v

Explain overall design

Y

> Select a part

'

Examine and agree design intent

7

Identify relevant properties

'

Identify whether any of the properties can be
usefully sub-divided

v

- Select a property
- Select a guide word

v

Apply guide word to the selected property to obtain a
specific interpretation

Investigate causes,
consequences and protection of
indication and document

Is deviation Yes

reasonably foreseeable?

Have all
interpretations of the.guide word
and property comibinations been
applied?

Have all
guide words been applied to
the selected property?

Have all properties been examined?

No

Have all parts been examined?

Yes
Stop

IEC

Figure 2 — Flow chart of the HAZOP examination procedure —
Property first sequence
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> Select a part
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Examine and agree design intent
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Identify relevant properties

'

Identify whether any of the properties can be
usefully sub-divided

v

- Select a guide word
> Select a property

v

Apply guide word to the selected property to
> obtain a specific interpretation

Is deviation Yes

reasonably foreseeable?

Have all
interpretations of the.guide word
and property comibinations been
applied?

Have the selected
guide words been applied to
all properties?

No

Have all guide words been applied?

No

Have all parts been examined?

Investigate causes,
consequences and protection of
indication and document

Yes

Stop

IEC

Figure 3 — Flow chart of the HAZOP examination procedure —

Guide word first sequence

6.5 Documentation and follow up

6.5.1 General

A HAZOP study involves the systematic, disciplined and documented study of a system. To
achieve full benefits from a study, it has to be properly documented and any suggested
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actions completed. The study leader is responsible to ensure that suitable records are
produced for each meeting. Various methods of reporting are discussed in Annex A.

6.5.2

Establish method of recording

There are two basic forms of recording: full, and by exception only. The method of recording
should be decided before any sessions take place, and the recorder advised accordingly.

e Full recording involves documenting all results on applying each guide word/property
combination to every part or element of the design representation. This method, though
cumbersome, provides the evidence that the study has been thorough and should satisfy
most regulatory or corporate requirements.

° By

problems together with the follow-up actions. Property/guide word combinations wh

ris
md
the

In ded

k or operability issue is identified are not included. Recording by exceptioh res

study and it could lead to an unnecessary, repeated study in the futune-

e regulatory requirements;

e cCO
e CO
o thd
o the
o thg

6.5.3
The o

e de
fon

htractual obligations;

mpany policies;
need for traceability and auditability of the study;
importance of the system to the organization’s<objectives;

time period and resources available.
Output of the study

btput from a HAZOP study should;include the following:

their treatment including the-means by which they would be detected;

e the marked-up design representation used in the study (see Clause A.3);

o req
teq
e re
sy
e no
op

ommendations for_any further studies of specific aspects of the design using di
hniques, if necessary;

ommendations~of options for risk treatment based on the team’s knowledge
stem (if withinthe scope of the study);

tes which' draw attention to particular points which need to be addressed
erations and maintenance;

e al

st\of team members for each session;

exception recording involves documenting only the identified risks and openability

Bre no
ults in

re easily managed documentation. However, it does not document the.thoroughness of

iding the form of reporting to be employed, the following factors should be considgred:

fails of identified risks and operability problems together with details of any proyisions

ferent

of the

n the

e a list of all the parts considered in the analysis together with the rationale where any have
been excluded;

e a list of the guide words and properties used; and

e listing of all drawings, specifications, data sheets, reports, etc. used, quoting revision

nu

mbers.

With by exception recording, these outputs will normally be contained within the HAZOP
worksheets. With full recording, the required outputs can be summarised from the study
worksheets.

6.5.4

Record information

The recorded information should conform to the following:
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e every risk and operating problem should be recorded as a separate item;

e all risks and operating problems together with their causes should be recorded regardless
of any control already existing in the system;

e every question raised by the team for consideration after the meeting, should be recorded,
together with the name of a person who might answer it;

e a numbering system should be adopted to ensure that every risk, operational problem,
question, recommendation, etc. is uniquely identifiable;

e the study documentation should be archived for retrieval, as and when required, and
referenced in the management system log for the system (if such exists).

Precigely who should receive a copy of the final report will be Targely dictated by \ifjternal

compd
study

6.5.5

At the|
team.
and 1
agree

6.5.6

The p
for thq
team.

Before
implen
consig

ny policy or by regulatory requirements but should normally include the manag
eader and the people responsible for actions (see 6.2.3).

Sign off the documentation

end of the study, the report of the study should be produced and l@agreed upon
There should be an official sign-off and approval of the final report by the team

ment cannot be reached, the reasons for divergent views should be recorded.

Follow-up and responsibilities

irpose of the HAZOP study is to review and not&erdesign a system. It is also nof
study leader to be accountable for the completion of the actions recommended

any significant changes resulting from*the findings of the HAZOP study have
hented, and once a revised design.representation is available, the manager ;s
er reconvening the HAZOP studylteam to ensure that no new risks or operab

maintgnance problems have been introduced.

In son
impler

ne cases, as indicated in 6;2.3, the manager can authorize the HAZOP study te
nent the recommendations and carry out design changes. In this case the HAZOP

team might be required to_do the following additional work:

- ag
ari

— ve
he

— CO

I approval;
hduet further HAZOP studies of the revised system.

r, the

by the
eader

hanagement representative (preferably the manager that(dnstigated the study). If

usual
by the

been
should
lity or

am to
study

fee on outstanding actions and revise the design or the operating and maintenance
angements;
rify the changes and communicate their completion to the manager and receive

his or
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A1

Annex A
(informative)

Methods of recording

Recording options

Various recording options are available.

Manual recording on prepared forms can be perfectly adequate, particularly faor

stydies, provided that the basic needs for legibility are met. Manuscript HAZOP
nofes can be entered into software after the session, to produce a legible copy\for is

- W

the

rd-processing or spread-sheet software can be used to produce the worksheets
session.

— Specific HAZOP study recording software can be used.

If soft

vare is used, the study results can be projected as they are-created. This ensur

team agrees with the record at the time.

A.2

A wor
of the
layout
softwg

The h

inte

exami

nt

The h

HAZOP worksheet

small
study
sue.

during

es the

recording option chosen, the worksheet should contain the features given belo
of the worksheet will vary depending on‘whether it is created manually or as
re.

leader should contain the following information: project, subject of the study,

part of the system being examined, members of the team, drawing or document
hed, date, page number, etc.

padings (titles) of the columns can be as follows:

those completed daring the examination:
reference number;

guide word;

property;

deviation/event;

cause;

xsheet should be used to record the results of{examinations and follow-up. RegIdless

. The
art of

esign
being

coriseqgucelices,
existing controls;

suggested actions.

Additional information such as comments can also be recorded.

b) for those completed during the follow-up:

1)
2)
3)

agreed action;
responsibility for action;
status of action.

NOTE The columns mentioned in b)1), b)2) and b)3) can also be completed at the meetings themselves.
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Using a computer offers greater flexibility in layout, better presentation of information and
ease of preparation of required reports such as:

— detailed worksheets;
— reports sorted by causes and/or consequences;
— follow-up reports with responsibilities and status.

Several software packages are available which aim to simplify the task of recording data and
generating reports. Such packages are valuable in aiding the task of the recorder. However,
some packages attempt to replace the study leader by generating a checklist of
guide word/property pairs. Whilst these packages will identify some risks and produce a print-
out whrchresembtes-the plillt‘uut fromaHAZSP otudy, this-witnottavebeen pluduuc.l from
a rigofous and systematic study. The use of software to replace the study leader entirely is to
be disfouraged.

The rgndom application of ad hoc checklists cannot be regarded as a HAZOP stydy as
defined in this standard.

A.3 [ Marked-up representation

The dgsign representation can be marked-up to indicate the worksheet reference number for
each part that has been studied and to show any changes _to the design that the study team
recommends.

This npight limit misunderstandings that might arise from just a word description of the parts or
recommended changes. It forms an important part\of the report information. A photograph of
the marked-up design representation is usually-sufficient for the report with the originals kept
by thel manager until all actions have been completed.

A.4 |HAZOP study report

A final report of the HAZOP study should be prepared and contain the following:

— summary;
— copclusions;

— scppe and objectives;

— oufput of the study itemized as given in 6.5.3;
— HAZOP studyworksheets;

— the marked-up design representation;

— a ljstof the drawings and documentation referred to;

— any historical information that was used in the study.
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B.1

Annex B
(informative)

Examples of HAZOP studies

General

The purpose of the examples contained in Annex B is to illustrate how the principles of a
HAZOP study, outlined in this standard (particularly in 4.2, 6.3 and 6.4) are applied to a range

of apq
that t

purpo
shoulg

B.2

The ¢
exami

HAZOP studies.

Consi
transf
the r¢
explog
effect
pumps
ignore

lications encompassing various industries and activities. It should be noted_ho
ne examples have been simplified significantly for illustrative purposes and ¢
t in any way to reproduce all the detailed technical complexity of real cas€ stug
also be noted that only sample outputs are provided.

Introductory example

urpose of this example is to introduce the reader to the basics of the H
nation method. The example is adopted from one given lin)the original publicat

jer a simple process plant, shown in Figure B.15Materials A and B are contin
erred by pumps from their respective supply tanks to combine and form a produ
actor. Suppose that A always has to be in excess of B in the reactor to av
ion hazard. A full design representation would include many other details such
of pressure, reaction and reactant temperature, agitation, reaction time, compatib

A and B, etc. but for the purposes<of this simple illustrative example they \
d. The part of the plant being examined is shown in bold.

wever
0 not
ies. It

AZOP
on on

lously
tt C in
bid an
as the
ility of
vill be
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Vent
Fy P
Mapterial A
Reactor
IO/
Pump A
M4terial B N L )
Pump B \
Reag¢tion: A+ B=C Overflpw
Product C

Component A must always be in excess
of cqmponent B to avoid an explosion

Figure B.1 — Simple flow sheet

The pgrt of the system selected for examination is the line from the supply tank holdin
the reactor, including pump A (see Table B.1). The design intent for this part

continpously transfer material A from the tank to the reactor at a rate greater than the tr

IEC

g A to
is to
ansfer

rate of material B . In_terms of the properties suggested in 4.2, the design intent is given in
the pregvious paragraph of Clause B.2.

Table B.1 — Properties of the system under examination

Material

Activity

Source

Destination

A

Transfer
(at a rate > B)

Tank for A

Reactor

Each of the guide words indicated in Table 3 (plus any others agreed as appropriate during
the preparatory work, (see 6.3.3)) is then applied to each of these properties in turn and the
results recorded on HAZOP worksheets. Examples of possible HAZOP outputs are indicated
in Table B.2, where the 'by exception' style of reporting is utilized and only meaningful
deviations are recorded. Having examined each of the guide words for each of the properties
relevant to this part of the system, another part (say the transfer line for material B) would be
selected and the process repeated. Eventually all parts of the system would be examined in
this manner and the results recorded.
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B.3 Procedures

Consider a small batch process for the manufacture of a safety critical plastic component. The
component has to meet a tight specification in terms both of its material properties and its
colour. The processing sequence is as follows:

a) take 12 kg of powder “A”;

b) place in blender;

c) take 3 kg of colourant powder “B”;

d) place-inrblender;

e) start blender;

f) mi

for 15 min; stop blender;

g) remove blended mixture into 3 x 5 kg bags;

h) w4ash out blender;

i) add 50 | of resin to mixing vessel;

j) add 0,5 kg of hardener to mixing vessel;
k) add 5 kg of mixed powder (“A” and “B”);

[) sti
m) po

A HAZ
produ

for 1 min;
ur mixture into molds within 5 min.

OP study is carried out to examine ways in whiCch below-specification material mi
ced. As a procedural sequence, the parts under examination during the HAZOP p

are the relevant sequential instructions. Extracts*from a HAZOP study of the sequen

given

n Table B.3. A “by exception” reportingsystem has been employed.

ght be
ocess
ce are
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B.4

B.4.1

Automatic train protection system

General

The purpose of Clause B.4 is to give a small example of a typical HAZOP study at the system
block diagram level to illustrate some of the points in this standard. The example will be
presented in two sections:

— a brief description of the system and a block diagram;

— sample HAZOP worksheets exploring some of the potential deviations, reported

“b}

It sho
detail.
taken
compl

B.4.2
B.4.2.

The a
a fung
speed
autom
syster
from

differi

B.4.2.
On bo

equipment giving information on ‘safe speeds or stopping points. This information

throug
The o
speed
contrg

” A\
~exceptiononhy (seeTable B4}

ild be noted that the design used in this example is of a system at a limited. le

from a real system. They are included to show the process and are not ‘elaimed
bte.

Application
g System purpose

pplication concerns train-carried equipment for automaticitrain protection (ATP). ]
tion implemented on many metro trains and some mainline trains. ATP monitog
of the train, compares that speed with the planned safe speed of the trai
atically initiates emergency braking if an overspéed condition is recognized. On a
ns there is equipment on both the train and trackside whereby information is trans
he track-side to the train. There are many different ATP systems in existen
g in the detail of how they fulfil the basicrequirement.

] System description

ard the train there are one or more antennae which receive signals from the tra

h some processing before-being passed to a programmable electronic system

her major input to the PES’is from tachometers or other means of measuring the
of the train. The major-output of the PES is a signal to safety relays such as tH
Iling the emergency'brake. Figure B.2 gives a simple block diagram of this proces

vel of

The design and the sample HAZOP study worksheets are illustrative only‘and dre not

to be

I'his is
rs the
n and
Il ATP
ferred
ce, all

Ckside

goes
PES).
actual
e one

h
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TRAIN BODY BOGIE MOUNTED
_ Emergency
" brake
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processing generators
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trackside
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processing

A
A
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Figure B.2 — Train-carried ATP equipment
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B.5 Example involving emergency planning

Organizations make plans to deal with a variety of anticipated emergencies. These
emergencies can vary from reaction to a bomb threat, the provision of emergency power
supplies or the escape of personnel in the event of a fire. The validity and integrity of these
plans can be tested in a variety of ways — typically by some form of rehearsal. Such
rehearsals are valuable, but can be expensive and, by their very nature, disrupt normal
working. Fortunately, real emergencies which test the system are rare and in any case, even
rehearsals are unlikely to cover all possibilities.

- attverythexpenstre-way ortaentiry rary-ofthe—defietenctesywhich
Xist in an emergency plan, in order to supplement the experience obtained\by the
relatively infrequent rehearsal or the even rarer actual emergency itself (see Table"B:5).

On an|offshore oil and gas platform there needs to be in place effective arrangements fqr EER
in the [event of potentially life-threatening incidents. These arrangements would aim to ensure
that personnel are quickly alerted to the existence of a dangerous situation, are able to| make
their way rapidly to a safe muster point, then evacuate the platform preferably in a confrolled
mannIr by helicopter or lifeboat and then be rescued and taken to@.place of safety. Effective
EER arrangements are an essential part of an overall offshore  installation system. Within
typical EER arrangements there are usually a number of differeént'stages (elements) such as:

a) ralsing the GPA by automatic instruments or manually. byyany operator;

b) communicating the situation both to the local stand-by vessel and to onshore emeingency
sefvices;

c) personnel making their way along designated.access routes to the muster point;
d) menIA

e) donning of survival equipment, etc.;

f) await PAPA which has to be initiated\by the OIM or his deputy;

g) egress in which personnel make‘their way from the muster point to the chosen method of
evjacuation;

stering involving registration of personnelpresent;

h) evjcuation normally by helicopter or by special forms of lifeboat;
i) escape directly into the sea if the preferred means of evacuation is not available;

j) rescue, where either) personnel in a lifeboat or those who had escaped directly into the
sefa would be recovered and taken to a place of safety.
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Piezo valve control system

The piezo valve control system shows how a HAZOP study can be applied to a detailed
electronic system (see simplified Figure B.3, Table B.6 and Table B.7).

A piezo valve is a valve driven by a piezo ceramic. The ceramic element is electrically driven
and lengthens itself in the charged state. A charged piezo ceramic closes the valve.
A discharged piezo ceramic opens the valve. If the piezo ceramic does not lose or gain
charge, the state of the valve is kept.

The sjsiem sprays a flammable and explosive Tiquid into a reaction vessel (nof shown
overall system with reactor vessel, pipes, pumps, etc. is part of a separate HAZOP

Here (

The o
“state

An elgctrical charge from capacitor C1 is conducted via the transistor T1 to the co
tor C2 and via the power wire to the piezo valve to close.it‘‘In this case transisfor T2
and thle protection transistor T3 are closed (high resistance).

capac

nly the application of a HAZOP study to an electronic unit is shown.

17, and open it on demand, “state 2”.

). The
study.

peration of the unit is a two-state process designed to close the valve on demand,

upling

metric
or T4

ences

[®)

w

TLT

Capagitor C2 is discharged by transistor T2 to open, the valve. To prevent asym
charging of the piezo valve, for example by mechanical or thermal stress, transis
connefts the low side to ground.
An eldctrical shield around the twisted wires of thecable prevents electro-magnetic infly
from dffecting the valve.
Control unit Cable Piez
valv
D1
AC/DC T1 charge R
converter ,E 1
D2
—
Y] By
= T2 discharge—| Shield
= Ground
T3 protection~|| N na
T4 D4
—| L
—

Figure B.3 — Piezo valve control system

Description of state 1: close valve.

IEC
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Part considered: cable from AC/DC converter and from capacitor C1 via transistor T1,
diode D1, capacitor C2 to the power side of the valve and from the ground side of the valve
via transistor T4 and resistor R to ground.

Description of state 2: open valve.

Part considered: cable from power side of valve via transistor T3, diode D3 and resistor R to

ground.
Table B.6 — System design intent
Input Activity Source Destination
State |1: Close valve
1. Clharge in C1 Transfer charge via C1 and converter 1. Power;to power|side
T1, D1 and C2 of valve
Chardcteristics: Transfer charge via Low side of valve 2. Low side chargg to
T4 and R to ground ground
Voltage
Capagity
2. Control signals to T1, Control opening via Signal from controller T1, T3 and T4
T3 and T4 T1 and T4 from
ground
Isolate via T2
Overcharge to groynd

Prevent overcharge
via T3

Prevent reverse flow
of charge via D2

Pewer side of valve

T3

and T4

side of valve via T4

State R: Open valve
1. Discharge power side Isolate from C1 and Power side of valve and Ground
offvalve converter via T4 C2
Chardcteristics: Transfer power
charge viayD2 and T2
Voltage
Capatity Transter any charge
of\valve via D3, D4
and R
2. Control signals to T1, Isolate low charge Signals from controller T1, T2 and T4
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B.7 HAZOP of a train stabling yard horn procedure

Trains in a stabling yard are required to sound the horn prior to any movement. The procedure
was required to be changed due to planning restrictions concerning noise. The new procedure
requires a suitably qualified person, in addition to the train guard, to check the area around
the train prior to any movement to ensure it is safe to do so.

The procedure is as follows:

1. Start procedure

11 Driver observes STOP indication from leading crew compartment.
12 QP stands adjacent to the leading crew compartment.

1{3 Driver to confirm to QP that driver preparation is complete or that driver has
changed ends and to commence checking procedure.

-_—

4 Driver advises guard (internal PA) to commence checking procedure.
2. QP checking procedure
211 QP checks the first 4 cars on LH side of train.

2.1.1 If not clear, remove/clear obstruction then chéek the first 4 cars on LH|side
again.

2.1.2 If clear, QP gives one long, loud whistle‘blast to warn of train departing.
212 QP checks the first 4 cars on RH side of train.

2.2.1 If not clear, remove/clear obstruction then check the first 4 cars on RH|side
again.

2.2.2 |If clear, QP gives one long, loud whistle blast to warn of train departing.
3 QP advises driver that both sides have been checked and all is clear

2

3. Guard checking procedure
3]1 Guard opens doors an‘both sides of train.
3

2 Make internal and external PA announcement on both sides of train, “Stand clear
this train is about to depart the yard from No. x road”.

3]3 Check the jast'4 cars on the RH side of train.

3.3.1 Jdf\not clear, remove/clear obstruction then check the last 4 cars on same
side again.

3322~ If clear, guard gives one long, loud whistle blast to warn of train depariing.
3J4 <, Check the last 4 cars on the LH side of train.

3.4T Tf not clear, remove/clear obstruction then check the Tast 4 cars on same
side again.

3.4.2 |If clear, guard gives one long, loud whistle blast to warn of train departing.

3.5 Close doors on both sides and check by visual inspection and by checking that the
Door Open indicator is extinguished.

3.6 Give the ALL RIGHT bell signal to driver.
4. Complete departure procedure
4.1 Driver advises QP that the guard has completed the departure process.
4.2 QP contacts signal box to advise the signaller that the train is ready to depart.

4.2.1 If the signal cannot be cleared within approximately 1 min then maintain
signal at STOP and advise the QP of the approximate time to clear and
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advise the QP prior to clearing so that QP and guard can restart checking
procedure.

4.2.2 After receiving confirmation from QP that the train is ready to depart, clear
the relevant signals.

4.3 Driver confirms PROCEED indication and performs modified inching movement.

5. Driver takes train to whistle sign and tests train horn.

An operational breakdown matrix is given in Table B.8 and an example of a HAZOP
worksheet is given in Table B.9.
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Le texte de cette norme est issu des documents suivants:

FDIS Rapport de vote
56/1653/FDIS 56/1666/RVD

Le rapport de vote indiqué dans le tableau ci-dessus donne toute information sur le vote ayant
abouti a I'approbation de cette norme.

Cette publication a été rédigée selon les Directives ISO/IEC, Partie 2.

Le coité a déctde que te contenu de cette pubtication ne sera pas modiffe avantta dpte de
stabilifé indiquée sur le site web de I'lEC sous "http://webstore.iec.ch" dans les~données
relativies a la publication recherchée. A cette date, la publication sera
e reg¢onduite,

e supprimée,

e remplacée par une édition révisée, ou

e amendée.
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INTRODUCTION

La présente norme décrit les principes et I'approche relatifs a l'identification des risques a
partir de mots-guides. Historiquement, cette approche de [l'identification des risques a été
appelée étude de danger et d'exploitabilité ou, par abréviation, étude HAZOP. Il s'agit d'une
technique structurée et systématique appliquée a I'examen d'un systéme défini en vue:

e d'identifier les risques liés a l'exploitation et a la maintenance du systéme. Les
phénoménes dangereux ou les autres sources de risque peuvent comprendre a la fois
ceux qui se présentent seulement a proximité immédiate du systéme et ceux qui ont des
effets plus étendus, par exemple certains phénoménes dangereux environnementaux;

o d'identifier les problemes potentiels d'exploitabilité poseés par le systeme et, en particulier,
le§ causes des perturbations d'exploitation et des écarts dans la production susceptibles
d'gntrainer la fabrication de produits non conformes.

Un avfantage important des études HAZOP est que la connaissance qu'elles:apportent, en
identifiant de maniére structurée et systématique les risques et les problemes d'exploitabilité,
s'avére d'une grande utilité pour déterminer les mesures a prendre.

Une des caractéristiques d'une étude HAZOP est la session d'examen durant laquelle une
équipe multidisciplinaire dirigée par un chef d'étude examine Systématiquement toutes les
partie$ d'une conception ou d'un systéme concernées par I'étude. Elle identifie les écarts par
rapport a l'intention de conception du systéme, en utilisant:un ensemble de mots-guidgs. La
technigue vise a stimuler de maniére systématique l'imagination des participants pour les
aider p identifier les risques et les problémes d'explaitabilité. Il convient de considér¢r une
étude| HAZOP comme une ameélioration d'une cohception juste, utilisant des approches
baséep sur I'expérience, telles que les regles de bon usage, plutét qu'un succédané de ces
approg¢hes.

Historl]guement, les études HAZOP et assimilées étaient présentées comme une identification
des phénomeénes dangereux dont I'objeetif premier est de soumettre a I'essai de mpniéere
systématique la présence de phénoménes dangereux et, le cas échéant, de comprendfe a la
fois comment ils pourraient provoquér des conséquences négatives et comment une nduvelle
conception du processus pourrajtlles éviter. L'ISO 31000:2009 définit le risque comme|I'effet
de l'incertitude concernant les-‘objectifs, en notant que I'effet est un écart par rapport a jce qui
est escompté. C'est pourquoirles études HAZOP, qui ont trait aux écarts par rapport a [ce qui
est egqcompté, ainsi qu'a teurs causes et a leurs effets sur les objectifs dans le cadre de la
conception du processus; sont désormais correctement caractérisées comme de puissants
outils g'identification(des risques.

Il exisfe de nomhreux outils et techniques destinés a identifier les risques, depuis les listes de
contrdle jusqu'a’HAZOP en passant par I'analyse des modes de défaillance et de leurs|effets
(AMDE). Certaines techniques, telles que les listes de contrbéle et I'analyse par simufation,
e peu

informations plus complétes sur les risques et les faiblesses dans la conception du systéme.

Le terme HAZOP est parfois associé, dans un sens plus large, a d'autres techniques
d'identification des phénoménes dangereux (par exemple HAZOP sur liste de contréle,
HAZOP 1 ou 2, HAZOP basé sur les connaissances, etc.). L'utilisation du terme HAZOP en
relation avec ces techniques est considérée comme inappropriée et elle est volontairement
exclue de ce document.

Avant de commencer une étude HAZOP, il convient de s'assurer qu'il s'agit de la technique la
plus appropriée (autant individuellement qu'en combinaison avec d'autres techniques) pour la
présente tache. Il convient que cette appréciation prenne en compte l'objet de I'étude, la
séveérité de toutes les conséquences possibles, le niveau approprié de détail, la disponibilité
des données et des ressources pertinentes ainsi que les besoins des décisionnaires.
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La présente norme a été mise au point pour donner les lignes directrices dans un grand
nombre d'industries et types de systémes. Dans certaines industries, notamment les
industries de transformation ou cette technique a vu le jour, il existe des normes et des
guides plus spécifiques qui établissent des méthodes d'application préférentielles pour ces
industries. Pour plus de détails, voir la bibliographie donnée en annexe de la présente norme.



https://iecnorm.com/api/?name=9066cee734a70c0a533da3437d7b556e

- 66 — IEC 61882:2016 © IEC 2016

ETUDES DE DANGER ET D'EXPLOITABILITE (ETUDES HAZOP) -
GUIDE D'APPLICATION

1 Domaine d'application

La présente Norme internationale constitue un guide pour les études HAZOP de systémes qui
utilisent des mots-guides. Elle donne des lignes directrices relatives a l'application de la
technique et 3 la procédure de |'étude HAZOP vy compris la définition, la préparatign, les

sessigns d'examen ainsi que les documents et le suivi qui en résultent.

Elle feurnit également des exemples de documentation ainsi qu'un grand choix d'exgmples
concefnant diverses applications qui présentent les études HAZOP.

2 Regférences normatives

Les dpcuments suivants sont cités en référence de maniére normative, en intégralité |ou en
partie] dans le présent document et sont indispensables pour’ son application. Popr les
références datées, seule I'édition citée s’applique. Pour, les références non datéps, la
dernigre édition du document de référence s’applique (y compris les éventuels
amendlements).

IEC 60050-192, Vocabulaire électrotechnique lnternational — Partie 192: Sirefé de
fonctipnnement (disponible a I'adresse http://www.glectropedia.org)

3 Termes, définitions et abréviations

3.1 Termes et définitions

Pour Ies besoins du présent document, les termes et définitions donnés dans I'lEC 60040-192
ainsi que les suivants s'appliquent.

NOTE |Dans cet article, les terimes définis sont en caracteres italiques.

3.1.1
caractgéristique
proprigté qualitative ou quantitative

EXEMPLE, Pression, température, tension.

3.1.2
conséquence
effet d'un événement affectant les objectifs

Note 1 a I'article: Un événement peut engendrer une série de conséquences.

Note 2 a l'article: Une conséquence peut étre certaine ou incertaine, elle peut avoir des effets positifs ou négatifs
sur |'atteinte des objectifs.

Note 3 a Il'article: Les conséquences peuvent étre exprimées de maniére qualitative ou quantitative.

Note 4 a I'article: Des conséquences initiales peuvent déclencher des réactions en chaine.

[SOURCE: ISO Guide 73:2009, 3.6.1.3]
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3.1.3

moyen de maitrise
mesure qui modifie un risque (3.1.12)

Note 1

a l'article:  Un moyen de maitrise du risque inclut n'importe quels processus, politique, dispositif, pratique
ou autres actions qui modifient un risque.

Note 2 a I'article: Un moyen de maitrise du risque n'aboutit pas toujours nécessairement a la modification
ou supposeée.

[SOURCE: ISO Guide 73:2009, 3.8.1.1]

3.1.4

voulue

intention de conception

gamm
assur

3.1.5

propr
compd

Note 1
inclure
que le 1

3.1.6

mot-g
mot o
conce

3.1.7
domn
blessl

3.1.8
phéng

de comportements que souhaite ou spécifie le concepteur pour les propriét
nt que I'élément satisfasse a ses exigences

été
sant d'une partie servant a identifier les caractéristiques essentielles de la partie

B |'article: Le choix des propriétés peut dépendre de I'application particulieére, mais les propriétés
Hes caractéristiques telles que le matériel concerné, l'activité exécutée; I'"équipement utilisé, etc. 1l d
hatériel soit considéré au sens large et comprenne les données, le¢JogiCiel, etc.

uide
I phrase qui exprime et définit un type partictlier d'écart par rapport a l'intent
btion d'une propriété

age
re physique et/ou atteinte a la santé’ des personnes, aux biens ou a I'environnems

méne dangereux

source de dommage (3.1.7) potentiel

Note 1

[SOUR

3.1.9
nivea

b I'article:  Un phénomene dangereux peut étre une source de risque (3.1.14).

RCE: 1ISO Guide-73:2009, 3.5.1.4]

I de risque

impor

ance./d'un risque (3.1.12) ou combinaison de risques, exprimée en term

BS qui

euvent

onvient

on de

nt

s de

combipaison des conséquences (3.1.2) et de leur vraisemblance

[SOURCE: ISO Guide 73:2009, 3.6.1.8]

3.1.10
direct

eur

personne responsable d'un projet, d'une activité ou d'une organisation

3.1.11
partie

section du systéme faisant I'objet de I'étude actuelle

Note 1

a l'article: Une partie peut étre physique (par exemple: matériel) ou logique (par exemple: étape d'une
séquence de fonctionnement).
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3.1.12
risque
effet de l'incertitude sur 'atteinte des objectifs

Note 1 a Il'article: Un effet est un écart positif et/ou négatif, par rapport a une attente.
Note 2 a l'article: Les objectifs peuvent avoir différents aspects (par exemple buts financiers, de santé et de
sécurité, ou environnementaux) et peuvent concerner différents niveaux (niveau stratégique, niveau d'un projet,

d'un produit, d'un processus ou d'un organisme tout entier).).

Note 3 a I'article: Un risque est souvent caractérisé en référence a des événements et des conséquences (3.1.2)
potentiels ou @ une combinaison des deux.

Note 4 g

. anement
(incluant des changements de circonstances) et de sa vraisemblance.

Note 5 p l'article: L'incertitude est I'état, méme partiel, de défaut d'information concernant la compréhension ou la
connaigsance d'un événement, de ses conséquences ou de sa vraisemblance.

[SOURCE: ISO Guide 73:2009, 1.1]

3.11
identification des risques
processus de recherche, de reconnaissance et de description des risques (3.1.12)

Note 1 |a I'article: L'identification des risques comprend l'identification\ des sources de risque (3.1.14), des
événenjents, de leurs causes et de leurs conséquences (3.1.2) potentielles.

Note 2 |a I'article: L'identification des risques peut faire appgl/a des données historiques, des apalyses
théorigyes, des avis d'experts et autres personnes compétentes et.tenir compte des besoins des parties prenhantes.

[SOURCE: ISO Guide 73:2009, 3.5.1]

3.11
source de risque
tout é|ément qui, seul ou combiné a _d‘autres, présente un potentiel intrinséque d'engéndrer
un risque (3.1.12)

Note 1 g I'article: Une source de risque peut étre tangible ou intangible.

[SOURCE: ISO Guide 73:2009, 3.5.1.2]

3.1.15
traitement du risque
processus desting€a modifier un risque (3.1.12)

Note 1 p I'article: Le traitement du risque peut inclure:

— unfeéfus’du risque en décidant de ne pas démarrer ou poursuivre |'activité porteuse du risque;

— la prise ou I'augmentation d'un risque afin de saisir une opportunité;
— I'élimination de la source de risque (3.1.14);

— une modification de la vraisemblance;

— une modification des conséquences (3.1.2);

— un partage du risque avec une ou plusieurs autres parties [incluant des contrats et un financement du risque
et

— un maintien du risque fondé sur une décision argumentée.

Note 2 a l'article: Les traitements du risque portant sur les conséquences négatives sont parfois appelés
«atténuation du risque», «élimination du risque», «prévention du risque» et «réduction du risque»

Note 3 a l'article: Eclaircissement concernant le traitement du risque et le moyen de maitrise (3.1.3) du risque —
un moyen de maitrise du risque est déja en place, tandis qu'un traitement du risque est une activité destinée a
améliorer les moyens de maitrise du risque. Un traitement mis en ceuvre devient donc un moyen de maitrise.
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[SOURCE: ISO Guide 73:2009, 3.8.1, modifié — la note 3 a l'article remplace la note 3

existante]

3.2  Abréviations

ATP automatic train protection (protection automatique des trains)

EER escape, evacuation and rescue (évacuation et sauvetage)

AAE analyse par arbre d'événement

AMDE analyse des modes de défaillance et de leurs effets

AAP analyse par arbre de panne

GPA general purpose alarm (alarme generale)

HAZOP hazard and operability (danger et exploitabilité)

G gauche

LOPA layer of protection analysis (analyse de la couche de protection)

OIM offshore installation manager (directeur d'installation en mer)

P&IDs process and instrumentation diagrams (schémas<®© de processus et
d'instrumentation)

PAPA prepare to abandon platform alarm (alarme de preparatifs pour abandonper la
plate-forme)

PA public address (annonce du public)

PES programmable electronic system (systeme-glectronique programmable)

EPI équipement de protection individuelle

PQ personne qualifiée

D droite

4 Principales caractéristiques de"HAZOP

4.1 |Généralités

Une gtude HAZOP est un processus détaillé réalisé par une équipe spécialisée, degtiné a

identifier les risques et des probléemes d'exploitabilité. Les études HAZOP s'attactlent a

I'ident|fication des écarts-potentiels par rapport a l'intention de conception, a I'examen de

leurs ¢auses possiblegs et a I'évaluation de leurs conséquences.

I&es principales<ecaractéristiques d'une étude HAZOP sont, entre autres, celles indiqudes ci-

essops.

L'gtude est un processus creatlf qui con3|ste a utiliser systemathuement une série de
mats=g )
a les utlllser pour inciter Ies membres de quwpe a trouver ce qui pourralt provoquer
I'écart et quelles pourraient en étre les conséquences.

L'étude se déroule sous la direction d'un chef d'étude qualifié et expérimenté qui doit
veiller a I'examen exhaustif du systéme a I'étude, s'appuyant sur une pensée logique et
analytique. Le chef d'étude est assisté de préférence par un rapporteur qui consigne les
données pertinentes associées aux risques et/ou aux perturbations d'exploitation identifiés
pour arriver a une analyse, une évaluation et un traitement du risque.

L'étude est confiée a des spécialistes de diverses disciplines qui ont les compétences et
I'expérience appropriées et font preuve d'intuition et de perspicacité.

Il convient que I'étude soit menée dans une atmospheére de réflexion critique, dans une
atmospheére de franchise et d'ouverture.

Une étude HAZOP fait I'objet de procés-verbaux ou produit des logiciels dans lesquels
sont consignés les écarts, leurs causes, leurs conséquences et les mesures
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recommandées, accompagnées de dessins annotés, de documents ou d'autres
représentations du systéme comportant le numéro du rapport associé et si possible
I'action recommandée.

e Le principal objectif de I'examen HAZOP n'est pas de développer des actions de
traitement du risque pour les risques ou les problemes d'exploitabilité identifiés. Il
convient cependant de faire des recommandations, lorsqu'elles sont appropriées, et de les
consigner pour étre consultées par les responsables de la conception du systéme.

e L'étude HAZOP initiale pourrait étre réalisée de maniére progressive afin de pouvoir
incorporer les modifications de conception, mais [I'étude HAZOP achevée doit
correspondre a l'intention finale de conception.

° ” onviant do ravunir rdaulisramant loac Atiidac HIAZ7OD Avictantnc noie ﬂnr\rr’\r\ier Si
O et e — ey o Treguntrem e tT—res—eta e s e EeXTStTaT e s—pPouTr—apPpPTey

I'intention de conception ou les phénoménes dangereux ont changé, mais aussi\ e les
reyoir a d'autres phases du cycle de vie, comme la phase d'amélioration.

4.2 |Principes de I'examen

Le pripcipe d'une étude HAZOP est I""examen avec des mots-guides”, qui est une recherche
réfléchie des écarts par rapport a l'intention de conception. Pour (faciliter I'examégn, un
systéme est divisé en plusieurs parties de telle sorte que l'intention’ de conception|ou la
fonction puisse étre définie de maniére adéquate pour chacune d'elles. La taille des parties
choisig dépend généralement de la complexité du systéme et de l'importance et de la portée
potenfielle des conséquences. Dans des systémes complexes<ou dans ceux ou le nivgau de
risquel escompté pourrait étre élevé, les parties peuvent étre. petites par rapport au systéme.
Dans [des systémes simples ou dans ceux ou le niveau de risque escompté pourrajt étre

faible,|des parties plus grandes seront utilisées pour mener I'étude.

L'intention de conception pour une partie donnéeyd'un systeme est formulée en termes de
proprigtés, qui indiquent les caractéristiques essentielles de la partie et en représentgnt les
divisigns naturelles. Le choix des propriétés‘a examiner est dans une certaine mesufe une
décisipn subjective, puisqu'il pourrait exister plusieurs combinaisons qui méneront au but
exigé,| et que le choix peut égalemeni/dépendre de l'application particuliere. Les parties
peuvent étre des étapes ou des phaseés discretes d'une procédure, des clauses d'un cpntrat,
des fgnaux individuels et des ‘pieces d'équipement d'un systéme de commande, un
équipement ou des composants d'un processus ou d'un systéme électronique, etc.

Dans [certains cas, il pourrait étre utile d'exprimer la fonction d'une partie dans les termes
suivarnts:

— mg3tériau d'entrée.provenant d'une certaine source;

— acflivité réalisée sur ce matériau;

— élément de_sortie transporté vers une destination.
L'intention~de conception comprendra donc les éléments suivants: entrées et sprties,
fonctigns” activités, sources et destinations, qui peuvent étre considérés comme des
propriétés de la partie.

La définition des propriétés peut souvent étre utilement précisée en termes de
caractéristiques, qui peuvent étre soit quantitatives, soit qualitatives. Par exemple, dans un
systéme chimique, les entrées pourraient étre définies plus précisément en termes de
caractéristiques telles que la température, la pression et la composition. Pour une activité de
transport, des caractéristiques telles que la vitesse de déplacement, la charge ou le nombre
de passagers pourraient étre pertinentes. Pour des systémes informatiques, les
caractéristiques de chaque partie seront par exemple la communication, les interfaces et le
traitement des données.

Pour chacune des parties, I'équipe de I'étude HAZOP vérifie si chaque propriété présente, par
rapport a l'intention de conception, un écart qui peut avoir des conséquences non

souhaitables (ou souhaitables). Pour identifier ces écarts par rapport a lintention de
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conception, elle emploie un systéme de questions dans lequel interviennent des mots-guides
prédéfinis. Le réle du mot-guide est de stimuler Il'imagination, de focaliser I'étude et de
soulever des idées et des discussions, de fagon a optimiser les chances de réaliser une étude
compléte. Un exemple de mots-guides fondamentaux et de leurs significations est présenté
dans le Tableau 1.

Tableau 1 - Exemple de mots-guides fondamentaux
et de leurs significations génériques

Mot-guide Signification
NE PAS FAIRE Négation totale de I'intention de conception
PLUS Augmentation quantitative
MOINS Diminution quantitative
EN PLUS DE Modification/augmentation qualitative
PARTIE DE Modification/diminution qualitative
INVERSE Contraire logique de l'intention de concéption
AUTRE QUE Remplacement total

Le Tapleau 2 donne un autre exemple de mots-guides relatifs,a/I'neure, a un ordre du une
séquence.

Tableau 2 - Exemple de mots-guides relatifs a I'heure et a un ordre ou une séqugnce

Mot-guide Signification
PLUS TOT Relatif a.1'heure
PLUS TARD Relatif\a I'neure
AVANT Relatif a un ordre ou une séquence
APRES Relatif a un ordre ou une séquence

Des mots-guides supplémentaifes peuvent servir a faciliter l'identification des écqrts, a
conditjon d'avoir été définis avant le début de I'examen.

Une fgis que la partie a~soumettre a I'examen a été choisie, l'intention de conception deg cette
partie|est spécifiée sous forme de propriétés discrétes. Chacun des mots-guides pertlinents
est alprs appliquéta chaque propriété pour procéder a une recherche systématique des
écarts. Aprés lapplication d'un mot-guide, les causes et les conséquences possibles d'un
écart gonné sont'examinées. Les mécanismes destinés a contrbler les conséquences prévues
peuvent aussi*faire I'objet d'une enquéte. Les résultats de I'examen sont enregistrés squs un
forma{ convenu (voir 6.5.2).

Les associations mot-guide/propriété peuvent étre assimilées a une matrice. Chaque case de
la matrice ainsi formée contiendra une combinaison mot-guide/propriété particuliere. Pour
parvenir a une identification compléete du risque, les propriétés doivent recouvrir tous les
aspects de l'intention de conception et les mots-guides doivent recouvrir tous les écarts
possibles. Toutes les combinaisons ne donneront pas des écarts crédibles, de sorte que la
matrice peut présenter plusieurs cases vides quand toutes les combinaisons mot-
guide/propriété sont prises en compte.

Le chef d'étude prédéfinira en général la combinaison mot-guide/propriété applicable pour
que le processus d'identification des risques soit plus efficace et pour exploiter au mieux les
compétences et le temps des participants.

Les cellules de la matrice peuvent étre utilisées suivant deux séquences pour examiner la
partie choisie: colonne par colonne (c'est-a-dire la propriété d'abord) ou ligne par ligne (c'est-
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a-dire le mot-guide d'abord). Les détails de I'examen sont présentés en 6.4 et les Figures 2
et 3 présentent les deux formes d'examen. En principe, il convient que les résultats de
I'examen soient identiques.

En plus d'appliquer des mots-guides a des propriétés définies d'une partie, il peut également
exister d'autres attributs, comme l'accés, l'isolation, le contrdle et I'environnement de travail
(bruit, éclairage, etc.), qui sont importants pour l'exploitation souhaitée du systéme et
auxquels un sous-ensemble de mots-guides peut étre appliqué.

4.3 Plan de conception

4.3.1 peralite

Une fes conditions préalables a la réalisation de I'examen est de disposer [d'une
reprégentation précise et compléte de la conception du systéeme a I'étude. Le plan de
conception est un modele descriptif du systéme qui décrit de maniere appropriée-le systeme a
I'étude et ses parties, et qui identifie leurs propriétés. Le plan pourrail) représerfter la
conception physique ou la conception logique: il convient d'indiquerclairement ce¢ qu'il
reprégente.

En régle générale, il convient que le plan de conception indique-la‘fonction de chaque|partie
et éldment du systeme, de fagon qualitative ou quantitative: Il convient qu'il décrive
également les interactions du systéme avec d'autres systémes, avec son opérateur/utilisateur
et, événtuellement, avec I'environnement. Par exemple, les(P&ID sont susceptibles de fournir
iveau de détail exigé par le plan de conception{ La conformité des propriétgs ou
2ristiques a l'intention de conception détermine-le/bon fonctionnement et, dans cgrtains
cas, I3 sécurité du systéme.

La regrésentation du systéme se décompose . ef’deux composants essentiels:

— leq exigences du systéme; et

— ung description physique et/ou logigue de la conception.

La valeur d'une étude HAZOP dépend de I'étendue, de I'exactitude et de la précision du plan
de conmception, y compris l'intention de conception. Il convient que toute modification apportée
a la cpnception d'origine soit.représentée dans le plan de conception. Avant de comnjencer
I'examen, il convient queql'équipe revoie I'ensemble des informations et qu'elle le corfige le
cas éghéant pour qu'il représente le systéme de maniére appropriée.

4.3.2 Exigences de conception et intention de conception

Les gxigencegs)de conception comprennent des exigences qualitatives et quantifatives
auxquelles-ster systeme doit satisfaire et constituent la base du développement |de la
conception.du systéme et de l'intention de conception. Il convient d'identifier toutgs les
maniéyesv d'utiliser le systéme de maniére correcte ou incorrecte qui poufraient
raisonnablement étre prévues. Les exigences de conception ainsi que l'intention de
conception qui en résulte doivent satisfaire aux exigences du client et a celles de Ia
Iégislation, des normes et des régles en vigueur.

Sur la base des exigences du systéme, le concepteur développe la conception du systéme;
cela aboutit a une configuration du systéme ou des fonctions spécifiques sont affectées aux
sous-systémes et aux composants. Les composants sont spécifiés et choisis. Il convient que
le concepteur ne considére pas seulement ce que le systéme est censé faire, mais qu'il
s'assure aussi que le systéme ne tombera pas en panne dans des conditions prévisibles ou
qu'il ne présentera pas de défaillance ou de dégradation durant la durée de vie spécifiée. Il
convient également qu'il identifie les comportements ou caractéristiques indésirables de
maniére a pouvoir les éliminer dés la conception ou a réduire le plus possible leurs effets par
une conception ou une maintenance appropriée.
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L'intention de conception forme la base de I'examen. Il convient qu'elle soit appropriée et
correcte dans la mesure du possible. Bien que la vérification de l'intention de conception (voir
I''EC 61160) n'entre pas dans le domaine d'application de I'étude HAZOP, il convient que le
chef d'étude s'assure que l'intention de conception est appropriée et correcte avant de
permettre la poursuite de I'étude. En général, la plupart des intentions de conception
documentées se limitent aux fonctions et paramétres fondamentaux du systéme dans les
conditions normales d'exploitation.

Il convient d'identifier et de prendre en compte lors de I'examen les conditions d'exploitation
anormales raisonnablement prévisibles et les activités non souhaitables qui pourraient se
produire (par exemple vibrations importantes, conditions météorologiques extrémes, arréts
anormaux_ou intervention de ’ripra) Il convient d'identifier égnlpmpnf les mécanismes de
détéripration comme l'affaiblissement, la corrosion, le non-respect des procédures et d'autres
mécanismes qui détériorent les propriétés du systéme et de les prendre en compté.dans une
étude| qui utilise des mots-guides appropriés. Une étude plus détaillée concerngnt en
particllier les modes de défaillance et leurs effets peut étre exigée le cas‘échéanf (voir
I''EC §0812).

Il conyient également d'identifier et de prendre en compte la durée de,vie prévue, la fiabilité,
la maintenabilité et la supportabilité, ainsi que les sources de risque.qui pourraient syrvenir
au cc;}.ns des activités de maintenance et de soutien logistique,“dans la mesure du ces
dernigres font partie du domaine d'application de I'étude HAZOP.

5 Applications de HAZOP

5.1 Généralités

A l'origine, I'étude HAZOP était une technique>développée pour les systémes impligyant le
traitement d'un fluide ou autre flux de matiéte*dans les industries de transformation. De nos
jours, |il s'agit d'un élément clé pour la gestion de la sécurité des processus. Cependant, son
domaine d'application n'a cessé de s'étendre au cours des derniéres années, et la technique
HAZOP s'applique aujourd'hui, par exemple:

— auk applications logicielles, y-compris les systemes électroniques programmables;

— auk systémes assurant I€ déplacement des personnes par différents modes, tels que le
transport routier, ferroyiaire et aérien;

— allexamen de différentes séquences et procédures d'exploitation;

— allévaluation des\procédures administratives dans différentes industries;

— allévaluatiomde systémes spécifiques, par exemple les dispositifs médicaux;
— auldéveloppement de logiciels et de codes;

— a [I'évaluation des modifications organisationnelles proposées et a la définition des
mécanismes permettant de les réaliser;

— al'essai et a I'amélioration des projets de contrats et d'autres documents juridiques;

— a l'essai et a I'amélioration des documents, notamment des instructions et procédures
pour les activités critiques.

Une étude HAZOP est particuliérement utile dans I'identification des faiblesses des systémes
(existants ou proposés) impliquant la circulation de matériels, de personnes ou d'informations,
ou un certain nombre d'événements ou d'activités d'une séquence planifiée, ou les
procédures contrélant cette séquence. Les études HAZOP peuvent aussi étre utilisées dans
un domaine autre que I'exploitation, par exemple le stockage et le transport. HAZOP n'est pas
seulement un outil précieux pour la conception et le développement de nouveaux systémes,
mais peut aussi étre utilisé avec profit pour identifier les risques et les problémes potentiels
liés a différents états d'exploitation d'un systéme donné, par exemple les états de démarrage,
d'attente, de fonctionnement normal, d'arrét normal, d'arrét d'urgence. Il peut également étre
employé dans les processus et les séquences de fabrication par lot et en régime instable,
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ainsi que dans les processus et séquences continus. HAZOP fait partie intégrante du
processus de conception. C'est une des méthodes qui peuvent étre utilisées pour
I'identification des risques dans le cadre du processus de gestion des risques (voir
I'"'SO 31000).

5.2 Relation avec d'autres outils d'analyse

L'étude HAZOP peut étre utilisée en association avec d'autres méthodes d'identification et
d'analyse du risque (voir I'EC/ISO 31010) comme I'AMDE (voir I'lEC 60812) et I'AAP (voir
I''EC 61025) ou la LOPA (voir I'lEC 61511-3: 2003, Annexe F). De telles combinaisons
pourraient étre utilisées dans les situations exposées ci-dessous:

— 1'éfude HAZOP indique clairement que les performances d'un composant particuligr d'un
systeme sont critiques et doivent étre examinées de fagon plus approfondie:~[étude
HAZOP peut alors étre utilement complétée par une AMDE de ce composant;

— ung fois que les écarts par rapport a une propriété donnée ont été examinés par une
étude HAZORP, il est décidé d'appliquer I'AAP et I'AAE pour analyser {'effet de plusieurs
déyiations ou pour quantifier la vraisemblance d'une défaillance et sesyconséquences.

L'AMDOE part d'une défaillance possible d'un composant/d'une fonction, pour étudier ensuite
les cpnséquences de cette défaillance sur l'ensemble du systéme. L'étude est| donc
unidirectionnelle dans le sens cause a effet. D'autre part, une)étude HAZOP a popr but
d'identifier les écarts possibles par rapport & une intention de’conception puis de trouyer les
causep potentielles de I'écart et d'en prévoir les conséquencges.

L'AAP] peut étre appliqué une fois que les écarts paryrapport a une propriété donnée dnt été
identifiés par une étude HAZOP afin d'analyser I'effet’de plusieurs déviations ou de qugntifier
la vraisemblance d'une défaillance et ses conséquences.

L'analyse LOPA utilise les données mises al.point par I'étude HAZOP et indique la cayse de
déclenchement ainsi que les couches de protection qui modifient le risque. Elle peut aingi étre
appliguée pour quantifier la réduction disrisque obtenue par les moyens de maitrise existants
et pour vérifier si un traitement supplémentaire est nécessaire ou non.

5.3 Limites de I'étude HAZOP

Bien due les études HAZQP aient fait preuve d'une extréme utilité dans différentes indujstries,
la tec:l:nique a des limites:dont il convient de tenir compte dans le choix d'une applicatipn. Un
certaip nombre de limites sont indiquées ci-apres.

e Une étude ~AHAZOP est une technique d'identification des risques qui [tudie
individuellement les parties d'un systéme et examine méthodiquement les effefs des
écprts surschaque partie. Parfois, un risque trés élevé impliquera une interaction entre un
ceftain.nombre de parties du systéme. Dans ces cas, il convient d'analyser le risque plus
en|détail a I'aide de techniques comme I'AAE (voir I'lEC 62502) et I'AAP (voir I'l'EC 6[1025).

e Comme pour toute technique d'identification des risques ou des problémes d'exploitabilité,
il ne peut étre garanti que I'étude HAZOP les identifiera tous. Par conséquent, il convient
que I'étude d'un systéme complexe ne repose pas uniquement sur une étude HAZOP. I
convient d'utiliser la technique conjointement avec d'autres approches pertinentes et de la
coordonner a d'autres études appropriées dans un systéme global efficace de gestion.

e La plupart des systémes sont fortement interconnectés. Un écart dans une partie peut
donc avoir des causes et des conséquences dans d'autres parties du systéme. Les causes
et les conséquences doivent étre suivies dans tout le systéme pour comprendre le risque
et lui appliquer le traitement approprié. Cependant, quand le systéme est fortement lié, il
existe un danger que le suivi de toutes les éventualités ne soit pas complet. Une analyse
plus rigoureuse des événements pourrait alors étre exigée.

e Le succes d'une étude HAZOP dépend en grande partie de la capacité et de I'expérience
du chef d'étude, et de la connaissance, de l'expérience et du niveau d'interaction des
membres de I'équipe.
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e Une étude HAZOP peut uniquement prendre en compte les parties qui apparaissent sur le
plan de conception. Les activités et les opérations qui n'y apparaissent pas pourraient ne
pas toujours étre prises en compte. Ce probléme peut étre en partie résolu en appliquant
a une partie une série de mots-guides supplémentaires non spécifiques qui ne sont pas a
proprement parler des propriétés, comme l'accés et la maintenance, et aussi en ajoutant
au processus une étape a la fin de laquelle un "contréle de bon sens" est réalisé en
utilisant une liste de contrdle.

5.4 Etudes d'identification des risques durant les différentes phases du cycle de vie
du systéme

5.4.1 Phase de conception

Dans [la phase de conception du cycle de vie d'un systéme, le concept et les prindipales
partiep du systéme sont décidés, mais la conception et la documentation détaillées”exigées
pour llexécution de I'étude HAZOP n'existent pas. Cependant, les principaux risques doivent
étre identifiés au cours de cette phase, afin de pouvoir les prendre en considération dans la
conception et de faciliter les études HAZOP ultérieures. Pour réaliser ces(études, il convient
d'utiliger d'autres méthodes fondamentales (certaines de ces méthodes sont décrites Ja titre
d'exemple dans I'lEC/ISO 31010).

5.4.2 Phase de développement

D'un pgoint de vue économique, le meilleur moment pour réaliser une étude HAZOP es| celui
ou la |conception détaillée est disponible et les méthodes'\.d'exploitation ont été arrétges. Il
peut y avoir plusieurs itérations jusqu'a ce que la conception soit finalisée. Il impofte de
dispoger d'un processus qui évaluera les implications ‘de toute modification effectuée|aprés
I'exécution de I'étude HAZOP. Il convient que cesprocessus soit conservé pendant tdute la
durée(de vie du systéme.

543 Phase de réalisation

Pendgnt la phase de réalisation, il est\recommandé de réaliser une étude supplémegntaire
avant|la mise en service, quand l'exploitation ou le démarrage initial du systéme pguvent
menelnl a des niveaux significatifs de risque et que des séquences et des instructigns de
fonctignnement correctes sont:éritiques. Il convient aussi de réaliser ou de répéter [[étude
quand un changement important a eu lieu dans la conception ou dans l'intention a une jphase
ultérigure. Il convient a ce . stade que des données supplémentaires, telles que les instruyctions
de mise en service etld‘exploitation, soient disponibles. De plus, il convient que [[étude
examihe toutes les questions soulevées durant les études antérieures pour s'assurer ql'elles
ont ét¢ traitées.

5.4.4 Phasle d'utilisation

Il conyient.d'envisager d'appliquer ou de mettre a jour I'étude HAZOP avant la mise en peuvre
d'une |modification qui pourrait avoir des effets sur I'exploitation normale d'un systéme, en
particulier si ces modifications pourraient amener des niveaux €levés de risque. I convient
d'envisager d'appliquer I'étude HAZOP avant la mise en ceuvre d'une modification qui pourrait
avoir des effets sur le fonctionnement normal d'un systéme, en particulier si ces modifications
peuvent amener des niveaux élevés de risque. Il importe que la documentation de conception
et les instructions d'exploitation utilisées dans une telle étude soient a jour.

5.4.5 Phase d'amélioration

La phase d'amélioration a pour but d'améliorer les performances, d'apporter des modifications
qui répondent aux nouvelles conditions d'exploitation, de prolonger la durée d'exploitation et
de remédier a I'obsolescence. Les études HAZOP peuvent étre utilisées pour comprendre les
implications de toute modification proposée, pour décider si elles sont acceptables et si de
nouveaux moyens de maitrise ou des modifications de moyens de maitrise existants sont
exigés. En menant des études destinées a identifier les risques associés a toute modification
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proposée, il est important de prendre en compte les implications et les réponses pour le

systeéme global sans limiter I'étude a la partie ou a la propriété en cours de modification.

5.4.6

Phase de mise hors service

Lors de la phase de mise hors service, il pourrait étre exigé de réaliser une étude relative aux
activités de mise hors service, a l'arrét de l'utilisation ou a I'élimination, si celle-ci révele des
risques différents de ceux de I'exploitation normale. Dés que la séquence des activités a été
définie, des études HAZOP peuvent étre appliquées a la séquence et aux procédures ainsi
qu'aux modes d'exploitation provisoires.

6 Procedure de I'etude HAZOP

6.1 Généralités

Les éfudes HAZOP comprennent essentiellement quatre étapes exécutées-dans l'ordre
Figurg 1.

Définitions (6.2)

e Lancer I'étude (6.2.1)
e Définir le domaine d'application et les objectifs (6.2.2)
e Définir les réles et les responsabilités. (6.2.3)

/

Préparation(6.3)

¢ Plan the study (6.3.1 Planifier I'étude (6.3.1)
¢ Recueillir les données’et la documentation (6.3.2)
e Déterminer les mots=guides et les écarts (6.3.3)

A

Examen (6.4)

o Structurer 'examen (6.4.1)
¢ Réaliser 'examen (6.4.2)

y

Documentation et suivi (6.5)

+Déterminertaméthode-de-compte+endu+{(6-5-2)
¢ Résultats de I'étude (6.5.3)

e Enregistrer les informations (6.5.4)

e Agrément de la documentation (6.5.5)

e Suivi et responsabilités (6.5.6)

Figure 1 — Déroulement d'une étude HAZOP

IEC
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6.2 Définitions
6.2.1 Lancer I'étude

En régle générale, I'étude est lancée par une personne responsable d'un projet, d'une activité
ou d'une organisation, appelée "directeur" dans le présent guide. Il convient que le directeur
décide du moment ou il doit mener une étude, nomme un chef d'étude et lui fournisse les
moyens nécessaires pour la réaliser.

La nécessité d'une telle étude aura souvent été ressentie durant la planification du fait
d'exigences légales ou de la politique de l'organisation. Avec l'assistance du chef d'étude, il
convient que le directeur définisse le domaine d'application et les objectifs de I'étude, mais
également qu'il s'assure que les membres composant I'équipe de I'étude font preuve des
compeétences nécessaires pour la réalisation de cette étude.

Le dirpcteur porte la responsabilité finale de s'assurer que toutes les actions.liees a [[étude
sont rg¢alisées.

6.2.2 Définir le domaine d'application et les objectifs

Il conyient d'établir clairement le domaine d'application d'une étudeafin que:

— leg frontieres du systéme, ainsi que ses interfaces\“avec d'autres systémes et
I'epvironnement soient clairement définies;

— l'éguipe d'étude se concentre sur certains aspects~&t ne se disperse pas dans d'putres
aspects étrangers aux objectifs.

Le domaine d'application dépendra d'un certain nombre de facteurs comprenant:

— leq frontiéres et I'étendue du systéme;

— le hombre et le niveau de détails du plan’ de conception disponible;

— le Hdomaine d'application d'études antérieures dont le systéme a fait I'objet; et
— toyte exigence réglementaire, toute régle ou norme applicable au systéme.

Pour définir les objectifs de I'étude, il convient de tenir compte des facteurs suivants:

— leq objectifs pertinents\de I'organisation;

— le put dans lequel-les résultats de I'étude seront utilisés et ses relations avec les objectifs
de|l'organisation;

— la jphase du<eycle de vie du systéme au cours de laquelle I'étude doit étre réalisée| (pour
leq détails| voir 5.4);

— legq quéstions d'exploitabilité, y compris les effets sur la qualité du produit;

— leq personnes ou la propriété qui peuvent étre exposées a un risque, par exemple le
personnel, le public, I'environnement, le systéme;

— les exigences du systéme quant aux performances.
6.2.3 Définir les roles et les responsabilités

Il convient que les roles et les responsabilités de I'équipe d'étude soient clairement définis par
le directeur, en accord avec le chef d'étude, dés le début de I'étude. En regle générale, il
convient que le chef d'étude examine le plan de conception pour déterminer quelles sont les
informations disponibles et quelles sont les qualifications exigées des membres de I'équipe. |l
convient de mettre au point un programme d'activités qui indique le moment ou sont prises les
décisions, afin que toutes les recommandations puissent étre appliquées en temps voulu.
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Le chef d'étude est chargé d'assurer qu'il existe un mécanisme adapté pour communiquer les
résultats de I'étude. Le directeur est chargé d'assurer le suivi des résultats de I'étude et de
documenter de maniére appropriée les décisions concernant les actions nécessaires.

Il convient que le directeur et le chef d'étude décident ensemble si I'équipe d'étude doit limiter
son activité a identifier les risques et les problémes (qui sont ensuite rapportés au directeur et
aux concepteurs en vue de leur résolution) ou si elle suggére aussi les traitements possibles
du risque. Dans le dernier cas, il est également nécessaire d'établir un accord concernant la
responsabilité et le mécanisme destiné a choisir les traitements préférentiels du risque et a
obtenir les autorisations appropriées pour toutes les mesures qui doivent étre prises.

Une étudeHAZOP—est—tum—effort d'c':quipc, bhaquc membre—ce :'c':quipc étant—chors pour
remplir un role défini. Il convient que I'équipe soit aussi petite et homogéne que poss|ble et
qu'ellg dispose des compétences et de I'expérience nécessaires. Plus I'équipeest’ gfande,
plus le processus est lent. Il convient cependant que tous les domaines decconnaigsance
soient|représentés.

Lorsql'un systéme a été congu par un sous-traitant, il convient -que I'équipe dfétude
comprenne du personnel provenant a la fois du sous-traitant et du clight.

Les rdles recommandés pour les membres de I'équipe sont les suivants:

— CHhef d'étude: il n'est pas étroitement associé a I'équipe. de conception et au projet. Il a
éte formé et a I'expérience de la direction détudes HAZOP. Responsabl¢ des
communications entre la direction et I'équipe d'étude. Il planifie I'étude. Il donne son
acgord sur la composition de I'équipe d'étude. Il stassure que I'équipe d'étude dispose des
dopnées représentatives de la conception:1l suggére des mots-guides ef des
combinaisons mot-guide/propriété a utiliser dans I'étude. Il facilite I'étude. Il assufe que
leq résultats sont correctement consignés,

— Ra4apporteur: il rapporte les questions\ abordées lors des réunions. Il documenie les
risgues et les problémes identifiés, lg€s)recommandations faites et les mesures proposées.
Il gssiste le chef d'étude dans la planification et les tdches administratives. Dans cegrtains
cap, le chef d'étude peut tenir cerble. Il convient que le rapporteur ait des connaisgances
teghniques d'un bon niveauten ce qui concerne le sujet a I'étude, des apfjitudes
linguistiques, et une bonne ‘capacité d'écoute et de compréhension.

— Cdancepteur (un ou plusieurs): il explique la conception et sa représentation. Il explique
comment un écart défini peut se produire et la réponse correspondante du systéme|ou de
I'ofganisation.

— Utjlisateur (un‘ou plusieurs): il explique le contexte d'exploitation dans lequel le syjstéme
fonctionneralles conséquences d'un écart sur le fonctionnement et la mesure| dans
laquelle les écarts pourraient provoquer des conséquences inacceptables.

— Spécialistes: ils apportent une compétence concernant le systéme, ['étude, les
phE'noménes dangereux et leurs conséquences. |l pourrait étre fait appel a eux podir une
H £

Aktiainatiaon oot S
paluulpauull TS T

— Agent de maintenance: personne qui maintiendra le systéme en état de fonctionnement.

Il pourrait également étre nécessaire de faire appel a d'autres personnes comme les
fournisseurs d'éléments importants du systéme, le fabricant et d'autres intervenants.

Les points de vue du concepteur et de l'utilisateur sont toujours exigés pour [I'étude.
Cependant, selon la phase du cycle de vie au cours de laquelle se déroule I'étude, le type de
spécialiste le plus apte a participer pourrait varier.

Il convient que tous les membres de I'équipe aient une connaissance suffisante de la
méthodologie HAZOP pour participer de fagon efficace a I'étude; dans le cas contraire, il
convient de leur fournir une formation appropriée.
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6.3 Préparation
6.3.1 Planifier I'étude
Le chef d'étude est responsable des travaux préparatoires suivants:

a) obtenir les informations sur le systéme;

b) convertir des informations dans un format approprié;

c) planifier la succession des réunions d'étude ou des ateliers; et
d) organiser les réunions nécessaires.

Par aiffeu
pour faire un historique des expériences liées aux mémes systémes ou a des_sysftémes
similafres.

Le che¢f d'étude doit s'assurer qu'un plan de conception adéquat est disponible. Si le pjan de
conception est imparfait ou incomplet, il convient de le corriger avant le début de I'étudg. Lors
de la phase de planification d'une étude, il convient que les parties et-les propriétés |soient
identifiées et fassent I'objet d'un accord avec une personne quiOconnait trés blen la
conception.

Le chef d'étude est responsable de la préparation d'un plan ‘d'étude; il convient que cg plan
d'étude contienne les éléments suivants:

e legq objectifs et le domaine d'application de I'étude;
e I'équipe d'étude;

e leq détails techniques:

— | un plan de conception divisé en plusieurs parties avec la définition de I'intentjon de
conception et, pour chaque partie;® une liste des composants, du matériel ¢t des
activités ainsi que leurs propriétés;

— | une liste de mots-guides prop0Osés et leur application aux propriétés du systéme|décrit
en 6.4.3;
e ung liste de référence, decctiteres de conception, de régles ou de normes appropriés;

e leq dispositions administratives, le programme des réunions, y compris les dates, heures
et lieux;

e le formulaire de compte rendu exigé (voir I'Annexe A); et

e il ¢gonvient de) prévoir des locaux adaptés et des moyens audiovisuels pour permeftre un
défroulementefficace des réunions.

Il conyient qu'une documentation de base, comprenant le plan de I'étude et les réfénences
nécespaites, soit envoyée aux membres de I'équipe d'étude avant la premiére réunion pour
leur permetire ae Se ramimariser aveT Sonm contenu. Ul eXamen pnysSique du Systeéme est
souhaitable.

Le succés de I'étude dépend en grande partie de la vivacité et de la concentration des
membres de I'équipe. Il est donc important que les séances ne soient pas trop longues et de
les organiser a des intervalles appropriés. |l appartient finalement au chef d'étude de faire en
sorte que ces exigences soient remplies.

6.3.2 Recueillir les données et la documentation

Elle peut typiguement comprendre une partie de la documentation suivante qu'il convient
d'identifier de fagon claire et unique, d'approuver et de dater:

a) pour tous les systémes:
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— intentions de conception, exigences et descriptions;
b) pour les systemes matériels:

— schémas de circulation, schémas de blocs fonctionnels, schémas de contréle,
interfaces, schémas des circuits électriques, fiches techniques, dessins de montage,
modeéles en 3D (s'ils sont disponibles), spécifications des installations, exigences et
instructions d'exploitation et de maintenance;

c) pour les systémes d'écoulement:

— schémas de tuyauterie/processus et d'instrumentation, spécifications du matériel et
des équipements normalisés, disposition des canalisations et du systéme;

d) pour les systémes électroniques programmables:

— | organigrammes des données, schémas de conception orientés objet, diagrammes de
transition, chronogrammes, schémas logiques;

e) popr les systémes liés a une procédure ou a un document:
— | projet de documents;
— | résultats des analyses de tadches ou matrices de décomposition fenctionnelle.

Les inIormations suivantes pourraient également étre fournies:

— étendue et localisation des frontiéres du systéme a I'étude €t'des interfaces;

— infprmations concernant I'environnement externe et I'enviconnement interne dans lesquels

fonpctionnera le systéme;
— di
— infprmations concernant la conception de l'interface utilisateur;
—  hi

gpositions d'exploitation et de maintenance concernant le systéme;

gtorique de I'expérience issue de systémes, similaires.
6.3.3 Déterminer les mots-guides et les écarts

Dans Ja phase de planification d'une étude HAZOP, il convient que le chef d'étude propose
une ligte initiale de mots-guides a utiliser. Il convient qu'il soumette a I'essai les mots-guides
propogés sur le systéme et confitme leur justesse. Il convient de choisir soigneusemeént les
mots—{uides. En effet, un mot-guide trop spécifique peut limiter les idées et la discuss|on, et

un mgt-guide trop général poufsrait ne pas cerner correctement 'objet de I'étude HAZQP. Le
Tableau 3 donne des exemples de différents types d'écarts avec les mots-guides associgs.
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Tableau 3 — Exemples d'écarts et mots-guides associés

Type d'écart Mot-guide Exemple d'interprétation pour Exemple d'interprétation pour un
I'industrie de transformation systéme électronique
programmable, PES
Négatif NE PAS FAIRE | Aucune partie de l'intention n'est Pas de données ou de signal de
remplie, par exemple pas commande
d'écoulement
Modification PLUS Augmentation quantitative, Débit de données plus élevé que
quantitative par exemple température plus élevée prévu
MOINS Diminution quantitative, Débit de données plus faible que
par exemple température inférieure prévu
Modifj‘ation EN PLUS DE Présence d'impuretés Présence de signaux
qualitative Exécution simultanée supplémentaires ou erronés
d'une autre opération/étape
PARTIE DE Une partie seulement de I'intention est | Les données ou les Signaux de
réalisée, c'est-a-dire que seulement commande sont incomplets
une partie du transfert de fluide prévu
a lieu
Substifution INVERSE S'applique a l'inversion de En principe hon pertinent
I'écoulement dans les canalisations et
a l'inversion des réactions chimiques
AUTRE QUE Un résultat différent de l'intention L.es"données ou les signaux dqg
originale est obtenu, c'est-a-dire commande sont incorrects
transfert du mauvais matériau
Tempg PLUS TOT Un événement se produit avanttheure | Les signaux arrivent en avancg par
prévue, par exemple refroidissement rapport a I'horloge
ou filtrage
PLUS TARD Un événement se prodtitapres I'heure | Les signaux arrivent en retard |par
prévue, par exemple refroidissement rapport a I'horloge
ou filtrage
Ordre AVANT Un événement.se\produit trop t6t dans | Les signaux arrivent plus tot que
ou une séquences par exemple mélange prévu dans une séquence
séquemnce ou chauffage
APRES Un événhement se produit trop tard Les signaux arrivent plus tard fjue
dans\une séquence, par exemple prévu dans une séquence
mélange ou chauffage
Les dombinaisons motsguide/propriété peuvent étre interprétées difféeremment dans les
études de différents systemes, a différentes phases du cycle de vie du systéme, et s} elles
sont gppliquées a différents plans de conception. Certaines combinaisons pourraient ne pas
avoir fl'interprétations significatives pour une étude donnée et il convient de les ignorer. Le
chef |d'étude ~prédéfinira en général les combinaisons mot-guide/propriété qui| sont
appropriées_pour le systéme. Il convient de définir et de documenter l'interprétation de ftoutes
les combinaisons mot-guide/propriété. Si une combinaison donnée a plus d'une interpretation

cohérente dans le contexte de la conception, il convient d'énumérer toutes les interprétations.
D'autr i f i é i Stat f frraisons

différentes. Dans ce cas, il convient de faire des renvois.

6.4
6.4.1

Examen

Structurer I'examen

Il convient d'organiser les sessions d'examen de sorte que le chef d'étude facilite la
discussion et suive le plan d'étude. Au début de la réunion d'étude, il convient que le chef
d'étude ou un membre de I'équipe familiarisé avec le processus a étudier et ses problémes:

e présente les grandes lignes du plan d'étude pour informer I'équipe de la nature du
systéme ainsi que des objectifs et du domaine d'application de I'étude;

e présente de fagon générale le plan de conception et explique les mots-guides ainsi que

les propriétés proposées;
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e passe en revue les risques et les problémes d'exploitation identifiés ainsi que les secteurs
critiques potentiels.

6.4.2 Réaliser I'examen

Il convient que I'analyse suive le déroulement ou la séquence relatifs au sujet de I'analyse, en
procédant des entrées aux sorties dans une séquence logique. Il existe deux séquences
d'examen possible: "propriété d'abord" et "mot-guide d'abord", comme Ile montrent
respectivement les Figures 2 et 3. Il convient que le chef d'étude et I'équipe décident de la
séquence a utiliser. La décision dépendra du détail d'exécution de I'examen HAZOP. D'autres
facteurs de décision sont par exemple la nature des technologies concernées, le besoin de
souplesse dans la conduite de I'examen et, dans une certaine mesure, la formation qu'ont
regue [[ES participants.

La séquence "propriété d'abord" est décrite ci-apreés.

a) Le chef d'étude commence par choisir une partie du plan de conception"comme pqint de
départ et par la marquer. L'intention de conception de la partie est ensuite expliquée et
leg propriétés pertinentes sont identifiées.

chef d'étude choisit une des propriétés et consulte I'équipeipoeur savoir s'il convient
ppliquer le mot-guide directement au terme lui-méme ou auxJcaractéristiques dg cette

c) Lal premiére interprétation applicable au mot-guide est €xaminée dans le contexte| de la
propriété ou de la caractéristique a I'étude pour veir.s'il existe un écart possible par
rapport a l'intention de conception. Si un écart possible est identifié, ses causes pt ses

d) Il ponvient que I'équipe décide s'il y aura unscontréle qui détectera et/ou indiquera un
éciart ou qui y répondra et qui pourrait étre compris dans la partie choisie ou d'autres
parties du systéme. Il convient que la~présence de tels contrbles n'empéchg pas
d'identifier le risque ou le probleme d'exploitabilité ni de spécifier le traitement ultérieur du
risque.

e) Il ¢onvient que I'équipe spécifie les actions exigées pour traiter le risque le cas échéant. Il
convient que la modification recemmandée soit notée sur le plan et prise en comptg dans
la|suite de I'étude. Il convient'de réexaminer une partie, le cas échéant, a la suite[d’une
madification apportée a unerautre partie.

f) Il convient que le chef d'étude résume les résultats lorsqu'ils sont enregistrés par le

rapporteur. Si des travaux supplémentaires de suivi s'avérent nécessaires, il conviept que
le|[nom du responsable de I'exécution de ces travaux soit également mentionné dans le
compte rendu. |l convient de consigner I'avancement de I'étude a la fin de chaque sdance.

g) Le processus-est ensuite répété pour toute autre interprétation d'un mot-guide; puis pour
un| autre mot-guide; ensuite pour chaque propriété d'une partie a I'étude. Aprés I'examen
complet d'Une partie, il convient que le chef d'étude marque cette partie comme aygnt été
examinée. Le processus est répété jusqu'a ce que toutes les parties aient été étudiégs.

Une fois que I'étude de chaque partie du systeme est terminée, I'équipe est invitée a
examiner d'autres attributs comme l'accés, l'isolation, le contrble et I'environnement de travail
(bruit, éclairage, etc.), qui sont importants pour I'exploitation souhaitée du systéme. Cela
pourrait impliquer d'examiner le systéme comme un tout au lieu de voir chaque partie
isolément.

Une autre méthode d'application du mot-guide consiste a appliquer tour a tour le premier mot-
guide a chacune des propriétés qui s'appliquent a une partie. Une fois cette opération
terminée, I'étude passe au mot-guide suivant, qui est a nouveau appliqué tour a tour a chaque
propriété. Le processus est répété jusqu'a l'utilisation de tous les mots-guides pour toutes les
propriétés qui s'appliquent a la partie examinée, avant de passer a une autre partie (voir la
Figure 3).
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Début

v

Expliquer la conception globale

Y

> Choisir une partie

v

Examiner et convenir de I'intention de conception

v

Identifier les proprietes pertinentes

v

Identifier si certaines propriétés peuvent étre
subdivisées de maniére utile

1

> Choisir une propriété

v

> Choisir un mot-guide

v

Appliquer le mot-guide a la propriété choisie pour
obtenir une interprétation spécifique

PR Oui
Un écart est-il prévisible?

Toutes les
interprétations du mot-guide et toutes

Chercher les causes, les conséque]
ainsi que les protections ou indicat
et documenter

nces
ons,

A

les combinaisons de propri¢tés ont-elles
été appliquees?

Tous les
mots-guides ont-ils été appliqués a la
propriété choisie?

Non

Non Toutes les propriétés ont-elles

été examinées?

Non Toutes les parties ont-elles

efé examinges?
Oui

Figure 2 — Organigramme de la procédure de I'examen HAZOP -

Séquence propriété d'abord

IEC
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ainsi que les protections ou indicatjons,
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Un écart est-il prévisible?

Non

Toutes les
Non interprétations du mot-guide.et toutes
les combinaisons de propriétés ont-elles
été appliguées?

A

Qui

Non Les mots-guides

choisis ent:ils été appliqués a toutes
les propriétés ?

Oui

Non Tous les mots-guides ont-ils

été appliqués?
Oui

Noo Toutes les parties ont-elles

été examinées?
Oui
Fin

IEC

Figure 3 — Organigramme de la procédure d'examen HAZOP -
Séquence mot-guide d'abord
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6.5
6.5.1

Documentation et suivi

Généralités

Une étude HAZOP implique que I'étude d'un systéme soit systématique, raisonnée et
documentée. Pour tirer tout le profit possible d'une étude, elle doit étre correctement
documentée et les actions suggérées doivent étre réalisées. Le chef d'étude est chargé de
s'assurer de I'établissement de comptes rendus appropriés aprés chaque réunion. Les
diverses méthodes de compte rendu sont présentées a I'Annexe A.

6.5.2

Déterminer la méthode de compte rendu

Il exis
choisi

e Le
ch
co

e deux formes tondamentales de compte rendu: integral et par exception. Il convi
la méthode de compte rendu avant chaque session et d'en aviser le rapporteur:

compte rendu intégral consiste a documenter tous les résultats lors de Ilapplicat
Acune des combinaisons mot-guide/propriété a chaque partie ou élément du p
hception. Bien qu'elle soit lourde, cette méthode fournit les preuves |que I'étude

effectuée de maniére approfondie. Il convient qu'elle satisfasse aux|exigences le

sé

e Le
d'd
gu
SO
de
la
iny

Il con
facteu
e ex
e o0b
] po
e né

e im

véres de la Iégislation ou de I'entreprise.

compte rendu par exception consiste a ne documenter que_leSrisques et les prob
xploitabilité identifiés, ainsi que les mesures de suivi. Les.combinaisons propriét
de pour lesquelles aucun risque ou aucun probléme d'exploitabilité n'a été ident
Nt pas prises en compte. Cette méthode de compte rendu permet une gestion plus
la documentation. Cependant, elle ne rend pas compte de la précision de I'étud
suite, une étude sur le méme sujet pourrait alofs &tre menée et serait par conse
tile.

rs suivants:

gences réglementaires;

igations contractuelles;

itiques d'entreprise;

cessité que I'étude soittragable et puisse faire I'objet d'un audit;

bortance du systéme _dans les objectifs de |'organisation;

ent de

on de
an de
a été
5 plus

lémes
B/mot-
fié ne
facile
e. Par
tquent

vient que la décision relative a la forme de compte rendu a adopter repose dur les

51 que
a les

e péfriode de temps et moyens disponibles.

6.5.3 Résultats'de I'étude

Il conyient qu'une étude HAZOP aboutisse au moins aux résultats suivants:

e pre¢sentation détaillée des risques et des problémes d'exploitabilité identifiés, ain
dep“\dispositions prises pour y remédier, y compris les moyens qui serviraient
détecter;

e plan de conception annoté utilisé pour I'étude (voir I'Article A.3);

e recommandations d'études plus poussées sur des aspects particuliers de la conception
utilisant différentes techniques, si nécessaire;

e recommandations pour des solutions de traitement du risque basées sur la connaissance
que I'équipe a du systéme (si cela releve du domaine d'application de I'étude);

e notes attirant l'attention sur des points particuliers qui doivent étre résolus lors de
I'exploitation et de la maintenance;

o liste des membres de I'équipe pour chaque session;

o liste de toutes les parties examinées dans l'analyse, avec la justification de leur exclusion

po

ur celles qui ont été exclues;
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e liste des mots-guides et des propriétés utilisés; et

o liste de tous les dessins, spécifications, fiches techniques, comptes rendus, etc., qui ont
été utilisés, avec leurs numéros de révision.

Pour les comptes rendus par exception, ces résultats tiendront normalement dans les
tableaux HAZOP. Pour les comptes rendus intégraux, les résultats exigés peuvent étre
résumés a partir des tableaux de I'étude.

6.5.4 Enregistrer les informations

Il convient que les informations enregistrées soient conformes aux régles suivantes:

e il lconvient que chaque risque et chaque probléme d'exploitation soient enreJ;istrés
séparément;

e il gonvient que tous les risques et problémes d'exploitation, ainsi que leurs 'causes, [soient
enfegistrés quel que soit le moyen de maitrise qui existe dans le systéme;

e il lconvient que toute question que I|'équipe désire soumettre aprés la réunion soit
enfegistrée, ainsi que le nom de la personne qui pourrait y répondre;

e il gonvient d'adopter un systéme de numérotation de maniere dridentifier de fagon dinique
chpque risque, probléme d'exploitation, question, recommandation, etc.;

e il ronvient d'archiver la documentation de I'étude en, wue de recherches ultéripures,
lorsque cela est exigé, et d'y faire référence dans le journal du systéme de gestion (s'il en
ex|ste un).

La désignation des destinataires du rapport final seralen grande partie dictée par la stratégie
interng de l'entreprise ou par des exigences réglementaires mais il convient normalement
qu'ellg comprenne le directeur, le chef d'étude et les responsables des actions (voir 6.2.]3).

6.5.5 | Agrément de la documentation

A la fip de I'étude, il convient que le rapport de I'étude soit rédigé et approuvé par I'équipe. Il
convignt que le chef d'équipe et le représentant de la direction (de préférence le directeur de
I'étudg) établissent un agrément et-une approbation officiels du rapport final. Si aucun accord
ne pelit étre trouvé, il convient'de consigner les raisons de la divergence de point de vue.

6.5.6 Suivi et responsabilités

L'étude HAZOP a pour’but de passer en revue le systéme, non pas de le reconcevoir. :ILn'est
pas hpabituel ques«lechef d'étude soit responsable de réaliser les actions que recommande
I'équipe.

Avant|de mettre en ceuvre toute modification significative adoptée a la suite des résultpts de
I'étude \HAZOP, et dés qu'un plan révisé de conception est disponible, il convient que le
directeur envisage de Teunit a nouveau tequipe d'etude HAZOPpour s assurer quaucun
nouveau risque ni probleme d'exploitabilité ou de maintenance n'a été introduit.

Dans certains cas, comme indiqué en 6.2.3, le directeur peut autoriser I'équipe d'étude
HAZOP a mettre en ceuvre les recommandations et a effectuer des modifications de
conception. Il pourrait alors étre exigé de I'équipe d'étude HAZOP qu'elle effectue les travaux
supplémentaires suivants:

— déterminer I'ensemble des actions en suspens et réviser la conception ou les dispositions
d'exploitation et de maintenance;

— vérifier les modifications, informer le directeur qu'elles ont été réalisées et recevoir son
approbation;

— mener d'autres études HAZOP sur le systéme révisé.


https://iecnorm.com/api/?name=9066cee734a70c0a533da3437d7b556e
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