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1. HAZOP

e HAZOP is the abbreviation of HAZard and OPerability Study. It was developed in the late
60°s by ICI (Imperial Chemical Industries), a major British chemical company at that time,
and became the third stage of their 6 steps hazard analysis procedure.

e HAZOP is a qualitative technique.

e HAZOP stimulates the participants to identify potential deviation of the original intentions of
the project.

e HAZOP is carried out using some basic documents, typically P&l, Operating Instructions and
the previous Hazard Study | and Il.

e HAZOP is focused on the IDENTIFICATION of potential deviations. Discussions on how to
solve identified complex problems ARE NOT carried out during the HAZOP meeting.

e The HAZOP participants are composed by a multifunctional team, which should not exceed
6 participants, in order to promote a productive meeting.

e Participants MUST have expertise in their acting field.
e The HAZOP Leader MUST have a proper qualification to conduct the HAZOP process.

e HAZOP meeting should not exceed 3 hours. The number of necessary meetings will depend
on the complexity of the project.

e HAZOP meetings should be conducted in a comfortable and quiet room. During the meetings,
no external interruptions should be allowed.

Very important: HAZOP is only a part of a company’s Risk Management Plan. Although being a very
powerful tool, HAZOP is not the holy grail for process safety analysis. Other methodologies
should also be considered according to the complexity of the process.

The following pages bring a suggestion of templates and guide words that might be used during a
HAZOP study.
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HAZOP - Hazard & Operability Study

Equipament: Tank X Customer: z
Project: Plant ¥ City/Country:

N° Document: HS.015.001 Date: Revision:

Documents analised:
P&l -002.005
Lista de ltens/Nés avaliados Participants

1-Tank X
%
3.
4 -
5.
G -
7-
3.
0.
10-
IMPORTANT: The hazard analysis recorded in this document take into account the reasonably predictable events.
Catastrophic and unpredictable events such as aircraft crashes, sabotage, dam failures, etc. are not considered.
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HAZOP - register of deviations:

HAZOP - Hazard & Operability Study

[ Item/Node [Tank X |

o o . - oo Consequences
ltem Guide Word Causes for Deviation Available Pr WITH Protecti WITHOUT Protocti
11 [High FLOW

12 |LowFLOW

13 |NoFLOW

14 |Reverse FLOW

15 |HighLEVEL

16 |LowLEVEL

17 [High REACTION

18 |Low REACTION

18 [High PRESSURE

110 |Low PRESSURE

111 |High TEMPERATURE
112 |Low TEMPERATURE
113 |Static Electricity

1.14 |Wrong Place

1.15 |High CONCENTRATION
1.16 |Low CONCENTRATION
1.17 |Contaminants

1.18 |High VELOCITY

119 [LowVELOCITY

1.20 |Before/Too Soon

121 |Later/Too Late

122 [Tests

123 [Maintenance

124 |Normal Effluents

125 |Abnormal Efluents

1.26 [Noise

1.27 |Failure in Utllities

128 |[Emergencies

Corrective Actions Who When
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HAZOP Guide Words

Far all the LINES

A AN AN

HAZOP - Hazard & Operability Study
Guide Words - Part 1

High FLOW

Furnp runring-off: Fugh pressure on inesfequiprnent: Teakage of Tinesfequiprnent; Fow comtral

inatrurment Failure; relief valve opening; hurnan error [wrong valve manoeuvring, wrong definition of
zet points, ete].

Alteration in
QUANTITIES

Low FLOW

Furng Failure; Tines partially Blacked; vacuorn 1n IhesequUIprment; presence of sedirnents or fareign

objetes in the ine [including air]; fouling; cavitation; leakage in linesgequiprnent; flow contral
inztrument Failure; humat ercor [wrong valye manoeusyring, wrong definition of set points, etc.],

Mo FLOW

Phrng Failore; Tines okaly Blocked, Figh pressure 10 the destimahon [ank, orgin Tank empry; prezerice

of sediments or foreign objetes in the ine [including air]; fouling; severe leakage in linestequiprment;
Flaw control instrurnent Failure: human error [wrong valve maroeuwring, wrong definition of set poits

Reverse FLOW

Purnp Failure, suphon, high pressure in the destination tank; vacuuamin the origin tank: Flow contral

instrurnent Failure - buman error [wrong valve manoewsring, wrong definition of zet points; etc.]:

Boiling; cavitation; Uncorirolled chiernical reachon; condersation; clogging, founng; foan; gassing;

Ajteration in
PHYSICAL CONDITIONS

High/Low : ; ! : : : 2
implosion; explosion; external fire; water harnrmer; Failure of pressure contral instruments; leakage in
PRESSURE ; 3 i )y S :
lines and eguipment; hurman error [wrong valve manoeuvring, wrong definition of zet points, etc.|.
High/Low Baoiling: cavitation; Freezing: uncontrolled chernical reachon: condenzahion; irmplosion; explozion: Feat
TEMEERATURE of dizolution or reaction; external fire: dead head pumping; Failure of ternperature contral instruments;

leakage in lines ahd equiprment; hurnan error [wrong valve manoewyring, wrong definition of set

STATIC ELETRICITY

Friction between low-conductive materials; grounding fFailure; use of non-conductive shoes &

uniforma; low ambient hurmidity: powder movernent: presence of plastic pipesfequiprment.

WRONG LOCATION

Pozsibility of transferringreceiving rnaterialz tolfram an unwanted location: pozsibility of

heatinglcooling toffrorn other equiprnent; possibility of pressure change tolfrom other equiprnent.

Alteration on
CHEMICAL CONDITIONS

Low [High
COMCENTRATION

Change inthe proportion of mixtures; Teakages 10 TInesfequipment; changes 1n he qualiby

[coneentration) of raw-rnaterials; failure of volurnetric contral instrurnents: human error [wrong valve
rnatioeLring, wrong definition of set points, ete.].

Presence of
CONTAMINANTS

TFRFake of air, waler, stearn, olls, corrosive mater als; mater als corming frorm [eakages or pressunzed

=ysterns; change in guality [purity, toxicity] of materials; corrosion; entrance of Foreign materials
through manhaoles,

Alteration in
TEMPORARY CONDITIONS

Low /High Hrwanted change in product transference velocity; change in the speed of agitators, conveyvors, mills,
VELOCITY screens, dosing devices, valve openingsiclosure, etc.
CCASION

(Too soon, too late)

Urwanted change of the starfend of scheduled events.

Conditions of
ETAR-UP & SHUTDOWN

TESTS &
COMISSIONING

Flow & Fressure tests with inert materials; interlock testing: set-point tests; vacuuriprezsure tests.

MAINTENANCE

E asv acesses for maintenance; decontarminalion of inesfequiprnent; height of valves: mantenance

plarn For critical lines & equiprnent; purges; ventilation; termperaturs insulation; presence of critical

spare parts.
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HAZOP - Hazard & Operability Study phmy
Guide Words - Part 2

2] Low /High Overflow: pressure oscilation; Failure of level control instruments; hurman error [wrong valve
E e e the LEVEL rnanoeuvring, wrong definition of zet paints, ete.].
'; TANKS
3 Low/High Foarming: runnaway reaction: endotherrmuw; exothermy; catalwsed reaction; agitator Failure; vortices:
£ REACTION/MIXTURE Erogion, corrogion,
EFLUENTE COMPATIBILITY Potertial reactions in drains. manholes, sewage, vertlines, bleed lines. chirnnews collector lines.
IR RO I+ators irj general; fa!ﬂs; COMPressors; hy.draulic purnpz; mizaligned andor mishalanced equiprment;
% change iri the aperation condition of equiprent.
o]
E Leakages due to corrosion; operational failure; instrument Failure, accurmulation of dust, gases or
r OTHER : ; i : : SRR
kot yapours in confined or difficult-to-reach places; easy access for cleaning andor decontamination.
5
L5 Partial or tatal Failure of electrical power, stearn, vacuurn, compressed air, water, ventilation, cooling,
UTILITY FAILURE b ek ; i g
heating, lighting. both individually and collectively.
EMERGENCIES
Electrical storms; floodings; SPD& Failure; external or crozs-zectors comrmunication Failre; fire,
UNSCHEDULED EVENTS : i g i
explosions; need for evacuation.
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M.A. Almeida, Chemical Engineer by UNICAMP, Risk Analysis Specialist by
ICl Hazard Group — England and current member of the Technical Committee
for Chemical Safety of CRQ/SP, is part of the group of professionals of
MATEC Solugées Corporativas Ltda., a Brazilian company specialized in
projects for industrial installations and the use of best engineering practices,
as well as personnel capacitation related to industrial safety.
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