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Foreword

[SO (the International Organization for Standardization) is a worldwide federation of national standards
bodies (ISO member bodies). The work of preparing International Standards is normally carried out through
ISO technical committees. Each member body interested in a subject for which a technical committee
has been established has the right to be represented on that committee. International organizations,
governmental and non-governmental, in liaison with ISO, also take part in the work. ISO collaborates closely
with the International Electrotechnical Commission (IEC) on all matters of electrotechnical standardization.

The procedures used to develop this document and those intended for its further maintenance are described
in the ISO/IEC Directives, Part 1. In particular, the different approval criteria needed for the different types
of ISO document should be noted. This document was drafted in accordance with the editorial rules of the
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included guidance for control of spills related to floating LNG in Clause B.4;

expanded guidance related to gas detection in Clause B.6;

supplies in B.8.2;

addressing personnel safety related to CO, or other asphyxiating gases in B.8.11;
introduced guidance related to passive fire-retarding surface for helidecks in B.8.13;

introduced guidance related to tests in B.13;
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— introduced the terms A-class and H-class for fire barriers in C.4.3.

Any feedback or questions on this document should be directed to the user’s national standards body. A
complete listing of these bodies can be found at www.iso.org/members.html.
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Introduction

The successful development of the arrangements required to promote safety and environmental protection
during the recovery of hydrocarbon resources requires a structured approach to the identification
and management of health, safety, and environmental hazards applied during the design, construction,
commissioning, operation, inspection, maintenance, and decommissioning of a facility.

This document has been prepared primarily to assist in the development of new installations through their
lifecycle.

The content of this document is arranged as follows.

J— Object'vnc- lists the gna]c tao-achieved hy the controel and mifigafinn measures hning describe j

— Functipnal requirements: represent criteria to meet the stated objectives. The functional requirements
are performance-orientated measures and, as such, are applicable to the variety of offshore irfstallations
utilized for the development of hydrocarbon resources throughout the world.

— Annex|A: describes typical fire and explosion hazardous events.

— Annex| B: describes recognized practices that can be considered in-'conjunction withl statutory
requirpments, industry standards, and individual operator philosophy te-determine that th¢ measures
necess@ry are implemented for the control and mitigation of fires and explosions. The guidande is limited
to prircipal elements and are intended to provide specific guidanice which, due to the widg variety of
offshore operating environments, cannot be applicable in somegircumstances.

— Annex|C: describes typical examples of design requirements for large integrated offshore insftallations.

This document is based on an approach where the selectign of control and mitigation measurgs for fires
and explosjions primarily caused from loss of containment iS determined by an evaluation of hazards on the
offshore installation. The methodologies employed in ¢his assessment and the resultant recomrhendations
differ depgnding on the complexity of the production process and facilities, type of facility (ile. open or
enclosed), staffing levels, and environmental conditions associated with the area of operation.

NOTE Requirements, rules, and regulations‘can, in addition, be applicable for the individual offshore|installation
concerned.

© IS0 2024 - All rights reserved
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Oil and gas industries — Control and mitigation of fires
and explosions on offshore production installations —
Requirements and guidelines

1 Scope

This docurnent specifies the objectives and functional requirements for the control and mitigat
and explosjions on offshore installations used for the development of hydrocarbon resources lin
industries,|The object is to achieve:

— safetyof personnel;

— protection of the environment;

— protection of assets;

— minimjization of financial and consequential losses of fires and explosions.

This docun

— floatinlg systems for production, storage, and offloading;

Mobile off{
this docun]

2 Norm

The follow
requireme
the latest e

[SO 31073,

3 Term

For the pui
ISO and IE

fixed d

nent is applicable to the following:

ffshore structures;

hore units and subsea installations are ex¢luded, although many of the principles cc
ent can be used as guidance.

ative references

ng documents are referred toin the text in such a way that some or all of their content
hts of this document. For dated references, only the edition cited applies. For undated
dition of the referenced.document (including any amendments) applies.

Risk management.~=Vocabulary

s and definitions
poses-ofithis document, the terms and definitions given in ISO 31073 and the followin

[ maintain terminology databases for use in standardization at the following addresse

ion of fires
oil and gas

ntained in

ronstitutes
references,

s apply.

2]

— ISO Online browsing platform: available at https://www.iso.org/obp

31

IEC Electropedia: available at https://www.electropedia.org/

accommodation
place where personnel onboard sleep and spend their off-duty time

Note 1 to entry: It can include dining rooms, recreation rooms, lavatories, cabins, offices, sickbay, living quarters,
galley, pantries, and similar permanently enclosed spaces.

© IS0 2024 - All rights reserved
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3.2
active fire
AFP

ISO 13702:2024(en)

protection

equipment, systems, and methods which, following initiation, can be used to control, mitigate, and

extinguish

3.3
ALARP

fires

as low as reasonably practicable
implementation of risk-reducing measures until the cost (including time, capital costs or other resources
and assets) of further risk (3.35) reduction is grossly disproportional to the potential risk reducing effect
achieved by implementing any additional measure

Note 1 to en

3.4

area class
division off
hazardous

try: See UK HSEIXL]

ification
an installation into hazardous areas (3.24) and non-hazardous areas arnd)the sub-
nreas (3.24) into zones under normal operation

Note 1 to entry: This classification is based on the materials that can be present and(the probability of :

atmospher¢
likelihood of

3.5
cellulosic
CF

developing. Area classification is primarily used in the selection of electfical equipment to n
fignition if a release occurs.

fire

fire involving primarily cellulosic material such as wood, timberor paper

3.6
control
limitation

3.7

control st}
place from
and undert

Note 1 to en

3.8

critical sa
system th3
any subseg

3.9
deluge sys
system to

bf the extent or duration of a hazardous event(3.25)

ition
which personnel can monitor the status of the installation, initiate appropriate shutdoy
ake any emergency communication

try: Control station is typjcally known as CCR or central point.

fety system
t has a major pele/in the prevention and mitigation of releases, fires and explosions (3
uent escapegevacuation, and rescue (3.19) activities

tem
hpply fire-water through an array of open spray nozzles by operation of a valve on {

the system

division of

flammable
inimize the

wn actions,

.21) and in

he inlet to

3.10

embarkation area

place from
EXAMPLE
3.11

which personnel leave the installation during evacuation (3.18)

Helideck and associated waiting area or a lifeboat or life raft boarding area.

emergency depressurization

EDP

controlled disposal of pressurized fluids to a flare or vent system when required to avoid or minimize a
hazardous event (3.25)

© IS0 2024 - All rights reserved
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emergency response
action taken by personnel on or off the installation to control or mitigate a hazardous event (3.25) or initiate

and execut

3.13

e abandonment of the facility

emergency response team
group of personnel who have designated duties in an emergency

3.14

emergency shutdown

ESD

control (3.6) actions undertaken to shut down equipment or processes in response to a hazardous event (3.25)

3.15

escalation
spread of i
an increas

3.16
escape
act of pers

3.17

mpact from fires, explosions (3.21), toxic gas releases to equipment or other areas'therg
 in the consequences of the initial hazardous event (3.25)

bnnel moving away from a hazardous event to a place where its effects are reduced or

escape rofite

route that
refuge (TR]

3.18
evacuatio
planned m

3.19
escape, eV
EER
range of p
rescue or 1|

3.20

evacuatio
escape rout
from the in

3.21

explosion
event char
and drag fq

provides a safe path from an area of an installation leading to a muster area (3.31),
(3.37), embarkation area (3.10), or means of escape [3.16) to the sea

N
bthod of leaving the installation in an emergency

acuation, and rescue

hssible actions including escape\(3.16), muster, refuge, evacuation (3.18), escape to tl
ecovery

N route

stallation

hcterized\by a rapid release of energy which has the potential to generate high blast ove
rces,\as well as blast waves propagating away from the ignition point

by causing

removed

temporary

he sea, and

e (3.17) thatleads from the temporary refuge (TR) (3.37) to the place(s) used for evacudgtion (3.18)

rpressures

3.22

fire and explosion strategy

FES

results of the process that uses information from the fire and explosion (3.21) evaluation to determine the
measures required to manage these hazardous events (3.25) and the role of these measures

3.23
hazard

potential source of harm

EXAMPLE
of these.

[SOURCE: I

A source for potential human injury, damage to the environment, damage to property, or a combination

SO/IEC Guide 51:2014113], 3.2, modified — Example has been added.]

© IS0 2024 - All rights reserved
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hazardous area
three-dimensional space in which a flammable atmosphere can be expected to be present at such frequencies
as to require special precautions for the control (3.6) of potential ignition sources (3.27) as a result of area
classification (3.4) studies

3.25

hazardous event
event that can cause harm

EXAMPLE
[SOURCE: I

3.26

human fag
environme
health and

3.27
ignition s¢
source wit

3.28

integratec
offshore in|
addition to

3.29

jet fire

JF
turbulent ¢

a particulalr direction

3.30

mobile offishore unit

mobile plaf
platform fa

Note 1 to en|
and pipelay

3.31
muster ar
designated

3.32
operator
individual,

The incident that occurs when a hazard (3.23) is realized such as release of gas, fire, loss of buoyancy.

SO/IEC Guide 51:2014[13], 3.3, modified — Example has been added.]

tors
ntal, organisational, and job factors that influence behaviour of work in a wajy that
safety outcomes including the performance of critical safety systems (3.8)

jurce
h sufficient energy to initiate combustion

| installation
stallation that contains on the same load-bearing structlire’accommodation (3.1) and
process or wellhead facilities

liffusion flame resulting from the combustjon of a fuel continuously released with mo

form, including drilling ships, equipped for drilling for subsea hydrocarbon deposits
r purposes other than production and storage of hydrocarbon deposits

[ry: [t includes mobile offshere drilling units, including drill ships, accommodation (3.1) units, g
units, and well servicing/and well stimulation vessels.

pa
area wherepersonnel report when required to do so

can affect

utilities, in

mentum in

hnd mobile

onstruction

pabtnership, firm, or corporation having control or management of operations on the

eased area

or a portion thereof

Note 1 to entry: The operator can be a lessee, designated agent of the lessee(s), or holder of operating rights under an
approved operating agreement.

3.33

passive fire protection

PFP

coating or cladding arrangement or free-standing system which, in the event of fire, will provide thermal

protection

to restrict the rate at which heat is transmitted to the object or area being protected

© IS0 2024 - All rights reserved
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3.34

pool fire

turbulent diffusion fire burning above a horizontal pool of vaporizing flammable or combustible liquid
under conditions where the liquid has zero or very low initial momentum

3.35
risk
combination of the probability of occurrence of harm and the severity of that harm

[SOURCE: ISO/IEC Guide 51:2014[13], 3.9, modified — Note to entry has been removed.]

3.36
running liquid fire

fire involvimga ffammmabte tiquid-flowingoverasurface
3.37

temporary refuge

TR

place provided where personnel can take refuge for a predetermined period while investigations,lemergency
response (3.12), and evacuation (3.18) preplanning are undertaken
4 Abbreviated terms

AB accommodation block

API American Petroleum Institute

BOP blowout preventer

CCR central control room

CS control station

DIFFS deck integrated fire fighting systeim

F&G fire and gas

GOR gas oil ratio

HC hydrocarbon

HMI human machiné&interface

HVAC heating, ventilation, and air conditioning
IEC International Electrotechnical Commission
IMO International Maritime Organization

PA public address

SSIV sub-sea isolation valve

SSSV sub-surface safety valve

TEMPSC  totally enclosed motor-propelled survival craft
UA utility area

UPS uninterruptable power supply

© IS0 2024 - All rights reserved
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WH wellhead area

5 Fire and explosion evaluation and risk management

5.1 Management system

All companies associated with the offshore recovery of hydrocarbons shall have, or conduct their activities
in accordance with, an effective management system that addresses safety and environmental issues. As an
example, operators should have an effective management system; contractors should have either their own
management system or conduct their activities consistently with the operators’ management system and
additionally address issues relating to health and safety. The management system shall include a process of

evaluating
embeds th

5.2 RisK

This docur]
manageme

In particul

A MTATTAaging TISK T a fTanmmeworK of poiiTies, procedures and orgarnizationat arrang
e management of risk throughout the organization.

assessment and the risk management framework

hent assumes that the risk assessment is performed within the principlésyand guidelil
nt described in IEC 3101010121,

hr, those carrying out risk assessments shall be clear about the following:

ments that

hes for risk

a) organization's risk management policy, its objectives, and the<{context in which the onganization
operates;

b) extentland type of risks that are tolerable and how to treat anyrisks that are deemed not to bg tolerable;

¢) how rigk assessment integrates into organizational progésses;

d) methofs and techniques to be used for risk assessmient and their contribution to the risk mpnagement
process;

e) accourtability, both for performing risk assessment and for making decisions taking account of the
results;

f) resources required to carry out risk assessment;

g) how the risk assessment will beeported, reviewed and audited.

5.3 Risk assessment proeess

Risk assesgment provides-decision-makers and responsible parties with an improved understandjiing of risks

that can affect achievement of objectives and the adequacy and effectiveness of controls planned| or already

in place. This provides’a basis for decisions about the most appropriate approach to be used to

risks. The

Risk asses

this proce;s

anage the

utput of risk assessment is an input to the decision-making processes of the organizafion.

bmént'is the overall process of hazard identification, risk analysis, and risk evaluatiopn. The way
sis applied depends on the context of the risk management process and on the mé¢thods and

techniques

used to carry out the risk assessment.

5.4 Hazard identification

The starting point for risk management is the systematic identification of the sources of hazards and their
potential consequences which can be dependent on the location, activities, and materials which are used or
encountered in them.

The hazard identification process shall be applied to all stages in the life cycle of an installation and to all
types of hazards encountered as a consequence of the development of hydrocarbon resources.

© IS0 2024 - All rights reserved
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5.5 Risk analysis

Risk analysis involves developing an understanding of the risks associated with the hazards identified. Risk
analysis provides an input to risk evaluation and to decisions on whether risks need to be treated, and on
the most appropriate risk treatment strategies and methods. Risk analysis can also provide an input into
making decisions where choices are made, and the options involve different types and levels of risk.

Risk analysis involves consideration of the causes and sources of risk, their positive and negative
consequences, and the likelihood that those consequences can occur. Factors that affect consequences and
likelihood shall be identified. An event can have multiple consequences and can affect multiple objectives.
Existing controls and their effectiveness and efficiency shall also be considered.

Unless a conservative approach is being taken (e.g. worst-case scenarios or pessimistic assumptions in the

risk analyd
and model

5.6 RisK

The purpo
analysis.

Risk evalu
quantitatiy
treatment

Decisions {
risks bornd

In some cirj
other opti
maintainin
criteria tha

5.7 RisK

5.7.1 Ge|
The geners
— elimin
substif
engineg
— lay

Jole!

15J, the risk analysis should address uncertainties in frequencies and consequences,
5, applied through an uncertainty or sensitivity analysis.

evaluation

e of risk evaluation is to assist decision-making and should be based'on the outcol

htion involves comparing the level of risk found during the analysis process with qu
e criteria established when the context was considered. Based on this comparison, t}
chall be considered.

hall take account of the wider context of the risk and include consideration of the toler
e by parties other than the organization that get benefits from the risk.

cumstances, the risk evaluation can lead to a deciSion to undertake further analysis or
ns. The risk evaluation can also lead to a degision not to treat the risk in any way
g existing controls. This decision will be influenced by the organization's risk tolerar]
t have been established.

treatment

neral

| hierarchy of risk reduction measures to implement is usually as follows:
htion (remove the hazard);

ution (of a lower risk alternative);

ering controls:

rout (segregation or separation);

sSive barriers;

b.g. in data

mes of risk

hlitative or
e need for

ance of the

to consider
other than
1Ice and the

— active barriers (preference for fail safe design);

administrative controls (procedures);

personal protective equipment (PPE).

Risk treatment involves selecting one or more options for modifying risks and implementing those options.
Once implemented, treatments provide or modify the controls.

Risk treatment involves a cyclical process of

— assessing a risk treatment,

© IS0 2024 - All rights reserved
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— deciding whether residual risk levels are reduced to ALARP and which then can be deemed tolerable,

— assess

generating a new risk treatment, if risk levels are not tolerable, and

ing the effectiveness of that treatment.

Risk treatment options are not necessarily mutually exclusive or appropriate in all circumstances. The
options can include the following:

a)
b)
<)
d)
e)
f)
g)

taking

remov

retain
reduci

The proce
judgement
can requir

5.7.2 Pr

Preventati
emphasize
environme

5.8 RisK

5.8.1 Ge

The develgpment of a fire and explosien'strategy (FES) is an iterative process that typically sta

the design
available.

The object
a set of req
the identif]
documenta
order to en

changing the likelihood; e.g. through improved knowledge;

changing the consequences; e.g. through more robust modelling or improved barriers;

or increasing the risk in order to pursue an opportunity;

ing the hazard source - inherently safe;

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

ng the risk by informed decision;
hg the risk by deciding to decrease production, assuming losses.

5s of selecting risk treatment measures predominantly entails“the use of sound ¢
but it can be necessary to supplement this by recognition of the particular circumsta
e deviation from past practices and previously applied codes:and standards.

oritization of risk treatment measures

e measures, such as using inherently safer designs and ensuring asset integrit
d wherever practicable. Based on the results“of the evaluation, detailed health,
ntal objectives, the functional requirements-shall be set at appropriate levels.

treatment in the context of offshere oil and gas operations

neral

phase of a facility and isrefined as the project progresses and more detailed informatig

ves and functionalfequirements of the safety systems reported in Clause 6 to Clause 16

ngineering
hces which

y, shall be
bafety, and

Fts early in
n becomes

constitute

ommended minimum criteria applicable to the design of offshore installations. Ther
ication of th@.minimum design requirements and the development of the preliming
tion, the risk management process shall be applied throughout the different projec
sure thatwisks are reduced to ALARP, as it is summarized in Figure 1.

, following
Ary project
F phases in

© IS0 2024 - All rights reserved
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Typical Qutput NOTES:
Identify requirements from Basis of Design, Annexes B and C provide guidelines and
applicable policies, key project typical examples of applicable design
r' procedures, laws, philosophies, requirements
regulations and standards layouts/plot plan
l Taking into account flammable inventories
Identify hazards and events HAZID, HAZOP, iq prgcess plant, storage, wglls, risgrs,
that could lead to fires and FMEA, hazard pipelines etc. Annex A provides guidance
explosions register on typical fire and explosion hazardous

events.

trsome tases razardsare categorisgd to
structure their approach to fire and
explosion hazard managementi Exanjples
of categorisation includes txraffic ligh
system, criticality levels, severity of

consequences and escalation potentigl.
Risk based assessments can include
exceedance studies/or QRA to establish

y

Fire and explosm
hazard
consequence or
risk analysis,

qualitative risk
assessment and
register, QRA

\ssess and evaluate the
azards to understand the
kelihood and
onsequences of potential
ire and explosion events

—_ e e e N

v design accidental’loads.
Apply inherently safe
i inciples t . ;
(ﬁsgn 1zr1nc1p esto , ISD measures and ISQ 17776:2016, .Anr?ex D prOVIdes
gliminate or minimise fire barriers guidanee on application of inherently safer
4dnd explosion hazards and desigh.
6

vents

v

Identify barriers, control
4nd recovery measures to
nitigate fires and explosion
1fisk

List of barriers,
controls, safety
critical systems
with performance
standards

Annex B provides guidance on the rapge of
control and mitigation measures. Gopd
practice typically involves a multi-layered
approach involving passive and active
measures.

A 4

§ummarise the resulting

i i ) Development of a fire and explosion strategy is an iterative pjrocess
1re and explosion safety in

that typically starts earlier in the design phase of a facility anid
is refined as the project progresses and more detailed
information becomes available, e.g.in different project phase
for continuous risk reduction cycles to eliminate and/or
reduce risk (ALARP). ISO 17776:2016, Annex D provides
further guidance on developing a strategy for managing majqr
hazards.

esign and operation
easures from the above
utputs as the FES and
update it for material
¢hanges and new
Knowledge

Figure 1 — Workflow

The workftowim Figure tis gemneralanmdapplies to att trazardsamnd potentiatty frazardousevents. In the
context of fires and explosions, the evaluation of these events may be part of an overall installation
evaluation or may be treated as a separate process which provides information to the overall evaluation. For
further requirements and guidance related to hazard identification and risk assessment see 1SO 17776(21,

In developing the risk treatment measures, there is a wide range of issues which shall be considered to
ensure that the measures selected can perform their function when required to do so. These issues include
the following:

a) nature of the fires and explosions which can occur (see Annex A);
b) risks related to fires and explosions;
c) offshore environment;
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d) nature of the fluids to be handled;

e) anticipated ambient and metocean conditions, temperature, wind, wave, current, etc;

f) temperature and pressure of fluids to be handled;

g) quantities of flammable and toxic materials to be processed and stored;

h) flammability and toxicity of materials in non-hazardous areas including accommodation and control
station;

i) amount, complexity, and layout of equipment on the installation;

j) location of the installation with respect to external assistance and support;

k) emerggency response strategy;

1) produgtion and staffing philosophy;

m) humar factors;

n) intera¢tion with adjacent facilities and vessels, e.g. jack-up, flotel, offtake tankers;

0) simultpneous operations e.g. drilling and production or production and construction.

5.8.2 Design loads

The evaluation of the fire and explosion hazards on the installation shall define the fire and expld

which can
input to th
to withsta
higher deg
explosion 3

5.8.3 Fin

The result
any risk re

installation and for those involved inany subsequent change to the installation.

NOTE ]

The FES d
other healt
an installal
may be res
and explos

The strate

be deterministic or risk based. The loads shall be siimmarized into a form to provi
e design process and thereby constitute the minimiim loads that the installation shall §
hd (regulatory requirements can require a higher resistance). It is often possible td
ee of resistance to fires and explosions and this, the maximum reasonable resistance
hall be used in the design. The goal is to acliieve a design where the risk is ALARP.

e and explosion strategy and performance standards

5 of the evaluation process and-the decisions taken with respect to the need for, g
duction measures shall be recorded so that they are easily available for those who ¢

atters related to escape, evacuation, and rescue is covered in [SO 15544[4],

bes not have to pe\separately documented, and the relevant information may be inc
h, safety, and €nvironmental information as part of the management of all hazardou
Fion. For many-existing installations, the FES may be contained in previous risk asse
tricted to-a‘simple statement of the standards or procedures, which are applied to de
jon aspeets of the installation.

bies, shall be updated whenever there is a significant change in the risk picture which

manageme

sion loads,
de suitable
e designed

provide a
to fire and

nd role of,
perate the

luded with
b events on
ssments or
hl with fire

affects the

bt ABftha firn and nvnlacinn haoawndaiic Avantc

ICOUT T O ot CAPTOSTUTT I Zar U TS TV CTITeSy

The level of detail in a FES can vary depending on the scale and complexity of the installation and the stage
in the installation life cycle when the risk management process is undertaken.

EXAMPLE 1

Complex installations, e.g. a large production platform incorporating complex facilit

ies, drilling

modules, and large accommodation modules, are likely to require detailed studies to address the fire and explosion
hazardous events. Typical examples of some of the issues that can be necessary to address for such installations are
given in Annex C.

EXAMPLE 2

For simpler installations, e.g. a wellhead platform or other small platforms with limited process
facilities, it can be possible to rely on application of recognized codes and standards as a suitable base which reflects
industry experience for this type of facility.
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EXAMPLE 3  For installations which are a repeat of earlier designs, evaluations undertaken for the original design
can be reviewed to judge if they are sufficient to determine the measures needed to manage the fire and explosion
hazardous events, considering new knowledge, new technology, the environment, reservoir characteristics, etc.

EXAMPLE 4  For installations in the early design phases, the evaluations will be less detailed than those undertaken
during later design phases, but are often more effective at achieving lower risk solutions by implementing risk
reducing measures early than in later design phases where changes are more difficult to implement.

The strategies shall describe the role and main functional requirements for each of the systems required to
manage possible hazardous events on the installation. Based on the strategies, performance standards shall
be developed considering the following:

a) functional parameters of the particular system, e.g. essential duties that the system is expected to
perform;

b) integrity, reliability, and availability of the system;

c) survivpbility of the system under the emergency conditions which can be present whexit is required to
fulfil igs role;

d) dependlency on other systems or operational factors that can have an influenee’on the perfprmance of
the saflety function when needed.

5.8.4 Verification
The perforimance of the critical safety systems shall be periodically-verified and registered for the lifecycle

of the instdllation to ensure that the strategies remain valid and te identify the need for any remefdial action.

6 Installation layout

6.1 Objectives
The follow|ng objectives pertain to installation layout as it affects the development of fires and explosions:

— minimlize the possibility of hazardous accumulations of flammable liquids and gases and to provide for
the rapid removal of any accumulations which do occur;

— minimlize the probability of ignition;

— minimlize the spread of flanimable liquids and gases which can result in a hazardous event;
— separate areas required-to be non-hazardous from those designated as being hazardous;
— minimjize the conséquences of fire and explosions;

— provide for adeguate arrangements for escape and evacuation.

6.2 Func¢tienal requirements

The layout of an installation has a major effect on the consequences of fires and explosions and on the
arrangements required for EER. Consequently, for a new installation or the modification of an existing
installation, the impact of layout options on the FES shall be fully evaluated as a basis for the selection of the
design which, as far as reasonable, minimizes the risks of fire and explosion.

In developing the layout of the installation, consideration shall be given to maximizing, as far as reasonable,
the separation by distance of the temporary refuge (TR), accommodation and escape, evacuation, and rescue
(EER) facilities from areas containing equipment handling hydrocarbons.

Either separation by distance or the use of barriers (floors and walls) can prevent the escalation of fire or
explosion to another area. The provision of such barriers influences ventilation, access and escape routes,
ESD/EDP system design, explosion resistance, and firewater demands. The interdependency of safety
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systems shall be considered during the design of the installation. Any penetration of a barrier provided to
prevent escalation of a fire or explosion shall not jeopardize the integrity of the safety function of the barrier.

Critical safety systems (such as control stations, temporary refuge, muster areas, fire water pumps, and
local control panels) shall be designed, located or protected so they can perform their function under
emergency conditions. This includes locating the systems where they are least likely to be affected by fires
and explosions. In some situations, such systems should be designed to withstand fire and explosions and
be protected from the ingress of smoke, at least until people on board have been safely evacuated or the
situation has been brought under control.

The blowout preventer (BOP) diverter assemblies shall be able to perform their functions under emergency
conditions. This shall include the ability to initiate and operate this equipment during these conditions. The
location and operation of well kill equipment shall allow it to be used under emergency conditions.

The installation layout can result in equipment being at risk from impact of dropped objects ‘o1 collisions.
The need tp protect critical items of process equipment, especially where failure can resultima major loss of
inventory, shall be considered to determine whether impact protection is required.

7 Emergency shutdown systems and blowdown

7.1 Objective

The objective of the emergency shutdown system is to initiate appropriate shutdown, isolation, and
blowdown |actions to prevent escalation of abnormal conditions intg~a major hazardous event gnd to limit
the extent and duration of any such events which do occur.

7.2 Fungtional requirements

Depending|on the severity of the event and level of the alarm, an emergency shutdown (ESD) system shall be
provided, in accordance with the requirements of the\FES, in order to

— isolatelthe installation from the major hydrocarbon inventories within pipelines and reservoirs which, if
release¢d on failure, would pose an intolerdble risk to personnel, environment, and the equiprent,

— where|appropriate, sectionalize topside inventory to limit the quantity of material released on loss of
contaihment,

— control subsurface safety valve(s), and
— where|appropriate, depressurize hydrocarbon inventory and dispose of it to a safe location.

An ESD sygtem shall provide adequate information at the CCR so that personnel involved in managing an
emergency| have the information they need. The information presented to the operator and the controls
provided shall be sdch'that the operator can effectively execute the required actions in an emergency.

An ESD sylstem\shall be designed such that it can fulfil its function under the conditions which can be
experiencgdiwhen the system is required to operate.

If the facility is in operation, the essential shutdown functions shall be available during maintenance
activities which affect the operation of the ESD system.

Emergency depressurization (EDP) systems shall be considered for pressurized hydrocarbon systems to
dispose of the gaseous inventory in emergency conditions to reduce the duration of an event, the quantity of
material released, or the likelihood of a pressure containing system (pressure vessels and piping) failing in a
fire. Rapid depressurisation should be prioritised over passive fire protection.

ESD manual stations shall be located in strategic positions, which provide a good prospect of being able to
use them in emergency conditions, be well marked, and protected against unintentional activation. Guidance
on what may be considered as strategic locations is provided in B.2.
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The ESD system shall contain facilities for testing of both input/output devices and internal functions to

ensure the

functionality of the complete system.

8 Control of ignition

8.1 Objective

The objective of the control of ignition is to minimize the likelihood of ignition of flammable liquids and
gases. Possible ignition sources are listed in A.4.

8.2 Functional requirements

Arrangemd
of the FES.

The install
standards

Ignition of
area classi
or protecti
Isolation o

Design me
sources sh

Direct-fire

9 Control of spills

9.1 Obije
The object
liquid spill
9.2 Funq

Arrangemd

The design
from the s
Examples

Hazardous

htion shall be classified into hazardous and non-hazardous areas in accordahce with
pr codes.

This shall include minimization of the number of potential ignition sources as faf asre

flammable liquid and gas leaks shall be minimized, providing equipment in accordan
fication, disconnection of ignition source or other means for profection. The need fq
on of equipment in non-hazardous areas during gas emergenciés shall be considered
F EX-protected equipment should also be considered as a riskreducing measure.

hsures or procedures to control the use of temporary equipment which can represd
1l be established.

ctive
ve of the control of spills is to prévide measures for containment and proper disposal of]
5.

ctional requirements
nts for control of spills shall be provided in accordance with the requirements of the R

of the drainage)System should minimise the effects of a spill and any escalation tha
pill. Considermeasures to minimize the risk of fires and to avoid damage to the en
f measures‘are drain capacity, bunding, deck coaming channels and drain fire seals.

and non-hazardous open drains shall be physically separate without interconnection.

Hazardous

nts to minimize the likelihood of ignition shall be provided in accordance with the renlluirements

asonable.

recognized

re with the
r isolation
in the FES.

nt ignition

l equipment shall be located or protected to prevent ignition following loss of containment.

flammable

ES.

t can arise
vironment.

clased drains shall he separate from all open drainage systems

For floating LNG (FLNG) installations, a cold spill strategy should be developed that addresses the
requirements of dedicated cryogenic drainage systems.

10 Emergency power systems

10.1 Objective

The objective of the emergency power system is to provide a reliable source of power upon loss or failure of
the main power supply.
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10.2 Functional requirements
On loss of main power supply, systems shall automatically switch to emergency power supply.

Systems requiring electrical power to fulfil their safety functions and to allow the installation to be safely
shut down and evacuated shall have a secure power supply of sufficient capacity and duration for a period
necessary for effective management of the installation while main power generation is unavailable.

An emergency power supply of sufficient capacity and duration, independent of the main power supply, shall
be provided to allow the installation to be safely shut down and evacuated in the event of the loss of the
main power supply. See IEC 61892-2[18],

Facilities shall be provided to allow maintenance of the emergency power system without significantly

: c : 1 £l
redu(:lng the 1uu\,t1uuaut_y otr-tre SY stem:

The locatidn and design of the emergency power systems shall ensure that they will be ableto perform their
function under the conditions which can be experienced when called upon to operate.

With respéct to centralised powered escape lights (UPS powered), consideration shall be mad¢ to ensure
that no sirgle fault will result in disconnection of all escape lights required for escape from the area in
question. Consideration shall be given to the facilities required to maintainscontrol of drilling and well
activities. The consequences of loss of main power during drilling and well aetivities shall be g}galuated to
ensure thaf the emergency power systems, where necessary, allow requiréd equipment to remain available
during an ¢mergency.

11 Fire and gas (F&G) detection systems

11.1 Objectives
The object]ves of the F&G detection system are the following:

— the fire detection system provides continuous@utomatic monitoring functions to alert persdnnel of the
preserice of a hazardous fire;

— the gas detection system provides continuous automatic monitoring functions to alert persdnnel of the
preserice of a hazardous gas release, flammable, toxic or asphyxiant gas;

— allow ¢ontrol actions to be injtiated manually or automatically in order to minimize the likelihood of
escalation.

11.2 Functional requiréments
A F&G detdction systeméshall be provided in accordance with the requirements of the FES.

The FES shlall describe the basis for determining the location, number, and types of detectors. Thlis requires
a process of identifying and assessing the possible F&G hazardous events in each area and evaluating the
requirementsto reliably detect these events.

The F&G detection devices shall be selected considering their response characteristics and the conditions
which can be experienced when detection is required.

Gas detectors shall be selected to be suitable for detection of the types of hazardous releases that can occur
in the area.

Fire detectors shall be selected to be suitable for detection of the identified design case fires that can occur
in the area and oriented to avoid spurious detection (e.g. flare radiation).

The F&G devices should be suitable for Zone 1 due to their design intent to operate in a flammable gas cloud.
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When necessary to prevent ignition of a gas in mechanically ventilated non-hazardous areas, the air intakes
to these areas shall be fitted with gas detection and take the appropriate executive action, e.g. closing HVAC
inlet damper.

The F&G detection system shall have facilities to allow testing of field devices, system internal functions,
and executive outputs.

Manually operated devices to initiate F&G alarm and, where provided, control actions shall be available in a
control station.

The F&G information required at the TR and control stations shall be identified during the design of the
overall F&G system. The F&G system shall be designed, located, or protected so that it will be available in
those emergencies where fire and gas detection is required.

12 Active fire protection

12.1 Objectives

The object]ves of the active fire protection are the following:
— control fires, i.e. radiation and further spreading;

— extingpish relevant fires;

— reducd the effects of a fire to allow personnel to undertake €mergency response activitief including
escapd and evacuation;

— limit damage to structures and equipment and limit escalation, e.g. by cooling fire affected [equipment
and stfucture.

The objectjive supports selection of capacity, discharge’density and other design details of the [AFP and is
critical infprmation required for design and operation.

NOTE Extinguishing a jet fire from a gas leak eafilead to a significant explosion hazard due to re-ignition.

12.2 Func¢tional requirements
Active fire[protection (AFP) systems.shall be provided in accordance with the requirements of the FES.

AFP systerps shall be designed, installed, and maintained in accordance with recognized standarfls relevant
to the partfcular application.

If considered essential AAEP systems shall be located or protected so that they will be able to withstand the
expected flre or explosion loading.

The capacity and'discharge density (or application rate) of AFP systems and equipment shall be determined
either by epgineéring evaluation or through use of a relevant recognized standard. The testing facilities for
assurance pf-performance requirements shall be included in the selection of the system for partidular areas.

Where provided, the fire-water pump system shall be selected to deliver the pressure and flow required
for the operation of water-based AFP systems (deluge water spray, monitors, hoses, etc.) sufficient to meet
the role of these systems. This will typically be the single largest credible fire water demand, plus any
anticipated manual fire-fighting demand (monitors/hose streams). Where required in the FES, allowance
shall be made to cope with the escalation of the fire to adjacent areas.

All AFP systems and equipment shall be marked with easily understood operating instructions.

For automatically initiated systems, a manual release station shall be provided and conveniently located
outside the protected area.
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AFP systems shall be returned to service following use. Where systems cannot be immediately returned
to service, alternative actions to minimize the fire risks shall be considered and implemented where
appropriate, before resumption of operations in the affected area.

NOTE The most effective way to limit escalation and damage is to detect and control fires at an early stage. In
practice, fire control cannot be achieved until the source of fuel and ignition is isolated.

13 Passive fire protection

13.1 Objective

The objective of passive fire protection is to ensure sufficient fire resistance of equipment, structures, and
enclosures|in order to

— limit epcalation,
— maintain functionality of critical safety systems, and

— allow ¢mergency response including egress.

13.2 Functional requirements

Passive firg protection (PFP) shall be provided in accordance with therequirements of the FES which shall
consider application of PFP to:

— preverlt spread of fire by provision of fire barriers to separate-different fire areas;

— protect critical equipment and their supports to prevent further release of inventory, sugh as from
separators, risers, piping, or other large inventories;

— protecf critical safety systems where they need to'perform their functions under fire conditipns as they
can be| exposed to the fire either directly or totheir enclosures (e.g. fire water pumps, ESD [valves and
their actuators, piping supports for depressurisation, fire water systems and critical cables);

— protecft critical structural members afid'in particular, those members essential to the support of the
TR(s), the evacuation routes to andfrom the TR(s), and other critical equipment;

— avoid ¢ollapse of tall structures‘and equipment onto TR and evacuation facilities;
— protect personnel in the TR(s) until safe evacuation can take place;

— protect escape routes4o the TR(s) to allow for safe escape from the area and allow for pmergency
resporjse activities;

— protect any sections of the evacuation routes from the TR(s) to the locations used for eva¢uating the
installption;

— protect the'embarkation area and the means of evacuation.

For guidance related to fire barriers see Table C.5.

Where PFP is required to provide protection following an explosion, it shall be designed and installed
such that deformation of the substrate caused by an explosion will not adversely affect its performance as
specified in the performance standard. Reference is made to 1SO 23693-1[42],

Selection of the PFP systems shall consider the duration of protection required, type of fire which can be
experienced, and the limiting temperature for the structure and equipment to be protected.
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14 Explosion mitigation and protection measures

14.1 Objective

The objective of the explosion mitigation and protection is to reduce the risk of an explosion affecting critical
safety systems and other areas of the installation to a tolerable level.

14.2 Functional requirements

Measures to prevent, control, and mitigate explosions shall be provided in accordance with the requirements

of the FES.

These measures shall consider the following requirements:

reduci

a)
b) techni
c) mitiga
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ls tllC }Jl U‘Ud‘Ul‘llty Ulc dll CAP}UbiUll ollurll illg,
ques that reduce explosion loads;

fing the likelihood of escalation as a result of explosion loads.

ritical structures and equipment to withstand these explosion loads, The evaluatiof]
e potential for escalation as a result of

ment of critical safety systems, and
ht occurs after an explosion.

pvaluations shall be performed at appropriate phaseés of the project to be able to influg
hent improvements. It is important to incorporate anticipated congestion that is poss

e FES shall determine the explosion designloads for all areas where there is the potent
cloud explosion. The evaluation shall identify those parts of the installation which aj
nd these design loads (e.g. structurestand boundaries required to maintain their integ
piping systems, or critical safety'systems).

o reduce explosion risk, shalkbe evaluated, see B.1, B.3 and B.10.

requirements for passive-explosion protection, when required by the FES, shall be ex
ads as a function of time:These loads shall be generated either from experimental or t
ple computational medels. A suitable analysis methodology shall be used to assess the |
nd equipment to_the predicted blast loads.

Iy structureiawalls, floors, and safety systems essential to the temporary refuge as g
signed to-mi¢et the design accidental loads. For guidance refer to ISO 19901-3[6l.
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15.1 Objective

The objective of response to fires and explosions is to provide the facilities which will allow people to

manage fir

es and explosions.

15.2 Functional requirements

The functionality and location of the equipment provided to allow people on the installation to manage fires
and explosions can have a major impact on their ability to use them in emergency situations. Consequently,
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the FES shall aim to limit the exposure of people involved in managing fire and explosions and consider the

following:

a)

Automating shutdown and control actions to limit the need for staff on the location to make complex

decisions in an emergency. When manual initiation is used, the systems shall be simple to operate and
shall not require operators to make complex or non-routine decisions. Once initiated, all control actions

shall o
b)

ccur automatically.

have the information they need.

actions they decide is needed.

Presenting critical information at a control station so that personnel involved in managing an emergency

Providing the functions and controls that will allow those on the location to initiate any emergency

Locati

g any emergency controls or equipment that are required for operation in a fire o1

such that there is a good prospect of being able to use them under emergency conditions:

e)
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ied, under emergency conditions.
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ems covered by this decument shall have facilities to allow demonstration of the func
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e reasonably practicable, allow for the required testing to be carried out without ir
or operations:

an overall HS&E management system, each operator shall establish effective
testing;and maintenance procedures. This shall ensure that the functional requirem

equipment
by imple

and systems, as described in the performance standards, are maintained. This shall
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provide effective procedures, the following shall be carried out:

functional requirements.

ncies to be followed, to determine that safety systems are functioning as designed.

Systems shall be subjected to appropriate testing prior to first use, to confirm that they meet the

Written scheme shall be prepared, detailing the inspection, testing, and maintenance routines and

All systems shall be thoroughly inspected and tested regularly, following established procedures.

This determines if remedial measures are needed so that the item inspected and tested will function

In order to
a)
b)

freque
9

satisfa

ctorily.
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Adequate records of the results of the inspection, testing, and maintenance shall be kept and shall
be periodically reviewed to confirm that the written scheme is appropriate and is being adequately
implemented.

Maintenance procedures shall include for regular visual inspection.

Appropriate operational tests shall be conducted regularly.

The latest inspection or test report shall be available on the installation.

Use, impairment, and restoration of equipment or systems shall be recorded and reported as appropriate.

Any identified failures or impairments shall be recorded and promptly corrected. Where equipment
cannot be promptly returned to service, contingency plans shall be implemented.
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Annex A
(informative)

Typical fire and explosion hazardous events

eral

ensive description of offshore fire and explosion hazards is given in the UK Oil and G

s Fire and

Explosion

A.2 Fird
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Running liquid fires are broadly similar to pool fires in that they rely on thermal feedback from th

their fuel v
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An ignited

rise to a turbulent diffusion flame resulting from the combustion of a fuel continuously released

significant
the fire to
degree of g

fuidance.[32] Some of the key features of fires and explosions are given in this annexi

events

is the turbulent diffusion fire burning above a horizontal pool of vapérizing hydrod
litions where the fuel has zero or very low initial momentum. There‘is a degree (
e fire and the fuel which controls the rate of evaporation and hence,'the size of the fir

ontract depending on the supply of fuel. Depletion of fuel can gecur due to drainage
eas, perhaps giving rise to running liquid fires. The fire will_take time to develop de
ties of the fuel (e.g. flash and fire point), as well as the temperature of the release, ang
quickly by isolating the fuel supply.

pa deluge in combination with foam additives camrbe very effective in controlling hy
ind mitigating the consequences. The foam wilkform a protective top layer between
1 thereby reducing or suppressing the fire.

apour supply, but the liquid fuel is in mation and can be on surfaces of any orientation

ving liquids such as methanol arewvery different to hydrocarbon liquid fires. The flq
the height is much smaller with“lower radiative emissions and lower heat fluxes 4
n typical hydrocarbon liquid'fires.

5 from spills or subsea(releases, especially involving less volatile hydrocarbons, are
nce established will behave in a similar manner to a pool fire. Subsea releases of gas (g
ndensates), if ignited,will give rise to a weakly turbulent diffusion flame strongly affect

pressurized telease of a gaseous material will give rise to a jet fire. In the open, th

momentuint in a particular direction. In jet fires, there is the absence of any direct fee
Lhe source. The behaviour of a jet fire in a confined or partially confined area will deg
onfinément.

arbon fuel
f feedback
b and other

tics such as flame height and smoke production rates. A pool fire isot necessarily stdtic and can

r overflow
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cannot be

drocarbon
the air and

e flame for

me is non-
o engulfed

difficult to
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bd by wind.
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with some
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An ignited

Telease of a pressurized Hquid or gas mixture witt give Tise to a two-phase jet fire 2

\s for a gas

jet fire, the two-phase jet fire is a turbulent diffusion flame except when liquid drop-out occurs which, if
it accumulates, can lead to a liquid pool fire. As for gas jet fires, the main benefit of area deluge will be the

suppressio

n of the incident thermal radiation to the surroundings.

When the fire is not able to entrain enough air for complete combustion, there is likely to be increased flame
temperatures in regions close to the ceiling leading to increased heat flux on objects and surfaces in the
compartment compared to unconfined fires. Under ventilation-controlled conditions, there can also be
external flaming which can affect other areas.

Deluge has little effect on the size, shape, and thermal characteristics in the high momentum region of a
high-pressure gas jet fire. The main benefit of area deluge with jet fires arises from the suppression of the
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incident thermal radiation to the surroundings, which will aid protection of adjacent plant and aid escape by
personnel.

Unlike pool fires, jet fires have minimal development time and reach their full intensity almost
instantaneously. In principle, they can be turned off very quickly and thus, isolation and minimization of
inventory are important techniques to reduce the potential impact of jet fires.

Fire impingement on a vessel containing a pressurized liquefied gas causes the pressure to rise within the
vessel and the vessel wall to weaken. Even within a short timeframe, this can lead to catastrophic failure
and the total loss of inventory. The released liquefied gas flashes producing a vapour cloud which is usually
ignited; these events are known as boiling liquid expanding vapour cloud explosions (BLEVESs). This event
generates an extensive fire ball, pressure wave, and fragments of the vessel can cause damage to other

equipment

and escalation.
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developme
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fire is a fire involving materials such as rags, paper, and wood. In addition, many sui
nlls, floors, and ceilings give the same type of fire. The fire grows by heat trdnsfer
len the fire has developed, all three modes of heat transfer (convection, conduetion, ang
to fire growth until there is no more flammable material. Compared to hydfocarbo
nt of cellulosic fires is slower and they do not usually reach such high temperatures.

h batteries contain electrolytes that are highly flammable. 'Thermal)runaway' can d
b rapidly overheat and create self-sustaining fires that cannot beZeasily extinguishe
e of a fire extinguisher.

Josion events

bn is an event characterized by a rapid release of energy which, for offshore installation
hanical (vessel rupture, either high pressure gases;’or BLEVE) or chemical (vapour or
n). The rapid combustion of hydrocarbon vapoursand mists in air represents the majo
an offshore installation and has a potentialto'generate high overpressures and stron
) inside the explosion, as well as blast waves propagating away from the explosion sou

bn of an explosion event is usually of(the order of one second or less, while blast wavg
'rom a few milliseconds to a fewtenths of a second. The strength of an explosion (
which energy is released and, en' the confinement, which can hinder expansion of g

e tanks. This requires vapour or mist to be present in a flammable mixture with air (g
equipment. Controls fof prevention are part of process design, e.g. inerting, purging]
ind maintenance procedures, and are not subject of this document.

apour or mist egplosions more commonly occur as a result of a loss of containment
on of flammable clouds outside of vessels and piping and hence is within scope of this
stallations-céme in a variety of designs, from very open (unconfined) modules or ar
onfined)(installations. The pressure rise associated with vapour or mist explosions in
blumesTof moderate size is mainly due to the temperature rise caused by the combustj

ace linings
and flame
radiation)
h fires, the

ause these
d by water

5, is usually
mist cloud
I explosion
b explosion
rce.

s can have
lepends on
ombustion

fapour or mist cloud explosians'can occur in enclosed volumes such as process equipment. pipes

r oxidizer)
and flame

leading to
document.
bas to fully
essentially
on process

quent lack of expansion due to the confinement) and is less dependent on the co

|

gestion in

.%For larger confined volumes containing flammable clouds, the congestion level will normally

influence local explosion Toads.

Vapour or mist explosions in less confined offshore environments can also lead to significant overpressures
depending on the rate of combustion and the mode of flame propagation in the cloud.

In an area with significant amounts of congestion (typical for offshore installations), the burning cloud
causes hot combustion products to expand. This results in a flow of the flammable mixture ahead of the
flame, past obstacles, creating turbulence which upon flame arrival increases local transport through the
flame, as well as flame surface area and subsequently, the combustion rate increases. This further increases
the velocity and turbulence in the wake of obstacles ahead of the flame front, leading to a strong positive
feedback mechanism causing further flame acceleration and eventually resulting in high overpressures
when expansion of the burning gas can no longer happen quickly enough. For the most severe explosion
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scenarios with large vapour or mist clouds and high flame speeds due to congestion, a deflagration to
detonation transition (DDT) can take place, which would result in very high explosion loads.

When a blast wave from a vapour cloud explosion (deflagration) hits a flat structure, the blast is reflected
leading to a higher blast overpressure loading than the free field blast overpressure. There can also be local
variations in the blast load over the surface as the blast wave propagates over the structure. These effects
mean that the design of flat area structures to withstand blast should consider the following:

a) The peak and duration reflected blast load locally over each small area of the structure. This is required
to assess whether the panels making up the structure can fail.

b) The global blastload and duration onto the entire structure (averaged over a large area). This is required
to assess whether the structural supports of the wall can fail.

c) Theeigenfrequency of the structure. The designer should know whether the structure is loadfcontrolled
(wherg¢ the intensity is the driving parameter) or impulse-controlled (where the duration‘and intensity
are both important).

The smallefr the objects are, the sooner pressure will equalize around the object and the duration gnd usually,
the magnitude of the differential pressure load are reduced. For smaller objects such a5 piping, this effect will
be very rapid and except when exposed to very strong or sharp blast waves, thejloading can be feasonably
well estimated by the dynamic pressure associated with the gas flow in the e%plosion (the drag ldad).

In general) the most onerous of either the net differential blast loading ‘(taking account of reflections) or
the drag ldads (e.g. for blast waves over piping) or a combination should be considered in estallishing the
relevant d¢sign accidental loads. . For mid and small-sized objects,&the drag loads and the differ¢ntial loads
should be ¢gombined to obtain the net forcing.

For more ipformation for designing offshore installations for@xplosions refer to FABIG technical potes[43],

A.4 Potential ignition sources

A.4.1 Gepneral

Ignition odcurs when there is sufficient enérgy to initiate a chain chemical reaction leading to cpmbustion.
Factors influencing resultant combustion' from a given ignition source include temperature, exppsure time,
and energy. Ignition sources that cail'bé present in offshore installations are discussed in A.4.2 to A.4.9.
Further expmples can be found in [SO-80079-36[14 and EN 1127-1[21],

A.4.2 Chemical reactions

Chemical reactions can ptoduce heat. This heat can ignite flammable materials and products of the chemical
reaction o1l nearby materials. An example of a chemical reaction that can occur on an offshore indtallation is
auto-ignitipn of oil-sodked lagging on hot pipework.

Offshore f4cilitiess-where hydrogen sulphide is present can develop pyrophoric iron sulphide as a|product of

corrosion ¢fsteel in the absence of oxygen. This is a highly reduced form of iron sulphide, which will convert
to a more s$table form aon aunacnivn 0 At vzith thao wolanca Afhanat vwhich ~an caien tha yatayiag] 4 glOW and

TOoOTCTOT I O CA P oS UTr T to vy roir trrC T CriCo s C—orCot vy i o o Coaot—Tric—Tratcror ©

ignite any hydrocarbon (HC) which can be present.

A.4.3 Electric sparks and arcs

An electric spark is a discharge of electric current across a gap between two differently charged objects.
Although static electricity and lightning are forms of electric sparks, they are listed as separate ignition
sources to emphasize their importance. Electric sparks from many of the electrical supplies on an offshore
installation can contain sufficient energy to ignite a flammable mixture. An electric arc occurs when an
electric circuit carrying current is interrupted, either intentionally as by a switch or accidentally as when a
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contact or terminal becomes loosened or a current-carrying conductor is broken. Sources of electric sparks
and arcs can be the following:

electri

electri

electri

fired e

¢ motors and generators;

¢ wiring and equipment malfunctions;

c arc welding;

storage batteries;

quipment ignition devices;

switches, relays, and other arcing components of electric circuits under normal operating conditions;

intern

radio-f
impred
A.4.4 Mg

Mechanica
energy can

A4.5 Lig

Lightning
the earth.
Lightning t

hl combustion engine electrical systems;

lighting fixtures;

requency energy;

sed current cathodic protection systems.

chanical sparks

| spark is energy generated by mechanical friction created by metal tools and falling ol
be high enough to ignite a flammable mixture.

thtning

s the discharge of an electric charge on a cloud'to an opposite charge on another ¢
Lightning can develop very high temperatyres in any material of high resistance
ends to discharge to high points such as aritennae and flare or vent stacks. The design

installations usually ensures that lightning is not @major source of hazard except to some well

involving e
A.4.6 Stg

If two objd
charge thr
liquids.

If the obje
spark disc
produce sy
flammable
can be a pr

fuellin

xplosives and at any unignited vent,

itic electrical sparks

cts in close proximity move relatively to each other, the objects sometimes collect
bugh friction or induction. Similarly, electric charges can be generated by rapid flow

harge can occtr) These static electrical sparks are normally of very short duration
fficient heatto ignite ordinary combustible materials, such as paper. Some, however
vapours(and gases. This situation is more common in a dry atmosphere. Static electr
oblemin*situations such as the following:

g Operations;

bjects. This

loud or on
n its path.
of offshore
operations

an electric
of gases or

'ts are not earthed; grounded, or bonded, they can accumulate sufficient electric charges that a

hnd do not
can ignite
ical sparks

shot bl

steam

filling containers, tanks, and pressure vessels;
high fluid exit velocities (high-pressure water sprays, gas jets);

drive belt operation;

asting;

cleaning;

snowstorm;

static accumulation on personnel;
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— static accumulation related to use of glass reinforced plastic or fibre reinforced plastic, e.g. grating;

— development of charges in plastic packaging.

A4.7

Flame

Flames are generally present when fuels and combustibles are burned. Examples include the following:

A.4.8 Ho

Hot surfac{

A.4.9 He

If a flamm
action is s
heat of comppression can occur when hydrocarbon vapours or gases are mixed with air under situ

hydrocarbon flaring;

fired equipment (boilers, heaters);

gas we

lding and cutting;

enging
exhauj
combu
persor]

heatin

weldin

fired v

hot processing piping and equipment;

enging
high-td
frictio
heatin

clothe

operation;

t backfire and exhaust gases;

stion chamber (burn back to air inlet if gas is present);
nel smoking particularly matches and lighters;

b and cooking appliances.

t surfaces
s can be a source of ignition. These sources can include thefollowing:
g slag and hot metal particles (sparks);

essel stacks;

exhaust systems;
pmperature electrical devices, suchras incandescent lighting fixtures or heating elemer
hal heat such as slipping beltagainst a pulley, un-lubricated bearings;
b and cooking appliances;

5 dryers and exhaust'systems.

at of compression

hble mixture is compressed rapidly, it will ignite when the heat generated by the c(

as the foll

fficient\to' raise the temperature of the mixture to its ignition point. Combustion as

ing:

mpressing
a result of
htions such

improper purging of pressure vessels and other equipment when introducing hydrocarbons;

packin

g or seal failure that allows supply air to mix with supply or process hydrocarbons;

lubricating system failure in air compressors;

admission of air into the suction of hydrocarbon gas compressors.
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Annex B
(informative)

Guidelines to the control and mitigation of fires and explosions

B.1 Installation layout

The instal
likelihood
Ifingress d

ation should be oriented so that, if there is a dominant wind direction, it will mi
bf gas release or smoke drifting towards the accommodation, TR, helideck and evacua
f smoke or gas into the accommodation is possible, the design of any ventilation syste

nimize the
ion points.
should be

such as to minimize the likelihood of contamination of the inside of the accommodation arfd spacé¢s occupied

during em¢
facilities, d
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arrangeme
overpressu

consider the effects ofthe’ opening of the panels and vented explosion loading into other are

safety syst
due to pos
equipment

lnnot be achieved, vent openings,along the wall with repeated obstacles should be proy

ergencies. On installations where the accommodation is on the same structure as the
onsideration should be given to the appropriate siting of the accommodation to mi
bf impairment by fires and explosions. In some cases, locating the accommadation on a
\llation can be appropriate. The amount of venting available and the degree of conge;
explosion significantly influence the severity of an explosion.

vhich illustrate the effect of module geometry on explosionsareprovided in B.10 and }
ect, the following points should be considered:

hd narrow modules, enclosed on the long side, cantaining pressurized hydrocarbd
be avoided, as large distance between possible ignition points and the vent can co
Ver pressures. If long, narrow modules cannot bé.avoided, vents or open areas should
onger walls;

jon pressure is dependent on blockage, soblockage should be reduced;

ed obstacles (vessels transverse to véntilation path, see Figure B.1 in B.11) should be

losion vents are provided, the ‘vents should be located to minimize the distance be
ource of ignition and the~vent. The vents themselves should have the maximum pg
vents do not have a coritifiious open path (i.e. if instead vent panels are installed), th
1ld open sufficiently fast to reduce explosion load without introducing flying object h4
nt of equipment in‘an area, and particularly near the vent, can have a major influence ¢
res expected in“an area. Where explosion vent panels are used to mitigate blast ov{

ems and vulnerable process equipment should not be located in the path of explo
sible damage by blast effects (overpressure, drag forces, and flying debris). Further
should\not be placed close to walls which can be displaced in an explosion.

Cable tray{

processing

imize the
lower level
tion in the

B.11

n systems
ntribute to
be located

avoided. If
ided.

tween any
ssible free
en the vent
zards. The
n the peak
brpressure,
as. Critical
sion vents,
more, such

, junction boxes, piping, and miscellaneous equipment should not be allowed to block th

e explosion

vents and reduce the free vent area, nor should they be located where they will increase turbulence and
thus, explosion overpressures.

Services for critical safety systems should be routed to ensure they will be able to survive and perform their
function in an emergency. If it is not possible to eliminate exposure to fires and explosions or to adequately
protect them, routing by diverse paths can ensure adequate integrity for critical safety systems. Care should
be taken to ensure that loss of part of a system will not jeopardize the whole system.

Risers and conductors should be designed and positioned or protected to minimize the likelihood of damage,
including that due to ship impact and dropped objects.

Topsides riser ESD valves should be located as low down the riser as practicable, so as to minimize the
likelihood of damage below the ESD valve and release of non-isolatable pipeline inventories. The riser ESD
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valves should be protected to withstand the effects of design accidental loads. Riser ESD valves should be
located to allow access for operation, maintenance, and inspection.

The following should be considered for process equipment layout:

a)

the module support frame or main hull;

b)
9

proces

s liquid vessels preferably be located lower than gas equipment;

exposure to jet fires is minimised.

The instal

tion design should consider how an ignited blowout can be handled should such an

process equipment and piping containing high-pressure gas preferably located in the upper decks above

low-pressure equipment containing large amount of liquids preferably be located and arranged so that

vent occur

on the insf
role of any

The integr
prevent ga

allation. Consideration should be given to the strategy for well killing and interactio
multipurpose support vessel which can be available during emergencies.

5 and smoke migration to non-hazardous areas. Penetrations between such areas sho

to a minimum and any penetrations for piping, cables, ducts, etc. should be adequately sealed. F

ventilation|

and air conditioning (HVAC) penetrations, dampers, where provided, or ductwork s

the same fire integrity as the boundary through which any ductwork passes.

Effective
flammable

Ventilation

Ventilation

entilation of hazardous areas will aid dispersion of small réleases, reduce the lik
atmospheres accumulating, and minimize the duration of afyy accumulations which dg

systems supplying air to hazardous areas should take:air from non-hazardous areas.

discharges from hazardous areas should be located so that any emissions will no

hazard to personnel nor be directed toward possible ignitiéh Sources, during normal operations

emergency
in non-haz
gases into

Offshore in

typically g
Hot air flo

helicopter

conditions. Where utilities, such as cooling water, are shared by process systems and
hrdous areas, the utility system should be desSigned to prevent migration of flammable
hon-hazardous areas.

stallations will contain a variety of systems and processes that can emit gases and hot
enerated by turbine generators, diesel engines, flares, and emergency depressurisatidg
v from these systems can create’turbulence and other thermal effects that can sevg
pperations and should be catéred for, see CAP 437[31] for guidance.

B.2 Emergency shutdowmand blowdown systems

ESD syster
electronic,

ns can be basedCen one or more of a range of technologies including programmable
electrical, pneumatic, and hydraulic systems. Whatever configuration is selected, the fu

performanie, and integrity should ensure that the system can fulfil its role as stated in the FES.

ESD syster

hs shouldbe designed in accordance with recognized codes or standards applicable

of operatign. Methods of determining functional requirements for electrical, electronic, and prog

electronic

systéms and guidance on how these functional requirements can be achieved af

n with and

ty of physical barriers between hazardous and non-hazardous areas (refer tg'B.3) is important to

1ld be kept
or heating,
hould be of

telihood of
occur.

[ present a
and under
equipment
liquids and

hir plumes,
n systems.
brely affect

electronic,
hctionality,

to the area
rrammable
e given in

IEC 61511-tHfordentified safety mstrumented functions. Loss of power or key mput sigmats should be
considered in determining the reliability of the ESD system.

The ESD functions should be arranged in a tree-structured hierarchy. The ESD hierarchy should be simple
and unambiguous minimizing number of sub-levels. A higher ESD level should initiate lower levels. A signal
on a certain level should never initiate shutdowns or actions on higher levels. The cause and effects should

be docume

nted in the ESD C&E matrix or similar.

ESD system status should continuously be available in CCR, and the system should raise alarms in CCR for
operator awareness or actions, considering:

ESD fu

ESD level initiation,

nction failure to execute actions upon demand,
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ESD function (sensor, logic solver or final element) defect or failure.

The impact of loss of power and input signals on the functionality of the ESD system should be considered.
In many applications, this can require that the ESD system is inherently “fail safe”, such that the system
achieves a safe condition. For more information on hydraulic and pneumatic systems which can supply

power for ESD system operation, see B.12.

Simplicity of operation and maintenance should be considered in system design.

The requirements for ESD actions regarding drilling and well-servicing activities need special consideration.
Manual initiation of ESD actions, which affect drilling or well-service operations, is usual.

Platform-based wells capable of flowing to surface should be separated from the platform by automatic

downhole
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of ariser. T|
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valves withh manual activation or time delay.
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ts for boundary isolations should also address the needs of any gas-lift lines. Topsid
be supplemented by subsea isolation valves to limit the duration of leaks associated v
he potential benefit of such subsea isolation valves should be considered in developing
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within the topsides process systems can be required to limit the amount of hydrocarbo
pntainment, to separate systems with differing operating conditions, and to facilitate K
D valves having a role in a fire scenario and that can be affected by the fire should hav
tion in order for the valves (and actuator) to fulfil their role. This‘ean also be applica

ples of strategic locations for ESD manual stations can be GER, helicopter deck, tempor]
nbarkation area, bridge-linked evacuation routes and wédlk-to-work bridge landing poi

ive is generally to avoid shut in volumes of pressurized hydrocarbons without E
heir volumes by proper location of valves. If trappéd volumes cannot be avoided the cd
el (exposure time to escape) and escalation shotild be considered.

n API STD 521.1111 EDP times should be jn accordance with specified requirements for|
sed systems exposed to fire. Analysis regarding equipment or structural time to fail
| be performed. Fast and effective EDP can reduce the duration of jet fires to the extg
the amount of active and passive fire protection (AFP or PFP) can be reduced or omittg

nould be able to withstand-thefire loads it can be exposed to until it has performed its

jon of an EDP system cah-possibly not in itself be sufficient to prevent pipe failure or ve
in a fire. Protectionprevided by EDP systems will normally only be effective if the EDP

nssessment indicates that such pressure vessel failures or pipe failures represent a
onal forms of/protection such as AFP or PFP should also be considered.

e initiatedeither manually or automatically, but automatic systems are generally prefe
nitiating EDP presents a significant risk to personnel or the installation. A sequencg
1 en‘some installations to limit the peak flow rates in the vent or flare system. Where

b riser ESD
vith failure
r the FES.

hs released
DP system
e adequate
ble for EDP

ary refuge,
nt.

DP, and to
nsequence

te and times should be set based on a study reflecting the risk on the specific instafllation and

protection
ure versus
nt that the
bd for some
ework and
function.

ssel failure
isinitiated
pbn system.
significant

'red where
d EDP can
sequenced

EDP is use

1’ the failure modes of the timer systems should be considered to ensure that the ove

rall system

integrity is adequate. For automatic EDP systems, it can be acceptable to provide a cancel facility to stop or
delay the EDP if the operator decides that EDP is unnecessary or unsafe.

The consequences of venting or flaring gas when EDP is initiated should be evaluated to confirm that
this does not introduce any unacceptable hazard due to, for example, liquid carryover, high levels of heat
radiation, or flammable or toxic gas affecting personnel on the installation.

The design of flares should be based on dispersion calculations to prove that the foreseen gas rates can
be released without creating explosive air and gas mixtures on the installation or endanger helicopter
operations, see CAP 437[31l for guidance in the event of unignited flare. A robust and reliable system with
back-up capacity should be considered for flare ignition.
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The possibility of an unintended ignition should be taken into account in the design of vents for flammable
gases, e.g. radiation loads, possible need for snuffing systems. Release from a vent should not endanger
helicopter operations, see CAP 437[31] for guidance or cause ignitable gas concentrations anywhere on
interfacing areas unless designed accordingly. Local venting of hazardous gases should not be permitted
unless it can be done without hazard to the personnel (including occupational health) or the installation.

ESD and EDP valves should be accessible and equipped with position indicators locally and where
appropriate. Valve-position indication should also be available at the control station.

ESD valves in topside processes should either have spring return or local accumulators to ensure fail-safe
function under flowing conditions, i.e. normally fail-safe close.

The flare capacity should normally allow for simultaneous opening of all EDP valves in preference to

sequenced[EDP T ED

Typically t
state, unle

EDP-The EDPvatvesshoutdrave fail-safe open functiomn:

ravel times for topside ESD valves should not exceed 2 second/inch (valve size)'to
5s a specific process safety time has been defined. New valves should have_ a design

allow for degradation during service life. The maintenance and testing requirements should be

during the|
level of saf
the functid
equivalent
performed

B.3 Con

Potential i

Ventilation
Considerat

In underta
the extent
of the fluid
to be appli
with air u
releases th
valve pack
where meq
each hazaij
IEC 61892+

During ma
classified 4
trippiy
equipn]

design and the necessary facilities to allow these activities without significantly rd
bty should be provided. If maintenance and testing are not possible withouit significant
nality of the system, special precautions and procedures should be)developed to n
level of safety. In some cases, this can require that maintenance‘and testing operatio
when the installation is shut down.

trol of ignition

pnition sources are described in Annex A.

ion of a mixture of free and forced ventilation-can be necessary.

king a hazardous area classification of the installation, the main factors affecting the

bf the zones are the source, grade of, likely frequency, duration of a release, and the chaj
released and the ventilation in the(area of the release. Hazardous-area classification

ed when there can be a risk of ignition due to the presence of flammable gas and vay
nder normal operations. i.eq based upon an assessment of reasonably foreseeable

at may result from non-catastrophic failures or leaks, typically flange gaskets, pumj
ng. It is not intended to cover failures normally referred to as catastrophic (major re
hanical or structural-failure occurs such as ruptured pipe work, tanks or vessels. Th
dous area or zone Should be determined using a recognized standard, such as IEC 6(
7,201 EI 15,1341 ABHRP 500[26] or API RP 505271,

or gas releas¢-scenarios, the extent of the gas cloud can extend beyond classified areg
reas. Forthese cases, consideration shall be given to the following:

g ofion-Ex rated equipment that can be a potential source of ignition (Zone 2 rated non-|
hent'may be tripped as a risk reducing measure);

reach safe
margin to
addressed
ducing the
y reducing
aintain an
hs are only

rates in open installation will vary considerably with weather conditions and layout.

zoning and
acteristics
s intended
our mixed
and minor
b seals and
eases), e.g.
e extent of
079-10,[16]

s into non-

emergency

equipment and safety systems that are meant to be operational in abnormal situations, where an

explosive atmosphere can exist outside classified areas, should fulfil requirements to Zone 2, minimum,
or be placed in protective rooms;

preventing gas ingress into enclosures containing ignition sources.

During major gas release scenarios in classified areas where equipment is intended to be operative further
reduction risk should, where practical, be achieved by increasing the rating of equipment, i.e. from Zone 2
to Zone 1.

The rate of ventilation will influence the zoning. The effect of loss of forced ventilation or the frequency of
periods of low natural ventilation should also be considered and, if appropriate, the precautions identified
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to deal with the consequent change in zone rating. Pressure differentials created by ventilation systems are
also important in limiting gas spread.

Ventilation rates for enclosed hazardous areas should take into account the amount of gaseous hydrocarbons
which can be expected in normal operations, although some area classification codes contain minimum
air change or velocity requirements which should be used. Air intakes for non-hazardous areas should be
positioned as far as practical from hazardous areas.

All electrical equipment should be suitable for use in the area in which it is installed considering the location
and the possible effects of environmental conditions or mechanical damage. In order to prevent and protect
against ignition of flammable liquids and explosive gases, a systematic identification of potential electric
and non-electric ignition sources should be performed. For guidance see IEC 61892-2,[18] [EC 61892-6,119]

IEC 61892-

71201 (for electrical equipment) and ISO 80079-36[14] (non-electrical equipment).

Considerat

For electri
remain eng
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For simplif
minimized|
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aids (sea al

Non-electr
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even if ratg

ion should be given to minimizing the amount of electrical equipment installed in hazar

cal equipment (suitable or non- suitable to operate in hazardous areas), which is 1
brgised in an emergency, facilities should be provided to selectively disconnect then
ically in alignment with the ESD philosophy. Consideration should be given to tripy
lly or manually, all non-safety critical equipment once gas is detected ima’non-hazard

solation should be defined as disconnection of the power feeder cable at the distribut
ication and reliability of the isolation function, the numbers of breakers to be trippec
e.g. trip the inlet feeder.

ent that is not safety critical should be shutdown upoty confirmed gas detection ad
wn hierarchy. Safety critical equipment not shut dowh:by an APS (abandon platform
fone 1 certified if located outdoors. This includes eseape and evacuation lighting and
nd air).

thutdown, should be provided to prevent igiition if a gas release should occur while the
his is also applicable for any combustion engines not required during an emergenc
d for hazardous area operation.

Intakes and exhaust outlets from turbinés;*combustion engines and fired units that are ng

designed ff
away from|
areas or el

Diesel eng
hazardous
IEC 80079

Diesel eng}
safely shut
upon gas d
air inlet. 1

br operation in a hazardous,area, should be terminated in a non-hazardous area arj
the hazardous area. Wherépossible, this type of equipment should be located in non
bctrically driven alternative be used.

ines can providea-source of ignition for flammable vapours. Diesel engines
areas should be-designed and installed in accordance with a recognized standard, s
41115],

nes in nonyhazardous areas should be provided with protection such that the diesel
down if‘\gas reaches the area in an emergency. Diesel engines that do not immediately
etection anywhere on the installation should be provided with a flame arrestor in the g
h addition, diesel engines in non-hazardous areas powering critical safety systems

dous areas.

equired to
1 manually
ing, either
bus area.

on boards.
| should be

cording to
shutdown)
navigation

cal equipment and hot surfaces can also be*potential ignition sources. Precautions, such as

equipment
y situation

t specially
d directed
hazardous

located in
uch as ISO

engine can
shutdown
ombustion
should be

provided v

rith prnfpr‘finn such that the diesel pnginp can continue to operate if gas can realisti

ally reach

the area in an emergency. This can include isolation of non-suitable electrical components, over-speed
protection, spark arrestor, and maintaining hot surfaces below auto-ignition temperature.

Turbine-driven process equipment can represent a significant ignition source which needs special
consideration in line with ISO 21789(9] requirements. The combustion air and ventilation air intakes should
be located as far away from hazardous areas as practicable. Electrically driven process equipment should be
considered instead of gas turbine drives to limit this ignition potential. Gas turbine acoustic hoods contain
potential ignition sources and flammable materials (such as the fuel supply and lubricating oils) in close
proximity. Provisions should be made to supply air from a location as far away from a hazardous area as
reasonably possible and at sufficient flowrates to dilute any small leaks of flammable fluids and to purge
the enclosure prior to start-up. Flammable mists generated by high pressure releases of diesel or lubricating
fluids are unlikely to be picked up by gas detection and thus, provision of oil mist detection should be
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considered to initiate the actions needed to prevent ignition of oil mists on the hot surfaces in the enclosure
or apply mist guards or tapes to prevent mist release. Detailed information on ventilation, detection, and
ignition control is given in ISO 21789(2],

Objects should be protected against accumulation of static electricity due to physical contact and then
separation or due to rapid flow of gases or liquids. Particular precautions can be required if nonconductive
materials (including surface coating) are applied, (i.e. connection to earth can be insufficient), e.g. fibre-
reinforced grating.

Guidance on these questions is given in API RP 2003[28] and ISO 80079-36[14],

A protection system to prevent sparks from anchor or mooring operations during an emergency situation
to ignite a hydrocarbon release should be considered, e.g. partial enclosure, fire water coverage spraying
(deluge) orfother Tetevantmeasures:

uch areas.
d that this

Portable o
Where thif
equipment

' temporary equipment for use in hazardous areas should be suitable for usend §
is not possible, additional precautions should be introduced to minimize the likeliho
will ignite a release of hydrocarbons.

B.4 Control of spills
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g activities. The design of drainage systems should make allowance for possible bloc}
t the capacity of the system and it should be designed tosprevent burning fuel sprea

P .

rger drainage systems can be necessary to control mdjor releases and any associated
limit the size of drainage recovery systems, it-éan be acceptable to provide firew
harge firewater directly to the sea.

ion should be given to the role of the drainage system to prevent a major hydroc
ng under vessels or contaminating lowerlevels of the installation.

F the installation-supporting structure and impede evacuation.

hould be designed to quickly temove spills of aviation fuel from the vicinity of the aircr
he escape routes, see B.8.43.

his is acceptable provided that backflow into the non-hazardous open drains is pre
al and emergeney conditions), for example, by routing the drainpipe below sea or 1
h an arrangement is used, care is needed to ensure backflow does not occur due to c

non-hazardous drain$pipework.

Considerat
hazardous
activities.

fluidsand highlight those hazardous drains which can be affected by operational or m

h deluge or
kage which
ling fire to

| firewater.
hter drains

hrbon spill

ion should be given to the need to prevent fires spreading to sea level where they can affect the

hft without

stallations, hazardods)and non-hazardous open drains can terminate in a common tank, caisson,

vented (in
quid level.
brrosion of

ion should be given to the marking of drain lines to avoid non-hazardous drains being used for

pintenance

Bunding, kerbs or drip-pans should be provided around vessels, pumps, and other potential sources of
leakage to limit the spread of small spills. Containment of spills will limit the size of a fire should the spill
ignite and is likely to increase the effectiveness of firefighting foams applied either manually or automatically.

Where movable containers of flammable liquids are to be stored, consideration should be given to possible
leaks or spills. Measures for handling such spills should be in place.

Floating LNG (FLNG) installations require dedicated cold spill control and protection systems, to maintain
the integrity of the topsides modules and the hull deck for the duration of credible cryogenic liquid spillage.
This is to reduce the risk of embrittlement, the risk of escalation on the facility and protecting the asset
against catastrophic loss (further guidance can be found in ISO 20257-1[8]). Aspects to be considered in
the design should include selection of proper coating materials, drainage systems foreseeing potential for
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overboard disposal of larger inventories of cryogenic spill material, water curtains to protect critical areas
which can be submitted to embrittlement (e.g. for avoiding damage to the hull of the FLNG in areas where
cryogenic fluid is disposed of over the side). See also ISO 20088IZl.

B.5 Emergency power systems

Emergency electrical power may be provided by one of the following systems:

emergency generator;

conditions;

cables

batter

or sonj
On small si
More detali
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In order f{
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installation mains power generation provided that it can reliably provide power under emergency

with suitable integrity from land or other installations;

y systems;

e combinations of these.

mple installations, it can be possible to rely entirely on battery systems:
[ls of typical emergency electrical power requirements are given in-C1.

ion should be given in the design of the emergency power,system to ensure that th
rrangements to provide a reliable source of power duringmaintenance of the emerge
e design of the emergency electrical power system should consider providing auto
nts to avoid the need for manual intervention during emergency condition.

lighting should be provided on routes which may be used for escape and evacuati
es where personnel will muster. Where emergency lighting is predominantly supplig
generator, a portion of the light fittings should also have battery backup.

0 manage evacuation of the installation, radio communications are required.
htions equipment with independent battery supplies should be provided.

pn of the uninterruptable powef supply (UPS) to systems, such as the emergency lig
ystem, emergency communications, ESD systems, should be designed to cater for the
which can be experienceds:Where UPS systems are selected, they should provide g
rer than the TR enduraneetime, as identified in the FES to cater for those events where
is unnecessary or not.practical.

tional aids and centralized escape light systems should be provided with independs
bm other UPS powered consumers.

systems_supplied with emergency power should be of a standard that will allow thg
1g enough to perform its role under the emergency conditions, and the cables should b
eingdamaged.

trol valves and other critical valves may be held in the closed position by the inst

ere will be
ncy power
matic-start

on and for
bd from an

Emergency

hting, F&G
emergency
ower for a
immediate

bnt battery

system to
e routed to

rument air

a major gas emergency, mains power generation can stop, resulting in the loss of the

nstrument

air compressor(s). If the integrity of the air supplies cannot be guaranteed, the need to power an air
compressor from the emergency generator should be considered. Similar considerations are relevant for
hydraulic system.

B.6 Fire and gas (F&G) detection systems

The issues which should be considered in determining the control actions initiated by the F&G detection
system should be documented in the F&G C&E matrix or similar and should include the following:

— isolate

the installation from the reservoir and pipelines;
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For installations with toxic gas hazards, toxic gas detection can also be required if the F&G detect
cannot be felied on to detect a toxic gas situation in time to allow appropriate actions and‘esc:
fixed toxic|gas detection system is required for personnel protection, it should be integrated in
the overall F&G detection system. The specific requirements for toxic gas detection and the r
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initiate EDP;

electrical equipment to prevent further development of electrical fires;

r flammable gas;

minimize the risk of ignition;

initiate public address or alarm system or both for muster of personnel.

initiate shutdown of ventilation system, including isolation of air intake, to minimize ingress of smoke,

initiate isolation of electrical equipment and other potential ignition sources upon detection of flammable

initiate AFP systems where these have been provided to control or mitigate hydrocarbon fires;

uations are not covered in this document.

basis for gas detection (e.g. type and location of detectors) shall be established aq
s characteristics (e.g. light or heavy, vapour, or flammable). Detectprs-shall be providec
sment of gas leakage and accumulation scenarios within each ared. Gas dispersion §
1 as an aid to verify and optimize type, location, and number of@as detectors.

ons such as ventilation and the probability of detection-of small leakages within the a

be assessed;

ng coverage of different natural flow paths;
eration shall be given to both lightet and heavier than air gases;
system requirements.

emperature effects due to temperature variations day or night, summer or winter.

vapour type, perZohe as follows:

minimum cloud size is based on explosion analysis and the predicted explosion ove]

comp

grid sy

or: miaLmum prescriptive cloud sizes for general volatile hydrocarbon vapours. Typically,a g

ed with thoSe considered tolerable for the zone;

acing/of 5-7 meters is used depending on the level of confinement and congestion.

ng aspects should be considered for the determination ofsthe location of gas detectors}:

relevant, detectors should be positioned\at different heights in an area or enclosg

ion system
ipe. Where
to the into
esponse to

cording to
|l according
imulations

fea,;

| flow “corridors” (e.g. access ways or walkways.alohg flow direction) and potential obstructions

d premise

gas detection performance requirements shall specify the minimum cloud size to be detected for

rpressures

hs detector

Different t

}n‘\nc‘ of gag r‘of‘or‘fr\r l‘\')‘n: AIFFaronf' detection prlnr‘n‘\lnc ')Y\I“ canclfnnflnc f'n th

b range of

PTo—or e et areTteCtroTT TIreTp It

hydrocarbon which can be experienced. The calibration should be based on the relevant range of
hydrocarbons.

Acoustic gas leak detectors should be considered for use in addition to the more traditional infrared and
catalytic detectors.

In some locations, there can be a hazard from oil mists as a result of the release of pressurized low flashpoint
fluids such as diesel or lubricating oils. Conventional gas detection is unlikely to detect oil mists and thus,
appropriate detectors should be selected where determined to be necessary in the FES such as in turbine

hoods whe

re hot surfaces capable of igniting an oil mist are present.
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Multiple alarm levels for gas detection can be used to allow investigation or limited control action at low gas
levels without stopping production. These low alarm levels should be set to as low a level as possible which
would give reliable early detection, see BS 60080[23] for guidance.

Information on the level and location of gas present in an area should be available in CCR and control stations
where applicable.

The number and location of fire detectors should be suitable to ensure timely detection of fires, considering
the potential for escalation of fires in the area.

To minimize the potential for spurious trips due to F&G detection or from testing, detector voting can be

applied for
200N g

executive actions as follows:

Voting|
differg

Voting]
applie

Detect
docum

The F&G dj
that the F&

Cabling of {
and simult
applied.

The F&G d¢
Faults of d{

Following {
layout of d

Manual calll points should be provided:at convenient locations around the installation to allow p

initiate an

Where the
should be
isolation of

F&G detect
to the are:
requireme
requireme

atactaortaoraach cnacifiod alarm it vwhaon N> 2
e cto oot pe e e e e Yy e ="~

should include all detectors of the same type within a detection area. Voting of detecto
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i
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G detection is needed.
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ptection systems should, once detected, faise an alarm at CCR and control station as ap

he installation of the F&G detection(system, there should be a physical review to confi
ptectors is able to provide an adéquate response.

hlarm of a hazardous situation and allow rapid initiation of any necessary control acti

re is a likelihood of stnoke and flammable or toxic gas affecting the TR, the F&G detect]
designed to proyvide’signals to allow effective shutdown of the ventilation systemg
air intake, before/impairment of the TR occurs.

ion systenis-should be designed in accordance with recognized codes and standardg
h of operafion to achieve the level of performance stated in the FES. Methods of d
hts for electrical, electronic, and programmable electronic systems and guidance on
hts“can be achieved are given in IEC 61511-1.117] The effects of loss of power or key in|

should be

considered in determining the reliability of the F&G detection system. Fire detecti

using CCTV with embedded software to detect heat shimmer can be considered.
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Where provided, the F&G detection system should be designed to perform the following functions:

a)

oil

de
de

monitoring:

mist;

where considered necessary, to detect leaks (e.g. near pump seals);

tect fires at an early stage;
tectingress of smoke and flammable gas into places where they can present a hazard;
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— permit manual initiation of alarm.

b) alarm:

— indicate the location of any fire or hazardous accumulation of flammable or toxic gases, or oil mist;

— immediately alert people of possible fire or gas incident.

contro

9

] action:

— immediately initiate appropriate control actions.

Guidance on audible and visual alarms being adopted in some parts of the world for alarm harmonization is

given in B.7.
Typical applications of fire and gas detectors are given in C.2 and further guidance can'bge found in
BS 60080[431,
B.7 Typijcal audible and visual alarms
Table B.1 pgresents guidance on audible and visual alarms that is being adopted in some offshor¢ operating
locations, in an attempt to harmonize alarms across all installations operating’in that area.
The primary alarm should be audible, supplemented by flashing beacons in-high noise areas and afeas where
high noise |evel is expected in emergency situations.
Table B.1 — Alarms
Algrm type Primary Supplementary
Muster Intermittent signal of constant frequency Flashing yellqw
Preparje to abandon Continuous signal of vatiable frequency Flashing yellqw
Toxic Continuous signal éficonstant frequency Flashing red in affe¢ted area

NOTE ’
is applicablg

'he International Maritime Organization’s Code of Alarms and Indicators (IMO resolution A.1
to many mobile offshore units.

B.8 Active fire protection

B.8.1 Ge

Initiation g
location, si

Many cons
the nature
adopted by

neral

f AFP systems€an’be automatic, manual, or both. The means of activation depend on th
ze, extinguishing agent, and type of fire and the fire-response strategy for the installa

derationsAnfluence the selection of AFP systems, e.g. the size and complexity of the i
of theeperations, availability of external fire-response equipment, and the fire-respon
the'operator.

021(26)[33])

e expected
ion.

hstallation,
ke strategy

The guidance in B.8.2 to B.8.13 are not intended to imply that all of the AFP systems described will be needed
on a particular installation.

C.3 provides guidance on the selection of AFP systems for typical areas on a large integrated offshore
installation and gives examples of application rates of water-based AFP systems.

Normally, it is possible that unattended installations don't have fixed active protection systems and the
safety of people visiting the installation are managed by application of other safeguards and controls.

B.8.2 Fire-water pump systems

The fire-water pumps, their prime movers, and starting arrangements should be designed to operate for a
minimum period sufficient for them to fulfil their functions.
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The speed of response of the fire-water pump unit should be selected so that fire-water is made available to
the systems which use fire-water in time for them to fulfil their function.

The FES should identify the number of fire-water pumps required and the arrangement necessary to provide
a reliable supply of fire-water. This should consider situations such as when a fire-water pump unit is
unavailable due to maintenance or breakdown. Installations routinely accommodated by people can require
at least two independent pump units.

Fire-water pump units should be designed to minimize the risk of common mode failures occurring during
emergencies. Pump inlets should be separated such that in the event of an incident rendering a pump
inoperative, the other pump unit (s) is/are not affected.

Suitable arrangements should be provided to allow verification of fire-water pump system performance
over the futtrangeof the fireswater pumpcurve:

Fire-water|pump stop should be local only. Special consideration should be given to remote,stop for semi-
submersible and tension leg installations due to possible stability issues. Except during testing, any alarms
from pump monitoring systems should not automatically stop the fire pump.

The fuel syipply shut off valve to the diesel engine should be operable from outside the room| The valve
should be decured in open position.

Fire-water|pumps should normally have two different start arrangements and these means should be tested,
as well as pump and deluge performance.

Fire detectlion at the fire-water pump should not stop the pump orinhibit the start of the fire-water pump
driver. Conffirmed hydrocarbon detection in the combustion air inlét of the driver should inhibif the pump
start of thd pump in question. An alternative is to provide a flahde’arrestor in a separate combustfion inlet to
avoid burn back. In the latter case, gas detectors in combustion air and pump inhibit may not b required.
This does not affect the need for gas detection in the pump‘enclosure air inlet.

The system should be designed to start automaticallydhn a fire emergency. In addition, facilitie§ should be
provided for local and remote manual start of the pumps, e.g. CCR, helideck.

[f the conngction to the control room is lost, the fire-water pumps should start automatically.

The fire-wjater pump system should be located, or protected, so that it is able to supply water in a fire
emergencyl Protection against damage‘of associated power cables, hydraulic piping, and control circuits
should be ¢onsidered. The diesel engine exhaust combustion gases should be routed to a safe location (e.g.
far away from air intakes, embarkation station, escape routes). The exhaust pipe should be fifted with a
spark arrestor.

Pumps poyvered through ¢able(s) from an external source should be subject to special consideration for
aspects su¢h as reliability,configuration, ignition source control and survivability.

Fire-water|pump uqits required to operate when gas is present should be designed to be suitahle for such
operation.

Water treafmient can be necessary to prevent marine growth from impairing fire-water system pefformance.
The requiremrentsforimtet fittratiomrshoutd-becomsidered-where debris camrdamage tire pomp:

Sufficient instrumentation (both local and, where appropriate, control station, etc) should be provided to
enable personnel to ascertain the operational status of any pump unit.

The provision of relief devices or other arrangements can be required at the pumps to prevent damage to
pipework due to high operating pressures or surge. Such devices should reset automatically once the excess
pressure has been relieved.

For further guidance, see NFPA 20[33],

© IS0 2024 - All rights reserved

35


https://standardsiso.com/api/?name=963108e5dbd4cccec699903c34341d6d

ISO 13702:2024(en)

B.8.3 Fire-water mains

Fire-water mains are the means by which water for fire-fighting is transmitted from the fire-water pumps
to the points of use. The fire-water mains should be designed to avoid internal corrosion problems, e.g. by
material selection or avoiding dead legs, and provide an adequate amount of water to the discharge points at
the required pressure.

Fire-water mains can be dry or filled. The speed of response required should be considered to determine if
the fire-water mains should be filled and pressurized.

Fire-water mains should be equipped with an adequate number of shut-off valves to allow sections of the
mains and branches from the mains to be isolated. Easy access for operation of these valves should be
provided. In developing the FES, incidents which can result in damage to the fire mains should be considered.
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The four broad types of deluge protection are:

a)

hydrocarbon-handling areas;

b)

well heads;

structural protection designed to provide dedicated coverage of structural members;
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d) water curtains to reduce thermal radiation and to control the movement of smoke in order to provide
protection to personnel during escape and evacuation.

Fixed deluge systems should be designed using a recognized technique for the hydraulic analysis of these
systems.

The speed of response required for a deluge system to fulfil its function should be determined and the
system should be engineered accordingly.

The water pressure available at the inlet to the system or an individual section should be sufficient for the
efficient operation of all nozzles in that system or section under design flow conditions.

The types of deluge nozzle selected, and the location of these nozzles should be suitable to fulfil the role of
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B.8.5 Water-mist systems

Water-mist systems are an alternative to gaseous systems in some applications. Applications in relatively
small compartments are well documented but local applications in large compartments or in the open
are limited to well-defined fire situations. Local application requires even distribution of water and an
appropriate droplet size distribution.

The mechanism by which the water-mist extinguishes a fire is by the action of heat extraction and oxygen
displacement within the flame. It is necessary for the water-mist to interact with flaming fires of a certain
size to obtain a protection similar to gaseous extinguishing systems.
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Considerations which should be addressed in evaluation of the use of water-mist systems include the

following:

suitability of the system for the particular application;

particular system;

size of

the protected area and degree of congestion;

fuel type and nature of the fires which can be experienced;

effect on electrical and other sensitive equipment within the area of water-mist application;

provision of a suitable water supply and air or expellant gas (e.g. N,) supply, if needed for the
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The foam concentrate should conform to a suitable standard and should be suitable for use and storage at
anticipated ambient temperatures. Stocks should be checked routinely to ensure that they remain within
the manufacturers’ recommended shelf-life and should be tested to ensure adequate performance. The foam
generated should also be compatible with dry powder.

Some foam concentrates contain materials that are harmful to the environment if discharged, for example,
during system testing. In this case, either alternative suitable foam concentrate should be selected or means
provided to allow system testing without environmental impact should be provided.

© IS0 2024 - All rights reserved

38


https://standardsiso.com/api/?name=963108e5dbd4cccec699903c34341d6d

ISO 13702:2024(en)

B.8.7 Automatic sprinkler systems

Automatic sprinkler systems are typically used in areas where fires are expected to involve cellulosic fuels
and where slow fire growth is expected. Once initiated, sprinkler systems can be effective to control fire
spread, to reduce fire and smoke damage, and to provide alarm at a control station.

Automatic sprinkler systems should be connected to a water supply pressurized so that the system is

capable of i

immediate operation and no action by personnel is necessary.

The standing charge in the system (wet pipe automatic sprinkler systems) should be treated freshwater due
to potential corrosion problems and salt accumulations at the sprinkler head.

A means should be provided to indicate the pressure of the standing charge in the system and to alert

personnel
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hble supply
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nove all air

from water-filled systems.

For large sprinkler systems, consideration should be given to dividing the system so that each secftion can be
monitored|to indicate which section has operated.

B.8.8 Mgdnitors

Fire-water|monitors can be used to provide water-spray coverage or apply water-foam solutior). They can
also be pragvided to supplement fixed deluge systems.

The design of monitors should consider locatien, size of supply piping, and arrangement of contrdl valves.
Monitors chn be operated either remotely or locally.

Monitors arranged for local operdtion should be provided with an access route, which is remofe from the
part requiring protection and so sited as to protect the operator from the effects of radiant heat| unless the
monitor is plso automatically'eb remotely operated.

Each monitor should havé sufficient movement in the horizontal and vertical planes to permit the/monitor to
be brought|to bear onsaily point of the part protected by that monitor. There should be means for Jocking the
monitor in[positions

Each monifor should be capable of discharging under jet and spray conditions. The locations and discharge
characteristics of the monitor should be selected to suit the role and exposure protection requir¢d from the
monitors amd thetocatenvironmmerntat comditiorrs:

Monitors which can be remotely actuated should be arranged so that they cannot cause injury or impede

escape rout

es when operated. Local manual override controls should be provided.

B.8.9 Hydrants and hose reels

Nozzles and hoses (and portable foam equipment, if used) should be located in the most suitable positions
considering the probable direction of approach of fire teams.

Where appropriate, enclosures should be provided to protect this equipment against mechanical damage

and against

the environment.
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Fire-water mains should be equipped with hydrants to which hoses can be connected or provided with fixed
hose reels. The number and position of hydrants and hose reels should be sufficient to permit effective fire-
fighting by the emergency response team.

Where hydrants and hose reels are supplied by a fire-water main, the system should be designed so that the
pressure available allows safe operation of such equipment at the maximum pressures which can be present
in the fire-water main.

Pressure-control devices should be provided where standing pressures can pose a hazard to hose-handling
personnel.

Consideration should be given to the provision of suitable foam-making equipment and concentrate for use

with hydrants and hose reels.
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When dry

chemical and foam extinguishing agents are expected to be used at the sam

location,

compatibility should be confirmed. Combined-agent self-contained systems are available for simultaneous
use or sequential use of foam and dry chemical. Such systems offer the advantages of a rapid knockdown by
dry chemical and the securing ability of foam.

B.8.11 Gaseous systems

Gaseous systems can be used to extinguish fires or, at higher concentrations, to inert a space and prevent
ignition.

Gaseous extinguishing agent systems have traditionally been used for electrical equipment areas or areas
which can be damaged by water or dry chemicals. Before selecting a fixed gaseous system, consideration
should be given to the fire risk, the segregation from adjacent area, or other approaches which can be
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appropriate for the identified possible fire events. Examples of such approaches are early smoke detection,
isolation of power, and rapid manual intervention.

Carbon dioxide and halogenated hydrocarbons have commonly been used in fire-extinguishing systems.
Halogenated hydrocarbons are being phased out due to environmental concerns and should not be used
in new applications. New gaseous extinguishing agents have been developed and can be considered where
gaseous extinguishing is found to be required, provided that the gaseous agent selected is suitable in terms
of fire-fighting effectiveness, toxicity to personnel, and effects on the environment. Carbon dioxide or other
asphyxiating gases should be avoided for protection in areas that can expose personnel.

The use of some gaseous agents in enclosed areas can produce an oxygen-deficient atmosphere which can
adversely affect human health. Such an atmosphere can produce dizziness, unconsciousness, and death if
personnel remain in the area. Although some gaseous extinguishing agents have a low toxicity during fire
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B.8.12 Mobile and portable fire-fighting equipment

Mobile and portable fire-fighting equipment are intended as a first line of defence against fires of limited
size and should be provided even when other AFP systems are provided.

Suitable extinguishers should be provided such that personnel in an area have ready access to permit rapid
intervention while fires are still in their incipient stage. Various standards, such as API RP 14G,[24] contain
guidance on the number and location of portable fire-fighting equipment.

The extinguishing media for portable fire extinguishers should be appropriate to the anticipated type of
fire. Particular attention should be paid to the distribution, siting, and visibility of portable extinguishers in
order that they are accessible and can be clearly distinguished. Extinguishers should be clearly marked to
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identify the extinguishing medium contained and the type of fire for which it is suitable for. Extinguishers
should be provided with suitable means for mounting.

Portable fire extinguishers containing an extinguishing medium which, either by itself or under expected
conditions of use, gives off toxic gases in such quantities as to endanger persons should not be used.

Portable fire extinguishers should be simple to operate and be designed in accordance with a recognized
standard, such NFPA 10[33], which is suitable for anticipated environmental conditions.

Means should be provided to control the discharge of mobile extinguishers.

Suitable arrangements should be made for mobile extinguishers to accommodate the hose so that the hose
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B.9 Passive'fire protection

B.9.1 General

Screening evaluations of credible fire scenarios can be sufficient to determine the passive fire protection
(PFP) requirements without more detailed calculations. These evaluations can show that certain fire
scenarios are beyond the capability of critical safety systems. It can then be necessary to undertake risk
evaluation, either due to authority or class requirements or for risk reduction in general, to evaluate
whether it is reasonably practicable to provide additional PFP for these cases or to use some other approach
to prevent, control, or mitigate the identified fire hazardous events.

In some applications, it may be appropriate to provide a level of PFP beyond that needed for safe evacuation
of personnel, e.g. for asset protection or prevention of a major environmental impact.
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Annex C provides guidance on typical PFP applications for offshore installations. The need for PFP should be
considered in developing the FES for all types of installations.

Fire-resistance tests can be undertaken by the manufacturer as part of general approvals and by the
operator for a specific application.

B.9.2 Fire-resistance test criteria

The fire-resistance test should be based on exposure to an established fire time-temperature curve or a
simulated fire test, appropriate for the expected type of fire. The expected fire can be a jet fire (gas, liquid,
or mixture), a pool fire, or a cellulosic fire.

The standard fire tests for cellulosic and hydrocarbon fires are limited by the size of the furnace and the
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B.9.3 Selection of materials

The selection of the different materials should consider the type and size of fire, the duration of protection,
the environment, application and maintenance, and smoke generation in fire situations.

PFP materials should be approved for their intended use. Where general approvals from a recognized third
party or governmental body are not available, their fire performance should be documented by test reports
from a recognized fire test laboratory.

Interpolation of test results for the optimization of the quantity of material to be applied should be
documented.
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Documentation for a passive fire-protection material can vary according to the type of application and can
include the following:

a) quality control aspects:
— verification of application temperatures and humidity requirements;
— installation time;
— inspection and control requirements;
— surface preparation.

b) mechanical tests:

— ablrasion and impact damage;

— mechanical damage;

— destructive compression;

— seh-water absorption;

— fldxure;

— adhesion and vibration;

— delluge and hose-stream resistance.
c) corrosjon protection:

— cofrosion protection properties and inspection requirements for substrate;

— effects of temperatures and thermal shocks;

— cathodic disbondment;

— ozpne and ultraviolet ageing;

— eape of reinstatement following\inspection of substrate.
d) fire resistance tests:

— cellulosic fire performance;

— hydrocarbon fire‘performance;

— jet fire perforinance;

— fine spread characteristics;

— copibustion products.

e) long-term performance including weathering effects;

f) explosion resistance;

g) full-scale experiments where limitations of tests are obvious;
h) occupational health aspects.

The test requirements should not be defined by the above. The need for each type of test should be based on
engineering judgement and expected usage. For example, sea-water absorption only needs to be considered
for PFP materials submerged or directly exposed to sea water. Another consideration can be the performance
of combined passive cryogenic and fire protection resistance.
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B.10 Explosion mitigation and protection systems

The effects of explosions that should be considered when developing the FES are the following:

possible projectiles as a result of equipment and pipework failing;

blast overpressure and flame front, which is a function of among other parameters type and amount of

flammable material, overall dimensions and geometry, obstacle-generated turbulence, and confinement
of the area;

drag forces which are developed ahead of or behind the flame front and which can impose significant

loads on equipment, pipework, or structure and which can escalate the damage created by the explosion.
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Blast protection can provide an effective means of controlling lesser explosion overpressures, even though
it is not always practicable to design against the overpressures generated in the worst-case scenarios. A
decision to use design overpressure less than the predicted maximum should be based on an evaluation, e.g.
based on a probabilistically estimated load, of the implications of the decision on the safety of personnel on
the installation.
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If it is established that the hazardous events involving explosions are not tolerable, then the following
explosion-mitigation measures should be explored:

locating equipment in hydrocarbon service in areas which are well ventilated, where the consequences

of an explosion are limited or where the structure can be designed to withstand the forces generated by
an explosion;

perimeter cladding or using grated decks;

ising number of the ignition sources;

mitigating by venting or explosion suppression;
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Examples for optimizing layout areprovided in B.11.
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Explosion-protection requirements for structures, equipment, piping, and supporting structure should
be documented, with structural calculations which take into account the dynamic behaviour related to
the short duration of explosion loading. In special cases, simulated tests may be accepted according to
recognized standards or procedures. In other cases, an engineering judgement may be accepted.

Guidance regarding the design of structural members for explosion loading can be found in ISO 19901-3[¢] or
API RP 2FB[24],

B.11 Module geometry to mitigate explosion effects

Figure B.1

shows the effect of layout on explosion severity.
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Figure B.1 — Effect of layout on explosion severity

B.12 Pneumatic'and hydraulic supply systems

B.12.1 Purpese

Many of the safety systems on an installation require a pneumatic or hydraulic supply system in order to
execute the appropriate actions. These systems can provide motive power (e.g. for valve movement or engine
start) or can be required for effective control of the system (e.g. instrument air). In order to function reliably,
the fluids in these systems should have the required cleanliness and be available at sufficient pressure to
perform their functions when called upon to do so.

B.12.2 Fluid supply properties

Fluids which can be used include instrument air, plant air, nitrogen, natural gas, oil-based hydraulic liquids,
and non-oil based hydraulic fluids. The initial specification of the system should identify the requirements
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of any pneumatic and hydraulic systems. This should include consideration of the maximum acceptable
content of the following:

solids;

water (both free water and water vapour);

hydrocarbon;

possible corrosive contaminants.

When air is used as a pneumatic supply source, the system should be designed to prevent the mixing of air
and hydrocarbon from the process or utility systems under both normal and abnormal conditions. If an

alternativ

pneumatic supply source is provided, the alternative medium should be of a comp
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The following subclauses discuss the issues to be considered and offer guidance for the inspection, testing,
and maintenance of the safety systems and equipment covered by this document.

Prior to start-up, commissioning tests should be performed under as realistic operating conditions as
possible. The fire water system should be subject to full scale dimensioning fire water demand scenario test.
Some tests, e.g. depressurisation systems or hydraulic power for ESD systems may have to be put through

final capac

Clause C.5

ity testing shortly after operations have started.

provides detailed guidance for typical inspection and maintenance frequencies.
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B.13.2 Fire and gas (F&G) detection systems

F&G detectors should be subject to a regular maintenance and testing programme. The design of the F&G

detection system field devices should consider the requirements for maintenance in order to minimize
the need to provide special access arrangements for calibration, cleaning, or testing.

F&G control panel: functional checks should be conducted to ensure that detectors annunciate correct

zones and initiate the appropriate alarms and actions according to the “Cause and Effect matrix”.

General alarm: alarms initiated from the F&G detection system should be regularly tested.

B.13.3 Emergency shutdown and blowdown systems (ESD)
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Where installed, sprinkler system water-flow alarms should be tested for correct operation.

Testing of alarms and actions (e.g. fire-water pump start) should be possible from deluge and sprinkler

systems.

B.13.6 Fire hoses, nozzles, and monitors

Where necessary to confirm integrity, all fire hoses should be tested by subjecting them to the maximum

safe fire-w

ater system operating pressures.

Nozzles should be function-tested for proper operation.

After each

use, fire hoses should be inspected for damage and returned to their storage device.
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B.13.7 Fixed dry chemical systems

All dry-chemical extinguishing systems and other associated equipment should be inspected and checked

for proper

All expella

operation.

nt gas containers should be checked by pressure or mass against required minimums.

All stored dry-chemical pressure containers should be checked by pressure and mass against specified data.

Except for stored pressure systems, the dry chemical in the system storage container should be sampled
from the top centre and near the wall. Any samples which contain lumps that will not be friable when
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Batteries with a safety function should be kept charged at all times. They should be regularly tested to

determine

the condition of the battery cell.

The automatic-charging feature of a battery charger is not a substitute for proper maintenance of the battery
and the charger. Periodic inspection should ensure that the charger is operating correctly.

B.13.11

Emergency systems

The emergency (support) systems provided for the management and control of an incident include the
communications systems, escape and evacuation arrangements, power generation system(s), and explosion
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protection (vents or suppression system). Periodic maintenance, inspection and functional tests of these
systems should be performed to substantiate the integrity of each system.

Specific test procedures should be in accordance with equipment manufacturer's recommendation.

B.13.12 Passive fire protection

The following outlines the approach to be adopted for the inspection of applied passive fire protection on
structures:

Generally, passive fire protection systems have few maintenance demands. However, periodic visual
inspections are recommended, with repairs to damaged areas as appropriate. The inspections should
identify damage such as cracks or voids, either in the top coating or the fireproofing itself. Repairs should be
carried oufin accordance with manufacturers recommendations.

These periodic inspections are important in order to maintain the integrity of the fireproofing coating
and to proyide early detection of substrate corrosion. If partial debonding of the fireproofing ¢oating has
occurred ajnd there are surface cracks in the area of the debonding, moisture can migrate‘into the¢ substrate,
establish a|corrosion cell, and become a source of corrosion. This corrosion potential highlights the need to
have a fireproofing coating application procedure which ensures that a proper bond is establish¢d between
the firepropfing compound and the substrate.
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