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Foreword

ISO (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

elect

rotechnical standardization.
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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, operation, inspection, maintenance, and decommissioning of a facility.

This International Standard has been prepared primarily to assistin the development of new installations
through their lifecycle. For existing installations that predate this International Standard, not all
requirements are necessarlly approprlate Retrospectlve apphcatlon of thls Internatlonal Standard can
beunderta er-wh . AR rajor-echange fo an

— Objectiyves: lists the goals to be achieved by the control and mitigation measurgsbeing descriped.

— Functignal requirements: represent the minimum criteria to meet the statedobjectives. The functional
requirements are performance-orientated measures and, as such, are applicable to the varigty of
offshorg installations utilized for the development of hydrocarbon resourées throughout the world.

— Annex A (informative): typical fire and explosion hazardous events.

— Annex [B (informative): describes recognized practices to\be considered in conjunction [with
statutory requirements, industry standards, and individugl operator philosophy to determing that
the megsures necessary are implemented for the control and mitigation of fires and explodions.
The guidelines are limited to principal elements ang\are intended to provide specific guidance
which, :Iiue to the wide variety of offshore operatitig environments, cannot be applicable in some
circumgtances.

— Annex [C (informative): typical examples-of design requirements for large integrated offghore
installations.

— Bibliography: lists documents to which informative reference ismade in this International Stangdard.

vi © ISO 2015 - All rights reserved
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Petroleum and natural gas industries — Control and
mitigation of fires and explosions on offshore production
installations — Requirements and guidelines

1 Scope

This
mitig

International Standard describes the objectives and functional requirements for the

ation of fires and explosions on offshore installations used for the development.of |

resources.

This

f
f

[nternational Standard is applicable to the following:
ixed offshore structures;

loating systems for production, storage, and offloading;

— petroleum and natural gas industries.

Mobi
althd

This
mea
The

depe
encld

NOTH
insta

le offshore units as defined in this International Standdard and subsea installations a
ugh many of the principles contained in this International Standard can be used as gu

International Standard is based on an approach‘@here the selection of control an
ures for fires and explosions is determined by an-evaluation of hazards on the offshore

methodologies employed in this assessment and the resultant recommendationg

nding on the complexity of the productign process and facilities, type of facility
sed), manning levels, and environmentabconditions associated with the area of opera

Statutory requirements, rules, andregulations can, in addition, be applicable for the indiv
lation concerned.

control and
ydrocarbon

re excluded,
dance.

1 mitigation
installation.

will differ
i.e. open or
tion.

dual offshore

ent and are
For undated
es.

2 Normative references

The following documents, in whole or in part, are normatively referenced in this documn
indigpensable for its.application. For dated references, only the edition cited applies. |
referjences, the latest.edition of the referenced document (including any amendments) appl
ISO/|EC Guide 73;-Risk management — Vocabulary

3 Terms, definitions, and abbreviated terms

3.1 Terms and definitions

For the purposes of this document, the terms and definitions given in ISO/IEC Guide 73 and the
following apply.

3.1.1

abandonment

act of personnel onboard leaving an installation in an emergency

© ISO

2015 - All rights reserved
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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, pantri

3.1.3

es, and similar permanently enclosed spaces.

active fire protection

AFP

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

1rac

extinguish f;

3.1.4

area classif
division of
hazardous 4

Note 1 to en|
flammable a
to minimize {

3.1.5
cellulosic fi
CF
fire involvin

3.1.6
class of fire
type of fire
classificatio

Note 1 to ent

3.1.7
control
<of hazards

Note 1 to ent
in other stan

3.1.8

control stat

place on th
appropriate

3.19

T

ication

an installation into hazardous areas and non-hazardous areas and the sub-divisi
reas into zones

ry: This classification is based on the materials which can be present and the probability

mosphere developing. Area classification is primarily used in the selection-of electrical equip
he likelihood of ignition if a release occurs.

re

g combustible material such as wood, paper, furnitureyetc.

h of fires, based on the nature of the fuel

Fy: 1SO 3941 describes the classes of fires;

> limiting the extent or duration of a hazardous event

ry: The definition of control is specific in this International Standard and other definitions arg
Hards.

ion
installationn from which personnel can monitor the status of the installation, in
shutdewiy'actions, and undertake any emergency communication

h

deluge systi

bn of

r of a
ment

used

tiate

m

system to apply fire-water through an array of open spray nozzles by operation of a valve on the inlet
to the system

3.1.10

embarkation area
place from which personnel leave the installation during evacuation

EXAMPLE

3.1.11
emergency
EDP

Helideck and associated waiting area or a lifeboat/liferaft boarding area.

depressurization

controlled disposal of pressurized fluids to a flare or vent system when required to avoid or minimize a

hazardous s

ituation

© ISO 2015 - All rights reserved
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3.1.12

emergency response

action taken by personnel on or off the installation to control or mitigate a hazardous event or initiate
and execute abandonment

3.1.13
emergency response team
group of personnel who have designated duties in an emergency

3.1.14

emergency shutdown
ESD
control actions undertaken to shut down equipment or processes in response to a hazardO\Ils situation

3.1.15

escajation
spread of impact from fires, explosions, toxic gas releases to equipment or other areas thejeby causing
an increase in the consequences of a hazardous event

3.1.16
escape
act of personnel moving away from a hazardous event to a place where’its effects are reduced or removed

3.1.17
escape route
rout¢ from an area of an installation leading to a muster area, temporary refuge (TR), embaikation area,
or mgans of escape to the sea

3.1.18
critiral safety system
any $ystem which has a major role in the_control and mitigation of fires and explosiong and in any
subsgquent evacuation, escape, and rescue activities

3.1.19
evacuation
planhed method of leaving the ifistallation in an emergency

3.1.20

evacuation, escape, and'rescue
EER
range of possiblecsactions including escape, muster, refuge, evacuation, escape to the sea, and
resciie/recovery

3.1.21

evacuationroute
escape-Toute which leads from the temporary refuge (TR) to the place(s) used for evacpation from
the ihstallation

3.1.22
explosion

3.1.221

gas explosion

combustion of aflammable gas or mist which generates blast waves due to confinement of the combustion-
induced flow or the acceleration of the flame front by obstacles in the flame path

3.1.22.2
physical explosion
explosion arising from the sudden release of stored energy such as from failure of a pressure vessel

© IS0 2015 - All rights reserved 3
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fire and explosion strategy

FES

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

3.1.24

functional requirements
minimum criteria which shall be satisfied to meet the stated health, safety, and environmental objectives

3.1.25

hazard
potential so

Note 1 to ent
to property;,

[SOURCE: IS

3.1.26

hazardous
three-dimer
frequencies

3.1.27
hazardous
event that c

EXAMPLE
[SOURCE: IS

3.1.28
human fact

irce of harm

r a combination of these.

0/IEC Guide 51:2014]

area
1sional space in which a flammable atmosphere can be expected to be present at
as to require special precautions for the control of potentiallignition sources

event
hn cause harm

The incident which occurs when a hazard is realized such as release of gas, fire, loss of buoy

0/1EC Guide 51:2014]

ors

environmental, organisational, and job factaors which influence behaviour of work in a way tha

affect healt}

3.1.29

| and safety

ignition soyrces

any source y

3.1.30

integrated
offshore ins
process or v

3.1.31

vith sufficient enengy-to initiate combustion

installation
fallationwhich contains, on the same structure, accommodation, and utilities in additi
ellhead facilities

y: Hazard can be a risk source for potential for human injury, damage to the environment, dajmage

such

Ancy.

L can

on to

jet fire
JF

turbulent diffusion flame resulting from the combustion of a fuel continuously released with momentum
in a particular direction

3.1.32

manned installation

installation

on which people are routinely accommodated

© ISO 2015 - All rights reserved


https://standardsiso.com/api/?name=a48414da855894feb606d177117e0610

ISO 13702:2015(E)

3.1.33

mobile offshore unit
mobile platform, including drilling ships, equipped for drilling for subsea hydrocarbon deposits and
mobile platform for purposes other than production and storage of hydrocarbon deposits

Note 1 to entry: Includes mobile offshore drilling units, including drillships, accommodation units, construction
and pipelay units, and well servicing and well stimulation vessels.

3.1.34
muster area
designated area where personnel report when required to do so

3.1.35

operjator

individual, partnership, firm, or corporation having control or management of operations o
arealor a portion thereof

Note [l to entry: The operator can be alessee, designated agent of the lessee(s), or holder of operating

an a

3.1.36

pass
PFP

coating or cladding arrangement or free-standing system whigeh,in the event of fire, will proy

protg

3.1.3
pool
turby
whet

3.1.3
risk
coml

[SOU

3.1.3
runy
fire i

3.1.4

temporary refuge

TR
placd
emel

roved operating agreement.

ive fire protection

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

7

fire

hlent diffusion fire burning above a horizontal pool of vaporizing hydrocarbon fuel undg
e the fuel has zero or very low initial momefitum

8

ination of the probability of occurrence of harm and the severity of that harm
RCE: ISO/IEC Guide 51:2014]

9
jing liquid fire
nvolving a flammable Tiquid flowing over a surface

0

provided where personnel can take refuge for a predetermined period while iny
gency response, and evacuation preplanning are undertaken

n the leased

rights under

Fide thermal
cted

r conditions

restigations,

3.1.

1
P g

zZone
part of a hazardous area based upon the frequency of the occurrence and duration of an explosive
gas atmosphere

3.2
AB
AFP
API

© ISO
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accommodation block
active fire protection
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BA breathing apparatus

BOP blowout preventer

CCR central control room

CF cellulosic fire

CS control station

EDP emergency depressurization

EER vacuation, escape, and rescue

ESD mergency shutdown

FES ire and explosion strategy

F&G ire and gas

GOR as oil ratio

HC ydrocarbon

HMI uman machine interface

HVAC eating, ventilation, and air conditioning
[EC nternational Electrotechnical Commission
IMO nternational Maritime Organization

JF et fire

PA public address

PFP passive fire protection

PLC programmable logic centrollers

SSIV $ub-sea isolationvalve

SSSV s$ub-surface safety valve

TEMPSC totally enclosed motor-propelled survival craft
TR temiporary refuge

UA utility area

UPS uninterruptable power supply

WH wellhead area

4 Objectives
The following are the principal objectives of this International Standard, in order of priority:
— safety of personnel;

— protection of the environment;

6 © IS0 2015 - All rights reserved
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protection of assets;

minimization of financial and consequential losses of fires and explosions.

Fire and explosion evaluation and risk management

Management system

All companies associated with the offshore recovery of hydrocarbons shall have, or conduct their
activities in accordance with, an effective management system which addresses environmental issues

suchfasdescribed In SO 14001 or similar (fOT EXample, Operators snoutd nave an effective
contractors should have either their own management system or conduct their activities
with[the operators management system) and additionally addresses issues relating te healt

One

which shall take place in a framework which provides the policies, procedures,”and or
arrapgements that will embed risk management throughout the organization.

5.2

This|International Standard assumes that the risk assessment is,pérformed within the pr
guide¢lines for risk management described in ISO 31000.

In pdrticular, those carrying out risk assessments shall be elear about the following:

a)
b)

0)
d)
e)
f)
g)

5.3

Riskjassessment provides decision-makers and responsible parties with an improved unde
riskg that'could affect achievement of objectives and the adequacy and effectiveness of cont
in place.. This provides a basis for decisions about the most appropriate approach to be used

I'iSk" TRho ottt af el nccnccrmnnt ic A b b +hn dosicinn sl i g v csncene nfthn gl

key element of such management systems shall be a process of evaluation and'fisk 1

Risk assessment and the risk management framework

¢rganization’s risk management policy, its objectives, and the contextin which the organizat

extentand type of risks thatare tolerable and how to treatany risks that are deemed notto

ow risk assessment integrates into organizational processes;

ethods and techniques to be used for risk assessment and their contribution
anagement process;

jccountability, both for performing risk assessment and for making decisions taking ad
results;

fesources required to.carry out risk assessment;

lhow the risk assessment will be reported and reviewed.

Risk assessment process

anagement,
consistently
h and safety.
hanagement
banizational

inciples and

onoperates;

be tolerable;

to the risk

count of the

rstanding of
rols already
to treat the

anization.

T I OC OO TP U T UT T ISIT O SSCSSTIITTIIT Io ol I pat toO T O T CrSTUT Mo STt g prottootoUTrtriit—OT g

Risk assessment is the overall process of risk identification, risk analysis, and risk evaluation. The
manner in which this process is applied is dependent not only on the context of the risk management
process but also on the methods and techniques used to carry out the risk assessment.

5.4

Risk identification

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

The risk 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.

© ISO 2015 - All rights reserved
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5.5 Risk analysis

Risk analysis involves developing an understanding of the risks. 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 taken into account.

5.6 Risk
The purpose]

Risk evaluat

bvaluation

ion involves comparing the level of risk found during the analysis process with qualit

ofrisk evaluation is to assist decision-making and shall be based on the outcomes of risk anaflysis.

ative

or quantitafive criteria established when the context was considered. Based on this comparisony, the
need for treptment shall be considered.

Decisions shall take account of the wider context of the risk and include consideration of the tolefance
of the risks porne by parties other than the organization that get benefits from the risk. Decisions(shall
be made in dccordance with legal, regulatory, and other requirements

In some circumstances, the risk evaluation can lead to a decision to:undertake further analysis. The risk
evaluation dan also lead to a decision not to treat the risk in any~way other than maintaining existing
controls. Thfis decision will be influenced by the organization’s’risk attitude and the criteria thatfhave
been established.

5.7 Risk freatment

5.7.1 Genleral

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

Risk treatmpnt involves a cyclical.precess of

— assessing a risk treatment,

— deciding whether residual risk levels are tolerable,

— generatjng a new nisk treatment, if risk levels are not tolerable, and

— assessing theeffectiveness of that treatment.

Risk treatmenteptions-are-notnecessariymutually-exclusive-orappropriate-inall-circumstances. The
options can include the following:

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

b) taking or increasing the risk in order to pursue an opportunity;

c) removing the risk source;

d) changing the likelihood;

e) changing the consequences;

f) retaining the risk by informed decision.

8 © IS0 2015 - All rights reserved
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The process of selecting risk treatment measures predominantly entails the use of sound engineering
judgement, but it can be necessary to supplement this by recognition of the particular circumstances
which can require deviation from past practices and previously applied codes and standards.

5.7.2 Prioritization of risk treatment measures

Preventative measures, such as using inherently safer designs and ensuring asset integrity, shall be
emphasized wherever practicable. Based on the results of the evaluation, detailed health, safety and
environmental objectives, and functional requirements shall be set at appropriate levels.

5.8

5.8.1 General

The gbove is general and applies to all hazards and potentially hazardous events. Inthé contexit of fires and
explgsions, the evaluation of these events may be partof an overall installation evaluation or may be treated
as a §eparate process which provides information to the overall evaluation. Forfurther requifements and
guidelines related to hazard identification and risk assessment, reference.is made to ISO 17776.

In dgveloping the risk treatment measures, there are a wide range of.issues which shall b¢ considered
to erfsure that the measures selected are capable of performing their function when required to do so.
Thesle issues include the following:

a) nature of the fires and explosions which might occur (see Annex A);

b) risks of fires and explosions;

) arine environment;

d) Ilature of the fluids to be handled;

e) 4Jnticipated ambient conditions;

f) temperature and pressure of fluids to be handled;

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

h) flammability and toxicity of materials in non-hazardous areas including accomm¢@dation and
¢ontrol station;

i) gmount, complexity, and layout of equipment on the installation;
j)  location of the installation with respect to external assistance/support;

k) emergency response strategy;

1) q)roduction and manning philosophy;

m) human factors;
n) interaction with adjacent facilities and vessels, e.g. jack-up, flotel, offtake tankers.

Clause 6 to Clause 16 identify requirements and provide guidance on a range of measures which can
have a role in either the control and mitigation of the potential fire or explosion hazardous events on an
installation.

5.8.2 Design loads

The evaluation of the fire and explosion hazards on the installation shall define the fire and explosion
loads. The loads shall be summarized into a form to provide suitable input to the design process and
thereby constitute the minimum loads that the installation shall be designed to withstand, unless

© IS0 2015 - All rights reserved 9
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regulatory requirements require a higher resistance. It is often possible to provide a higher degree of
resistance to fires and explosions and thus, the maximum reasonable resistance to fire and explosion
shall be used in the design.

5.8.3 Fire and explosion strategy and performance standards

The results of the evaluation process and the decisions taken with respect to the need for, and role of,
any risk reduction measures shall be recorded so that they are easily available for those who operate the
installation and for those involved in any subsequent change to the installation. For convenience in the
remainder of this International Standard, the term fire and explosion strategy (FES) has been adopted

for this reco

rd.

NOTE M

The FES do

with other health, safety, and environmental information as part of the management,6f\all hazar
h installation. For many existing installations, the FES may be contained in previoug

events on a
assessment;
applied to d

The strateg]

htters related to evacuation, escape, and rescue is covered in ISO 15544.

bs not have to be separately documented and the relevant information maybé incl

or may be restricted to a simple statement of the standards and/or proeedures, whic
bal with fire and explosion aspects of the installation.

ies shall be updated whenever there is a change to the installation which affect

management of the fire and explosion hazardous events.

The level of
stage in the

EXAMPLE 1

modules, and
hazardous ey
are given in 4

EXAMPLE 2
facilities, it ¢
reflects indu

EXAMPLE 3

design can b
and explosio
characteristi

EXAMPLE 4
undertaken d

The strategiles shall desgribe the role and main functional requirements for each of the systems req
pssible hazardous events on the installation. Based on the strategies, performance stang

tomanage p
shall be dev

detail in a FES can vary depending on the scale and corplexity of the installation an
installation life cycle when the risk management process is undertaken.

innex C.
For simpler installations, e.g. a wellhead platform or other small platforms with limited pr
5try experience for this type of facility.

For installations which are a.repeat of earlier designs, evaluations undertaken for the or
e reviewed to judge if they-are'sufficient to determine the measures needed to manage th

s, etc.

For installationsNin‘the early design phases, the evaluations will be less detailed than
uring later design phases.

bloped considering the following:

a)

functiopalparameters of the particular system, e.g. essential duties that the system is expect|

Complex installations, e.g. a large production platforim incorporating complex facilities, di
large accommodation modules, are likely to require detailed studies to address the fire and expl|
ents. Typical examples of some of the issues that:¢an be necessary to address for such installd

an be possible to rely on application of‘recognized codes and standards as a suitable base Y

n hazardous events, considering new knowledge, new technology, the environment, resq

uded
dous
risk
h are

5 the

d the

illing
osion
tions

ocess
vhich

ginal
e fire
rvoir

those

hired
ards

ed to

perform;

b)
‘)

integrity, reliability, and availability of the system;

required to fulfil its role;

d)

of the safety function when needed.

5.8.4 Verification

survivability of the system under the emergency conditions which might be present when it is

dependency on other systems or operational factors that might have an influence on the performance

The performance of the critical safety systems shall be verified for the life of the installation in order to
ensure that the strategies remain valid and to identify the need for any remedial action.
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Installation layout

Objectives

objectives of the layout on the installation are the following:

minimize the possibility of hazardous accumulations of flammable liquids and gases and to provide

for the rapid removal of any accumulations which do occur;
minimize the probability of ignition;
P s et 1 et et 1

eparate areas required to be non-hazardous from those designated as being hazardoy

q

inimize the consequences of fire and explosions;
r

ovide for adequate arrangements for escape and evacuation.

Functional requirements

event;

%)

ayout of an installation can have a major effect on the consequences of fires and ex

bveloping the layout of the installation, consideration shall be given to maximizi
nable, the separation by distance of the temporary refuge (TR), accommodation and|
be and rescue (EER) facilities from areas containing equipment handling hydrocarbon

dr separation by distance or the use of bagriers (floors and walls) can prevent the esca
plosion to another area. The provision of such barriers influences ventilation, access/eg
EDP system design, explosion resistance, and firewater demands. The interdepender
ms shall be considered during the/design of the installation. Any penetration of a barr

event escalation of a fire or explosion shall not jeopardize the integrity of the barrier.

€

cal safety systems (suchas.control stations, temporary refuge, muster areas, fire water
control panels) shall be'located where they are least likely to be affected by fires and ¢
Fto maintain their integrity and availability of the safety functions. In some situations, s
Id be designed to-withstand fire and explosions and be protected from the ingress of snj

llpeople on boatd have been safely evacuated or the situation has been brought under ¢

blowout préventer (BOP) diverter assemblies shall be able to perform their fung

1

to allow.it to be used under emergency conditions.

losions and

e arrangements required for EER. Consequently, for a newyinstallation or the modifjcation of an
ing installation, the impact of layout options on the FES\ghall be fully evaluated as a basis for the
tion of the design which, as far as reasonable, minimizes the risks of fire and explosioy.

g, as far as
evacuation,

5.

ation of fire
cape routes,
cy of safety
er provided

pumps, and
xplosions in
uch systems
10ke, at least
ontrol.

tions under

gency.conditions. This shall include the ability to initiate and operate this equipment during these

ent in order

cond{itions. €onsiderations shall also be given to location and operation of well kill equipm

The installation layout can result in equipment being at risk from impact of dropped objects or collisions.
The need to protect critical items of process equipment, especially where failure can result in a major

loss

7

7.1

of inventory, shall be considered to determine whether impact protection is required.

Emergency shutdown systems and blowdown

Objective

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

© ISO 2015 - All rights reserved
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7.2 Functional 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

isolate the installation from the major hydrocarbon inventories within pipelines and reservoirs which,

if released on failure, would pose an intolerable risk to personnel, environment, and the equipment,

of containment,

control

ubsurface safety valve(s), and

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

where 4

An ESD syst
which can b

If plantisin
which affect

Emergency
to dispose o
the quantity

Manual stat
prospect of
unintention

The ESD sy{
The ESD sy
order to ens|

8 Contrg

8.1 Obje(

The objectiy
gases follow

8.2 Funcf

Arrangemer
requiremen
far as reaso

ppropriate, depressurize hydrocarbon inventory and dispose of it to a safe location.

em shall be designed such that it is capable of fulfilling its function under the'condi
e experienced when the system is required to operate.

pperation, the essential shutdown functions shall be available during maintenance actiy
the operation of the ESD system.

Hepressurization (EDP) systems shall be considered for pressurized hydrocarbon sys
f the gaseous inventory in emergency conditions in order to redurce the duration of an ¢
of material released, or the likelihood of a pressure vessel failure in a fire.

ions for initiation of ESD shall be located in strategic positions which provide a
being able to use them in emergency conditions, be*well marked, and protected ag
al activation.

tem shall contain facilities for testing of both-ihput/output devices and internal funct
tem shall contain facilities for testing of bath input/output devices and internal functid
ure the functionality of the complete syStem.

] of ignition

'tive

e of the control of igrition is to minimize the likelihood of ignition of flammable liquid
ing a loss of contaifment.

rional requirements

its to mlinimize the likelihood of ignition shall be provided in accordance with
s of the FES. This shall include minimization of the number of potential ignition sourd
hable,

kions

rities

tems
vent,

cood
ainst

ions.
nsin

5 and

the
es as

The installation shall be classified into hazardous and non-hazardous areas in accordance with a
recognized standard or code.

Ignition of flammable liquid and gas leaks shall be minimized, providing equipment which is designed in
accordance with a recognized standard.

The need for isolation or protection of equipment in non-hazardous areas during gas emergencies shall
be considered in the FES.

Design measures or procedures to control the use of temporary equipment which can present ignition
sources shall be established.

Direct-fired equipment shall be located or protected to prevent ignition following loss of containment.

12
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9 Control of spills

9.1

Objective

The objective of the control of spills is to provide measures for containment and proper disposal of
flammable liquid spills.

9.2

Functional requirements

Arrangements for control of spills shall be provided in accordance with the requirements of the FES.

The
any
that
envil

Haz4

Haza

10 ]

10.1] Objective

The
failu

10.2
Eme}

Systd
dowl
suffi

Ane
shall
of th

Facil
redu

The ]
thein

Hesign of the drainage system shall limit the maximum spread of a spill and attempt
bscalation arising from the spill. Measures shall be provided for dealing with spills
have a source of flammable liquids so as to minimize the risk of fires and to avoid da
onment. Bunding, drain capacity, and fire seals shall be considered.

rdous and non-hazardous open drains shall be physically separate.

rdous closed drains shall be separate from all open drainage systems-

Emergency power systems

bbjective of the emergency power system is to pravide a reliable source of power in
e of the supply from the main source of electrical'power.

Functional requirements
'gency power shall be provided in aceerdance with the requirements of the FES.

ms requiring electrical power to.fulfil their functions and to allow the installation to b
1 and evacuated shall have assecure power supply of sufficient capacity and duration
Cient for effective management of the installation while main power generation is unay

mergency power supply of sufficient capacity and duration, independent of the main p
e main power supply.

ties shall belprovided to allow maintenance of the emergency power system without
Cing the functionality of the system.

ocationrand design of the emergency power systems shall ensure that they will be abl
fuhetion under the conditions which can be experienced when called upon to operate

to minimize
in all areas
mage to the

the event of

e safely shut
for a period
railable.

bwer supply,

be provided to allew the installation to be safely shut down and evacuated in the evemt of the loss

bignificantly

b to perform

Consideration shall be given to the facilities required to maintain control of drilling and well activities.
The consequences of loss of mains power during drilling and well activities shall be evaluated to ensure
that the emergency power systems, where necessary to allow essential equipment to remain available,

are s

uitable for use during an emergency.

11 Fire and gas (F&G) detection systems

11.1 Objectives

The objectives of the F&G detection system are the following:

— provide continuous automatic monitoring functions to alert personnel of the presence of a hazardous
fire or a flammable gas condition;
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— allow control actions to be initiated manually or automatically in order to minimize the likelihood
of escalation.

11.2 Functional requirements

A F&G detec

tion system shall be provided in accordance with the requirements of the FES.

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

The F&G de
conditions

Fire detecto(L'

All F&G fiel
use by arec

When neces
intakes to tH

The F&G det]
and executiy

Manually o
in a control

Alarm cond
visual signa

The F&G information required at the TR and controlstations shall be considered during the desi

the system.
those emerg

12 Active

12.1 Objeq
The objectiy

control

reduce {
escape {

BCUIOM deviTes Sitatt be Setected taking 1Tto acCcount thelr TESPOTSE Caracteristics an
Vhich can be experienced when detection is required.

s shall be selected to be suitable for detection of the types of fires that can occur in the

devices shall be suitable for the area in which they are located and shall\be approve
bgnized authority.

sary to prevent ignition of a gas in mechanically ventilated non-hazardous areas, th
lese areas shall be fitted with gas detection.

ection system shall have facilities to allow testing of field deviCes, system internal funct
e outputs.

erated devices to initiate F&G alarm and, where proyvided, control actions shall be avai
station.

tions requiring muster of personnel shall be idéntified by acoustic signals, supplement
[s in high noise areas where high noise level§will persist after ESD.

The F&G control system shall be designed, located, or protected so that it will be availal
encies where fire and gas detection-is required.

fire protection

rtives
es of the active-fire protection are the following:
fires and limit escalation;

he effects of a fire to allow personnel to undertake emergency response activities incl
hnd<éevacuation;

1 the

area.

d for

e air

ions,

lable

bd by

gn of
ble in

1ding

extingu
limit da

NOTE

L 1 £
SIT UIC TITT,

mage to structures and equipment.

Extinguishing a fire can lead to a significant hazard due to re-ignition.

12.2 Functional requirements

Active fire protection (AFP) systems shall be provided in accordance with the requirements of the FES.

AFP systems shall be designed, installed, and maintained in accordance with recognized standards
which shall be relevant to the particular application.

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

14
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The capacity and discharge density (or application rate) of AFP systems and equipment shall be
determined either by engineering evaluation or through use of a relevant recognized standard.

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.

131

13.1] Objectives

The
encld

ility of the system to fulfil its intended function.

tomatically initiated systems, a manual release station shall be provided and convenig
de the protected area.

nformation required at the control station shall be considered in the design of the AFE

tystems shall be returned to service following use. Where systems cannot be immediat
vice, alternative actions to minimize the fire risks shall be considered and implemg¢
pbpriate, before resumption of operations in the affected area.

The most effective way to limit escalation and damage iso)detect and control fires at a

ctice, fire control cannot be achieved until the source of fuel and ignition is isolated.

Passive fire protection

sures in order to

13.2

Pass
shall

— Ilmit escalation,

aintain functionality of eritical safety systems, and

illow emergency respense.

Functional réquirements

ve fire progection (PFP) shall be provided in accordance with the requirements of th
consider application of PFP to

—_— PO 2 Gtip1h yyo PO vanv.

separators, risers, piping, or other large inventories;

prevent spread of fire by provision of fire barriers to separate different fire areas;

all not affect

ntly located
system.
bly returned

nted where

h early stage.

pbjectives of passive fire protection are to reduce heat transfer to equipment, stryctures, and

e FES which

#such as from

— protect critical safety systems where they need to perform their functions under fire conditions and
they mightbe exposed to the fire either directly or to their enclosures (e.g. fire water pumps, ESD valves
and their actuators, piping supports for depressurisation, fire water systems and critical cables);

— protect critical structural members and in particular, those members essential to the support of the
TR(s), the evacuation routes to and from the TR(s), and other critical equipment;

— avoid collapse of tall structures and equipment onto TR and evacuation facilities;

— protect personnel in the TR(s) until safe evacuation can take place;
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protect escape routes to the TR(s) to allow for safe escape from the area and allow for emergency
response activities;

protect any sections of the evacuation routes from the TR(s) to the locations used for installation
evacuation.

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.

Selection of the PFP systems shall take into account the duration of protection required, type of fire

which can b PYpPFiPn(‘Pd' and the limifing temperature for the cfrn(‘h]rpl/pqnipmpnf to he protec red.

14 Explosion mitigation and protection measures

14.1 Objegtive

The objectivie of the explosion mitigation and protection is to reduce to an acceptable level the probability

of an explosjon affecting critical safety systems and other areas of the installation.

14.2 Functional requirements

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

requirements of the FES. These measures shall consider the follewing requirements:

a) reducinlr the probability of an explosion occurring;

b) controlling an explosion by techniques that reduce explosion loads;

c) mitigating the consequences of an explosion amd reduce the likelihood of escalation as a resplt of
explosign loads.

As input to the FES, an evaluation of explosiénjloads shall be performed and an assessment made gf the

ability of crifical structures and equipment to withstand these explosion loads. The evaluation shal] also

identify the [potential for escalation as-aresult of

— damage to the primary structure,

— impairment of critical safety’systems, and

— fire that occurs after-an‘explosion.

The evaluatjon used«o develop the FES shall determine the explosion design loads for all areas where

there is the|potential for a gas or vapour-cloud explosion. The evaluation shall identify those parts of

the installation{wtich are required to withstand these design loads (e.g. structures and boundpries

required to ptaintain their integrity, major equipment, piping systems, or critical safety systems).

Measures to reduce gas cloud size or explosion loads (e.g. relief panels, openings, deluge, suppression
systems, and curtains) shall be evaluated.

Functional requirements for passive explosion protection, when required by the FES, shall be expressed
as pressure loads as a function of time. These loads shall be generated either from experimental/test
data or from suitable computational models. A suitable analysis methodology shall be used to assess the
response of structure and equipment to the predicted dynamic pressure loads.

The primary structure, walls, floors, and safety systems essential to the temporary refuge shall be
designed to have the maximum reasonable capacity to limit the consequences of explosions.
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15 Response to fires and explosions

15.1 Objectives

The objective is to provide the facilities to which will allow people manage fires 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.
Con erthythe H H-te-Hi e-of peopletnvelvedinmanagingfireant explosions

a) Automating shutdown and control actions to limit the need for staff on the location.to mpke complex
decisions in an emergency situation. When manual initiation is used, the systems shall pe simple to
¢perate and shall not require operators to make complex or non-routine-decisions. Orjce initiated,
a1l control actions shall occur automatically.

b) Presenting critical information at a control station so that persoanel involved in managing an
¢mergency have the information they need.

c) Providing the functions and controls that will allow those on'the location to initiate any emergency
dctions they decide is needed.

d) locatingany emergency controls or equipment that arexequired for operation in a fire ¢r explosion,
juch that there is a good prospect of being able to use them under emergency conditions.

e) Limiting the amount of physical and mental effort required to perform their emergency response
role effectively.

Thoge required to perform safety critical actions shall have the proven ability to perform their roles
unddr conditions representative of an emergency. Regular training, exercises, and drills shall be used to
maintain the necessary skill levels.

Religble means shall be provided‘to allow communications between locations that can be pccupied, or
need|to be occupied, under emergency conditions.

Typigal issues that should be-considered in the design of the control room/operator interface arg given in C.6.

16 Inspection, testing, and maintenance

16.1 Objective

The pbjective of the inspection, testing, and maintenance is to inspect, test, and maintain $ystems and
equipment covered by this International Standard to ensure that they are fit for purpose.

16.2 Functional requirements

Safety systems covered by this International Standard shall have facilities to allow demonstration of the
functionality of the total system in as realistic an environment as is reasonable to achieve.

As part of an overall HS&E management system, each operator shall establish effective operations,
inspection, testing, and maintenance procedures. This shall ensure the functional requirements of
the equipment and systems as described in the performance standards are maintained. This shall
be achieved by implementation of suitable maintenance, inspection, and testing schemes, taking due
account of the safety of personnel, protection of the environment, and compliance with any local
regulatory requirements.
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In order to provide effective procedures, it is necessary for the following to be carried out.

a)

b)

c)

d)

f)
g)
h)

18

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

Written scheme shall be prepared, detailing the inspection, testing, and maintenance routines and
frequencies to be followed.

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
satisfactorily.

Adequate records of the results of the inspection, testing, and maintenance shall be kepll and
shall bg 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 latgst inspection/test report shall be available on the installation.
Use,impairment, and restoration of equipment or systems shall be recordedand reported asappropfiate.

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

General

Whille good techniques exist to calculate the loadings and responses to some of the hazaf]
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h can occur, others are still the subject of research. A comprehensive description of
bxplosion hazards is given in the UK Oil and Gas Fire and Explosion Guidance? Som
res of fires and explosions are given in this Annex.

Fire events

pl fire is the turbulent diffusion fire burning above a horizontal pool of vaporizing hydr
r conditions where the fuel has zero or very low initial monientum. There is a degree
een the fire and the fuel which controls the rate of evapofation and hence, the size of]
" characteristics such as flame height and smoke produétion rates. A pool fire is nof]
c and can spread or contract depending on the supplyiof fuel. Depletion of fuel can ¢

velop depending on the properties of the fuel (eg. flash and fire point), as well as the t
e release, and cannot be eliminated quickly byrisolating the fuel supply.

ral area deluge in combination with foam additives can be very effective in controlling |
fires and mitigating the consequencesiFhe foam will form a protective top layer betj
he fuel and thereby reducing or suppressing the fire.

ling liquid fires are broadly similar'to pool fires in that they rely on thermal feedback frq

involving liquids such as methanol are very different to hydrocarbon liquid fires. The f
hous, the height is much smaller with lower radiative emissions and lower heat fluxeg
ts than typical hydrocarbon liquid fires.

d fires from spillS or subsea releases, especially involving less volatile hydrocarbons,
hite but oncedestablished will behave in a similar manner to a pool fire. Subsea releas

ted bywind.

dous events
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are difficult
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gas-oil ratio condensates), if ignited, will give rise to a weakly turbulent diffusion flame strongly

An ig

rnited pressurized release of a gaseous material will give rise to a jet fire. In the op|

en, this will

give
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sly released

with some significant momentum in a particular direction. In jet fires, there is the absence of any direct
feedback from the fire to the source. The behaviour of a jet fire in a confined or partially confined area
will depend on the degree of confinement.

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 might
also be external flaming which might 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 incident thermal radiation to the surroundings, which will aid protection of adjacent plant and aid
escape by personnel
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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.

An ignited release of a pressurized liquid/gas mixture will give rise to a two-phase jet fire. As 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 suppression of the incident thermal radiation to the surroundings.

Fire impingement on a vessel containing a pressurized liquefied gas causes the pressure torise within the
vessel and the vessel wall to weaken. Even within a short timeframe, this can lead to catastrophic failure

and the tot3
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This eventg
to other equ
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fire is a fire involving materials such as rags, paper, and wood. In addition, many su
on walls, floors, and ceilings give the same type of fire. The fire grows by-heat transfe
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psion events
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istion). The rapid combustion of hydrocarbon vapours and mists in air represents the 1
ncern on an offshore installation and has _aspotential to generate high overpressure;
sion wind (drag) inside the explosion, as.well as blast waves propagating away fror
urce.
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I cloud explosions can-occur in enclosed volumes such as process equipment or pipes.

however, requires that vapour/mist to be present in a flammable mixture with air (or oxidizer) insid
Dffshore, vapour/mist explosions more commonly occur as a result of a loss of containient,
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explosion loads.

This
e the

ned)
mes
juent
. For

nsion due to the confinement) and is less volumg

local

Vapour/mist explosions in less confined 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 outside the flame, 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.
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For the most severe explosion scenarios with large vapour/mist clouds and high flame speeds due to
congestion, a deflagration to detonation transition (DDT) could take place, which would result in very

high

explosion loads.

Large components of structure, such as walls and solid decks, experience loads due to the pressure
differential across the structure. Typically, there can be localized regions of high overpressure with
lower values of average pressure acting on large components. This effect depends on the size of the area
and on the degree of confinement. Very open (large) areas are likely to experience larger differences in
local and global (average) pressures than more enclosed (smaller) areas. These load variations across
large objects need to be taken into account when structural response to explosions is calculated.
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nagnitude of the differential pressure load are reduced. For smaller objects such as pipin
e very rapid and except when exposed to very strong/sharp blast waves, the loading(can b
pstimated by the dynamic pressure associated with the gas flow in the explosion-(the drag

Potential ignition sources

| General

on occurs when there is sufficient energy to initiate a chain chemical reaction leading to
rsinfluencing resultant combustion from a given ignition sgunce include temperature, ex
nergy. Ignition sources that can be present in offshore installations are discussed in A.4

A

Chemical reactions

hical reactions can produce heat. This heat canignite flammable materials and pro

llation is auto-ignition of oil-soaked lagging on hot pipework.

ore facilities where hydrogen sulphide-is present can develop pyrophoriciron sulphide
Frosion of steel in the absence of-0xygen. This is a highly reduced form of iron sulphidg
ert to a more stable form on expoesure to air with the release of heat which can cause
pw and ignite any hydrocarban (HC) which can be present.

B Electric sparks andJarcs

lectric spark is a.discharge of electric current across a gap between two differer
ts. Although static electricity and lightning are forms of electric sparks, they are listed
on sources to emphasize their importance. Electric sparks from many of the electr

's whenian electric circuit carrying current is interrupted, either intentionally as by
entally:as when a contact or terminal becomes loosened or a current-carrying conduct
res’of electric sparks and arcs can be the following:

and usually,
g, this effect
e reasonably
y load).

combustion.
posure time,
12 to A.4.9.

ducts of the

ical reaction or nearby materials. An exampléof a chemical reaction that might occur or an offshore

as a product
b, which will
the material

tly charged
as separate
cal supplies
electric arc
a switch or
D1 is broken.

i
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electric motors and generators;

electric wiring and equipment malfunctions;
electric arc welding;
storage batteries;

fired equipment ignition devices;

nternal combustion engine electrical systems;

ighting fixtures;

2015 - All rights reserved

switches, relays, and other arcing components of electric circuits under normal operating conditions;
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— radio-frequency energy;

— impressed current cathodic protection systems.

A.4.4 Mechanical sparks

Mechanical spark is energy generated by mechanical friction created by metal tools and falling objects.

This energy

is likely to be high enough to ignite a flammable mixture.

A.4.5 Lightning

Lightning iwmmmmm or
on the earth. Lightning can develop very high temperatures in any material of high resistanc®in its
path. Lightnjing tends to discharge to high points such as antennae and flare/vent stacks. The design of
offshore installations usually ensures that lightning is not a major source of hazard except to’somg well
operations involving explosives and at any unignited vent.

A.4.6 Static electrical sparks

If two objetts in close proximity move relatively to each other, the objects’sometimes colle¢t an
electric charge through friction or induction. Similarly, electric chargesc€an be generated by rapid
flow of gases or liquids.

If the objectp are not earthed, grounded, or bonded, they can accumulate sufficient electric chargeg that
a spark disgharge can occur. These static electrical sparks are normally of very short duration and do
not produce|sufficient heat to ignite ordinary combustible materials, such as paper. Some, howeve, are
capable of igniting flammable vapours and gases. This situation is more common in a dry atmosphere.
Static electrfical sparks can be a problem in situations such'as the following:

— fuelling|operations;

— filling cpntainers, tanks, and pressure vessels;

— high flufd exit velocities (high-pressurefwater sprays, gas jets);

— drive belt operation;

— shot blalsting;

— steam c]eaning;

— snowstgrm;

— static a¢cumulation on personnel;

— static agcumtilation related to use of glass reinforced plastic/fibre reinforced plastic, e.g. grating;
— developiment of charges in plastic packaging

A.4.7 Flame

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

22

hydrocarbon flaring;

fired equipment (boilers, heaters);
gas welding and cutting;

engine operation;

exhaust backfire and exhaust gases;
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combustion chamber (burnback to air inlet if gas is present);
personnel smoking particularly matches and lighters;

heating and cooking appliances.

A.4.8 Hot surfaces

Hot surfaces can be a source of ignition. These sources can include the following:

welding slag and hot metal particles (sparks);

fired vessel stacks;

ot processing piping and equipment;

¢ngine exhaust systems;

lhigh-temperature electrical devices, such as incandescent lighting fixtures'or heating ¢
firictional heat such as slipping belt against a pulley, un-lubricated bearings;

lheating and cooking appliances;

¢lothes dryers and exhaust systems.

A.4.9 Heat of compression

If a flammable mixture is compressed rapidly, it will ignite when the heat generated by the ¢
action is sufficient to raise the temperature of the mixture to its ignition point. Combustion

heatof compression can occur when hydrocarbotivapours or gases are mixed with air und
such(as the following:

proper purging of pressure vessels;and other equipment when introducing hydrocar

lements;

ompressing
hs a result of
er situations

bons;

acking or seal failure that allows-Supply air to mix with supply or process hydrocarbojns;

bricating system failuredinair compressors;

ddmission of air into the.suction of hydrocarbon gas compressors.
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Annex B
(normative)

Guidelines to the control and mitigation of fires and explosions

B.1 Installation layout

The install
likelihood

ingress of s
be such as t
occupied du
processing {

ﬂzion should be oriented so that, if there is a dominant wind direction, it will minimize the
f a gas release or smoke drifting towards the accommodation and evacuatiemnpoints. If
hoke or gas into the accommodation is possible, the design of any ventilation system should
b minimize the likelihood of contamination of the inside of the accommodation and spaces
ring emergencies. On installations where the accommodation is on the safite structure gs the

acilities, consideration should be given to the appropriate siting of the accommodatipn to

minimize th
on a lower 14

The amount]

e likelihood ofimpairmentby firesand explosions. In some cases, locating the accommod
bvel of the installation can be appropriate.

of venting available and the degree of congestion in the area of the explosion signific

htion

hntly

influence the severity of an explosion.

Examples which illustrate the effect of module geometry on explosions are provided in B.10 and B|11.

In this respect, the following points should be considered:

a) long and narrow modules, enclosed on the long side;containing pressurized hydrocarbon systems
should be avoided, as large distance between possible ignition points and the vent can contrjbute
to high jover pressures. If long, narrow module§ cannot be avoided, vents or open areas should be
located|in the longer walls;

b) explosign pressure is dependent on blockage, so blockage should be reduced;

c) repeated obstacles (vessels transyérse to ventilation path, see Figure B.1) should be avoided. If this
cannot be achieved, vent openings-along the wall with the repeated obstacles should be provided.

Where explpsion vents are provided, the vents should be located to minimize the distance between

any potential source of ignition-and the vent. The vents themselves should have the maximum pogsible

free area. The arrangement\of equipment in an area, and particularly near the vent, can have a major

influence on the peak overpressures expected in an area.

bsion
nore,

Critical safely systems’/and vulnerable process equipment should not be located in the path of expl
vents, due td possible damage by blast effects (overpressure, drag forces, and flying debris). Furthery
such equipnllent should not be placed close to walls which can be displaced in an explosion.

Cable trays, junction boxes, piping, and miscellaneous equipment should not be allowed to block the
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 thatloss 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
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ESD 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 installation design should consider how an ignited blowout can be handled should such an event
occur on the installation. Consideration should be given to the strategy for well killing and interaction
with and role of any multipurpose support vessel which can be available during emergencies.

Effective ventilation of hazardous areas will aid dispersion of small releases, reduce the likelihood of
flammable atmospheres accumulating, and minimize the duration of any accumulations which do occur.

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

Vent
haza

Whe
area
non-

B.2

ESD

elect]
func
statd

ESD
area

lation discharges from hazardous areas should be located so that any emissions willn
rd to personnel during normal operations and under emergency conditions.

Fe utilities, such as cooling water, are shared by process systems and equipment‘in no
5, the utility system should be designed to prevent migration of flammable\liquids an|
hazardous areas.

Emergency shutdown and blowdown systems

ronic, electrical, pneumatic, and hydraulic systems. Whatever configuration is s
ionality, performance, and integrity should ensure that the system is capable of fulfilli
d in the FES.

systems should be designed in accordance with(recognized codes or standards appl
of operation. Methods of determining functional requirements for electrical, ele

ot present a

h-hazardous
d gases into

bystems can be based on one or more of a range of technologiés including programmable electronic,

elected, the
hg its role as

cable to the
Ctronic, and

be achieved
rmining the

rammable electronic systems and guidance 6n how these functional requirements can
iven in IEC 61511-1. Loss of power or key~input signals should be considered in dete
pility of the ESD system.

prog
are g
relia

Thei
Inm
achie
powd

mpact ofloss of power and input signals on the functionality of the ESD system should bq considered.
hny applications, this can require-that the ESD system is inherently “fail safe”, such thaf the system
ves a safe condition. For more, information on hydraulic and pneumatic systems which can supply
br for ESD system operatign) see B.12.

Simpllicity of operation and'maintenance should be considered in system design.

The
cons

requirements fof-ESD actions with regard to drilling and well-servicing activities peed special
deration. Manualinitiation of ESD actions, which affect drilling or well-service operati¢ns, is usual.

Platf]
dow]

pbrm-based wells capable of flowing to surface should be separated from the platform hy automatic
hhole safety devices. ESD valves on incoming pipeline risers and well heads should be provided.
The requirements for boundary isolations should also address the needs of any gas-lift lings. Riser ESD
valvgsccan be necessary to be supplemented by subsea isolation valves to limit the duration of leaks
assoctatedwithfattureof ariser—Fhepotentiatbenefitof stehvatvesinctuding thosec port pipelines
should

CO W e PO e " e o o

the F

e considered in developing ES.
ESD valves within the topsides process systems can be required to limit the amount of hydrocarbons
released onloss of containment, to separate systems with differing operating conditions, and to facilitate
EDP system design. ESD valves having a role in a fire scenario and EDP valves should have adequate fire

protection in order for the valves to fulfil their role.

Fast effective EDP can reduce the duration of jet fires to the extent that the need for or the amount of
active and passive fire protection (AFP/PFP) can be reduced or omitted for some events. Reduction in
system pressure by EDP will also reduce the leakage rates. Critical EDP pipework and supports should
be able to withstand the fire loads it can be exposed to until it has performed its function.

EDP may be initiated either manually or automatically, but automatic systems are generally preferred
where a delay in initiating EDP presents a significant risk to personnel or the installation. A sequenced
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EDP can be required on some installations to limit the peak flow rates in the vent or flare system. Where
sequenced EDP is used, the failure modes of the timer systems should be considered to ensure that the
overall 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/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/gas mixtures on the installation in the event of unignited

flare. A roby

The possibi
Release fron
anywhere o
be permitte
the installat

The provisid
is engulfed
initiated at {
system. W

h|
additional f(frms of protection such as AFP/PFP should also be considered.

ESD and EI
appropriate

The maintel
facilities to §
maintenanc
special pred
some cases,
installation

B.3 Cont

Potential ignition sources are described in Annex A.

Ventilation
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ity of an unintended ignition should be taken into account in the design of theceold
h a cold vent should not endanger helicopter operations or cause ignitable gas concentra
h interfacing areas unless designed accordingly. Local venting of hazardous gases shoul
d unless it can be done without hazard to the personnel (including occupational healf
ion.

n of an EDP system can possibly not in itself be sufficient to preverntvessel failure if a v
n a fire. Protection provided by EDP systems will normally only be effective if the E
he earliest opportunity, which is likely to require automaticinitiation by the F&G dete
re an assessment indicates that such pressure vessel failures present a significant

P valves should be accessible and equipped with *pesition indicators locally and W
Valve-position indication should also be available‘at the control station.

nance and testing requirements should be addressed during the design and the nece;
e and testing are not possible without significantly reducing the functionality of the syj
autions and procedures should be developed to maintain an equivalent level of safe

this can require that maintenancé.and testing operations are only performed whe
is shut down.

ol of ignition

rates in open-installation will vary considerably with weather conditions and la

Considerati

In undertakfing a hazandous area classification of the installation, the main factors affecting the zq

n of a mixtufe'of free and forced ventilation can be necessary.

vent.
kions
d not
h) or

essel
DP is
ction
risk,

rhere

sary

llow these activities without significantly réducing the level of safety should be provided. If

tem,
Ly. In
h the

[yout.

ning

and the extént of.the zones are the source and grade of and likely frequency and duration of a release,

the charact¢ristics of the fluid released and the ventilation in the area of the release. Hazardous

classificatio

area

is intended to be applied when there can be a risk of ignition due to the presence of

flammable gas and vapour mixed with air under normal conditions. It does not address major releases.
The extent of each hazardous area or zone should be determined using a recognized standard, such as
IEC 60079-10, IEC 61892-7, Reference [38], APIRP 500, or API RP 505. Under major gas release scenarios,
the extent of the gas cloud can be larger than the area classification from the application of relevant
standards. For these cases, consideration should be given to the following:

selecting equipment outside hazardous areas suitable for operation when gas can be present;

increasing the rating of equipment which might be required to operate when gas is present (e.g. from
Zone 2 to Zone 1);

tripping of non-emergency systems and equipment that might be a potential source of ignition;

preventing gas ingress into enclosures containing ignition sources.
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The application of this International Standard or code should be recognized and consideration given
to an increased level of protection or isolation by the ESD system in the event of a loss of containment
providing a risk of escalation.

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 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
cont tes for non-
haza
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htion in a hazardous area, should be terminated in a non-hazardous area and directed away from

ectrical equipment should be suitable for use in the area in which it is installed.taking
cation and the possible effects of environmental conditions or mechanical damage.

ideration should be given to minimizing the amount of electrical ‘equipment
rdous areas.

rical equipment in naturally ventilated areas which is required to'eperate during a ga
Id be suitable for a Zone 1 area in accordance with IEC 61892-7)For electrical equipm
red to remain energised in an emergency, facilities should.be provided to selectively
manually or automatically in alignment with the ESD ghilosophy. Consideration sho
pping, either automatically or manually, all non-safety-gritical equipment once gas is g
hazardous area.

lectrical equipment and hot surfaces can also be potential ignition sources. Precauti

pbment is in use. This is also applicable for anyjreombustion engines not required during aj
ion even if rated for hazardous area operation.

st outlets from turbines, combustion engines and fired units that are not specially

azardous area. Where possible; this type of equipment should be located in non-hazard
rically driven alternative bewused.

5 should be designed 'and installed in accordance with a recognized standard, such as §

] engines that-d® not immediately shutdown upon gas detection anywhere on the
Ild be provided\with a flame arrestor in the combustion air inlet. In addition, dies¢

iesel engine can continue to operate if gas can realistically reach the area in an eme
Includesolation of non-suitable electrical components, over-speed protection, spark g
taining hot surfaces below auto-ignition temperature.

nto account

nstalled in

5 emergency
ent which is
¥ disconnect
hld be given
etectedin a

ons, such as

matic shutdown, should be provided to prevént ignition if a gas release should occyir while the

L emergency

lesigned for

Ous areas or

el engines can provide a solirce of ignition for flammable vapours. Diesel engineslocated in hazardous

N 1834.

installation
| engines in

nazardous ‘areas powering critical safety systems should be provided with protecti¢on such that

rgency. This
rrestor, and

Turbine-driven process equipment can represent a significant ignition source which needs special
consideration in line with ISO 21789 requirements. The combustion air and ventilation air intakes
should be located as far away from hazardous areas as practicable. Electric-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 considered to initiate the actions needed to prevent
ignition of oil mists on the hot surfaces in the enclosure. Detailed information on ventilation, detection,
and ignition control is given in ISO 21789.
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The integrity of physical barriers between hazardous and non-hazardous areas is important to prevent
gas and smoke migration to non-hazardous areas. Penetrations between such areas should be kept to a
minimum and any penetrations for piping, cables, ducts, etc. should be adequately sealed. For heating,
ventilation, and air conditioning (HVAC) penetrations, dampers, where provided, or ductwork should be
of the same fire integrity as the boundary through which any ductwork passes.

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 might be required if
nonconductive materials (including surface coating) are applied, (i.e. connection to earth might not be
sufficient) e.g. fibre-reinforced grating.

Static elect
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fuelling|loperations;

filling cpntainers, tanks, and vessels;

high flujd velocities (high water sprays, gas jets);

shot blasting;

steam c|eaning.

Guidance on these questions is given in API RP 2003 and EN 13463.

Portable or
Where this
this equipm

temporary equipment for use in hazardous areas should be suitable for use in such greas.
s not possible, additional precautions should be intréduced to minimize the likelihood that
ent will ignite a release of hydrocarbons.

B.4 Control of spills

The capacity
and/or fire-
blockage wh
spreading fi

Separatelar
In order to ]
which disch

Considerati

h of the drainage system should be sufficient to handle credible spills coincident with d
fighting activities. The design of .dpainage systems should make allowance for pos
ich can restrict the capacity of the)system and it should be designed to prevent burnin
re to other areas.

per drainage systems canbehecessary to control major releases and any associated firew
imit the size of drainage-recovery systems, it can be acceptable to provide firewater d
hrge fire-water dirgctly to the sea.

n should be given’to the role of the drainage system to prevent a major hydrocarbon|

eluge
sible
v fuel

rater.
rains

spill

accumulating under vessgels‘or contaminating lower levels of the installation.

Consideratipn should.be given to the need to prevent fires spreading to sea level where they can gffect

the integrity of the'installation-supporting structure and impede evacuation.

Helidecks should be designed to quickly remove spills of aviation fuel from the vicinity of the airjcraft

without impeding the escape routes.

On some installations, hazardous and non-hazardous open drains might terminate in a common caisson
or sump. This is acceptable provided that backflow into the non-hazardous open drains is prevented (in
both normal and emergency conditions), for example, by routing the drainpipe below sea/liquid level.
Where such an arrangement is used, care is needed to ensure backflow does not occur due to corrosion
of non-hazardous drains pipework. Consideration should be given to the marking of drain lines to avoid
non-hazardous drains being used for hazardous fluids and highlight those hazardous drains which
could be affected by operational or maintenance activities.

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.
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Storage arrangements for movable containers of flammable liquids should take into account the
possibility of leaks or spills and measures for handling these should be in place.

B.5

Emergency power systems

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

emergency generator;

emergency conditions;

installation mains power generation provided that it can reliably provide power under

q
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ables with suitable integrity from land or other installations;

attery systems;

r some combinations of these.

mall simple installations, it can be possible to rely entirely on battery systems.
details of typical emergency electrical power requirements aresgiven in C.1.

ideration should be given in the design of the emergency power system to ensure th
lequate arrangements to provide a reliable source of powgerduring maintenance of th¢
br system. The design of the emergency electrical<power system should considg
matic-start arrangements to avoid the need for man@alintervention during emergency

rgency lighting should be provided on routes which may be used for escape and evacug
e places where personnel will muster. Where emergency lighting is predominantly supp
gency generator, a portion of the light fittihgs should also have battery backup.
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der to manage evacuation of the installation, radio communications are required,
unications equipment with independent battery supplies should be provided.

ration of the uninterruptable power supply (UPS) to systems such as the emergency |
‘tion system, emergency conimunications, ESD systems, etc. should be designed to ¢
gency conditions which can be experienced. Where UPS systems are selected, they sh
br for a period considerably longer than the TR endurance time to cater for those e}
pdiate evacuation is.nnecessary or not practical.

navigational aid$-should be provided with independent battery supplies.

ng for systems supplied with emergency power should be of a standard that will alloy
erate longyenough to perform its role under the conditions which might be experienc
gency power is required and should be routed to minimize damage.

be-control valves and other critical valves may be held in the closed position by the
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> loss of the

instrument 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 include the following:

— i

i

© ISO

solate the installation from the reservoir and pipelines;

nitiate EDP;
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isolate electrical equipment to prevent further development of electrical fires;

initiate shutdown of ventilation system, including isolation of air intake, to minimize ingress of
smoke or flammable gas;

initiate isolation of electrical equipment and other potential ignition sources upon detection of
flammable gas to minimize the risk of ignition;

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

initiate muster of personnel.

For installafions with toXic gas hazards, toxic gas detection can also be required if the F&G deteftion
system cannot be relied on to detect a toxic gas situation in time to allow appropriate actions and.esgape.
The requirements for toxic gas detection and the response to toxic gas situations are not covered in this
Internationgl Standard.
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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.

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.

Information on the level or quantity of gas present in an area should be available at a control station.

Where toxic gas detection is required for personnel protection, consideration should be given to the
integration of the system into the overall F&G detection system.

The F&G detection system should be capable of operating under the conditions to be experienced at the
time that the F&G detection is needed.
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The F&G detection system should contain test facilities. Faults of detection systems should, once
detected, raise an alarm at a control station.

Following the installation of the F&G detection system, there should be a review to confirm that the
layout of detectors is able to provide an adequate response.

Manual call points should be provided at convenient locations around the installation to allow personnel
to initiate an alarm of a hazardous situation and allow rapid initiation of any necessary control actions.

Where there is a likelihood of smoke and flammable or toxic gas affecting the TR, the F&G detection
system should be designed to provide signals to allow effective shutdown of the ventilation systems,

inclu ing isolation of air intake before impairment of the TR occurs

F&G
to the area of operation to achieve the level of performance stated in the FES. Methods of
requjrements for electrical, electronic, and programmable electronic systems_dnd guida
thes¢ requirements can be achieved are given in IEC 61511-1. Loss of power or’key input si
be cansidered in determining the reliability of the F&G detection system. Fire-detection sy
CCTY with embedded software to detect heat shimmer can be considered:

Where provided, the F&G detection system should be designed to perform the following fu

a)

b)

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

Typi¢al-applications of fire/gas detectors are given in C.2.

Hetection systems should be designed in accordance with recognized codes and standar{

monitoring

1+ detect hazardous accumulations of flammable gases/6il mist;

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

1+ detect fires at an early stage;

1+ detect ingress of smoke and flammable gas into places where they might present a
1+ permit manual initiation of alarm;

alarm

— indicate the location of any fire or hazardous accumulation of flammable gaseous ¢
+- immediately alert péople of possible fire or gas incident;
¢ontrol action

+ immediatelyyinitiate appropriate control actions.

Is applicable
letermining
nce on how
bnals should
stems using

hctions:

hazard;

r oil mist;

rmonization

B.7 Typical audible and visual alarms

Table B.1 presents guidance on audible and visual alarms thatis beingadopted in some offshore 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 areas
where high noise level is expected in emergency situations.
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Table B.1 — Alarms

Alarm type Primary Supplementary
Muster Intermittent signal of constant frequency Flashing yellow
Prepare to abandon Continuous signal of variable frequency Flashing yellow
Toxic Continuous signal of constant frequency Flashing red in affected area
NOTE The International Maritime Organization’s Code of Alarms and Indicators (resolution A.1021(26)0) is
applicable to many mobile offshore units.
B.8 Active fire protection
B.8.1 Gerleral
Initiation off AFP systems can be automatic, manual, or both. The means of activation depend on the
expected lo¢ation, size, and type of fire and the fire-response strategy for the installation.
Many consiferations influence the selection of AFP systems, e.g. the siz€-and complexity of the
installation)the nature of the operations, availability of external fire-resporise‘equipment, and the fire-
response strategy adopted by the operator.
The guidelines in B.8.2 to B.8.13 are not intended to imply that all of&he’AFP systems described wijill be
needed on a|particular installation.
C.3 provide$ guidance on the selection of AFP systems for typical areas on a large integrated offghore
installation jand also gives examples of application rates of water-based AFP systems.
Normally, upattended installations might not have fixed active protection systems and the safgty of
people visiting the installation shall be 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 so ps to
operate for § minimum period sufficientfor them to fulfil their functions.
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 shquld identify theaiumber of fire-water pumps required and the arrangement necessajry to
provide a reliable supplyeffire-water. This should consider situations such as when a fire-water pump
unit is unavailable due>to maintenance or breakdown. On normally manned installations, thig can
require at lgast two.independent pump units.
If more thar|oné fire-water pump is provided, fire-water pump units should be designed to minimiZe the
risk of commomwmode 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 not affected.

Suitable arrangements should be provided to allow verification of fire-water pump system performance
over the full range of the fire-water pump curve.

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.

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

Fire detection at the fire-water pump should not stop the pump or inhibit the start of the fire-water pump
driver. Confirmed hydrocarbon detection in the air inlet of the driver should inhibit the pump start.
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If not running continuously, the system should be designed to start automatically in a fire emergency. In
addition, facilities should be provided for local and remote manual start of the pumps, e.g. CCR, helideck.

If the connection to the control room is lost, the fire-water pumps should start automatically.

The fire-water pump system should be located, or protected, so that it is able to supply water in a fire
emergency. Protection against damage of associated power cables, hydraulic/piping, and control circuits
should be considered.

Fire-water pump units required to operate when gas is present should be designed to be suitable for

such

operation.
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B Fire-water mains

bs to the points of use. The fire-water mains should be.designed to avoid internal corrosi
5sible, e.g. by material selection and/or avoiding dead legs, and provide an adequat
r to the discharge points at the required pressure.

water mains can be dry or filled. The speed:ofresponse required should be considered ]
fire-water mains should be filled and pressurized.

water mains should be equipped with-an adequate number of shut-off valves to alloy
hains and branches from the mains:to be isolated. Easy access for operation of these v
ovided. In developing the FES, incidents which could result in damage to the fire mail
dered. Where necessary, fireswater mains should be routed or protected to avoid such
n should consider whethérarrangements are necessary to provide adequate fire prot
tion of the fire mains is'isblated due to damage or maintenance.

water mains shouldbe designed using arecognized technique for the hydraulic analysis of
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ge pipeworkand equipment. The need for surge protection should be considered in the sy
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problem of corrosion under any insulation provided.

The fire-water mains should be provided with suitable arrangements to permit testing of the pump
units and the fire-water mains under full operating conditions to verify performance and determine any
deterioration in capacity.

Selection of piping and valving materials and their proper installation is critical to the integrity and
reliability of a fire-water system.

Materials readily rendered ineffective by heat should not be used for dry fire-water mains and fittings,
unless provided with adequate fireproof insulation or otherwise protected.
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B.8.4 Fixed deluge systems

Fixed deluge systems may be provided to

— control pool fires and thus, reduce the likelihood of escalation,

— provide cooling of equipment and structures not impinged by jet fires,
— provide a means to apply foam to extinguish hydrocarbon pool fires,

— limit effects of fires to facilitate emergency response and EER activities, and

— reduce XpIOSION OVErPressure.
The four braad types of deluge protection include the following:

a) area prptection designed to provide non-specific coverage of pipework and equipment wjithin
hydrocgrbon-handling areas;

b) equipment protection designed to provide dedicated coverage of critical equipment such as vessels
and welll heads;

c) structural protection designed to provide dedicated coverage of structiuiral members;

d) water durtains to reduce thermal radiation and to control thesmovement of smoke in order to
provide|protection to personnel during escape and evacuation;

Fixed delugg 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 anf the
system shoyld be engineered accordingly.

The water pressure available at the inlet to the system or an individual section should be sufficient for
the efficientjoperation 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 the systein during the fire events apd'the environmental conditions which can occur.

The sizes of|nozzle and associated pipework should be selected to avoid blockage caused by corrpsion
products or|build-up of salt deposits after operation and testing. Self-draining design is an impoftant
feature in this respect.

The location] and orientatien of deluge nozzles should be defined so that the required quantity of water
will impinge on surfaeegto be protected. Due account should be taken of the effects of obstruction$ and
air movements on théstream of droplets.

For systems|where local manual initiation is unlikely to be adequate, remote operation should be proyided
from a contrplstation atwhich the operating status ofthe system (e.g. deluge valve open/closed) is indidated.

I[solation of any automatically operated deluge system should be possible by means of a manually
operated valve located outside the protected area.

Piping should be designed to be robust and should be adequately secured and supported. The effects of
surge should be considered. Consideration should be given to protecting deluge pipework against the
effects of fires and explosions.

Means should be provided to enable the testing of deluge valve performance without discharging fire-
water through the pipework and nozzles.

Fixed deluge protection should be considered for temporary equipment such as well test packages.
The design of the installation fire-water pumping system should consider the needs of any anticipated
temporary deluge systems.
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The discharge effects from the deluge system should be considered in selection of equipment to prevent
water ingress causing impairment (for example, the effects of water on electrical equipment and PFP).

For floating installations, the additional mass of water held-up in kerbed or bunded areas can potentially
affect stability of ballasting and should be considered.

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
apprppriate dropietsize gistribution:

The mechanism by which the water-mist extinguishes a fire is by the action of heat ex{raction and
oxygen displacement within the flame. It is necessary for the water-mist to interact with flaming fires of
a cerftain size to obtain a protection similar to gaseous extinguishing systems.

Condiderations which should be addressed in evaluation of the use of water-mist systems include
the fpllowing:

— guitability of the system for the particular application;

— Jprovision of a suitable water supply and air supply, if neededfor the particular system;
— gize of the protected area and degree of congestion;

— fluel type and nature of the fires which can be experienced;

— ¢ffect on electrical and other sensitive equipment-within the area of water-mist applicgtion.

B.8.¢ Foam systems

Foam-forming additives can significantly~increase the effectiveness of water in contrglling liquid
hydrpcarbon pool fires. Fire-fighting-foam is a stable aggregation of small bubbles, of d¢nsity lower
than|water or oil, having a tenacious ability for covering and clinging to horizontal or inclined surfaces.
It hap the capability of flowing freely over a burning liquid surface, cooling the liquid, and forming an
air-ekcluding, continuous blanket to seal volatile combustible vapours from access to air.

Foanps are ineffective for fixes such as pressurized oil/gas jet fires where smothering effecfs cannot be
achigved.

Foams can be employed using hose stations, fixed systems, portable extinguishers, or fix¢d monitors.
The foaming agent can be applied by directly introducing foam concentrate into the fire-water system
in fi¥ed propertions or can be applied as a premixed solution of concentrate and water.

Where foamrconcentrates areintroduced directly into the fire-water system, the method of prjoportioning
should-provide sufficient accuracy so that the required performance is obtained over the full range of

fl | laiala H +lo o €3 4+ +
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The foam concentrate selected should be suitable for use on the flammable liquids present in the
protected area, in the expected environmental conditions, and, if appropriate, through non-aspirating
nozzles. Where foam concentrate is injected into the fire-water main, it should be of a type which is
compatible with sea water.

Where provided, the foam pump, its sources of power supply, foam concentrate, and means of controlling
the system should be readily accessible, simple to operate, capable of being put into operation rapidly,
and located/protected so that it will be able to operate when required.

Central foam systems should not be utilized as the primary source of supply of foam solution to hand-
held equipment as accurate proportioning cannot be guaranteed at low flowrates.
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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.

B.8.7 Automatic sprinkler systems
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large areas and exceed the capacity of the sprinkler system.
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Automatic sprinkler systems should be connected to a water supply pressurized so.that the system is

capable of itnmediate operation and no action by personnel is necessary.
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r system can be an acceptable water supplyarrangement.

b are provided in cooking areas, they should be prevented from impinging directly
ised for heating cooking oil or fat.:Electrical power supply to the galley should be swit
cally in the event that the sprinkler system is operated.

puld be provided to enable each part of the system to be drained and tested and to re}
ater-filled systems.

inkler systems, consideration should be given to dividing the system so that each se
ored to indicate which section has operated.

B.8.8 Monitors

Fire-water

can also be provided to supplement fixed deluge systems.

onitors.can be used to provide water-spray coverage or apply water-foam solution.

alert
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The design qf monitors should consider location, size of supply piping, and arrangement of control v3

Monitors can be operated either remotely or locally.

Monitors arranged for local operation should be provided with an access route, which is remote from
the part requiring protection and so sited as to protect the operator from the effects of radiant heat,
unless the monitor is also automatically/remotely operated.

Each monitor should have sufficient movement in the horizontal and vertical planes to permit the
monitor to be brought to bear on any point of the part protected by that monitor. There should be means
for locking the monitor in position.

Each monitor 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
required from the monitors and the local environmental conditions.
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Monitors which can be remotely actuated should be arranged so that they cannot cause injury or impede
escape routes when operated. Local manual override controls should be provided.

B.8.9 Hydrants and hose reels

Nozzles and hoses (and portable foam equipment, ifused) 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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ling personnel.

ideration should be given to the provision of suitable foam-inaking equipment and corj
vith hydrants and hose reels.

s, nozzles, valve keys, etc. should be stored adjacent to hydrants. Couplings should
ighout the installation. Nozzles should be of robust construction, easy to operate, §
rials suitable for the intended duty.

ants and hose reels should not be supplied/from the same section of a fire main as
kler system protecting the same area.

| 0 Dry chemical fixed systems

hemical fire-fighting systems canprovide an effective means for extinguishment. A majg
ir self-contained feature which provides for protection without reliance upon an extq
Ce. The nature of potentidl fires should be carefully considered in selecting and sizing
hemical and equipment:

hemical from fixed.systems can be applied from hand hose line or fixed nozzle systems. To ¢
with a single supply of agent, hand hose lines with local actuators can be connected by ri
ble dry-chemical’'supply. A major disadvantage of using a single large supply unit for fire
ss of fire-fighting capability if the unit malfunctions (e.g. due to compaction of the powd
age) or isdamaged. This disadvantage can be overcome by using several smaller units.

hefical systems provide no security against re-ignition and it is also possible to have
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The discharge of dry chemical and expellant gas is a two-phase flow and the flow characteristics depend
upon the particular dry chemical, expellant gas, and equipment being used. Therefore, it is important to use
the manufacturers’ data which have been established by investigation and tests when designing the piping.

When dry chemical and foam extinguishing agents are expected to be used at the same 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.
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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 appropriate for the identified possible fire events. Examples of such approaches are
sensitive F&G detection, isolation of power, and rapid manual intervention.

Carbon dioxjde alogena a e-c6 2 ¥ 2t g
Halogenated hydrocarbons are being phased out due to environmental concerns and should not be
innew applifations. New gaseous extinguishing agents are being developed and can be considered w
gaseous extinguishing is found to be required, provided that the gaseous agent selected.is isuitalle in
terms of firg-fighting effectiveness, toxicity to personnel, and effects on the environment,

The discharge of any gaseous extinguishing agent can expose personnel to a combination of roise,

turbulence, high velocity, and low temperature.

The use of sqme gaseous agentsin enclosed areas can produce an oxygen-deficient atmosphere which can
adversely affect human health. Such an atmosphere can produce dizziness,'unconsciousness, and death
if personnellremain in the area. Although some gaseous extinguishingagents have a low toxicity diiring
fire, their d¢composition products can be hazardous. Where such hazards are confirmed, approgriate
safety measpres should be implemented.

jould
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If admission
be provided|

of a gaseous agent can be harmful, then the feed pipe on such total flooding systems s}
with an isolating valve arrangement which will'be closed before personnel enter the a

Automatic diischarge of gaseous extinguishing agents shgdld be inhibited when personnel are in an
if there is a likelihood of harm to the personnel as a result of the discharge.

area,

Means of in
arranged fo
release poin{

Where appr

tiating the systems should be readily~accessible and simple to operate. Where system|
remote or automatic release, they;should also be capable of manual operation with m
slocated at strategic points, generally at the control valves and at entries to the protected g

opriate, the system should be monitored to enable the detection of faults which can §

S are
inual
pace.

ffect

the operatignal efficiency of the system.

Clear audible and, if necessary;visual warnings should be given automatically within the space|both

prior to and|during release of the system.
Visual indication of systém status should be provided at each entry point to the protected space.

lined
ng all

Enclosure b
for a minim
ventilation f

oundaxies’should be designed so that an extinguishing concentration can be maint{
hm period as identified in the FES. Means should be provided for automatically stoppij
afis,and closing openings serving the protected space before the agent is released.

Where a gaseous extinguishing agent system is provided for ventilated machinery rooms, the discharge
period should be extended to allow for losses during the shutdown of the machinery and automatic
gastight dampers should be provided on all ventilation ducts.

Discharge nozzles should be so positioned thata uniform distribution of the extinguishing agentis obtained.

Ifastaticelectricity hazard can existwhen discharging a gaseous extinguishing agent, then consideration
should be given to grounding nozzles and objects exposed to the gaseous extinguishing agent.

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.
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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,
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 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.
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| 3 Helideck fire protection
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Id be considered ateach helideck emergency response location and the supply arrangen
re that there is no interruption in fire-water supply during fire-fighting.

htral foam systém which injects foam concentrate into the fire-water mains at th
arge shouldnot normally be used as the primary means of helideck protection, unlg
n that the-delay in the fire-water/foam solution reaching the helideck foam monitors i
a central foam system may, however, be used as a back-up system for protection of
|ld-the dedicated helideck foam system be unavailable. Central foam systems may be ug
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Where foam is applied by means of fixed monitors, sufficient monitors should be provided, spaced at

appr

B.9

oximately equal distances around the helideck.

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 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.
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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.

Annex C provides guidance on typical PFP applications for large integrated 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
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stressed that many important parameters concerning the fitness of PFP materials or sys
hinto account in the standard tests and'in the reporting of the test. Such parameters in
b different environmental condition$)ageing, and mechanical impact.

equirements for PFP materjals include the period of resistance (expressed in time)
bxposure before the first critical point in behaviour is observed.

The functiopal requirements of PFP.can be split into the following three categories:

— stability

integrit)

insulati

Standard fiy
standard fo
performanceu

r: to maintain the 1load-bearing capacity (structural capability);
V: to maintaintheintegrity by preventing the transmission of flame, smoke, hot, and toxic g

bn: to keep, the unexposed side cool when the other surface is exposed to a fire.

" testing of PFP performance in cellulosic fires. UL 1709 should be used for PFP matg

e tests-should be used to qualify PFP materials and systems. ASTM E119 is a recogni
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jet fires. C0n51derat10n should also be given to re51stance to explosmn effects when establlshmg the

functional re

quirements for PFP materials.

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) Ilnechanical tests

+ abrasion and impact damage;

1+ mechanical damage;

+ destructive compression;

1+ sea-water absorption;

1+ flexure;

1+ adhesion and vibration;

+ deluge and hose-stream resistance;

c) ¢orrosion protection

+- corrosion protection properties and inspéction requirements for substrate;
+ effects of temperatures and thermal:shocks;

+ cathodic disbondment;

+ ozone and ultraviolet ageing;

1+ ease of reinstatement fellowing inspection of substrate;
d) fiire resistance tests

+ cellulosic fireperformance;

+ hydrocarbon fire performance;

1+ jetfire performance;

+CAfire spread characteristics;

— combustion products;
b) long-term performance/weathering;
c) explosion resistance;
d) full-scale experiments where limitations of tests are obvious;
e) 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.
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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:

projecti

les as a result of pressure vessel and pipework failures in a fire;

blast overpressure, 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 might impose

significant loads on equipment, pipework, or structure and which might escalate the damage

created
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bvelop.
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Blast protection can provide an effective means of controlling lesser explosion overpressures, even
though it might not always be 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.

If it is established that the hazardous events involving explosions are not tolerable, then the following
explosion-mitigation measures should be explored:

a) 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;
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g)

h)

The damage created by drag forces can lead tofurther escalation which is not tolerable. Resist
draglforces can be achieved by increasingthe strength of supports for piping, vessels, and e

The hazard posed by projectiles should be assessed by considering the likelihood of impact
causgd by the projectile.

The
calcylations or experimental scaling. However, these effects can only be assessed quant]
specific situations. Thé\dégree of accuracy of these techniques is still being determined and improved
but the models may he’used effectively to compare alternative layouts and effects of diffeq
of veptilation opénings.

Modgls used\te/calculate explosion loading should be validated as far as possible and allow
be mfade forthe uncertainty in the model.

Expl@sioh-protection requirements for structures, equipment, piping, and supporting stru

ISO 13702:2015(E)

avoiding accumulation of flammables by provision of walls to separate areas or modules, avoiding

perimeter cladding or using grated flooring;
minimising number of the ignition sources;
mitigating by venting, water sprays, chemicals, and dilution;

designing collapse in a cascade fashion such that failure occurs first in less critical dire

ctions;

being conservative in estimating explosion loads and response due to the uncertainty of any

predictions of explosion overpressures;

aking critical equipment/structures/walls/floors as strong as reasonably practicg
imiting the design to a calculated explosion overpressure;

ptimising the layout of equipment and piping within a module/area and location6f wa
felief panels in accordance with the following:

1+ orientate horizontal vessels so that the longest dimension is in the direction of ma
1+ do not obstruct the openings in the module boundaries;

+- maximize openings, particularly in floors and ceilings, if possible;

+- consider grated floors and ceilings;

+- recognize that the accuracy of any predictions of explosion overpressures is not f
and in particular, depends on the predictive topl being used;

1+ avoid long narrow modules;

+ minimize flame path.

ble and not

1Is and blast

n vent flow;

ully known,

ance tosuch
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and damage

combined effect of venting and layout modifications is complex and should be validated by blast

itatively for

ent location

ance should

rture should

normally be documented, with structural calculations which take into account the dynamic behaviour
related to the shortduration of explosionloading. Inspecial 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 is provided in ISO 13819-1
and [SO 13819-2.
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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 Purpose

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
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requirements of any pneumatic and hydraulic systems. This should include consideration of the
maximum acceptable content of the following:

water (both free water and water vapour);
hydrocarbon;
solids;

possible corrosive contaminants.

When air is used as a pneumatic supply source, the system should be designed to prevent the mixing of
air afid hydrocarbon from the process or utility systems under both normal and abnormal
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ffect of venting natural gas should be considered in the classification of(th€ area i
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.3 Supply and response

esign of the supply system should be sufficient to ensure thatthere will be adequate
the system to fulfil its function. This should include consideration of the maximum

be experienced at one time and the possible need for repeated operations. Where p
y systems is provided by the installation utility systems, the possibility of these
b available during an emergency should be considered and, if necessary, dedicated r
mulators provided.

ailure mode of the safety system supplied by apneumatic or hydraulic system should be¢
sure that the required integrity is maintaifted. It is generally preferred to have an 4
e the pneumatic or hydraulic supply keeps the system in a normal operating condit

hieve the required speed of respense, consideration should be given to line sizes, s
I-port sizes, and the need for auxiliary quick-bleed devices. Lines that supply and bleg
for optimum bleed conditiens. Because of volume and flowrate characteristics, a line {
hirge or too small will requine excessive time to bleed.

design of the pneuniatic/hydraulic system should consider the vulnerability of cor
hge, both during normal operations and under emergency conditions. It is preferable]

} Inspection, testing, and maintenance
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Inspection, testing, and maintenance frequencies should be determined as part of the FES development,

refle

cting the role and importance of the system in managing fires and explosions.

The following subclauses discuss the issues to be considered and offer guidelines for the inspection,
testing, and maintenance of the safety systems and equipment covered by this International Standard.

Annex C provides detailed guidance for typical inspection/maintenance frequencies.

B.13.2 Fire and gas (F&G) detection systems

correct zones and initiate the appropriate alarms or extinguishing systems.
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The frequency of testing detectors depends on the type.

General

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

B.13.3 Emergency shutdown and blowdown systems (ESD)

Periodic operational tests should be performed to substantiate the integrity of the entire system.

B.13.4 Fire-water pump systems
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and pumps should be regularly started and operated for a period sufficient tg-est
operating conditions. They should start reliably and run smoothly at rated speed-and

erformance (pump speed, flow volume, and discharge pressure) should be'tested to er
ping system satisfies the fire-water system functional requirements.

should be kept clean, lubricated, and in good operating condition. Correct oil and co

el tanks should be checked after each engine run to enstire an adequate fuel supply ¢
F the fuel is not contaminated.

juency dictated by flow test and experience, submerged pumps should be lifted to in

psion and wear which could cause failure when réquired to function during an incident.

ige and sprinkler systems

bms can be susceptible to plugging due to corrosion, biological fouling, or other fo
effective means (e.g. inspection;-testing) should be established to verify that the sy
hbility to function as designed. It’is recommended that the established procedures §
on of the integrity of the system. Provisions for flushing fire water piping with fresh v
sting with sea water should)be considered.

lled, sprinkler system water-flow alarms should be tested for correct operation.

hrms/actions (e.g-fire-water pump start) should be possible from deluge/sprinkler syst

hoses, nozzles, and monitors

ssary teconfirm integrity, all fire hoses should be tested by subjecting them to the maxi
ystem(operating pressures.

Nozzles sho

After each u

13 £ b - 1 c i
UIU DC TUIICLIOIT=LES LCU 10T Ppropcl UOpPTldtlUlL.

se, fire hoses should be inspected for damage and returned to their storage device.

Cotton-jacketed hoses should be carefully cleaned and dried after use.

B.13.7 Fixed dry chemical systems

Detectors (flame, heat, smoke, and gas): should be tested for operation and recalibrated, if required.
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All dry-chemical extinguishing systems and other associated equipment should be inspected and

checked for

proper operation.

All expellant 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.

46

© ISO 2015 - All rights reserved


https://standardsiso.com/api/?name=a48414da855894feb606d177117e0610

ISO 13702:2015(E)

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

drop

ped from a height of 100 mm should result in the replacement of the chemical.

After use, hoses and piping should be cleared of residual dry chemical.

B.13.8 Gaseous systems (including water-mist systems)

Discharge of the systems during function-testing should not be required.

All stored pressure containers should be checked by pressure and mass against specified data.
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.9 Mobile and portable fire-fighting equipment

iguishers should be visually inspected on a frequent basis to ensure that they.are in {
ion to ensure that they have not been activated or tampered with and to detect any obvi
hge, corrosion, compaction of powder, or other impairments.

-portable extinguishers should be hydrostatically tested in accordancewith a recogniz

cylinder which shows evidence of corrosion or mechanical damage'should either be hyq
d or replaced.

gen cylinders used for inert gas storage and used as an expellant for wheeled extingui
rdrostatically tested in accordance with a recognized standard.

gular intervals, extinguishers should be thoroughly examined. Deficient extinguishe

liness and dryness should be followed for refilling extinguishers.

iguishers out of service for maintenance ‘or recharging should be replaced by an exf]
1g the same classification and at least équal rating.

extinguisher should have a permanently attached identification tag indicating the ma
hirge date and the initials or name-of the person who performed the work.

mixing of different powders can cause a corrosive mixture and abnormal pressureg
ting in, in the extreme, é€xplosion of the extinguisher. Extinguishers should only be refi
type powder originally-contained in the unit.

10 Battéries and charger systems

ge batteries should be kept charged at all times. They should be regularly tested to d¢g
fition of the battery cell.

hutematic-charging feature of a battery charger is not a substitute for proper mainte
ry-and the charger. Periodic inspection should ensure that the charger is operating co

he designed
pus physical

bd standard.

Irostatically

thers should

s should be

red, recharged, or replaced, as appropriate. Manufacturer’s recommendations with respect to

inguisher(s)

ntenance or

to develop,
led with the

termine the

nance of the
rectly.

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 protection (vents/suppression system). Periodic functional tests of these systems should be
performed to substantiate the integrity of each system.

Specific test procedures should be in accordance with regulatory agency requirements and 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:
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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 out in accordance with manufacturer’s recommendations.

These periodic inspections are important in order to maintain the integrity of the fireproofing coating
and to provide early detection of substrate corrosion. If partial debonding of the fireproofing coating
has occurred and 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 established between the fireproofing compound and the substrate.
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