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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 with1SO,—alsotake. part in—the work. 1SO collaborates Plncnly with the International Electrotechnical

Commissipn (IEC) on all matters of electrotechnical standardization.

Internationjal Standards are drafted in accordance with the rules given in the ISO/IEC Directives, RPart 3

Draft Interpational Standards adopted by the technical committees are circulated to the member bodigs for voting.
Publication as an International Standard requires approval by at least 75 % of the membepbodies casting a vote.

Internatiorjal Standard 1SO 13702 was prepared by Technical Committee ISO/TC-67, Materials, equipment and
offshore Structures for petroleum and natural gas industries, Subcommittee SC 6, Processing equipment and
systems.

Annexes A, B and C of this International Standard are for information only:
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Introduction

©1SO

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 Internat]
such it may ot be appropriate to apply some of the requirements to existing installations. Retrospective
of this Intern
planning for
careful revie
in the change.

The technical

0
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requirenpents, industry standards and individual operatdr_philosophy, to determine that the measures
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environry
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onal Standard has been prepared primarily to assist in the development of new installatig

ational Standard should only be undertaken where it is reasonably practicable to.do-so.
h major change to an installation there may be more opportunity to implement the fequirem
v of this International Standard should be undertaken to determine those sectiofis'which can

content of this International Standard is arranged as follows:
bs - lists the goals to be achieved by the control and mitigation measures being described.

al requirements - represent the minimum criteria whichy‘shall be satisfied to meet
s. The functional requirements are performance-orientated measures and, as such,
le to the variety of offshore installations utilized for¢the development of hydrocarbon
ut the world.
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Petroleum and natural gas industries — Control and mitigation of
fires and explosions on offshore production installations —
Requirements and guidelines

1 Scopsd

This Interpational Standard describes the objectives, functional requirements and guidelines for the

mitigation
This Inter
O fixed
O floatin
for the pet

Mobile offs
of the prin

This Intern
and explos
in this asg

pf fires and explosions on offshore installations used for the development of hydroearbon res
national Standard is applicable to:

bffshore structures;

g production, storage and off-take systems;

roleum and natural gas industries.

hore units as defined in this International Standard and subsea installations are excluded, a
Ciples contained in this International Standard may bé 'used as guidance.

ational Standard is based on an approach whefé the selection of control and mitigation meas
fions is determined by an evaluation of hazards on the offshore installation. The methodolog
essment and the resultant recommendations will differ depending on the complexity of th

control and
burces.

though many

ures for fires
es employed
e production

process ahd facilities, type of facility (i.e. open-ar enclosed), manning levels, and the environmenfal conditions

associated

Users of turlis International Standard should’note that while observing its requirements, they should,
r

time, ens
individual

2 Terms

2.1 Terms and definitions

For the pu

with the area of operation.

e compliance with such statutory requirements, rules and regulations as may be appl
bffshore installation conceérned.

, definitions and abbreviated terms

Fposes,of this International Standard, the following terms and definitions apply.

211

at the same
cable to the

abandonment
act of personnel onboard leaving an installation in an emergency

2.1.2

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

NOTE
and similar

2.1.3
active fire
AFP

It may include dining rooms, recreation rooms, lavatories, cabins, offices, sickbay, living quarters, galley, pantries

permanently enclosed spaces.

protection

equipment, systems and methods which, following initiation, may be used to control, mitigate and extinguish fires
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2.1.4

area classification

division of an installation into hazardous areas and nonhazardous areas and the sub-division of hazardous areas
into zones

NOTE This classification is based on the materials which may be present and the probability of a flammable atmosphere
developing. Area classification is primarily used in the selection of electrical equipment to minimize the likelihood of ignition if a
release occurs.

2.1.5

cellulosic fire

CF

fire involving[combustible material such as wood, paper, furniture, efc.

2.1.6

class of fire
type of fire
classification|used to facilitate the selection of extinguishers

2.1.7
control
<of hazards> limiting the extent and/or duration of a hazardous event to prevent eScalation

2.1.8
control statiop
Cs
place on the installation from which personnel can monitor the ‘status of the installation, initiate gdppropriate
shutdown actions and undertake any emergency communication

2.1.9
deluge system
system to apply fire-water through an array of open spray nozzles by operation of a valve on the inlet to the system

2.1.10
embarkation jarea
place from which personnel leave the installation during evacuation

EXAMPLES R helideck and associated waiting area or a lifeboat/liferaft boarding area.

2.1.11
emergency depressurization
EDP
controlled digposal of pressurized fluids to a flare or vent system when required to avoid or minimize a hazardous
situation

2.1.12
emergency response
action taken |by-personnel on or off the installation to control or mitigate a hazardous event or initiate and execute
abandonment

2.1.13
emergency response team
group of personnel who have designated duties in an emergency

2.1.14

emergency shutdown

ESD

control actions undertaken to shut down equipment or processes in response to a hazardous situation

2.1.15
emergency station
place where emergency response personnel go to undertake their emergency duties
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2.1.16

escalation

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

2.1.17
escape
act of personnel moving away from a hazardous event to a place where its effects are reduced or removed

2.1.18
escape route
route from an area of an installation leading to a muster area tempaorary refuge (TR), _embarkation area or means of

escape tofthe sea

2.1.19
essential 4afety system
any system which has a major role in the control and mitigation of fires and explosions and‘in any subgsequent EER
activities

2.1.20
evacuation
the planngdd method of leaving the installation in an emergency

2.1.21
evacuation, escape and rescue
EER
general tefm used to describe the range of possible actions including escape, muster, refuge, evacuatign, escape to
the sea arld rescue/recovery

2.1.22
evacuation, escape and rescue strategy
EERS
results of the process that uses information from-an evaluation of events which may require EER to determine the
measures|required and the role of these measures

2.1.23
evacuation route
escape rolite which leads from the temporary refuge (TR) to the place(s) used for primary or secondafy evacuation
from the irfstallation

2.1.24 eXplosion

2.1.24.1
chemical gxplosion
violent combustien>of a flammable gas or mist which generates pressure effects due to confingment of the
combustion-induced flow and/or the acceleration of the flame front by obstacles in the flame path

2.1.24.2
physical explosion

explosion arising from the sudden release of stored energy such as from failure of a pressure vessel, or high
voltage electrical discharge to earth

2.1.25

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

2.1.26
flammable atmosphere
mixture of flammable gas or vapour in air which will burn when ignited
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2.1.27

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

2.1.28

grade of release
<area classification> measure of the likely frequency and duration of a release

NOTE

characteristics of the fluid.

2.1.29

©1SO

It is independent of the rate of release, the quantity of material released, the degree of ventilation and the

hazard
potential for

2.1.30

hazard asses
process whe
judgement, s

2.1.31

hazardous a
three-dimens
to require sp

2.1.32
hazardous e
incident whic

EXAMPLES

2.1.33
ignition sour(
any source W

2.1.34

integrated in
offshore inst
and/or wellhg

2.1.35
jet fire
JF

ignited releas

2.1.36
life jacket

Il\uman injury, damage to the environment, damage to property, or a combination of these

sment
reby the results of an analysis of a hazard or hazardous event are considered agal
tandards or criteria which have been developed as a basis for decision-making

ea
ional space in which a flammable atmosphere may be expected to be present at such freq
pcial precautions for the control of potential ignition sources

ent
h occurs when a hazard is realized
Release of gas, fire, loss of buoyancy.

es
ith sufficient energy to initiate combustion

Stallation
allation which contains, en-the same structure, accommodation and utilities in addition
ad facilities

e of pressurized, flammable fluids

nst either

lencies as

O process

device worn

v-personnel which has sufficient buoyancy and stability to turn the body of an unconscious

erson and

keep the person's mouth clear of the water

2.1.37
mitigation

<of hazardous event> reduction of the effects of a hazardous event

2.1.38

manned installation
installation on which people are routinely accommodated

2.1.39

mobile offshore unit
mobile platform, including drilling ships, equipped for drilling for subsea hydrocarbon deposits, and mobile platform

for purposes

4

other than production and storage of hydrocarbon deposits
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2.1.40
muster area
designated area where personnel report when required to do so

2.1.41

operator

individual, partnership, firm or corporation having control or management of operations on the leased area or a
portion thereof

NOTE The operator may be a lessee, designated agent of the lessee(s), or holder of operating rights under an approved
operating agreement.

2.1.42
passive firg protection
PFP
coating or|cladding arrangement or free-standing system which, in the event of fire, will provide thermal protection to
restrict thg rate at which heat is transmitted to the object or area being protected

2.1.43
pool fire
combustion of flammable or combustible liquid spilled and retained on a surface

2.1.44
prevention
<of hazardous event> reduction of the likelihood of a hazardous event

2.1.45
primary method
<for evacyation> preferred method of leaving the installationin‘an emergency

2.1.46
rescue
process by which those who have entered the sea directly or in TEMPSCl/liferafts are retrieved to a|place where
medical agsistance is available

2.1.47
risk

combinatign of the chance that a specified undesired event will occur and the severity of the consequences of that
event

2.1.48
running liquid fire
fire involvipg a flammable-iquid flowing over a surface

2.1.49
secondary| method

<for evacyation> method of leaving the installation which can be carried out in a fully controlled maml\er under the
direction of-the person in r‘hnrgn, indpppndpnt of external support

2.1.50
source of release
point from which flammable gas, liquid or a combination of both can be released into the atmosphere

2.151
survival suit
protective suit made of waterproof materials which reduces the body heat-loss of a person wearing it in cold water

2.1.52

temporary refuge

TR

place provided where personnel can take refuge for a predetermined period whilst investigations, emergency
response and evacuation preplanning are undertaken
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2.1.53
tertiary method
<for escape to the sea> method of leaving the instsllation which relies considerably on the individual's own action

2.1.54

totally enclosed motor-propelled survival craft

TEMPSC

craft capable of sustaining the lives of persons in distress from the time of abandoning the installation
2.1.55

zone

<area classification> distance in any direction from the source of release to the point where the flammable
atmosphere has been diluted by air to a sufficiently low level
NOTE Different zone ratings are possible depending on the frequency that flammable mixtures are expéected to pe present.
2.2 AbbreViated terms

AB Accommodation Block

AFP Active Fire Protection

API American Petroleum Institute

BA Breathing Apparatus

BOP Blowout Preventer

CCR Central Control Room

CF Cellulosic Fire

CS Control Station

EDP Emergency Depressurization

EER Fvacuation, Escape and Rescue

EERS FER Strategy

ESD Emergency Shutdown

FES FFire and Explosion Strategy

SbVv Shutdown valve

F&G FFire and Gas System

HC Hydrocarbon

HVAC Heating, Ventilation and Air Conditioning

OCs Outer Continental Shelf

IEC nternational Electrotechnical Commission

IMO nternational Maritime Organization

JF et Fire

PA Process Area

PFP Passive Fire Protection

PLC Programmable, kagic Controllers

SSIv Sub-Sea Isolation Valve

SSSV Sub-Surface' Safety Valve

TEMPSC [Totally‘Enclosed Motor-Propelled Survival Craft
TR Temporary Refuge

UPS Uninterruptable Power Supply

UKOOA nited Kingdom Offshore Operators Association
UA Utility Area

WH Wellhead Area

3 Objectives

The principal objectives of this International Standard are, in order of priority:

safety of personnel,
protection of the environment;

protection of assets;

O 0O 0o O

minimization of financial consequences of fires and explosions.


https://standardsiso.com/api/?name=304ec5b3477bf32f7ce49146f46de955

©1SO ISO 13702:1999(E)

4 Fire and explosion evaluation and risk management

All companies associated with the offfshore recovery of hydrocarbons shall have, or conduct their activities in
accordance with, an effective management system which addresses environmental issues such as described in
ISO 14001 or similar}), and additionally addresses issues relating to health and safety. One key element of such
management systems shall be a process of evaluation and risk management. The starting point for evaluation and
risk management is the systematic identification of the hazards and effects which may arise from offshore recovery
locations and activities and from the materials which are used or encountered in them. The identification process
should 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.

The resul attate afdous events
and to detfermine approprlate risk reduction. The process of selecting risk- reductlon measures will’gredominantly
entail the luse of sound engineering judgement, but this may need to be supplemented by a(recognition of the
particular |circumstances which may require deviation from past practices and previously applied codes and

standards]| In certain circumstances, risk assessment may be able to provide useful input~to’the deg
process, providing that the operator has established criteria for this purpose. Risk-reéduction mea
include thpse to prevent incidents (i.e. reduction of the probability of occurrence), to leontrol incidents

ision-making
sures should
(i.e. limiting

the exten and duration of a hazardous event) and to mitigate the effects (i.e. réduction of the cofsequences).

Preventative measures, such as using inherently safer designs and ensuring assetjintegrity, should bd
wherever practicable. Emergency response measures to recover from incidents should be provided
evaluation| and should be developed taking into account possible failures of‘the control and mitigatiq
Based on| the results of the evaluation, detailed health, safety and/-environmental objectives a
requirements should be set at appropriate levels.

¢ is general and applies to all hazards and potentially.hazardous events. In the context
explosiong, the evaluation of these events may be part of an overall installation evaluation or may be
separate grocess which provides information to the overall evaluation.

The results of the evaluation process and the decisions taken with respect to the need for, and role
reduction measures should be recorded so that they,are available for those who operate the install
those invdlved in any subsequent change to the.installation. For convenience in the remainder of this
Standard, [the term 'strategy' has been adopted for this record. Two such strategies are introduced, n
and Explopion Strategy (FES) and an Evacuation, Escape and Rescue Strategy (EERS). These stra
have to bp separately documented and, the relevant information may be included with other health
environm i
example
FES and
standards|and/or procedures, which are applied to deal with fire and explosion and escape and evacu
of the installation.

The strate
of the fire

pies should belupdated whenever there is a change to the installation which may affect the
hnd explosion-hazardous events.

The level
life cycle

bf detail\in a strategy will vary depending on the scale of the installation and the stage in th
hemthe risk management process is undertaken. For example:

emphasized
pased on the
n measures.
nd functional

of fires and
treated as a

p of, any risk
ption and for
International
amely a Fire
egies do not
, safety and
EFRS may, for
allations, the

htion aspects

management

e installation

O

complex installations, e.g. a large production platform incorporating complex facilities, drilling modules and

large accommodation modules, are likely to require detailed studies to address the fire and explosion

hazardous events. Typical examples of some of the issues that may need to be address
installations are given in annex C;

ed for such

for simpler installations, e.g. a wellhead platform or other small platforms with limited process facilities, it may

be possible to rely on application of recognized codes and standards as a suitable base which reflects industry

experience for this type of facility;

1) For example, operators should have an effective management system. Contractors should have either their own

management system or conduct their activities consistently with the operators management system.
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O for installations which are a repeat of earlier designs, evaluations undertaken for the original design may be
deemed sufficient to determine the measures needed to manage the fire and explosion hazardous events, but
new knowledge and technology should be considered;

O for installations in the early design phases, the evaluations will necessarily be less detailed than those
undertaken during later design phases.

The strategies should describe the role and any functional requirements for each of the systems required to
manage possible hazardous events on the installation. In developing functional requirements, the following should
be considered:

a) the functional parameters of the particular system. This should be a statement of the purpose and essential
duties that the system is expected to perform;

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

c) the survyjvability of the system under the emergency conditions which may be present,when it is fequired to
operate;

d) the depgndency on other systems which may not be available in an emergency;
The identified essential elements should form the basis for the specification for each of the systems to b¢ provided,
and should 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.
In developing the strategies, there are a wide range of issues which*should be considered to ensuie that the
measures sglected are capable of performing their function when,required to do so. For the FES, thé¢se issues
include:
O the natufe of the fires and explosions which may occur, (8ee annex A);
O the riskg of fires and explosions;

O the maripe environment;

O the natufe of the fluids to be handled:;

O the antidipated ambient conditions;

O the temperature and pressure-offluids to be handled,;

O the quarntities of flammableé materials to be processed and stored,;

O the amopnt, complexity and layout of equipment on the installation;

O the locafion ofithe installation with respect to external assistance/support;

0 the EERS;

O the production and manning philosophy;

0O human factors.

For the EERS, issues to be considered include:
0O normal means of access to the installation;

0 means available for evacuation, escape and rescue and their likely availability in the identified accident
scenarios;

O fire and explosion scenarios which might lead to the need for escape or evacuation (including the effects of
smoke and radiant heat);
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O number and distribution of personnel;

0 emergency command and communication;

0 emergency monitoring and control,

O layout of the installation and arrangement of equipment;

O environment in which the installation is located;

O level of assistance available from external sources;

0 anyrd
0 humal
The follow

measures
events on

5 Installption layout

5.1 Obje

o To m

provid
e Tomi
e Tomi
e Tose
e Tomi
 Topr
e Tofa
5.2 Fung
The layou
arrangeme
the impact
which, so

gulations and guidance which are applicable to the installation;
h factors.

ing clauses of this International Standard identify requirements and provideqguidance o
which may have a role in either the control and mitigation of the potential fiféyand explosiq

ctives

nimize the possibility of hazardous accumulations of*beth liquids and gaseous hydroca
e for the rapid removal of any accumulations which do/oeccur;

nimize the probability of ignition;

himize the spread of flammable liquids and.gases which may result in a hazardous event;
parate areas required to be nonhazardous from those designated as being hazardous;
himize the consequences of fire and explosions;

pvide for adequate arrangements for escape and evacuation;

ilitate effective emergency response.

tional requirements

I of an installation may have a major effect on the consequences of fires and explosion
bnts required for EER. Consequently, for a new installation or the modification of an existin

of layout options on the FES and EERS shall be fully evaluated as a basis for the selection
ar as is reasonably practicable, minimizes the risks of fire and explosion.

an installation or in the EER activities which may be required as a result of.a fire or explosion,.

N a range of
n hazardous

rbon, and to

5 and on the
g installation
of the design

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

Either separation by distance or the use of barriers can prevent the escalation of fire to another area. Where such
barriers are required to avoid escalation, they shall be adequate to resist fire and, as far as is reasonable the effects
of explosions. The provision of such barriers will influence ventilation, access/escape routes, ESD/EDP system
design, explosion resistance and firewater demands. The interdependency of safety systems shall be considered
during the design of the installation. Any penetration of a barrier provided to prevent escalation of a fire or explosion
shall not jeopardize the integrity of the barrier.
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Essential safety systems (such as control stations, temporary refuge, muster areas, fire pumps) shall be located
where they are least likely to be affected by fires and explosions. In some situations such systems will need to be
designed to withstand fire and explosions, at least until people on board have been safely evacuated or the situation
has been brought under control.

The installation layout may 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 could result in a major loss of inventory, shall

be considered to determine whether impact protection is required.

6 Emergency shutdown systems and blowdown

6.1 Obijecti

To initia
intoam

ve

e appropriate shutdown, isolation and blowdown actions to prevent escalation of abnormal
hjor hazardous event and to limit the extent and duration of any such events which do occur.

conditions

6.2 Functignal requirements

An emergengy shutdown (ESD) system shall be provided, in accordance with the requirements of the FES, in order

to:

O isolate the installation from the major hydrocarbon inventories within pipélines and reservoirs which, [f released
on failurg, would pose an intolerable risk to personnel, environment and the equipment;

O where gppropriate, sectionalize topside inventory to limit the“quantity of material released gn loss of
containment;

O control gotential ignition sources such as fired units, engines and non-essential electrical equipment;

O control qubsurface safety valve(s);

O where appropriate, depressurize hydrocarbon.inventory and vent it to a safe place.

An ESD system shall be designed such that it is capable of fulfilling its function under the conditions which may be

experienced Wwhen the system is required.to-operate.

An ESD system shall provide adequate‘information at a control station so that personnel involved in ma

emergency |
shall be such

If plantis in g
the operatior

Emergency ¢
the gaseous

ave the informationthey need. The information presented to the operator and the control
that the operator.can‘effectively execute the required actions in an emergency.

peration, the@ssential shutdown functions shall be available during maintenance activities w
of the ESD\system.

epressurization (EDP) systems shall be considered for pressurized hydrocarbon systems to
inventory under emergency conditions in order to reduce the duration of an event, the

material released or the likelihood of a pressure vessel failure in a fire.

naging an
5 provided

hich affect

dispose of
uantity of

The design of an ESD system may be for manual or automatic initiation or both. When manual initiation is required,
the systems shall be simple to operate and shall not require operators to make complex or non-routine decisions.

Once initiated, all control actions required by the ESD system shall occur automatically.

Manual stations for initiation of ESD shall be located in strategic positions, be readily accessible, well marked and
protected against unintentional activation.

The ESD system shall contain facilities for testing of both input/output devices and internal functions.

10
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7 Control of ignition

7.1 Objective

*  To minimize the likelihood of ignition of flammable liquids and gases following a loss of containment.
7.2 Functional requirements

Arrangements to minimize the likelihood of ignition shall be provided in accordance with the requirements of the
FES. This should include minimization of the number of potential ignition sources as far as reasonably practicable.

Ignition of nks are likely
to occur and by providing in these areas equipment which is designed to reduce the likelihgedDpf ignition of
flammabld liquids and gases.

The instaljation shall be classified into hazardous and nonhazardous areas in accordancé with & recognized
standard gr code.

The need|for the ESD system to incorporate isolation of electrical equipment which is not suitable for use in
hazardouq areas during major gas emergencies shall be considered in the design‘ofithe ESD system.

Procedures to control the use of temporary equipment which may present ignition sources shall be estgblished.

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

8 Contrgl of spills

8.1 Objefctive

»  To previde measures for containment and proper.disposal of flammable liquid spills.

8.2 Fungtional requirements

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

Measures|shall be provided for dedling with spills in all areas which have a source of liquid hydrocarijons so as to
minimize the risk of fires and to aveid damage to the environment.

Hazardou$ and nonhazardotis'open drains shall be physically separate.
Hazardous closed drains shall be separate from all open drainage systems.

The desigp of the-drainage system shall limit the maximum spread of a spill and attempt to minimize ahy escalation
arising from the ‘spill.

9 Emergency power systems

9.1 Objective

* To provide a reliable source of emergency power.

9.2 Functional requirements

Emergency power shall be provided in accordance with the requirements of the FES.

Systems requiring electrical power to fulfil their functions and to allow the installation to be safely shut down and

evacuated shall have a secure power supply of sufficient capacity and duration for a period sufficient for effective
management of the installation while main power generation is unavailable.

11
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Facilities shall be provided to allow maintenance of the emergency power system without significantly reducing the
functionality of the system.

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

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

10 Fire and-gas-systems

10.1 Obijeqtives

e To provigde continuous automatic monitoring functions to alert personnel of the presence ©f @ hazardous fire or
gas conlition.

e To allow control actions to be initiated manually or automatically in order to‘minimize the likelihood of
escalatign.

10.2 Functjonal requirements

A Fire and Gps (F&G) system shall be provided in accordance with the requirements of the FES.

The FES shpll describe the basis for determining the location, number and types of detectors. This fequires a

process of identifying and assessing the possible F&G hazardous events in each area and evalpating the

requirementg to reliably detect these events.

The F&G de conditions

which may b

ection devices shall be selected taking into .account their response characteristics and the
b experienced when detection is required.

Fire detectorp shall be selected to be suitable for.détection of the types of fires that may occur in the area,

All F&G field

recognized authority.

When neces
areas thems
Reliance on
ensure that g

The F&G sy
outputs.

Devices to in

devices shall be suitable for the ‘area in which they will be located and shall be approved fd

cary to prevent ignition.of-a’ gas release in nonhazardous areas, the air intakes to these are
blves, shall be fitted-with gas detection if gas can realistically reach these areas in an e
gas detection within-a nonhazardous area to prevent ignition of gas needs careful consi
ufficient time wilbe available after initial detection to complete the necessary shutdown actig

stem shall_have facilities to allow testing of field devices, the system internal functions and

tiate.F&G alarm and, where provided, control actions shall be available in a control station.

r use by a

pas, or the
mergency.
leration to
ns.

executive

Alarm conditions requiring muster of personnel shall be identified by acoustic signals, supplemented by visual

signals in hig

h noise areas where high noise levels will persist after ESD.

Temporary removal or isolation of the F&G system, or part of the system, is acceptable providing that adequate
alternative arrangements are provided.

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

where fire an

12
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e fire protection

11.1 Objectives

*  To control fires and limit escalation;

» To reduce the effects of a fire to allow personnel to undertake emergency response activities or to evacuate;

»  To extinguish the fire where it is considered safe to do so;

To limit damage to structures and equipment.

11.2 Fun
Active Firg

AFP syste
relevant tg

If conside

expected fire or explosion loading.

The disch

example, the effects of water on electrical equipment).

The capad
by engineg

AFP syste
a type ap
operating

All AFP sy

The respo

the systeny to fulfil its intended function.

For autom|
protected

The inform

AFP syste
alternative
resumptio

NOTE

ctional requirements

ms shall be designed, installed and maintained in accordance with recognized ‘standards w
the particular application.

red essential, AFP systems shall be located or protected so that they will be able to v
hrge effects from an AFP system shall be considered in selection of the system for particu
ity and discharge density (or application rate) of AFP systems and equipment shall be dete
bring evaluation or through use of a relevant recognizedsstandard.

ms and equipment shall be suitable for the intended duty and environment. Major componen
broved by a recognized testing authority. The‘conditions of approval shall be relevant to
Bnvironment.

stems and equipment shall be markedwith easily understood operating instructions.

hse time for activation and reaching an operational state for all AFP systems shall not affect
atically initiated systems,‘aimanual release station shall be provided and conveniently locate
hrea.

ation required at.the control station shall be considered in the design of the AFP system.

Ims shall betreturned to service following use. Where systems cannot be immediately return
actions<to) ‘'minimize the fire risks shall be considered and implemented where approq
h of opérations in the affected area.

Theymost effective way to limit escalation and damage is to detect and control fires at an early stage.

Protection (AFP) systems shall be provided in accordance with the requirements of the FES.

hich shall be

vithstand the

ar areas (for

'mined either

ts shall be of

the intended

the ability of

d outside the

ed to service
riate, before

n practice, fire

control can
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For some fire events, it may not be practical or necessary to provide AFP systems to extinguish the fire. In addition,
extinguishment may create a greater hazard due to an increased potential for an explosion should gas from a

release su

bsequently re-ignite.

12 Passive fire protection

12.1 Obj

ectives

* To prevent escalation of the fire due to progressive releases of inventory, by separating the different fire risk

areas

13
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ct essential safety systems;

ct critical components, such as separators, risers and topside ESD valves;
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To minimize damage to the installation by protecting the 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;

equipment onto TR/evacuation facilities;

To prote

ct personnel in the TR(S), until safe evacuation can take place;

To encourage controlled collapse of tall structures to minimize the likelihood of collapse of structures and

To prote
the areal

To prot
evacuat

12.2 Funct
Passive Fire

PFP of esse
where failure

Where PFP
deformation

Selection of
experienced

13 Explos
13.1 Objeg

To redu
13.2 Funct

Measures to
FES. These

Reduce

ct any section of the escape routes to the TR(s) for a predetermined time to allow for safe)es
and allow for emergency response activities;

bct any sections of the evacuation routes from the TR(s) to the locations“used for
on.

onal requirements
Protection (PFP) shall be provided in accordance with the requirements of the FES.

htial systems and equipment or enclosures containing such systems and equipment shall b
in a fire is intolerable.

s required to provide protection following an explosion,” it shall be designed and installed
bf the substrate caused by an explosion will not affect its performance.

he PFP systems shall take into account the duration of protection required, type of fire whi
and the limiting temperature for the structurefequipment to be protected.

on mitigation and protectionsystems
tive
e to an acceptable level the probability of an explosion leading to unacceptable consequenc

onal requirements

prevent, controland mitigate explosions shall be provided in accordance with the requirem
measures_should fulfil at least one of the following requirements:

the prebability of an explosion occurring.

Control an‘explosion by mitigation technigues that reduce explosion loads to acceptable levels.

cape from

nstallation

b provided

such that

ch may be

ES.

bnts of the

loads.

Mitigate the consequences of an explosion and reduce the likelihood of escalation as a result of explosion

As input to the FES, an evaluation of explosion loads and the associated probabilities of exceeding those loads
shall be performed. Similarly, it is recommended to evaluate the probabilities of critical structures and equipment
responding in an unacceptable manner to these explosion loads (e.g. by leading to escalation).

In particular, the evaluation used to develop the FES shall consider all areas where the potential for a gas or
vapour-cloud explosion exists. The evaluation shall identify those systems required to maintain the integrity of the
structure and the major equipment or piping systems. In particular, the possible benefits of using water deluge for
explosion control shall be evaluated. The evaluation shall also identify the potential for escalation resulting from
damage caused by blast overpressures which would impair the operation of the essential safety systems, and the

effect of any

14

fire which may occur after an explosion.


https://standardsiso.com/api/?name=304ec5b3477bf32f7ce49146f46de955

©1SO ISO 13702:1999(E)

Functional requirements for passive explosion protection systems, when required by the FES, shall be expressed
as pressure/loadings time histories, which are generated either from experimental/test data or from suitable
computer models. The response calculations shall be accounted for in the dynamic analysis or other acceptable
analysis methodology.

Where explosion mitigation measures are provided, they shall be designed to limit blast overpressures and/or to
have adequate strength.

14 Evacuation, escape and rescue

14.1 Objectives

» To maintain the safety of all personnel when they move to another location to avoid the effeécts’of|a hazardous
event

» To provide a refuge on the installation for as long as required for a controlled evacuation of the installation;
» To fagilitate rescue of injured personnel;

*  To enpure safe abandonment of the installation.

14.2 Functional requirements

EER arranigements shall be provided in accordance with the requirements of the EERS.

The EERY shall be based on an EER assessment which considers the wide range of events which may arise and
contain a Yiable approach for all these events.

The EER$ shall also address issues such as organization, procedures, information, training angd emergency
response yhich are necessary to achieve a successful EER process.

Escape rdutes shall be provided to enable all.personnel to leave an area when they are directly affected by an
incident.

A command structure shall be established*that will, so far as is reasonably practicable, remain effectiye throughout
all stages pf an emergency.

A place shall be provided where_personnel can muster while investigations, emergency response and evacuation
pre-planniphg are undertaken.

Communigation systems.shall be provided to allow personnel on the installation to effectively ¢xecute their
emergency duties.

Arrangemeénts shall be provided on the installation so that personnel can evacuate in an emerdency and, if
necessaryj, escape to the sea.

Arrangements for rescue and recovery of personnel who abandon the installation shall be selected to provide a
good prospect of being able to safely transfer them to a place of safety.

15 Inspection, testing and maintenance

15.1 Objective

 To inspect, test and maintain systems and equipment covered by this International Standard to ensure that
they are fit for purpose.

15
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15.2 Functional requirements

As part of an overall HS&E management system, each operator shall establish effective operations, inspection,
testing and maintenance procedures to ensure the functional requirements of the equipment and systems provided
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.

In order to provide effective procedures, it will be necessary for the following to be carried out.

a) Systems shall be subjected to appropriate testing prior to first use to confirm that they will meet the appropriate
functional rnqnirnmnnfe

b) A written scheme shall be prepared, detailing the inspection, testing and maintenance routinesand flequencies
to be followed.

c) All systems shall be thoroughly inspected, following established procedures. This will\ determine |f remedial
measurds are needed so that the item inspected will function satisfactorily.

d) Adequaf records of the results of the inspection, testing and maintenance-shall be kept an:ﬂ1 shall be
periodically reviewed to confirm that the written scheme is appropriate and is beifig adequately impleented.

e) The maiptenance procedures shall include for regular visual inspection,
f)  Approprlate operational tests shall be conducted.

g) The latept inspection/test report shall be available on the installation.

h) Use, impairment and restoration of equipment or systems:shall be recorded and reported as appropripte.

i) Any ideptified failures or impairments shall be promptly corrected. Where equipment cannot bg¢ promptly
returned to service, contingency plans shall be implemented.

16
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Annex A
(informative)
Typical fire and explosion hazardous events
A.1 General

and Indus
Applied S¢

A.2 Firg

A pool fir¢ is the turbulent diffusion fire burning above a horizontal pool of<vaporizing hydrocarbg

conditions

the fuel which controls the rate of evaporation and hence the size of the fire‘and other characteristics S

height and
the supply
running lig
the fuel su

Running li
vapour su

A jet fire in
some sign
fire to the
pool fires
characteri

principle they can be turned off yery/ quickly and thus isolation and minimization of inventory 3§

techniques

A cellulosi
walls, floo

erences such as those issued by the SCI (Steel Construction Institute), SINTEF (Foungdation
rial Research, Norway), CMR (Christian Michelsen Research) and TNO (Netherlands’ Org
ientific Research) for further details. Some of the key features of fires and explosjons are giv

b events

where the fuel has zero or very low initial momentum. There is a-degfree of feedback betwee

smoke production rates. A pool fire is hot necessarily static’and may spread or contract
of fuel. Depletion of fuel can occur due to drainage or overflow to other areas, perhaps
uid fires. The fire has inertia in that it takes time to develop and cannot be eliminated quickl

pply.

huid fires are broadly similar to pool fires in that.they rely on thermal feedback from the flamg
bply, but the liquid fuel is in motion and can be\oen surfaces of any orientation.

the open is a turbulent diffusion flame resulting from the combustion of a fuel continuously
ficant momentum in a particular direction. In jet fires there is the absence of any direct feedk

as the mass flowrate and the.behaviour with time is determined to a large degree
5tics. Unlike pool fires, jet fireSthave minimal inertia and reach their full intensity almost instar

to reduce the potential.impact of jet fires.

C fire is a fire involving’materials such as rags, paper and wood. In addition, many surface lin
s and ceilings give-the same type of fire. The fire grows by heat transfer and flame spread.

s which may
hation should
for Scientific
anization for
bn below.

n fuel under
h the fire and
uch as flame
epending on
hiving rise to
y by isolating

for their fuel

eleased with
ack from the

ource. For fires in the open, this suggests that jet fire hazards can be treated more deterministically than

by the leak
taneously. In
re important

ings used on
(Vhen the fire

has develgped, all three_modes of heat transfer (convection, conduction and radiation) contribute to firg¢ growth until

there is ndg
and they d

The behay

more flammable material. Compared to hydrocarbon fires, the development of cellulosic fi
0 not usually reach such high temperatures.

iourof all fires is changed by reduction in the ventilation from that available in the open. In th

res is slower

e absence of

all ventilat

on-fires cannot continue to burn, but there are likely to be relatively few situations on offshorg installations

where this is possible. At intermediate levels of ventilation, knowledge of the effect on fire characteristics is limited
but it appears that the extent of flaming, and hence the amount of equipment engulfed in the fire, can be significantly
higher than for fires in the open. The concentration of carbon monoxide in smoke increases as the ventilation is
restricted. Assessment of fire hazards should ensure that methods of prediction of fire size and heat transfer rates
are validated and are relevant to the particular application.

A.3 Explosion events

An explosion is a sudden and violent release of energy, with a typical duration of the order of 1s to 2s. Any

measures

intended to control or mitigate an explosion must take this behaviour into account.
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The violence of an explosion depends on the rate at which energy is released. In offshore design, two types of
energy are considered, namely physical energy and chemical energy.

Physical energy may be represented as pressure energy in gases, strain energy in metals and electrical energy. A
typical example on offshore installations may be failure of a fitting on high-pressure gas systems. Physical energy
when released may cause blast effects but will primarily create projectiles, which may cause escalation if these
cause damage to hydrocarbon-containing equipment.

Chemical energy is released following a chemical reaction, an example of which is the combustion of a premixed
fuel/air cloud, creating the pressure build-up that might characterize an explosion. Chemical energy will create
overpressure/impulse, drag forces and eventually projectiles from objects due to the overpressure and/or the drag

forces. All th

se effects have to be considered in developing the FES

Explosion ov

The overpre
structural fail

A.4 Poter
A.4.1 Gen

Ignition occu
given ignition

installations @re discussed in A.3.2 to A.3.9.

A4.2 Che

Chemical reactions may produce heat. This heat can ignite the substances reacting, products of the

reaction or n
ignition of oil

Offshore fac
of steel in th
form on expq

(HC) which may be present.

A.4.3 Elec

An electric g
electricity an
importance.

energy to ign
either intenti

erpressure will generally increase with increased confinement and/or congestion of the affect

ssure, drag forces and projectiles are capable of causing injury to personnelfas: well 3
Lre and damage to plant and equipment unless appropriate action is taken.

tial ignition sources
eral
s when sufficient heat is present to cause combustion. Factors influencing resultant combus

source are temperature, exposure time and energy. Ignition sources that may be present

mical reactions

barby materials. An example of a chemical(reaction that might occur on an offshore installati
soaked lagging on hot pipework.

ities where hydrogen sulfide is present may develop pyrophoric iron sulfide as a product o
b absence of oxygen. This is a highly reduced form of iron sulfide, which will convert to a n
sure to air with the release.of-heat which may cause the material to glow and ignite any hy

fric sparks and arcs

park is a discharge of electric current across a gap between two charged objects. Althg
 lightning are/ferms of electric sparks, they are listed as separate ignition sources to emph

ite a flammable mixture. An electric arc occurs when an electric circuit carrying current is i
pbnallyias by a switch or accidentally as when a contact or terminal becomes loosened or

carrying con(iiuctor is broken. Sources of electric sparks and arcs can be the following:

ed area.

s causing

ion from a
n offshore

chemical
bn is auto-

corrosion
ore stable
drocarbon

ugh static
asize their

lectric sparks from many of the electrical supplies on an offshore installation may contaip sufficient

nterrupted,
a current-

O electric motors and generators;

O switches, relays and other arcing components of electric circuits under normal operating conditions;
O electric wiring and equipment malfunctions;

O electric arc welding;

0 storage batteries;

O fired equipment ignition devices;

O internal combustion engine electrical systems;
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O lightin
O

O

impressed current cathodic protection systems.

A.4.4 Mechanical sparks

A 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.

A45 Li

Lightning
Lightning
discharge
ensures th
any unigni

A.4.6 Static electrical sparks

luminosity called flame. Examples of situations where flames may be present on an orisnore install

thning

to high points such as antennae and flare/vent stacks. The design of offshare,install
at lightning is not a major source of hazard except to some well operations involving expl
fed vent.

can develop very high temperatures in any material of high resistance in its path. Light%

cts are not earthed, grounded or bonded, they may accumulate sufficient electric charges

s such as the following:

g operations;

containers, tanks and pressure vessels;

uid exit velocities (high-pressure-water sprays, gas jets);
belt operation;

lasting;

cleaning;

storm.

ame

hydrocarbon flaring;

fired equipment (boilers, heaters);

gas welding and cutting;

engine operation (backfire and exhaust gases);

If two objg
through fri
If the obje
discharge
heat to ig
vapours a
In situatior
O fuellin
0 Ailling
O highf
0 drive
O shoth
O steam
0 snow
A.4.7 FI
When fue
following:
0

0

0

0

O perso
0

nnel smoking;

operation of heating and cooking appliances.

S the discharge of an electric charge on a cloud to an opposite charge on another cloudor [on the earth.

ing tends to
ions usually
sives and at

cts are in close physical contact and then separated, the objects‘'sometimes collect an electric charge
ction or induction. Similarly, electric charges can be generated by apid flow of gases or liquids.

that a spark

may occur. These static electrical sparks are normally of.very short duration and do not produce sufficient
hite ordinary combustible materials, such as paper. Some, however, are capable of ignitigg flammable
nd gases. This situation is more common in a dry atmosphere. Static electrical sparks may pe a problem

sCare burned, energy is released in the form of heat. The burning is generally acconjpanied by a
ation are the
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A.4.8 Hot surfaces

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

welding slag and hot metal particles (sparks);

sel stacks;

hot processing piping and equipment;

engine exhaust systems;

©1SO

clothes giryers and exhaust systems.

0
O fired ves
0
0
O high-ten
O frictiona
0O heating
0
A.4.9 Hea
If a flammab

sufficient to 1f
may occur w

0

0
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packing

lubricatimg system failure in air compressors;

admissid

perature electrical devices, such as incandescent lighting fixtures or heating elements;
heat such as slipping belt against a pulley, un-lubricated bearings;

hnd cooking appliances;

of compression

e mixture is compressed rapidly, it will ignite when the heat géderated by the compressin
aise the temperature of the mixture to its ignition point. Combustion as a result of heat of co
nen hydrocarbon vapours or gases are mixed with air under. situations such as the following:

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

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

n of air into the suction of hydrocarbon gas compressors.

pj action is
mpression
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Annex B
(informative)

Guidelines to the control and mitigation of fires and explosions

B.1 Installation layout

gas release or smoke drifting towards the accommodation and primary evacuation points. If ingress ofigmoke or gas
into the accommodation is possible, the design of any ventilation system should be such as-to minimize the
likelihood |of contamination of the inside of the accommodation and spaces occupied during”emergencies.On
installatior)s where the accommodation is on the same structure as the processing facilities,-.¢cansideratjon should be
given to the appropriate siting of the accommodation to minimize the likelihood of/impairment py fires and
explosiong. In some cases, locating the accommodation on a lower level of the installation’may be appropriate.

The amoupt of venting available and the degree of congestion in the area of the explesion significantly|influence the
severity offan explosion.

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

In this respect, the following points should be considered.

a) Longand narrow modules containing pressurized hydrocarbon systems should be avoided, as large distance
betwden possible ignition points and the vent can contribute to high over pressures. If long, nafjrow modules
canngt be avoided, vents or open areas should be located in the longer walls;

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

c) Repeqted obstacles should be avoided. If this cannot be achieved, vent openings along the wall with the
repeated obstacles should be provided.

Where explosion vents are provided, thewents should be located to minimize the distance between jany potential
source off ignition and the vent. Theyvents themselves should have the maximum possible free area. The
arrangement of equipment in an drea, and particularly near the vent, can have a major influence [on the peak
overpresstires expected in an area,

Main evaduation routes, esSential safety systems and vulnerable process equipment should not be Ipcated in the
path of explosion vents,.due to possible damage by blast effects and flying debris. Furthermore, sugh equipment
should nof be placed ¢lose to barriers which may be displaced in an explosion.

Cable trayp, junctionboxes, piping and miscellaneous equipment should not be allowed to block the explosion vents
and reducg the free vent area, nor should they be located where they will increase turbulence and thus explosion
overpressyres.

Services for essential safety systems should be routed to ensure they will be able to 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 may ensure adequate integrity for essential safety systems. Care should be taken to ensure that
loss of part of a system will not jeopardize the whole system.

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

Topsides riser ESD valves should be located as low down the riser as practicable, so as to minimize the likelihood
of damage below the ESD and release of non-isolatable pipeline inventories. Alternatively, riser ESD valves may be
protected to withstand the effects of such accidental loadings. Riser ESD valves should be located to allow access
for operation, maintenance and inspection.
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The installation design should consider how an ignited blowout can be handled should such an event occur on the
installation. The design should consider the strategy for well killing and the role of any multipurpose support vessel
which may be available. The ability of the blowout preventer (BOP) and diverter assemblies to perform their
functions under major emergency conditions should also be addressed.

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 nonhazardous areas.

Ventilation discharges from hazardous areas should be located so that any emissions will not present a hazard to
personnel during normal operations and under emergency conditions

Where utilitigs, such as cooling water, are shared by process systems and equipment in nhonhazardeus |areas, the
utility system|should be designed to prevent migration of flammable liquids and gases into nonhazardous preas.

B.2 Emergency shutdown and blowdown systems

ESD systems may be based on one or more of a range of technologies including  PLC (Programmfble Logic
Controllers), | electronic, electrical, pneumatic and hydraulic systems. WhateVer “configuration is selected, the
functionality and performance should ensure that the system is capable of fulfiling’its role as stated in the|FES.

ESD systemps should be designed in accordance with recognized code€s or standards applicable to the area of
operation. Methods of determining functional requirements for electrical, electronic and programmable| electronic
systems and|guidance on how these functional requirements can be<achieved are given in Parts 1, 2 and 3 of IEC
61508. Loss [pf power or key input signals should be considered in.@etermining the reliability of the ESD system.

The impact ¢f loss of power and by input signals on the funetionality of the ESD system should be congidered. In
many applications this may require that the ESD system isfinherently "fail safe", such that the system achieves a
ition. For more information on hydraulic and ppeumatic systems which may supply power for ESD system
operation, see clause B.13.

Simplicity of pperation and maintenance should(be considered in system design.

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

Platform-based wells capable of flowing to surface should be separated from the platform by automaticl downhole
safety devicgs. ESD valves on.iticoming pipeline risers and well heads should be provided. The requirements for
boundary is¢lations should alsSo address the needs of any gas-lift lines. Riser ESD valves may nged to be
supplemented by subsea isplation valves to limit the duration of leaks associated with failure of a riser. The potential
benefit of sugh valves in¢luding those on export pipelines, should be considered in developing the FES.

ESD valves yithin.the topsides process systems may be required to limit the amount of hydrocarbons rgleased on
loss of containmeént; to separate systems with differing operating conditions, and to facilitate EDP system degign.

Fast effective EDP may 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. However, failure of an EDP system pipework, for example in an explosion,
may result in the release of part of the installation's pressurized inventory into the area.

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 EDP may be required on
some installations to limit the peak flowrates 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 may be acceptable to provide a cancel facility to stop or delay the EDP if the operator
decides that EDP is unnecessary or unsafe (e.g. due to helicopter operations).
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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
ltoxic gas affecting personnel on the installation.

The provision of an EDP system may not in itself be sufficient to prevent vessel failure if a vessel is engulfed in a
fire. Protection provided by EDP systems will normally only be effective if the EDP is initiated at the earliest
opportunity, which is likely to require automatic initiation by the fire and gas detection (F&G) system. Where an
assessment indicates that such pressure vessel failures present a significant risk, additional forms of protection
such as AFP/PFP should also be considered.

ESD and EDP valves should be accessible and equipped with position indicators locally and where appropriate.

Valve-pos

tion indication should also he available at the control station

The maint
allow thes
are not pg
should be
testing ops

B.3 Co

Potential i

Ventilation
mixture of

In undertd
extent of t
in the are

bnance and testing requirements should be addressed during the design, and the negcessa
b activities without significantly reducing the level of safety should be provided. If maintenang
ssible without significantly reducing the functionality of the system, special precdutions an

y facilities to
e and testing
| procedures

developed to maintain an equivalent level of safety. In some cases this may require that maiftenance and

brations are only performed when the installation is shut down.

ntrol of ignition

jnition sources are described in annex A.

rates in open installation will vary considerably with weather conditions and layout. Cons
free and forced ventilation may be necessary.

king a hazardous area classification of the installation, the main factors affecting the zo
ne zones are the source and grade of release, the*characteristics of the fluid released and t
h of the release. Hazardous-area classification-is intended to be applied when there may

ignition ddy
address

e to the presence of flammable gas and~vapour mixed with air under normal conditions
ajor releases. The extent of each hazardous area or zone shall be determined using

standard, guch as IEC 79-10, Part 15 of the Institute of Petroleum Model Code of Safe Practice or API

The rate

ventilation will influence the zoning. The effect of loss of forced ventilation or the frequency,

deration of a

ning and the
ne ventilation
be a risk of
. It does not
h recoghized
RP 500.

of periods of

Jeal with the
important in

low naturdl ventilation should also be ‘considered and, if appropriate, the precautions identified to
consequenmt change in zone rating. 'Pressure differentials created by ventilation systems are also
limiting gap spread.

Ventilation
which may
or velocity,
reasonabl

rates for enclosed hazardous areas should take into account the amount of gaseous hydrocarbons
be expected in-noermal operations, although some area classification codes contain minimujn air change
requirements which may also be used. Air intakes for nonhazardous areas should be positiohed as far as
practical from hazardous areas.

All electricpl equipment shall be suitable for use in the area in which it is installed.

preas.

Consideratiofyshould be given to minimizing the amount of electrical equipment installed in hazardous

Electrical equipment outside the TR and control station which is required to operate during a gas emergency should
be suitable for operation in a flammable gas atmosphere. If essential electrical equipment remains energized in an
emergency, facilities should be provided to isolate it manually or automatically. Consideration should be given to
tripping, either automatically or manually, all nonessential safety equipment once gas is detected in nonhazardous
areas.

Nonelectrical equipment and hot surfaces may also be potential ignition sources. Precautions, such as automatic
shutdown, should be provided to prevent ignition if a gas release should occur while the equipment is in use.

Diesel engines may provide a source of ignition for flammable vapours and also create a hazard by overspeeding

through ingestion of flammable vapours. Diesel engines located in hazardous areas should be designed and
installed in accordance with a recognized standard, such as EEMUA 170.
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Diesel engines in nonhazardous areas powering essential safety systems should be provided with protection such
that the diesel engine can continue to operate if gas can realistically reach the area in an emergency. This may
include isolation of non-suitable electrical components, over-speed protection and, possibly, cooling of hot surfaces.

Gas turbine acoustic hoods contain potential ignition sources and hydrocarbon sources of release in close
proximity. Provisions shall be made to supply ventilation air from a nonhazardous area at sufficient flowrates to
remove heat from the surface of the equipment, to dilute any small leaks of flammable gas, and to purge the
enclosure prior to start-up. Alternatively, inerting systems may be considered as a means to prevent ignition under a
turbine acoustic hood if the ventilation system may shut down on gas detection. If inerting systems are used, it is
vital to ensure that the turbine hood remains effectively sealed until any ignition source inside the hood are

effectively disabled.

The integrity
to nonhazarg
piping, cablg
penetrations
which any dy

Portable or t
not possible,
release of hy

B.4 Contr

The capacity]
fighting activ
the capacity
spreading fir

Separate lar

ous areas. Penetrations between such areas should be kept to a minimum and anypene
s, ducts, etc. should be adequately sealed. For heating, ventilation and air conditionin
dampers where provided, or ductwork should be of the same fire integrity as the bounda
ctwork passes.

bmporary equipment for use in hazardous areas shall be suitable for use-in such areas. Wi
additional precautions should be introduced to minimize the likelihoodcthat this equipment
drocarbons.

ol of spills

of the drainage system should be sufficient to handle credible spill coincident with deluge
ties. The design of drainage systems should make allewance for possible blockage which
of the system. When a drainage system is provided, it should be designed to prevent b
P to other areas.

of physical barriers between hazardous and nonhazardous areas is important to prevent ga:i

migration
rations for
g (HVAC)
ry through

ere this is
vill ignite a

nd/or fire-
ay restrict
rning fuel

jer drainage systems may be necessary o control major releases and any associated fifewater. In

order to limit the size of drainage recovery systems itimay be acceptable to provide firewater drains which|discharge
fire-water dirgctly to the sea.
Consideratioh should be given to the role of the drainage system to prevent a major hydrocarbon spill acgumulating

under vessel

Consideratio
of the installd

Helidecks sh
impeding the

On some ing

5 or contaminating lower levels-of the installation.

tion-supporting structure’' and impede evacuation.

ould be designed-to quickly remove spills of aviation fuel from the vicinity of the aircr
escape routes.

tallationsy hazardous and nonhazardous open drains may terminate in a common caissofr

the drainpip

befow sea/liquid level. Where such an arrangement is used, care is needed to ensure bac

h should be given to the need to prevent fires spreading to sea level where they may affect the integrity

hft without

or sump.
by routing
flow does

This is acce{table providing that backflow into the nonhazardous open drains is prevented, for example

not occur du¢ to/corrosion of nonhazardous drains pipework.

Kerbs or drip-pans should be provided around vessels, pumps and other potential sources of leakage to limit the

spread of sm

all spills.

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

B.5 Emer

gency power systems

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

0
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installation mains power generation providing it can reliably provide power under emergency conditions;

cables with suitable integrity from land or other installations;

battery systems;

or some combinations of these.

On small simple installations it may be possible to rely entirely on battery systems.

More details of typical emergency electrical power requirements are given in clause C.1.

Consideration should be given in the design of the emergency power system to ensure that there will
arrangeme
design of
the need f

Emergenc
places wh
generator,

In order tqg
equipmen

The durati
emergenc
may be ex
than the T

ents to provide a reliable source of power during maintenance of the emergency power
he emergency electrical power system should consider providing automatic-start arrangem
br manual intervention during emergency condition.

y lighting should be provided on routes which may be used for escape and-evacuation &
ere personnel will muster. Where emergency lighting is predominantly. supplied from a
a portion of the light fittings should also have battery backup.

manage evacuation of the installation radio communications are required. Emergency cor
with independent battery supplies should be provided.

pn of the uninterruptable power supply (UPS) to systems_such as the emergency lighting,
y communications, ESD systems etc. should be designed-to cater for the emergency con
perienced. Where UPS systems are selected they should provide power for a period consid

The naviggtional aids should be provided with independentbattery supplies.

Cabling fo
long enou
required a|

Deluge-co
major gas
the integri
generator

B.6 Firg

The issuef

d

d

isolats

I systems supplied with emergency power.should be of a standard that will allow the syste
ph to perform its role under the conditiens which may be experienced when the emerge
nd should be routed to minimize damage.

htrol valves and other critical valves may be held in the closed position by the instrument air
emergency, mains power generation may stop, resulting in the loss of the instrument air com

y of the air supplies canhot’be guaranteed, the need to power an air compressor from th
should be considered./Similar considerations are relevant for hydraulic system.

p and gas detection systems

which should be considered in determining the control actions initiated by the F&G system i

b the_ installation from the reservoir and pipelines;

be adequate
system. The
ents to avoid

Ind for those
N emergency

nmunications

&G system,
Hitions which
erably longer

R endurance time to cater for those events where immediate evacuation is unnecessary or not practical.

M to operate
hcy power is

system. In a
pressor(s). If
P emergency

hclude:

initiat

EDP"

isolate electrical equipment to prevent further development of electrical fires;

initiate shutdown of ventilation system 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.
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The number and location of fire detectors should be suitable to ensure timely detection of fires, taking into account
the potential for escalation of fires in the area.

Different types of gas detector have different sensitivities to the range of hydrocarbon which may be experienced.
The calibration should be based on the relevant range of hydrocarbons.

Multiple alarm levels for gas detection may be used to allow investigation or limited control action at low gas levels
without stopping production.

F&G detectors should be subject to a regular maintenance and testing programme. The design of the F&G system
field devices should consider the requirements for maintenance in order to minimize the need to provide special

access arral

ements for calibration, cleaning or testing

Information d

Where toxic
the system in

The F&G syj
detection is 1

The F&G syq

a control statjon.

Following thg
to provide an

Manual call points should be provided at convenient locations dround the installation, to allow personne

an alarm of g

Where there
designed to

F&G detectid

n the level or quantity of gas present in an area should be available at a control station,

gas detection is required for personnel protection, consideration should be given(to,the int
to the overall F&G system.

tem should be capable of operating under the conditions to be experienced ‘at the time tha
eeded.

tem should contain test facilities. Faults of detection systems should; once detected, raise 3
installation of the F&G system there should be a review to confirm that the layout of detect
adequate response.

hazardous situation and allow rapid initiation of any necessary control actions.

is a likelihood of smoke and flammable or-toxic gas affecting the TR, the F&G system
rovide signals to allow effective shutdown ef.ventilation systems before impairment of the TR o

pgration of

t the F&G

n alarm at

ors is able

| to initiate

should be
CCurs.

n systems should be designed in accordance with recognized codes and standards applic

ble to the

area of opergtion to achieve the level of performance stated in the FES. Methods of determining requirements for

electrical, el¢ctronic and programmable electronic systems and guidance on how these requirements can be
achieved will be given in Parts 1 to 7 of\lEC 61508. Loss of power or key input signals should be cofsidered in
determining the reliability of the F&G syStem.
Where provided, the F&G system’should be designed to perform the following functions:
a) Monitoripg
O to detect hazardous accumulations of flammable gases/oil mist;
O whdre considered necessary, to detect leaks (e.g. near pump seals);
O to detect fires at an early stage;
O to detect ingress of smoke and flammable gas into places where they may present a hazard;
O to permit manual initiation of alarm.
b) Alarm
O toindicate the location of any fire or hazardous accumulation of flammable gaseous or oil mist;
O toimmediately alert people of possible fire or gas incident.
c) Control action

O to immediately initiate appropriate control actions.
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Clause B.7 gives guidance on audible and visual alarms being adopted in some parts of the world for alarm
harmonisation.

Clause C.2 gives typical applications of fire/gas detectors.

B.7 Typical audible and visual alarms

The following guidance on audible and visual alarms is being adopted in some offshore operating locations, in an

attempt to

harmonize alarms across all installations operating in that area.

The prima

1 I} 1ol L HA | ! () £l Lot 1o I - ) :
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Table B.1 — Alarms

Alarm type Primary Supplementary
Muster Intermittent signal of constant frequency Flashing yellow
Prepdre to abandon Continuous signal of variable frequency Flashing yellow
Toxic Continuous signal of constant frequency Flashing red in affgcted area

B.8 Actjve fire protection

B8.1 G

Initiation o
location, s

Many con

nature of the operations, availability of externalire-response equipment, and the fire-response strateg

the operat

The guide
particular

Clause C.
and also g

B.8.2 Fi

The fire-w
based AF
defined in

bneral

f AFP systems may be automatic, manual or.both. The means of activation will depend on
ze and type of fire, and the fire-response strategy for the installation.

biderations will influence the selection oftAFP systems, e.g. the size and complexity of the in
Dr.

ines in B.8.1 to B.8.12 are netintended to imply that all of the AFP systems described will be
nstallation.

B provides guidance-on‘the selection of AFP systems for typical areas on a large, manne
ives examples of application rates of water-based AFP systems.

re-water pump-systems
hter punip system should be selected to deliver the pressure and flow required for the opera

P systems (deluge waterspray, monitors, hoses, etc.) sufficient to meet the role of these
the "‘FES. This will typically be the single largest credible fire area (if deluge/waterspray

installed),

the expected

stallation, the

ly adopted by

needed on a

] installation,

lion of water-

systems as
systems are

p'IIQ any nnfinipntnd manual firn-fighfing demand (mnnifnrc/hncn cfrnnmc) Where rnqnirnr

in the FES,

allowance

should be made to cope with escalation of the fire to adjacent areas.

The fire-water pumps, their prime movers and starting arrangements should be designed so as to operate for a
minimum period sufficient for 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 should identify the number of fire-water pumps required and the arrangement necessary to provide a
reliable supply of fire-water. This should consider situations such as when a fire-water pump unit is unavailable due
to maintenance or breakdown. On normally manned installations this may require at least two independent pump

units.
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If more than one fire-water pump is provided, fire-water pump units should be designed to minimize the risk of
common mode failures occurring during emergencies. Pump inlets should be separated such that in the event of an
incident rendering a pump inoperative, the other pump unit(s) will not be 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. Except during testing, any alarms from pump monitoring systems should
not automatically stop the fire pump.

Fire-water pumps should normally have two different means to start the pump automatically.

Fire detection at the fire-water pump should not stop the pump or inhibit the start of the fire-water @ump driver.

Confirmed hy

If not runnin
facilities sho

If the conneg

The fire-watg
Protection ag

Fire-water pu

Water treatm
requirements

Sufficient ins
ascertain the

drocarbon detection in the air inlet of the driver should inhibit the pump start.

continuously, the system should be designed to start automatically in a fire emérgency. |
Id be provided for local and remote manual start of the pumps.

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

r pump system should be located, or protected, so that it is able to.supply water in a fire e

ainst damage of associated power cables, hydraulic/piping and contrat¢ircuits should be consig

mp units required to operate when gas is present should be désigned to be suitable for such

ent may be necessary to prevent marine growth frommpairing fire-water system perform
for inlet filtration should be considered where debris may damage the pump.

trumentation (both local and, where appropriate,\remote) should be provided to enable pe

operational status of any pump unit.

The provision of relief devices or other arrangements may be required at the pumps to prevent damage t

due to high ¢

been relieved.

B.8.3 Fire{
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points at the

Fire-water m
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In developin
necessary, f
whether arra

perating pressures or surge. Such devieces should reset automatically once the excess pre

water mains

ains are the means by Wwhich water for fire-fighting is transmitted from the fire-water pun
. The fire-water mains~should be designed to provide an adequate amount of water to the
required pressure.

hins may be dry.or filled. The speed of response required should be considered to determine
should be filled and pressurized.

j the RESY incidents which could result in damage to the fire mains should be consider
re-water mains should be routed or protected to avoid such damage. The design shoul
hgements are necessary to provide adequate fire protection when a section of the fire mains

h addition,

mergency.
ered.

operation.

ance. The
rsonnel to
D pipework

ssure has

Nps to the
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if the fire-

bd. Where
I consider
is isolated

by ar-malntanane
YT U ATt aiTo T

due to dama

Fire-water mains should be equipped with an adequate number of shut-off valves to allow sections of the mains and
branches from the mains to be isolated. Easy access for operation of these valves should be provided.

Fire-water mains should be designed using a recognized technique for the hydraulic analysis of this system.

The operation of systems connected to the fire mains may lead to significant surge pressures, which may damage
pipework and equipment. The need for surge protection should be considered in the system design.

Options to avoid surge problems should be investigated before surge-protection measures are considered.
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Suitable provision should be made to protect fire-water mains against freezing during low ambient-temperature
conditions. However, care is needed to ensure that such provisions do not introduce a 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 determine any deterioration in efficiency.

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

B.8.4 Fiked deluge systems

Fixed deluge systems may be provided to:

O contrgl pool fires and thus reduce the likelihood of escalation;

O provide cooling of equipment and structures not impinged by jet fires;

O provide a means to apply foam to extinguish hydrocarbon pool fires;

O limit gffects of fires to facilitate emergency response and EER activities.
The four bfoad types of deluge protection include:

a) area protection designed to provide non-pecific coverageée of pipework and equipment within pydrocarbon-
handlng areas;

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

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

d) water|curtains to reduce thermal radiation and to control the movement of smoke in order to provide protection
to pernsonnel during escape and evacuation.

Fixed deluge systems should bedesigned 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 an@l the system
should be fengineered accordingly.

The water| pressure-available at the inlet to the system or an individual section should be sufficient fof the efficient
operation pf all nezzles 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

i the fi t d-th i tal diti hich
System dul ing-the-fire-events and-the-environmental-conditions-which-may-occutr-

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

The location and orientation of deluge nozzles should be defined so that the required quantity of water will impinge
on surfaces to be protected. Due account should be taken of the effects of obstructions and air movements on the
stream of droplets.

For systems where local manual initiation is unlikely to be adequate, remote operation should be provided from a
control station at which the operating status of the system (e.g. deluge valve open/closed) is indicated.

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

B.8.5 Water-mist systems

Water-mist S
compartmen
defined fire
distribution.

The mechan
displacemen
obtain a prot

Consideratio

O suitability of the system for the particular application;

O provision of a suitable water supply and air supply, if needed for the particular system;

O the size [of the protected area and the degree of congestion;

O the fuel fype and the nature of the fires which may be experienced,;

O the effedt on electrical and other sensitive equipment within the area of water-mist application.

B.8.6 Foain systems

Foam-formin

fires. A fire-fighting foam is a stable aggregation of small bubbles, of density lower than water or oil

tenacious ab
over a burni
combustible

Foams are in
Foams may
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ystems are an alternative to gaseous systems in some applications. Applications in relat
s are well documented, but local application in large compartments or in the open isylimit

within the flame. It is necessary for the water-mist to interact with flaming fires of a cert
bction similar to gaseous extinguishing systems.

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

j additives can significantly increase the effectiveness of water in controlling liquid hydroc

ility for covering and clinging to horizontal or inclined surfaces. It has the capability of flo
ng liquid surface, cooling:the liquid and forming an air-excluding, continuous blanket to s
vapours from access-to air.

effective for firés such as pressurized oil/gas jet fires where smothering effects cannot be ac
be employed using hose stations, fixed systems, portable extinguishers or fixed monitors. TH

b applied~by directly by introducing foam concentrate into the fire-water system in fixed prop
bd as'a premixed solution of concentrate and water.

vely small
bd to well-

situations. Local application requires even distribution of water and an appropriate dfoplet size

isms by which the water-mist extinguishes a fire is by the action of heat’extraction apd oxygen

Hin size to

hrbon pool
having a
ving freely
pal volatile

hieved.
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ortions, or

Where foam
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ng should

provide sufficient accuracy so that the required performance is obtained over the full range of flows and pressures
which may occur in the fire-water system.

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. The foam generated should also be compatible with dry powder.

B.8.7 Automatic sprinkler systems

Automatic sprinkler systems are typically used in areas where fires are expected to involve cellulosic fuels, and
where slow fire growth is expected. Once initiated sprinkler systems can be effective to control fire spread, to
reduce fire and smoke damage and to provide alarm at a control station. They are not normally suitable for
extinguishing fires in flammable liquid spills which can spread rapidly over large areas and exceed the capacity of
the sprinkler system.

Automatic s capable of
immediate

Qprinl{lnr Qnyan should be connected to a water Qllpp|_\ll prnet:llri7nr1 so-that the detnm

operation and no action by personnel is necessary.

The standing charge in the system should not be seawater, due to potential corrosion™problems and salt

accumulatjons at the sprinkler head.

A means ghould be provided to indicate the pressure of the standing charge in the system and to alerf personnel if
the pressuyre drops to a predetermined low level.

Where an|automatic sprinkler system is connected to an unpressurized main, it'should have a reliaple supply of
water avaljlable with sufficient capacity to provide protection until the main js (ressurized. Automatic gupply from a
pressurized fire main or deluge main which activates upon drop of presstre in the sprinkler systemm may be an
acceptable water supply arrangement.

If sprinkleris are provided in cooking areas, they should be prevented from impinging directly on to eqliipment used
for heating cooking oil or fat. Electrical power supply to the galley,should be switched off automatically in the event
that the sgrinkler system is operated.

Facilities ghould be provided to enable each part of the:system to be drained and tested and to remoye all air from
water-filled systems.

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

B.8.8 Mpnitors

Fire-water|monitors may be used ta_provide water-spray coverage or apply water-foam solution. They|may also be
provided tp supplement fixed deluge systems.

The desigh of monitors shotid consider location, size of supply piping, arrangement of control valves.

Monitors may be operatéd either remotely or locally.

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

rom the part
e monitor is

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.

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.
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B.8.9 Hydrants and hose reels

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

Where appropriate, enclosures should be provided to protect this equipment against mechanical damage and
against the environment.

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

the Emergen

cy Response team.

Where hydrg
pressure ava
the fire-wate

Pressure-control devices should be provided where standing pressures can pose a hazard to hos

personnel.

Consideratio
hydrants and

Hoses, nozz
the installatid

intended duty.

Hydrants an
system prote

B.8.10 Dry

Dry chemica
self-containe
potential fires

Dry chemica]
areas with a
single dry-ch
fire-fighting ¢
damaged. TH

Dry chemical
subsequent
liquids.

The discharg
particular df

nts and hose reels are supplied by a fire-water main, the system should be designed)q
ilable will allow safe operation of such equipment at the maximum pressures which may-.be
main.

N should be given to the provision of suitable foam-making equipment-and concentrate fg
hose reels.

es, valve keys, etc. should be stored adjacent to hydrants. CoGglings should be standard
n. Nozzles should be of robust construction, easy to operatesand made of materials suita

] hose reels should not be supplied from the samesection of a fire main as a deluge @
cting the same area.

chemical fixed systems

fire-fighting systems can provide an efféctive means for extinguishment. A major advantg
[ feature which provides for protection-without reliance upon an external energy source. The
should be carefully considered inselecting and sizing the type of dry chemical and equipme

from fixed systems may be.applied from hand hose line or fixed nozzle systems. To cov
single supply of agent, hand ‘hose lines with local actuators may be connected by rigid
emical supply. A major disadvantage of using a single large supply unit for fire protection is
apability if the unit malfunctions (e.g. due to compaction of the powder or nozzle block
is disadvantage may’be overcome by using several smaller units.

systems proyvide/no security against re-ignition, and it is also possible to have an explosion
build-up of a,flammable atmosphere following the extinguishing of jet fires or those involv

e of dry chemical and expellant gas is a two-phase flow, and the flow characteristics depen

o that the
present in

e-handling

r use with

hroughout
ble for the

r sprinkler

ge is their
e nature of
nt.

er several
hiping to a
the loss of
age) or is

due to the
ng volatile

] upon the

yCchemical, expellant gas and equipment being used. Therefore, it is important tg

use the

manufacture

S data which rave been estabiished by nvestigation and eSS 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.

B.8.11 Gaseous systems
Gaseous systems may 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

could 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 may be appropriate for the
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identified possible fire events. Examples of such approaches are: sensitive F&G detection, isolation of power and
rapid manual intervention.

Carbon dioxide and halogenated hydrocarbons have commonly been used in fire-extinguishing systems.
Halogenated hydrocarbons are being phased out due to environmental concerns and should not be used in new
applications. New gaseous extinguishing agents are being developed and may be considered where gaseous
extinguishing is found to be required, providing the gaseous agent selected is suitable in terms of fire-fighting
effectiveness, toxicity to personnel and effects on the environment.

The discharge of any gaseous extinguishing agent may expose personnel to a combination of noise, turbulence,

high velocity and low temperature.

The use (
adversely
death, if p
their deco
should be

If admissipn of a gaseous agent could be harmful, then the feed pipe on such total flooding systen

provided W
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a likelihoo
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should be
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If a static

f some gaseous agents in enclosed areas can produce an oxygen-deficient atmospher
brsonnel remain in the area. Although some gaseous extinguishing agents have a low. toxici
mposition products can be hazardous. Where such hazards are confirmed, appropriate safe
mplemented.

ith an isolating valve arrangement which will be closed before personnet.enter the area.

discharge of gaseous extinguishing agents should be inhibited wheh personnel are in an ar,
1 of harm to the personnel as a result of the discharge.

nitiating the systems should be readily accessible and simple‘to operate. Where systems are
d/or automatic release, they should also be capable of yhanual operation with manual rg
strategic points, generally at the control valves and at entries to the protected space.

| efficiency of the system.

ble and, if necessary, visual warnings should be given automatically within the space both
ase of the system.

cation of system status should be provided at each entry point to the protected space.
boundaries should be designed so that an extinguishing concentration can be maintained fq
dentified in the FES. Means Should be provided for automatically stopping all ventilation fan
berving the protected space before the agent is released.

paseous extinguishing agent system is provided for ventilated machinery rooms, the disc
extended to ,allow for losses during the shutdown of the machinery and automatic gast
provided on.all Ventilation ducts.

nozzles-should be so positioned that a uniform distribution of the extinguishing agent is obta

blectricity hazard may exist when discharging a gaseous extinguishing agent, then conside

b which may

affect human health. Such an atmosphere could produce dizziness, unconsciousness)amnd eventually
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bty measures
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B.8.12 Mobhile and portable fire-fighting equipment

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

Suitable extinguishers should be provided such that personnel in an area have ready access to permit rapid
intervention while fires are still in their incipient stage. Various standards, such as APl 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
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extinguishing medium contained, and the type of fire for which it is suitable. Extinguishers should be provided with
suitable means for mounting.

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

Portable fire extinguishers should be simple to operate and be designed in accordance with a recognized standard
which is suitable for anticipated environmental conditions.

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

Suitable arran for m se can be

handled quickly and will not kink.

Mobile extinguishers should be fitted with discharge hoses of length sufficient to reach any part.of the
area. The hope should not be of such length as to preclude efficient discharge of the extinguishér's-conter

protected
ts.

B.8.13 Helideck fire protection

should be
acility, the
ners, local
standards
CAO).The
v in undue

The type and quantity of fire-fighting equipment should be based on the types of fire which may occur and
summarized [in the FES. Protection requirements may vary depending on helicopter’types, the size of

manning arrpngements and the area of operation. Existing practices include)portable fire extinguis
dedicated foam systems and foam monitors connected to the fire main. Helidecks should comply with the|
of any authofity having jurisdiction for the helideck, as well as InternationahCivil Aviation Organization (
helideck fire protection should be designed to deal with fires on the helideck without placing helideck cre

danger.

cidents or

Typically on
fuelling activ
Where fire-w
emergency r
water supply

manned installations, AFP systems suitable for fires involving aircraft engines, crash in
ties should be provided. Fire-extinguishing equipment should be readily accessible at thg
ater is required, location of fire-water pump./start facilities should be considered at eac

helideck.
N helideck

bsponse location, and the supply arrangements should ensure that there will be no interruption in fire-

during fire-fighting.

A central fogm system which injects foam congentrate into the fire-water mains at the fire pump dischal

not normally
water/foam s
be used as
unavailable.
system.

Where foam
equal distang

B.9 Pass

be used as the primary means of helideck protection, unless it can be shown that the delay
olution reaching the helideck foam monitors is acceptable. Such a central foam system may
a back-up system for pratection of the helideck, should the dedicated helideck foam

Central foam systems may jbe used if foam is immediately available for induction at the heli

is applied by means ‘of fixed monitors, sufficient monitors should be provided, spaced at app
es around the-helideck.

ve fire-protection

ge should
in the fire-

however,
bystem  be
deck foam

roximately

B.9.1 Gen

bral

Screening evaluations of credible fire scenarios may be sufficient to determine the passive fire protection (PFP)
requirements without more detailed calculations. These evaluations may show that certain fire scenarios are
beyond the capability of essential safety systems. It may 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.

Annex C provides guidance on typical PFP applications for enclosed offshore installations. On small, open-type
offshore installations PFP is not as widely used, but should be considered in the developing the FES.

Fire-resistance tests may be undertaken by the manufacturer as part of general approvals and by the operator for a
specific application.
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B.9.2 Fire-resistance test criteria

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

The standard fire tests for cellulosic and hydrocarbon fires are limited by the size of the furnace in which they are
tested. Hence it is important to take into account, in the planning of a test, the important details of the objects being

protected.

The standard fire tests represent a variety of fire situations and will normally give the tested object a more severe
impact than many accidental flres However, the limited scale of the test means that caution should be used when

types, suc
standard {
structural

An actual
alternative
hoc' tests

It must be
taken into
different e

Functional
exposure

The functi
Stabil

Integ

Insulg

Standard
testing of
small-scal

as Jet f|res W|th hlgh momentum and eff|C|ent combustlon may exceed the condltlons exp
est. Test procedures for jet-fire impingement are now being developed to include procedy
bections and bulkheads.

fire may have characteristics different from those which can be reproduced in ‘@’ fire test.
approach to demonstrate that a particular system is adequate should be developed. This mg
br demonstrations to be undertaken.

stressed that many important parameters concerning the fitness af RFP materials or sys
account in the standard tests and in the reporting of the test.,SG¢h parameters include
nvironmental conditions, ageing and mechanical impact.

requirements for PFP materials include the period of resistance, expressed in time, to
pefore the first critical point in behaviour is observed.

pbnal requirements of PFP barriers may be split into three categories:

ty to maintain the load-bearing capacity (sttuctural capability) of a structural member or

ty to maintain the integrity of a fire barrier by preventing the transmission of flame, sni
toxic gases;

tion  to keep the unexposed side-of a barrier cool when the other surface is exposed to a f

ire tests should be used to qualify PFP materials and systems. ISO 834 is a recognized
PFP performance in cellulosic and pool fires. There is no recognized fire test at present for j
b interim fire test procedure is given in OTI 95 634.

Consider

ion should also be-given to resistance to explosion effects, when establishing the functional

for PFP mpterials.

B.9.3 Sglection ef\materials

The selection<ofthe different materials should consider the type and size of fire, the duration of p
environmgnt,application and maintenance, and smoke generation in fire situations.

jmportant fire
erienced in a
res for small

If critical, an
ly require ‘ad

fems are not
Fesistance to

A certain fire

a fire barrier;
oke, hot and
re.

standard for

bt fires, but a

Fequirements

otection, the

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.

Documentation for a passive fire-protection material can vary according to the type of application and may include:

a)
O

O

quality control aspects:
verification of application temperatures and humidity requirements,

installation time,
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O inspection and control requirements,
O surface preparation;
b) mechanical tests:
0 abrasion and impact damage,
O mechanical damage,

O destructive compression,

©1SO

O seafwater absorption,

O flexpre,

0 adhesion and vibration,

O delyge and hose-stream resistance;

c) corrosiop protection:

O cortosion protection properties and inspection requirements for substrate,

O effects of temperatures and thermal shocks,

O cathodic disbondment,

0O ozohe and/or ultraviolet ageing,

O easp of reinstatement following inspection of substrate;
d) fire resigtance tests:

O celltlosic fire performance,

O hydfocarbon fire performance,

O jetfjre performance,

O fire spread characteristics;

O combustion proddets;
e) long-term performance/weathering;

f)  explosioh resistance;

g) full-scale experiments where limitations of tests are obvious;

h) occupational health aspects.

The test requirements should not be defined by the above. The need for each type

of test should be based on

engineering judgement and expected usage. For example, sea-water absorption may only need 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 summarized below:

equipment rupture;

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 behind the flame front, and which may impose significant loads on equipment,
pipework or structure and which may escalate the damage created by the explosion.

The sevefity and consequences of an explosion can be minimized by the use of blast barrier%, equipment

installatior
escalation

layout, the use of active explosion suppression systems or sufficient equipment strength to prevent
However, the preferred method of protection should be by the avoidance of features whigh will cause

high overgressures and by providing adequate venting to allow unburned gas and combustion products to flow out

of the confpartment before dangerously high pressures develop.

Blast overpressures can be effectively reduced by adopting the approach of inherent-safety by design. [This requires
that the layout and location of equipment is such as to minimize equipment and pipework congestion, limit the use of

confining

valls, limit module volumes and provide adequate venting. For these:reasons, open-type indtallations are

generally preferred. It should be noted that this often conflicts with requirements for weather protegtion. Special

attention i$ needed to develop solutions accounting for both explosion safety. and weather protection.

The use df deluge will in many instances effectively control an explosion by reducing flame speeds| and thereby
explosion |overpressures. In particular this may work in naturally<ventilated areas. An evaluation of|the possible
benefits qf applying deluge shall be performed for each specific area, as adverse effects of deluge on

overpress

res have been demonstrated for some arrangements.

Explosion{suppression systems which are initiated by déetéction of the early stages of an explosion are| not normally

used on o

should ad
qualities 0

ffshore installations due to the cost of these systems. If considered, however, the system
dress the response time for the detection”system, time for suppressant release and the
f the agent used. Suppression systems are unlikely to prevent re-ignition if a flammable m

performance
location and
Xture and an

ignition soprce are still present.

The perfofmance of blast-relief and ventilation panels should be verified by suitable type testing. As a minimum, the

following test data should be availablég;

O the ngrmal ambient conditiofs)inside the module;
O the refief pressure;
O the time to relief.

Blast protgction_may provide an effective means of controlling lesser explosion overpressures, even though it may

not be prafticable to design against the overpressures generated in the worst-case scenarios.

If it is established that the hazardous events Mvolving expiosions are not toferabte, then the foftowi

g explosion-

mitigation measures should be explored:

O equipment in hydrocarbon service should be located 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;

O accumulation of flammables could be avoided by limiting the provision of walls to separate areas or modules,
avoiding perimeter cladding or using grated flooring;

O the layout of equipment and piping within a module/area and location of walls and blast relief panels should be

optimized according to the guidance discussed below.
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The following is a list of the design principles which should be adopted for equipment layout, in order to minimize
explosion effects due to overpressure and drag forces:

particular

a) design ventilation to minimize the probability of build-up of the most likely types of release (the most probable
releases);

b) minimize number of ignition sources;

€) minimize congestion;

d) orientate horizontal vessels so that the longest dimension is in the direction of main vent flow;

e) do not opstruct the openings in the module boundaries;

f)  maximizp openings, particularly in floors and ceilings if possible;

g) considel grated floors and ceilings;

h) recogniZe that the accuracy of any predictions of explosion overpressures is not fully*known, and i
dependg on the predictive tool being used;

i) make crftical equipment/structures/barriers as strong as reasonably practicable, and do not limit the glesign to a
calculated explosion overpressure;

j)  considell mitigation by venting, water sprays, chemicals and dilution;

k) design collapse in a cascade fashion such that failure occurs first'in less critical directions;

[) avoid lopg narrow modules;

m) minimize flame path.

The damage|created by drag forces may lead to further escalation which is not tolerable. Resistance to

forces can bg

The hazard
by the projec

The combing
and/or exper|
degree of a
effectively to

Models used
for the uncer

A decision tg

b achieved by increasing the strength:0f’supports for piping, vessels and equipment.

osed by projectiles needs to be assessed by considering the likelihood of impact and dama|
tile.

d effect of venting ang-layout modifications is complex and should be validated by blast ¢
mental scaling. However, these effects can only be assessed quantitatively for specific situa
curacy of these techniques is still being determined and improved, but the models ma
compare alternative layouts and effects of different location of ventilation openings.

to calculate/explosion loading should be validated as far as possible and allowance shoul
ainty inthie’model.

usendesign overpressure less than the predicted maximum should be based on an evalug

implications

such drag

ge caused

hlculations
itions. The
/ be used

| be made

tion of the

pf the decision on the safety of personnel on the installation

Explosion-protection requirements for structures, equipment, piping and supporting structure should normally be
documented, with structural calculations which take into account the dynamic behaviour related to the short duration
of explosion loading. In special cases, simulated tests may be accepted according to recognized standards or

procedures. |

n other cases, an engineering judgement may be accepted.

Guidance regarding the design of structural members for explosion loading is provided in 1SO 13819-1 and

ISO 13819-2
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B.11 Module geometry to mitigate explosion effects

See Figure B.1.
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Figure B.1 — Effect of layout on explosion severity
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B.12 Evacuation, escape and rescue
B.12.1 EER assessment

The purpose of this assessment is for the operator to consider the likely EER situations and make a comparison
with EER objectives and the operator's criteria of acceptability.

An important part of the EER assessment is the estimation of the time required for escape and evacuation, taking
into account human factors in emergency situations and the need to handle casualties. This assessment should be
based on a realistic judgement or calculation of the time required to implement each stage of the strategy.

The results
procedures.
be modified

; | response
he results of these drills and exercises should be evaluated and, if required, the EER strat¢gy should
ccordingly.

The strategy|should consider the arrangements and procedures for the following elements:
O escape from the immediate effects of an emergency;

O the temporary refuge;

0O primary method (for evacuation);

O secondgry method (for evacuation);

O tertiary methods (for escape);

0 commurjications during emergencies;

O means fo recover/rescue people who have used seecondary or tertiary methods and provide, if pecessary,
medical jassistance;

O informatlon needed to make a decision on whethér and when to abandon the installation.
B.12.2 Esg¢ape routes

Escape routgs from all manned areas should be marked and lit so that they are readily identifiable by all|personnel
in an emerggncy.

Signs should be provided as necessary to allow personnel to identify escape routes, including indication of the
direction to muster areas, embarkation areas and means of escape to the sea. The type and location of signs
should be seglected to besuitable for the conditions, such as smoke, which may be present when the signs are
needed.

On large or gomplex.installations, escape-route plans, showing local routes and orientation to the full plan, should
be placed in prominent positions around the installation where necessary to assist personnel.

Escape routes should, Wherever practicable, be designed to remain passable by position rather than by special
protection. To achieve this, external escape routes should wherever practicable be physically separated from
explosion vent panels, sacrificial walls and open hazardous modules. Where this is not possible, alternative routes
should be provided which are unlikely to be affected in the same incident.

The dimension of escape routes should be adequate for the number of people who may be required to use them. In
general, escape routes should be greater than 1 m wide. For routes which are unlikely to be used frequently (and
then only by a small number of people), a reduction in this width may be acceptable. External escape routes and
those used by personnel escaping from more than one area may need to be wider. All escape routes should have
adequate vertical clearance.

Lifts, where provided, should not be used as part of escape routes.
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B.12.3 Command structure

The command structure should identify the individual who has overall responsibility for taking charge in an
emergency. Additionally, a clear chain of command should be established and steps taken to ensure that the
persons in this chain are competent to discharge the duties required of them.

Personnel with a specific role during evacuation, escape and rescue should be competent to carry out that role.
The command structure should be capable of functioning in different circumstances and, in particular, there should

be contingency arrangements to ensure that if individuals are, or become, unavailable there will be others identified
as capable of discharging the relevant responsibilities so that the emergency response remains effective.

The respgctive responsibilities between offshore and onshore support facilities, and betweenOthose on the
installatior] should be specified and clearly understood by all those involved. There sheould be adequate
arrangements for handover of command and control functions, where necessary for different sfages of the
emergency.

B.12.4 Mustering
The temporary refuge (TR) is a place where people can muster whilst investigations, emergency rgsponse and
evacuation pre-planning are undertaken. The TR should have sufficient«capacity to protect the maximum
complement of the installation.
The TR may be an enclosure, more than one enclosure, or only an“area of open deck. The TR i§ required to
maintain the safety of personnel during the period required for the_evacuation process to be completed. This
includes the following activities:

0 time tp complete the full muster at the TR;

0 time tp account for personnel not reporting to their assigned muster stations;

0 time tp evaluate the situation and make decisions;

0 time tp initiate responses to minimize the-cansequences and control the emergency, if possible;

0 time tp complete the evacuation (if.required). This may be done in a phased manner, initially evdcuating non-
esserftial personnel;

O contirjgency time to allow for the unforeseen.

These timps are not all necessarily additive, but the installation should be designed so that the confitions which
could impair the TR do et arise whilst people are still in or at the TR. These conditions are:

* loss df life-support (e.g. due to smoke/gas , excessive heat stress, oxygen deficiency, toxic gas acfumulation);

» loss df structure (e.g. collapse of supporting structure, impairment of exterior fabric of an enclosed|TR);

* loss ofessentiacommandsupport {e-g—toss of essentia-communications withimamenctosed- TR and with
third parties, ESD, F&G and monitoring, emergency power/lighting). It is essential to provide effective
communications between multiple TRs. The level of ESD and F&G and monitoring facilities required at a TR
should be considered in developing the EERS.

On small platforms, a TR may not be integrated with the living quarters and may not be enclosed. The primary
purpose of the TR may be only to serve as a temporary muster point with protection against fire, heat and
explosions for a short period, until the platform can be safely evacuated. Such short duration protection can be
provided by partially enclosing the TR or by locating the TR away from the source of possible hazardous events.

Where it may not be possible for all personnel to reach the TR under certain emergency conditions, there may be a
need for alternate arrangements to allow safe evacuation of these personnel.
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Where a control station is occupied in an emergency and is not situated at a TR, it should be possible for the
personnel at the control station to subsequently reach a TR if the situation makes it necessary. An auxiliary TR may
be needed to ensure this.

B.12.5 Communications during an emergency

An essential feature of the EERS for manned installations is the provision of effective communications systems. In
an emergency situation the telecommunication systems provided for normal operation should remain active,
provided that their continued operation does not create additional hazards. In order to prevent an incident such as a
fire or explosion from disabling any part of the emergency communications critical to the EERS, the following should
be considered:

a) system tliiversity/duplication;
b) separatipn/mechanical protection;
c) selection of materials (e.g. fire-resistant cables).

The size and complexity of the installation will, to a large extent, determine the complexity ‘of the systemg provided.
The range offcommunication facilities provided should meet the objectives of the EERS; in a manner apgropriate to
the specific ipstallation. The following features should be considered in the developing of the EERS:

O the medns to alert and muster personnel — this can be achieved through the provision of a publjc address
system, jand/or platform alarm system;

O the meahs for communication between muster stations and with.iselated personnel - this can be mdt by hand-
held portable radios and/or a fixed intercom system;

O the meahs for communication between the emergency response teams and the team managing the gituation —
this reqgirement can be met by the provision of a fixedintercom system and/or hand held portablg radios. A
switched telephone system could provide a back-up_means of communication;

O the megns to communicate with onshore organizations, other offshore installations or ships — this can be
achieved through the provision of a telephene-system (microwave link or cable), ship-to-shore servige, marine
radio or patellite link (e.g. Inmarsat);

0 the meaps to communicate with heliCopters — systems which would normally be used to meet this rgquirement
include @eronautical systems;

O the provsion of survival craftreommunications — this requirement would normally be met by the pfovision of
marine band transceivers~Survival craft should also be equipped with radio beacon transmitter$ to assist
search gnd rescue opefations.

B.12.6 Evacuation@nd escape to the sea

All systems for evacuation and escape to the sea should be supported by personnel training or famlliarization,
based on theg system requirements.

The normal method of getting to and from offshore installations will generally be the preferred primary method (for
evacuation). However, in many circumstances it is recognized that the primary method of evacuation will not be
available and thus there is a need to provide a secondary method (for evacuation) to allow a fully controlled escape
to the sea from an installation, independent of external assistance. In some locations the secondary means (for
evacuation) may be the same as the primary means (for evacuation), providing it is always available and has
sufficient capacity such that it is capable of dealing with the full complement of the installation in a controlled manner
without undue delay, for example, due to awaiting the arrival of external assistance.

In many locations, the optimum approach to providing secondary means of evacuation will be totally enclosed
motor-propelled survival craft (TEMPSC) in accordance with IMO and other acceptable standards. It is important
that full consideration is given to the type and design of the TEMPSCs, their location, their ability to be safely
launched and the conditions they will experience once launched (e.g. weather conditions, fires on the sea, smoke
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and radiation from topside fires). In some circumstances, the use of survival craft which are not totally enclosed may
be acceptable.

Where provided, the TEMPSC should be readily accessible from the main TR and have a total capacity of at least
the maximum personnel on board. The EER analysis may identify the need for additional TEMPSC so that the
minimum capacity can be successfully reached and used for evacuation considering all credible scenarios and
conditions. Consideration should also be given to severe weather conditions in which the positions of certain
TEMPSC may be patrticularly vulnerable and further redundancy may be required.

Tertiary methods (for escape to the sea) are intended for use only in circumstances where evacuation by primary or
secondary methods (for evacuation) is not possible.

The use of a tertiary method (for escape to the sea) is likely to introduce additional problems due tot!mmersion of
personnellin the sea and the requirement for subsequent rescue. Notwithstanding these problems,tertiary methods
(for escapg to sea) should be considered for all installations to allow access to the sea. However, to maximize the
chances df survival of personnel entering the sea, life-jackets and, where relevant due to sealtempergture, survival
suits, shoyld be provided at suitable locations on the installation.

The genergl principles in the provision of tertiary methods (for escape to the sea) are:
0 they ghould take into account the likely scenarios;

0 escage should be possible from several locations on the installation;

O life-rafts which are capable of being easily launched should be provided to protect personnel who pnter the sea
if the EER assessment demonstrates these may be of benefit;

O systems should be designed such that personnel who enterthe sea can realistically use any availgble life-raft;
O effectve training and procedures should be provideddor the use of tertiary methods (for escape to fthe sea).

In selecting the types, numbers and locations of tertiary methods (for escape to the sea), the likely demands from
scenarios [and the maximum personnel distribution-should be considered. It is important that enough [diversity and
choice is gvailable to enable personnel in a variety of situations to use them.

B.12.7 Rersonal survival and escape.equipment

All personhel onboard should be provided with the equipment found necessary in developing the EER$. Equipment
to be condidered includes:

O asuryival suit which enSures that the survival time in the water exceeds the time required for rescye;
0 alife-Jacket;

O a dev|ce providing respiratory protection from smoke or toxic gas which may be encountered durirjg evacuation
and epcapey

O a torch{Hashight);

O heat-resistant gloves;

O any other equipment found necessary in developing the EERS.

Additional survival suits (where provided) and life-jackets should be available for personnel at places which may be
used for access to the sea, such as TEMPSC embarkation areas and at locations which may be used for tertiary
escape.

B.12.8 Recovery and rescue

The evacuation and the escape process is only complete when all personnel reach a place offering a level of safety
no less than that existing before the event leading to the need for EER, and providing suitable medical facilities.
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Recovery and rescue arrangements will be required for all personnel using secondary or tertiary methods to
abandon the installation. These arrangements may be provided by the installation operator (e.g. stand-by vessel) or
use may be made of resources provided by other operators and national resources (e.g. search and rescue
helicopters, passing vessels). The availability and suitability of such resources should be considered when
developing the EER strategy.

It is necessary to take into account the needs of any special categories of personnel (e.g. divers in saturation).

Additional facilities and arrangements may be needed to ensure they reach a suitable destination.

B.13 Pneumatic and hydraulic supply systems

B.13.1 Puifpose

Many of the pssential safety systems on an installation require a pneumatic or hydraulic supply, system |n order to
execute the [appropriate actions. These systems may provide motive power, e.g. for valve(mevement|or engine
start, or may be required for effective control of the system, e.g. instrument air. In order.te function reliably, the
fluids in thesg systems should have the required cleanliness and be available at sufficient\pressure to perfform their
functions when called upon to do so.

B.13.2 Flujd supply properties

Fluids which Jmay be used include instrument air, plant air, nitrogen, natural{gas, oil-based hydraulic liquids and non-
oil based hydraulic fluids. The initial specification of the system should_identify the requirements of any jpneumatic
and hydrauli¢ systems. This should include consideration of the maximum acceptable content of:

O water (bpth free water and water vapour);

O hydrocafbon;

0 solids;

0 possible|corrosive contaminants.

When air is yised as a pneumatic supply source, the system should be designed to prevent the mixing|of air and
hydrocarbon|from the process or utility-Systems under both normal and abnormal conditions. If an flternative
pneumatic sppply source is provided; the alternative medium shall be of a composition that will not create a
combustible mixture when combined.with the primary source.

The effect off venting natural gas..should be considered in the classification of the area in which the eguipment is
located.

B.13.3 Supply and response

The design ¢f thetsupply system should be sufficient to assure that there will be adequate pressure tg allow the
system to fulfil its functlon This should include conS|derat|on of the maximum usage which could be experienced at

one time and ) ) ided by the
installation utility systems, the possibility of these systems not belng available during an emergency should be
considered and, if necessary, dedicated reservoirs or accumulators provided.

The failure mode of the essential safety system supplied by a pneumatic or hydraulic system should be considered,
to ensure that the required integrity is maintained. It is generally preferred to have an arrangement where the
pneumatic or hydraulic supply keeps the system in a normal operating condition and that failure of the
pneumatic/hydraulic supply will cause the system to move to a safe condition.

To achieve the required speed of response, consideration should be given to line sizes, safety device bleed-port
sizes and the need for auxiliary quick-bleed devices. Lines that supply and bleed should be sized for optimum bleed
conditions. Because of volume and flowrate characteristics, a line that is either too large or too small will require
excessive time to bleed. APl RP 500 may be used as a guideline when designing instrument and control systems.
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The design of the pneumatic/hydraulic system should consider the vulnerability of components to damage, both
during normal operations and under emergency conditions. It is preferable to have the pneumatic/hydraulic
components located as close as practical to the essential safety system they serve.

B.14 Inspection, testing and maintenance

B.14.1 General

Inspection, testing and maintenance frequencies should be determined as part of the FES development, reflecting
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 inspegctior, testing and
maintenarice of the essential safety systems and equipment covered by this International Standafd

Annex C grovides detailed guidance for typical inspection/maintenance frequencies.
B.14.2 Hire and gas systems

Fire and gas control panel: functional checks should be conducted to ensure that detectors annurciate correct
zones and initiate the appropriate alarms or extinguishing systems.

Detectors |(flame, heat, smoke and gas): should be tested for operation and recalibrated if required. The frequency
of testing gletectors will be dependent upon the type.

General alarm: alarms initiated from the fire and gas detection system should be regularly tested.
B.14.3 HEmergency shutdown and blowdown systems,(ESD)

Periodic operational tests should be performed, to substantiate the integrity of the entire system.
B.14.4 Hire-water pump systems

a) Inspegtion and tests

Drivefs and pumps should be regularly started and operated for a period sufficient to estgblish normal
operalting conditions. They should-start reliably and run smoothly at rated speed and load.

Pumg performance (flow nzolume and discharge pressure) should be tested to ensure the punpping system
satisfies the fire-water system functional requirements.

b) Maintgnance

Engines should\be kept clean, lubricated and in good operating condition. Correct oil and coolant Jevels should
be maintained:

Diesel fuel tanks should be checked after each engine run to assure an adequate fuel supply exists.

Fuel-gas scrubber vessels on natural-gas fuel engines should be drained before and after any engine run.
Pressure-gauge readings on fuel-gas lines should be checked during engine tests to verify the fuel gas delivery
pressure.

At a frequency dictated by flow test and experience, submerged pumps should be lifted to inspect for corrosion
and/or wear which could cause failure when required to function during an incident.

B.14.5 Deluge and sprinkler systems
Deluge systems may be susceptible to plugging due to corrosion, biological fouling or other foreign objects. An
effective means (e.g. inspection, testing) should be established to verify that the system has the capability to

function as designed. It is recommended that the established procedures allow for verification of the integrity of the
system.
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