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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards
bodies (ISO member bodies). The work of preparing International Standards is normally carried out
through ISO technical committees. Each member body interested in a subject for which a technical
committee has been established has the right to be represented on that committee. International
organizations, governmental and non-governmental, in liaison with ISO, also take part in the work.
ISO collaborates closely with the International Electrotechnical Commission (IEC) on all matters of
electrotechnical standardization.
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cribed in the ISO/IEC Directives, Part 1. In particular, the different approval criteriamee
brent types of ISO documents should be noted. This document was drafted in accordan
orial rules of the ISO/IEC Directives, Part 2 (see www.iso.org/directives).
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5 document was prepared by Technical Committee ISO/TC 67, Materials, equipment a
ctures for petroleum, petrochemical and natural gas industries, Subcommittee SC 9, Liquef
installations and equipment, in collaboration with the European Committee for Stang
N) Technical Committee CEN/TC 282; Installation and equipment for LNG, in accordang
eement on technical cooperation-bétween ISO and CEN (Vienna Agreement).

5t of all parts in the ISO 2025% séries can be found on the ISO website.

feedback or questions gh,this document should be directed to the user’s national standa
plete listing of these/bodies can be found at www.iso.org/members.html.

5 corrected versionof ISO 20257-1:2020 incorporates the following corrections:
e broken linKs-n References [50] and [51] were updated;

e missing.content in 5.1.2, 5.4.3.2.3, and 5.5.10.2 was added;

enance are

ded for the
e with the

 subject of
. Details of
ion and/or

d does not

terms and
nce to the

fw.iso.org/

nd offshore
ied natural
Jardization
e with the

ds body. A

- edlitorial corrections in 12.2.2.2, G.1.2.1, G.2.1 and in the bibliography.
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Introduction

This document provides a non-exhaustive list of potential concepts. When a novel concept is proposed,
the general principles in this document can be applied as far as applicable. Such design will result in a
concept with equivalent level of safety and environmental friendliness to those currently considered as
standard solutions. Guidance on the assessment of novel technology is provided in Annex F.

In case a part of the installation, such as hull, vessel or structure, is already covered by another
International Standard, including IMO, this document will only complement that applicable standard
where necessary in order to ensure global safety, stability and integrity of the overall floating LNG

installation.
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within a pa
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the regulat
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etc. into co

Additional
vary deper
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a Marine F

nsideration.

hent assumes that a floating LNG installation is also designed to meet IMO and classifica
uirements. It is not intended to preclude the use of a 'barge’ solution. This docunierit neif
e shape of the installation nor specifies the need for propulsion or an instatlation to
rticular regulatory regime. A barge can either be subject to exactly the sam€@considerat
bsigned as a non-propelled ship or not. This will depend on aspects suchlas‘whether a bz

ory regime imposed on it. In this respect, the user of this document:is expected to take
esign, means of external communications, and evacuation, escape'dnd rescue arrangeme

requirements by the Flag process, Shelf or Coastal Regulations can be applicable, that
ding on the type of floating LNG installation.

bunkering applications is covered in ISO 20519 and in publications by the Society for Ga
el

fion
her
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ons
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ffshore or at shore, how it is transported, whether it stores LNG or net, the level of mannling,
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nts,
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Installation and equipment for liquefied natural gas —
Design of floating LNG installations —

Part 1:
General requirements

1
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Scope

5 document provides requirements and guidance for the design and operation,of floatir

ration of floating LNG installations.

5 document is applicable to:

floating LNG liquefaction installations (plant) — FLNG;

floating LNG regasification installations (plant) — FSRU;

floating storage units — FSU.

5 document is applicable to offshore, near-shore.dr*docked floating LNG installations.

5 document includes any jetty in the scope iwease of docked floating LNG installations w
he mooring. This document briefly describes floating LNG mooring concepts.

5 document is applicable to both newbuilt and converted floating LNG installations, and
Cific requirements.

5 document is not applicable to:

onshore LNG storage, liguefaction and/or regasification installations/plants, except
FSRU and/or FLNG installations;

offshore LNG plants based on non-floating structure (such as gravity based struc
principle); and

support ofishore based facilities (such as support vessels, tugs, etc.).

5 document is not intended for design floating power generation facilities though relevg
dotument can be used.

g liquefied

iral gas (LNG) installations, including installations for the liquefactionj~storage, vaporisation,
trapsfer and handling of LNG, in order to have a safe and environmentally”acceptable

Jesign and

th regards

addresses

for docked

ture [GBS]

nt parts of

ThisTdocument is not intended to cover LNG as ruel bunkering applications.

2

Normative references

The following documents are referred to in the text in such a way that some or all of their content
constitutes requirements of this document. For dated references, only the edition cited applies. For
undated references, the latest edition of the referenced document (including any amendments) applies.

ISO

834 (all parts), Fire resistance tests — Elements of building construction

ISO 1460, Metallic coatings — Hot dip galvanized coatings on ferrous materials — Gravimetric
determination of the mass per unit area

© IS0 2020 - All rights reserved
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[SO 1461, Hot dip galvanized coatings on fabricated iron and steel articles — Specifications and test methods

[SO 4126 (all parts), Safety devices for protection against excessive pressure

ISO 9606 (all parts), Qualification testing of welders — Fusion welding

ISO 9712, Non-destructive testing — Qualification and certification of NDT personnel

ISO 10497,

Testing of valves — Fire type-testing requirements

ISO 12944 (all parts), Paints and varnishes — Corrosion protection of steel structures by protective

paint syste

ms

ISO 15614
procedure

ISO 16903
material se

ISO 16904
convention

ISO 19900,

ISO 19901
Part 1: Met

ISO 19901
Part 7: Staf

ISO 19904
semi-submé

[SO 20088
ISO 22899

ISO 23251
systems

ISO 24409
plan signs,

ISO 28460
Ship-to-sho)

[EC 60079
IEC 600921

est — Part 1: Arc and gas welding of steels and arc welding of nickel and nickel alloys

Petroleum and natural gas industries — Characteristics of LNG, influencing/the design,
Jection

Petroleum and natural gas industries — Design and testing of LNG marine transfer arms
1l onshore terminals

Petroleum and natural gas industries — General requirements for.effshore structures

pcean design and operating considerations

ionkeeping systems for floating offshore structures-grid mobile offshore units

1, Petroleum and natural gas industries — Flodating offshore structures — Part 1: Ship-sha,
rsible, spar and shallow-draught cylindrical'structures

(all parts), Determination of the resistanee to cryogenic spill of insulation materials
(all parts), Determination of the resistance to jet fires of passive fire protection

Petroleum, petrochemical and natural gas industries — Pressure-relieving and depressu

1, Ships and marine téchnology — Design, location and use of shipboard safety signs, fire con
bafety notices and safety markings — Part 1: Design principles

Petroleum and.natural gas industries — Installation and equipment for liquefied natural gq
re interface.ahd port operations

(all paxts); Explosive atmospheres

502 Electrical installations in ships — Part 502: Tankers — Special features

1, Petroleum and natural gas industries — Specific requirements for offshore structure§

7, Petroleum and natural gas industries — Specific*requirements for offshore structure§

L1, Specification and qualification of welding procedures for metallic materials — Weldling

and

for

bed,

ring

trol

7]

IEC 60331

(all parts), Tests for electric cables under fire conditions — Circuit integrity

IEC 61511 (all parts), Functional safety — Safety instrumented systems for the process industry sector

IEC 61892
IEC 62305
ISO/IEC 80

(all parts), Mobile and fixed offshore units — Electrical installations
(all parts), Protection against lightning

079 (all parts), Explosive atmospheres

API RP 17B, Recommended Practice for Flexible Pipe

CAACAP 4

37, Standards for Offshore Helicopter Landing Areas
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EN 1127-1, Explosive atmospheres — Explosion prevention and protection — Part 1: Basic concepts and
methodology

EN 1474-2, Installation and equipment for liquefied natural gas — Design and testing of marine transfer
systems — Part 2: Design and testing of transfer hoses

EN 1474-3, Installation and equipment for liquefied natural gas — Design and testing of marine transfer
systems — Part 3: Offshore transfer systems

IMO/IGC Code, International code for the construction and equipment for ships carrying liquefied gases
in bulk (IGC Code)

Intgrnational Ship and Port Facility Security Code, IMO

IMQ/SOLAS, International convention for the safety of life at sea

IMQ/MODU, Code for the Construction and Equipment of Mobile Offshore Drilling\Units
MARPOL, International Convention for the Prevention of Pollution from Ships

Ship to ship transfer guide for petroleum chemicals and liquefied gases, OCIMF

WHQO Guidelines for Drinking Water Quality, World Health Organization

MOORING EQUIPMENT GUIDELINES OCIMF

3 |Terms, definitions and abbreviated terms

3.1 Terms and definitions
For|the purposes of this document, the followihg terms and definitions apply.
[SO|and IEC maintain terminological datdbases for use in standardization at the following addresses:

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

— |IEC Electropedia: availablétathttp: //www.electropedia.org/

3.11
flogting LNG installation
insflallation typically ‘eomprising of hull structure, gas processing, vaporization and liquefgction, LNG
storrage, hydrocarbon'transfer (3.1.53), mooring systems, and other systems

Note 1 to entry:\The hull structure is also known as hull.

Note¢ 2 to.entry: The gas processing, vaporization and liquefaction, including flare, are also known|[as topsides.
Toppides are not relevant for floating storage units applications.

Note3Toentryr The LING SToTage 15 atso RITOWTT Cargo COMTAITITEIT SYSTEIS and cargo manaing Systems.

Note 4 to entry: The hydrocarbon transfer is also known as cargo transfer systems, including offloading
equipment and systems (if applicable).

Note 5 to entry: Mooring systems include jetties and fendering (if applicable).

Note 6 to entry: Examples of other systems are utilities and accommodation.

© IS0 2020 - All rights reserved 3
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3.1.2

floating storage and regasification unit

FSRU

floating unit for storage and regasification of LNG (3.1.31) for sending out to natural gas grid

Note 1 to entry: An FSRU is intended to be permanently or temporarily moored or anchored as part of an LNG
installation located in a protected harbour, in a near-shore location (protected or unprotected) or offshore.

3.1.3

floating liquefied natural gas unit

FLNG

floating unfit for production, liquefaction, storage and transfer (3.1.53) of LNG (3.1.31)

Note 1 to eptry: An FLNG unit can receive gas either from offshore fields, onshore fields, onshore pipeline or
other facilities (other platforms, associated gas, etc.). An FLNG units has the ability to process and export fgas-
field related hydrocarbon products, such as liquefied petroleum gas and condensate.

3.1.4
floating stiorage unit
FSU
floating urjit for storage of LNG (3.1.31) and permanently or temporarily ihoored as part of an LNG
installation

Note 1 to erftry: Non-modified LNG carriers might be considered as suitable; provided that the following asplects
are apprais¢d and resulting safety level is found acceptable:

— mooring arrangement;

— transfer system;

— sloshing aspects;

— effects|ffrom/on other part of LNG installation;
— long tefm use inspectability.

3.1.5

accident
mean uncopntrolled event that can entajl the loss of human life, personal injuries, environmental danjage
or the loss jof assets and financial interests

3.1.6
barge
box shaped non-propelled\floating structure

3.1.7
boiling litajlid expanding vapour explosion

violent expllosivevaporization following the rupture of a pressurized tank containing liquid well alove
its boiling point at atmospheric pressure, which can be followed by a ball fire if the vapour cloud is ignjted

3.1.8
boil-off gas
gas generated during the storage or handling of volatile liquefied gases

3.19

boundary

property line on land or water inside over which the operator (3.1.38)/owner (3.1.39) has full control
and authority, or exclusive use

3.1.10

braid

layer, or layers, of cylindrically woven wires covering the hose (3.1.25) and attached to the flexible hose
assembly (3.1.26) end fittings, serving the function of restraining the flexible hose against elongation

4 © IS0 2020 - All rights reserved
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3.1.11

classification society
non-governmental organization, which establishes and maintains technical standards for the
construction and operation of ships and offshore structures, validates that the construction conforms
to these standards, and carries out regular surveys in service to ensure continued conformance with

the

standards

3.1.12
condensate
hydrocarbon liquids (liquid state at standard conditions) produced from primary separation of natural

gas

3.1
dri

(3.1.35) from a reservoir

13
D tray

spill containment for minor leakage

3.1
em

ERY

Sys
of r

31
em

ESI

sys
esc

3.1

14
brgency release system

em that provides a positive means of quick release of the transfer system (3.1.54) and sa
eceiving source from the supply source

15
ergency shutdown

em that safely and effectively stops the whole plant or individual units to minimi
nlation

16

endlosed area

enc
spa

osed space
re within which, in the absence of artificial ventilation, the ventilation will be limite

explosive atmosphere will not be dispersed naturally

3.1

1.17

explosion

def
3.1

agration event of uncontrolled combustion

18

flammable gas

gas

31

or vapour whichi;when mixed with air in certain proportions, forms a combustible gas ny

19

flag adminjstration
maritime authority of a country in which a vessel is registered

3.1

20

fe isolation

e incident

d and any

ixture

green water

sea

water reaching the deck of the vessel in harsh conditions

3.1.21
harm
physical injury or damage to the health of people, or damage to assets or the environment

3.1.22
hazard

pot

ential source of harm (3.1.21)
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3.1.23

hazardous area

area in which an explosive atmosphere is present, or can be expected to be present, in quantities such
that special precautions for the construction, installation and use of electrical apparatus are taken

3.1.24

hazard identification

HAZID

brainstorming exercise using checklists where the potential hazards (3.1.22) in a project are identified
and gathered in a risk register for follow up in the project

3.1.25
hose
flexible lealk tight inner tube either corrugated metal, elastomer or plastic

3.1.26
hose assembly
hose (3.1.245) with end fittings attached, complete with braid (3.1.10) and/or other covering, refady
for service

3.1.27
high presqure natural gas
gas under fhigh pressure produced from either gas field or from regasification of LNG (3.1.31) t¢ be
dispatched in grid

3.1.28
impact assessment
assessmenf of how consequences (e.g. fires, explosions) affect people, structures, the environment, ptc.

3.1.29
individual risk
risk to which an individual is exposed during a defired period of time

3.1.30
jetty

facility corfsisting of a trestle or similatstructure, berthing facilities including fendering and topgide
equipment|to enable primarily the transfer (3.1.53) of hydrocarbons

3.1.31
liquefied natural gas
LNG
colourless and odourless,cryogenic fluid in the liquid state at normal pressure composed predominahtly
of methane which can: contain minor quantities of ethane, propane, butane, nitrogen, or other
components normally found in natural gas (3.1.35)

3.1.32
major accident
hazardous €vent that results in Multiple fatallties of SEVEre INjUTIEs; OT EXTENSIVE damage to structure,
installation or plant; or large-scale impact on the environment

Note 1 to entry: In this document, a major accident is the realization of a major accident hazard.

Note 2 to entry: Large-scale impact on the environment is, for example, persistent and severe environmental
damage that can lead to loss of commercial or recreational use, loss of natural resources over a wide area or
severe environmental damage that will require extensive measures to restore beneficial uses of the environment.

Note 3 to entry: This definition is intended to incorporate terms such as “major accident” as defined by UK HSE.

3.1.33
major hazard
hazard (3.1.22) with the potential, if realized, to result in a major accident (3.1.32)
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3.1.34
management system
set of interrelated or interacting elements of an organization to establish policies and objectives and

pro

cesses to achieve those objectives

3.1.35

nat

ural gas

gas without condensation at common operating pressures and temperatures where the predominant
component is methane with some ethane and small amounts of heavier hydrocarbons (mainly propane
and butane)

3.1

36

non-hazardous area

are
spe

3.1

h in which an explosive atmosphere is not expected to be present in quantities such as
Cial precautions for the construction, installation and use of electrical apparatus

37

normal operation

rou

maintenance, planned shutdown and commissioning

3.1

38

opgrator

org

31

hnization responsible for the operation of the installation

39

owner

org

3.1

hnization responsible for the safe design and construction of the installation

40

probability
nurhber in a scale from 0 to 1, which expresses the likelihood of an event occurrence

31
res
rati

41
ponse amplitude operator
o of a vessel’s motion to théixwave amplitude causing that motion and presented over

waye periods

31
rec

42
pgnized standard

intdrnational or national standard acceptable to the relevant regulator or authorities, in

pro

3.1

risk

ect stakeholders

43

conjbination of probability (3.1.40) of occurrence of harm and the severity of that harm

31

to require

fine operation and also including intermittent operation such as shiploading or unloading, start-up,

a range of

lustry and

4.4
T

risk analysis
systematic use of information to identify sources and to estimate the risk

3.1.45
risk assessment

ove

rall process of risk analysis (3.1.44) and risk evaluation (3.1.46)

3.1.46
risk evaluation
procedure based on the risk analysis (3.1.44) to determine whether the tolerable risk has been achieved
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3.1.47

rapid phase transition
shock wave forces generated by instantaneous vaporization of LNG (3.1.31) upon coming in contact
with water

3.1.48
safety
freedom fr

om unacceptable risk

Note 1 to entry: This definition is according to ISO/IEC Guide 51.

3.1.49
safety cri
system wh

3.1.50

safety mal
manageme
procedure
prevention

3.1.51

safety integrity level

integrity le

Note 1 to enftry: to entry. The conditions are in specified in the IEC 61508 series.

3.1.52
topsides
gas proces
the main o

3.1.53
transfer
operation

Note 1 to enftry: LNG transfer can be either loading or unloading.

3.1.54
transfer s
means of ¢

3.1.55

water cur
sprinkler 3
mitigate g3

3.2 Abb

ALE
ALS
ANSI
API
ASME

tIical system
ose failure or malfunction can result in one or more of the following outcomeg;‘death or
serious injyiry to people, loss or severe damage to equipment/property, environmental hanm

hagement system
nt process which defines and monitors the organizational structure, responsibili
5, processes and resources for determining and implementing the\major accident (3.1}

policy

vel of a safety related system in accordance with specificconditions

cing, vaporization and liquefaction equipmient installed on a supporting structure on to
- upper deck, or on a jetty (3.1.29)

onsisting of moving liquid product from one container to another

ystem
pnveying liquidorgas between installations including couplings and associated safety syst

fain
rrangement to protect steel surfaces from direct contact with LNG (3.1.31) or a syster]
sreleases and protect against radiant heat

ies,
32)

p of

JUN

n to

reviated terms

abnormal level earthquake
accidental limit state

American National Standard Institute
American Petroleum Institute

American Society of Mechanical Engineers
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BOD biochemical oxygen demand

BOG boil-off gas

BTEX benzene toluene ethylbenzene xylene
CCR central control room

CCTV closed circuit television camera

CFD computed flow dynamics

Cojq chemical oxygen demand

CSRA cryogenic spill risk analysis

CSU commissioning and start-up

DCS distributed control system

DE( design extreme conditions

DOC design operating conditions

DS design survival conditions

EER emergency escape response

EERA emergency escape response analysis
EHS environmental, health and safety
EIA| environmental impact assessnient
ELE extreme level earthquake

ENYID environmental impact identification
ERA explosion risk assessment

ESSA emergeney)systems survivability analysis
ESQ-1 emergency shutdown stage 1

ESD}-2 emergency shutdown stage 2

F&G fire and gas

FE Hie-elerent

FLS fatigue limit state

FRA fire risk assessment

HSE health, safety and the environment
HVAC heating ventilation air conditioning
[IALA International Association of Marine Aids and Lighthouse Authority
ICAO International Civil Association Organization
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IEC

IGC Code

IMO
IR

kW
LDAR
LQ
LNGC
LPG
LRFD
MAE
MODU
MSC
MWth
NOx
OBE
OCIMF
OESD-1
OESD-2
0GI
OGP
PAGA
PAH
PIANC
PM
POB
ppm
PSD
QRA
RCS
SAT

10

International Electrotechnical Commission

International Code of the construction and equipment of ships carrying liquefied

gases in bulk
International Maritime Organization
infrared

kilowatt

leak detection and repair

living quarters

liquefied natural gas carrier

liquefied petroleum gas

load resistance factor design

major accident event

mobile offshore drilling unit

Maritime Safety Committee

Megawatt thermal

nitrogen oxides

operating basis earthquake

0il Companies International Marine Forum
offloading emergency shutdown stage 1
offloading emergency shuitdown stage 2
optical gas imaging
International‘Association of Oil and Gas Producers (now IOGP)
public address general alarm

polycyclic aromatic hydrocarbon

Rermanent International Association of Navigation Congresses

particulate matter

personnel on board

parts per million

process shutdown

quantitative risk assessment
recognized classification societies

site acceptance test
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SECE safety environmental critical element
SIGTTO Society of International Gas Tanker and Terminal Operators
SIM structural integrity management

SLS serviceability limit state

SOx sulfur oxides

SOLAS Safety of Life at Sea

SPM single point mooring

SRIA semi rigid loading arm

SSE safe shutdown earthquake

STS ship-to-ship

TCTS temporary connectable transfer system
TH( total hydrocarbon

TLV threshold limit values

™ thickness measurement

TSd transit survival conditions

TSS total suspended solid

ULS ultimate limit state

UP{ uninterruptible powersupply

VO( volatile organic cemponent

WHO World HealthOrganization

4 |Basis of design

4.1| Site and’meteocean conditions

4.1{1 «Site study

4.1.1.1 Depending on the location of the LNG installations (i.e. docked, near-shore or offshore), the site
study shall include, where appropriate:

a) Aseabed and soil survey, which shall include:

1) a geotechnical survey that will enable the geo-mechanical characteristics of the subsoil to be
defined;

2) ageological and tectonic investigation;
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b)

f)

g)

h)

3) astudy of bathymetry.

A metocean data study, which shall be in accordance with [SO 19901-1 and shall include at least the
following:

1) astudy of water level including tidal variations;
2) wave study including at least wave heights, periods and directions;

3) wind study including wind speed and directions covering incidence of tropical storms and local
squalls;

4) cufrents study including at least current speed and direction throughout the water columu;
5) adtudy of shock waves and flooding (e.g. tsunami, failure of dams);
6) a dtudy of sea water quality, turbidity and temperature;

7) adtudy of marine growth

8) a dtudy of possible sea ice, icebergs, snow and ice accretion impact;
9) vigibility;

10) other relevant site conditions parameters, such as air temperatures, rainfall, atmosphleric
pressure variations, frequency of lightning strikes, and cortosive characteristic of the air.

A studly of underkeel clearance, in which particular attention shall be given to shallow water and
dockside operating floating LNG installations.

NOTE1 PIANC Report N° 153[39 provides further guidance.

A study of terrain to assess the dispersion of liquid and gas clouds to be assessed.
NOTEZ  This study mostly applies to docked\installations.

A study of vegetation to assess, in particular the vegetation fire risks to be identified.
NOTE 3 This study mostly appliesio*docked installations.

A study to identify sources_of-stray electrical currents (e.g. those emanating from high voltfage
powerf(lines, railways).

NOTE4  This study mestly applies to docked installations.
A study of the marine aquatic environment and marine access.
NOTEJ Thisstudy mostly applies to docked installations.

A surveyof'the surrounding infrastructure (e.g. industrial sites, built up areas, communicationg).

NOTE 6  This study mostly applies to docked installations (see also 4.1.3).

Navigational studies for LNG carrier access to floating LNG installation including simulation of
manoeuvring areas, access channel, safety distances whilst an LNG carrier is in transit within the
port and at berth.

NOTE 7  This study mostly applies to docked installations.

4.1.1.2 The studies listed in 4.1.1.1 under a) and b) shall:

a)

12

focus on periodic events for design purposes and events with associated frequencies, so as
to evaluate possible risks related sloshing effects, availability of transfer, and possibilities of
connections;
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b) focus on critical equipment to remain operational and to keep integrity, for which items to be
designed for which conditions shall be listed;
c) consider conditions for towing, mooring, travel, partial completion stage conditions for offshore

structures to be addressed.

If project conditions requires the installation of breakwater, the site studies shall properly take the
impact of the breakwater into consideration.

4.1.

2 Earthquake

Earfhquake action is relevant for LNG installations anchoring, mooring and jetties, trestl

topgides facilities. Earthquake levels definitions shall be carried out in accordance’ wit

sta

As
the
and

E

dards (e.g. ISO 19901-2, EN 1997, EN 1998).

te-specific earthquake analysis shall be performed. This analysis shall jniclude asse
risks, such as earthquake, soil liquefaction, fault movement, tsunamis,Jlandslides, sh
volcanic activities. These investigations involve thorough research, réviéw and evalu

historically reported earthquakes that have affected, or that could reasonably be expect

affe

In @
to 6

cted, the site.

ase of seismic faults in the immediate vicinity of the site, further investigations shall be
stimate their possible activity. Faults for which inactivity’¢annot be confirmed are n

inside the site or within a distance to be determined from theseil morphology.

b and their
h relevant

ssments of
ock waves
htion of all
ed to have

conducted
ot allowed

Theg definitions of seismic level shall be consistent with.the design code used. Typically, two levels of

earthquake are defined:

a) |OBE, being an earthquake under the action ofwhich the structure should not sustain major damage
(also known as ELE);

b) |SSE, being an abnormal intense earthquake under the action of which the structure [should not
suffer complete loss of integrity (also-known as ALE).

NOTE The rationale behind these two levels is that during OBE/ELE, the structure will retain its full capacity

for 31l subsequent conditions, which.can mean that design is for linear (or elastic) response, and thatduring SSE/

ALH, the structure will maintaip-structural integrity for a sufficient period of time to enable evacudtion to take

plade, which can mean that desigr’is for non-linear (or plastic) response.

4.1{3 Location

Duijing the feasibility study phase of the project site location, assessments shall be carried oyt to ensure

the|suitability .of¢he location options with regards to adjacent development if existing. The @ssessment

shall as a mifitthum take into account:

a) |publi¢c-area in the vicinity (e.g. residential development, retail and leisure developments, schools,
hospitals, retirement homes, sports stadium);

b) industrial development;

c) transportation infrastructure.

When the site has been selected, a detailed site location assessment shall be carried out. The location
assessment methodology and scope shall have regard for the proposed inventory of hazardous
material contained on the plant and the presence and scale of adjacent existing and identified future
developments.

It is recommended to:
— update the assessment on a regular basis and when major modifications or changes take place;

— monitor the development around the plant to minimize the subsequent incompatible development.
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4.1.4 Other studies

Other studies can be necessary, if certain topics are not adequately covered by the studies described in
4.1.1 to 4.1.3. These studies can include:

— amarine traffic assessment when an LNG installation is located in sensitive area such as a port, a
high marine traffic density area, or a sensitive environmental area;

or effe

Other stud
4.2 Des
4.2.1 Ge

4.2.1.1

The overa
determine
station thrn
component
the inspect
effect on t}

The floatin
future use
its life, for

trading shipp.

4212 1

The design
set of limit
given in Cl:
be ensured

For each li
calculation
with the
including ¢

The follow

es related to marine operations can be found in ISO 19901-6.
gn criteria
eral

esign life and project nature

design life of the floating LNG installation shall be defined. The selected design life
oughout the project life, hence no interim dockings anticipated. Further, the design life

ion and maintenance strategy. Both the overall and the components design lifes will hav
e fatigue design, inspection and maintenance approaches.

g LNG installation may be designed for a longer lifetime than the project duration to en
The project for which the floating LNG installation is originally planned can change du
example an FLNG or FSRU can be redeployed to a different location or converted in

imit states definitions

verification for a system d@ngd'its components shall be performed with reference to a speci
states beyond which the structure or the system no longer satisfies the design requiremg
huses 6 to 13. In addition, for each limit state, water-tightness and hydrostatic stability s
in accordance with7.2.

mit state, design/criteria shall be established, appropriate design situations shall be defi
models shall'be established, and adequate procedures shall be followed to verify confory
lesign réguirements. These requirements cover all phases of the structure’s life cy
onstruction, transportation, installation, operation and removal.

manoeuvring studies, for example in relation to emergency departure from a shoreside location, and

water dispersion and/or water recirculation studies, for example in relation to possible scour and/

will

docking plans (dry dock), for example the floating LNG insfallation might need to remainp on

s of

s of the floating LNG installation shall be defined, as they can have a lower design life, due to

e dn

hble
ing
[0 a

fied
bnts
hall

ned,
nity
rcle,

nglimit state categories shall be used in the structural design of a floating platform:

a)

and action effects;

b)

ULS, which generally involves verifying the floating structure’s strength to resist extreme actions

SLS, which generally addresses the structure’s performance during its normal intended use, and

involve verifying the floating structure’s strength to resist operational actions and action effects;

c) FLS,w

d)

hich covers the structure’s strength to resist cumulative effects of repeated actions;

ALS, which investigates the structure’s ability to resist accidental and abnormal events, and the

structure’s resistance to the effects of specified metocean actions after damage has occurred as a
consequence of an accidental or abnormal event.

14
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The design criteria to be applied for the various components of the floating LNG installation, for the
respective limit state verification are provided in 4.2.2 to 4.2.7.

Design situations to be considered are provided in Clause 6 to Clause 13.

4.2.1.3 Design philosophy

For structural and mechanical safety, it is important that loads (L) do not exceed capacity (C), and that
there is a margin of safety between these (f). To ensure clarity in design, it is important to note three
different possible design approaches, each of which ensures L < C, where Cis expressed in terms of stress:

an “allowable stress” (or permissible stress or working stress) approach, whereby L =({/f, in other

words a factor of safety, typically in the range 1,3-1,7 is applied to the capacity of the ¢lenent under
consideration;
— |a“load factor” approach, whereby f-L = C, in other words the factor of safety is\applied to the loading

Different elements of an FSRU/FLNG can be designed using different.philosophies, for exam
mig
and

con

NOT

diffi

4.2

Weight control during engineering and construction is provided in ISO 19901-5.

4.2

Taki
sha

eq
ap

The
a)

side of the equation;

applied to the loading, and f2 a partial factor applied to the capacity-(isually to materia

ht be designed following an allowable stress approach, the tapsides following a load facto
the cargo containment system following a limit state approach. Whichever approach is
Sistent set of safety factors (f) shall be chosen.

E

1.4 Weight control

2 Topsides

ing into account all the eavironmental and operational conditions, the analysis of
1 take into account safety factors with the mechanical and functional limits of the m
ipment. The safety factors are considered with definition of maximum allowable stré
ied in the analysisin.relation with the equipment and conditions to be studied.

following desjgiéonditions in accordance with ISO 19900 shall be considered:

DOC or SLS;Under this condition, systems and processes on the facilities can be operate
which means that they can be started or kept running without tripping alarms or safety
devices or endangering equipment and personnel involved. This condition is app
meéchanical and structural designs of facilities.

It will be dangerous and potentially unsafe to pick and choose seemingly favourable fi
brent design codes in order to effect some economy, atthe possible expense of eroding the margiy

a “limit state” (or partial factor or LRFD) approach, whereby f1-L = C/f2,where {1 is a partial factor

s).

ble the hull
- approach,
adopted, a

hctors from
of safety.

the design
hterial and
sses to be

 normally,
shutdown
licable for

Corresponding motion/metocean data: If not specified, I year non-cyclonic return period
can be considered.

conditions

b) DEC or ULS: Under this condition, processes and nonessential systems on the floating LNG

installation will be stopped, but have to withstand all effects without any damages. Safet

y systems/

barriers as identified in 5.2.3 and determined for the specific project risk assessment shall remain
in operation. Systems and processes can be restarted without any repairs or replacements

(inspection and/or adjustment can be required) after the condition goes back to

operating

condition. This condition is applicable for mechanical and structural designs of the facilities.

Corresponding motion/metocean data: if not specified, 100-year return period conditi
considered.
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c) TSC: Under this condition, the floating LNG installation is towed from shipyard to the site, and
systems and processes on the facilities will not be in operation. After this condition, systems and
processes should be able to start their commissioning and/or operation without any damages,
repairs or replacement (inspection and/or adjustment may be required).

Corresponding motion/metocean data: if not specified, 10-year return period conditions applicable
to the routing of the transit can be considered.
d) DSC or ALS: Under this condition, a certain deformation of equipment or structure is allowed, but
no collapse. This condition is applicable for mechanical and structural designs of floating LNG
installation. The structural configuration and equipment arrangements shall be such that any
defornpation or damage resulting from a DSC shall not lead to an escalation of undesirable evengs or
impair safety-critical functions.

Corres
be con|

ponding motion/metocean data: if not specified, 10 000-year return period conditions
Sidered.

can

4.2.3 Transfer systems

4.2.3.1 Hnvironmental installation classification

4.2.3.1.1 | General

the
hits

Due to the different potential locations of the floating LNG_ installation, the exposure to
environmental conditions and the response in term of amplitude of the supplying and receiving u
will be sighificantly different. The exposure to these different conditions is a major criterion for|the
transfer sdlution to be implemented. For this reason, and‘te cover the different locations with limjted
number of|cases, this document adopted the terminology of dynamic sensitive areas and non-dynamic
sensitive afeas.

This notion of dynamic and non-dynamic sensitiverareas is applied to transfer systems design and
be differentt for the rest of the installation.

can

The key p
metocean

and the nat
and the pr
sensitive a

hrameters to select either dynamiic sensitive area or non-dynamic sensitive area are
fonditions (wind, wave), response amplitude operator of the vessel (FSRU/FLNG and LN
ural frequency of the trarsfer systems. Dynamic sensitive areas include non-protected a1

Feas include protected areas.

the
GC),
eas

ptected areas when theé ihstallation might be dynamically sensitive whereas non-dynamic

4.2.3.1.2 | Non-dynamicsensitive area
An area if considered™as a non-dynamic sensitive area for transfer systems if the environmeptal
conditions|applied\te’ the facilities will generate neither large relative motions between the units|nor

excessive 1

hotiofrof the unit where the transfer systems is installed.

The dynan

icamotions will not affect significantly the transfer systems and can be neglected in mos

t of

the cases. Therefore, no fatigue analysis is required and standard equipment can be used to achieve the
connections.

To classify the facilities in non-dynamic sensitive area, an analysis of the expected motion amplitudes,
frequencies and accelerations of the floating units in regards with the impact to the transfer system
shall be performed. If the facility is located in a port equipped with a natural or artificial breakwater
protected area, requirements shall be considered for the transfer system design without a specific
motions analysis. If the facility is located in near-shore location without natural or artificial breakwater,
the analysis of the motions shall be performed to decide classification of the area.

Smaller facilities with smaller LNGCs and smaller LNG installations can lead to apply a design methodology
linked to dynamic sensitive area where such facilities are impacted by high frequency waves.

NOTE Smaller LNGC and smaller LNG installations are considered to be understood.
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4.2.3.1.3 Dynamic sensitive areas

An area is considered as dynamic sensitive if the installation is exposed to motions of the floating
facilities equipped with transfer systems and/or relative motions between the supplying and receiving
units, which are significant for the design of the transfer systems.

In dynamic sensitive areas, the effective motions of the facilities shall be considered in the transfer
system design for:

a) operating envelope;

b) comrectionrsotution:
c) |dynamic and fatigue analysis;
d) |operating procedures;

e) |maintenance purpose.
4.213.2 Design conditions and maximum allowable stresses

4.213.2.1 General

Deslign conditions corresponding to the following project phases shall be considered:
a) |construction;

b) |integration;

c) |installation: transit from the shipyard to site;

d) |operations: normal (stored, connection/disconnection connected, maintenance) and emprgency;
e) |accidents: dropped object, blast, eteyif specified.
The allowable stresses are defined asfollows:

— |The basic allowable design® stress (Sd) for pressure containing and non-pressure |containing
structural componentsshall be the lower of either

— (yield strength/%5) or

— (ultimatectensile strength/3) for austenitic steels, and (ultimate tensile strengfh/2,4) for
ferriticsteéls.

— |S = allowable design stress = K x Sd.

NOTE Allowable stresses are adopted from ISO 16904.

4.2.3.2.2 Transfer system in non-dynamic sensitive area

In non-dynamic sensitive area, the dynamic motions are neglected and only a quasistatic analysis is
performed. The design criteria to be consider are defined in Table 1, which lists the project phases and
design conditions associated with the allowable stresses to be considered.

Table 1 — Design basis of transfer system in non-dynamic sensitive areas

Project phase/ Return Allowable stress (S) Comment
design condition period K x Sd
Construction/load out NA K=09
Integration/lift NA K=0,9
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Table 1 (continued)

Project phase/
design condition

Return
period

Allowable stress (S)
K x Sd

Comment

Transit to site for
installation (TSC)

If not specified 10-year
return period can be
considered

K=1,2

Stored in transit

Transit locking devices

In place/operating
(DOC) or SLS

If not specified, 1-year
return period can be
considered

Manoeuvring: K= 0,9

See case 3 in Table 3

Connected: K=0,8to0 1,5
(in function of the case

See cases 4 to 6 in Table 3

Jtotrreer

Emergency release: K=1,1

See cases 7 and 8 inTable 3

In place/exfreme operat-
ing (DEC) dr ULS

If not specified, 100-year
return period can be
considered

K=12

Stored in extreme
condition

Standard/ocking devicg
see case [L'in Table 3

In place/acfidental:

maximum gllowable heel
by damagedl stability and
black-out

If not specified, 1-year
return period can be
considered

Plastic deformation: no
collapse

Other scenarios with
occurrence probability
above 10-% should also e
considered on top of mgto-
cean induced scenarios

In place/blast or ALS

If not specified, 10 000-
year return period can be
considered

Plastic deformatidn: no
collapse

Refer to Clause 5 for scq
nario to be considered

The allowgble stresses to be considered in quasistatic analysis for the various operating mode shalll be
in accordahce with ISO 16904. For flexible or hybrid solution, the flexible part of the transfer sysfem
shall atleast conform to EN 1474-2. The design, manufacturing and assembly technologies shall confprm

to APIRP 17B.

4.2.3.2.3

Transfer system in dynamic sensitive area

In dynami¢ sensitive area, the dynamic motions cannot be neglected and different analyses shall be
performed|as a function of the operating-conditions, including:

a) quasisfatic analysis in transit@nd stored conditions;

b) spectrpl analysis and/or €isite domain analysis in offloading conditions (manoeuvring, conne

and enpergency).

For spectral analysis, théfollowing inputs are required:

ted

— Response amplitude operator of each coupled vessel for the 6/12 degrees of freedom associated
with the enWironmental conditions according to different heading. The roll motion shall properly be

addredsed due to its non-linear characteristics.

— Wave spectra according to different heading.

For time domain analysis, the time series of the degrees of freedom are required.

Time domain analysis is more accurate than spectral analysis, but is time consuming and requires
particular attention to the worst seeds selected. When performing time domain analyses, spike load/
stress can occur. The determination of the extreme value can be addressed by the methods given in
API RP 2SK. Moreover, due to dynamic motions in dynamic sensitive area, a fatigue analysis shall be

performed.

Table 2 lists the project phases and design conditions associated with the allowable stresses to be

considered.

18
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Table 2 — Design basis of transfer system in dynamic sensitive areas

Project phase/
design condition

Return
period

Allowable stress (S)
K x Sd

Comment

tion (TSC)

return period can be

Construction/load out N/A K=09
Integration/lift N/A K=09
Transit to site for installa- |If not specified, 10-year |K=1,2 Stored in transit

Transit locking devices

considered

considered
In place/operating If not specified, 1-year Manoeuvring: K=1 See case 5 in Table 3
(DQC) or SLS return period can be Connected: K=1to 1,5 See cases 6 to8[in Table 3

(in function of the case
studied)

Emergency release: K=1,2

See,cases 9 and |10 in
Table 3

(D4C)= or (ALS)

year return period can be
considered

In glace/extreme operat- |If not specified, 100-year |K=1,2 Stored in extrerhe condi-
ing|(DEC) or ALS return period can be tion
considered Standard lockinfg device
See case 3 in Taple 3
In glace/survival condition |If not specified, 10 000- K=1,5 Stored in surviyal condi-

tion

Standard locking device —
Additional lockipg devices/
fastening can bg defined

See case No.4 in| Table 3

In place/accidental: max
allqwable heel by dam-

If not specified, 1-year
return period can be

Plastic deformation: no
collapse

aged stability and black- |considered

outjor ALS

In glace/blast or ALS N/A Plastic deformation: no
collapse

In place/fatigue or FLS Fatigue sea states b Design life

a | The survival condition are ¢orresponding to abnormal environmental actions due to wind, wave, current.

b [Typical environment carresponding to average operational conditions shall be provided by customer
fatigue calculations. Fatigliesanalysis to be performed using S-N curve.

to perform

Thd

allowable strésses to be considered for the various operating mode are defined in Table

w
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Table 3 — Allowable stresses according operating modes

FL: fluid loa
PL: design p
PLy: test pre
TL: thermal
WLg,: wind

WLg5: wind

WL: wind 1
WLy wind |
WIIL: wave

WIIL,: wind
WILL,: wind
Usually eart
cases for the
NOTE1 In

NOTE 2 Th
at design te
specificatioy

Allowable
Case N° Mode Loading combination stress (S)
K x Sd
1 Stored extreme DL + WL, + WIIL, 1,25d
2 Stored survival DL + WLg; + WIIL, 1,5 Sd
3 Manoeuvring DL + WL, + WIIL 1Sd
4 Connected DL + WL + WIIL 158d
5 Connected DL + FL + PL + WL, + WIIL 1.8d
6 Connected DL +FL +PL + WL + TL + WIIL 1,5"Sd
7 Emergency release DL + WL + WIIL 1,25d
8 Emergency release DL + FL + PL + WL + WIIL 1,2Sd
9 Maintenance DL + WLy + WIIL 1S8d
10 Hydrostatic test DL + FL + PLy- + WL + WIIL 1,3 Sd
Key
DL: dead loafd

i
Fessure load

ksure loads

load

oad in stored extreme mode
oad in stored survival mode
ad in operating mode

pad in maintenance mode
nduced inertia load

load in stored extreme mode
load in stored survival mode¢

hquakes are considered for'the arms in stowed position. If the owner wishes to include earthquake calcula
arms manoeuvring or‘eonnected, then the load combinations for these items shall be reviewed.

ases 1, 2, 3, 9 andA0,.ice build-up is excluded from DL.

yield and ultimate tensile stresses involve the values specified in ASME B31.3 or ASME III for ASTM mate
mperature,-Altérnatively, these values can be derived according to BS 5500 or equivalent national mat{
with owner’s approval.

fion

ials
rial

For flexiblg
EN 1474-3.

 or‘hybrid solution, the flexible part of the transfer system shall conform to EN 1474-2
The design, manufacturing and assembly technologies shall conform to API RP 17B.

and

4.2.4 Hull

4.2.4.1 Design conditions

All relevan

t design conditions shall be considered including, but not limited to:

a) transit and non-operational conditions;

b) operat

ing conditions;

c) survival conditions;

d) accidental conditions;

20
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e) temporary phases.

4.2.4.2 Wave analysis design basis

Table 4 provides typical design basis of wave load analysis for ultimate strength calculations. Table 5
provides typical design basis of wave load analysis for hull fatigue strength calculations.

Table 4 — Typical design basis of wave load analysis for ultimate strength calculations

Design condition
Wave parameters
Transit Operation” Survival
Waje environment Specific for transit routeb Relevant significant wave |Site specificf
height (Hy) and
corresponding period
(Tp or Tz)
Wajre spectrum Pierson-Moskowitz Specified spectrum¢ Specified spectrym¢
spectrum
Wajre heading profile |All headings included Head sea: 0°d Head sea 60 %98
(0to 360) Oblique sea: 15° +/-15:30 %
Oblique sea: 30°¢ +/-30:10 %
Wape spreading Cos? Cos? Noneh

a |Operation is mainly based on ability to process gas/LNG.
b |North Atlantic conditions can be considered if unrestricted traasit routes are desired.
¢ |Jonswap spectrum is normally used.

d [Relevant for weathervaning units. Other heading profiles for survival and operation condition may| be used, if
docpimented. For units with spread mooring, all heading§with same probability should be considered.

¢ |Thedirection (0, 15, 30) giving the highest shortterm response shall be used.

f - |For units intended for unrestricted service (worldwide operation), North Atlantic scatter diagram shall pe used. The
scafter diagram used shall represent a period of 100 years when used for ultimate strength. For units opeijating at one
parficular location, the 100 years return period at that location may be used.

g |If the operation and survival limits are based on a site-specific scatter diagram using long term approach|the heading
profile similar as for the survival condition may be considered.

h1Accelerations for topside infenface analysis shall be based on Cos? wave spreading.

[Fable 5 — Typical design basis of wave load analysis for hull fatigue strength calcullations

Design condition
Wave parameters - - -
Transit Operation (at site)
Wape enviconment Specific for transit routeb Site specific¢
Waye spectrum Pierson-Moskowitz spectrum PM spectrum
Waypeheading profile |All headings included Head sea 60 %4 ¢
(0to 360) +/-15:30 %
+/-30: 10 %

2 Cos2 to be used unless otherwise specified.
b North Atlantic conditions can be considered if unrestricted transit routes are desired.

¢ For units intended for unrestricted service (worldwide operation), the worldwide scatter diagram shall be used. For
units operating at one particular location, the fatigue assessment should be based on the scatter diagram for the given
location.

d  Relevant for weathervaning units. Other heading profiles for operation condition may be used, if documented. For
units with spread mooring, all headings with same probability should be considered.

e Ifthe fatigue limit is based on a site-specific scatter diagram using long term approach, a specific heading profile may
be considered.
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Table 5 (continued)

Design condition

Wave parameters - ; ;
Transit Operation (at site)

Wave spreading? Cos? Cos?

a2  Cos2 to be used unless otherwise specified.
b North Atlantic conditions can be considered if unrestricted transit routes are desired.

¢ For units intended for unrestricted service (worldwide operation), the worldwide scatter diagram shall be used. For
units operating at one particular location, the fatigue assessment should be based on the scatter diagram for the given
location.

d  Relevan}t for weathervaning units. Other heading profiles for operation condition may be used, if documented,|For
units with spread mooring, all headings with same probability should be considered.

¢ Ifthe fafigue limit is based on a site-specific scatter diagram using long term approach, a specific heading profile may
be considerqd.

Accidental{conditions should consider loadings defined by risk assessment. For envifanmental loadling,
this typically will be conditions with a frequency of occurrence of 1 per 10 000 yeats. Environmeptal
events, sudh as hurricane and typhoon, are considered within the survival desigh conditions of Table 3.

4.2.4.3 Temporary phases

During terpporary phases, structural strength is generally limited ‘as a result of partial levelf of
completion] of the structure and/or application of action combinations that differ from those applicgable
to normal ¢pperation. The effects of design situations applicable totemporary phases shall be addregsed
during desjgn to avoid exceedance of either ULS or SLS, and to,assess contributions to FLS.

Detailed planning of erection sequences and constructign“methods is essential to ensure all critical
conditions|are identified.

Transportgtion and installation assessments shouldicomply with the requirements of a qualified mafine
surveyor dccustomed to advising on transporxtation of these types of structures (e.g. an insurgnce
marine wafranty surveyor) or equivalent.

4.2.5 LNG storage
The loads gpplicable to the LNG stgrage can be derived from various scenarios, including:
— constrjuction, installationfaid tests;

— onsitepperations (e.g- floating unit operations, LNG transfer operations, inspection and maintengnce
operatjions, and ac¢idental situations);

— transif conditiens (i.e. LNG storage not in operation).

The most sringent conditions with associated loads combination shall be taken into account.

The assessment criteria associated with LNG storage testing depend on the cargo containment system
type and are defined in the IMO/IGC Code chapter 4, part E (section 4.21 to 4.26).

The environmental loads for the design of the LNG storage shall be the site(s)-specific environmental
loads of the floating LNG installation and also for all transit conditions (e.g. delivery voyage and
disconnected sail conditions for potential relocations, if any).

The topsides facilities (e.g. process plant, crane, flare, transfer station) transfer mechanical loads to the
hull structure may be taken into account in the design of the LNG storage and associated structure for
strength, fatigue and vibration assessments.
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As per 7.1.4 for hull design, there are four categories of limit states and associated design conditions to
be considered for the LNG storage and associated structure:

a)

b)

Design conditions for ULS

On site(s), the LNG installation motions/metocean data for ULS design conditions of the LNG

storage and associated structure (liquid/gas domes/pump tower/tank supports, if any)
(100-year return period conditions for instance) as described in 4.2.1.

is the DEC

This return period should be used for the determination of the LNG tanks internal and external
pressures, dynamic loads due to the floating unit accelerations, the external ambient temperatures

for thermal loads, the sloshing loads, the null elongations, the tank SUpports reactions
tank associated structure load to be combined for relevant design loading cases.

DEC condition is applied with the LNG storage in normal/intact condition,(i.e/ not
situation).

The assessment criteria associated with ULS depend on the cargo containment syster
are defined in the IMO/IGC Code chapter 4 part E (section 4.21 to 4.26).

Design conditions for FLS

A fatigue analysis of critical area of containment system, ahd associated structure
domes/pump tower/tank supports, if any) shall be carriedout with respect to at least
life of the floating unit and intended number of loading /unloading operations.

The design life should not be less than 108 wave enceuinters and 1 000 thermal cycles (
of loading and unloading operations) as per IMOQ/IGC Code chapter 4.18.1 and 4.18.2.

The LNG installation motions/metocean datasshould be in accordance with the expected
the floating unit at its various site locations

The fatigue assessment (cumulativéi’damage or fracture mechanics) depends on
containment system type and are defined in the IMO/IGC Code chapter 4 part E (section 4.

Design conditions for ALS

if any) and

accidental

h type and

(liquid/gas

the design

.e. number

life time of

the cargo
21 to 4.26).

On site(s), with the LNG storage in normal operating/intact condition, the LNG installatiojn motions/

metocean data for ALS design conditions of the LNG storage and associated structure
domes/pump tower/tank supports, if any) is the DSC (10 000-year return period con
instance) as described in 4.2.1.

(liquid/gas
ditions for

The DOC condition may also be applied with LNG storage in accidental situation, such as tank

overpressure, overfilling, blast or flooded.

The assessment criteria associated with ALS depend on the cargo containment syster
are-defined in the IMO/IGC Code chapter 4 part E (section 4.21 to 4.26).

h type and

4.2.6 Mooring

4.2.6.1 General

A floating LNG installation, whether an FSRU, an FLNG or an FSU, will generally be kept on station
permanently for the full project life (permanent or long-term mooring). This can be in docked (in-shore
and/or sheltered waters), near-shore or offshore location.

Depending on the function of the stationkeeping system in a specific situation, a suitable design can be
selected. The various types of design are discussed in Clause 6.
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Apart from the permanent stationkeeping systems applied for floating LNG installations, there are
mooring arrangements needed for the short-duration mooring of a visiting LNG carrier for the loading
or unloading of LNG.

The broad range of possible stationkeeping/mooring concepts implies that a variety of design criteria
are applicable to the mooring design. This document distinguishes four categories of criteria:

permanent stationkeeping in open waters;

permanent stationkeeping in near-shore or docked locations;

SS—W 3 P a PTOJEE€ GCSTE—C0 TS —COMPTISHIZ 0 llfe
tially lower than 20 years and/or disconnectable mooring systems;

substal

short-dluration mooring of a visiting LNG carrier for loading/unloading LNG cargoes.

4.2.6.2 HRermanent stationkeeping in open waters

the
vith

criteria for the permanent mooring system for the full project duratipn, that ensures
ping of a floating LNG installation offshore in open waters, shall(be in accordance v
/.

The design
stationkee
ISO 19901-

fion
rby

The term
where me
coastline, |

:rffshore in open waters is used here to describe that the mooring is situated at a loca
ocean conditions can approach from various directions@ahd are not affected by a ned
reakwaters or otherwise.

s and associated environmental conditions (return periods) to be considered are provided in
/.

Limit state
ISO 199014

bide
the
fwo

F specific maximum operational criteria for the short-duration mooring of an LNGC along
em to the floating LNG installation shall be” defined, to allow a design verification of
bing system of the floating LNG installation for the loads on the combination of the
hose operating conditions.

The projec
or in tand
stationkee
vessels in ]

4.2.6.3 HRermanent stationkeeping in near shore or docked conditions

If a floatin side

mooring o1

b LNG installation is to bemoored in near-shore or docked conditions, generally a quay
jetty mooring will be selected.

criteria to be applied in this situation shall be considered for the moored floating LNG
in combinationfwith the jetty or dockside to which it is moored, as both will be affected by
le loads.

The desigy
installatio
the applic

1-7

In general {
is intended
it can be aj

he same.deSign criteria shall be considered as provided in ISO 19901-7. However, ISO 199
for meorings in open waters. If the installation is moored in docked conditions or to a je¢
sumed-that the location will be in-shore or near shore. That implies that the environme

tty,
ntal

conditions

will' be affected by the local geometry and bathymetry and the local circumstanices.
Breakwatemmmm%wofmwmmmmmﬂﬂ;ds

typical for such near shore or confined water locations shall be considered, such as seiches (wind
induced wave effects near shore), infra-gravity waves, solitons, hydrodynamic effects of passing ships,
and tsunamis.

Apart from direct wave, wind and current actions, and the specific near-shore hydrodynamic effects
mentioned above, temperature effects, seismic loading and potential collision loads shall be considered
for the moored LNG installations as well as the jetty or quayside structures that form part of the
mooring system. Where applicable, reference shall be made to ISO 19901-2 for seismic design criteria.

Although different types of loads can play a role in the design of a near-shore or docked mooring
situation, when compared to a stationkeeping design in open waters, the design criteria (return periods
of loads for specific limit states) shall still be in accordance with the relevant parts of ISO 19901-7.
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The floating LNG installation may permanently comprise of two vessels (for example an FSU moored
alongside an FSRU or FLNG, which FSRU or FLNG itself is moored along a quayside or to a jetty). In
that case, the design criteria for both mooring systems shall be in accordance with the relevant parts
of ISO 19901-7. Consequently, in that case one of the mooring systems will be subjected to loads on the
combination of two vessels, which shall be taken properly into account.

A more common situation that two vessels in side-by-side arrangement are moored to a quayside
or jetty occurs when a quayside/jetty moored floating LNG installation receives an LNGC for short-
duration loading/unloading. The project specific maximum operational criteria for the short-duration
LNGC mooring shall be defined, to allow a design verification of the permanent stationkeeping system

of t

con

4.2

Pro
inst

a)

b)

ISO
crit
4.2

Av
spe

m
can

For
SIG

4.2
Pip

Des
con

Pro
a rrl{ooring/berthing operation may take place and until which conditions a moored situat
a

he floating LNG installation for the loads on the combination of the two vessels in thos
ditions.

6.4 Permanent moorings with special project design conditions

allation. In ISO 19901-7, the following cases are addressed:

the project location is subject to certain adverse environmental eyents, e.g. iceberg
hurricanes, which would permit a stationkeeping system design-based on the princip
floating LNG installation leaves the site in advance of the adverse event (disconnectable

the project duration is substantially lower than 20 years.

19901-7 contains a definition of the consequences of such special design conditions for
Pria.

6.5 Short-duration mooring of a visiting LNG carrier for loading/unloading

siting LNGC can moor for a relatively short duration alongside another vessel, to a je
Cific loading/unloading terminal facility for the loading/unloading of LNG cargo.

ect specific design criteria shall ggvern the boundaries of the environmental conditior

ntained. Moreover, project opérational criteria shall describe the type and size range of
be accepted for loading or-inloading LNG cargo.

the specification of project specific design criteria, guidance can be found in the latg
['TO Ship to Ship Transfer Guide for Petroleum, Chemicals and Liquified Gases.

7 Pipe-work

ign conditions for each fluid shall be clearly defined upfront. Typically, pipes having sim
ditions are standardized into a piping class.

operating

jects may adopt special design conditions for the permanent stationkeeping of the flpating LNG

impact or
le that the
mooring);

the design

tty or to a

s in which
ion can be
LNGC that

st issue of

ng shall be'designed in accordance with recognized industrial piping codes and standardls.

ilar design

Piping shall be designed by taking into account the following criteria:

a) operating conditions:

— normal operating conditions, in which normal operating conditions of pressure and temperature
shall be the most severe conditions expected to coexist under usual long-time operating
conditions;

— transient operating conditions, in which usual operating conditions shall include more severe
transient conditions, such as those incidentals to start-up, shutdown, commissioning or
abnormal operation;
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b) design
— de
— de

c) wind;

conditions:
sign temperature;

sign pressure.

d) earthquake loads, if applicable;

e) snow and ice accumulation;

f) vibrati
g) differe
h) vessels
i) hoggin
j) green

k) proces

water
1) fatigug;
m) reactid

n) corros

0) accide

ons;

ntial displacement of structures;
accelerations;

g/sagging induced by hull deformation;

water loads;

s surge loads, for which piping systems shall be designed to withstand surge loads, incluc
hammer (e.g. unloading lines, fire water lines, seawater lines);

n forces (anchoring/supporting);
jon allowances;

htal loads (such as blast, drop object).

Piping systlems shall be designed with sufficient flexibility to avoid any excessive stresses coming f

permanent

All piping
stresses of

or occasional loads.

bhall be adequately supported dnd'restrained so as to prevent undue vibration, deflect
loads on equipment.

5 Health, safety and the environment

5.1 Gen

5.1.1 M4
The HSE m)|

bral

in objectives

ain objectives shall at least focus on:

ling

"Om

ion,

a) minimjizing the potential of hazardous occurrences;

b) minim

izing the risks and consequences of an accidental event;

c) ensuring a safe working environment for personnel and local communities;

d) minim

izing the potential for pollution and damages of the environment.

The ultimate goal shall contribute to protecting people and the environment against long-term effects
(health and environmental aspects) and short-term effects (safety aspects).
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2 Main principles

ultimate goal shall be achieved through four main steps:

Step 1 - Hazard identification

Step Z2—Assesshrent

Step 3 - Control

Step 4 - Recover

5.2

5.2

The
ope
haz
(als

In @
med
the

Hazard identification, frequently done through reviews, shall be carried out at an ea

rly project

stage to determine any aspect of the facility that can generate short-term or long-term exposure if

not adequately considered. This step shall cover all aspects related to the floating LNG i
itself or to the surroundings as well as human and natural related aspects.

Once all hazardous aspects are identified, qualitative or quantitative assessments’ (
frequency as well as consequences) shall be performed to anticipate potential effects
(inside and outside the floating LNG installation) and the environment. This step shall §
carried out, as it will be necessary to select HSE measures to be implementéd:

Controls are HSE measures implemented to manage the development of a hazardou
Control encompasses the elimination/prevention of the hazardous situation and the

mitigation of its occurrence frequency and consequences, These measures shall be

identified. Even if procedural measures can be part of control, they are typically part of
[t shall be ensured that their performance requirements§/are in line with the events for
are designed.

Recover engulfs all the HSE measures, including the procedural ones, which are meant

installation, depending on the situation that occurred. Non-procedural HSE measure
called safety and environmental barriers or critical elements.

1 General

nature of the main products (flammability, toxicity, anoxia) handled on the floating LN
rating conditions\(pressure, temperature) associated with occupational hazards an
hrds imply that.the risk of having severe accidents, such as fire, explosion, cryogenic, t
p called MAE).cannot be discarded.

rder toJimit the occurrence of MAE, it is normal practice to implement prevention and
isures_inl the design whose main purpose is to protect people (internally and externally
environment. These elements are generally called barriers (see ISO 17776) or SECEs.

nstallation

hbccurrence
on people
e carefully

b situation.
imitation/
[horoughly
the design.
Wwhich they

to recover

from the hazardous situation. These measures can be internal or external to the flpating LNG

5 are often

Identification of safety andenvironmental barriers and design requirements

G facilities,
d external
pXic events

protection
as well as

NO

E

terminology can be used.

Although the terminology refers to the UK Salety Lase, when not required by authorities,

alternative

This subclause describes the process to be followed to identify barriers and to associate design
requirements to them. The typical work frame for this activity is as follows:

identification of main hazards/accidents through HAZID (see 5.4.3.2);
identification of MAE based on HAZID outcomes;
identification of SECEs through bowtie or generic list;

development of performances standards of the SECEs.

Additional details are provided in ISO 17776.
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This subclause focuses on the barriers that are meant to protect people against short-term effects. The
same principles can be applied to barriers meant to protect people against long-term effects as well as

to protect the environment.

5.2.2 Pu

rpose

In order to achieve the safety objectives in case of an MAE, at least the following main safety functions
shall be maintained (by order):

a) Preventing escalation of accident situations, so that personnel outside the immediate escalation
zone apenot injured

b) The capacity of main load-bearing structures until the facility has been evacuated. Local colla;l»ses
are ac¢eptable, if it occurs and stays inside the same escalation zone.

c) Protedting rooms of significance to combatting accidents, so that they remain operative until hey
have epsured their functional requirements.

d) Protedting the facility's safe areas, so that they remain intact until the facility has been evacuated.

e) Maintdining at least one escape route from every area where personnellare found, except in|the
escalation zone where initial event occurs, until escape to the facility's safe areas. At least [one
evacugtion route until evacuation has been completed.

Other safety functions can be useful to investigate, depending on project specificities, constraints pnd

context.

Implementgation of the goals mentioned in 5.1 into the design-ofthe facility (whether onshore, near shore

or offshord) requires the definition of functional requirements to be ensured by safety systems. These

safety systems are then split into safety and environmeital barriers, each of them being provided with

performanie criteria that shall be guaranteed to prevent MAE from occurring.

MAE can bg linked to (non-exhaustive list):

— internal process events (e.g. fires, explosion, cryogenic release);

— internal non-process events (e.g. drepped objects);

— externl non-environmental events (e.g. ship collision);

— external environmental €vents (e.g. seismic [see also Annex E], green water, storms).

5.2.3 Safety and environmental barriers

A safety arld environmental barrier can be defined as any hardware barrier (e.g. structure, equipmient,

system, indluding computer software or component part) or human barrier (e.g. maintenance procedure

and activitfies; repair activities, emergency response plans) whose failure can cause or substantially

contribute|to-d major accident is safety-critical, and which is intended to prevent or limit the effect|of a

major accident.

Because the failure of these barriers can have adverse effects on the personnel safety, the environment
and facility assets (whose failure can have consequences on escalation potential or other safety
systems), it is necessary that:

a) hardware barriers shall be designed to withstand fire, explosion, cryogenic loads and/or any other
identified accidental loads;

b) human barriers are developed, amended and maintained to ensure correct actions of people to
prevent major events and limit the potential consequences.
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5.2.4 Generic barriers
The following barriers shall be used at early project phases:

a) critical equipment (i.e. equipment whose collapse can have severe consequences from an escalation
point of view) and associated supports;

b) shutdown valves and piping associated to critical equipment;

c) ESD valves;

d) blowdown /depressurization svystem including BDVs BD pining supporting structures:
7 r 7 [=] 4 rr o7 rIr (=] 4

e) |all structural members and module stools, if their collapse can give rise to an escalation gvent which
can impair the safe escape and evacuation of personnel or can impair the operability of emergency
response systems;

f) [hull deck and main deck (near-shore and offshore environment);
g) |hull side (near-shore and offshore environment);
h) |buildings containing safety systems;

i) |LQs (offshore environment)/control rooms (onshore and near-shore environment)/adnjinistrative
building (onshore and near-shore environment);

j) |EER facilities including temporary refuges/muster areas/rescue means (mainly nearfshore and
offshore environment);

k) [fire water and foam systems and associated supports;
1) [fire and blast walls;
m) |ballast systems.

The list of barriers shall be developed in agreement with all parties concerned. ISO [I7776 and
ISOfTR 12489:2013, Annex A provide’a list of safety barriers.

5.2|5 Safety and environmental barriers identification process

5.2{5.1 The definition-of the safety and environmental barriers shall allow to register the following
infdrmation:

a) |name of the\harrier (e.g. tag number);
b) [its type\(e.g. process equipment, structure, piping);

c) |its functionality;

d) itslocation;

e) its performance criteria, e.g. operability, integrity, stability [this involves the minimum functional
requirements of the barrier to be maintained to ensure it can fulfil its purpose (e.g. the performance
criterion of a structure is related to its stability, survivability against various weather conditions).
For some barriers, a combination of several criteria can be required (e.g. permanently manned
buildings for which integrity and stability shall be typically ensured)];

f) its criticality.
NOTE1 This involves its importance in terms of MAE/escalation prevention. For example, a barrier

whose failure can generate local escalation effects might be considered as less critical than a barrier whose
failure can have adverse effects on the whole facility.
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In order to ensure the barriers identification’s thoroughness, the project equipment list coupled with
the various safety philosophies may be used. This will allow to review all the items one by one and to
categorize them as barriers or not. The use of bowtie is a possible approach to identify the barriers,
in which causes of accidents, consequences of accidents as well as barriers preventing, controlling or
mitigating them will be indicated.

NOTE2  SeeISO/TS 16901 for details on the bowtie approach.

5.2.5.2 Items shall be considered safety and environmental barriers if they meet the following
definitions:

a) those mecessary for the safe shut down of the installation;

b) those necessary for personnel protection and escape;

c) those mecessary for fire detection, suppression and control;

d) those mecessary for communications;

e) those mecessary for hydrocarbon processing, transport and storage.

ISO 17776 |provides guidance to help project teams and operators to asséss whether an item is t¢ be
considered a barrier or not and to assess its criticality level.

The level gf details of the barriers identification shall be adapted{to*the project phase (early prdject
phase vs. detailed project phase), to the installation complexity,and to the context (e.g. environn;tent
vulnerability, project replication). The level of details is important for offshore areas and for facilities
located in g vulnerable environment (e.g. high manning level,‘presence of neighbours).

The exhaustive list of retained barriers shall be presented along with the proper justifications as part
of the typig¢al engineering work process.

The list of barriers shall be updated throughout the various project phases.
5.2.6 Safety and environmental barriers'design requirements

5.2.6.1 The safety and environmentalbarriers design requirements shall be based on:
a) class rpquirements, operatodr's'requirements, and good engineering practice;
NOTE1 Relevant regulations might also apply.
b) the iddntification ofithe MAE against which these barriers are meant to be implemented;
c) therequirementsin terms of performance criteria;

d) the barriérs”criticality rating;

NOTE 2 Thedesign ofacritical barrier can be made more stringent than the design of a barrier considered
less critical. Therefore, the risk acceptance criteria can be adapted on a case-by-case basis.

e) the results of hazard assessments whatever the MAE (the use of a risk-based approach is
recommended);

f) therequired functionality duration.

The design requirements shall depend on barriers’ criticality and location with respect to the hazardous
events and their occurrence frequency. Besides, the protection duration shall be at least equal to the
minimum between the considered hazardous events durations and the necessary duration during
which the items shall keep its functionality (in most cases, the time needed for workers/neighbours
to safely escape from a potential hazardous situation shall form the basis for setting the functionality
duration).
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6.2 The safety and environmental design requirements can be achieved by:

intrinsic resistance (e.g. by using suitable material unaffected by embrittlement in case o
exposure);

external protection (e.g. protection of equipment against fire events by adding fire
coating it with passive fire protection).

f cryogenic

wall or by

Residual damage following an accidental event may be tolerated, provided it is demonstrated that the
barrier can still fulfil its functional requirement (e.g. permanent deformation of a process item with no
leakage generation).

5.2

Dur
des
and|

For
ven

a)

b)

5.3

5.3

Thi
cony

Thi
env

addlitional recenimendations.

5.3

7 Safety and environmental barriers design requirements certification

ing construction and operation phases, it shall be demonstrated that the safety~and env
gnrequirements of the different barriers have been properly implemented when under cd
that they will be able to fulfil their functional requirement.

this purpose, at all project phases it shall be agreed between engineering’companies, fac
dors and authorities having jurisdiction:

How the validation of the barriers design (adequacy of design requirements with c
items) shall be done, i.e. whether:

— tests shall be consistently done;
— certificates shall be produced;
— calculations shall be performed;

Which entity shall be in charge of final doctimentation approval (e.g. state, flag state, cl:
society, accredited third-party organism).

Environmental considerations
1 General

missioning and operation.

5 subclause is_reither intended to be exhaustive nor to replace the EIA, but aims af
ironmental aspects to be addressed when developing a floating LNG installation

2  Floating LNG installations specificities

Compared to onshore LNG facilities, the floating LNG facilities distinctive feature is its dual

ronmental
nstruction

lity owner,

bnstructed

ssification

5 subclause provides an'‘overview of environmental aspects associated with floating LNG installation

providing
hnd giving

tatus, i.e.:

ship, whose characteristics are similar to an LNG carrier or ship/barge design specific to local site

and transit conditions;

LNG/regasification facility at the same time, whose characteristics are similar to the ones that can

be found in onshore plants.

As such, each environmental aspect can be linked to:

ship operation;
oil and gas operation; or

both operations.
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By consequence, these aspects shall be managed taking into consideration the best practice of each
activity type.

NOTE As an example, hazardous waste management is specific to LNG installations whereas underwater
noise generated by the thrusters is specific to ships.

Due to its dual status, the floating LNG installation can be simultaneously subject to the relevant
international shipping rules and regulations (IMO) as well as the national laws and regulations for LNG
activities. If the country does not have any specific rules, HS guidelines should be used as a minimum
reference.

In case of ponflictsorambiguities Tegarding the partof the floating ENGistattatiomr gemerating) the
environmental aspect, the most stringent requirements in relevant codes and standards shall-prgvail
(if the reqyirements in applicable regulations are less stringent).

5.3.3 Enypironmental aspects identification

Whatever the installation configuration, the design considerations shall take into aécotnt the following
potential gnvironmental aspects associated with floating LNG installation whenldeveloping such an
LNG installations:

a) gaseoys emissions;

b) wasteyater discharges (part of the wastewater that cannot megt regulatory limits into the whter
body even after treatment will be considered as solid and liquidiwastes);

c) solid apd liquid waste;

d) energy efficiency and greenhouse gas;

e) chemigals;

f) impact on shoreline and on seabed profile;
g) cooling and/or heating of seawater;

h) other gspects (e.g. lighting, underwater and abovewater noises and vibrations).

5.3.4 Enpironmental design review

In the eagly phase of thesfloating LNG installation project, it is recommended to perform| an
environmental impact identification (ENVID).

Like the HAZID review,an ENVID review is a structured multidisciplinary, checklist assisted, aspect
identification methodology that enables for a quick, yet accurate, identification of environmehtal
protectionfand regiillatory compliance measures and for a qualitative assessment of their effectivenless.
The ENVI[ retiew focuses on environmental issues associated to normal operation and not associjted
with hazardous/accidental events (which is included in HAZID).

The ENVID ensures the identification of all controls already made to reduce adverse environmental
impacts from the project in the context of the preparation of an EIA and to provide some guidance to
engineers on potential improvement opportunities.

Depending on project complexity, this review may be combined with the HAZID review. See also 5.4.3.2.
5.3.5 Environmental design requirements

5.3.5.1 General

This subclause aims at presenting the different type of environmental aspects to be considered. Aspects
that are well covered by other international guidelines and practices are briefly mentioned in 5.3.5.2 to
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5.3.5.7 and explained in more detail in Annex B. Aspects that are not specifically addressed in other
international guidelines and practices are described in detail in 5.3.5.2 to 5.3.5.7.

5.3.

5.3.

5.2 Gaseous emissions

5.2.1 Gaseous emissions categories

Whatever the installation configuration, gaseous emissions can be divided in three categories of

sou
1y
2)
3)
For
infl
catq
5.3
Reg
a)
b)

rces:

lal SC PUillt SUUICLT Clllibbiullb, ulaiu}_y duC tU PUVVUI aud }lCdt sCllUl atiuu,
flare and vent emissions;
fugitive emissions.

these three categories of sources, the regulatory requirements applicable to the f
lence the design requirements, the monitoring and the validation\requirements.
gories of sources are further detailed in Annex B.

5.2.2 Regulatory requirements
arding air quality, two types of limit values apply:
in ambient air at the facilities border or in the facilitieswicinities;

at point source that will depend on the nature and, source of the streams as mentioned
(see also Annex B).

Table 6 — Emission sources and-corresponding monitoring parameters

heility will
The three

in Table 6

Source of emission Applicable regulation Main parameters to be

monitored

Tun
(m3

NOx, SOx, PM, CO and in {
for H,S and heavy metalg

bines and engines

X . lsocal regulationa?
in power generation)

ome cases
C

Boi

NOx, SOx, PM, CO and in {

ionab
Local regulation? for H,S and heavy metalg

lers

ome cases
c

Em|

NOx, SOx, PM, CO and in {
for H,S and heavy metalg

Most stringent between local

Preency generators regulation and MARPOLab

ome cases
c

Ess

NOx, SOx, PM, CO and in {
for H,S and heavy metalg

Most stringent between local

ential generators regulation and MARPOLab

ome cases
c

Gaq

Parameters associated td

incinerators L. .
waste incineration

Local regulation?

gaseous

Fla

e and Vents Local regulation? N/A — Emergency only

a
foll
b

C

In‘absence of local legislation regarding the management of combustion sources, World Bank guideli
wed.

res shall be

World Bank guidelines split the air emissions standard into two categories: small combustion with a thermal power
lower or equal to 50 MWth and large combustion with a thermal power greater than 50 MWth. In order to decide the set
of air emissions standards to be applied, the thermal power calculation shall take into account all the combustion sources
operating in parallel. Combustion sources independency shall not be applicable due to project footprint congestion.

Emissions limit values given for combustion sources depend on the fuel type used (e.g. natural gas, fuel gas, diesel).

The number of limit values to be applied depends on the floating LNG installation location:

a)

b)

©IS

For offshore facilities (remote installation): From a regulatory point of view, due to general absence
of community and terrestrial ecosystem in the vicinity, only limit values at point source different

for each type of streams shall be applied.

For onshore/nearshore facilities: Due to potential presence of community and terrestrial
in the vicinity, both set of value at point source and in ambient air shall be applied.
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5.3.5.2.3 Design requirements

5.3.5.2.3.1 Stack height

Presence of stack is directly linked with LNG activities (e.g. power generation, waste gas incineration).
The height of the stack shall be determined taking into account the surrounding to avoid workers’
and public exposure to potentially hazardous pollutants with significant concentration and duration.
This principle shall be adapted to the characteristics of the facility vicinity as well as to the applicable
requirements (see G.1.1.2 for details).

5.3.5.2.3.j

Vents are

5.3.5.2.3.3

Fugitive emissions from equipment (e.g. pumps, compressors, flanged joints) shdllybe minimizec
state-of-ar

Fugitive emissions from storage and handling shall be, as far as feasible)eaptured and ducted
destructio

5.3.5.2.4

The envirdg
hosting coyintry.

Monitoring

a) Points

b) Ambie
ambient air concentration to be respected):

CE
th
de

PH
of
re

Co
N(

vents

ddressed in Annex B.

Fugitive emissions

[ technologies.

1 mechanism (e.g. flaring, incineration or captured by a vapourgecovery system.

Monitoring requirements

nmental monitoring is generally prescribed by the.environmental ministry of the fac

is generally split into three main activities:
ource emissions monitoring;:

MS and annual testing (sampling) shdll be implemented on the main exhaust sources and

fined on a day-to-day basis);

MS, if accepted by local epvironmental authority, is recognized by World Bank Standard
shore oil and gas develgpment. This system may be considered as a good option to reduce
huirement of the stagk-height fourth criterion (see Annex G).

ht air monitoring.{eptional, pending on community/ecosystem presence in the vicinity

ntinuous-monitoring and/or passive samplers shall be implemented on the main pollut:
x, SO,,PM, CO and/or O3, mercury, benzene (to be defined on a day-to-day basis).

via

lity

for

e main pollutants NOx, SOx, PM, €Ox and/or methane, heavy metals, aromatics (BTX) t¢ be

for
the

and

Ants

absence ofmeteorologlcal stationin the floatmg LNG 1nstallat10n V1c1n1ty, the 1mp1ementa i

nebu1051ty, temperature  and wind (at + 1m above ground level and at stack level, 1fp0551ble)

c) Fugitive emissions follow-up:

Each project shall adopt a structure approach commonly known as LDAR program to reduce
fugitive methane and VOC emissions. Two methods are recommended for leak detection:

— The sniffing method and correlation curves for small individual equipment (e.g. pumps, flanges,

va

lves);

— The OGI method for leaking point difficult to access with hand-held detectors as well as for
condensate storage area and for loading/unloading area.
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5.3.5.2.5 Ambient air quality validation

Ambient air quality final compliance shall be demonstrated by a worldwide recognized model, that is
able to:

a)
b)

model single-port/multi-port diffuser emissions as well as surface emission sources;

take into account different type of emissions (e.g. turbines, vents, fugitive emissions).

5.3.5.3 Wastewater discharges

5.3

5.3.1 Effluent types

In gperation, a floating LNG installation generates four types of effluents:

a)
b)

d)

For
the

5.3

sewages: wastewater from domestic areas (e.g. galley, laundry, accommodation);
wastewaters:

— wastewater from LNG process areas (e.g. produced water, brine from potable water
— storm water (e.g. rainfall, deck washing water, accidentally:released hydrocarbons)
— fire water;

— ballast water;

— bilge water;

sea water systems:

— cooling water systems;

— regasification systems;

— sea water scrubber (IGG), ifany;

chemicals:

— chemicals used in the processes and utilities facilities;

— chemicals fronTlaboratory.

these four types of effluents, the regulatory requirements applicable to the facility wi
design requitements, the monitoring and the validation requirements.

5.3.2->Regulatory requirements

Re

unit);

| influence

arding wastewater discharges, two sets of limit values apply:

a) one setofvalues for the whole streams together discharged in water body (in the sea) and applicable

after the mixing zone and corresponding to water body quality (see G.1.2 for details);

b) one set of values at point source for each type of streams that will depend on the nature and source

of the streams as mentioned in Table 7 (see also Annex B).
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Table 7 — Effluent sources and corresponding monitoring parameters

Source of effluent

Applicable regulation

Relevant parameters

Sewages

Most stringent between local regu-
lation and MARPOL?

TSS, oil and fats, pH, BOD, COD and
total coliform bacteria

Waste water from oil and gas
activities processing

Local regulation?

TSS, oil and fat (to be understood
here as THC), BOD, COD, pH, heavy
metals (total), sulphides, chlorides

Storm water (e.g. rainfall, deck

Local regulation?

Drainage system accommodating

washing water) the first flush principle
All firewater (e.g. test firewater,
cooling firewater) shall be first-¢pl-

Firewater b lected to ensure they are nen-pol
luted and harmless for environmfent
before release

Ballast water MARPOL

. Most stringent between local regu- .
Bilge water lation and MARPOL? TSS, oil and fat

Sea water dooling or used for
regasification

Local regulation®¢

Mainly chlorine

Sea water dcrubbing (if any)

MARPOL

PH;PAH, NTU and nitrates

Chemicals

Local regulation 2 or consideration
as a liquid waste if significant quan-
tities and/or cannot be handled-by
the waste water treatment

Dependent on selected chemicalg

facility:

shall lbe collected;

asap

a2 Inabserjce of local legislation regarding the management of effluentsources, World Bank guidelines shall be followed.

b The collpction of firewater and treatment before release to the;water body shall be adapted to the configuration of the
— in thecase the facility is partly located onshore and effshore/nearshore, firewater on the onshore part

for neprshore and offshore part, collection shallbe investigated taking into account the technical
feasibility and the quantity of water that wjill*be sent overboard without reaching the bunds;

inciple, products used to fight against fires (e.g. foam) shall be selected in such a way that
they qre as friendly to environment as possible.

¢ Local aythorities may limit the maximum difference in temperature between intake and outlet.

5.3.5.3.3

A floating

Wastewater tréatment

LNG installation will generate various wastewater streams (organic or inorganic) with

various coptamination load, low [£10° pg/kg (€100 ppm)], mean, and high [>10°ug/kg (=1 000 ppm)],

for instancg:

produ

ed.water can be defined as an organic stream with a high concentration;

brine: inorganic (high);

de-oiled bilge: organic (low).

mono-ethylene glycol regeneration package: organic (mean);

de-oiled open drain: organic (low);

The effluents should be sorted according to their contamination type and concentration. The effluents
should be treated individually instead of mixed together.
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A treatment facility shall only receive those pollutants with which it can cope. A treatment facility shall
require treatment at sources instead of central (mixed) as per EHS Guidelines for offshore oil and gas
development.

NOTE This is also in line with best available techniques in common wastewater and waste gas treatmentl30],

5.3.5.3.4 Environmental monitoring at point source

Effluent monitoring induces an individual monitoring per stream just downstream treatment prior to
effluent mixing. In this way, discharge limit values obtained through the dilution of the effluent with

ent monitoring includes measuring flow rate and a sampling point for quality analysis:

A list of physical and chemical parameters to be monitored is given in nationaln‘egulatipns and/or
World Bank standards (EHS Guidelines for offshore oil and gas development). The'\parameterf can differ
among the various streams, but as a minimum temperature, pH, TSS, oil and fats) and dissolyed oxygen
shojild be monitored.

5.3/5.3.5 Ambient water quality validation

Ambpient water quality final compliance shall be demonstrated by aworldwide recognized mixing zone
modlel, that is able to:

a) |model single-port/multi-port diffuser discharges as well'as surface discharges sources;

b) |take into account different type of effluents (e.g. brine, heated, rich in sediments).
5.3/5.4 Solid/liquid waste

5.3/5.4.1 Waste management plans

When developing a floating LNG installation, specific plans to manage the wastes shall be ¢stablished
and maintained during all project-phases. These plans and associated studies shall epsure that
idenmtification, segregation/handling, storage, treatment on-site as well as treatment and djsposal off-
sitelwill be done in an appropriate way and by duly authorized companies.

5.3/5.4.2 Wastes identification

Each waste stream.shall be inventoried, qualified, quantified and characterized, taking lochl/national
regplations intoaceount.

5.3/5.4.3 _‘Segregation at sources

WasteS shall be segregated at sources, such as process units, workshops, administrativg area, and
cankeen, prior to being sent to its dedicated secondary temporary storage

The segregation shall be carried out so as to constitute pure waste streams, i.e. consisting of materials
which present similar properties (e.g. chemical composition, hazardousness) to avoid incompatibility
and to facilitate treatment and disposal.

5.3.5.4.4 On-site temporary storage
Two types of temporary storage areas shall be designed within the facilities:
1) local storage areas in closed proximity to waste generation sources;

2) lay down area dedicated to the waste collection prior to be shipped onshore for offshore/nearshore
project, or specific temporary storage area for partially onshore project.
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Before being regrouped in the lay down area or in the temporary storage area, waste should be collected
in local storage areas. Each local storage area shall be designed to:

a) store waste in safe and controlled conditions;

b) provide an adequate accumulation time to collect a reasonable amount of waste (at least one full
package).

Before being sent onshore by shipping containers for offshore and nearshore facilities or sent offsite by
trucks, waste shall be collected in the lay down area. The lay down area shall be designed to:

a) Store A aot\, ;ll oafp Cllld \,Ulltl Ull\,d \,Uud;t;uuo,
b) provide an adequate accumulation time to fulfil standard marine containers/trucks;

c) provide a storage spare capacity for waste generated during abnormal operating conditions.

5.3.5.4.5 | Waste reduction strategy

For all offghore projects as well as some nearshore/onshore projects, space dedicated to storage will
be necessdrily limited and handling of some waste can turn out to be dangerous. Therefore, waste
reduction gtrategy shall be implemented pending on space availability.

Examples ¢f potential pre-treatments are:
— volum¢ minimization;

— compaktors (baling) to reduce the non-hazardous domestic waste volume (e.g. bottles, cans,
packaging);

— crushgrs/macerators to break into pieces waste (e(g. organic waste, cylinders, glass, plastics, s¢rap
metaly);

— presseps to compact small capacity drums;

— transf¢rmation of hazardous waste info non-hazardous waste (e.g. sterilization to transfprm
infectipus waste into non-hazardous waste).

5.3.5.4.6 | Off-site treatment and disposal

Off-site trdatment and disposab for each waste stream shall be clearly identified and performed by a
company rgcognized by national authorities.

Sludge and| liquid waste‘shall follow best available techniques. Sludge shall contain at least 20 % sqlids
to be consifered solid enough and cost-effective to be landfilled. Liquid waste shall not be landfilled.

5.3.5.5 Hnergy efficiency and greenhouse gas emissions

Greenhouse gas emission savings strategy shall be applied to the project. The facilities design of the
floating LNG installation shall aim to:

a) maximize energy efficiency (e.g. opportunities for efficiency improvements in utilities, fired
heaters, process optimization, heat exchangers, motor and motor applications);

b) minimize energy use in facilities;
c) reduce air emissions.

Greenhouse gas emissions shall be evaluated taking into account the global warming potential values
for use in the Kyoto protocol and developed by the Intergovernmental Panel on Climate Change (IPCC).

NOTE As a guidance, equipment selection following the principles given in Reference [51] can be used.
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5.6 Chemicals

5.6.1 Banned chemicals

The following chemical substances shall be prohibited as a minimum on the floating LNG installation.

ntion (e.g.

ndment to

election of

d to cause

ccording to
hjor hazard
ibstitution

discharge

be handled

mammals

NOTE National or local regulations on banned chemicals might exist.

a) ozone depleting substances according to Montreal Protocol;

b) asbestos;

c) |persistent organic pollutants that are restricted following the Stockholm Cenve
polychlorinated biphenyls);

d) |organotin compound tributylin.

In gddition, reduction of using global warming potential chemicals gases as.per Kigali Amg¢

the[Montreal Protocol should be considered.

5.3/5.6.2 Chemical selection

Environmental impacts from chemicals shall be minimized thretugh'chemical selection and §

their dosage levels. The following applies:

a) |As per EHS Guidelines for offshore oil and gas development, chemicals known to conftain heavy
metals, other than in trace quantities, should be avoided.

b) [As per EHS Guidelines for offshore oil and gas‘development, use of chemicals suspectg
taint or known endocrine disruptors should:be avoided.

c) |As per maritime standards (i.e. MARPOL), each chemical on board shall be categorized a
its level of hazard for aquatic life (acute'and chronicle). Chemicals categorized with a m3
should be substituted by chemicalswith minor hazard or with no harm to aquatic life. If s
is not possible, effective mitigation measure shall be implemented to prevent chemical
into the environment.

5.3/5.7 Other aspects (lighting and underwater noise)

Additional issues specifically linked to local ecosystem and community sensitivity shall |

carg¢fully on a case-bBy;case basis. These issues include:

— |lighting, in_particular on installations located under bird migratory channel;

— |noise,invparticular underwater noise in installations located in the vicinity of sea
nesting areas.

5.4 ddlety considerations

5.4.1 General

Compared to onshore LNG facilities, the floating LNG facilities distinctive feature is its dual status, i.e.:

ship whose characteristics are similar to an LNG carrier;

— LNG/regasification facility at the same time whose characteristics are similar to the ones that can

be found in onshore plants.

As such, each safety aspect can be linked to:

ship operation;
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— oil and gas operation; or

— both operations.

5.4.2 Safety strategies and philosophies

The design shall endeavour to implement inherent safe measures in the early stage of the design in
preference of engineered solution or operational procedures in managing risk. If this is not feasible,
engineered solution shall be considered focussing on separation/segregation, engineered safety
system, where this can maximize the benefits at much lower cost instead of procedurals and permitting
system controls

Early in the design (conceptual stage), the project development team shall establish a high-levél|safety
strategy that outlines the measures to be considered to eliminate/manage hazard introduced by|the
design. The high-level safety strategy covers hazard prevention and hazard minimization including
fire, explosion and cold spill strategy, and escape, evacuation and rescue strategy. The high-lgvel
safety strgtegy shall then be further matured into a set of safety philosophies, which will proyide
clear guidance and define design requirements to the design team, and furtheryrealized in detaliled
engineerinjg as the design evolves. The safety philosophies shall include, but nodimited to:

a) layout(safety, including explosion protection;

b) fire and gas detection;

c) emergency shutdown;

d) emerggency depressurizing;

e) fire prptection, covering both active and passive protection;

f) cold spill protection;

g) ignitiop source management, including hazardous area classification;
h) drainalge;

i) escapdg, evacuation and rescue.
5.4.3 Safety reviews

5.4.3.1 (eneral

Safety revliiews aim at(reviewing the floating LNG installation through brainstorming activities
involving deveral disciplines and confirming validity of the design or raising actions to increase|the
overall lev¢l of safety.

5.4.3.2 HAZID review

5.4.3.2.1 General principles

A HAZID review shall be organized for all new facilities as well as when changes are implemented on the
facility. The HAZID review is a structured, keyword-based risk identification and analysis methodology
that enables documented hazard identification of a project in its earliest phase. Using checklists enables
a systematic recording. The HAZID review is a guided team brainstorming activity that benefits from
the broad experience of a multidisciplinary team.

The result of the HAZID review is documented in a table where potential hazards, corresponding
causes, consequences and associated safeguards are reported. When it is deemed necessary by the
HAZID review team, actions are formulated. These actions are assigned to persons, followed-up and
closed-out.

40 © IS0 2020 - All rights reserved


https://standardsiso.com/api/?name=60615964dd5df9303f8a930df3aa66df

IS0 20257-1:2020(E)

5.4.3.2.2 Scope of the review

The purpose of the HAZID review is to focus on hazardous/accidental situations in opposition to ENVID
and health risk assessment review, which focus on normal operation.

The HAZID review shall cover at least normal operation, maintenance, start-up and shut down of all
process units and utilities within the battery limits of the installation. Additional project phases (e.g.
construction and commissioning activities) may be included as part of the overall review or through a
dedicated session.

Hazards related to simultaneous operations, e.g. abnormal maintenance and production, LNG/LPG/
conflensate transfer operations and production, pigging activities and operation, shall be coygred during
the[review under dedicated guidewords. Hazards related to the facility impacts on the ngighbourhood
durfng normal operation will be covered during the review under dedicated guidewords!

The review may be carried out in a qualitative or semi-quantitative/quantitativeway (in thig approach,
each scenario identified is assessed by the team for their potential severity and likelihood of ofcurrence).

5.4/3.2.3 Methodology
Thg HAZID review process is divided into the following steps:

Step 1 - select a section of the facility (e.g. area such as LQ, hull, topsides) or unit (e.g. inlgt facilities,
utilities);

Step 2 - describe the section’s design intent and process.conditions;
Stepp 3 - select the first/next guideword;

Step 4 - determine by brainstorming all the potential causes relevant to this guideword angl agree the
credibility of each cause;

Step 5 - identify the potential consequences associated to each cause;

Step 6 - identify the safeguards in place or foreseen against each identified scenario;

Stepp 7 - assess associated risk.(if\quantitative or semi-quantitative);

Stepp 8 - propose actions when it appears necessary;

Step 9 - check that implementation of proposed action(s) will adequately solve the issue;
Step 10 - assess fidal risk after action implementation (if quantitative or semi-quantitative);
Step 11- apply the next guide word until they all have been considered;

Step 12-ensure that all accidents, listed in the accidentology, related to the section have been|discussed;

Stepp £3- move onto the next section until the whole scope of review is covered.

5.4.3.2.4 List of typical input information

The list of typical input information presented in ISO 17776:2016, Annex C may be used as a reference
when developing the floating LNG installation. This applies to both new and modified facilities.

5.4.3.2.5 List of key words

The list of key words presented in ISO 17776:2016, Annex F may be used as a reference when developing
the floating LNG installation. This applies to both new and modified facilities.
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5.4.3.2.6

Report (template)

The content of the HAZID report and its appendices can be structured as follows:

execut

scope;

team c

ive summary;

introduction;

omposition;

docunj

finding
attach
— at

Cco

q

—-

r
HA
HA

5.4.3.3 F

The purpo
operation
faults or he
HAZOP rey

AHAZOPr
on the facil

A referend

ISO 17776).

The sequel
structure 3

5434 §

The SIL an

sections description;

ents references;

s of the review;

ments:

endees list;

py of reference documents marked during the review;
k assessment matrix;

\ZID worksheets;

A\ZID action list.

JAZOP review

se of the HAZOP review is to check whether process deviations from normal mod
ire properly managed by the safeguards in place. This study is intended to identify la
zardous interactions and propose improvements to safety and operability as necessary.

bview shall be organized forallnew facilities as well as when design changes are implemer
ity.

e to a standard or document listing the main key words can be more appropriate

ice of the HAZOP review is similar to the HAZID one. The HAZOP report follows a sim
s the HAZID ¥eport.

IL review

iew is a brainstorming exercise@uided by a checklist and involves a multi-discipline team.

b of
rent
The

ted

[see

ilar

hlysis as described in the IEC 61508 series is considered to complement the HAZOP anal

sis

and theris

k assessment study by defining the level of confidence required from the instrumented safety

systems including mechanical devices and software, intended to prevent hazardous situations affecting
safety of persons and/or the environment or to mitigate their consequences. The IEC 61508 series also
introduces the notion of safety life cycle that aims to secure the reliability of the implemented safety
systems throughout the life of the system.

The SIL assessment should be based on layers of protection analysis (see the IEC 61508 series).

5.4.3.5 Riskregister

A risk register shall be produced and maintained at each project phase to keep the tracking of all the
actions raised during the safety reviews. Its purpose is to ensure that all actions will be addressed and
closed with proper implementation of the results in the design.
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5.4.4 Qualitative risk assessment, QRA and specific safety studies

5.4.4.1 General

Assessment of hazardous events on people and on the surroundings can be done following several
approaches. These approaches vary from the simplest ones to the most complicated ones. Before
performing a study of any kind, the following questions shall be answered:

a)
b)

What is the applicable regulation and its requirements?

What is the project phase?

‘)
d)

e)
f)
g)

The

EXA
vari
LNG
con

Thd

mandatory workflow to be followed at any.time.

5.4

Thd
the

What is the maturity of the available data?

What is the vulnerability (in particular presence of people) of the floating LNG.installaf
surroundings (location)?

What is the level of similarity between the floating LNG installation and-ether facilities?)
May the study to be done be dependent on the selected area of the floating LNG installat]

[s a part of the floating LNG installation entirely compliant withione or several codes and
giving precise requirements?

studies to be done and their complexity shall be adapted based on the answers to these
MPLE The hull part of the floating LNG installation canbe entirely or almost entirely designg
ous IMO codes, if it is similar to the hull of an LNG carrier: In the same way, the onshore part of
installation will not face the same issues than the,offshore part of the installation in terms of
inement of the facilities.

schemes and studies presented in the following subclauses are intended as a guide ra

4.2 General scheme

scheme in Figure 1 presentsithe links between the various QRA and safety studies as w
design.

ion and its

ion?

standards

questions.

d as per the
the floating
congestion,

her than a

rell as with
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I
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Figury¢
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Table 8 pr
nature, spé
the studieq

|
4

Escape, Evacuation
& Rescue Analysis?

Fire Risk Explosion Risk Cryogenic Spill
Analysis Analysis Risk Analysis
|
s v
Ship Collision Smoke & Gas Dropped Object Non-hydrocarbon
Study Dispersion Study Study Risk Assessement

o
.

F] Flame-out &
At ic Vents Study

Quantitative Risk LS
. Ll
Assessment Recommendations

e 1 — Links between the various QRA and safety studiés/as well as with the design

pecific risk assessment studies (when applicable)

pvides an overview of different specific risk assessment studies. Depending on the pro
cificities and project phase, these studies:are recommended be performed. The purpos

is described in the following subclauses.

Table 8 — Overview ofspecific risk assessment studies

Emergency Systems \‘ -
. h N,
Survivability Analysis

Emergency
Systems/SCEs

ject
e of

Study Location impact Recommended use
Assumption register Forall locations FSRU/FLNG
Failure cas¢ definition and release (Fot all locations FSRU/FLNG
frequency gnalysis (process events)
FRA All environments where fire events |FSRU/FLNG

can occur

Attention should be paid to con-
gested/confined and non-confined
differences in methodology. Impact
can be on location of protection
measures and structural design.

CSRA Allenvirenments-where-cryogenic—ESRU-fnore-adapted-topartsofthe
release events can occur or accu- facility located on a vessel)/FLNG
mulate
Leak sources are more likely on
FLNG

44 © IS0 2020 - All rights reserved



https://standardsiso.com/api/?name=60615964dd5df9303f8a930df3aa66df

Table 8 (continued)

IS0 20257-1:2020(E)

Study

Location impact

Recommended use

ERA

All environments where flammable
release events can occur

On FLNG, congested/confined area
and/or proximity of consequences
can restrict use of some modeliza-
tion method.

Attention should be paid to defla-

FSRU/FLNG

gration to detonation

Smpke and gas dispersion analysis

For all locations where fire events
and any gas release can impact
EER means

Evacuation and explosion analy-
sis and fog formation should be
considered

Study mainly recomfengled for
FLNG as effects of smokeland gas
dispersion analysis significantly
impact facilities for which the num-
ber of escape and evacuafion paths
is limited

EERA including or not the tempo-
rary refuge impairment analysis

All environments

Depending of the manning level and
location, a qualitative layout review
can be sufficient

Study mainly recommenfed for
FENG as congestion of the facil-
ities and location make gscape
and evacuation for workers more
difficult to achieve

All environments

This study is a check of:the proper
location and/or design, of the main
safety functions with respect

to existing hazards. Main safety
functions sho@ld be kept operating
during and-after hazardous event as
appropriate.

FSRU/FLNG

Use depends on facility cpmplex-
ity and application of risk-based/
performance-based apprpaches vs.
prescriptive approaches

Ship collision study

Mainty-for nearshore and offshore
parts

Requirement of this study is project
specific. This study can be required
in sensitive area such as a port, a
high marine traffic density area, or
a sensitive environmental area

Study mainly recommended for
FLNG

Drqpped object study

For all locations

Requirement of this study is de-
pending on the relative location of
the lifting devices towards hydro-
carbon lines and equipment as well
as subsea flowlines

Study mainly recommended for
FLNG

Hellidéck impairment study

Mainly for nearshore and offshore

Study mainly recommendled for

parts

Requirement for this study is de-
pending on the requirement for med-
ical evacuation with respect to hot
plumes directions and crew changes

FLNG

Flare flame-out and atmospheric
vents study

All environments

Refer to considerations on helideck
impairment study and studies made
to identification of ignition sources.

Consider potential concerns with
LNG carrier exhaust

FSRU/FLNG
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Table 8 (continued)

Study

Location impact

Recommended use

Non-hydrocarbon risk assessment

All environments

FSRU/FLNG

(study generally included in QRA
and based on worldwide database)

QRA

All environments FSRU/FLNG

For FSU, it is recommended to carry out an assessment to determine which of the safety studies
listed in Table 8 might be relevant for the FSU operations, for example, where the operation deviates

significant[y fTrom gas carriers operation.

5.4.4.4 RA

A QRA shall be carried out to determine the risk levels to people associated with all“gperations and

hydrocarbpn handling facilities.

In addition to the QRA of the floating LNG installation (typically performed bythe ship owner), a

location-syecific QRA shall be performed addressing effects of systems and/er.ather facilities loc3ted

either offshore or onshore which can impact the overall safety of the floating\:NG installation or cah be

impacted Yy the floating LNG installation.

The risk lgvels shall be calculated using the results of risk assessment studies listed in Table §. In

absence off definition of the thresholds in the local regulation, .the recommended values definedl in

Annex A should be applied. The risk levels shall include the risksyimplied by collisions with the fac}lity

due to marjine activities and risks due to the transfer of personnel to and from the facility.

The object]ves of the QRA are to:

— integrate the results of all the safety studies spegified in 5.4.4.3 and to get an overview of the fisk
related to the whole facility;

— determine the level of risk to personnel-associated with all operations, including risk associgted
with offloading operations;

— allow an assessment of the risk-levels with the project risk tolerability criteria (see Annex A for
furthef guidance);

— propoge risk reduction measures, if deemed necessary.

The batterj limits for the-systems to be analysed in the studies shall be clearly defined before the sfart

of the studjes.

In a first approach,the risk assessment does not necessarily consider the following subjects:

— quantitatigefenvironmental assessment;

public

1 f |l e b | 1 b Al . . b
0SS Ol ProutuCtIOI aSsPTTES dllu Teldtet CCOITOIIIT ITITPACTs;

opinion/reputation;

detailed occupational risk analysis;

— risks from/to third parties (except ship collisions).

For the presentation of results, see ISO/TS 16901.
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5 Risk prevention measures (typical list)
5.1 Active measures

5.1.1 Internal over-pressure protection

Safety devices shall be provided to cover all internal over-pressure risks including those due to fire.

The discharges from conventional safety devices (e.g. safety valves, relief valves) should be routed to
the flare/vent system or the storage tank. Tank and vaporiser safety valve releases, if not routed to the

flar

Iflo
be 4
reld

5.4

Thd
haz
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ord
and
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var
locd

L h | 111 1 £ 1 - 1 £ 1.1 h | 1
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w and high pressure releases are routed to the same system, the risk of excessive back pre

ase, then separate flare/vent systems may be considered for high and low pressure releg

5.1.2 Emergency shutdown

principle of the ESD operation is to minimize the release of hydrocarbons and the escalg
hrdous event into adjacent areas.

ESD activation will cause equipment shutdown and ESD valves operation to their fail safe
br to contain inventories. The ESD system shall be designed t0 perform the timely and sa
shutdown of equipment, systems and operations, following the detection of an abnorm3
dition/incident.

ESD shall be activated by the safety control system. ESD activation shall be automati
ous systems (e.g. fire and gas system, safety control systems) with supplementary actiy
1 ESD station or central panel. ESD activation,shall not cause a new hazard situation and

danpage to a machine or other equipment, unless proven necessary to limit safety issues.

The
con
pos

Haz
red
det
haz

Fac
in a
fire

ESD activation shall be transmitted\fo the process control system, which shall operate i
plimentary to the ESD action. The\ptrocess control system shall put automatic sequencg
tion as to prevent unexpected equipment or valve operation which can occur at the time o

ard assessment conclusiens*shall be applied to the design of the safety control sys
indancy, number and lgcation of detectors or sensors shall be studied to ensure quick a
pction of a hazardous-situation. A cause-and-effect matrix shall be produced in confo
ard assessment and-HAZOP study requirements as well as SIL review (if any).

lities are genérally divided into escalation zones to limit potential for escalation. Fi
n escalationi'zone may be controlled by the operation of the ESD valves. The ESD shall
zone(s) &0, minimize the release of hydrocarbon from the fire zone, and to minimize

hydrocarben'needed to sustain the fire event. ESD valves are also used within fire zone t

the

releasé of hazardous materials from vessels due to the failure of downstream equipment

ofaration ic vucnally neavgid

ssure shall

ivoided. If excessive back-pressure can occur in low pressure release system due (to high pressure

Ses.

tion of any

position in
fe isolation
] or unsafe

c from the
ation from
shall avoid

N a manner
s in such a
F ESD reset.

tem. Type,
nd reliable
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e hazards
isolate the
the flow of
minimize
or piping.

ESD-eper

nonsaralatad tatha hazo
+

2 rad rac rdouc avant
SRS HSHary-Proev FeefFesSponsefrerateatotne-natarastsSevent

levels are:

'ypical ESD

ESD 0: pre-abandonment, applicable to at least permanently manned offshore/nearshore facilities,

unless statutory requirements do not impose to do so and a risk assessment (size, |
manning criteria) demonstrates the non-necessity of ESD 0.

ESD 1: plant shutdown with the exception of certain safety items normally powered by the
generator or the UPS;

ESD 2: shutdown of all hydrocarbon processing and transfer operations;

ESD 3:local plant area, equipment or operation shutdown.

Names of ESD levels can vary while ESD2 and/or ESD3 levels can also be called PSD levels.
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Typical ESD (also named offloading ESD or OESD, see 13.5.2.2) alignment for receiving and supplying
products is:

high level in tanks, power loss);

button).

5.4.5.1.3

5.4.5.1.3.1

Depressur
systems. A

In general,

reducd

reducd

avoid 1
from €

Isolation ¥
automaticd
it is requir
the plant, v

Devices for
isolatable

Depressur
identified 1
of handlin
separately

5.4.5.1.3.2

Depressurization and venting

OESD-1: stop of transfer (can be activated by e.g. F&G, reach of transfer operating envelope limit,

OESD-2: disconnection of transfer (can be activated by e.g. reach of transfer maximal envelope, push

General

sing and venting systems shall be provided for pressurized hydrocarbons .proces
1 emissions to the atmosphere shall be monitored, controlled and registered.

continuous operational venting shall be avoided (see 5.3). The intention ofthis measure i
risk of escalation;

the effect and duration of leakage;

xternal radiation.

ralves, either activated from a control room or ether remote location, or activz
lly, shall be provided so that the facility can be isolated into several subsystems and wk
bd to isolate sensitive equipment. This will makeGtpossible to depressurise only one pat
vhile limiting the entry of hydrocarbons.

depressurising high pressure equipment-shall allow the pressure of one or more item of
ection to be reduced quickly.

zation shall be in accordance with*-ISO 23251 or shall provide sufficient mitigation to
isk in the QRA. The gases shall'bé sent to the flare or vent systems, which shall be cap
b the low temperatures generated during depressurizing. Non-flammable gases shal
vented.

Flare and vent systeins

On the floating LNG installation, two main depressurizing systems may be implemented: flare syst

or vents. T|
case basis,

he choice between the two systems or a combination of them shall be made on a case
dependingen the quantities to be released, their hazardousness, the vulnerability of|

surroundings, the local regulation, etc.

Whatever

bing

5 To:

he risk of failure of LNG, hydrocarbon refrigerant or gas filled pressure vessels and piping

ted
lere
t of

one

the
hble
be

bms
by-
the

fhe/system selected, both normal and accidental flows shall be considered when desiging
the system|: T

— The normal flow rate results from all operating configuration modes, either steady or transient,

nomin

al or downgraded, but staying within the facility initial design intent.

The accidental flow rate is the highest flow rate that results from an uncontrolled and/or unplanned
event which can occur during operation. It is the sum of the normal flow rate and the highest total
flow related to other possible uncontrolled/unplanned scenarios that can occur simultaneously.
The hazard assessment shall determine the combination(s) of events which can actually occur
simultaneously without double jeopardy (simultaneous unrelated events). High integrity protection
system may be used to reduce the flowrate to the flare/vent system.

If for any reason, some downgraded situations are not included in the “normal flow rate” (e.g.
commissioning, cooling down of warm LNG tanker from dry docking), the designer shall check that the
related flow rate added to the normal flow rate is lower than the accidental flow rate.
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5.4.5.1.3.3 Flare system

The sizing of the flare shall be determined on the basis of the flow rate of gas to flare, the process
conditions, the maximum allowable radiation limits on the surroundings and at identified vulnerable
targets (e.g. LNG carrier and supply vessel) and selected atmospheric conditions. Adequate system shall
be provided for the flare headers to prevent air ingress and burn back.

The design of the flare shall take into account:

a) the possible presence of personnel, considering the permissible gas concentrations and the levels
of thermal radiation in case of accidental ignition (also considering thermal radiation level at crane
operator decKJ;

b) |the direction of air and shipping traffic;

c) |the direction of the prevailing wind;

d) |the presence of equipment sensitive to high levels of heat radiation;
e) [the distance of the living quarter/administrative area.

In dimensioning the flare, the following requirements apply:

a) |The effect of cooling due to the gas expansion during depreSsurization shall be carefully evaluated
under emergency conditions.

b) |Flare stacks shall be designed to withstand the leads imposed by all known envjronmental
conditions and accidental events (e.g. extreme weather, fire, explosion).

c) |Tip selection shall take into account the maximum allowed noise levels in manned argas. The tip
shall be suitable for the calculated flare size¢*and capacity in order to ensure flame stpbility and
flashback protection.

d) |Tip and flare upper section material.selection shall take into account the effects of posfible flame
impingement.

e) |Flare tips shall be equipped with an adequate number of pilots, with a reliable meang of remote
ignition.
5.4/5.1.3.4 Vent system

All potentially hazatdous vents shall be identified during the course of the project. Identification may
be limited to the-biggest hazardous vents in early phase, which shall then be extended to alllhazardous
vents including.Vendors’ vents in final engineering and construction phases.

The safe location of the identified hazardous vents shall follow applicable industry standards, area
clagsification codes and class requirements.

Th notantialtovic anc vante chall ~lca ha idantifiad if 2y
CPpoteRtar+6x3e S5 VeRtS-StidrarSo-pDetaeRtteaHah

Among all vents identified, dispersion calculations shall be performed for the main vents, function of
the associated flow rate of flammable/toxic/anoxia gases and position of the vents, to determine safe
locations for these discharge vents.

Accidental events shall be taken into account if they can have consequences on areas/items meant to
keep operating in emergency situation (e.g. emergency diesel generator located close to vents).

In case of potential ignition of vent, snuffing systems shall be considered.
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5.4.5.1.4

Active fire protection

The objective of the fixed fire protection systems is to supply the facility with resources to limit the
possibility of fire propagation, to extinguish and/or to mitigate the consequences of a possible fire
scenario. Active fire protection systems provide means of cooling and/or extinguishment of certain
specific fire scenarios for the protection for personnel, equipment and structures.

The active fire protection system shall be designed to deliver the required quantities of firefighting
media to the correct location, at the required pressure, within the time required and for the required

duration, a

ppropriate to the envisaged hazard.

NOTE

5.4.5.1.5

The purpo
protect pel

The F&G d¢

he F55 Code can be used as guidance.

Fire, cold spill and gas detection system

ke of the F&G detection is to warn the personnel and to take appropriate actions in ordg
sonnel, the environment and the asset.

ptection system shall be designed to meet the following safety goals:

a)

provi

asphyxiating gases;

b)
‘)

provi

alert, {

buildings of the detected hazard by means of audible and visual alarms;

d) initiat

(such 4

monitg
device

e)

All input ar
pump) sha
routed via

All F&G de
and prove
points sh
standards.

NOTE Ag

an early detection of flammable, and liquefied cryogenic gas leakage as well as toxic

an early detection of a fire;

hrough PAGA system, F&G system or local control systems, personnel in the field an

e manual and/or automatic remedial actions to-avoid escalation of hazardous condit
s giving inputs to ESD system, or activating fire protection systems);

S.

1d output cables to the F&G system fe.g. F&G detectors, push-buttons, deluge valves, fire w
1 be fire resistant in accordance with the IEC 60331 series. F&G cables shall be separated
two physically separate paths'to avoid common causes of failure.

fectors and manual activdted call points shall be dust tight, water tight, corrosion resis
for the use in marine environment where necessary. All F&G detectors and manual
1 be approved hy the selected classification society and in accordance with applic

plicable regulations might exist.

Table 9 list
the area (

b

recommenfed (e.g. flammable gases, cables trays).

s the fypical F&G detectors type. These F&G detectors shall be implemented depending
tside or inside) with specific care to interfaces, and on the type of equipment/hazard

I to

and

1 in

ons

r all detectors connected by acceptinganalogue and/or digital inputs from the detectgrs/

hter
and

ant
call
hble

by on
are

Table 9 — Overview of typical F&G detector types

Classification of detectors Typical detectors type

Flame dete

ctors IR3 flame detectors

Heat detectors

Rate of rise heat detectors

Frangible bulbs (sprinkler)

Smoke detectors (inside facilities)

Optical point type smoke detectors

High sensitivity smoke detectors

Flammable

gas detectors (hydrocarbons) IR point gas detectors

IR line of sight gas detectors
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Table 9 (continued)
Classification of detectors Typical detectors type

Hydrogen gas detectors (inside facilities) Hydrogen catalytic gas detectors
Low oxygen detectors (inside facilities) Electrochemical detectors
Cold spill detectors Resistance temperature detectors
Oil mist detectors IR beam detector (optical obscuration)
Toxic gas detector H,S line of sight

Electrochemical cell

Semiconductor cell

Ultrasonic gas leak
In cpse of F&G detection, ESD activation shall be automatic in accordance with an agreed philgsophy. The

dec
inh

Wh
sha

F&(

5.4

Intd

sion to depressurize shall be based on a case-by-case analysis comparing benefits and
aving a manual depressurization following an automatic detection.

bn adopting the location of F&G detectors, and the voting logic and subsequent actions, th
1 be taken into account:

type of facility;
location,

encountered hazards and vulnerability, in particular’'the number of people inside and
facility.

k detectors shall be located in such a way to maximize their efficiency.

5.1.6 Communications

rnal transmission networks shall differentiate operation information (of process conti

from safety information (of safety control system). Internal transmission networks sha

sec

Different and segregated meéans of communication shall be implemented on the facility]

red

Thd
a)

b)
c)

indancy.
facility should be.provided with telecommunication systems which include:

VHF radio —=“or general facility communications, communication with lifeboat/fast r
and with ethers vessels as per Chapter 4 of the SOLAS Code;

CCTVamenitoring (from the CCR) — for general control of process, safety and security m

telephones — general communication on facility plus lines to shore;

drawbacks

g following

butside the

ol system)
1 be made

ire from external communication networks. No direct interface is recommended for manjned plants.

to ensure

bscue craft

onitoring;

d)
e)
f)

aeronautical radios — for helicopter landing/take-off operations;
telecommunication to shore via satellite;

fibre optic systems (e.g. for DCS overview from remote location).

An integrated PAGA system shall be provided for the broadcast of information throughout the facility
(speech and/or alarms), including onshore part (if any), topsides (all decks), turret (if any), LQ and
machinery spaces. Where the noise level is high, visual alarms (i.e. stroboscopic beacons) shall be used
in replacement of PA system.
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5.4.5.2 Passive measures

5.4.5.2.1 Layout philosophy

The layout shall be arranged so that sources of flammable products are segregated from sources of
ignition and from non-hazardous areas as far as practicable. The location of each system shall be graded
with respect to the nature of the hazard as in the following:

systems which have the potential to release flammable products;

systems which are possible sources of ignition;

systenps which are considered non-hazardous;

s which are located in a non-hazardous area.

bloping the layout configuration, the following main risk parametens shall be taken

ture of hazards associated with the different materials processed, such as flammable
I or lighter than air, LPGs, cryogenic fluids, condensates:

pcess units that contain large quantities of flammable fluids shall preferably be locate
ht the prevailing wind will blow any vapour from an aceidental spill away from the vulner
bas such as permanently manned areas, the safe aréas, air intakes, and ignition sources;

bas and vulnerable areas.

tential for escalation from the differentareas, through gas dispersion and explosion, lic
 cascading or spreading to other adjacent modules/onshore units, fire impingement, etc.

hgestion, as far as practicable, shall be minimized to reduce the potential for blast;

baration (also called safetygaps) or passive protection between items with potential
mmable fluids leak and(ignition sources shall be provided;

ssive protections, Such as fire walls and blast walls, shall be considered where distan
entation cannotbe optimized and to prevent escalation;

hin safetyequipment, and should be provided between hydrocarbon-handling areas and 1
zardous-areas;

en flames shall be located upwind/crosswind restricted areas, as far as practicable;

oring location of the visiting carriers (e.g. LNG carriers, LPG carriers or condehsate carrigrs)
when fnoored to the floating LNG installation.

nto

gas

1l so
hble

lities shall be used as much as possible as a “buffer” between hazardous products-hand|ing

juid

for

fes/

paration shall-be provided between hydrocarbon-handling areas and emergency services,

on-

— hydrocarbon shall not be stored below the LQ, as far as practicable;

— the main storage capacities (e.g. LNG, LPG, refrigerant, condensate) should be located within
the hull to minimize topsides inventories;

The wind rose, in particular the prevailing wind if the facility is not weathervaning, and the
weather conditions, in particular the wind speeds:

— combustion equipment outlets and vent locations shall be considered with regard to potential

s dispersion and ignition sources;

— all engines and enclosed areas, buildings air intake locations, including emergency diesel
generator, LQ, secondary refuge (if any), shall be positioned taking into account prevailing wind
directions;

a)
b)
0)
d) syste
e) themd
When dev
account:
a) The ng
heavie|
th
ar
— ut
ar
b) The pa
releasg
— ¢co
— se
fla
or
— se
m
ha
0)
ga
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— adequate arrangements shall provide access to the facilities, escape toward the muster areas

and evacuation from the facilities.

itional topics that are worth investigating are included in Clause A.5.

In any case, the adequacy of layout arrangement and spacing shall be verified during project phases
with respect to the risk levels acceptable for the owner through:

a) reviews to be organized at early project stage and the following involving representatives from the
main disciplines (e.g. piping, HSE, process, civil, structure, naval architecture);

b) ad\,\iuat\, otud;\,o (_Obb 5-4-3 aud Alllle B).

NOTE Applicable local regulations might exist.

5.4/5.2.2 Equipment and piping design

Collapse of equipment and piping can release significant liquid and gas invenfories leadirlg to major

accidental events, in particular when flammable and/or toxic fluids are involved. Design pressures and

tenperatures of piping and equipment shall be selected to cover all antic¢ipated towing (if any), start-up,

shufdown, normal operation and upset conditions.

All gxternal constraints that can affect equipment and piping shall'be considered when designing them

(seq Clause 4 for details).

5.4/5.2.3 Passive fire protection

Paspive fire protection is intended to increase the facility survivability in the event of a fire (if ignition of

the[flammable release), and to reduce the effect ofisuch fire on process equipment, structurpl systems,

safgty systems and other critical aspects of the facility.

By providing a protection for a limited period of time, the main objectives of the passive fireproofing

protgection are to:

— |prevent the escalation of fires te.an unacceptable level;

— |maintain the integrity of-the modules/onshore units processing hydrocarbons for the fluration of
credible fires to protect-against the risk of escalation on the facility;

— |maintain the integrity of hull/substructure, machinery spaces (if necessary), LQs and helideck (if
necessary);

— |ensure the survivability and availability of critical process equipment and associated|structures
during afive-event;

— |maintain the integrity of any critical buildings or enclosure (i.e. manned buildings an{l/or which
include safety systems);

maintain the integrity of escape and evacuation means 1f necessary (e.g. life
embarkation areas).

oats and

The type and duration of protection to ensure the survivability of safety and environmental barriers in
case of fire is defined as the combination between their intrinsic resistance, the type of event they could
be exposed to, their exposure duration to fires and the time during which these elements shall remain
functional (e.g. time required for safe evacuation, time required for depressurization). Fireproofing of
safety and environmental barriers can be applied, if necessary, to reach this objective of survivability.

FRA or fire part of QRA results are used to provide type and duration of protection for onshore and
topsides areas (see Annex A for details).

Prescriptive fire partitioning requirement are provided in IMO standards for the hull, the LQ or within
buildings and to these requirements shall be referred in a first approach.
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The selection of the adequate passive fire protection material shall take into account the ISO 22899
series for jet fires and the ISO 834 series for hydrocarbon fire resistance tests. Survivability of material
should not be limited to fire event; other accident event as blast event should be evaluated, if necessary
with respect to blast events.

5.4.5.2.4 Ignition control

5.4.5.2.4.1 Methodology

The purpose of ignition control is to avoid ignition of flammable/combustible releases, which invariably
occur in thig'operation of facilities handling Ilammable/combustible liquids and gases. The approadh is
to reduce the probability of coincidence of a flammable atmosphere and an electrical or other soyirde of
ignition tofan acceptable level.

This goal i§ achieved by implementing the following methodology:

a) classif|cation of hazardous areas, i.e. identification of areas where flammable gas,clouds are likely
to occyr;

b) identiffication of potential ignition sources throughout the facility;
c) design|selection of ignition sources depending on their location in hazafdous or non-hazardous argas;
d) additignal considerations.

The implerpentation of this methodology provides the means te:

— ensurq that sources of ignition are segregated from sotirces of flammable gas in accordance with
applicable code;

— perform the correct selection of instruments and electrical apparatus to be installed in afeas
according to their degree of hazardous area classification;

— select the location of ventilation and combustion air inlets for combustion equipment and buildings
(e.g. L@, machinery spaces, buildings);

— select the routing and/or ensure-adequate insulation of hot surfaces (e.g. steam lines, exhaustls of
combulstion equipment);

— ensurd adequate electricatiselation philosophy or provide correct selection of equipment according
to the hazardous area classification requirement.

In order to ensure that-the ignition risk is minimized as far as practicable, an ignition source
management philosophy covering the points above shall be developed at early project phase pnd
maintained throughoeut the project development.

5.4.5.2.4.2| cHazardous area classifications

The classification of hazardous areas only consider events for which the probability of occurrence
is significant enough to be described as “liable to occur during normal or abnormal plant operation
conditions”. This does not apply to catastrophic failures.

The topside areas shall be classified in accordance with internationally recognized standards, such as
API RP 505 or EIP15. The hull spaces shall be classified in accordance with IEC 60092-502. Both codes
shall be considered for the interdeck space with the most stringent being used in case of discrepancy.

All facilities shall be subjected to a hazardous area analysis. The terms of reference for such analysis
shall be laid down in accordance with EN 1127-1 and IEC 60079-10. The form and the extent of each
zone may differ slightly depending on the national or professional code used, but shall be in line with
the methodology set forward in IEC 60079-10. In addition, ISO 28460 can be considered for the jetty,
particularly for the hazardous zones generated when the LNG ship is alongside.
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On offshore installations, all equipment (hazardous and non-hazardous) might be located close to each
other due to the limited space available. Any accidental and significant flammable gas/liquid release
can quickly reach the non-hazardous areas. Subsequently, it is typical to minimize ignition risk by
imposing that all equipment located outdoor on hull deck and topsides are suitable for use in Zone 2
hazardous area as a minimum gas group 1A, temperature class T3, even if located in an area which is

not

classified as hazardous.

On confirmed gas detection, most equipment (electrical and non-electrical) should be shutdown to
reduce ignition risks. All electrical equipment and instruments located in open areas and maintained
energized in an emergency situation (mainly flammable gas/liquid release) should be suitable for use
in 7 ! . — : . )

which cannot be certified for use in Zone 1 and that need to be kept energized, others mitigation means

sho

11d be proposed on a case-by-case basis.

Thd aforementioned provisions are applicable to both onshore and offshore parts‘of the fl
instjallation.

Wh
sho

a)

b)

5.4

In @
of i
sha
of i

Ign
clag

htever the project configuration and in order to find the most appropriate“solution, a ri

Alayout review with focus on:

— the wind rose;

— the location of strong ignition sources (e.g. flare, combustion equipment);

— the location of vulnerable areas (e.g. accommodations, administrative areas);

— the location of fences and public.

The development of a consistent F&G detection philosophy with focus on:

— outside areas;

— inside areas, such as buildings;accommodations, administrative areas, machinery s

— actions in case of confirmed gas detection depending on the set points.

5.2.4.3 Potential ignition sources identification

bnition as well astheir probability of occurrence should be assessed. For all pieces of e
1 be checkedwhether their integration on the floating LNG installation generates resid
Pnition.

tion seurces can be of different categories. As guidance, the various ignition sourd
sifiéd(as per the categories listed in ISO 80079-36:

. For items

pating LNG

Kk analysis

1ld be performed to maximize the safety of installation with respectto ignition sources through:

paces;

ipment, it
al sources

rder to determine‘the explosion risk level associated to each hazardous area, the resid({Jal sources

es may be

hotsurfaces;

flames and hot gases;

mechanically generated sparks;

electrical apparatus;

stray electric currents, cathodic corrosion protection;
static electricity;

lightning;

radio frequency (RF) electromagnetic waves from 104 Hz to 3 x 1012 Hz;
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ionisin

exothe

electromagnetic waves from 3 x 1011 Hz to 3 x 1015 Hz;

g radiation;

ultrasonics;

adiabatic compression and shock waves;

rmic reactions, including self-ignition of dusts.

In order to select the appropriate design, it shall be identified which of the 13 types of ignition sources

will be enc

untered on the fln;\fing LNG installation

5.4.5.2.4.4

Once the i
mitigation
applied in 1

Equipment
telecommy
location w
and forced

Ignition sources design selection

bnition sources are identified, a description shall be made of the different preventive
measures (e.g. appropriate location of ignition source outside hazardous-areas) that
he design in order to avoid the ignition of a flammable gas cloud.

installed on the facility that are not suitable for Zone 1 and/or Zone 2 (e.g. s
nication equipment) shall be located outside hazardous areas.Depending on their f
th respect to hazardous areas, they may be linked to gas detectors installed in the vici
to shut down or reduce their power on confirmed detection,

classificatipn of these locations in accordance with the IEC 60079:series, the ISO/IEC 80079 series

The selectaiEn of equipment for use in particular locations shall be detefmined from the hazardous 3

the applic
Electrical ¢
— intring
— design|
install

All electrid

le classification rules.
quipment/instrumentation installed in a hazardous area shall be either:
ically safe;
ed for the appropriate hazardous area‘cldssification; or
ed in an enclosure which is designed for the appropriate hazardous area classification.

al equipment/instrumentation installed in hazardous area shall:

and
are

me
inal
nity

rea
and

a) comply with the requirementsofthe IEC 60079 series;
b) demoristrate conformity te lEC standards (e.g. be [EC-Ex certified).

NOTE1 Requirements of the European Directive 2014/34/EU (ATEX) can be used as a guidance.
All mecharfical (non-etectrical) equipment installed in hazardous area shall:
a) conform withidSO 80079-36 and ISO 80079-37;
b) demorlstrate conformity to IEC standards (e.g. be IEC-Ex certified);

NOTE 2  Requirements of the European Directive 2014/34/EU (ATEX) can be used as a guidance.
c) benon-sparking and adequately protected against the generation of electrostatic charge.

All internal combustion engines to be installed in hazardous area shall be specified with suitable
protections (e.g. protections for air intakes and flue gas discharges, automatic trip of the engine in case

of over spe

ed, dampers and fuel supply closed on confirmed gas detection at air intakes).

All exhausts from combustion equipment shall be regarded as ignition sources. They shall terminate
outside of any hazardous areas and exhaust stack shall be insulated, if necessary.
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The maximum surface temperature of any equipment/lines/exhausts located in a hazardous area, under
normal operating and abnormal conditions, shall not exceed the temperature class of the designated

ha

zardous area.

Earthing and lightning protection systems shall be provided to minimize potential ignition due to
electrical faults, static charges, stay currents and lightning discharges (see relevant subclause in
Clause 12).

5.4.5.2.4.5 Ventilation and pressurization

To
op

nrestricted

inimize the classification of a hazardous area ndpqn;\fp ventilation is necessary In u
en areas, natural airflow is sufficient to be considered adequately ventilated rega

clagsification codes requirements.

Fo

r

the|specific ventilation requirements defined by international codes and standards shall

Ex
As
a)
b)
‘)
d)

ples of relevant standards are SOLAS, IEC 60079-13, API RP 505 or EIP15)
I:nimum a forced ventilation system in accordance with IEC 60079-13 shall be applied t
enclosed hazardous areas where flammable gas accumulation caheccur;
enclosed non-hazardous areas adjacent to open hazardous &reas;

areas/rooms which are required to be operational durihg an emergency;

and suitable conditions for operating equipment;

5.4/5.2.5 Drainage systems

Ac
ph

a)
b)
Dr

tra

de

a)
b)

f)
g)

©lI

cidental release of cryogenic and non-cryogenic material should be addressed in a spi
ilosophy. The spill handling philosophy-should ensure that:

spill likelihood is minimized by'minimizing potential leak points (e.g. flanges);
leakages are handled in a-controlled way.

zInage systems shall be-provided to convey drainages from all the facilities (topside
sfer systems) and systems to treatment, recovery or disposal facilities. Drainage syste
slgned to:

prevent confiection between different drainage systems;
safely dispose hydrocarbons during drain-down of process vessels and equipment;

contdin any spillage of flammable or pollutant liquids;

any enclosed areas in which flammable hydrocarbon processing equipmentis to b{

accommodation and temporary refuge needed to ensure comfortable environment for

Fding area

b installed,
be applied.

personnel

1 handling

5, hull and
ms shall be

TIITITITIZE the Spread and area exposure of spittsamd firestopreventescatationmof amaccid

ntal event;

collect direct spills to a safe location, where spills can be retained and either recovered or disposed

if possible;
prevent backflow and fire spread through the system;

minimize any possible impact on the environment caused by accidental spills.
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The following types of drainage systems shall be provided and can be classified, if applicable, in two
main categories, open or closed drains systems:

a)

b)

hazardous hydrocarbon open drains: from drip pans and gutters of equipment installed in classified
areas and drains from points with frequent oil drainage in classified areas, such as sampling points,
transfer pump skids, pig launcher and receiver skids;

hazardous cryogenic hydrocarbon open drains: from drip pans (if any) and gutters of cryogenic
equipment installed in classified areas;

non-hazardous open drains: from workshops, and/or from drip pans and gutters of equipment
installpdin non-classitied areas,

hydrog¢arbon closed drains system: from topsides/onshore systems in wet and warm service;

cryogdnic closed drain: from topsides/onshore systems in dry and cold services.

The purpope of the open drains is to collect and convey residual process and wash-dewn fluids, rain
water and ffirewater/foam of protected equipment to an appropriate disposal system in such a waj to

protect personnel, plant and equipment, and to avoid environmental hydrocarbon contamination.

The design| of open drains shall prevent gas and fire to be propagated through-the system. In particylar,

drainage pjping crossing two independent escalation zones should be ayoided.

A cryogenifc spill collection system shall be provided on the facilities,/based on the identification pnd
the assessinent of the hazards associated with LNG, LPG or hazardous refrigerant spill that can og¢cur

from the dlfferent LNG, LPG or hazardous refrigerant handling‘equipment of the facilities:

a)

b)

c)

In gengral, smaller spills may be collected locally in drip trays of suitable material (e.g. stainfess
steel) and are allowed to evaporate.

scenatfios, gas dispersion scenarios, ship motion, permitted height of deck bunding for whter

It shoyld be assessed what the largest collected volume could be with regard to potential [fire
drainie, etc.

Wher¢g the cryogenic spill can be of high pressure (e.g. upstream of regasification units at high
pressure), spray guards should be considered at potential leak sources.

Depending| on the considered inventories, specific collection systems may also be considered to
segregate $pillage contaminated\with water soluble chemicals (e.g. glycol, amine), which can reqfire

special treatment.

The real plyysics of the cryogenic spill shall be identified and applied in developing the design solutjons

for the crypgenic spill.control system. The following design solutions are provided:

58

Onshofe (impaunding basin)

The exftent.of the impounding basins and spillage collection channel for LNG and hydrocarpon
pipe-skstems and equipment shall be evaluated In general it has been found that the collectioh of
spill from interconnecting LNG and hydrocarbons piping, without branch, flanges or instrument
connections, is not justified by hazard assessment.

If required, it shall be designed to accommodate potential leaks that will be identified in the hazard
assessment.

Possible LNG and hydrocarbon spills should be drained into impounding basins, with foam
generators or other measures for improved evaporation control.

Provisions for water recovery shall be applied.
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Offshore and nearshore

Disposal overboard should be considered where larger inventories of cryogenic m
present.

aterial are

As a first approach, direct discharge overboard in front of each module and areas where larger
volumes of cryogenic fluid can leak is proposed, considering specific attention shall be given to the
specific areas as LNG transfer areas liquefaction or regasification units and areas where carriers
may moor (if any). Specific systems or protections may be implemented to protect the critical

element which can be submitted to embrittlement if proven necessary.

EXAMPLE Water CUTTainS can be CONSIaered to avold damage to the il of The fioating i
areas where cryogenic fluid is disposed of over the side.

or safe disposal of the cryogenic releases shall be performed to find the most suitaQ
pted to the installation characteristics.

protection of areas that can be exposed to cryogenic releases, see 5.4.5:2:6.

5.2.6 Cold spill protection
main objectives and overall philosophy of the cryogenic protection are to:

maintain the integrity of the topsides modules/onshoreédnits and the hull deck for the
credible cryogenic liquid spillage and risk of embrittlément;

maintain the integrity of all susceptible criticalbequipment and buildings required
cryogenic liquid spillage;

reduce the risk of escalation on the facility;
protect asset against catastrophic loss:

igerated cryogenic liquids and gases exert an intense cooling effect when released. S
expose workers to cold burns.while unprotected steel work can face the risk of embritt
Kequent fracture. In additionyif ignited then high thermal loading of exposed unprotectd
to structural failure.

pgenic protection shiall-be provided where the effect of cold splash can occur, unleg
stance of the elemeént is sufficient. In particular, deck areas with normal ship steel
Lected if spillage-is possible by specification of low temperature steel or deck covering (¢
spill protection’ material, wood or concrete).

ent of prétection time shall be optimized depending on the credible loss of containment s¢
valuated'on an area-by-area basis (considering resistance of equipment and requirement
Ctiohality) during risk analysis.

stallation in

ny case, a qualitative review of the various solutions that can be implemented.to ensfire control

le solution

Huration of

in case of

uch events
ement and
d steel can

s intrinsic
should be
.g. specific

enarios, to
for time of

Th

CTYORETIIC Protection Systent sirattbeableto withstamdthe atmospheric bothing tem

erature of

cryogenic fluids while the temperature of the underlying steel structure should not fall below the
embrittlement temperature.

Cryogenic risk analysis results are used to provide type and duration of protection. The selection of
the adequate cold spill protection material shall be made with in accordance with ISO 16903 and the

ISO

5.4.

20088 (series).

5.2.7 Explosion protection

The main objective and overall philosophy for explosion protection is the reduction of:

©IS

the severity of the explosion (e.g. the overpressure effects);
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— the risk of escalation on the facility in the event of credible and/or extreme explosion events.

Explosion risk analysis results are used to provide explosion loads.

Explosion protection is designed considering the following criteria:

ignition prevention;

with limited congestion;

with limited confinement;

a)
b) design
c) design
d) implen
contail
e) optimi
f) implen
g) implen
h) specifi
5.4.5.2.8

Specific co
5.4.5.2.9

Specific co
5.4.5.2.10

5.4.5.2.10

In order t
environme
sorted out
aswell asi

5.4.5.2.10

Specific ev
for safety ¢

5.4.5.2.10

hentation of vents/explosion relief panels to limit overpressure levels in buildings and-c
hments (if any);

ze natural and/or mechanical ventilation;
hent suitable distances between vulnerable areas and high-risk process areas‘(e.g. safety g4
nent physical barriers (fire and blast walls to separate areas);

cally design equipment against blast.

Protection against ship collision

hsideration shall be paid to design the facility against potential ship collision.

Protection against dropped objects

hsideration shall be paid to design the facility dgainst potential dropped objects.
Environmental conditions

1 General

o ensure workers protection, -several systems should be designed to withstand h4
ntal conditions. During thecourse of the project, these safety critical systems should

h towing mode.

2 Seismic protection

ents such assearthquakes shall be taken into account in the design with specific considera
ritical systems (see Clause 4 and Annex E).

3 Harsh weather conditions

from the results of risk@nalysis and be designed accounting for the facility being on staf

ose

ps);

rsh
be
on

—e

fion

As amain principle, safety critical systems to be kept operable during or after harsh weather conditions
should be designed against 10 000 year return period (see Clause 4).

5.4.6 Emergency response

5.4.6.1 Escape, evacuation and rescue

The design of the EER facilities shall take into account the maximum POB, the expected manning
distribution over the facility, the potential sources of hazards and the potential escalation scenarios.
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The design intent of an EER system is to allow, in case of emergency situation, the escape of personnel
from any place of the facility to a pre-determined muster area, the safe evacuation of all personnel on
board and also the rescue of injured persons from any place of the facility. It typically comprises:

As ¢
resj

Eac
esc
5m
be 4
occ
whyd
only
spe

The
are
maj

As
rad
per

Thd

identified changes and maximum POB during normal operation at least.

For
nee
the
enc

Acc
incl

The
tot

5.4.

escape routes;
muster areas;
temporary refuge/secondary refuges;

evacuation means;

rescue means;
lifesaving equipment.

minimum, SOLAS requirements shall be implemented in the design and specific conside
pect to the type of facility, the hazard location and vulnerability.

h process and non-process area (whether outdoor or indoor) on the facility shall have 4
pe routes to the muster areas and to the evacuation point as a base-case. Dead-ends shall
. Deviations to the provisions of two escape routes as well as to the-dead-end maximum
ccepted for not normally manned spaces, where access is limited to few people for mair
hsional operations of short duration. Rooms in the hull maybe considered as not norma
re access is limited; in the same way, equipment top platforms may also be considered :
Fin rare occasions. In any case, this is to be defined ona.case-by-case basis depending on
Cificities (in particular the manning level and operating philosophy).

design of the escape routes shall be such that, as&ininimum, one escape route to at least
h shall be available at all time, easily identified;\and protected or segregated, as far as pog
jor hazards. The escape routes shall be marked in accordance with ISO 24409-1.

W proposed value, all emergency devices-required as part of EER process (e.g. emergen
o communications, PAGA), shall stay operational as minimum one hour until the safe ev
sonnel is completed. Value may be revised depending on the results of the safety studies.

POB shall be checked at each.phase of the project. EER facilities shall be adapted to acd

d to be adapted if.hot already designed for the maximum POB whatever the phase. Whg
implementationtof ‘additional EER facilities shall take into account the specific hazard
buntered during’these phases.

bmmodations shall be considered as safe area from an EER perspective. Accommod3
ude theprimary muster station.

EER'analysis shall be carried out to validate/confirm the adequacy of the EER facilities w

Fation with

t least two
not exceed
ength may
tenance or
ly manned
)s accessed
the project

bne muster
sible, from

Ly lighting,
hcuation of

ommodate

maintenance, constylgtion, commissioning and decommissioning phases, the EER facilities might

re needed,
5 and risks

tions shall

ith respect

A PRI .
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6.2 Coordination between parties involved

An emergency response plan shall be agreed between all parties including visiting LNGC or products
carriers involved depending of type of operations.

Emergency check lists shall be prepared in accordance with applicable standards requirements (e.g.
SOLAS, local authorities and owner rules).
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5.5 Occupational health and industrial hygiene considerations

5.5.1 Occupational health and industrial hygiene aspects identification

Whatever the installation configuration, the following potential occupational health and industrial
hygiene aspects shall be part of the design/procedures when developing the floating LNG installation:

a) chemical exposure;

b) biological factor;

c) legionglla;

d) thermal stress;

e) hot/cold surfaces;

f) support function to operators;
g) lighting;

h) water fuality and availability;

i) noisez

j) ergond

5.5.2 Chjemical exposure

5.5.2.1 K
Asregards

a) define
rotatir

b) clarify

5.5.2.2 K
Regarding
a) onese

b) one se
long p¢

nd vibration;

mics and human factor.

urpose
the chemical exposure, it is necessary.tos

the toxic or lethal services whieli require specific design configuration (e.g. for ve;
g equipment, piping, valves) and hence limit workers’ and public continuous exposure;

the need for toxic gas deteetion associated with alarm and/or action.

tegulatory aspects
chemical exposure,two sets of limits apply:
[ of values inside working areas;

t of values inside the LQ/accommodation for cases where workers are expected to sp
briod-efitimes by the facility.

sel,

end

5.5.2.3 V

Vorking areas
(=]

TLVs refer to airborne concentrations of chemical substances and represent conditions under which it
is believed that nearly all workers may be repeatedly exposed, day after day, over a working lifetime
without adverse effects.

Generally, three categories of TLVs are specified:

— Threshold limit value time-weighted average: This concentration is given for a conventional 8-hour
workday and a 40-hour workweek, to which it is believed that nearly all workers may be repeatedly
exposed, day after day, for a working lifetime without effect.

— Threshold limit value short-term exposure limit: This concentration is a 15-minute exposure that
should not be exceeded at any time during a workday, even if the 8-hour TLV is respected.
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— Threshold limit value ceiling: This concentration should not be exceeded during any part of the
working exposure.

Workers are normally exposed to NOx, SO,, PM, CO and BTEX during operations. In absence of local
TLVs regarding worker exposure to chemical substances, it is recommended to apply TLVs from the
ACGIH database.

The abovementioned limit values shall be adjusted taking into account:

a) The typical work hour schedules on board

1 £ 1 1 Lol locl 19 1 | TR RPN L1 & 0. 280 NP | 1 MNP RN | : th tical
IIrvdoc vl udliiuoudl vwUI N otLIICUuuiIT o l_b-s- Lo 1IUUL OI1IT L}, LIIC 1T VO olldIT UT aujuou,u uouls I1I ema lca

models. Although several models have been recognized worldwide, the use of an easy)jmodel (e.g.
Brief & Scala) is recommended, if national guidelines about this subject do not exist.

b) [The toxicology combined effects

Most TLVs are developed for a single chemical substance. The work envirénment is ofter] composed
of multiple chemical exposure. In consequence, when two or more hazardous substarjces have a
similar toxicological effect on the same target organ or system, their\combined effect, rather than
that of either individually, should be given primary considerationt“Fhe following conditjon shall be
respected:

n .
ZQ <1
= Ti

where

C indicates the observed atmospheric coficentration;
T  isthe corresponding threshold limit.

If the sum exceeds unity (1), the threshold limit of the mixture should be considergd as being
exceeded.

5.5{2.4 Living quarters/Accommodations

For|floating LNG installation/that can be located a long way from shore and on which worKers will be
aboprd for long periods‘of time, an additional set of values adapted to extended exposure ghall apply.
For[nearshore and onshore installations, these sets of values shall also apply, if workers are gxpected to
live|by the facilityx

TLVs set to pratect people from adverse effects which can result from extended exposure dpply, these
TLVs are more’stringent that those relating to working areas as the exposure may be for a lofger period
of time (24-hour as opposed to 8-12 hour shift).

Workeérs are normally exposed to NOx, SO,, PM, CO and BTEX during operations. In absence oflocal TLVs
regarding worker exposure to chemical substances in LQ, it is recommended to apply WHO Ambient Air
Quality Guidelines.

NOTE Alternatively, the Europeans Directives 96/62/EC on ambient air quality assessment and management
and 2004/107/EC relating to arsenic, cadmium, mercury, nickel and polycyclic aromatic hydrocarbons in ambient
air can be applied.

5.5.3 Biological factor

Biological factor is directly linked with project geographical location and should be subject to stringent
and specific design requirements. As minimum, biological agents of Group 3 (i.e. Escherichia colj,
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verocytotoxigenic strains) as per approved list of biological agents (Advisory Committee on Dangerous
Pathogens, HSE Book) are presented in this subclause for the following areas:

— theinfirmary;

— the biological water treatment unit;
— the waste temporary storage area;
— the canteen;

— the sanitary facilities

By conseqfience, work in these areas should be restricted only to those persons who have tfeceijved
specific verifiable training in working with and controlling such materials.

Areas usefl for handling of biological agents of Group 3 should be designed to enable their [full
segregation and isolation in emergency circumstances, include dependent ventilatipn’systems andl be
subject to fequire routine disinfection and sterilization of the work surfaces.

HVAC systems serving areas handling biological agents of Group 3 should ‘be equipped with high
efficiency particulate air filtration systems. Equipment should readily enable their disinfection pnd
sterilizatign, and maintained and operated so as to prevent growth and¢spreading of disease aggnts,
amplificat(l)n of the biological agents.

5.5.4 Legionella

Legionella|bacteria can infect alveolar human macrophagesZupon inhalation, subverting the normal
host cell mpchinery to create a niche where the bacteria can'replicate.

NOTE At the present time, it has been proven that Legionnaires’ disease and its lesser form Pontiac fever
transmission is airborne via respiratory droplets contaihing the bacteria. Person-to-person transmissiopn of
Legionella Has not been demonstrated.

The potential risk of legionella developmention project site is associated with water supply network
(e.g. pipingland storage tanks) and wet cooling tower. Annex G provides details on prevention measures.

5.5.5 Thlermal stress

5.5.5.1 (old stress

Cold stress|factors are inténded to protect workers from the severest effects of cold stress (hypothertia)
and cold ipjury. Cold stess factors describe exposures to cold working conditions under which |t is
believed n¢arly all workers can be repeatedly exposed without adverse health effects.

Cold stresg factors are generally defined by national or local regulations. In absence of such factors,
the floatinfg/LNG installation project design may use the cold stress factors defined in the ACGIH

5.5.5.2 Heat stress

Heat stress is the net heat load to which a worker may be exposed from the combined contributions
of metabolic cost of work, environmental factors (i.e. air temperature, humidity, air movement, and
radiant heat exchange) and clothing requirements. A mild or moderate heat stress can cause discomfort
and can adversely affect performance and safety, but is not harmful to the health. When the heat stress
approaches human tolerance limits, the risk of heat-related disorders increases.

The heat stress factors depend on work category and on local work habits (e.g. thermal criteria took
into account worker acclimatization state, metabolic rate for the work, and work duration). Heat stress
factors are generally defined by national or local authorities. In absence of such factors, the floating
LNG installation project design may use the heat stress exposure defined in the ACGIH Publications or
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the index degree of comfort developed by Canadian Meteorologists “The Humiditex” to design working

areas and/or working operations.

5.5.6 Hot/cold surfaces

For floating LNG installation projects, surfaces with a temperature above 60 °C or below -

10 °C shall

not be reached from work areas, walkways, ladders, stairs or other passageways. In cases temperatures
are outside this range, personnel protection (e.g. thermal insulation or a physical barrier/handrail with

warning signs) shall be provided.

In

incltiding but not limited:

the material of the surface;

the period of contact between the skin and the surface;

the structure of the surface;

the sensitivity of the human being who comes into contact with the(surface.

NOTE Other factors can also play a role but are of minor importance,

Itis
hot

recommended to apply [SO 13732 (parts 1, 2 and 3), which-defines the temperature limi
surfaces and the safe time limits for hand/finger contactwith various cold surfaces.

5.5/7 Support functions to operators - Project with permanent operators on-board o1
facility

her factors

f values for

in the

Flogating LNG installation with permanent operators on-board shall be fitted with LQ/accofnmodation

including all support functions necessary to-dccommodate and cater them (e.g. cabins/roo
proyision stores, dining room, lounges, exet¢ise rooms, laundry, administration area, chang
medlical centre, sky lobby, technical roohis, lay-down deck).

Theg LQ/accommodation shall be diniensioned, designed and equipped for the maximum
perfonnel required at any timewduring the field’s various operational phases. Requireme
architectural design, engineering and development of the LQ/accommodation shall be in

with IMO rules.

NOTE National or local'regulations might apply.

NORSOK C-001 andyNORSOK C-002 can be used as a guidance for LQ. Additional guidance

in §.2.2.

Flogating LNG.installation without permanent operators present in the facility (e.g. floatel
accommagdation for offshore units and outside accommodation for onshore parts of the facili
fitt¢d-with all support functions necessary to operator well-being during their shift period

In, kitchen,
ing rooms,

number of
hts for the
hccordance

s provided

pr onshore
Ly) shall be
e.g. lounge

roomszchanging rooms toilets medical centre canteen)
k 7 o it =) 7 T T >

The LQ/accommodation shall be dimensioned, designed and equipped for the maximum
personnel required at any time during the field’s various operational phases.

Additional guidance is provided in G.2.2.

5.5.8 Lighting

number of

Floating LNG installation projects shall be fitted with the following three illumination systems:

a) normal operation lighting level;

b) emergency lighting level;
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<)

escape lighting level.

Project electrical philosophy shall provide an accurate definition of the lighting level per type of areas
(indoor/outdoor) and per type of activities achieved in the area (e.g. non-working areas, workspace
with occasional visual tasks only, medium precision work, precision work, high precision work) in
accordance with IEC 61892-2 and the safety-related lighting requirements of the classification society
and marine rules.

During the night, systematic lighting associated to normal operation lighting shall be avoided. Active
working areas shall be enlightened only. Zones without activity shall be switched off. Measures to
limit offshore lighting impact in the vicinity (e.g. non-reflective painting, illumination angle) should be

selected.

5.5.9 Water availability and quality intended for human consumption

5.5.9.1 Water availability

Every pergon daily needs 20 litres to 50 litres of water not containing either dahgerous chemical
microbial ¢ontaminants according to WHO. As the operators on-board have a(physical activity, w
availability of around 100 litres per person per day should be adhered.

5.5.9.2 Water quality

Quality of|water intended for human consumption (included water used for shower) shall at |
conform wijith Guidelines for drinking water quality of the World Health Organization (WHO).

If the local piped water supply does not meet the minimum~drinking water quality standards, w
shall be pufified before consumption. If it is not possible to provide pure, piped potable water, eithe;

logistical dr economic reasons, bottled water shall be ¢btained from a commercial source. Commer

suppliers s
5.5.10

5.5.10.1 K

The noise
5.5.10.3).

NOTE 4

hall be able to demonstrate to meet minimum drinking water quality standards.

Noise and vibration

urpose of noise and vibration control

and vibration control shal be developed in accordance with the relevant standards

\pplicable regulations might exist.

The contrd| of noise is Hecessary for the following reasons:

prever

reduct

tion of neise-induced hearing loss;

ion‘oftwork, speech and concentration interference;

K5 Or
hter

past

hter
for
cial

see

provis

OTT Of qUIET LQ/acComImodation for PErSOnNTIEt 11T SIEEPINg and Tecreation areas;

ensuring that the PAGA system is clearly audible and intelligible.

The control of vibrations is necessary in order to take into account the following aspects:

HSE aspect (human beings subjected to vibrations) by:

— ensuring that acceptable conditions are provided for all working activities on general
working areas;
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— preventing risk of injury to operators from vibrations solicitation close to
equipment areas.

Mechanical aspect by:
— evaluating the level of vibration induced by equipment;
— defining the minimal dynamic stiffness of the structure;

— minimizing vibration levels on equipment to guarantee its long-life service.

vibrating

5.5
Thd

Step 1 - Define the maximum noise and vibration limits a human may be exposed to with a

NOT

Ste
Ste

Ste

Step 5 - Perform the noise and vibration studies to anticipate future noise and vibration le

Step 6 - Investigate mitigation measures if results show a non-conformance with defi

Noise aspect by Pv;ﬂlm‘ring the structure-borne noise gpnprnfpd in technical hnildingc bv vibrations

of equipment.

10.2 Noise and vibration control work process

following steps shall be followed to ensure the control of the noise and vibration level on

protective measures associated with exposure duration
E Applicable national or local regulations might exist.

2 - List the noisy and/or vibrating equipment present on,thé facility.

he facility:

hd without

3 - Define the noise and vibration limits for the listed.items before vendors’ consultati¢n.

4 - Define the maximum noise and vibration limits‘a human may be exposed to with a
protective measures associated with exposure duration according to information prov
vendors.

facility. The studies shall be carried out.for:
— normal condition: services required allowing normal operation for full production;

— emergency condition: services required maintaining critical and vital equipment ar
safe shutdown of the floating LNG installation.

Measures can focus en:
— equipmentto’reduce noise/vibration levels at source by:
— mipdification of equipment;
—=_"addition of enclosures/acoustic blankets around equipment;

— addition of silencers;

nd without
ded by the

vels on the

d allowing

hed limits.

— addition of acoustic insulation around pipes and piping fittings;
— the area to reduce overall noise/vibration level in the area by:
— consideration of noise/vibration issues when developing the layout;

— installation of acoustic panels, curtains or equivalent;

— installation of anti-vibration devices to limit the vibration transfer from vibrating

equipment to people and other items (surrounding structures in particular);
— workers by:

— defining restricted area to limit workers’ exposition;
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procedural and organisational means to limit duration of exposure;

supplying protective devices.

Step 7 - Perform noise and vibration tests during equipment manufacturing to anticipate any issue.

Step 8 - Perform noise and vibration measures on side once the facility is operating to confirm the
modelling, check the conformance with the limits, check efficiency of installed measures and/or
investigate additional mitigation measures.

5.5.10.3 Applicable standards

A wide rarlge of national or local regulations and international codes and standards can be appllied

to noise 4
(MSC.337(
ISO 10816
well as on

5.6 Ergg

Human en
the underg
that applie
system pef

For implenpentation on the floating LNG installation, ASTM F 1166 can be applied for ergonomic de

criteria frq
structures
hardware

6 Moorjing and stationkeeping

6.1 Gen

The purpo
LNG instal

The stationkeeping system shiall-be designed in such a way that the overall movements of the floa

LNG instal

installation with earth-bieund fluid conducts (seabed wellheads or pipelines, or jetty-bound pipeli

depending
between ty
fluid trans

The design

nd vibration. International codes and standards such as World Bank Standards,
D1)), can provide applicable values. ISO standards such as ISO 1999, ISO 2631+1,.1SO 2
ISO 15665 and ISO 20283, provide details on noise and vibration calculatiori method
neasurements methods.

nomics and human factor

bineering (ergonomics) is defined in ASTM F 1166 as scientifie discipline concerned
tanding of interactions among humans and other elements,of\a system and the profes
5 theory, principles, data, and methods to design to optimize human well-being and ove
formance.

m a human-machine perspective for the design.and construction of maritime vessels
and for equipment, systems, and subsystems contained therein, including vendor-purchg
hind software.

bral

ations on the desired location, with optimum operability and sufficient margin of safety.

ation remain within the limitations imposed by the fluid transfer system that connects

on the configuration). Ship-to-ship moorings will have to limit the relative movemg
vo vessels'to remain within the envelope of allowable motions between the two ends of
fer system that connects the vessels.

be of mooring and stationkeeping systems is the provision of reliable means to keep floaf

MO
D23,
5 as

vith
bion
rall

bign
and
sed

—

ng

[ing
the
hes,
ents
the

Fion

af-mooring and stationkeeping systems will depend on the type and the intended func

of the systemmbemmgtomsidered:

The floating LNG installation can be moored in open waters or at a nearshore/inshore location. As
described in 4.2.6.2 and 4.2.6.3, respectively, these two situations have each their typical set of design
conditions. A floating LNG installation, whether an FSRU, an FLNG or an FSU, will generally be kept on
station permanently for the full project life (permanent mooring).

The design requirements for mooring in open water are specified in 6.2 and for mooring in nearshore/
inshore locations in 6.3.

The project location can be subject to certain adverse environmental events, such as iceberg impact or
hurricanes, which would make a stationkeeping system design based on the principle that the floating
LNG installation leaves the site in advance of the adverse event (disconnectable mooring) economically
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advantageous. When this concept is applied, the design of the disconnectable mooring as well as the
applicable operational procedures shall ensure a timely and safe operation.

The design criteria for disconnectable moorings are described in 4.2.6.3. Further design requirements
are specified in 6.4. The design requirements for permanent moorings with a limited design life are
also specified in 6.4.

The design requirements for the mooring of an LNGC to a floating LNG installation are specified in 6.5.
The design conditions for this mooring situation are described in 4.2.6.4.

6.2 __Permanent stationkeeping in open waters
I (=] I

6.2]1 Stationkeeping concepts

6.2{1.1 Turret mooring

For|the permanent mooring of a floating LNG installation in open waters,.Wheére the action of waves,
wind and current can approach the mooring location from variable directions, the SPM|concept is
mogt suitable. An SPM allows the vessel to weathervane, so that the combined loading imp¢sed by the
envlironmental conditions is minimum.

A commonly applied type of SPM system is the so-called turret mooring. Turrets ar¢ generally
cylindrical structures, which either penetrate the bow of the'wessel (internal turret) or whliich remain
exteérnal with respect to the hull (external turret).

The cylindrical turret structure is anchored to the seabed by a pattern of anchor lines, and th¢ vessel can
wedthervane around it, via a structural bearing systém. The bearing support structure is sfructurally
intdgrated with the hull of the floating LNG installation (internal turret), or with a supporf structure
profruding from the bow of the vessel (externalturret).

Flexible risers connect the turret structure’with the seabed infrastructure (well heads, plpeline end
manifolds, or similar). Fluid/gas swivels‘are used to bridge the bearing system in order to donnect the
fluifl/gas transfer piping on the weathervaning floating LNG installation with the piping in| the turret
strycture, of which the orientation remains earth-bound.

6.2]1.2 Other SPM concepts

Turfets are currently themost commonly apply stationkeeping concept. Various other SPM syktems have
been used in offshoreoil and gas projects and would be feasible also for the permanent statjonkeeping
of floating LNG instalations in open waters.

The so-called tower-soft-yoke system is an example of a suitable solution for relatively shallow water. In
thig concept; @ bottom-founded jacket type structure carries a mechanical bearing system gnd swivels

on fop, tewhich the floating LNG installation is connected through a usually triangular strugtural arm.
The arm.is suspended from the vessel through pendulum bars. The arrangement of vessel plus arm can
we i i , wind and

current.

6.2.1.3 Spread mooring

For the permanent mooring of a floating LNG installation in open waters, where the action of waves,
wind and current is strongly directional (locations with a distinct prevailing direction for wind, waves
and current), a spread mooring system can be feasible. In this case, the floating LNG installation is
moored in between a spread of anchoring lines that provides adequate stationkeeping capacity for the
floating LNG installation at its intended location. Different from an SPM, a spread mooring keeps the
vessel at a constant average heading. A mechanical bearing system is therefore not required. Also no
swivels are needed, since fluid/gas risers can be attached directly to the floating installation, usually to
a so-called riser balcony at the side of the vessel.
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The berthing of an LNGC alongside a spread moored floating LNG installation, for either loading
or unloading LNG in a ship-to-ship configuration, is compromised by the anchoring lines of spread
mooring. The applicability of a spread mooring therefore depends on a reliable LNG transfer system
between the floating LNG installation and an LNGC moored in tandem behind the floating installation.
Such transfer systems are presently under development, so that no requirements can be specified in
this document.

6.2.1.4 Dynamic positioning

Dynamic positioning for the permanent stationkeeping of a floating LNG installation has not been
proposed 3 nce
for this sol
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ositioning may be applied for an LNGC that has to maintain station in the vicinity
ly moored FLNG to take-off produced LNG or in the vicinity of an FSRU to unload LNG c4
xible transfer systems. The dynamic positioning requirements to the LNGE,are not cove
ument.

6.2.2 Design requirements

b in
the

The designp of the stationkeeping system of a floating LNG installation~in open waters shall b
accordance¢ with ISO 19901-7 for the stationkeeping system and ISO 19904-1 for the integration of]
stationkeeping system with the vessel.

Dynamic gnalysis of the behaviour of the moored floating LNG“installation and its stationkeeping

zed

system in
software p|

As stated

loads incul
maximum
transfer an

6.3 Permanent stationkeeping in nearshore or docked conditions

6.3.1 Stg

6.3.1.1 (

When the d

the stationkeeping capatity can be provided by mooring to a quay or to a jetty.

Special str

criteria for

the specified design conditions is reasonably well understood, and several recogn
Ackages are available to the designer. Requirements are specified in ISO 19901-7.

n 4.2.6.2, the design shall take into accoyt that the stationkeeping system accepts
red by the combination of the floating LNG installation with an LNGC moored to it, in
environmental conditions in which loading or offloading of an LNGC is permitted. The f
d mooring of the LNGC are addressed-in 6.5.

itionkeeping concepts

Juayside or jetty mooring

esired permanent location of a floating LNG installation is nearshore or in docked conditi

the floating LNG installation (see 4.2.6.3).

the
the
Juid

DS,

uctures-that are built for the purpose of the mooring at the quayside, or jetty structyres
and facilities (if'applicable) are part of the stationkeeping design and shall be subjected to the de

bign

When a floating LNG installation (FLNG or FSRU) is moored to a jetty, a second vessel can be moored
to the same jetty. Depending on the overall configuration of the LNG facility, it can be an FSU (also
permanently moored) or an LNGC (only moored for the short duration of LNG loading or unloading).

Also configurations are possible in which a floating LNG installation is moored against a jetty, while
a second vessel is moored in a side-by-side situation at the other side of the floating LNG installation.
This second vessel can be an FSU (also permanently moored) or an LNGC (only moored for the short
duration of LNG loading or unloading).

The most common mooring configuration for the mooring in docked conditions or to a jetty is through
the use of mooring lines, which tie the floating LNG installation to a quayside or a jetty. Spring lines
restrain the longitudinal movements (surge) of the vessel along the quay/jetty, breasting lines are used
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to reduce lateral movements (sway and/or yaw) of the vessel, away from quay or jetty. Fenders are
applied to absorb shock loads when the vessel approaches the quay or jetty.

The system of mooring lines shall be sufficiently compliant to accommodate variations in water level
or draft of the vessel. The mooring lines are tied to strong points at the quayside or jetty, which may be
built as dolphins, i.e. mooring points independent from the structure of quay or jetty.

Similar arrangement of mooring components is applied for ship-to-ship moorings, if a second vessel is
moored alongside the floating LNG installation, which itself is moored to the quay or jetty.

In benign environmental conditions, a mooring system based on piles could be potentially feasible, as
altefmative to the use of mooring lines. The floating LNG installation shall be connected to the piles in
such a way that draft and/or water level variations can be accommodated.

jettly) takes place via loading arms or flexible lines. The same applies for the fluid/gas transfer between

Fluild/gas transfer between the floating LNG installation and earth-bound structures (}uayside or
afl e (FSU).

ating LNG installation and a potentially permanently moored second vesselalong the si

The design of the jetty infrastructure is discussed in 6.6.

6.3]11.2 Tower-soft-yoke mooring

If th
ato

e local situation permits, and a weathervaning configuratiotis feasible and economically favoured,

wer-soft-yoke mooring can also be applied nearshore (see6.2.1.2).

6.3/1.3 Spread mooring

Nedrshore a spread mooring can be applied (see 6.2.1.3).

The spread mooring concept, in which the floating LNG installation is kept on station by 4
cat¢nary anchor lines, has its limitations when‘the water depth is small. In benign metocean
a spread mooring can be feasible. Similarly:to the situation in open waters as described in 6.2.1.3, the
trafpsfer of LNG to or from the installation requires novel designs that are under developipent at the

date¢ of publication of this document:Therefore, this document does not specify design requirements.

pattern of
conditions,

6.3)2 Design requirements

For
des

the case the floating LNG installation is moored in docked or nearshore conditions, sitg
cribed in 4.1, are particularly important for the selection and design of the lay-out of

mo¢ring configuratjen.in the local geographical setting.

studies as
the overall

The provisions,£fecommendations and guidelines in the following documents should also be ¢onsidered:
a) |SIGTTQO:Site selection and design (IP no. 14) for LNG ports and jetties;

b) [OGIMF: Mooring equipment guidelines;

c) EAURecommendationsof the Commmittes for Waterfront structures — Harbours armd waterways;

d) PIANC WG 145: Berthing velocities and fender design;
e) PIANC WG 153: Design of marine oil terminals.

For permanent moorings in nearshore or docked conditions, 4.2.6.3 specifies that design criteria
(load cases [limit states] to be considered and return periods of loads for specific limit states) shall
be in accordance with the relevant parts of ISO 19901-7. Because ISO 19901-7 does not focus on the
particulars of moorings in nearshore or docked conditions, DNVGL-OTG-18 shall be considered for the
design requirements to the specific particulars of moorings in nearshore or docked conditions.

A dynamic analysis is required to document the adequacy of the mooring system design. The
principles of such analysis are specified in ISO 19901-7. Local site specifics can have large effect on the
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characteristics of the metocean conditions and other design criteria. Mathematical models that convert
metocean conditions, known with sufficient certainty at a near-by offshore location in open water,
towards the project location in docked or nearshore condition, are complex and difficult to validate.

The uncertainty in the design input data, and in the analysis methods applied, shall be quantified and
accounted for in the design. The risk of a potential failure of the mooring, which depends on the local
situation, shall be taken into account. When relevant, validation of computational methods against
model tests is recommended.

In benign environmental conditions, a quasi-static mooring analysis can be acceptable, provided it is
demonstrated that the effect of mooring line dynamics is negligible.

The moorihg system and LNG transfer system design shall ensure that the movements of the floafing
LNG instaljation relative to the structure to which it is moored are within the envelope of-allowable
motions of the transfer system, with an adequate margin of safety. The design of the LNG trangfer
system is specified in Clause 9.

The design requirements specified in this subclause for the primary mooringof a floating LNG
installation in nearshore or docked conditions apply to the same extent to the permanent mooring|of a
second vesgel (FSU) side-by-side to the floating LNG installation (FSRU or FLNG).

Although the typical mooring configuration for a quayside or jetty mooring, as described in 6.3}1.1,
seems simjilar to the short duration mooring for a visiting LNGC, described in 6.5, the nature pf a
permaneny mooring system is different. The design shall take into ‘account the effect of fatigue,
aging, etc.|of mooring lines and fenders. If necessary to achieve conformance with ISO 19901-7,[the
mooring d¢sign may be based on a prescribed regular change-out of certain mooring components. [The
operationall manual shall provide the associated instructions;,

6.3.3 E)lIergency departure of floating LNG installation

It is possiblle that a floating LNG installation, moored'in nearshore or docked conditions, can be in|the
vicinity of another safety critical installation. A risk'analysis, being part of the site selection procedpre,
will demorstrate the need for a potential emetfgency departure of the floating LNG installation in ¢ase
of an accident, aiming at safeguarding of assets.

In case the¢ risk analysis demonstrates\the need for a potential emergency departure, the following
requirements apply:

a) The nlooring system design ‘shall address the requirement for a rapid departure in cas¢ of
emergency. Quick release hooks may be used to release mooring lines. The control logic shall engble
a safe flisconnection, without overloading any single line.

b) Operational procedures shall be in place to define the sequence of events — cease of onbdard
operatfion, disconnection of transfer systems, preparation for marine control of the vessel after
disconnect —prior to disconnection.

c) Conditions that play a role in the decision for an emergency departure shall be monitored. [The
information shall be available to the ollicer responsible for the decision.

d) The vessel shall have the facilities to navigate under its own power, requiring a marine crew
available on demand, or be controlled by tug assistance, provided tugs are available.

6.4 Mooring systems for special project design conditions

6.4.1 Disconnectable mooring

In both permanent stationkeeping in open waters and permanent stationkeeping in near shore or
docked conditions, it can be the case that certain adverse environmental events, e.g. iceberg impact or
hurricanes, impose design requirements that significantly exceed the normal statistical bandwidth of
the conditions.
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In accordance with ISO 19901-7 it is permitted to exclude the ULS design requirements following from
the adverse environmental event, provided that the floating LNG installation is equipped with the
technical facilities to disconnect from its mooring (and subsequently re-connect when the event has

pas

sed) and that adequate operational procedures are in place to avoid the adverse event.

In order to adopt such a disconnection philosophy, it shall be possible for the floating LNG installation
to actually detect such an event and then to close down its operation, disconnect and move away to a
planned safe location within a realistic time period. This time period should also be associated with the
accuracy of forecasting the extreme event. The ability to move away should be related to availability of
own propulsion machinery and necessary marine crew or the availability of tugs to facilitate the move.
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operating manual shall clearly describe the threshold level of environmental conditipn
mooring system has been designed, and at which level of environmental conditions-the
baration of disconnect shall be taken.

ase hooks may be applied to facilitate disconnection. Adequate operational_procedures
e to achieve disconnection in a controlled manner.

design of the floating LNG installation itself shall cover the desigh_situation in which

design of the disconnectable mooring shall be in accordanceé with ISO 19901-7.

2 Permanent mooring for a limited project life

tated in 4.2.6.4, ISO 19901-7 permits a reconsideration of design criteria when the des
of the permanent mooring system is substantially lower than 20 years. Parameters cha
environmental design situations with return periods shorter than 100 years may be i
h cases the return period shall be determined through a risk assessment, taking into 4
Kible consequences of mooring system failure.

permanent moorings in nearshore-or docked condition, this document also refers to the
vided by ISO 19901-7. Additionally, DNVGL-OTG-18 shall be considered. DNVGL-OTG-18
moorings with a design seryice life of 5 years and more. Applications for shorter du

consider using DNVGL-0OTG-18, in that respect that return periods for ULS environme
ations may be reassessed’similarly as described in this subclause.

Short-duratioh mooring of a visiting LNGC for loading/unloading

1 General

bating"LNG installation, whether an FSRU, an FSU or an FLNG, will receive LNGCs to €
b (to.FSRU or to FSU) or to collect LNG (from FLNG or FSU). Various configurations are pq

5 for which
ecision for

the disconnection of a mooring in nearshore or docked condition, based ofi mooring lines, quick

shall be in

the unit is

onnected from the mooring and operates as a self-propelled vessel;-or a towed facility, whichever is
appllicable.

gn service
Facterizing
hdopted. In
ccount the

philosophy
s intended
fation may
htal design

ither bring
ssible:

the CLNGC s moored ship-to-ship (stde-by-5tde, or i tandem) to a ftoating LNG Instatta
kept on station offshore in open waters;

ion that is

the LNGC is moored side-by-side to a floating LNG installation that is kept on station at a docked or

nearshore location;

the LNGC is moored along the same jetty as the floating LNG installation, but at the opposite side;

the LNGC is moored to an SPM terminal.

ign criteria are described in 4.2.6.5

ign requirements are specified in 6.5.5.
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6.5.2 Ship-to-ship mooring in open waters

LNG transfer between a floating LNG installation moored in open waters generally takes place in a
side-by-side arrangement. When applying SIGTTO ‘Ship-to-ship transfer guide to petroleum, chemicals
and liquefied gases’ (see 6.5.5), it shall be taken into account that motions of both vessels shall be
accommodated.

Mooring lines shall be connected at both sides, at LNGC and floating LNG installation, in such a way
that minimum chafing and wear can occur. Particular attention shall be paid to draft changes of both

vessels.

When the s
of the float
tension va
by transfe
the points
adequately

LNG trans

ize (height of deck edge above the water line) of the LNGC differs substantially from the
ing LNG installation, relative motions between the two vessels can result in relatively
Fiations. The gradual change in vessel draft throughout the loading/unloadingceperat
ring cargo from one vessel into the other, might add to the vertical separation”betw
of connection of each mooring line. The mooring design shall accommodaté, this situa

fer will take place through loading arms, located at the floating LNG-installation, or

flexible transfer hoses. Design of the LNG transfer system is specified in Clause\9

The LNGC
the LNGC (

can alternatively be moored to the floating LNG installation in tandem. In that arrange
bfftake carrier) is moored behind the FLNG or FSU, and fluid§,are transferred though fl

hoses (floating on the sea surface or in an aerial catenary shape). This ¢oncept is under developmer
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design. Th
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with a floa
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publication of this document. Therefore, this documentidoes not provide guidance for
b tandem mooring principle is preferred for offshoreycrude oil transfer, and will likely
he flexible hoses for LNG have been fully qualified-and proven.

oring in docked or nearshore conditions
irations of mooring an LNGC in docked pr nearshore conditions are described in 6.5.1.

LNGC is moored side-by-side to a floating LNG installation that itself is moored on a jetty,
Llirements are equivalent to those specified in 6.5.2. and 6.5.5.

oring to an SPM terminal

bns have been developed for SPM terminals, receiving LNGCs for loading/unloading
b solution is suitable-for serving land-based LNG facilities at locations without harh
t date of publicatien of this document, the concept has not been proposed in combina
ting LNG instdllation. Therefore, this document does not provide design requirementg
t.

sigh requirements

Design of t

héshort-duration mooring system for an LNGC shall be in accordance with the latest edit

er;:|ieble
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rge
ion,
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of SIGTTO
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Ship-to-ship transferguide to petroteur, chemicals and tiquefied gases amd OCiME- Moo
guideline’.

ing

As stated in 4.2.6.5, the type and size range of the LNGCs that can be accommodated, and the limiting
environmental conditions for berthing and LNG transfer, shall be clearly specified in an operating manual.

The LNG transfer operation shall only be executed when that can be done safely. To support the
operation, continuous line load monitoring and recording shall take place and means to monitor vessel
relative motions shall be provided. Adequate monitoring of the conditions that control the decision for
disconnection shall be available. Consideration should be made with respect to line tension monitoring
in the ESD cause and effect matrix of the floating LNG installation.

Operational support systems, such as environmental forecasting, berthing aid facilities, may be used to
facilitate berthing and mooring operations.
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As the LNGC, when moored, will be in the vicinity of a floating LNG installation in operation, the
mooring system shall be executed so that an emergency departure can be effectuated in a safe and
controlled manner, for the exceptional situation of a safety hazard.

6.6 Infrastucture design for jetty moorings

6.6.1 General

In the case a floating LNG installation is permanently or semi-permanently moored to a jetty, the jetty
structure itself is considered part of the mooring system and thus covered by this document.

The jetty or quayside, the dolphins, fenders, bollards, mooring lines, fluid transfer system, access
ways, etc. shall be designed to meet the operational and safety criteria. For the jetty; an gppropriate
stapdard for marine structures, such as the International Standards on offshore structures prepared
by TC 67 (i.e. ISO 19900, the ISO 19901 series, ISO 19902, ISO 19903, ISO 19904-14 the ISO 19905 series,
[SO[19906), the EN 199X series (Eurocodes), the BS 6349 series or API/ACI standards, shall|be used to
det¢rmine the selection of relevant design parameters, to derive applicableyloads and to gnalyse the
structure to demonstrate the adequacy of the design. The methodology. shall take all design criteria
intq account as described in 4.2.6.3 or 4.2.6.5.

Loads shall comprise of direct loading on the jetty structure @hd those imposed by ¢perational
activities, such as berthing and mooring of the floating LNG facility, possible additional Ierthing of
LNGC for delivery or collection of LNG, cargo handling and vehicles used during constructior, operation
and maintenance.

Requirements of ISO 28460 shall be followed where appropriate. In addition, the following provisions,
recpmmendations and guidelines should be consideréed:

a) |DNVGL-OTG-018: Guidance for nearshore mooring systems;

b) [SIGTTO: Site selection and design for LNG ports and jetties (for incorporation into jetty|design and
ship-shore interface);

c) |OCIMF: Mooring equipment guidelines;
d) |EAU: Recommendations of'the Committee for Waterfront structures — Harbours and whaterways;
e) |PIANC WG 145: Berthing/velocities and fender design;
f) |PIANC WG 153: Désign of marine oil terminals.

6.6{2 Jetty elévation

Jettly deck elevation shall be defined according design water level and design wave height including

e margins (also known as air gap) in order to avoid important loads due to waves the jetty

structure. This air gap shall be at least 0,50 m above the combination of waves/watef level with
i i i i j ion i i events.

6.6.3 Corrosion protection of the marine infrastructure

Corrosion protection of steel elements can be realized either by corrosion allowance, cathodic
protection, a coating system or the combination of these means.

Corrosion protection implemented shall be defined in accordance with the type of ambient conditions
(atmospheric only, mix of water and air, submerged). If different systems are combined, compatibility of
these systems shall be ensured.
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6.6.4 LNG spillage containment

Within the design, the possibility of LNG spills, particularly in the area adjacent to the transfer systems,
shall be considered by implementing provisions for containment of LNG spill and brittleness protection
of carbon steel structural members, or by other appropriate measures.

LNG spills shall be routed away from the process/transfer area.

6.6.5 Power supply from/to jetty to the FSRU/FLNG

In case of utility connection between jetty and FSRU/FLNG to supply power, power connection shall
comply with relevant parts of IEC 80005, depending on the voltage level of such connection=$afe
emergency| disconnection system shall be provided on the electrical connection in order to avadid [any
ignition halzard. In case such safe emergency disconnection system cannot be implemented,electifical
connectior shall be located outside any hazardous area.

6.6.6 Navigation aids

the
are

Internatiopal recommendations and guidelines regarding to aids to navigation provided by
Internatioal Association of Marine Aids to Navigation And Lighthouses) Authority (IALA)
recommenfled.

6.6.7 Emergency response and evacuation route

sels
ess,

shall be made for rapid access and egress to the berth by emergency vehicles or ves|
fire-fighting, medical evacuation or pollution control. On jetties relying on vehicular acq

Provisions
involved in

it can be n4g

Provisions
berth, it sh
independe
manned st

Escape route shall be protected by water spray if found necessary by the hazard assessment.

Accessto s

6.7 Transfer of material ahd personnel

Transfer of
NOTE )|

Transfer m

cessary to provide passing places on trestles and platforms.

shall be made for emergency escape routesArom fire or liquid spill. From any point on
ould be possible to escape to a place of safety. This is most easily achieved by providing
1t routes to safety from the berth, whichi-tay include additional walkways and provision
hndby boat(s).

hip from jetty shall be in aecordance with ISO 28460.

both material ahd personnel should be carried out in a safe manner.
Relevant regulatory requirements might exist.

ay be earried out by use of:

a)

helico;l)ter;

the
fwo
ofa

b)

c)
d)

crew boat/offshore support vessel;
personnel transport basket with use of crane;

gangway, bridge, accommodation/pilot ladder.

Helicopter transport is addressed by requirements from the International Civil Aviation Organization
(ICAO). Requirements can be supplemented by local offshore regulations.

For floating facilities subject to requirements from maritime legislation, the requirements of IMO
regarding design of accommodation and pilot ladders should be conformed to.

NOTE 1

76

See also SOLAS II-1 Regulation 3-9 and IMO MSC.1/Circ.1331 for guidance.
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Similar requirements are likely to be applied by national authorities in cases where such units are not
directly subject to maritime legislation.

When cranes are used for transportation from a vessel to the floating unit, the cranes should be
designed for offshore use and should normally meet ILO requirements[52l. Where such cranes are used
for the transportation of personnel, additional design features for man-riding should be considered.
Individual flag states or national authorities can impose additional requirements.

NOTE 2  Further guidance is provided by the International Marine Contractors Association (IMCA), which is an
international association representing offshore, marine and underwater engineering companies [see Guidance
on the transfer of personnel to and from offshore vessels (IMCA HSSE 025; IMCA M 202)].

7 |Hull design
7.1| Hull structural design

7.1{1 Design philosophy

The structural system, components and details of a floating LNG-installation shall bg designed,
conptructed and maintained so that they are suited to their intended use. The floating structure shall
be designed to withstand all loads encountered during all phases of’its operation and transit condition.
Furfhermore, the structure shall be designed so that if structural damage does occur, the damaged
strycture (possibly with temporary repairs, as applicable) “is able to resist action combinations
appropriate to these design situations without suffering.extensive failure, free drifting, capsizing or
sinking, and without causing extensive harm to the enyironment.

The design approach shall consider the location of the installation, the intended mode of operation, and
all televant loads, including accidental loads, acting on the installation.

For| existing units to be converted to acfloating LNG application, new loading regime shall be
denponstrated and validated according the current state of the existing unit.

7.12 Design methods
Hul] design may follow eitheryofthe following design methods:

a) |The working stress design method, also known as the allowable stress method: This is ajmethod by
which the target safety level is achieved by comparing the calculated stress with the germissible
stress by multiplying the characteristic strength, or capacity, with the applicable usage factor.

b) |The load and-resistance factor design method: This is a design method by which the target safety
level is obtained by applying the load with a load factor, together with a material factor.

The design*method shall be defined for the project and then be used consistently. Mixing between

different design methods during the design is generally not accepted. Both methods are applicable for
hulland fnpcidp structure

7.1.3 Codes and standards

Codes, standards, RCS rules and regulations (collectively referred to as “standards” hereafter) applicable
to the design and construction of the floating structure shall be clearly identified at the commencement
of the project.

Mixing of standards should be avoided. When more than one standard is utilized in the design process,
differences in the standards shall be identified and a decision shall be made concerning the appropriate
measures to be undertaken. Such a decision shall be based upon sound engineering practice and include
consultation with the responsible regulatory organization, as applicable.
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The standards used in the design of structures shall be consistent and compatible with those utilized in
the fabrication and in-service monitoring of the structure.

For innovative structural forms, or applications of unproven structural concepts where limited or no
direct experience exists, appropriate analyses shall be performed to demonstrate that the safety level
of the design is no lower than the safety level implicit in this document.

The design shall follow the principles outlined in ISO 19904-1. Where such installations are flagged, the
requirements of the flag state shall also be followed.

structures

a) ULS, which generally involves checking the floating structure’s strength to resist thenndst seyere
actions and action effects;

b) SLS, which generally addresses the structure’s performance during its normahjintended use, pnd
involves checking the floating structure’s ability to resist normal operational aetions;

c) FLS, which covers the structure’s strength to resist fatigue damage related’to repeated actions

d) ALS, which addresses the structure’s ability to resist accidental and abnormal events, including/the
structyire’s resistance to withstand specified environmental actions after damage has occurred.

For ULS conditions, representative metocean actions shall bé'established with the intention of resulfing
in the mosf onerous metocean action effects with the return period of 100 years. Different structfiral
elements can be differently affected by the same design@$ituations, and consequently a range of different
tions shall be assessed in order to ensuré-that the most onerous conditions are identifidd.

The identiffication of SLS design situations for floating offshore structures shall be based on at least{the
following donsiderations:

a) unaccgptable deformations can affect the efficient use of structural elements or the functioninjg of
equipment relying on them;

b) local damage (including)corrosion, cracking, wear) can reduce the durability of the structurg or
affect the efficiencyofithe structural elements;

c) excessjve motions, accelerations, vibrations or noise can cause discomfort to personnel and
interfdre with:their capability to discharge their duties;

d) motions;-accelerations or vibrations can exceed the range of effective functionality of topsjdes
equipntemnt{e-g-Toitamd pitcirangtes tam seriousty atfect the performmance of Separators, heat
exchangers).

The assessment criteria associated with SLS shall be based on motions, deflections or vibration limits
during normal use.

The SLS criteria shall be defined by the owner of a structure, established practice, designers, or
suppliers of motion-sensitive equipment, the primary aim being efficient and economical in-service
performance without discomfort to onboard personnel or excessive routine maintenance.

The acceptable limits necessarily depend on the type, mission and configuration of the structure.
In defining these limits, other disciplines such as equipment and machinery designers shall also be
consulted.
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7.1.7 Design situations for FLS

The following sources of cyclic loading should be considered in the design:

a) waves (high cycle fatigue);

b) repeated loads that imply significant yielding at hot spots (low cycle fatigue);
c) wind, especially when vortex shedding is induced (e.g. on slender members);

d) mechanical vibration (e.g. caused by operation of machinery).

7.1)8 Design situations for ALS
Theg main goal of the ALS verification is to ensure that the floating structure is designed to arhieve to:

— |withstand specified accidental and abnormal events such that any damagesuffered doep not affect
the structure’s overall structural integrity, stability and watertightness;

— |maintain adequate structural integrity (residual strength), stability and'watertightness in the event
of damage from an accidental or abnormal event, for a sufficient period of time and undgr specified
environmental conditions to enable some or all of the followingiactivities, as applicable:

— evacuation of personnel from the structure;

— control over movement or motion of the structure;
— temporary repairs;

— fire fighting;

— control of outflow of cargo or stored material liable to cause environmental damage ofr pollution.

Different types of accidental or abnormal events can require different methodologies or differ¢nt levels of
the same methodology to assess adequacy of the structural resistance during and following s:[ch events.

ALY{ design situations may include consideration of a reduced extreme environmental condlition. This
confdition should be established-with the intention of resulting in the most onerous action dffects for a
retiyirn period of one year. Recognized structural practices accounting for local structural dgmage may

Where abnormal envirenmental conditions are considered as an ALS condition, these should be taken
as the 10 000 yearreturn condition. This condition is then combined with an appropriate sgfety factor

ditions to

If the preliminary design modelling shows that the site-specific conditions are less severe than the
standard RCS rule loads from seagoing service, a standard hull design can be applied as basis. For
harsher environment locations, the site-specific loadings shall be used. Where the unit is intended for
operation at more than one location, the most severe design criteria shall be applied.

Site-specific design is typically based on site-specific conditions with a return period of 100 years. Ship
design practice for unrestricted service is based on Winter North Atlantic conditions with a return
period of 25 years.

The design may account for operational measures to avoid certain extreme conditions, such as
temporarily moving off location. The hull structure of disconnectable units (when disconnected) shall
be assessed for unrestricted service as a seagoing vessel. Alternatively, the unit may be assessed to
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pre-defined transit routes. The hull structure of units that are not disconnectable (i.e. permanently
moored) shall be assessed for proposed transit voyages, including the delivery voyage.

7.1.10 Cargo containment loads

Cargo containment loads, such as sloshing loads, coming from the liquid storage system affecting the
hull shall be accounted for in the hull design. Sloshing loads affecting the cargo containment design are
described in Clause 8 and 4.2.5.

7.1.11 Fatigue

Fatigue log

ds shall be addressed in accordance with ISO 19904-1 or RCS recommendations.De

criteria shguld take into account the intended philosophy for inspection, repair and replacemérit!

Accessibili
can be affe
permanent
fire and cr

Fatigue de
cumulative

The follow
calculation

a)
b)
<)
d)

stress
struct
fabrica
corros

The long-te
determine

stress

spectr

In the firs

Ly for inspection will also determine the fatigue safety factors to be applied.,Accessib

ly on location. Accessibility of key structural details can also be affected by applicatio
bogenic protective covering.

sign may be carried out by methods based on fatigue tests (S-N-data) and estimatio
damage (Palmgren — Miner’s rule).

ing factors that influence fatigue endurance should be taken into account in the de
s:

range distribution;

iral design details (hot spots);
tion and tolerances;

jon.

rm stress range distribution is a fundamental requirement for fatigue analysis. This ma
] in various ways. Two of the most’'used methods for stress range calculation are:

deterministic fatigue analysis, apostulated form of the long-term stress range distribution wi

range based on dynamiclpading as specified in design codes;
hl method for the estimation of long-term stress range.

E method, a Weibull distribution is assumed for the long-term stress ranges, leading

simple formula for calclation of fatigue damage. The second method implies that the long-term st

range distf

7.1.12 SIg

ibution is.calculated from a specified wave climate.

mming

bign

lity

ected by whether or not the unit is intended to drydock or whether it intends to renpain

h of

h of

bign

7 be

th a

[0 a
€SS

Where relé

vant -clamming affacte chall ha +alban inta ~connint 1n thao dacian of thao bhaow inclading
Vet o—SreHHH E-eHreets—Shdretehce o deecou i+ neae S g0+ e-powhHeed

ngbow

flare, bow side and forward bottom, turret and stern. Slamming effects can be determined in accordance

with RCS o

r equivalent procedures.

7.1.13 Green water

Green water is taken to mean the overtopping by water in severe wave conditions, resulting in loading
on the deck structure, superstructure and any exposed equipment. Green water shall be addressed in
the design. Green water effects can be determined in accordance with RCS or equivalent procedures.
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7.1.14 Topsides and external loads

Loads acting on the hull as a result of installations on the deck or attached to the hull of the unit shall be
taken into account. Major loads include items such as:

— topsides modules;
— lifting appliances;
— products transfer arrangements;

— flare orvent cf:\r‘l(c;

— |station keeping/position mooring arrangements;
— |risers;
— |helideck;

— |berthing/fendering.

7.1{15 Accidental loads

Risk assessment is an integral part of the design process for floating LNG projects. The risk gssessment
will result in defining accidental loads which shall be addressed in the structural design. Thejmagnitude
of the loads shall be determined on a case-by-case basis depending on the detail design and layout of
the[unit and on its area of operation.

The structural design should quantify and consider:the loads resulting from:
a) |ships collision;

b) [dropped objects;

c) |[fire;

d) |explosion;

e) |extreme weather condition (e.g. hurricane, typhoon, tsunami).
Crypgenic spill measures§ shall be considered in the hull design.

Heljcopter operationalprocedures shall be put in place where required.
7.2| Stabilityand watertight integrity

7.2{1 _.General

Re uirements for cfa]‘\l]]fv uroafhori’]n’hfnncc and watertichtness of Hor‘l{c r]nrl!hnncnc dd ors, vents
o ) )
etc. are generally prov1ded by appllcable flag state and national authorities regulatlons

In the absence of mandatory requirements, for example where the floating LNG installation is not
flagged, the applicable IMO standards shall be used to provide design requirements.

7.2.2 Stability

Adequacy of stability of a floating LNG installation shall be checked for all relevant in-service and
temporary phases. The assessment of stability shall include consideration of both intact and damaged
conditions. When recognized standards are utilized in the assessment of damage stability, it should be
ensured that the basis for the design situations and criteria adopted in the standard is compatible with
the accidental event being addressed.
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For intact stability, the floating platforms shall satisfy all applicable IMO IGC Code provisions. The IMO
IGC Code refers to IMO Intact Stability Code for intact stability requirements.

For the stability checks, relevant detrimental effects shall be considered, including those resulting from:

a)

and ap
b) rigidb
c)
d) bound
The effect:
extent of d
of stability]

The locatig

If site-speq

7.2.3 Wz
The hull o

possible ri

Additional

plicable damage scenarios (including owner-specified requirements);

ody motions;

free-surface effects in cargo and ballast tanks;

environmental actions, such as wind, wave (including green water effects), snow and ice accretion,

hry interactions, such as mooring and riser systems.

and consequences of accidental damage to the hull shall be considered. The effeet of
hmage from penetration or flooding of one or more compartments shall be assessed in te
strength and impact on the environment, as outlined in IMO IGC Code and RCS rules.

n of the down-flooding points is critical in stability assessment.

itertight and weathertight integrity

ks of loss of the platform in the event of damage.

subdivisions can be required in the design ofthe hull to account for ballast water neede

the
Fms

ific ULS wind speeds exceed IMO IGC Code requirements, stability.should be determined
based on the site-specific data.

F a floating LNG installation shall be subdivided intota humber of compartments to npeet
strength alnd stability requirements and to minimize consequence of damage, pollution risks,

And

d to

control hulll stresses (in all design phases) and for the;stérage of LNG and other process-related liqulids.

Requireme

As a minin
water level
and wind H

The numb
penetratio
arrangeme

nts for watertight and weathertight integrity shall be in accordance with the IMO IGC Co

1um, watertight closing appliangés shall be installed for those external openings up to

eeling moment curves in any\relevant intact or damaged condition.

br of openings in watertight structural components shall be kept to a minimum. W}
s are necessary foryaccess, piping, venting, cables, seawater intake (seachest),

through t
following
actuators,

even in the

appropriate désign for the pressure and other action effects likely to occur in service
mage (including wave impact effects). Closing appliances and their controls, indicat
power sourges, etc., shall be arranged so that they remain capable of functioning effecti
damaged ¢condition.

Openings

bove the waterplane in the damaged condition can be exposed to wave action and/or chary
in the wat?rplane due to the dynamic response of the unit. Such openings should be weathertight.

de.

the

s corresponding to an angle of heel equal to the first intercept between the righting monpent

lere
ptc.,

nts shall be made“to ensure that the watertight integrity of the structure is maintained

8

and
or's,
Jely

ges

Arrangements shall be provided to ensure that progressive flooding does not occur where individual
lines, ducts or piping systems serve more than one watertight compartment or are within the extent of
damage resulting from a relevant accidental event.

8 LNG storage

8.1 General

This clause is addressing the LNG storage systems only. Requirements related to other kind of products
(such as LPG or condensate) storage are not addressed in this document.
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The LNG containment system of a floating LNG installation shall be in accordance with IMO IGC Code
Chapter 4. Monitoring system of the cargo tank shall be in accordance with IMO IGC Chapter 13. The
following specific key parameters shall be included in the functional requirements of the LNG storage:

a)

b)

the LNG storage will be designed for long operating periods on a specific site, while the IMO IGC
Code specifies only 20 years of operation for LNGCs (108 wave encounters and 1 000 thermal cycles

[i.e. number of loading and unloading operations]);

loads from the topsides equipment/skids, such as vibrations, weight and acceleration,

included into the hull structure design, and so potentially to LNG storage design;

should be

‘)
d)

e)

f)

8.2

8.2

An
by t

Slog
hig

sph
tan
way

The

Thd
on ¢

the LNG storage will be operated at intermediate 1illing levels;

considerations for the BOG management shall be included in the design and operation 6f
LNG installation, and so of the LNG storage, such as design pressure and boil-off rate;

the LNG tanks can receive various LNG blends so stratifications or even-rollover ph
can occur;

the commissioning and decommissioning of one LNG tank can be required while other
are in service as a normal operation; also maintenance of equipfaent inside the LNG t
required with tank decommissioning.

Sloshing loads

1 Intermediate filling levels: Operating conditiens of FSRU/FLNG

FLNG/FSRU is operated over the full range of filling levels. Consequently, the sloshing log
he liquid cargo motions inside the storage tanks shall be addressed accordingly.

hing phenomena is known to be more severe in the intermediate filling range than in
part of the tanks where LNGCs are used to be operated. This applies to both prismatic
rical tanks, and is caused by a combination of a change of the flow phenomena that o

e periods encountered at sea, and in particular the roll resonance period of the vessel.
structural design challeriges related to liquid sloshing are:

wave impact on tank walls;

wave impact onnternal structure in the tank, such as large stringers and girders wherg

hydrodynamic drag forces on internal structure in the tank, such as pump towers
stringersy/girders.

sloshing loads for the assessment of the containment system and the hull structure shou
xperimental model tests. For the internal structure, numerical simulations may be used

he floating

enomenon

LNG tanks
hnk can be

ds induced

the low or
tanks and
ccur in the

k and more unfavourable relationships between the sloshing resonance periods, the dominating

relevant;

and large

d be based

The ship motions used for both experimental study and numerical study should be determined using
a verified ship motions analysis program (basin tests and numerical simulations). The ship motion
analysis should be performed on the actual floating unit geometry including its hydrodynamic
characteristics resulting from its loading conditions and the mooring features.

The sloshing design loads should be based on long-term load distributions relevant for the actual
floating unit taking into account its operational profile. The floating unit operational profile should
include:

a) environmental data of the area including a description of significant wave heights (Hs), wave
period (Tp or Tz), wave direction, wave spectra features, for both windsea and main swell

components, if any;
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b) loading and unloading sequence for all cargo tanks;
c) distribution of equilibrium positions of the floating unit (heading analysis).

The design sloshing loads shall be determined for each failure mode of the structure. These failure
modes shall be identified and characterized according to a structural response analysis. The following
effects shall be included to determine the strength capacity of the structure(s):

a) temperature variation through the thickness of the structure;

b) dynamic response effects in accordance with the dynamic sloshing loads.

The struct
Consequen
analysis.

ire should be assessed according to the joint probability with the consequences of a fail
ces and their associated probabilities should be determined through a comprehensiyve fai

Lire.
ure

In order to|guaranty the integrity of the structure(s), appropriate reinforcements should be applied up
to reach the required probabilities of failure for each failure mode. To further reducé the probability of
a failure, nfeasures to reduce any sloshing effects, such as heading control or operational limits, may be
undertaken.

8.2.2 Intermediate filling levels: Operating conditions of cargo transfers (STS)

that
5 to
and

e
Not only al FLNG/FSRU is operated over the full range of filling levels,but also the shuttle vessels
transfer tHe cargo. These LNGCs can also encounter sloshing risks, so procedures and measure
mitigate these risks shall be in place to the satisfaction of each shuttle vessel classification society
flag adminjstration.

ods
ped,
[ing
[ing
tto
vith

An availabllity study for the STS transfer operation should be performed to assess its downtime per
according fo various operability criteria, such as the weather limitations (e.g. wave height, wind sp
tugs operdbility, the transfer limitations (e.g. relative motions and distance between the floa
unit and the shuttle vessel, the mooring lines loads, the fenders loads, the transfer system opera
envelope) and the sloshing loads inside the shuttle vessel. This availability study should be an inpy
decide the|floating unit normal LNG storage tanks filling levels and their additional buffer size v

potential ektended filling levels.

8.3 Boiljoff gas management

The floatirlg LNG installation BOG management shall be performed to design associated equipmerjt in

particular
efficiency

shall be c3

design pre

8.4 Roll

during offloading operations and LNG storage tanks loading. In this regards, the ther
bf the cargo cenfainment system in thermal steady state, but also in transient conditi
Iculated in @ecordance to the site(s)-specific environmental conditions. The LNG stor
bsure should be selected to give some flexibility in the BOG handling, if needed.

pver prevention management

mal
bNS,
age

8.4.1 Background

“Rollover” refers to a phenomenon in which a large amount of LNG vapour is suddenly released as a
result of the spontaneous mixing of LNG layers of different density and composition. It can only occur if
stratification has taken place in a tank.

Rollover can lead to a potential over-pressurization resulting in possible damage or failure of the LNG
tanks. For this reason, this phenomenon shall be assessed (see, for instance EN 1473:2016, Clause B.12).
Based on the assessment, the design shall accommodate the phenomenon by operational measures to
minimize venting and, when required for safety, by sizing the relief devices accordingly.
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Roll-over is well known phenomenon for onshore storage.

NOTE Further guidance is provided in GIIGNL report “Rollover in LNG storage tanks” and SIGTTO report
“Prevention of rollover in LNG ships”.

LNG stratification can occur by two different ways:

1) Two stable stratified layers can form in the LNG storage tanks with different density and
composition, typically caused by an incorrect mixture of the LNG being loaded in the tank with the
liquid already stored. Stratification with different LNG sources can occur in FSU or FSRU.

2) ]\Tﬂ'rnrrnn \nr‘nroﬂ ')nfr\ cfvale\raflnn falalal Fr\vm ur]r\nn I ]\Tr' contains cln’anlr‘anf auantitios fnltrogen

(more than 1 %). Most LNG plants produce LNG with nitrogen content significantly lowel than 1 %:
This auto-stratification is unlikely to happen even for an FLNG.

8.4]2 Detection and prevention
Stratification can be detected by:

— |a noticeable reduction of around 10 % in boil-off rate below the normal value should bd taken as a
warning of stratification.

— |the measurement of temperature and/or density throughout the liquid column with accurate
instruments.

If sfratification risk has been identified for the project, stratification shall be monitored by tHe operator.
Stratification can be prevented by:

— |mixing LNG of different densities using top and bottom fill procedures;

— |recirculation of the tank inventory through'jet nozzles or other mixing devices;
— |limit the nitrogen content to 1 % forin produced LNG of FLNG.

If sfiratification has occurred, the following can be done to avoid rollover:

— | Transfer of the liquid from‘the tank to another tank, if possible.

— |Circulation of tank contents through jet nozzles, a top fill line or other mixing devic¢s. For FSU
and FSRU, it is recommended to have at least one LNG tank with top and bottom filling with LNG
recirculation capability.

8.5| Vent systéms for LNG storage

8.5]1 General

Venlt systems of the LNG tanks shall be in accordance with IMO IGC Code Chapter 8. Vent sy$tems shall
also consider rules for shore storage. See for instance EN 1473:2016, 6.8, 9.7 and Annex B or NFPA
59A:2019, 8.4.10.

8.5.2 Pressure relief systems

The IMO IGC Code considers two events for the sizing of the LNG storage pressure relief valves for
overpressure protection:

— fire exposure of the loaded tank;

— overpressure from the inert gas system (if relevant).
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For an floating LNG installation, the relieving gas flowrate for LNG storage pressure relief valves
design may be determined from different events that are combined in scenarios. This list of events for
overpressure protection may include:

his

v at
the
fent

a) the LNG storage boil-off rate in full loaded condition and maximum ambient air temperature;
b) vapour displacement during LNG storage filling at maximum flow rate due to piston effect;

c) heatleakage through LNG piping during LNG storage filling;

d) LNG flash inside the LNG storage during filling;

e) vapour generated due to in-tank pumps running with internal recirculation;

f) apresgure drop of atmospheric pressure according to site location;

g) rollover, if relevant;

h) externpl fire exposure, as per IMO IGC code, for one or several LNG storages;

i) minimum relieving capacity as per NFPA 59A:2019, 8.4.10.5.3;

j) operatfional upset of the hot gas/vacuum break valve system, if relevarnt;

k) operational upset: a gas blow-by from the end flash column bottom}.if relevant;

1) operatjional upset: back flow from end flash compressor suction; if relevant.

Each scenario is defined as a probable combination of eventsfor the pressure relief valves sizing. ]
list of scenprios may include:

a) tankfilling;

b) tank fi[ling with operational upset;

c) tank with pumps recirculation;

d) tank fire exposure;

e) tank r[llover, if relevant.

All scenarips and associated events should be confirmed by the HAZID study.

8.5.3 Varuum relief syStems

On board LNGCs, the\l.LNG tank pressure relief valves are also vacuum relief valves (dual function).
The IMO I(C Code'considers one event for the sizing of the vacuum relief valves which is a gas floy
least equall to tHesmaximum cargo discharge rate of the cargo tank. For a floating LNG installation,
relieving gps-flowrate for LNG storage vacuum relief valves design may be determined from diffe
events thaterecombinedinscenarios—hisHstobeventsfor vacuum protectonmayincude:

a) LNG withdrawal at the discharge pumps maximum rate;

b) apressure rise of atmospheric pressure according to site location;

c) vapour withdrawal at maximum end flash/boil-off gas compressor(s) suction flow rate, if relevant;

d) vapour space pressure reduction due to filling with rundown subcooled liquid, if relevant.

Each scenario is defined as a probable combination of events for the vacuum relief valves sizing. This
list of scenarios may include:

a)

86

tank discharging;
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tank with compressors running.

All scenarios and associated events should be confirmed by the HAZID study.

9

9.1

LNG transfer system

Functional requirements

To transfer the LNG from production or storage floating unit to LNGC or at the opposite direction, a

spe
con
fun

a)

b)

‘)
d)

e)

)

g)

h)

j)

k)

1)

cific equipment is required to connect both units and to carry in the LNG product. To

chieve this

hection and the LNG transfer operation in safe conditions, the transfer system shallca]
Ctions to:

least offer

have controlled mobility to reach the manifold connection of the carrier 'under the climatic

operating conditions, such as wind, motions due to sea conditions, rain, ice, hot or cold te

positively connect its extremity to the manifold connection, keeping connected witho
any external energy in the operating conditions;

freely follow the relative carrier motions in the 6 degrees of displacement after connect

transfer LNG through its product line from one extremity te’the other, from the cooling
to the end of loading operation;

nperature;

It needs of

on;

down start

limit the loads applied to the manifold connection to-the allowable values given in the relevant

SIGTTO publication where standard ship manifold issinvolved;

comply with the flow rate and maximum préssure drop requirements and to co
the installation process, taking into account the maximum flow velocity which is
specification and experience;

have possibility to be disconnected it empty condition in all allowable and required
conditions (i.e. with ice coating);

operate in the full required operating envelope without clashes with adjacent transfe
and all around infrastruct@ire'and other equipment;

be stored in empty_cendition, without need of external energy, and to sustain th
environmental conditions of the installation;

be disconnected”ithout clashes with adjacent transfers systems and all around inffy

mply with
limited by

operating

'S systems

e extreme

astructure

and other equipment in emergency condition, with no flow, to ensure safe operati

and also

0
taking int@raccount potential surge issues, keeping isolated each side of the break sengation, and

to be manoeuvred back towards its stored position in either empty or full condition un
operating conditions;

r extreme

bédrained and/or to be purged from its product in order to be gas free after operat]

ion, before

normal disconnection or after an emergency disconnection;

be electrically isolated towards one extremity, avoiding bonding by contact or other accessories
continuity, to avoid consequences of potential differences between the two connected units.

For drainage or purging of transfer system, this operation does not necessarily be achieved through
specific equipment, but can also be achieved by a suitable procedure.
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9.2 Design of transfer systems

9.2.1 Operating envelope

9.2.1.1 General

The operating envelope of a transfer system is composed of the following areas:

— A green zone corresponding to the normal operating positions for which the offloading is ensured.
The green zone is generally composed of:

— af
di
ge

— arpotion envelope made with the maximum relative motions in all directions (X..Y, Z) of the

m

— An ES
closur

exceeded.

NOTE

pump shutdown whereas based on ISO 16904 and SIGTTO only the product pump shutdown is considersg

— Anem
discon|
OESD-

exceeded.

Design bas

9.2.1.2 (perating envelope for transfer system in non-dynamic sensitive areas
The maxinjum operating envelope shall be defined taking into account:
a) the gepmetrical dimensions of the)LNGCs range to be used;

b) the difference of levels of the floating units considering the various ballasted conditions (f

empty

angingareacorrespondingtothetheoreticallocation of the manifoldlinked to the geomety
mensions of the installation, the range of carriers to be loaded, spotting line offset (£0/5
herally considered) and fender compression for onshore and side-by-side applications;

nifold regarding a reference point at the basis of the transfer system.
D envelope covering the complete OESD-1 sequence (stop of the transfer and potenti
e of the valves). The OESD-1 sequence is initiated as soon as the limits of the green zone

According to OCIMF, the OESD-1 sequence is composed of the.ERS valves closure and the pro

brgency disconnection envelope covering the complete @ESD-2 sequence (physical emerge
nection of the offloading system and beforehand ERS valves closure if not performed du
| sequence). The OESD-2 sequence is initiated as\soon as the limits of the ESD envelope

is and criteria of an LNG transfer system which shall be considered are described in Anne

to full of product);

ical
m is

hip

ally
are

Huct
d.
ncy
ing
are

x D.

fom

c) the type of mooring‘arrangement, within the required operable conditions, including the relafive

motior

A pre-posit
envelope d

1s due to sea waves, current and wind, and potential drift.

ioningefthe manifold connection spotting line should be taken into account in the opera
imensioning, depending of the installation, generally a value of +0,5 m is considered.

[ing

9.2.1.3 Operating envelope for transfer system in dynamic sensitive areas

A static envelope shall be defined taking into account:

a) the geometrical dimensions of the LNGCs range to be used;

b) the difference of levels of the floating units considering the various ballasted conditions (from

empty

to full of product).

A pre-positioning of the manifold connection spotting line should be taken into account in the operating

envelope d

88

imensioning, depending of the installation, generally a value of £0,5 m is considered.
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The maximum motion envelope shall be defined by adding to the static envelope the maximum relative
motions in the three volumetric dimensions, resulting from sway, surge, heave, roll, pitch and yaw
motions of each floating units in side-by-side moored conditions.

The maximum motion envelope can be shaped according to the maximum relative motion values
calculated at the different relative static position. The maximum operating envelope shall be defined
taking into account the type of mooring units in the three volumetric directions, due to sea waves,

current and wind.

9.2.

2 Transfer system design

9.2

Thd
reld
extq

2.1 Transfer lines

transfer systems shall be designed in accordance with ISO 16904, EN 1474-2 and’EN14
vant, with all the relative precautions as specified. [SO 1431-1 and ISO 4649 provide info
brnal wear and ageing.

74-3 when
Fmation on

In addition, the following precautions apply, particularly for flexible hoses‘and hybrid solutigns:

a) |In case of solutions using flexible hoses, particular attention shall be paid to the bending|radius and
risk of twist of the flexible hoses taking into account the product weight, the operating ¢nvelope to
cover, the distances between the carrier and jetty or floating unit, the saddles locationd, handrails
and other equipment on the decks or jetty.

b) |The flexible hoses shall be dimensioned to cover theoperating envelope to the ESD2|limits and
additional distance to keep time of physical disconnection before clashes or damage of dquipment.

c) |Attime of connection, in case of lifting equipment on board, the receiving carrier shalllbe used in
conjunction with the lifting equipment of the'flexible hose solution. The lifting equipmeént shall be
considered as part of the transfer system\and shall be checked for compatible design a¢cording to
marine lifting equipment and with additional precautions due to potential induced pulling forces in
non-vertical direction.

An pmergency release of receiving(ifting point should be accommodated in case of excesdive pulling

forde generated by excessive relative displacement between the receiving unit and the other floating

unif or the jetty. If the ERS installed on the flexible hoses should be used between the two liffting points
durfng the connection and diSeonnection operations, additional features, control system and| procedure
shall be applied to avoid-possibility of emergency disconnection without being secured by] the lifting

equipment installed ow’board the receiving unit.

9.2

Supporting §agddles are principally used on flexible hose solutions, installed towards extr

bot
Thd

2.2 Saddles

h sidestand defined to support the flexible hoses during the operations.

emities on

11 be made

saddles shall be designed with the minimum radius curve and sliding protection or shz

of

1 1 1.1 £l 1.1 1 1 . /1 .
CUALT TITAET TdT (U dVOIU UdIITdgE (U [MEXTIDIE TUSTS dITU COITPOUITETICTS dt LuuucLuu11/u1>&,01‘1nect101‘1,

during operations with relative motions and at emergency disconnection, and also to avoid sparkling.
The saddles shall be designed to support the loads applied by the flexible hoses in the extreme
conditions using safety factors applicable to marine loading arms in regards with the attitude and the
combinations of loads.

The distributed loads of the saddle to the deck should cope with the allowable loads acceptable by the
hull design.

9.2.2.3 Lifting crane

For not self-supported transfer systems, lifting crane can be required to operate.
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Any fixed, floating or ancillary structures, material and equipment used to support, lift or move LNG
transfer systems, should be designed, constructed and tested to meet applicable codes, standards and

requirements.

The supporting structures shall:

a) be designed for all operational and survival metocean loads as specified in applicable codes;

b)

incorporate all loadings resulting from the LNG transfer system operation;

c) bedesigned for both operational conditions and accidental conditions as recommended in EN 1474-3.

Suitable ha
and storin
necessary
place durir

9.2.24 (

Connecting
the connec

The conne
minimize 9

The conne
and/or aut

ndling equipment shall be provided to ensure the safe and easy connection, disconnég
b of the mobile parts transfer system and its dismountable parts, if any. Handling. sys
for the emergency disconnection shall be designed for this operation and shall temai
g the transfer operations.

onnecting/disconnecting device

F/disconnecting device shall be installed at the extremity of the transfer system to facili
tion.

fion
fem
h in

fate

‘ting /disconnecting device arrangement shall satisfy containment tightness and prevent or

pillage in case of normal operating or emergency disconnection.

ction of the transfers system is achieved using different means which are not synchron
omated and requires manual operations. Thereforej\particular attention should be pai

the conditipns and the procedure. Additional tooling should-b€ provided, if necessary, to achieve a

connection
describe t}
limits (e.g.

9.2.2.5 H

The design
release of
drained be

of the transfer system even with relative motions between the vessels. A procedure shq
e different tasks to be performed and the way to accomplish them as well as the condi
sea state, wind).

mergency disconnecting device

of the transfer system shall consider, in addition to the normal operation, the emergg
the system in both the empty condition, when applicable (i.e. for systems allowing tq
fore emergency disconne¢tion), and the full condition.

Specific emiergency release device‘shall be installed on the transfer system to achieve the emergg

release wif

The emerg

9.2.2.6 (

The design

hout any clash of th@transfer system with the ship or the terminal.

ency disconne€tion system shall be able to operate with its components ice covered.

learance and clash study

shalkrespect the minimum clearances defined by the owner for the different attitude

the transfd

zed
1 to
bafe
uld
[ion

ncy

ncy

s of

r“system. The specified recommended minimum clearances are operating requiremg

nts,

i.e. after any deflections and fabrication and erection tolerances. The location of main clearance
checkpoints shall be defined. Vendor’s clearance study shall be based on a drawing of the LNG terminal
layout in elevation and plan including any expansion for future transfer systems.

The transfer system vendor has the responsibility to identify all check points where there is the
potential for interference of all transfer systems, including future systems.

Chance of geometrical interferences and potential clash between the transfer system and LNGC or
terminal, and between transfer systems themselves, should be avoided. Minimum distances between
the terminal and the tanker shall be clearly specified. All required means to make the transfer reliable
shall be provided.
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10 Boil-off gas handling and recovery

10.1 General

Due to heat inleak into the LNG storage tanks and pipe works of the floating LNG installation, BOG is
continuously generated. During the loading operation of an LNG carrier (FLNG), or if LNG is received
from an LNG carrier (FSRU, FSU), additional BOG is generated due to the heat inleak into the LNGC,
pressure differentials and other heat input, e.g. through the LNG transfer pumps.

The floatmg LNG 1nstallat10n shall prov1de BOG recovery plants Wthh collect the BOG and which are

If the floating LNG installation uses pressurized LNG cargo tank, the BOG recovery plant mlight not be
mandatory provided that it doesn’t result in continuous flaring/venting for the installation.

Theg BOG shall be safely managed through reliquefaction, use as fuel gas,vapour return to LING carriers
(or FSRU, FSU), recompression to fuel gas or feed gas, or — as a last resort — flaring or release to the
atnjosphere.

Thg BOG recovery plant generally comprises:

— |boil-off collection pipe-work;

— |system(s) of gas transfer to/from the LNG carrier;
— |boil-off gas compressors;

— |boil-off recovery systems as listed in 10.4;

— |over-pressure protection instrumentation, safeguarding and relief systems.

10.2 BOG collection system

Thg BOG collection system shall'be designed such that no direct emission of cold gas into the dtmosphere
can|arise during normal op€ration. The system shall be designed for at least the following:

a) |boil off of tanks and-all receivers containing LNG;
b) [degassing systems of piping and equipment containing LNG;
c) |gas displated from/to a LNG carrier during (un)loading operation.

Thg BOGcollection system shall be designed applying the same sizing rules as those defined ifp Clause 11.
The cofistituent materials shall have cryogenic properties (the boil-off gases can reach terhperatures
clode'to or below -160 °C).

The different pressure levels that can appear on BOG collection system and gas systems shall be
properly segregated.

Valved drain points, connected to the drain system, shall be installed at low points of all main lines or flare
lines if any (upstream of flare knock out drum). The connections between the tanks and BOG collection
system are recommended with valving and instrumentation enabling isolation of individual tanks.

The various reference flow rates which shall be taken into account for sizing the boil-off collection
system and the pressure relief valves are defined in Annex C.
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10.3 System of gas return to LNGC or to FLNG facility

The gas return system connects the boil-off collection systems from both floating LNG installation and
LNG carrier, e.g. via a dedicated vapour return system.

The gas return system shall provide for the transfer of gas from the tanks to the LNGC carrier or
reverse, in order to compensate for the volume of liquid displaced during unloading or loading, and the
collection of boil-off from the tanker while it is moored to the floating LNG installation.

If necessary, blower or booster compressor can be used.

. L P .
The pipes girattirave the same tharacteristics as those of the BOGoltectiomsystents:

10.4 Boil{off gas recovery

The BOG shall be either:

— reliqugfied;

— recondensed in the LNG send out prior to vaporization;
— used af fuel gas;

— compressed and sent to gas network or to feed gas; or

— temporarily and to a limited extent stored in LNG storage tankinaccordance with LNG storage tfank
design|pressure.

In FLNG fagilities, the BOG is usually compressed and used<as'fuel gas, while FSRU facilities usually mix
the compr¢ssed BOG with the natural gas sent out or oxidized in gas combustion unit. Oxidizatioh in
gas combuftion unit shall only be used when no other.p@ssible solutions are available and shall not pe a
preferred qolution neither a recommended design for hormal operation.

FSU facilities typically require BOG recovery.and management via onshore facilities.

10.5 Gas fompressor

The gas compressor shall be equipped/with:

a) systems to limit the pressure downstream to avoid the risk of exceeding the maximum de$ign
pressure of the equipment-that is installed downstream;

b) ashutdlown sequence‘either manually or automatically initiated, which enables them to be isolgted
in the event of serijeus damage.

Adequate yentilation shall be provided in any space of a gas compressor, such as the crankcase, that|can
become ovpr-pressurized.

Vents shall be ted to asafe area.

10.6 Flare/vent

See 5.4.5.1.3 for flare/vent requirements.
11 Low temperature pipework

11.1 General

This clause provides requirements for low temperature pipework related to the gas processing,
vaporization and liquefaction of floating LNG installations.
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11.2 Piping components

11.2.1 General

The materials of construction for pipes and accessories shall be chosen according to the conditions of
use. Examples of these materials are given in ISO 16903.

Two cases shall be considered:

1) materials in permanent or occasional contact with LNG;

2) |materials in accidental contact with LNG due to a leakage or spillage of LNG.

In the first case, the materials shall have cryogenic properties so there is no risk of brittlefiess due to
the|temperature of the LNG. In the second case, according to the results of the risk'assessment (see
Clayise 5), special precautions shall be taken (e.g. use of cryogenic materials, insulation with a suitable
material).

In drder to improve fire resistance process, pipe-work that can be exposed.to fire or heat ghall not be
fabricated from material with a melting point lower than steel. The fire exposed piping dan exist in
arefs where spilled hydrocarbon could collect or accumulate and be-on fire, or subject tp a jet fire,
follpwing an accident or a hydrocarbon release.

For|LNG or cold gas pipes, arrangements shall be made to prevent:

a) |any differential contractions sufficient to cause deformation, jamming of moving parts| alignment
defects, etc.;

b) |icing up of components in contact with the atmosphere; if this phenomenon cannot be ayoided, the
weight of accumulated ice shall be considergd-for the calculation of supports.

Posjtive isolation shall be provided wherecit is necessary to protect personnel undertakiphg internal
inspection or maintenance of equipment.“This can be in the form of a removable spool|piece or a
speftacle blind or spade and spacer.

11.3 Pipe

11.3.1 General
Piplng shall be in accordance with recognized codes and standards, such as ASME B31.3 or EN 13480.

Piplng interfaces ‘between topsides and hull areas shall be clearly identified. Design [conditions
conppatibility shall be carefully checked and ensured in any case.

11.8.2  Ripe joints

Joints:between pipes made by welding shall be in accordance with the following specificatiohs:

a) exclusive use of filler metals approved and recognized for the use;

b) welding according to a procedure in accordance with ISO 15614-1;

c) use of welders and/or operators qualified according to the ISO 9606 series;
d) inspection before, during and after welding in accordance with ISO 9712.

Welding of different pipe materials shall be made with special care, especially with regard to thermal
stresses arising from differential contraction and electrochemical corrosion.

Flange joints are potential sources of leaks and therefore shall be limited to a minimum in particular for
maintenance operations. If these types of junctions are used, special precautions shall be taken when
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the bolts are tightened. More particularly, for cryogenic services, precautions shall be taken to prevent
leakage during cooldown (e.g. bolt pre-tensioning, spring washers).

Flanges and gaskets shall be in accordance with recognized standards compatible with the piping
design code.

11.3.3 Pipe supports

The support shall permit the movement of the pipe due to thermal contraction or expansion without
exceeding allowable stresses. The support design shall suit this function and shall prevent any cold
bridge between the pipe and the structure on which it is rquing or from which it is h;mging

The design| of the supports and related piping shall consider the loads cases as defined in 4.2.7.

11.3.4 Compensation of contractions due to cold

All piping qystems shall be subject to stress analysis using recognized piping codes,
Special ms
changes of]
longitudin

asures shall be taken into account to absorb dimensional variations of pipes linked With
temperatures (e.g. expansion loops, hinge type compensators capable‘of oscillating aboul its
1] axis [circa 5°], hinged systems).

It is recommended that bellows expansion joints be avoided.

e should be taken for small branch connections to headers to avoid any rupture or buckling

headers where these have thin walls, due to the application of external loads.

Special car
of the mair

11.3.5 Differential displacement between offshore structures

All piping s
structures
current, oy
displacems

11.4 Valv,

Valves shal

ystems design shall consider differential displacements between marine structures. Ma
might be relatively flexible under normal operating conditions, deflecting under w
wave loads. Extreme environmental conditions (e.g. storm or tsunami) as well as seig
nts, shall be considered.

cS

| be designed, manufactured and tested in accordance with recognized codes and standa|

Fine
ind,
mic

Irds,

such as AP|/ANSI standards or IS9-28921, taking into account the following:

a) cryogdnic valves shall be,eapable of operating even in the presence of ice;

b) in-line[split body valves should not be used in cryogenic services;

c) valves|to be installed in cryogenic hydrocarbon and toxic systems should have butt-welded endfs;

d) cryogdgnic‘and high temperature welded valves should be designed to enable the maintenance of
the interbhal components without removal of the valve body from the line;

e) valvesin hydrocarbon service shall be fire safe in accordance with ISO 10497.

The number of valves should be limited to reduce the potential for leakage. Consideration shall be given
to the following:

a) requirements for sectional depressurization of pipe and equipment systems;
b) safeisolation of LNG or any hazardous fluid sources or specific equipment or tankage;
c) limitation of the volume of LNG or any hazardous fluid spilt in the event of a leak.

ESD valves for equipment shall be located as close as possible to the equipment. ESD valves should not
be used as a part of process control system. ESD valves shall be fail-safe with pneumatic or hydraulic
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actuators. Preference is given to fail-safe position spring return actuators. If this type is not possible,
local accumulators sized for 3 single operations shall be provided. If the ESD valves are not fail-safe,
actuators and aboveground connecting devices and cables shall be fire proofed (e.g. at 1 100 °C during

the

time needed to implement ESD, see 5.4.5.1.2).

The ESD valves stroke time shall be compatible with the assumptions made during the hazard
assessment (see Clause 5). The designer shall ensure that any actions, for example due to hydraulic
pressure hammer (surges) on the tank or equipment nozzles caused by closing of the ESD valves shall
be kept in acceptable limits.

Cryogenic extended bonnet valves shall be installed with the stem in the vertical upwards position or

wit
in 4
req
11.
Rel

Rel
API

The

nin 45° of vertical. Before installation in any other position, it shall be verified and test
he foreseen position that the valve design does not present any risk of leakage or|se
1irement does not apply to small bore instrument isolating valves.

1.1 Relief valves
ef valves should be normally installed un-insulated.

ef valves shall be sized in accordance with the ISO 4126 series or alternatively API S
Std 521 including the formulae for heat input from fires.

rmal relief valves for the protection of equipment, piping.dud hoses from over-pressur

fro
ins

foll

a)
b)

The

Wh
pro
con

11.

:Edled. They are required where the pressure of the fluid at the maximum ambient tg
including that obtained as the result of solar radiation‘can exceed the design pressure, at

ambient heat input to blocked in LNG or other refrigerated light hydrocarbon liqui

wing locations:
any volume of piping or equipment containingliquid within the section limits of the pro

any volume of piping or equipment capable of isolation in particular all sections pipe be
valves where LNG or cold gas (if the‘achievable pressure in blocked-in scenario excee
design pressure) risks being trapped-in process areas.

discharge of the relief valves is defined in 5.4.5.1.1.

bn relief valves can be isolated from the equipment and/or system that they are protect
visions shall be implemented to ensure that the pressure in the equipment and/or
finuously monitored@nd controlled in case of isolation valve closure. These provisions c:

interlocked valvesiin case of several relief valves;
locked or se€aled valves with safety management system;

special\woerking procedure under safety permit system.

5.Fhermal insulation

ed to show
izure. This

td 520 and

e resulting
s shall be
mperature
east in the

Cess plant;

tween two
ds the line

ng, special
system is
in be:

11.5.1 General

The quality and type of insulation materials shall be determined in accordance with the following
requirements:

a)
b)
A
d)

their degree of flammability and gas absorption;
sensitivity of the insulation materials to moisture;
large temperature gradients;

low temperatures.
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The features of the insulating materials shall be provided in accordance with the relevant codes and
standards.

Low chloride content insulation shall be used to avoid corrosion of stainless steel.

11.5.2 Piping insulation
Piping systems shall be insulated, where required, to:

a) minimize energy consumption;

b) providg protection against condensation and/or ITost;
c) protect employees.

Insulation fan be provided by applying:

— an insylating material;

— avapolr barrier, for cold piping, to prevent ingress of moist air leading to condensation and freefing
of water vapour;

— mechanical/weather protection, which can also ensure fire resistance*where required according
to11.9.3.

When insujation is put into place, precautions shall be taken at:
a) flanges, in order to provide enough space for the bolts to be'satisfactorily tightened and remov¢d;
b) moving parts of piping;

c) pipe supports and hangers.

Insulation ghould not be put into place before prooftest of the piping.

Consideratjion should be given to shop pre-insulated pipe work.

11.5.3 Fine behaviour

When designing multi-component insulation systems, the fire behaviour of all components, including
mastic, sedlants, vapour barrpiers and adhesives, shall be proved and documented to ensure that|the
system will not cause the fire\to spread and any vapours emitted will not cause an unacceptable rigk of
toxicity.

11.5.4 Gajs absorption

For safety reasons, porous insulation products likely to absorb gaseous methane shall be avoided.

11.5.5 Moisture resistance

Moisture present in insulation systems very quickly impairs the performance of the insulation
materials. Water can penetrate into an insulation material either in the liquid state or as water vapour
which condenses within the insulation material.

Some insulation materials are waterproof to a certain extent, but most of them are permeable to gases
and thus to water vapour. To avoid water vapour ingress, an efficient vapour barrier shall be provided
and placed around the insulation material, except when the insulation is itself water vapour tight.
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11.5.6 Differential movements

A water vapour tight insulation system should be achieved. This system shall be designed to remain gas
tight even after undergoing the anticipated differential movements between the pipe and the various
products that make up the insulation system (including the vapour barrier(s), coatings, cell fillers,
metal jackets).

The joints, mostly contraction joints, shall be designed to resist differential movement cycles in relation
to both internal and external temperature variations.

The thickness of each insulation layer shall, if necessary, be limited in order to reduce the shear stresses

duefto the temperature gradient between the warm and the cold side, to a value Iess than thd maximum

accgptable shear stress, whilst taking into account a safety factor.

11.5.7 Thickness determination

Thitkness should be calculated in accordance with ISO 12241, taking inte’-account the following

proyisions:

a) [safety (sizing of the over-pressure valves);

b) [boil-off limitation, which is determined for reasons as cost, sizing of the gas treatment|equipment
(re-condensers, disposal flares/vents), and control of surface condensation.

Conssequences of condensation can be:

— |In temperate or cold zones: outside surface condemnsation can turn into ice, which dan lead to
premature ageing of the vapour barriers or protective coatings.

— |In humid regions: a large quantity of condensation can cause corrosion and has a negativie influence
on plant, algae and micro-organism proliferation, which in turn would accelerate agping of the
vapour barriers or external coatings.

Alternative methods for thickness calctilation can be acceptable. In this case, the designer ghall justify

that the method proposed is validated.

11.6 Prevention of zinc contamination of austenitic steel

Galyanized surfaces shguld be located so as to avoid the possibility of molten zinc confaminating

austenitic stainless stéel piping and equipment in the event of a fire possibly leading to brittle fracture

or rppid failure.

Atténtion should{be paid to the installation of zinc and aluminium above unprotected steel aind copper

systems. If aluminium or zinc is heated for a long time with a steel or copper object, that|object can

devglop pits-er holes from alloying during future operation. This phenomenon will not be instpntaneous,
but|will affect the integrity of the plant in future operation.

12 Utilities systems

12.1 Classification of systems

12.1.1 Essential services

Non availability of essential power can cause precautionary demanning, personnel discomfort,
interruption of non-safety operational activities, loss of business communications, delay of production
restoration, malfunction of process, damage to equipment, etc.

When defined as required by the user, the essential source of electrical power shall supply those

services that are needed to maintain the installation in a defined state of readiness and habitation for a
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period defined by the user (typically measured in days) for situations other than normal (production)
operation and without recourse to the emergency source of power except than in an emergency

situation.

The minimum services that should be supplied by the essential source of power are:

a) minimum comfortable conditions of habitability;

b) maintaining control and safety systems and stored energy for these in a fully charged condition;

c¢) machinery space ventilation;

d) navigaltion, steering or manoeuvring of the floating LNG installation, when required;

e) maing
f) instru
g) others

The provis
facilities, @
connection
production

essential p,
of running

enerator gas turbine auxiliaries, if relevant;
ment air compressors;

ervices as required by the appropriate authority.

ion of essential power is more likely on large manned facilities, on(far from shore manjned
n manned facilities on which the main source of power is a singlé imported power cable
, or on facilities where the main generating sets are unsuited-te operation outside normal
conditions (e.g. due to lack of fuel flexibility or excessive statting time), or where the resfart
power requirements are too large to be supported by the emergency source of power. Dedicqted
ower generation may not be required for units equipped‘with main generating sets capgble

on diesel and that can start quickly in case of upset (e.g: dual fuel gas engines).

12.1.2 Emergency services

The emerg
emergency

The list of
services re

a) proces
b) F&G d¢
c) firefig
d) compr
e) ventin

f) emerg

rency services are the services considei¢d mandatory and safety oriented in cas¢ of

also taking into account the process facilities.

bmergency services shall be as defined in codes (e.g. SOLAS/MODU code) with in addition all

quired to maintain process facilities integrity including:
s instrumented safeguardingsystems;

tection systems;

nting equipment;

bssors seals;

b and flaring-equipment;

ency air.compressors and cooling water pumps.

rital

12.2 Elec

T ITCOT

12.2.1 Design and engineering principles

12.2.1.1 General

The electri

a) safety

cal system design shall take into account:

of personnel;

b) operability and maintainability;

c) availability and reliability;
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d) requirements of the user regarding the possibility for future expansion (if required) and
maintenance.

12.2.1.2 Codes and standards

Electrical systems and equipment shall be designed and selected in accordance with the following
codes and standards:

a) international convention for the safety of life at sea (SOLAS);

b) international code for the construction and equipment of ships carrying liquefied gases in bulk (IGC);

c) |[IALA 0-139, Marking of offshore structures;

d) |CAA CAP 437, Standards for offshore helicopter landing areas;
e) [IEC 60092-502;

f) |the IEC 61892 series.

If part or all of the facility is subject to Marine Classification Society rules; these shall apply.

12.2.1.3 Hazardous areas

Ele¢trical equipment installed in hazardous areas shall demg@ns$trate conformity to [EC starpdards (e.g.
be JEC-Ex certified) and shall be selected and installed intaccordance with IEC 60079-14. Equipment
selgction shall be appropriate to the zone, gas group and\temperature class.

12.2.2 Electrical system design

12.2.2.1 General

Ele¢trical loads shall be categorized. as**‘Normal’ (i.e. there is no effect either on the safety or the
safgguarding of the installation or equipment in case of main power generation failure), ‘Esgential’ (see
12.1.1) or ‘Emergency’ (see 12.1.2).

Onghore and offshore parts of the floating LNG installation shall be treated in a different way
conkidering location of power sources, redundancy of power sources, vulnerability of installption.

12.2.2.2 ‘Normal’, /Essential’, ‘Emergency’ and UPS systems

12.2.2.2.1 Norrnal system

Thg normalpower generation system shall supply continuously all the electrical loads and in] particular
usel's needed for the normal activities of production.

12.2.2.2.2 Essential system

Loads may be categorised as essential (e.g. required for restarting of the process facilities after main
power generation shutdown). These loads comprise the utility facilities as well as some process facilities
auxiliary loads.

The essential power generation system shall supply the utilities considered essential to guaranty the
services for the people, all administration and accommodation buildings with necessary auxiliaries
systems. All these loads are available when normal generation is stopped.

Typical utilities included in the essential system are:

— allliving quarters/administrative area systems (e.g. water treatment, heating, sewage, galley);
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HVAC for living quarters and facilities;
normal lighting, including process area;
ballast pumps;

cooling water pumps for essential services;
air compressors and inert gas generator;

equipment (auxiliaries) required for start-up of the main power generation.

The list of
and agreed

The loads
vessel to th

12.2.2.2.3

The emerg
personnel
facility ang

The emerg
accidental
generation
explosion ¢

The emerg
defined in
the electri

pssential power generation system shall be revised and adjusted to the facility specificities

between all parties.

bhould be considered for the foreseen operating scenarios including transfer, tewing of
e location and testing and pre-commissioning of equipment at the fabrication\l6cation.

Emergency system

ency system shall supply loads (e.g. control and safety systems) which are important
Kafety, when essential power generation is not running. It can<allow the evacuation of]
can be used to restart the normal generation.

ency power generation system shall be located in a .dedicated safe area to prevent
event resulting in the loss of both emergency andimain power from the main po
system. A specific protection shall be considered for the system integrity against fir
vents.

ency power generation system shall supply:the loads with the required availability

the

for
the

an
Wer
e Or

[ as

rodes (e.g. SOLAS/MODU code). For a floating’LNG installation they shall additionally supply

Fal power required to maintain process-integrity. The typical list of emergency servicg

provided i 12.1.2. This list shall be revised and adjusted to the facility specificities and agreed betw

all parties.

12.2.2.2.4

In case of
essential g
adjusted ir
(i.e. SOLAS

UPS system

electrical shutdown, a transitional power can cater some equipment in the meantime

s is
een

the

enerator or the emergency generator is starting. Duration of the UPS power supply shalll be

accordance with the-safety objectives. As a minimum, duration defined in IMO standg
MODU code) shall'be considered.

The transi
shutdown
to control

ional powet/comes from UPS systems. These transitional sources of power prevent
of the electronic systems. The UPS system(s) shall serve the most critical elements
he ordexly evacuation and/or abandon of the ship when normal, essential and emerge

rds

the
sed
ncy

— integrated control and safety system;

power

global

100

management system and the electrical control system;

maritime distress safety system fed from an independent and dedicated UPS;

PAGA system;
navigation aids system (fed from an independent and dedicated UPS);

beacon lights;

: p]y
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various uninterruptible control panels;
various control systems;
safety systems (e.g. F&G and ESD systems);

escape lighting.

The list shall be revised and adjusted to the facility specificities and agreed between all parties.

12.2.2.3 Power supply system characteristics

Thd
dist
nor

12.
Sys

ope
car

12.
Thd
If re

a)

b)
‘)

d)

e)
f)
Pro

a)

number of voltage levels shall be kept to a minimum, to achieve a robust, reliable

mal operation and transient conditions are described in IEC 61892-1.

p.2.4 System earthing

fem earthing shall be selected from the options in IEC 61892-2. Systemr earthing shall
rational practices of the facility owner. The IMO IGC Code requires\I'T earthing of subm
PO pump motors.

P.2.5 Sources of electrical power
requirements for main and emergency power are des¢ribed in [EC 61892-2.
quired, essential power generation shall:

have the ability to black-start via 2 independént systems (e.g. battery and compressed
event of loss of main power generation;

provide black-start capability of the mdin power generation;

provide power to all essential consumers on the vessel during a prolonged main power
plant shutdown and maintenanee’turnaround;

production site;

provide power to gonsumers necessary to bring the process to a safe state;
provide earlypower during pre-commissioning.

visions shall-be made for:

synchfonisation of generators;

b)

hnd simple

ribution system. The selection of voltage and frequency as well as the acceptable s/ayiations during

reflect the
erged LNG

air) in the

generation

provide power to the essential consumers during the manned tow to the integration yard and

ttansfer of load between generators in different operating modes;

c) periodic load testing of the essential generators, including dead-bus closure, synchronization and

loading.

The emergency power generation shall provide power to enable the start of the essential power generation
(if provided) and transfer of load from the emergency generator without interruption to supply.

12.2.2.6 Protection

System protection shall be in accordance with IEC 61892-2.

For switchgear tested with an internal arc withstand time, the protection shall operate within the
withstand time for the full range of arcing fault currents.
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12.2.2.7 Control

Control of power generation and the electrical system shall be incorporated in the design, if required,
and cover the expected operating modes and operational practices of the owner.

12.2.3 Design and selection of equipment and cables

12.2.3.1 General

Electrical equipment shall have a minimum ingress protection in accordance with IEC 61892-2.

All electrid
described

al equipment shall be selected according to the metocean and environmental condit
n 4.2.4. Equipment and systems should have the ability to withstand the specified\we

motions (plitch, roll and heave), accelerations, deflections and vibrations.

With the d
shall be in

12.2.3.2 N

The navig:
helicopter

NOTE 4

12.2.3.3 K
Engineerin
12.2.3.4 K
Equipment

If stray cu

(e.g. for cathodic protection), protective measures to prevent ignition, such as the use of insula

flanges, sh

12.2.3.5 L

Lightning s

hccordance with IEC 61892-3.

[avigational aids system

itional aids system shall be in accordance with IALA 0-139. Marking and lighting of
anding area and aviation obstacles shall be in accordance with TCAO CAP 437.

\dditional temporary navigational aids can be required duringtowing of the facility.

ngineering and installation requirements

g and installation of electrical equipment and cables shall be in accordance with IEC 6189

arthing and bonding
earthing and bonding shall be in aceardance with IEC 61892-6.

[rents can be present or if impressed currents are used on loading and unloading syst

h11 be taken.

ightning protection

hall be designedin accordance with the [EC 62305 series.

High equipment suchsasflare, LQ, cranes, columns, turret or transfer systems shall be included in

design and

12.2.3.6 1

installation of the lightning protection system.

ighting

ons
ssel

xception of the general requirements for environmental conditions, electrical equipnent

the

LIS
.l’lg

—

the

The lighting system shall be based on the following separation of the system in accordance with

[EC 61892-

2:

a) general lighting system supplied from the main source of electrical power;

b)
‘)

102

emergency lighting system supplied from the emergency source of electrical power;

escape lighting system supplied from a battery backup source of electrical power.
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12.3 Instrument air system

Air systems shall be designed so that, in the event of failure of one air compressor or other essential
services, the air supply to such services can be maintained. The air system shall usually be provided
with at least two air compressors, each capable of supplying the total requirement.

Instrument air supplies shall be guaranteed for the time interval needed to put the floating LNG
facilities in a safe condition on failure of the main power source. If electrical power is required to meet
this requirement, at least one compressor, capable of supplying the total requirements, should have its
power supplied from an emergency power supply.

Thd instrument air system is to be independent of the service air systems.

12.4 Hydraulic systems

Hydraulic systems shall be designed so that, in the event of failure of one esséntial comppnents, the
hydjraulic power supply to essential services can be maintained.

Thd hydraulic fluid shall have a flash point not lower than 150 °C. The hydraulic fluid shall pe suitable
for the entire service temperature range.

Safe¢ty valves shall be fitted to protect hydraulic installation againstjoverpressure.

13|Process and safety control and monitoring systems

13.1 General description
The floating LNG installation control and monitorihg systems shall enable as a minimum the gperator to:
a) |monitor and control gas/liquid processing, marine and utilities systems;
b) [be rapidly and accurately informed-about any incident that may lead to a hazardous situfation;
c) |monitor and control plant safety;

d) [monitor and control of faeilities access and egress ;
e) |exchange information, internally and externally under both normal and emergency condjitions.
Thg main plant functiens will be performed by:
— |the process«ontrol system;

— |the maring'control system;

— |thesafety instrumented system;

41 -Q 'y 1 i
I LIIC I'&EU LUIILI UL DyDLClll,

— the subsea control system (for offshore floating LNG installations only);
— the metering systems;

— the power management system;

— the access control system and the anti-intrusion system;

— the internal and external communication networks.

The safety instruments and F&G control systems shall be independent from the other systems.
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13.2 Process control system

13.2.1 Principle

The process control system shall provide the operator with real time information to allow safe and
efficient operation of the plant.

13.2.2 Process control system design

The control system shall have the appropriate reliability level according to the application. The control

system sh3
position).

Failure of 3

Provisions
Possible pr

studyi

capaci

Location a
specific ha|
should be ¢
occur (e.g.

Design rev
shall inclu
failure mo

Remotely (

malfunctiogn.

The proces
control de

incident, the system shall chronologically discriminate and store all information occurred during

time and a

The proce
required fq
overload in

splittipg of process equipment with a same function between different progessing modules;

designling of data transmission routes to maximise the reliability; ineluding having spare proces

ttbe configured to defined position 1T case of fatture (1. faii opermn, fait close or fait

1l or a part of the process control system shall not cause a hazard situation.

shall be taken to reduce the consequences of component failure (i.e. commogn‘mode faily
ovisions can be:

hg of consequences of a common mode failure, plant-wide or local;

'y and I/0 modules available with the plant in full operation:

hd design of the control systems and associated items'shall be such that they can withst]

arefully studied to avoid cable and equipment impairment in the case a hazardous situa
fire).

e confirmation of the safe operation of\the process control system during malfunction
e.

ontrolled equipment shall be capable of being stopped locally in case of an emergenc

s control system shall indicate, store and/or print all information returned by the pro
yices necessary for the safe and efficient operation of the plant. In order to analysg

1 actions performing by the operator before and after the event.

ks control system design should present the operator with the optimum amount of ¢
r safe and\éfficient operation of the facility. The process control system shall prevent al
case ofdnicident or a sudden state change.

last

bing

and

zardous events. In particular, the location of redundant cables and control system cabipets

Fion

iews described in 5.4.3 shall be performed on control systems. The acceptance proceduyres

i

and

y or

fess
an
this

lata
hrm

13.3 Mar

ine control system

The marine control system shall be in accordance with requirements set in international codes, such

as SOLAS.

13.4 Interfaces floating LNG installation/onshore

At the highest level, the purpose of the floating LNG installation/onshore link is to transmit, without
delay, a signal from one party to the other, i.e. ship to shore or vice versa.

The floating LNG installation/onshore interfaces, especially for the one located shore side, are described
in ISO 28460 and SIGTTO recommendations.
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13.5 Safety control system (safety instrumented and F&G control systems)

13.5.1 Principle

The safety control system shall be designed for detecting hazard situations and reducing their
consequences. The safety control system shall have the following functions as a minimum:

a) oil mist detection;

b) gas detection (LNG, refrigerant gas, natural gas, nitrogen, CO,, H, and oxygen as appropriate);

c) |spillage detection;

d) |fire detection (flame and/or smoke);

e) |ESD activation from a central system and/or local ESD station;

f) |monitoring, activation and control of safety devices;

g) |monitoring and control of parameters to keep the installation in a safe situation.

All |modifications of safety control system shall be performed in accordance with [the safety
mahagement system.

13.5.2 ESD and safety actions

13.5.2.1 General description

Gerleral requirements for ESD and safety actions are provided in 5.4.5.1.2.

13.5.2.2 Interfaces between floating LNG-installation and LPG/LNG carriers

The purpose of floating LNG installatienyshuttle interfaces is to give offloading ESD signalk to secure
the[transfers during offloading operation between the floating LNG installation and the LNG shuttle or
LP( shuttle. Interfaces shall take into account ESD signals coming from the shuttle (e.g. HH fargo level,
fire|detection) to floating LNG installation and ESD signals coming from FLNG units (e.g. firg detection,
profess ESD) to shuttle. This'interface shall be managed by an international recognized intdrface ship-
to-ghore technology.

Ship-to-shore recommiendations for offloading ESD-1 and offloading ESD-2 initiation pfovided by
SIGTTO are not strictly applicable for offshore transfer. In the offshore transfer scenario, the|role of ESD
initjation, which’invthe SIGTTO recommendation is performed by the terminal, shall be trapsferred to
thelfloating LNG-installation.

Manual activation of offloading ESD-1 and offloading ESD-2 shall be studied case by case on the basis
of the risk assessment. Manual activation can be initiated by the shuttle and can also be availlable at the
flogting LNG installation side.

The function of the offloading ESD-1 is to safely initiate stop of the cargo transfer while avoiding the
risk of generating potential excessive surge pressures in the pipework of the transfer system. The
function of the offloading ESD-2 is to safely initiate a quick release of the fluid transfer lines with no
risk of cargo spillages.

13.5.2.3 Ship-shore link or ship-ship link description

Ship-shore link systems have been in use almost universally in the LNG industry since the introduction
of the SIGTTO recommendations and guidelines for linked ship/shore emergency shutdown of liquefied
gas cargo transfer. See ISO 2860 and SIGGTO recommendations for further guidance on this matter.
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13.5.3 System capabilities

13.5.3.1 Main functions

The safety control system shall:

a) initiate automatically the appropriate ESD actions in order to shutdown non-essential and electrical
systems non-certified for use in Zone 1; manual activation of an ESD system is only permitted when

fully justified by the hazard assessment with the approval of the appropriate authorities;

b) where appropriate, activate automatically the necessary protection equipment (e.g. active

fire

protection);
c) inforn]the process control system of ESD activation;
d) control visual and sound emergency communication devices defined in emergency plans (i.e. sir

e) open gates/doors to allow access of emergency crew and staff evacuation, where required
emergency plans;

f) activate automatic depressurising sequence.

13.5.3.2 Brocess shutdown

Some equipment can have an individual process shutdown (PSD or*ESD). Common process parame
can lead td a PSD or ESD of groups of equipment. This PSD or ESP' may be activated by either pro
control sygtem or the safety instrumented system.

13.5.3.3 Safety integrity levels

fers
eSS

Since safetly functions are designed to lead to a certain risk reduction, SIL can be assigned to them

(see 5.4.3.ft). The safety control system shall be designed and operated in accordance with
IEC 61511 eries.

If SIL is applied (see 5.4.3.4), the ESD logic solver shall be SIL 3 or better.

13.6 Closed circuit TV

The system should integrate a-CCTV system that monitors process areas and accesses which prese]
risk (as mentioned in hazard assessment).

Remote operated cameras-should be installed for viewing all events which can occur in hazardous
unmanned|areas. Undér abnormal circumstances the operator should have the ability to use the C
system to analyse the situation.

The CCTV pystem shall be considered an emergency service and is connected to the UPS system.

the

nt a

and
[TV

The

system sh¢uld automatically respond to alarms, and focus information presented on visual dis

play

units in the appropriate control room(s).

The CCTV system can also be used as monitoring tool for the security management.
13.7 Metering

13.7.1 Background

Metering can be required for fiscal, custody transfer or material balance purposes. The accuracy of the

metering systems shall be sufficient for the purpose.
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13.7.2 Cargo metering

Metering of the transferred cargo is generally conducted in accordance with local authorities
requirements. Local authorities are usually relying on the following standards:

ISO 4267;
[SO 8943;
[SO 13686;

1S0 18132;

13.

Intd

from safety information (of safety control system). Intermaltransmission networks sha
ire from external communication networks. No directinterface is recommended for manjned plants.

sec
The
a)
b)
c)
d)
e)
f)
g)

An

(sp¢
Nnoij

13

0 _Environmental monitoring and control

EN 1776;
GIIGNL LNG Custody Transfer Handbook;
LNG sampling: AGA Report 5;

SGMF Contractual guidelines — quantity and quality.

8 Communications

rnal transmission networks shall differentiate operation ififormation (of process conti

floating LNG installation should be provided withelecommunication systems which in
radio for general facility communications and . communication with lifeboat/man overbd
CCTV monitoring (from the CCR) for general control of process;
telephones for general communication on facility plus lines to shore;
marine radio for routine communications with other vessels;
aeronautical radios for helicopter landing/take-off operations;
telecommunication to shore via satellite;

fibre optic systems:

ntegrated PAGA system shall be provided for the broadcast of information throughout
bech and/or_ alarms), including topsides (all decks), turret, LQ and machinery spaces.
e level is’high, visual alarms (i.e. stroboscopic beacons) shall be used in replacement of H

ol system)
1 be made
lude:

ard boat;

the vessel
Where the
A system.

Em

ssions (liquid effluents and gas) of the plant shall be monitored and unless more stringent local

regulations applies, EHS guidelines (associated with MARPOL requirements when imposed by
regulation) may be used in a preliminary approach.

Basel convention requirements should be applied for the management of solids and liquids wastes
(see 5.3).
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14 Security management

14.1 General

Access to certain areas (e.g. topsides, confined spaces, turret area) shall be controlled. Depending on
the size and configuration of the plant, such control can be limited to process zones or extended to
a wider area. Access control can be put into practice either by security guards or by using a physical

device (e.g.

The access

lock, magnetic badge).

control procedure shall comply with local authorities requirements.

The measures to be implemented shall consider the following aspects:

a) countr
b) offsho
c) surroy
d) ship tr
e) typeo
The philos
a) safegu
b) contai
c) mitiga

d) facilitg

y risk;

e or docked facilities;

nding facilities;

pffic in the vicinity of the facilities;

f security threats (e.g. piracy, terrorism, protestors, refugees).

pphy for security management shall consider:

ard the safety of personnel on board;

n personnel boarding the floating LNG installation@nd prevent access to LQ;
Le the consequence;

te host country security forces.

14.2 Offshore access

Unauthorized access from the sea shall be prevented. Prevention measures (e.g. security guards]) or
automated|detection systems (e.g. perimeter intrusion) shall be put in place to prevent intrusion pjrior
enter of infruder in the facilities hazardous area.

Controlled|access of pilot landirig shall be enforced.

14.3 Onshore access

Access poipts for entering inside the facilities boundary (e.g. jetties, onshore control room) shall be
controlled through.separate, specially adapted barriers for vehicles and personnel. A minimum of fwo
accesses shall be>provided to facilitate access for firefighting and emergency vehicles. It should nof be

possible fo

I unauthorized persons to gain access to the jetty area.

The minimum security requirements shall be in accordance with the IMO international ships and ports
security code (ISPS Code).

When security arrangements restrict access, consideration should be given to means of emergency

egresstoa

108

safe area.
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Commissioning

1 General

Commissioning covers the project phase between construction completion and normal operations.
Detailed planning of commissioning activities, resources, cost, systemization and schedule shall be
performed before commissioning execution.

15.

2 Systemization and schedule

At an early stage of the project, commissioning and operations personnel working together,

des
con
con

Thd
of §

sys

gners shall divide the floating LNG installation into commissioning systems to facilita
missioning and handover from the contractor to the operator using an integrated censtr
missioning schedule.

commissioning systems shall be grouped to form handover packages, capable as far
tand-alone operation to allow start-up and testing immediately on handover. The com
ems shall be aligned with the construction modules. Systems/sub-systems/test packs sh

thrpughout the project development, from start of FEED.

For
tim
The
the
sha

The
conj

15.

Pre

each commissioning system, all activities shall be broken updiito tasks. Tasks shall bg
ed for duration, resource/manpower loaded and putinto a logical sequence (based on dep
logic shall then be translated into a resource loaded commissioning schedule for integ

I be identified.

utilities CSU logic is critical, as basic utilities ate'required (e.g. instrument air, power)
missioning (e.g. loop testing) can start.

3 Implementation

parations for implementation of commissioning activities should commence during the K

in order to define the high level CSU(plan, cost and schedule.

The
a)
b)
‘)
d)

e)

CSU plan shall include:

the commissioning contracting strategy;

definition of the completions process and associated database tool;

which activitieswill be executed during which completion phase and against which spe

yard infrastructure support capabilities including requirements for temporary facilitie
logisties;

cemmissioning part of the project’ master document register;

ith process
e a phased
uction and

hs possible
Imissioning
all be used

weighted,
endencies).
ration with

project schedule. In addition, all required temporary equipment to enable commissioninig activities

before pre-

EED phase

rification;

5 as well as

f)
g)
h)
i)
j)
k)

information management information technology support requirements;
integration with upstream facilities;

commissioning organization and resource requirements;

inspection & test plan;

specialist services including external certification and/or validation requirements;

permits and consents.

The completions process shall define the subsequent phases each hardware system will go through,
starting from construction completion, pre-commissioning, commissioning, early operations, and
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start-up and ramp-up as well as the corresponding milestone completion certificates and punch
listing requirements. Once the completion process has been defined, the associated activities shall be
mapped against the main assembly stages of the FLNG/FSRU: onshore (yard) — hull before integration,
modules before integration, hull + modules post integration, tow, offshore — mooring and hook-up,
commissioning and start-up. Table 10 provides a typical activity breakdown per completion phase.

Table 10 — Typical activity breakdown per completion phase

Construction completion

Pre-commissioning

Commissioning

Start-up and ramp-up

Static equipment checks

Catalyst loading and ves-

Functional testing of

Start-up of inlet facilities

and equipment SAT

Rotating equipment
checks and|equipment SAT

Equipment cold alignment
Piping prpssure testing

Piping flushing and rein-
stdtement
Instrumept system SAT,

pre-calibyation, Megger
testing, etc.

Electricql system SAT,
Megger tedting cables, cir-
cuit brealer testing, etc.

Preservation, lubrication,

setboxup

Flushing of lube oil/
seal oil systems

Chemical cleaning, pipe
cleaning, air blowing of
system, etc.

Final reinstatement, bolt
torqueing and bolt ten-
sioning
Instrument loop checks,

DCS/ESD/F&G system
testing, valve stroke test

Relief valve calibration
and installation,

Electrical energization

PTOTESS EQUIPTITEITt aTTdt
instrumentation

Steam boiler boil out and
steam blowing

Tightness testing
(leak test)

Inerting

Electrical equipment func-
tional testing

Utility systems and gquip-
ment testing and{reser-
vation or put ifisService

Testing of accommodation
facilities

I gas treatimg urrt
Defrost liquefaction utfits

Start-up refrigerant cojm-
pressors

Pre-cogldown and finjal
cool down of liquefaction
units

Ramp up production
Load first cargo

Performance test

etc. testing, uncoupled motor Tank testing_irllcluding
bump test gas trials
Preservation, lubrication,
etc.
As part of the project specification, the CSU-¢ost shall be defined. The CSU cost shall be divided in EPC

and/or contractor/yard cost and owner’s €ost. The CSU cost shall include man power, specialist servjices

contracts,

15.4 Safefy

In order tg

bendor support, temporary<{acilities and consumables/utilities.

ensure safety during commissioning, a commissioning safety plan shall be developed pnd
implemented. The commissioning safety plan shall include, but not limited to:

a) Hazardls of the.commissioning activities shall be identified in advance as well as the requjred

mitigafions to.eontrol the associated risks. The mitigations shall be incorporated in

commjssioriing procedures and method statements/job cards.

the

b) A cominissioning permit to work system shall be implemented to cover all activities that should be

performed within commissioning areas.

c) A simultaneous operations plan shall be put in place covering coinciding construction and
commissioning activities.

d) All staff required to work inside commissioning areas shall undergo commissioning safety

induction.

e) Any temporary facilities that are required to be connected to permanent FLNG/FSRU systems (e.g.
for utility supply) shall be subjected to similar engineering review as the base FLNG/FSRU design.

f) Frequent safety surveillance and monitoring of commissioning activities shall be performed. Any
incident shall be investigated and associated findings shall be implemented to prevent recurrence.
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Assurance of the technical integrity of the hardware scope to prevent equipment failures by for
example conformance with engineering & manufacturing standards, quality control inspections

and certification, staff training and certification, and preservation programs.

Management of change procedure.

Once control of the floating LNG installation safety management has been handed over to the owner’s

org

15.

Thd
con
resj

The

15.

Thd
The

har
for
bee

ren
is iy

Bef
con

Pro
are

15.

Aftq
can
stat
on 3

16

16.

anization, its HSE management system will apply.

5 Organization

commissioning organization includes the owner’s CSU team, the contractor i
missioning team as well as specialist contractors and vendor service engineers.. The
ponsibilities of each team within the commissioning organization shall be definedinthe

ramp-up of these teams shall be aligned with the CSU schedule.

6 Handover
FSRU handover philosophy can be aligned with the handover pro¢ess applied for LNG ca

FLNG handover philosophy shall take into account the additional utility and proc
Hware scope as well as offshore hook-up and commissioningag¢tivities. Therefore, it can be
the owner’s team to accept care and control responsibility for those systems and facilitie
h commissioned onshore before commencing the tow,whilst the contractor retains cy
aining systems shall be handed over offshore before‘the FLNG is declared ready for start
troduced.

pre sign-off of the ready for start-up certificate; the readiness of the FLNG as well as the
Lractor organizations to commence start-up-activities shall be verified.

rables, spares, IT systems, contracts, It is essential that the total scope is grouped into
handed over at a limited numbef of major project milestones.

7 Start-up and performance test

br successful onshore~and offshore commissioning including tank testing, start-up of
commence to intradjice feed gas after achieving the facility ready for start-up mileston

ctual process‘eonditions shall be incorporated in the start-up activity list and schedule.

Inspection and maintenance

d/or yard
roles and
Contract.

rriers.

PSS system
considered
s that have
stody. The
up and gas

owner and

ject handover scope additional to, the FLNG/FSRU includes amongst others documentation,
moy

blocks that

the facility
b, Since the

t-up will be thediyst time that production will commence a number of tests to verify functionality

1“General

The floating LNG installation is subject to inspection and maintenance plan.

The FSRU installation shall normally at least comply with RCS rules for inspection and maintenance.
The principles of ISO 19904-1 may also be considered.

The FLNG installation shall follow the principles for inspection and maintenance in ISO 19904-1.
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16.2 Specific requirements for floating LNG installations

16.2.1 Cargo tank

As defined in ISO 19904-1:2019, which specifies minimum requirements for the type of inspection
and the frequency, all LNG tanks shall be subject to internal inspections every 5 years. Alternatively,
a risk-based inspection may be acceptable if it is accepted by all interested parties (owner/cargo tank
and inside tank equipment designers/classification society and authorities). In this case, an initial
maintenance plan for tanks visits and testing shall be developed and agreed between owner/cargo
tank and inside tank equipment designers/classification society and authorities through a risk-based

inspection

According
planned v
throughou

The maint
relative to
may be ads

Considerat]
storage, su

The commj
in service
with the rd

16.2.2 M

In-service
ISO 19901

16.2.3 Pr

Process piping systems shall be include@d.in the facility maintenance system to record maintenance

inspection
industry e

corrosion ynder insulation, espécially in combination with temperature cycles. .

16.2.4 Transfer systems

Requirems
maintenan|
requireme

PTOgTanT.

to the results of cargo tanks and inside tank equipment continuous monitoring, tests

F the floating LNG installation life.

bnance plan shall be typically reviewed on an annual basis. In case of.dn,abnormal ey

pted immediately.

ion should be paid to the maintenance of equipment or instrumentation inside the
ch cargo pumps where fixe type or retractable type can be seleeted.

ssioning and decommissioning of one or two LNG storage€s'may be required while others
for maintenance, inspection or tests. So, the segregation of the LNG tanks shall be poss
quired level of safety.

oring

inspection, monitoring and maintenance-gf moorings systems shall be in accordance v
7.

pcess piping systems

plans including corresponding results. Frequency and tasks are based on local regulati
kperience and identified risks. Due to the humid environment, there is a potential ris

nts for inspection and maintenance for transfer systems shall be included in the fac
ce system.to record maintenance and inspection plans including corresponding results.
nts shall be at least complying with transfer systems manufacturer recommendations.

and

sits, the initial maintenance plan shall be adapted with agreement of all stakeholders

rent

a cargo tank or inside equipment or tank surrounding environment, this“-maintenance plan

LNG

are

ible

vith

and
bns,
k of

lity
The

17 Preservation and corrosion protection

17.1 Specific requirements for non-seagoing vessels

Considerat

ions shall be given to fixed location operation compared to sea going vessels.

17.2 Painting and coating

Metal surfaces subject to corrosion shall be protected. Concrete structures may also be painted to
protect them from wear and tear.

Surface preparation, paint systems and application of coatings to steel structures shall be in accordance

with the IS

112

0 12944 series.
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Salt-laden or aggressive atmospheres and operating conditions shall be taken into account when
selecting coating systems.

High quality hot-dip galvanizing in accordance with ISO 1460 and ISO 1461 is required on all platforms
and platform support steel work, stairway and handrail assemblies, ladder side rails and cages, plates,
stair treads and open grid flooring, etc., unless impracticable. Tubular sections shall be galvanized
internally and externally.

Galvanized surfaces may normally be left unpainted, except for marine environment for which
additional painting is recommended. Galvanized metal jackets used to cover insulation of piping or
equipment can receive further anticorrosion coating. For zinc contamination of austenitic stainless
stegl, provisions in case of fire should be considered.

For|safety reasons, all equipment and piping in LNG installations shall have a specific eolour pr marking
for |dentification of the contents.

—_—

All painting, galvanizing, colour coding and marking shall be designed and executed in accordance with
locgl rules.

173 Cathodic protection

All pnderground/subsea metallic parts should be protected wheré)hecessary against corrgsion using
appropriate coating and/or cathodic protection in accordance-with the relevant codes and|standards,
such as ISO 13174.

17.4 Impact of use of seawater as heating mediunr and active fire protection

The design of the facilities shall consider a proper drainage of the seawater used for |active fire
profection systems to avoid remaining water onscertain location of the facilities (e.g. after fire systems
testling), which can generate moisture ingress'and corrosion.

The material selection for fire water piping and deluge systems shall be such that no detrimental
corfosion can occur which would invalidate the proper functioning of the fire water deluge dystems.

Material selection of piping systems.intended to contain seawater (e.g. seawater piping for regasification
or fpr active fire protection) shall consider the corrosive effect of seawater

18|Preparation for 'operations

Opgrational consjdérations shall be taken into account in the design. Operational procgdures are
outfide of the se0pe of this document. For further guidance on these matters, reference is made to:

— |SIGTTQ Liquefied gas handling principles on ships and terminals;

— | OGIME Safe transfer of liquefied gases in offshore environment.

" I LS + 1 L 1 h L. LS 1 Ll . B 1 . 1 h - : :
For TCITADTIITY NIdITdGEIIIEIIC dITU d5SUCTAtEU T EITdOTIItY dITd davdIldDIIIty dITdlySTS daId ddtd, ;E,uldance 1S

provided in ISO 20815, and ISO/TR 12489.

19 Specific requirements for conversion of existing installations to floating LNG
installations

For a converted unit, an assessment of the status of existing installation prior to the start of the
conversion shall be performed. The assessment shall be based on conditions at the intended area of
operation and the new mode of operation. This assessment shall include:

a) condition of existing structural items and need for steel replacement;

b) need for coating upgrade to accommodate any anticipated increase in corrosion;
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c) consideration of fatigue and corrosion conditions at intended location and necessary upgrade;

d) lifetime consideration also considering intended inspection/repair and maintenance possibilities
and philosophy;

e) need for additional structure and reinforcement to accommodate additional topside plant;
f) suitability of existing containment system where sloshing loads can be anticipated;

g) consideration of additional isolation in the cargo handling system where it is intended to continue
production while tank inspection is underway;

h) considtration of adequacy of existing marine systems for the new application;
i) consideration of need for modification and increased capacity of the power generation system;
j) considgration of effects of new area classification on existing potential ignition sources;

k) consig[:ration of whether new accidental loads will require modifications to\existing hull pnd
systenps;

1) consideration of need for modification to accommodate inspection inssitu of the hull or mafine

systean,
m) consideration of how the converted unit will be moored for long teym location at one location;
n) awarehess of additional regulatory requirements at area of aperation.

In general| existing items which will remain in place mag;follow their original design code/rule
requirements provided that they are not directly influenced by either the provision of additigpnal
structure ¢r plant and machinery or directly affected by-the new mode of operation.

Any items|installed as part of the conversion should meet the most updated edition of the releyant
code/standard/rules.
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Annex A
(informative)

Risk-based analysis

A.1—Thermalradiationthreshold-values

A1

As
rad

TS

.1 Thermal radiation thresholds to human vulnerability

per OGP Guidelines “Vulnerability of humans”, Report No. 434-14.1, March 2010, the thermal
ation threshold values and associated human vulnerability can be selected{per Table A.1]

Table A.1 — Thermal radiation threshold values and associated human vulnerability

Tt‘ermal
rafdiation |Effect
[W/m?]

Dirject impact on human

35 Immediate fatality (100 % lethality)

20 Incapacitation, leading to fatality unless rescue is’effected quickly

12,b Significant chance of fatality for medium duration exposure
Extreme pain within 20 s; movement to shelter is instinctive; fatality if escape is not possible.
Outdoors/offshore: 70 % lethality
Indoors onshore: 30 % lethality
People indoors are only vulnerable if they have line-of-sight exposure to thermal radiation, hgnce a lower
lethality than for people outdoors

>6 Pain within approximately 10 seconds; rapid escape only is possible
This threshold is gonsidered as the value for which the escape routes become impaired due to impossibility
for people to use'them without being severely injured.

4<f Less than 55will cause pain in 15 to 20 seconds and injury after 30 seconds’ exposure
Impairment due to impossibility for people to muster in these areas without being severely|injured
Minimim to cause pain after 1 minute

1,2 Received from the sun at noon in summer

A.1L2 <Thermal radiation thresholds to human vulnerability

For

damages to equUipment, Teference 15 made to OGP Guidetines “Vuinerabitity of ptant

structure”,

Report No. 434-15, March 2010 which provides first guess values for various assets. This OGP
report provides only indicative values. They should be adjusted on a case-by-case basis as the time
to equipment collapse when exposed to a fire is dependent on several factors. These factors are the
following (extract from OGP report):

the fire scenario or design fire;

heat flow characteristics from the fire to the plant/structure;

the behaviour of material properties of the plant/structure at elevated temperatures;

the properties of fire protection systems.
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In addition, behaviour of the process assets in case of fire will also depend, in particular on:
— the phase, inventory and pressure of the fluids they handle;

— the characteristics and efficiency of the pressure relief system and blowdown system (if any).

A.2 Overpressure threshold values

A.2.1 Overpressure thresholds to human vulnerability

ure

threshold yalues and associated human vulnerability can be selected as per Table A.2.

Tdble A.2 — Overpressure threshold values and associated human vulnerability

Over-pregsure
[bar]

Onshore, qutdoors and in the open

Effect

0,35 15 % lethality for people outdoors, in the open

0,5 50 % lethality for people outdoors, in the open

Onshore, qutdoors but adjacent to buildings or in unprotected structures
0,35 30 % lethality for people outdoors

0,5 100 % lethality for people outdoors

Onshore ahd offshore, indoor

Dependinglon building type and resistance

Offshore

>0,2t0 0,3 100 % lethality for personnel in the module where the explosion occurs

~0.2t0 0.3 100 % lethality in adjacent modulesif the intervening partition (wall or deck) is destroyed by
’ ’ the explosion.

A.2.2 Overpressure thresholds to.assets vulnerability

For damaggs to assets, reference is-made to OGP Guidelines “Vulnerability of plant/structure”, Report
No. 434-15, March 2010 which provides first guess values for various assets. The values presentef in
this OGP r¢port are only indigative and should be adjusted taking into account various elements, quch
as actual shape of the assets.0rrefined overpressure values — pulse durations couples.

A.3 Cryogenic effect threshold values

A.3.1 Cryogenic thresholds to human vulnerability

For peopletypical-criteria-are-thefolowing:
— immediate fatality when exposed to liquid cryogenic releases;

— immediate fatality when exposed to gaseous, 2-phase cryogenic releases with a temperature below
a given criteria (criteria to be defined based on research and development).

A.3.2 Cryogenic thresholds to asset vulnerability

For assets, material damages and embrittlement are directly linked to the considered material. For
instance, it is generally considered that stainless steel and concrete-based materials are not as heavily
impacted by cryogenic releases than regular steel-based materials.
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The retained criteria shall be project-specific and shall be adjusted depending on material
characteristics and behaviour when exposed to cryogenic releases.

A.4 Levels of risk

When no local regulations exist, in terms of individual risk per annum for humans (workers or the
public), the criteria corresponding to widely accepted values as shown in Figure A.1 may be used:

UNACCEPTABLE REGION \ /

Key

A.S

In addition to the layoutconsiderations described in 5.4.5.2.1, the following should be duly c

a)

UNACCEPTABLE REGION

Minimum tolerable limit
1in 1000 per year

Minimum tolerable limit
1in 10 000 per year

ALARP Benchmark existing installations
1in 5000 per year

A\LARP OR TOLERABILITY REGION

ALARP Benchmark new installations

1in 50 000 per year
Minimum tolerable limit
1in 100 000 per year

ALARP QR TOLERABILITY]

Minimum tolerable limit
''''''''' 1in 1000 000 per year

ACCEPTABLE REGION
ACCEPTABLE REGION

INDIVIDUAL RISK TO WORKERS*? INDIVIDUAL RISK TO THE PUBLI(

including contractor employed
all those not directly involved in organization’s\a¢tivities
risk to be demonstrated to have been reducéd to a level which is practicable with a view to cost/b

Figure A.1 — Levels of individual risks to workers and the public

Layout considerations

The respective)arrangement of interconnected process/storage units and of power g
electrical cefisumers directly impacting the quantities of piping (and therefore the
material~inventories) or electrical equipment/cables which affect in turn the ¢
confinenmient of the modules/onshore units. As such, the arrangement of process
equiptent should preferentially follow a logical sequence in order to reduce the piping 3

REGION®

=

bnefit

bnsidered:

eneration/
hazardous
ongestion/
hnd utility
ind cabling

pathways. The objective is to minimize hydrocarbon inventories.

The flare radiations contours and levels.

Vents and relief valves should be collected and discharged in a safe location to be located so as to

cause minimum interference or hazard to plant and personnel.

Flares, incinerators, atmospheric vents and exhausts location and height should ensure that
acceptable levels of radiation and pollutants concentrations are not exceeded in working and

unrestricted areas of the plant as well as outside (i.e. LNG carrier or supply boats).

Approach, landing and take-off sectors for helicopters, supply vessel, tanker, etc. should be free of

obstacles/live equipment.
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f) The possibility of hazardous accumulations of both liquid and gaseous hydrocarbons should be
minimized. Means for the rapid removal of any accumulations which do occur should be provided.

g) Allbasic design principles for minimizing dropped objects and collisions should be applied to layout.

h) Emergency equipment such as the emergency generator and firewater pumps should not be
installed in unprotected and/or exposed areas. Therefore, firewater pumps should preferably be
located in the hull.

i) The use of connections in pipes carrying flammable fluids should be minimized (i.e. reduction of
flanged connections and instrumentation penetrations).

j)  For cryogenic lines, use of welded connections should be preferred, compatibly with mainténgnce
requirpments.

k) Provisfon should be made for the safe berthing of carrier/supply boats, clear, from other
manoduvring ships. The configuration of the berthing/mooring area should allow-the ship to|sail
away ip case of fire or emergency.

1)  Whergver possible, plant and equipment containing flammable fluid shouldhe’located in the open.
Maintgnance and climatic conditions can affect this decision.

m) Enclospure may be considered to limit workers’ exposure to noise.
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Annex B
(informative)

Safety studies

t of assumptions should be developed along with the performance of the safety-studjes. All the

mptions should be gathered to form an assumptions register that should be developed
dividual assumptions sheets covering specific aspects of the study.

assumptions register should cover as a minimum:

detailed methodology for each study;

key assumptions and rule-sets;

consequence modelling assumptions including among others:

— the selected weather conditions (e.g. wind speed and direction, atmospheric stabili
temperature, relative humidity);

— the thermal properties and the topography.efthe ground including any impounding
principles to be used for the event/failure prebabilities calculation;

impact/damage criteria for people and buildings (vulnerability model) regarding majox
events in line with owner specificationsand project criteria;

n the form

Ly, ambient

area;

accidental

specific models used for the studies (e.g. commercial or in-house calculation tools, spregdsheets).

Failure case definition and release frequency analysis (process events)

.1 General

failure case definition and frequency analysis is the starting point for all the other proje
ty studies.

.2 Failure case definition

failure case identification aims at:

t technical

identifying hazards in the facility;

— defining the failure cases for further risk quantification through identification of isolatable sections;

— identifying location, inventories, process conditions, stream compositions for each identified failure

event, which will help define the rate and the duration of the leakage;
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— assessing the consequences of flammable gas events:
— main hazards: fire events, cryogenic releases, explosions, smoke and gas dispersions;
— other hazards:

— rapid phase transition, which is the very fast evaporation of a cryogenic release usually after
liquid/liquid contact (e.g. LNG and water);

— secondary hazard, such as boiling liquid expanding vapour explosion;

inment of the hsea itemswhich can lead to sea .“A.‘l:‘ into the
flqw line, gas, chemicals, mono-ethylene glycol and condensates release into the sea, and\then
gak to atmosphere, ultimately surrounding the facility; released amount of gas can affect{the
buoyancy of the facility, potential major process upset due to gaseous/oily water at|sea chest

B.2.3 Frequency analysis

The QRA hnd safety studies considers uncontrolled (accidental) releases ¢ffluids due to losf of
containmept leading to hazardous event (e.g. fire, explosion). The likelihaod of loss of containnLent
is determihed using historical failure rate data for standard plant components (e.g. pumps, valyes,
flanges).

A part-count activity should be performed to determine the release frequency for each isolatable
section deffined in the failure case definition.

Methods that can be used to assess leak frequencies are provided in ISO/TS 16901.

B.3 Firdrisk analysis

The purpope of the FRA is to address the fire scenarios and their consequences all over the facillity.
Potential j¢t and pool fire scenarios on the facility, from the risers, turret (if any), process (including
offloading facilities) and non-process failure ¢ases should be evaluated.

Calculatior of the radiation caused by.ignition of the vapour from a pool or jet of flammable prodluct
or flammabple gas release should be carried out using appropriate validated models. The model shquld
take into afcount:

a) area of the pool fire or theZdimensions of the flame;
b) surfacg emissive power of the pool fire or of the flame (see ISO 16903);
c) ambient temperature, wind speed and relative humidity.

The model shouldenable the determination of the incident radiation at various distances and elevatipns.

The use of CEBR fire simulation tool should he discussed on a r‘ncp-hy-r‘ncp bhasis dpppnding onthe pr ject
phase and on the congestion/confinement of the facility (or part of it).

FRA results should be used to:
a) provide input to the QRA;

b) help identification of protection and mitigation measures for the protection of SECEs, such as
primary structures, muster areas, LQ, escape means.

The approach conducted throughout this study helps identifying the areas requiring protection
against fire events and will therefore constitute one of the bases for the passive fire protection
recommendations.
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B.4 Cryogenic spill risk analysis

The purpose of CSRA is to address the cryogenic scenarios and their consequence all over the facility.
Potential liquid/spray cryogenic scenarios on the facility, from the liquefaction area, the offloading
facilities and the storages should be evaluated.

The model should enable the determination of the cryogenic effect at various distances and elevations.

CSRA results should be used to:

a)

provide input to the QRA;

b)

The
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help identification of protection and mitigation measures for the protection of safety
such as primary structures, muster areas, LQ, administrative area, escape means.

approach conducted throughout this study helps identifying the areas,requiring
nst cryogenic events and will therefore constitute one of the bases for the\cold spill
bmmendations.

Explosion risk analysis

purpose of the ERA is to calculate the explosion dynamic presstre and blast overpressur
ciated frequency on the facility and to recommend providing, if necessary, additional
lsures.

ignition of natural gas can create in certain circiemstances (e.g. congested areas) af
erating an overpressure wave. The flammability?range of mixtures of gas and air
16903.

pgnized methods and models, for example the multi-energy method and/or deflagration
bd method which have been validated, can be used to calculate the overpressure. This ov]
11d be specified where applicable for equipment, buildings and structures.

bffshore and onshore modulagized environment where high congestion and confin
ected on a limited area, recognized CFD software/approach should be used to properly]

resulting maximum overpressure in near-field in the case an ignition occur. Then, the
ware used in near-field may be coupled with other approaches (e.g. multi-energy method
Fpressure levels in far-field.

bre overpressure_on a tank, equipment item, building or structure is specified, it should
incoming wavecharacteristics. In this case, it may be assumed that a deflagrating explosi

k. The stresses in the tank caused by over pressure should be determined by dynamic ¢
the other structures, the stresses may be determined by static calculation.

hnd SECEs,

protection
protection

b levels and
protective

explosion
s given in

ht constant
erpressure

ement are
assess the

hmable gas cloud build-up, the:flammable volume/mass that can take part to an explosion event and

approach/
to deduce

always be
bn near the

k gives rise\to'an overpressure that is applied, as a worst case assumption, to a half perinpeter of the

alculation.

Thd

effect of potential overpressure under elevated tank basis due to the ignition of a

flammable

mixture under the tank should be considered.

The effects of wave reflection on the objects should be the responsibility of the supplier.

ERA results should be used to:

a)

provide input to the QRA;

b) help identification of protection and mitigation measures for the protection of SECEs, such as

primary structures, muster areas, LQ, escape means.

The approach conducted throughout this study helps identifying the areas requiring protection against
explosions and will therefore constitute one of the bases for the blast design recommendations.
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B.6 Smoke and gas dispersion analysis

A smoke and gas dispersion analysis is performed with following objectives:

— to address the potential for smoke dispersion hazards generated by fire events and their effects on
the impairment of escape routes (visibility and breathable atmosphere), embarkation areas, LQ,
HVAC systems, etc.;

— to quantify the extent of atmospheric dispersion of accidental asphyxiating gases, if relevant;

— to address the potential for gas dispersion hazards generated by un-ignited events and their effects

on th
embar

The use of]
phase and

Gas generaftion and dispersion should be modelled considering:

a) Evapo

The p
should

Calcul
model

— sti

— sti

— nafture of the ground (e.g. thermal conductivity, specific heat, density);

— te
— at
— at

The m
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b) Atmos

TmpaiTment of escape Toutes (I partcutar vistbitity due to condensation of umiad
kation areas, LQ, HVAC systems, etc.

CFD simulation tool should be discussed on a case-by-case basis depending on-the prg
bn the congestion/confinement of the facility (or part of it).

ration of spilled LNG/LPG/vaporizing liquid

henomenon of instantaneous vaporization (flash, including posSible aerosol format
be taken into account.

htion of evaporation due to heat transfer should be carried,out using appropriate validd
5. The model should take into account:

eam flow rate and duration;

eam composition;

mperature of the ground or of the water;

mospheric conditions (ambient temperature, humidity, wind velocity);

mospheric stability or temperature gradient.

bdel used to assess the eévaporation flowrate should enable to determine:

ol propagation speed;

tted area in térms of time, and, in particular, the maximum wetted surface;

e of evaperation in terms of time and, in particular, the maximum evaporation rate.

phericdispersion of vapours

ty),

ject

on)

ted

Calcul

htioh of the atmospheric dispersion of the cloud resulting from evaporation of vapori

ring

liquid due to flashing and evaporation when in contact with the ground or water should be carried
out using appropriate validated models.

The determination of dispersion should, as a minimum, take into account:

— the dimensions (expressed by an actual dimensions or equivalent diameter) of the

ev

aporating pool;

— the evaporation rate;

— properties of the vapour;

— the nature of the ground (e.g. thermal conductivity, specific heat, density);
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the temperature of the ground or water;

the atmospheric conditions (ambient temperature, humidity, wind speed);
atmospheric stability or temperature gradient;

— site topography (e.g. surface roughness).
The model should enable to determine:

concentration contours;

B.7
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denponstrate that the temporary refuge/muster areas are adequately designed against MAE
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identified as the critical systems having a major role in the control and mitigation of accid
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— the distance to the lower flammability/toxicity/anoxia limit.
Jet release of gases and 2-phase

Calculation of atmospheric dispersion resulting from jet release should be carried
appropriate validated models to determine as minimum, the height or the‘distance reac
jet and the concentration of gas at any given point.

Sources of jet releases should include releases from atmospheric safety valves, unignite
vents (see Clause 5). Where appropriate, possible aerosol formation/should be considerg

Escape, evacuation and rescue analysis

EERA for the facility should be carried out to ensiire that the required adequate ¢

study are therefore to demonstrate that escape and’evacuation means could be safely us
could be rapidly rescued with respect to major accidental scenarios identified.

EERA may include the temporary refuge impairment analysis, i.e. the analysis

Emergency systems survivability analysis

purpose of the ESSA is to_check if the emergency systems are capable of fulfilling their
following a major accident, such as a fire, explosion, ship collision event, or if not, to 1
gn modifications.

ESSA should also‘evaluate the vulnerability and survivability of the emergency systemsg

subsequentescape, evacuation and rescue activity, with respect to identified hazardous

emergeney control systems should be designed to remain operational for the duratig
hireds-['hese systems should be designed to achieve at least one of the following:

out using
hed by the

d flare and
d.

scape and

Cuation facilities are identified and incorporated in“the design and layout. The main olbjectives of

bd and that

what will

designated
ecommend

which are
bnts and in
events.

n they are

fail-safe;

be protected from the effects of the major accident scenarios to ensure their continued operation;

have sufficient redundancy to minimize inoperability due to single component or single point

failure.

B.9 Ship collision study

The ship collision accidental event is the possibility for a floating/fixed near shore/onshore unit to be
impacted by a vessel. Depending on the type of collision, this accidental event can damage the hull and
in return jeopardize the whole facility stability.
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