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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.

Thle procedures used to develop this document and those intended for its further majntepance are
degcribed in the ISO/IEC Directives, Part 1. In particular the different approval criterianeeded for the
diffferent types of ISO documents should be noted. This document was drafted in accordancg with the
edjtorial rules of the ISO/IEC Directives, Part 2 (see www.iso.org/directives).

Attention is drawn to the possibility that some of the elements of this document'may be the[subject of
patent rights. ISO shall not be held responsible for identifying any or all suchcpatent rights. Detlails of any
patent rights identified during the development of the document will be:in.the Introduction and/or on
the ISO list of patent declarations received (see www.iso.org/patents).

Anly trade name used in this document is information given for the convenience of users angl does not
copstitute an endorsement.

Fol an explanation on the meaning of ISO specific terms “and expressions related to cpnformity
asgessment, as well as information about ISO’s adherence to.the WTO principles in the Technical Barriers
to [[rade (TBT), see the following URL: Foreword — Supplementary information.

The committee responsible for this document is ISO/TC 67, Materials, equipment and offshore |structures
for{the petroleum, petrochemical and natural gas;mdustries.
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Introduction

The properties, characteristics, and behaviour of LNG differ significantly from conventional marine
fuels, such as heavy fuel oils and distillate fuels as marine diesel oil (MDO) or marine gas oil (MGO).

For these reasons, it is essential that all LNG bunkering operations are undertaken with diligence and
due attention is paid to prevent leakage of LNG liquid or vapour and to control all sources of ignition.
Therefore, it is necessary that throughout the LNG bunkering chain, each element is carefully designed
and has dedicated safety and operational procedures executed by trained personnel.

It is impofftant that the basic requirements laid down in this Technical Specification are understood-3
applied to pach operation in order to ensure the safe, secure, and efficient transfer of LNG as a fuel to the s}

The objective of this Technical Specification is to provide guidance for the planning and design of
following and thereby ensuring that an LNG fuelled ship can refuel with a high level of safety, integr
and reliahjility regardless of the type of bunkering facility:

— bunkg
— ship/
— proce]
— monif
— emery

— LNGH

The LNG bunkering interface comprises the area of LNG‘transfer and includes manifold, valves, saf

and secur
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ty systems and other equipment, and the perSonnel involved in the LNG bunkering operatioj

nical Specification is based on the assumption that the receiving ships and LNG sup
re designed according to the relevant and applicable codes, regulations, and guidelines st

nal Gas Tankers and Terminal Operators (SIGTTO), the Oil Companies International Mar
[IMF), and other recognizedidocuments during LNG bunkering. Relevant publications by th
organizations are listed-in_the Bibliography.

e recognized that in.cases where the distance to third parties is too close and the risk exce¢
e criteria, the bunkering location is not to be considered.
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Guidelines for systems and installations for supply of LNG
as fuel to ships

sh

Th
co

of the the LNG supply facilities aid

p as shown in Figure 1.

is Technical Specification provides requirements and recommendations forpoperator
petency training, for the roles and responsibilities of the ship crew and bunkéring person

operation
receiving

and crew
nel during

LNG bunkering operations, and the functional requirements for equipment heeessary to epsure safe

L

Th
CO)
Clg

Th

G bunkering operations of LNG fuelled ships.

is Technical Specification is applicable to bunkering of both seagoifig)and inland trading
ers LNG bunkering from shore or ship LNG supply facilities, as sttown in Figure 1 and de
use 4, and addresses all operations required such as inerting, gassing up, cooling down, ar

LNG Supply Facilities LNG Bunkering Faoilities Receiving Ship

ESD ESD

>

v
/\

Onshore supply Shore-to-ship bunkering
Onshore mobilesupply Truck-to-shipbunkering
Offshoresupply Ship-to-ship bunkering

Figure 1 — Interfaces between bunkering facility and supply/receiving facilitié

vessels. It
scribed in
d loading.

bS

;i on board

e‘wse of portable storage tanks such as containers, trailers, or similar to load and store LN(

sh

2

ps to be used as fuel 1s not part ot this Technical Specitication.

Normative references

The following documents, in whole or in part, are normatively referenced in this document and are
indispensable for its application. For dated references, only the edition cited applies. For undated
references, the latest edition of the referenced document (including any amendments) applies.

ISO/IEC Guide 73, Risk management — Vocabulary — Guidelines for use in standards

ISO/TS 16901, Guidance on performing risk assessments in the design of onshore LNG installations including
the ship/shore interface
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IS0 17776, Petroleum and natural gas industries — Offshore production installations — Guidelines on tools
and techniques for hazard identification and risk assessment

ISO 31010, Risk management — Guidelines on principles and implementation of risk management

IMO, IGF Code of Safety for Ships using Gases or other Low flashpoint fuelsV)

3 Terms, definitions, and abbreviated terms

3 1 T cand doafinitianc
. ermsanaae e oens

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

3.1.1
as low asjreasonably practical
ALARP
reducing g risk to a level that represents the point, objectively assessed, at which the time, trouble,
difficulty,| and cost of further reduction measures become unreasonably (disproportionate to the
additiona] risk reduction obtained

3.1.2
boiling liquid expanding vapour explosion
BLEVE
sudden re|ease of the content of a vessel containing a pressurised.flammable liquid followed by a firehall

3.1.3
breakaway coupling
coupling which separates ata predetermined section when required and each separated section contajns
a self-closjng shut-off valve which seals automatically

Note 1 to| entry: A breakaway coupling can bge_activated automatically by excessive forces or thoygh
mechanical/hydraulic controls.

3.14
bunkering
process of transferring fuel to a ship

3.1.5
bunkering installation
piping, prjocess components, instrumentation, and other hardware for the transfer of LNG from the
supplier tp the ships manifold

3.1.6
bunkeriag site

location dedicated for bunkering comprising the bunkering installations, port and jetty, and other
facilities dnd-equipment that should be considered in the planning of bunkering

3.1.7
consequence
outcome of an event

3.1.8
container
portable tank unit

1) The international code of safety for ships using gases or other low-flashpoint fuels is currently under
development.

2 © IS0 2015 - All rights reserved
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3.1.9
drip tray
spill containment produced of material that can tolerate cryogenic temperatures

3.1.10

dry disconnect coupling

quick coupling which connects and disconnects with minimum LNG release and each separated section
contains a self-closing shut-off valve, which seals automatically

3.1.11

emergencv shut-down
L=} 4

receiving

ment, etc.

he activity

or ferry

ith water

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

3.1.20
risk analysis
systematic use of information to identify sources and to estimate the risk

3.1.21
risk assessment
overall process of risk analysis and risk evaluation

3.1.22
risk contour
two dimensional representation of risk (e.g. IR) on a map

© IS0 2015 - All rights reserved 3
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3.1.23

risk evaluation
procedure based on the risk analysis to determine whether the tolerable risk has been achieved

3.1.24

risk matrix
matrix portraying risk as the product of probability and consequence, used as the basis for risk
determination

Note 1 to entry Con51derat10ns for the assessment ofprobablllty are shown on the horizontal axis. Con51derat10ns

included aq
considerat

3.1.25

dressmg impact on people, assets, environment, and reputatlon Plotting the 1ntersect10n of the-flwo

ons on the matrix provides an estimate of the risk.

risk ranking

outcome d

Note1toe
are eviden

3.1.26
safety
freedom f

3.1.27
safety zos

f a qualitative risk analysis with a numerical annotation of risk

htry: It allows accident scenarios and their risk to be ranked numerically so thatthe most severe ri
and can be addressed.

fom unacceptable risk

e

area around the bunkering station where only dedicated and essential personnel and activities

allowed d

3.1.28

security 7
area arou
controlled

3.1.29

iring bunkering

Lone

) to mitigate harmful effects

stakeholder

any indivi

3.1.30
tolerable
risk which

3.1.31

topping u
final sequ

3.1.32

risk
| is accepted in a‘given context based on the current values of society

p
ence of kNG transfer to ensure correct filling level in receiving tank

ot
carir

are

ks

ire

hd the bunkering facility and ship where’ship traffic and other activities are monitored (dnd

lual, group, or organization that can affect, be affected by, or perceive itself to be affected by, a rjisk

water cu

sprinkler arrangement to protect steel surfaces from direct contact with LNG

3.1.33

white water/mist/fog
mist/fog that will be generated by condensing humidity in air when in contact with cold surfaces

during bu

nkering

Note 1 to entry: This fog will reduce visibility and can mask minor leaks.
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3.2 Abbreviated terms

AIS automatic identification system

ALARP as low as reasonably practical

BLEVE boiling liquid expanding vapour explosion

ERC emergency release coupling

ES emergency shut-down

ESpV emergency shut-down valve

FMEA failure mode and effects analysis

HAZID hazard identification

HHO heavy fuel oil

HSE health, safety, and environment

IR individual risk

LNG liquefied natural gas

MGO marine gas oil

MYDS material safety data sheets

PPE personal protective equipment

QA/QC quality assurance/quality eantrol

Qg/DC quick connect/disconneet coupling

QRA quantitative risk@ssessment

RPT rapid phase transition

TLV thresholdlimit values for chemicals

NOFE  LNG is definedin EN 1160.

4 | Bunkeéring scenarios

Selection of the bunkering configuration should reflect the following factors:

a) —ENGbunkering volumesamndtransfer rates;

b) simultaneous transfer of other bunker fuels;

c) possible interference with other activities in the port area;

d) transfer equipment;

e) type of receiving ship;

f) possible risk areas according to risk analysis, which shows distance to terminal, gangways, and
linkspan, etc., which is of importance for third-party personnel;

g) met-ocean factors.

© IS0 2015 - All rights reserved 5
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Three standard LNG bunkering scenarios have been considered in this Technical Specification (see also
Figure 2). In the base case, it is assumed that bunkering is carried out without simultaneous cargo
operations and without passengers on board and therefore, a QRA might not be required.

In case of bunkering during cargo operations, bunkering with passengers on-board or
embarking/disembarking acceptance is required by all parties (such as authorities, terminal, ship and
bunkering operator, and supplier operator) and shall be supported by a dedicated QRA which shall
address the effects of the simultaneous operations.

NOTE The risk assessment addressing simultaneous operations and passengers as described in 7.3 is to be
carried outas part ofthe planning and permitting process for the operation

This QRA are dedicated to bunkering operations for a specific location and shall demonstrJlte
that the njisk is acceptable.

The following scenarios differ in the transfer equipment, the station keeping of both thétdischargihg,
and receiving facilities and storage tanks:

— scenafrio 1: LNG bunkering via pipeline from onshore supply facilities permanently installed (“shore
to ship LNG bunkering”);

— scena[io 2: LNG bunkering from onshore trucks;

— scenafrio 3: LNG bunkering from offshore supply facilities (“ship ta_ship LNG bunkering”).

LNG Supply facilities LNG Bunkerim@\facilities H,gx_‘gm_lj‘g ship
Scope of gNg Wbcument

1. Shjpre to ship. | ' Rhk to ship
Oij-shore LNG storage facilities

k. 4

2. Trpck to ship ‘ Truck to ship

LNG trailer f m =

' Ship 1o ship
3. Offshore Supply Facilities '
: h >

Basically, LNG storage facilities, trailers, containers, bunker vessels Basically, receiving ships shall be governed iy
Shall be governed by Specilic standards or national/local [aws. Specilic standards. IT necessary, this Techmnical
If necessary, this Technical Specification defines additional Specification defines additional requirements.

requirements.

Figure 2 — Standard bunkering scenarios
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5 Properties and behaviour of LNG

5.1 General

2015(E)

The properties, characteristics, and behaviour of LNG differ significantly from conventional marine fuels
such as heavy fuel oils (HFO) and distillate fuels such as marine gas oil (MGO), etc. For these reasons, it
is essential that all LNG bunkering operations are undertaken with diligence and due attention is paid to

prevent leakage of LNG liquid or vapour and that sources of ignition in the vicinity (i.e. inside

the safety

zone) of the bunkermg operation are strictly controlled Therefore, it 1s necessary that throughout

mdintenance procedures executed by trained personnel.

Description and hazards of LNG

Depcription of LNG is fully covered in ISO 16903 but for the purposes of LNG(bunkering
important characteristics compared with marine gas fuel are described in thi$\subclause.

Atjatmospheric pressure, depending upon composition, LNG boils at apgreximately -160 °C
LNG will form a boiling pool on the ground or on the water where tHe evaporation rate (a
geheration) depends on the heat transfer to the pool.

At[this temperature, the vapour is denser than air, becoming lighter than air at approximatel
Therefore, a release of LNG will initially result in a flammable'gas cloud that spreads by gray
lyipng areas until it warms and slowly becomes buoyant. The{cold natural gas can also be mixd
anfl form a flammable cloud. In this case, the flammable ¢cloud will not become buoyant buf
with wind and be diluted by atmospheric turbulence and diffusion.

Co
md

d surfaces in the bunkering system can cause mist or fog by condensing humidity in the air
sk arelease.

tional and

the most

Released
hd vapour

y —110 °C.
rity in low
d with air
will drift

that might

LN

po
res

G for fuel supply may be delivered at eleyated pressure and at a temperature exceeding ]

ult in instantaneous flashing and\larger vapour release compared to evaporation from liq

LN
anj

G can cause brittle fracture if spilled on unprotected carbon steel. It has a flashpoint lowe
bient temperature that canthe encountered.

Natural gas has a flammable' range between 5 % and 15 % when mixed with air.

Nafural gas has a flashipoint of -187 °C and a high self-ignition temperature (theoretically, appy
54p °C while experiments indicate that 600 °C is more realistic). The properties of traditiona
diffferent; MGO{fmarine gas oil) has a flashpoint in excess of 60 °C and a self-ignition temp
30p °C for mayine gas oil (MGO) or a gas oil vapour/aerosol air mixture.

Th ignition energy of natural gas/air mixtures is 0,25 mJ which is lower than most other hydi

nt at atmospheric conditions (e.g. at-3.bar and at -155 °C). Release of LNG under such condj

he boiling
tions will
id pools.

 than any

oximately
| fuels are
erature of

ocarbons.

Nat@ral gas releases are not easily ignited by hot surfaces that ignite most FO fires in enging

room but

low energy sparks represents a higher risk.

Methane has a very high greenhouse gas potential and venting to the atmosphere shall not
normal operations.

The following are hazards associated with LNG:
vapour dispersion and remote flash fire;
brittle fracture of the steel structure exposed to LNG spills;

frostbite from liquid or cold vapour spills;

© ISO 2015 - All rights reserved
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— asphyxiation from vapour release;

— over-pressure of transfer systems caused by thermal expansion or vaporization of trapped LNG;

NOTE

The thermal expansion coefficient of LNG is high.

— possible RPT (rapid phase transition) caused by LNG spilled into water;

— possible BLEVE of a pressurized tanks subjected to a fire.

NOTE

This hazard is notapplicable to atmospheric LNG tanks, only to pressurized forms of hydrocarbon storage.

5.3 Pot

ential hazardous situations associated with LNG transfer

The plannfing, design, and operation should focus on preventing release of LNG and vapour and‘avoidijng
occupatiohal accidents related to the handling of equipment. The risk and hazards related to the LNG
bunkering are closely linked to the potential rate of release in accidental situations and-factors such as
transfer rates, inventories in hoses and piping, protective systems such as detection systems, ESD, gnd
spill protdction are essential.

5.4 Composition of LNG as a bunker fuel

The specification of the LNG supplied as fuel shall be agreed upon betweéenthe supplier and receiver gnd
documentation shall be supplied.

6 Safety

6.1 Objectives

Safety shalll be the primary objective for the planning;‘design, and operation of facilities for the delivery of
LNG as mdrine fuel taking into consideration simultaneous operations and the interaction with third partjies
The safety of the bunkering operation shall net be compromised by commercial requirements.

6.2 General safety principles

The planning, design, procurement, construction, and operation should be implemented in qualjty,
health, safety, and environmental management systems.

6.3 Approach

The safety targetsfex the operation of the bunkering scenarios shall be demonstrated by meeting the
requireménts as«efined in Clause 8, Clause 9, Clause 10, and Clause 11, and qualified by a risk assessment
as outlinef in.Clause 7.

7 Risk assessment

7.1 General

The development of a bunkering site and facility shall be conducted with high focus on safety for
personnel and normally comprises the following:

— definition of study basis;

— establishing safety distances for the operation;

— performing risk assessment of the operation;

© ISO 2015 - All rights reserved
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— verification that design is in accordance with recognized standards and that agreed safeguards
are implemented.

An assessment of risk to personnel and environment shall be carried out as a part of the development of
the bunkering facility.

The risk assessment shall be carried out in agreement with recognized standards, such as ISO 31010,
ISO 17776, and 1SO 16901.

The main steps in the risk assessment shall be to

a) [ identify what can go wrong (hazard identification),

b) | assess the effect (consequence and impact assessment),

c) | assess the likelihood (frequency assessment), and

d)| decide if the risk tolerable, or identify risk reducing measures.

The risk analysis shall be carried out with a team ensuring an objective afid independent ass¢ssment.

As|a minimum, a qualitative risk assessment shall be carried out as qutlined in 7.2. This is the|minimum
uirement for bunkering installations complying with the defired*standard bunkering scenarios in
Clquse 4 and meeting all requirements in Clause 8 to Clause 11,

For bunkering installations deviating from the standard bufikering scenarios defined in Clauge 4 or not
mgetingall requirements, the qualitative riskassessment shall be supplemented by a detailed agsessment
of the deviations as agreed with the regulator. Normally, this includes a comprehensive quantitative
risk assessment to demonstrate that the overall acceptance criteria are met and that implemented
safeguards compensate for not meeting all requirements. The requirements for the quantitative risk
asgessment are outlined in 7.3. Bunkering with;passengers on board shall be supported by 4 QRA and
algo requires acceptance by all parties.

The schematic approach is illustrated in Figure 3.

© IS0 2015 - All rights reserved 9
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Definition of study basis
Qualitative Risk Assessment
Determine Safety distances

>

Standard scenario?

No simultaneous operation? No

No passengers. [T 7777777T Redefine study basis
QRA completed?

\_ Y, Yes

4 N
Passqngers on board? '\Q‘)
Passgngers boarding/ @ [~ """t TTTToopTToTToTooTomoooos Q
Diserhbarking? (]/

& J .

e N (b :
Passgngers and passenger ﬁ%
movegments accepted by all [~"""""""7"TToTopT oo o T oo oo oo oo m oy )0

\_ parti s? )

g N\

Simujtaneous L _______________l_ ..

\_operdtions? )

N
Are a|l requirements | ________ No rd \,\, >
met? )
%

Yes ,\\(\
A%tional assessment aligned
- §gith regulatory requirement.
}normally detailed and
\O Quantitative risk assessment)

(\\&

Accejpted by C) No Identify additional
permjtting authority? ) —(-5. safeguards

Yes

éO Implement agreed
safeguards
R

Figure 3 — Schematic approach of risk assessment
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7.2 Qualitative risk assessment

7.2.1 Main steps

A qualitative risk assessment for a LNG bunkering site and facility and operation shall, as a minimum,
comprise of the following activities:

a)

b)

‘)
d)

Th
va

definition of study basis and familiarization with the design and planned operati
bunkering facility;

ILLAZIN H

on of the

sk matrix.

ITINLI1L TUVIUVY VV lth thc lJI.ll PUDC Uf 1dcut1f_y ills hClLCll dD aud dootCoo thc l;D}\D LlD;lls [2} l;
The HAZID shall also identify risk reducing measures for all hazards representing mediu
risks. The HAZID should consider accidental spills and consider/identify technical ahd o
safeguards. The HAZID shall also determine maximum credible release scenarips as a ba
determination of the safety zones;

determination of safety zones and security zones (these may later be revised with referend
reporting.

e qualitative risk assessment shall consider all possible bunkering configurations refl
"iety of ships to be bunkered.

7.2.2 Study basis

Th

e basis for the qualitative risk assessment of the bunkering facility shall, as a minimum, c

the following:

a)
b)

A

d)
e)

f)
g)

description and layout of the bunkering installation;

description of other simultaneous activities and stakeholders and third parties in the arg

and relevant operational experience;
description of operations and operational limitations;

organization of the bunkering activities with clear definitions of roles and responsibilit
ship crew and bunkering personnel;

identification of aubthority stakeholders;

acceptance Criteria for the project aligned with authority requirements, in which the r
shown inAfnex A represents example of minimum requirements with respect to risk to |

portantissSues that are not defined in the available documentation shall be recorded as as{

m or high
berational
sis for the

eto QRA);

bcting the

mprise of

a;

description of all systems, components with regard to function, design, and operational pfocedures

jes for the

sk matrix
bersonnel.

umptions

document review, interviews with key personnel;

— by actively involving personnel with key knowledge of the design and operation in the risk workshop

to provide required information.

A summary of the study basis with additional assumptions shall be recorded and incorporated as a part
of the risk assessment report.

©lI
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7.2.3 HAZID

7.2.3.1

General

The HAZID (hazard identification) is the core of the qualitative risk assessment. The HAZID shall be
carried out as a workshop reviewing the possible hazardous events that can occur based on previous
accident experience and judgment. A well-planned and comprehensive HAZID is the critical and
important basis for the risk assessment process.

The HAZID technique is a

— work

onad
— mean
stage
— rapid
7.2.3.2
The HAZI
plans for
involve a {
discipline
a) LNGd
b) mariy
c) bunkq
d) local
e) other
f) famil

fire, and explosion.

The HAZI

7.2.3.3

7.2.3.3.1

The HAZ)
sequenceg

hop meeting with a multi-discipline team using a structured brainstorming technique bas
hecklist of potential HSE issues,

5 of identifying, describing, and assessing HSE hazards and threats at the earliest practica
of a development, and

identification and description process only.

HAZID team

D study is carried out by a team representing different disciplines with knowledge of
the facility and its operation and familiarity with the HAZID process. The HAZID team sh
acilitator supported by experienced representatives from‘different disciplines. The follow
5 shall be represented:

perational experience;

e expertise;

Pring experience;

knowledge;

specialist should be available “on ¢all”;

arity with risk assessment.techniques for LNG facilities including assessment of dispersi

D team shall be selected to ensure objective and independent assessment.
HAZID workshop

Workshop methodology

D warkshop shall systematically review all elements of the system and all operatio

ed

ble

he
all

ng

nal

with the following aims.

— Identify potentially hazardous events.

— Assess these events with regard to consequence and likelihood and rank the risks. The process of
risk ranking is normally performed using a risk matrix (see Annex A).

— Identify and assess potential risk-reducing measures.

— Identify hazards and safeguards that need to be followed up later in the project.

— Identify maximum credible accidental release (i.e. release scenarios that shall be the basis for

defini

tion of the safety zones).

— Identify need for PPE for the personnel involved in the operation.

12
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7.2.3.3.2 Hazardous events

The HAZID shall, as a minimum, consider the following hazardous events:

a) LNGreleases:

b)

c)
d)

:2015(E)

1) failure of QC/DC or ERC equipment;
2) hose orloading arm failure due to the following:
— design flaws;
— wear, tear, and fatigue;
— excessive loads due to dropped objects or collision and impacts from ships|or try
— ships mooring failure;
— unplanned movement of the truck;
3) pressure surge in transfer lines;
4) releases from piping systems;
5) incorrectly planned or performed maintenance;
6) incorrect operational procedures including the follewing:
— cooling down;
— connection;
7) failure to detect releases masked by imist and fog due to cold surfaces;
8) failure to detect releases at low lével due to location of gas and leak detectors;
9) over-filling and over-pressurization of ships bunker tanks (e.g. by flashing, incorrg

10) over-pressure of tramsfer systems caused by thermal expansion or vaporization of tra

11) possible rolloverjnbunker tanks caused by loading LNG of different densities;

rate, or bunkering procedure);

cks;

ct bunker

pped LNG;

ignition sources:

1) electricalhazards;

2) other ignition sources;

3)_‘activities inside the safety zone;

4 —gas dispersion beyord the safety zome;

release of nitrogen, asphyxiation;

events caused by human error.

7.2.3.3.3 Hazardous effects

Hazardous effects following the initial events shall be considered. These shall include the following:

a) fire hazards:

1y

structural failure and escalation due to high temperatures;

© ISO 2015 - All rights reserved
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2) injuries to personnel;

3) damage to equipment;

4) ignition of secondary fires;

5) potential BLEVE of pressurized LNG containment subjected to a fire;
b) possible vapour cloud deflagration/flash fires:

1) damage to equipment and escalation;

2) ingjury to personnel;
3) dpmage to fire-fighting equipment and safeguards;
c) cryogenic hazards:
1) structural failures including brittle fracture of the steel structure exposed.to LNG spills;
2) fijostbite from liquid or cold vapour spills;
d) otherfhazards:
1) apphyxiation;

2) ppssible rapid phase transition caused by LNG spilled intowater.

7.2.3.3.4 | Action plan

The HAZID shall produce a list of hazards, ranked .with respect to consequence and likelihqod
recommendations for risk reducing measures and an.action plan for follow up.

Safeguards to be considered in the HAZID should,(@s a minimum, include the following:

a) training of involved personnel;

b) mainfenance planning;

c) cryogenic spill protection;

d) persopnal protective equipmerit for operators;
e) evacuation plans;

f) fire-fighting equipment;

g) shore|to ship-and ship to ship communication plan;

h) elimilllation or minimization of ignition sources, including the use of isolation elements.

The action plan addresses each recommendation developed along the HAZID meeting and shall be
followed up for its assessment and implementation.

7.2.3.3.5 Workshop records

A typical HAZID workshop is normally recorded with the following:
a) activity ID;

b) function;

c) system failure effect;
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d) consequence category (environment, people, cost, reputation);
e) consequence (ranked according to risk matrix being used);

f) likelihood (ranked according to risk matrix being used);

g) criticality (low, medium, or high);

h) action items identified;

i) comments.

7.2.3.4 Risk matrix

The risk matrix is an effective tool for qualitative risk assessment and screening. It is: n6rmally used in
wdrkshops in support of HAZIDs and FMEA. It can be used to identify hazards-that shall be further
inyestigated in the subsequent quantitative analysis (see 7.3). The results from the detailed analysis in terms
of frequency and consequences can be reported in the matrix. This enables to track and tune thq efficiency
of the risk reducing measures, qualify initial assumptions, and confirm the jnitial scenario ranking.

The risk matrix as shown in Annex A shall be used unless the authorities/operator has agree to select
other risk matrix.

The risk analysis shall primarily be carried out with respect to consequences for people, but
opgrator/authorities can require thatrisk to assets, environment, and reputation shall also be dddressed.

Thi risk matrix should reflect the company, national andinternational regulations and practices.

7.2.4 Determination of safety zones

A dafety zone shall be established around the btinkering station/facilities to control ignition squrces and
engure that only essential personnel and activities are allowed in the area that could be exposed to a
flammable gas in case of an accidental release of LNG or natural gas during bunkering.

The safety zone shall normally be conservatively determined as the predicted distance to LJFL for the
mdximum credible release as defined in the HAZID (refer to 7.2.3).

The release scenario to be considered should be identified in the HAZID reflecting the projeft specific
fadtors such as the following:

— | transfer rates and-inventory in the bunkering facilities;
— | operationalmodes;
— | implemented safeguards;

— | properties of the LNG in the bunkering system (temperature, pressure).

As|an.alternative, a smaller safety zone can be defined based on a risk based assessment.

The safety zone shall not be less than the hazardous areas and/or the minimum distance defined by
authorities from any part of the bunkering installation

Examples of determining safety distances are described in Annex B.

7.2.5 Determination of security zones
A security zone shall be established based on the findings from the HAZID in order to

a) Monitor and control external activities (e.g. ship movements) that can lead to incidents threatening
the operation.
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b) Identify areas where accidental effects for personnel can occur. As a result, this might limit access
for personnel and/or specific actions in the emergency response plan.

7.2.6 Reporting

The HAZID and the qualitative risk assessment shall be documented in a report that, as a minimum,
describes the following:

a) study basis including description of design, operations, and assumptions being made;

b)  descrpionobithevorking srocess ncluding participants in the workshope
c) sumnjary of the identified hazards and the risk assessment;
d) releage scenario to serve as a basis for determination of the safety zone;

e) determined safety distances;

f) definition of the security zones;
g) summnary of follow up actions;

h) detailed records from the workshop.

7.3 Quantitative risk assessment

7.3.1 l“:]:in steps

In cases wihere the bunkering scenario deviates from the standard scenarios defined in Clause 4 or where
all requir¢ments as specified in Clause 8 to Clause 11 cannot be met, deviations should be assessed|as
agreed with authorities. Normally, this requires a comprehensive quantitative risk assessment to

a) confitm safety zones,
b) demopstrate that overall safety targets are met, and
c) evalufpte and select safeguards and risk reducing measures.

Risk is defined in ISO 17776 as the combination of the probability of an event and the consequenceg of
the event.[To be able to demonsthate that numeric acceptance criteria are met, it is necessary to express
the risk inflnumerical terms (i-€) the consequences and their associated probability shall be determingd).

The first part of the risk'assessment is similar to the qualitative risk assessment (i.e. to establish stydy
basis and perform a HAZID to identify and screen potential hazardous situations).

The differlent steps'in the risk assessment are described in ISO 16901. Particular concerns related| to
LNG bunkering'are described in this subclause.

7.3.2 HAZID

Theinitial HAZID as described in 7.2.3 shall be revisited with particular focus on differentiation between
minor events (e.g. leaks with small direct impact but with potential for escalation) and major failures.

Further, the HAZID shall assess the effects of safeguards to arrest escalation and the possible chain of events.

The HAZID report shall include a list of medium and high risk hazard that shall be analysed numerically.

7.3.3 Establish study basis

The study basis as defined in 7.2.2 shall be elaborated.
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The safety acceptance criteria as indicated in the risk matrix shall be expanded to provide guidance
on the limits for acceptability of risk to personnel and numerical acceptance criteria for risk shall be
established for risk to personnel and environment.

The acceptance criteria shall be defined for the project in agreement with regulatory requirements and
be derived from risks normally accepted in the society for first, second, and third-party personnel.

The risk acceptance criteria shall, as a minimum, meet the requirements given in Annex A unless the
owner and/or regulator require other criteria.

In addition, it is recommended that the ALARP principle is adopted. This implies that the risk shall be
redluced to a level which is as low as reasonably practicable and this involves balancing reductfion in risk
against the time, trouble, and difficulty.

compensate for not meeting all functional requirements. Physical barriers shalkbe given mlore credit

ThE study basis shall be specific with regards to additional safeguards that shall be-implemented to
conpared to operational measures.

7.3.4 Quantitative risk assessment

7.3.4.1 General

Th risk arising from the identified hazards shall be analysed with regard to consequence and frequency.
The risk assessment shall be based on normal and accepted gualitative and quantitative risk agsessment
tedhniques as given in ISO 31010, ISO 17776, and 1SO 16901.

7.3.4.2 Consequence modelling

The consequence modelling evaluates the resulting effects if the accidents occur and their fmpact on
personnel, equipment and structures, the environment, or business.

Th consequence assessment shall be carried out using recognized consequence modelling toqls capable
of getermining the impact and effects 6f'the following identified hazards:

—| fire radiation contours;
—| blast pressure contours;
—| dispersion contours:.

These results are conipared to the impact criteria recognized by the authorities and used in gractice by
the industries (eg. fire radiation with or without escape and shelter).

7.3.5 Fréquency analysis

The fréquency analysis estimates how likely it is for the accidents to occur. The frequencies ar¢ based on
equpment counts and frequencies of the different operation combined with experience data forincidents
and component failure. In the absence of experience data, information from comparable operations or
equipment can be used supplemented by theoretical modelling.

7.3.6 Risk assessment

When the frequencies and consequences of each modelled event have been estimated, they shall be
combined to measure the overall risk. Generally, the risk is expressed in the following:

— individual risk: risk experienced by an individual person;
— group (or societal) risk: risk experienced by the whole group of people exposed to the hazard.

Risk and dispersion contours provide guidance for the determination of safety zones and exclusion zones.
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The estimated risk shall be compared with the criteria it is judged with whether the operation meets
the criteria or not and also to assess if risk reducing measures are required. This should encompass
exclusion zones for non-essential crew, passengers, and need for PPE.

7.3.7 QRAreport

Theriskassessment shall be documented and all data, methodologies, and model assumptions shall be listed.

The level of detail in the report shall ensure the following:

a)

b)

The QRA 1

8

8.1 Ger

The funct|
on the asd
facilities 4

Thefuncti
NOTE
checklist fi
8.2 Des
The bunk
of LNG at
a) interf
b)

NOTE
c) trans
d) durat
e) press
f)
g)
h)
i)

tored

studyy
procej

Fund

tank pressure control and baoil off gas management;

uests from operator or authorities;

assumptions, operational safety measures, and key findings can be implemented in operatio
dures, training programs, and emergency plans.

eport shall be submitted to authorities as part of the permitting documentation.

tional requirements for LNG bunkering system

jeral

onal requirements for LNG bunkering facilities and operations have been formulated bas
umption that internationally recognized standards and‘good engineering practices for L
re adopted and met both for the shore and the ship-systems.

A condensed list of all [Fx] (functional requirements) has been included in Annex C as a guide 3
r the planning of the operation and the bunkering scenario.

ign and operation basis

ering system shall be designed and operated to ensure safe delivery of the required quant
h given rate, taking into accotint'the following:

nce between ship and supplier;

Boil off gasg'may or may not be returned to the supplier.
fer rate;
on of the operation;

1fesand temperature in bunkering facilities;

nal

ed
NG

pnalrequirementsare numbered as [Fx] in this Technical Specification for easy cross-referencing.

nd

ity

acceptable safety zones and possible limitations in port activities;

regulatory requirements;

environmental conditions;

activities on board the bunkered vessel.

These factors shall be documented by the developer to serve as a basis for the design and operation and
as part of the documentation for the permitting process.

The bunkering operations shall be conducted under the control of a recognized safety management
system as a minimum.

18
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8.3 Compatibility between supplier and ship

[F1] The compatibility between supplier and ship shall be checked and documented prior to bunkering
operations. This check shall address the following:

a)
b)

)

agreement on quantity and properties of supplied LNG (see Annex D and Annex E);

safe and effective mooring/immobilising of the trucks;

compatibility of ESD and communication systems;

d)
e)
f)
g)
h)
i)

Th

8.

compatibility of manitold [langes (see ANnex I J;
operational envelope;

compatibility of hazard zoning and ventilation;

spill protection systems;

compatibility of safety management systems;
compatibility of communication procedures and protocols.

compatibility check shall be signed off by both parties prior t¢'the operation [see 8.5.2 h}

Prevention of releases of LNG or natural gas to.the atmosphere

The system shall be designed and operated to preventirelease of LNG or natural gas. This ¢
harardous situations that can threaten the safety oflife, property, or environment. Further, t|
shall be designed such that the release due to accidents or abnormal conditions is minimized

[F2] The system is arranged so that the system can be commissioned, decommissioned, and

(p
thd

In

rged and inerted) without release of LNG,or natural gas to the atmosphere. Operating proc
se operations shall be established.

3] LNG transfer shall be carried out'in closed systems where the components are connecte

ted before LNG transfer is started.

.5 Safety

.3.1 General

brder to ensuyethat the bunkering operation can be conducted in a safe way, the following

requirementsiin‘Clause 8 shall be met. These requirements form three layers of defence as fo

a)

Requirements for operations, systems, and components aiming at prevention of acciden
ndtural gas releases that could develop into hazardous situations.

an lead to
he system

operated
edures for

1 and leak

minimum
lows.

tal LNG or

b)

c)

Requirenentsto contaimand comrot trazardous situations i case thiatarelease occursa
prevent/minimize the harmful effects.

d thereby

Establish emergency preparedness procedures and plans to minimize consequences and harmful

effects in situations that are not contained by the second layer of defence.

8.5.2 Functional requirements to reduce risk of accidental release of LNG and natural gas

The functional requirements to reduce the risk of accidental release of LNG and natural gas include
the following:

a)

[F4] The design shall reflect operating temperature and pressure and shall be in accordance with

recognized standards.

© ISO 2015 - All rights reserved
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f)

g)

h)

j)

20

[F5] The design shall reflect the required operational envelope (motions, weather, and visibility).

[F6] The transfer system shall be capable of being drained, de-pressurized, and inerted before
connections and disconnections are made.

[F7] The bunkering transfer system shall be designed to avoid liquid lock (trapped liquids).

[F8] Operating procedures shall be established and documented to define the bunkering process
and ensure that components and systems are operated in a safe way within their design parameters
during all operational phases, such as the following:

1) pfeparations for bunkering;
2) upe of personal protective equipment (PPE);

3) njonitoring and control of ship traffic and other activities within the security zone that ¢an
fluence the bunkering process, which shall be aligned with regulatory requirements;

ot
—

4)

(€%

uipment and procedures for safe mooring;

5) connection and inerting/purging;

6) ayoid the release of inert gas to minimize the risk for asphyxiatioh;
7) c¢ol down/testing;

8) njonitoring of the operation;

9) tiansfer;

10) tgpping up and shutdown;

11) dfaining/purging/inerting;

12) djsconnect;

13) storage and handling of components:

[FI] All systems and components:shall be operated, maintained, and tested according to the vendor
reconimendation, as a minimury, to maintain their integrity.

[F10])An organizational planshall be prepared and implemented in operational plans and reflecfed
in quglification requiremyents. The plan shall describe the following:

1) ofganization;
2) roles and responsibilities for the ship crew and bunkering personnel;

3) communication lines and language for communication.

[F]_]_] Opéerating prnrpdnrpc shall include a checklist tao be rnmplpfnd and cignpd hy both parties
prior to the commencement of bunkering (see Annex D).

[F12] Emergency equipment and personnel shall be mobilized in accordance with the emergency
response plan described in 8.5.4.

[F13] Operating procedures shall not be applied as an alternative to a particular fitting, material, or
item of equipment.
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8.5.3 Requirements to contain hazardous situations

In cases that a hazardous situation occurs, appropriate safeguards shall be implemented in order to
detect that a release has occurred, to reduce immediate consequences, and to prevent escalation. These
safeguards vary, but shall at least comprise of the following.

a)

b)

d)

)

g)

h)

[F14] Prevention of ignition of potential LNG or natural gas releases. This is accomplished by
elimination of ignition sources in classified areas and by controlling activities in the safety zone for
the bunkering operation.

[F15] Elimination of the potential spark or high currents from static or galvanic cells when the

bunkering system is connected or disconnected (see API 2003).

[F16] Effective detection of release of LNG and natural gas. Selection of sensors andsensors location
should consider possible presence of mist and fog that can mask the leak.

[F17] The transfer operation shall be capable of being stopped safely and effectively withqut release
of liquid or vapour, either manually or automatically, by an ESD signal. The ESD signdgl shall be
transmitted both to the ship and to the supplier to ensure that appropriate actions are taken both
on the bunkering system, as well as on the receiving ship. The ESD-system shall be appr¢priate for
the size and type of facility and shall be activated by some or all 6fthe following:

1) gas detection;

2) leak detection;

3) fire detection;

4) manual activation from ship and facility;
5) ship drift/movement of supply vehicle;
6) power failure;

7) highlevel in receiving tank;

8) abnormal pressure in transfer system.

[F18] The transfer system)shall be capable of being disconnected rapidly to minimize damage to the
transfer system in case of ships drifting or vehicle movement. Therefore, the transfer system shall
be equipped with an ERS (emergency release system) or breakaway coupling or similar protective
device. These should be designed to prevent damage to the components, spark generpation, and
minimum release of LNG, if activated. The ERS may be linked to the ESD system where this may be
referred toas*ESD 2.

[F19] The release of LNG or cold vapour should not lead to an escalation due to brittle fractures of
steel structure. Arrangements shall be installed as required on bunkering facilities to dollect and
contain spills and thermal insulation or water sprays to protect structure. The ships pbunkering
station shall be protected against cryogenic spills according to the IGF code.

[F20] Personnel shall use PPE (personnel protective equipment) as appropriate for the operations.
The need for PPE shall be addressed as part of the HAZID (see 7.2.3).

[F21] A safety zone shall be implemented around the bunkering operation into which only essential
personnel shall have access (see Annex B).

[F22] A security zone shall be established around the bunkering facility based on the risk assessment
and aligned with authority requirements. Activities in this area shall be monitored and controlled
to reduce possible ignition sources and avoid collisions, impacts, or other harmful effects on the
bunkering operation.
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8.5.4 Emergency preparedness

[F23] A contingency plan shall be in place outlining the requirements for the following:
a) evacuation of personnel and third parties;

b) mobilising fire-fighting;

c) mobilising first aid, hospitals, and ambulances;

d) communication to authorities and third parties.

[F24] Copies of the plan shall be communicated to all parties involved in the bunkering operat
including [the planned emergency response team and be part of the training program. This should
practiced pt regular intervals both as “table top” and practical exercises. Key information from this p
related tolaccess, evacuation, and ignition minimization shall be communicated.

9 Requirements to components and systems

9.1 General

All systenys and components shall be designed, manufactured, tested, andinstalled in accordance wit]
recognized standard and applicable national regulations and should bedn accordance with a recogniz
quality management system.

Table 1 anjd Table 2 give an overview of relevant standards.

In the abspnce of recognized standard, a recognized qualification program shall be adopted.
A quality management system should be applied to the’following phases:
a) organlization;

b) desigh and procurement;

c) equipment, shop manufacture;
d) equipment, storage and transpart;
e) constfuction.

A specific|quality control pregramme including inspection and tests as outlined in 9.2 shall be set ug
monitor the quality throughout the different phases of the design, fabrication, and construction.

9.2 Avdilable standards for relevant components

General sfandards for materials and components for LNG service are given in ISO/DIS 16904 3

on
be
an

h a
ed

to

nd

ISO 28921. Specific standards for components and systems are given below.

Table 1 gives an overview of applicable standards to components of LNG bunkering transfer system

related to onshore installations. Equivalent standards may be used.
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Table 1 — Applicable standards to components of LNG bunkering transfer system related to
onshore installations

Component

Function

Design

Qualification
test

Tests

Coupling

F3 to F8

Connection to ship’s
manifold

EN 1474-1,
Clause 6

EN 1474-1,8.2.3

EN 1474-1,8.4.4

Hoses

F2

Transfer of LNG and
natural gas

Offshore stand-
ards can be used
for guidance

Seea

(EN 1474-2)

EN 12434

BS 4089

Swivel joints

F2

Product line articulation

EN 1474-1, 4.3

New design qual-
ification

EN 147#-1, 8.4.1

Befaring

F2

Articulation of support
structure

ISO 28460:—
EN 1474-1, 4.4

ISO 284.60:—
EN 1474-1

EN 147#-1, 8.4.2

ERS

F17

Emergency disconnect

ISO 28460:—
EN 1474-1,5.5.2

1S6-28460:—
EN 1474-1,8.2.2

EN 1474-1,8.4.3

Brgakaway cou-
pling

F17

Emergency disconnect

EN 1474-1, 5:5.2

EN 1474-1,8.2.2

EN 147#-1, 8.4.3

Lopding arms

F2

Loading system

[SO 28460:—
EN,1474-1,
Clause 4

N/A

ISO 28460:—
EN 1471-1, 8.4.7

Transfer system

F2,F3,

F4, F8,

F9, F17,
F18

LNG bunkering loading
solution

1SO 28460

EN 1160

EN 1474-1

OCIMF Moor-
ing Equipment
Guidelines

IEC 60079

IGF Code

NFPA 70

NFPA 58

NFPA 59A

EN 13645

AP12003

ISO/TS 16901

EN 1474-3

ISO 28460:—
EN 147#-1

a | Eor hoses intended to be used in multiple LNG transfer configurations, due to the variety of the receiving ships for

exampte; thecritertaapptied-for theirquatificatiomraccording to EN-1#74=2shatt bedetermmimed o thebaseof an agreed
envelope to be defined between the manufacturer, the owner, and the qualification body. These criteria shall be defined prior
to the official qualification testing campaign is started and the qualification will be valid for the configurations covered by
the agreed envelope only.

Table 2 gives an overview of applicable standards to components of LNG bunkering transfer system
related to side-by-side installations. Equivalent standards may be used.
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Table 2 — Applicable standards to components of LNG bunkering transfer system related to
side by side installations

Component Function Design Qualification Tests
test

Coupling F3 to F8 |Connection to ship’s EN 1474-3,6.9
manifold

Hoses F2 Transfer of LNG and EN 1474-2 Seea
natural gas

EN-12434

BS 4089
Swivel joifts F2 Product line articulation |EN 1474-3, 6.8 New design qual- |EN 147411,8.4.1
ification
Bearing F2 Articulation of support |EN 1474-3, 6.8 [SO 28460:— EN1474-1,8.4.2
structure EN 1474-1

ERS F17 Emergency disconnect EN 1474-3,6.9 ISO 28460:— EN 1474-1,8.4.8
and 7.5 EN 1474-1,8.2.2

Breakaway cou- |[F17 Emergency disconnect EN 1474-3,6.9 EN 1474<1,8.2.2 |EN 1474-1, 8.4.8
pling
Loading afms F2 Loading system EN 1474-3, EN 1474-3, ISO 28460:—

Clause 6 and Clause 5 EN 1474-1,8.4.%
Clause 8

Transfer system |F2,F3, LNG bunkering loading |EN 1474-3, EN 1474-3, ISO 28460:—
F4, F8, solution Clause 6 and Clause 5 EN 1474-1
F9, F17, Clause8

F18 15028460
BN 1160
EN 1474-1

OCIMF Moor-
ing Equipment
Guidelines

IEC 60079
IGC\IGF Code
NFPA 70
NFPA 58
NFPA 59A

EN 13645
AP12003
ISO/TS 16901
IEC 60092-502

a  For hoses intended to be used in multiple LNG transfer configurations, due to the variety of the receiving ships for
example, the criteria applied for their qualification according to EN 1474-2 shall be determined on the base of an agreed
envelope to be defined between the manufacturer, the owner, and the qualification body. These criteria shall be defined
prior to the official qualification testing campaign is started and the qualification shall be valid for the configurations
covered by the agreed envelope only.

9.3 Presentation flange and connection

The bunkering system shall be designed to connect to a standard ANSI flange on which a counterpart
coupler or spool piece can be fitted.
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The location of the rapid disconnection device [break away couplings, ERS, or similar device(s)] shall not
cause damage to the ship or bunkering facility.

Examples are shown in Annex F and Annex G.

10 Training

All personnel involved in LNG bunkering operations shall be adequately trained. Such training shall be
appropriate for the purpose and a record of training shall be maintained.

Trqining shall be structured in accordance with written programmes, including such methods and
mdgdia of delivery, procedures, assessment, and course material as are necessary to achieve.the required
stgndard of competence.
Trqining schemes should be independently verified at least every five years to cehfirm that|they fulfil
the¢ requirements set out below. Training, according to other recognized standards, may b¢ taken as
eqhivalent to those outlined here as long as they fulfil the minimum requirements below.
Training shall be conducted by persons appropriately qualified and experienced.
If fraining or assessment is being carried out in the workplace, this“shall only be permitted if such
trdining or assessment does not adversely affect normal operatiomand time and attention can be safely
deflicated to training or assessment.
Trqining for all personnel involved in the bunker operation shall, as a minimum, cover the following:
a) | properties and hazards of LNG relevant to the LNG bunkering operations;
b) | potential effects of mixing LNG with different properties;
c) | risk reducing measures;
d)| international or national regulations and guidelines regarding LNG fuel transfer operatiqgns;
e) | firstaid specific to frost-bite and;asphyxiation;
f) | safe operation of LNG fuel transfer equipment;
g) | procedures to be followed during normal LNG bunkering operations:

1) pre-transfer procedures, tests, and checks;

2) safe connection procedure;

3) checksand procedures during LNG bunkering operations;

4) safe disconnection procedure;

5) LNG fuel quantity and properties confirmation;

6) management of operations other than LNG fuel transfer that can occur simultaneously with

that transfer;

7) routine maintenance and testing procedures;

8) all other procedures applied for the specific operation;
h) understanding of non-standard operations and emergencies during LNG bunkering operations w.r.t.

recognition of different types of incidents and specific actions for each type of incident:

1y

immediate action to be taken in response to emergency situations that can occur during LNG
fuel transfer operations including liquid and/or vapour leakage, fire, or emergency breakaway;
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2) management of vapour and/or liquid leaks to minimize risk to personnel and assets due to
cryogenic temperatures and flammable atmospheres;

3) emergency response plans.

11 Requirements for documentation

11.1 General

he

The goal g
bunkering

11.2 Con

able to sarlely operate and maintain the bunkering facility.
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facility (as defined in Clause 1) from design through to operation and maintenance.

npliance statements

iance of design and installation of components/systems with applicable standards shall
ed by certificate and/or qualification records.

ign, fabrication, and commissioning documentation

n, fabrication, and commissioning of the bunkering facility shall be documented in order to

um, design and testing documentation for the bunkeringfacility should capture the followi

n basis consisting of criteria, parameters, assumptions, and specifications associated w|
bmponents, materials, joining, fabrication, testifig, commissioning, and protection of
ering facility;

 philosophy for the bunkering facility and its-integration with those of the LNG supply facil
pceiving ship;

ctions and procedures prepared (for the procurement, fabrication, installation, testi
issioning, operation, and maintehahce of the bunkering facility;

ksessments undertaken duking the design phase.

hum, fabrication documentation for the bunkering facility should capture the following:
Lions under which thefabrication was performed;

C process and practices followed;

ated testing(of materials, joining, integrity, etc).

hum, eommissioning documentation for the bunkering facility should capture the followin
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b) safety
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d) riska
At a minin
a) condi
b) QA/Q
c) assoc
At a minin
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fiofis under which the commissioning was performed;

b) QA/QC process and practices followed;

c) resultsofthecommissioningprocessand procedureand theiralignmentwithspecifiedrequirements,
specifications, parameters, and criteria.

11.4 Operational documentation

Documentation covering the operation of bunkering systems shall be prepared by the responsible
parties. Such documentation shall be kept current and readily accessible to operating and maintenance
personnel requiring them.
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Bunkering facilities shall be operated in accordance with documented procedures that meet the
requirements of applicable codes and regulations. The operators of the LNG supply facility and receiving ship
shall incorporate into their respective operational plans practices and procedures for the safe and reliable
operation of the bunkering facility. At a minimum, this operational plan should document the following:

a) how the bunkering facility is to be operated within its design parameter;

b) how the operation of the bunkering facility is integrated with the operation of the LNG supply facility
and the receiving ship, and within the limits of the component and/or system as documented by the
manufacturers;

¢) [ whatoperational records are necessary in order to be able to demonstrate the proper administration
of operational plans;

d)| procedures and checklists for safe connection before start of transfer;
e) | procedures and checklists for safe disconnection and completion;

f) | emergency response plan.

11.5 Maintenance documentation

Dofcumentation covering the maintenance of bunkering systems shall be prepared. Such documentation
shall be kept current and readily accessible to relevant parties:

Bunkering facilities shall be maintained in accordanceswith documented procedures thatf meet the
re(ruirements ofapplicable codes and regulations. The operator of the bunkering facility shall incorporate
mdintenance practices and procedures into its majrtenance plans for the LNG supply faciljty for the
continued safe and reliable operation of the bunkering facility. The maintenance plans for the bunkering
fadility should document the following:

a) | maintenance activities that are to be-performed on the bunkering facility in order to meet the
requirements of applicable codes, standards, and manufacturer’s recommendations;

b) | whatmaintenancerecordsarepecessaryinordertobeabletodemonstratethe properadministration
of maintenance plans.

11.6 Emergency response’documentation

Referring to functionatrequirement [F23], the operator of a LNG supply facility shall establish gmergency
regponse documengation that includes the following, at a minimum:

D

a) | procedures/for the safe control, shutdown, or ESD of the bunkering facility in the eyent of an
emergency at the LNG supply facility on the receiving ship or with the bunkering facility;

b) | how-the safe control, shutdown, or ESD of the bunkering facility in the event of an emgrgency is
integrated with the operator’s overall emergency response documentation for the LNG sup;rly facility.

The operator of a receiving ship shall establish emergency response documentation that includes, at
a minimum, how the safe control, shutdown, or ESD of the bunkering facility is integrated with the
operator’s overall emergency response documentation for the receiving ship in the event of an emergency.

11.7 Training documentation

The operator of the LNG bunkering facility and the receiving ship shall provide appropriate training
of personnel who are responsible for the operation, maintenance, safety, and emergency response
associated with the bunkering facility to ensure that such personnel are adequately knowledgeable of
such matters. Documentation of the provided training and qualification of personnel shall be prepared
and retained.
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11.8 Delivery documentation of LNG properties and quantity

The supplier shall be prepared to provide documentation describing the properties and quantity of L
fuel to be transferred (see Annex D and Annex E).

Such documentation shall include the following:

a) method used to determine the properties and quantity of the LNG transferred;

NG

b) certification associated with the measurement equipment or methodology used to determine

transfer properties and quantity of LNG.

11.9 Retention of documentation

All techrlical, engineering, operational, maintenance, and documentation associated)with
requireménts of Clause 10 shall be prepared and retained for the life of the bunkering fagility or long
as appropriate. Other documentation, such as business transactional documents, is to.be retained fqg
period determined by the operators of the LNG supply facility and the receiving ship. Bunkering no
[i.e. docurhents showing amount and composition of transferred LNG (see AnnexD'and Annex E)] sho
be kept fof three years.

he
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Annex A
(normative)

Risk acceptance criteria

:2015(E)

Risk acceptance criteria for qualitative risk assessment are normally presented as a risk matrix.
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Reprod@ n of ISO 17776:2000, Table A.1.
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Figure A.1 — Example of a risk matrix

L risk matrix as shown in Figure A.1 shall be used unless the authorities/operator ,l@'ve selected
pther risk matrix. (,19
e risk analysis shall primarily be carried out with respect to consequerqsb'for people, but
brator/authorities can require thatrisk to assets, environment and reputatio also be gddressed.
N
Consequence Increasin ob‘ability
Severity People Assets Environ- Reputation A B \J C D
rating ment ('\\
Has occurred @v Occurred Occyrred
in E&P &'\cu red several timesa | several fimes a
industry In-operating year in year in |ocation
Q company operating
Vo) company
0 Zero injury | Zero damage | Zero effect Zero impact 0\ >
1 Slight Slight Slight effect | Slight impact Q:hanage for continued
injury damage X improvement
2 Minor Minor Minor effect | Limited inﬁct
injury damage RN\
3 Major Local Local effect }\derable
injury damage Ly impact
4 Single Major Major e@.Major national Incorporate
fatality damage C)\ impact risk -reducing
c measures
5 Multiple Extensive Massive Major
fatalities dam@O effect international
impact
O 3

ed to

l@s?f)tance criteria shall be defined when a quantitative risk assessment (QRA) is requir

meet authority requirements,
assess the acceptance of non-standard scenarios, and

assess deviations from the functional requirements.

The selected riskacceptance criteria shall be in agreement with requirements of the permitting authority.

Risk acceptance criteria for quantitative risk assessment of risk to personnel are normally expressed as
individual risk (IR) for the different groups of personnel exposed to the risk.

Examples of risk acceptance criteria being used by authorities (e.g. in UK, Netherlands, Australia)
adopting a risk based approach are summarized in Table A.1.
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Table A.1 — Examples of risk acceptance criteria

Acceptance criteria

Comment

Individual risk first party personnel

IR<10-5

Applies to crew and bunkering
personnel directly involved in the
activity.

Individual risk second party
personnel

IR <5:10-6

Port personnel and terminal
personnel.

Individual risk third-party
personne] with intermittentrisk

Risk contour for IR < 5-:10-6

Third-party personnel should not

have access for nrolonged period
r (=] r

exposure

Individualfrisk third-party
personnelfwith prolonged risk
exposure

Risk contour for IR < 10-6

General public without involvement
in the activity.

No residential areasyséhools,
hospitals, etc. insidethis risk con-
tour.
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Annex B
(informative)

Determination of safety zones

afety zone is required to be established around the bunkering station/facilities to,€nsurg
ential personnel and activities are allowed in the area that could be exposed toa‘flamm3
e of an accidental release of LNG or natural gas during bunkering. This Annex-provides gu
determination of safety zone.

2015(E)

that only
ble gas in
idance on

Th safety zone will normally be inside the security zone and encompasgs hazardous areas dlefined by
[EC 60079-10-1 or other relevant regulations. Figure B.1 illustrates the relative location of fthe safety

zohe and the hazardous areas related to the bunkering facility.

Hazardous srea

Safely Zonhe

©lI

Figure B.1 — Example of possible location of hazardous area and safety zone
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The security zone where ship traffic and other activities should be monitored during bunkering
will always be larger than the safety zone. Physical barriers preventing other ships to approach the
bunkering (e.g. like breakwaters) can be reflected in the definition of the security zone as is illustrated

in Figure B.2.
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| Physical barrier ' Security Zone
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1
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Figure B.2 — Example of plot plan showing seelirity zones, safety zones, and hazardous area

The extenft of the safety zone can be determinéd by the following:
a) deterministic approach calculating thedistance to LFL based on a maximum credible release;
b) risk-based approach.

The deterministic approach is’based on a calculation of the distance to LFL for a maximum crediple
release cTservatively definédjas part of the HAZID.

If the prolpabilistic appréach is used, this will normally result in a smaller safety zone compared to the
distance to LFL for thedniaximum credible release. In such cases, the emergency response plan need to
address s¢enarioshere flammable gas might occur outside the safety zone.

Further, the safety distance shall never be zero and the safety zone shall never be less than the minimpim
distance gsdefined by national authorities and marine requirements for the receiving ship.

B.2 Deterministic assessment of the safety zone

The safety zone is defined as the area within the distance to LFL as determined by a recognized and
validated dispersion model for the maximum credible release as defined as part of the HAZID.

The maximum credible release shall reflect the characteristics of the bunkering facility (dimensions,
capacity, temperature, and pressure), as well as the safeguards that are implemented.

It should be recognized that the released gas will be cold and will be spread by gravity at ground level
and that physical barriers like ship hulls or buildings will hinder the dispersion of the cloud, but also
that gas might enter into safe areas through ventilation openings, doors, etc.

32 © IS0 2015 - All rights reserved


https://standardsiso.com/api/?name=1c393c4af5576e6d24616398b1468cc3

ISO/TS 18683:2015(E)

Examples of maximum credible releases are given below:
a) Release of the trapped inventory in the bunkering transfer line

A worst case scenario for a bunkering facility can be defined as the rupture of the bunkering line due to
drift off of the ship due to a collision or a mooring failure. The determination of the maximum credible
release in this example is based on the following arguments:

— collisions or loss of mooring is normally pre-warned and it is realistic to assume that ESD have
been activated;

— [ ERS or break away couplings will be installed but it is assumed that one fails. For installafions with
multiple transfer lines, it is therefore assumed that the inventory in one line is reledsed| while the
others will be protected by the ERS/Break away coupling.

Baped on these assumptions, the release amountis determined as the inventory betweéenthe two ESD valves.

Figure B.3 shows the distance to LFL as a function of atmospheric LNG.

Uncontained Release of Trapped-Volume (m?)
250 v . - . - — . ... L. - —
20 H—+—1—1+—11111111 1 O N N A :,_:,_.__________ .—1'_":-:,___-:'_-__
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Figure B.3 — Distance to LFL as a function of the release volume

b) Release of LNG through a broken instrument connection

The maximum credible release is defined as a broken instrument connection. Such scenarios can occur
without automatic detection and is conservatively represented by a continuous release through a 25 mm
hole. ESD is not activated and the pressure inside the transfer system is maintained by the cargo pumps.

The distance to LFL as a function of the system pressure is shown in Figure B.4.
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k-based approach

safety zone may be accepted provided that it can bé‘demonstrated by the QRA that 1|
e criteria can be met for first, second, and third-party personnel.

isk assessment should address all release scenarios as identified in the HAZID and refl
ted (or conservative failure data).

sk assessment can recognize implemerted, “hard-wired” safeguards based on conservat|

assqutions.

odelling of the release and dispérsion need to take into account the following:

ble size reflecting the installed equipment and validated failure data;

If validated failure datd is not available, conservative assumptions has to be made.

itflow conditions;

raporation/fldashing of LNG reflecting LNG properties and heat transfer from ground/wate
bavy gasqispersion;

eathér/wind conditions;

f) p

isk

ect

ive

3

operties of the LNG, reflecting release conditions.

Ignition probabilities shall reflect installations and operations and be applied with reference to
[EC 600079-10 for the following:

a) hazardous areas (Zone 1 or Zone 2);

b) inside the safety zone (Zone 2);

c) outside the safety zone.

The risk assessment shall normally assume that the following:

a) first party personnel (crew and bunkering personnel) are continuously present in the safety
zone during bunkering;
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b) second party personnel (port and terminal operator, other ship crew) are continuously present
directly outside the safety zone during bunkering;

¢) third-party personnel (passengers and other persons visiting the site) can be present, but will
not be continuously exposed to the risk;

d) third-party personnel continuously present (residential areas, schools hospitals) will be outside
the risk contour for third-party acceptance.

— The risk assessment shall assess all hazard scenarios identified in the HAZID and, as a minimum,
assess flash fires, jet fires, pool fires.

—| The impact on personnel shall primarily assess the initial events. Escalating events will lLe delayed
and the impact should consider the efficiency of evacuation and emergency preparedness.

—| The risk assessment should consider the risk exposure for first, second, and third-party personnel.

If the risk is acceptable in accordance with the acceptance criteria (as agreed with authorities), the
smaller safety zone is acceptable.
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Annex C
(informative)

Functional requirements

The functional requirements can be met in different ways. The complexity of the selected solutions

which shduld be agreed with authorities should reflect the following:
— complexity of the operations;

— equipment installed;

— organlization of the bunkering team;

— other|activities in the area.

For a smalll scale truck-to-ship operation with a bunkering crew comprising-the truck driver and gne

cargo offiger, the key issues are different compared to a complex and instrumented operation.

phasest

Functiopal Short description Status
requirement

F1 Compatibility check between supplier and ship.

F2 Can the system be commissioned and operated (purged and inerted) with-
out release of LNG or natural gas to the atmosphere?

F3 Is the system closed and leak tested priorto*bunkering?

F4 Design should reflect operating temperature and pressure and be in
accordance with recognized standatds.

F5 The design shall reflect the required operational envelope (motions,
weather, visibility).

F6 The transfer system shallbe capable of being drained, de-pressurized, and
inerted before connegtions and disconnections are made.

F7 The bunkering transfer system shall be designed to avoid trapped liquid.

F8 Operating procedures shall be established and documented to define the

bunkering process and to ensure that components and systems are oper-
ated in agafe’'way within their design parameters during all operational

For tyuck loading, the procedures will normally be defined for the truck
operation but need to be aligned to specific ship requirements.

F9 All systems and components shall be maintained and tested according to,
as a minimum, vendor recommendation to maintain their integrity.

plans and reflected in qualification requirements.

F10 An organizational plan shall be prepared and implemented in operational

as a bunkering permit as required by authorities).

F11 Operating procedures shall include a checklist to be completed and signed
by both parties prior to the commencement of bunkering (this may serve

with the emergency response plan.

F12 Emergency equipment and personnel shall be mobilized in accordance

fitting, material, or item of equipment.

F13 Operating procedures shall not be applied as an alternative to a particular

36
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Functional
requirement

Short description

Status

F14

Minimize the likelihood of igniting potential LNG releases. This is accom-
plished by elimination of ignition sources in classified areas and by con-
trolling activities in the proximity of the bunkering operation. No smoking
signs.

F15

Elimination of the potential spark or high currents from static or galvanic
cells when the bunkering system is connected or disconnected.

F16

Effective detection of release of LNG and natural gas. Selection of sensors

ATd SENSOTS tocation SHoud CONSIAeT posSibie Presence of ISt and fog
that might mask the leak.

Manual detection may be accepted for continuously monitored short dura-
tion operations Manual detection in areas where water mist can occur
shall not be accepted

F1f7

The transfer operation shall be capable of being stopped safely and effec-
tively without release of liquid or vapour, either manually or by art.ESD
signal

F1B

The transfer system shall be provided with an ERS (emergency release
system) or breakaway coupling, to minimise damage to,thetransfer sys-
tem in case of ships drift or vehicle movement. This sheuld be designed for
minimum release of LNG if activated. The ERS mayde linked to the ESD
system (where this may be referred to as ESD 2)

F1P

The release of LNG or cold vapour should notlead to an escalation due to
brittle fractures of steel structure.

F20

Personnel shall use PPE (personnel protective equipment) as appropriate
for the operations.

F21

A safety zone shall be implement€d;around the bunkering operation into
which only essential personnel-shall have access.

F22

Activities in the area adjacent to the bunkering operation shall be con-
trolled to reduce possible ignition sources.

F2

w

Contingency plan shallbe in place.

F2

=

Copies of the plan'shall be communicated to all parties involved in the
bunkering opération including the planned emergency response team and
be part of thejtraining program. This should be practiced at regular inter-
vals bothas'“table top” and practical exercises.
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Annex D
(informative)

Sample ship supplier checklist

LNG bunkering truck/ship, shore /ship, and ship/ship safety check-list

Receiving Vessel’s Name

LNG Trudk Id (if applicable)

Bunker Viessel Name (if applicable)
Bunker Barge Name (if applicable)
Bunker Terminal Name (if applicable)
Date Time

Bunkers to be transferred

Volume Temperature Pressure Transfer rate

Tanks to pe loaded

Tank No. Volume of tank |Allowable filling{ Volume in tank Available Volume to b¢
@X% level at actual()| before loading volume loaded
LNG
Temperature
and Pressure

(IGF)

Checks prior to berthing/internal transfer

Operational check Ship Supplier Code Remarks
(See
legend
below)
Compatibility of hazardous zones when barge P Hazardous zone overlap
will come alongside completed by competent onto vessels studied for
authority. compatibility for barge
to vessel prior coming
alongside
The barge and/or truck have the permission to P
carry out the LNG bunker operation.
The truck is securely parked with truck stops (if A
applicable).

38 © IS0 2015 - All rights reserved



https://standardsiso.com/api/?name=1c393c4af5576e6d24616398b1468cc3

	Foreword
	Introduction
	1	Scope
	2	Normative references
	3	Terms, definitions, and abbreviated terms
	3.1	Terms and definitions
	3.2	Abbreviated terms
	4	Bunkering scenarios
	5	Properties and behaviour of LNG
	5.1	General
	5.2	Description and hazards of LNG
	5.3	Potential hazardous situations associated with LNG transfer
	5.4	Composition of LNG as a bunker fuel
	6	Safety
	6.1	Objectives
	6.2	General safety principles
	6.3	Approach
	7	Risk assessment
	7.1	General
	7.2	Qualitative risk assessment
	7.2.1	Main steps
	7.2.2	Study basis
	7.2.3	HAZID
	7.2.4	Determination of safety zones
	7.2.5	Determination of security zones
	7.2.6	Reporting
	7.3	Quantitative risk assessment
	7.3.1	Main steps
	7.3.2	HAZID
	7.3.3	Establish study basis
	7.3.4	Quantitative risk assessment
	7.3.5	Frequency analysis
	7.3.6	Risk assessment
	7.3.7	QRA report
	8	Functional requirements for LNG bunkering system
	8.1	General
	8.2	Design and operation basis
	8.3	Compatibility between supplier and ship
	8.4	Prevention of releases of LNG or natural gas to the atmosphere
	8.5	Safety
	8.5.1	General
	8.5.2	Functional requirements to reduce risk of accidental release of LNG and natural gas
	8.5.3	Requirements to contain hazardous situations
	8.5.4	Emergency preparedness
	9	Requirements to components and systems
	9.1	General
	9.2	Available standards for relevant components
	9.3	Presentation flange and connection
	10	Training
	11	Requirements for documentation
	11.1	General
	11.2	Compliance statements
	11.3	Design, fabrication, and commissioning documentation
	11.4	Operational documentation
	11.5	Maintenance documentation
	11.6	Emergency response documentation
	11.7	Training documentation
	11.8	Delivery documentation of LNG properties and quantity
	11.9	Retention of documentation
	Annex A
(normative)

Risk acceptance criteria
	Annex B
(informative)

Determination of safety zones
	Annex C
(informative)

Functional requirements
	Annex D
(informative)

Sample ship supplier checklist
	Annex E
(informative)

Sample LNG delivery note
	Annex F
(informative)

Arrangement and types of presenting connection
	Annex G
(informative)

Dry disconnect coupling
	Bibliography

