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SECTION 1  INTRODUCTION

1.1  Objective
Liquefied natural gas (LNG) has proved to be a viable option as a fuel for ships. A key difference
to traditional marine fuels are the low flashpoint and the cryogenic temperature and also that the
supply of LNG is not carried out on a routine basis widely yet. It is also important to understand
the different behaviour and risks of operating with LNG as opposed to conventional fuel to ensure
and maintain safety for people and the environment. 

The overall objective of this recommended practice (RP) is to establish guidelines and
recommendations required to protect the safety of people and the environment during the
development and operations of LNG bunker facilities. It is further the objective that this
document shall increase the overall understanding of the risks associated with LNG bunkering
and demonstrate how to best manage these risks.

1.2  Purpose of this recommended practice
The purpose of this RP is to provide guidance to the industry to ensure safe operation of LNG
bunkering facilities. This requires guidance within the three main elements for safe development
and operations of LNG bunker facilities:

a) Safe design and operation.

b) Safety Management System.

c) Risk Assessment.

These three main elements are explicitly addressed in the ISO “Guideline for systems and
installations for supply of LNG as fuel to ships” /1/. The ISO guideline has been used as a basis
for the contents and discussion points of this RP.

The common ground is international laws and standards. These regulations provide an
internationally accepted starting point for any development of bunkering facilities and their safe
operation. Site-specific Operating Procedures shall be developed to govern the individual bunker
operations. The RP bridges the gap between the ISO guidelines for systems and installations for
supply of LNG as fuel to ships, which by their very nature are generic and specific regulations
like port regulations, terminal procedures and bunker operator’s operating procedures (OP) for
LNG bunkering.

1.3  Scope and limitations of this recommended practice
The following figures are illustrating the scope of this RP. Providing support in design,
development and operation of bunkering facilities is the main scope. For the necessary risk
assessments, the transfer operation including simultaneous operations on land and on the water
need to be taken into the scope of the assessment. Outside the scope are installations and
operations on the receiving vessel other than bunkering of LNG. Also, the development of
intermediate storage facilities and any activity upstream from intermediate storage in the value
chain is outside the scope. 

Figure 1-1  
Project lifecycle process

This RP may be used in strategic considerations in the beginning of the lifecycle of a LNG
bunkering facility development. Recycling or dismantling of a LNG bunkering facility at the end
of the lifecycle is not covered by this RP. Any activity in between may be supported by this RP.

The bunkering scenarios that are directly covered by this RP are those that are introduced in the
“ISO LNG bunkering guidelines” /1/: truck-to-ship, terminal-to-ship and vessel-to-ship. The
methodology presented may with special considerations also be used for other scenarios or
means of supply of LNG, for example for the use of portable tanks. 
DNV GL AS
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Figure 1-2  
Scope of the RP

The risk associated with LNG bunkering can be divided in risks inherent to the hardware, and
risks specific to the location of the bunkering. The risk specific to the hardware are the same for
every location where certain hardware is used. An example of this is failure of hoses.

The site specific risk is dependent on:

— The operations of the organisations involved in the bunkering.
— Activities at or around the bunker location that may have an impact on the bunker operation

or may be impacted by the bunker operation. These are the activities “Simultaneous
operations on land” and “Simultaneous operations on the water” in Figure 1-2.

The contribution from organisations involved in bunkering is dependent on the risk acceptance
of the organisations involved and their maturity with regard to safety management system and
risk management. Examples of activities at or around the bunker location that may contribute to
the overall risk picture are traffic intensity and the size of passing vessels or simultaneous
operations on the vessel or on the terminal such as loading on and off or the presence of
passengers.

This RP is assisting the user in identifying and managing the different contributions to the overall
risk picture.
DNV GL AS
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SECTION 2  APPLICATION

2.1  Use and users of this recommended practice
At a minimum three organisations are involved in bunkering LNG – the organisation supplying
the LNG to the receiving vessel, the organisation that is managing the receiving vessel and the
organisation that is providing the immediate regulatory regime. Typically these are bunker
operator, ship manager and port or other national authority, respectively. 

Another player having a possible involvement in LNG bunkering is, depending on local conditions,
the operator of the (cargo) terminal where the bunkering takes place. The involvement of the
terminal operator is mainly in the integration of the safety management systems. 

This RP has the objective to assist all organisations involved in bunkering of LNG.

2.2  Regulatory requirements
Regulatory requirements are in the context of this RP defined as requirements stipulated in, or
derived from, legislative instruments relevant to LNG bunkering operations, such as:

— internationally binding conventions/directives
— federal/national acts
— federal/national/state/province/local regulations
— terms and conditions of licenses and permits.

Regulatory requirements represent the minimum requirements to be complied with.

Requirements stipulated in, or derived from the process stipulated in, this RP may be stricter or
additional to regulatory requirements.

In the case of contradiction or conflict between regulatory requirements and requirements of this
RP, the former shall prevail.

2.3  Relationship to other codes and standards
Several design codes covering systems, components, equipment and materials are used in the
LNG bunkering operations, and these shall be sought out and used where needed. The references
in this Recommended Practice provide a collection of most relevant documents for developing
LNG bunkering facilities from a marine perspective.

The ISO guidelines for systems and installations for supply of LNG as fuel to ships, /1/, provide
a summary of applicable industry standards for system design. This RP make reference to the
standards listed in /1/.

2.4  Appendices
The purpose of the appendices is to give reference material that can be used in the development,
design and operation of LNG bunkering facilities. 

App.A is providing material with respect to general risk management frameworks. This should
assist the developer in applying a consistent risk management process for development, design
and operation of LNG bunkering facilities.

App.B is describing the properties of LNG and typical hazards of LNG.

App.C is stating the functional requirements from the ISO guidelines /1/ in their status as of
October 2013.
DNV GL AS
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SECTION 3  DEFINITIONS

3.1  Terms and definitions

Table 3-1  Terms and definitions

Term Definition

Boiling liquid expanding 
vapour explosion

Sudden release of the content of a vessel containing a pressurised flammable 
liquid followed by a fireball.

Bunkering facility In the context of this document used for the ship / facility interface where LNG 
bunkering is intended to take place or is taking place. The term may be used 
for any of the bunker scenarios land-to-ship, truck-to-ship, ship-to-ship.

Bunkering The process of transferring an energy carrier from a supplier to a consumer. 
In the context of this document bunkering relates to the transfer of LNG from 
a supply installation to a receiving vessel. The supplied LNG has the sole 
purpose of being used as a fuel.

Consequence Outcome of an event

Drip-free coupling A coupling that automatically closes at both separation points of the joints 
when it is disconnected. A drip-free coupling is avoiding spill of liquid or vapour 
or limiting it to a minimum. Other term that may be in use is “dry disconnect”.

Dry break-away coupling Coupling which separates at a predetermined section at a set breaking load 
and each separated section contains a self-closing shut-off valve, which seals 
automatically. A dry break-away coupling is avoiding spill of liquid or vapour 
or limiting it to a minimum in the case of its activation.

A dry break-away coupling shall provide two functionalities:

a) A separation function that triggers sufficiently before reaching the load 
limit on the bunker connection to separate the line between the supply side 
and the receiving vessel.

b) A closing function to close the line at both separation points to prevent spill 
of liquid or vapour.

E&P industry The upstream oil sector is also commonly known as the exploration and 
production (E&P) sector.

Emergency shutdown Method that safely and effectively stops the transfer of natural gas and vapour 
between supply facilities and the receiving vessel.

Emergency release system System that allows a quick disconnection of the supply side from the receiving 
vessel in case of an emergency.

Hazard Potential source of harm.

Hazard identification Brainstorming exercise using checklists where the potential hazards in a project 
are identified and gathered in a risk register for follow up in the project.

Hazard and operability 
study

Systematic approach by an interdisciplinary team to identify hazards and 
operability problems occurring as a result of deviations from the intended 
range of process conditions.

Hazardous area Area in which an flammable gas atmosphere is present, or may be expected 
to be present, in quantities such as to require special precautions for the 
construction, installation and use of apparatus.

Impact assessment Assessment of how consequences (fires, explosions, etc.) do affect people, 
structures, the environment etc.

Inerting Placing tanks, piping and machinery in a non-flammable atmosphere by 
displacement of oxygen.

Integrated automation 
system

Automation system that is monitoring and automating the bunkering 
sequences and integrating the systems on supply side and receiving ship.

Location-Specific 
Individual Risk

The risk of an individual who is present at a particular location, 24 hours per 
day and 365 day per year without using Personal Protective Equipment.

Mitigation Limitation of any negative consequence of a particular event.

Probability Extent to which an event is likely to occur.

Protective measure Means used to reduce risk.

Purging Placing tanks, piping and machinery in a natural gas atmosphere by 
displacement of inert gas.

Quick connect disconnect 
coupling (QCDC coupling)

A coupling that can be manually connected and disconnected. Bolted flange 
connections are not QCDC couplings.

Rapid phase transition Rapid physical phase transformation of LNG liquid to methane vapour mainly 
due to submersion in water.

Receiving vessel A vessel that is receiving LNG as fuel.

Risk Effect of uncertainty on objectives. In a safety context the combination of the 
probability of occurrence of harm and the severity of that harm.

Risk analysis Systematic use of information to identify sources and to estimate the risk.

Risk assessment Overall process of risk analysis and risk evaluation.

Risk contour Two dimensional representation of risk on a map.
DNV GL AS
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3.2  Abbreviations

Risk criteria Terms of reference by which the significance of risk is assessed.

Risk evaluation Procedure based on the risk analysis to determine whether the tolerable risk 
has been achieved.

Risk management Coordinated activities to direct and control an organisation with regard to risk.

Risk management system Set of elements of an organisation’s management system concerned with 
managing risk.

Risk matrix Matrix portraying risk as the product of probability and consequence, used as 
the basis for risk assessment.

Safety Absence of an unacceptable risk.

Safety integrity level A discrete level for specifying the safety integrity requirements of the safety 
functions to be allocated to the safety-related systems (IEC 61508-4).

Safety zone The area around the bunkering station where only dedicated and essential 
personnel and activities are allowed during bunkering.

Security zone The area around the bunkering facility and vessel where ship traffic and other 
activities are monitored.

SIMOPS Simultaneous operations running in parallel to the bunker process, either on 
land or on the water or on the vessels involved.

Societal risk The annual frequency that a particular number of fatalities occur concurrently 
as a result of accidents.

Stakeholder Any individual, group or organisation that can affect, be affected by, or 
perceive itself to be affected by, a risk. 

Supply side Any truck, barge, vessel, container, permanent installation or other that is 
supplying LNG as fuel to a receiving vessel.

Terminal If not mentioned differently, the cargo terminal or jetty where bunkering 
operations occur and the receiving vessel is berthed.

Tolerable risk Risk which is accepted in a given context based on the current values of 
society.

Topping up Final sequence of LNG transfer to ensure correct filling level in receiving tank.

Table 3-2  Abbreviations

AIR Annual individual risk

BLEVE Boiling liquid expanding vapour explosion

DNV Legacy Det Norske Veritas

DNVGL DNV GL

ERC Emergency release coupling

ERS Emergency release system

ESD Emergency shutdown 

ESDV Emergency shutdown valve

FAR Fatal accident rate

FMEA Failure mode and effects analysis

FN Frequency number curve, measure for societal risk

FR Functional requirement 

HAZID Hazard identification 

HAZOP Hazard and operability study 

HFO Heavy fuel oil

HSE Health, safety and environment

HVAC Heating, ventilation, air conditioning

IAS Integrated automation system

IMO International maritime organisation

IR Individual risk

ISGOTT International safety guide for oil tankers and terminals

ISO International organisation for standardization

LNG Liquefied natural gas (Note: LNG is defined in EN 1160)

LFL Lower flammable limit

LOC Loss of containment

LOD Layer of defence

LPI Loss of physical integrity

LSIR Location specific individual risk

MGO Marine gas oil

Table 3-1  Terms and definitions (Continued)
DNV GL AS
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3.3  Verbal forms
For verification of compliance with this RP, the following definitions of the verbal forms, shall,
should and may are applied:

MOC Management of change

NG Natural gas

PPE Personal protective equipment

QCDC Quick connect/Disconnect coupling

QRA Quantitative risk analysis

RP DNV GL recommended practice

RPT Rapid phase transition

SIGTTO Society of international gas tanker and terminal operators

SIL Safety integrity level

SIMOPS Simultaneous operations

SMM Safety management manual

SMS Safety management system

SOLAS International convention for the safety of life at sea

STCW Standards of training, certification and watchkeeping

STS Ship to ship (bunkering)

SWIFT Structured what if technique

UFL Upper flammable limit

VCE Vapour cloud explosion

Table 3-3  Verbal forms

Shall Verbal form used to indicate requirements strictly to be followed in order to conform to the 
document.

Should Verbal form used to indicate that among several possibilities one is recommended as 
particularly suitable, without mentioning or excluding others, or that a certain course of action 
is preferred but not necessarily required.

May Verbal form used to indicate a course of action permissible within the limits of the document.

Table 3-2  Abbreviations (Continued)
DNV GL AS
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SECTION 4  CONCEPT FOR DEVELOPMENT OF LNG 
BUNKERING FACILITIES

The planning, design, construction and operation of LNG bunkering facilities requires due
attention to safety management procedures and the use of risk assessment techniques to
evaluate safeguards and demonstrate compliance with regulatory targets.

The overall objective with this RP is to ensure that:

— Safety targets are met for all involved in or potentially affected by LNG bunker operations.
— During normal conditions, the operations are conducted without emissions of methane to the

environment. The aim is to achieve zero emissions of methane to the environment during
normal operations.

The involvement of different organisations and activities in the different phases are shown in
Figure 4-3 which also serves as a visual table of content for this RP. 

Hardware requirements shall not be substituted by operational measures unless the substitution
has been validated by a quantitative risk assessment.

This RP assumes that bunker barges are designed and built according to the IGC Code and
applicable Class Rules and that receiving ships are designed and built according to the
MSC285(86) /1/ and applicable Class Rules. Onshore installations and road tankers are assumed
to meet national regulations or regulations equivalent to EN 1474 or NFPA 59. This RP is
addressing seagoing ships as receiving ships.

4.1  Layers of defence
To ensure that LNG bunkering is planned, designed and operated in a safe way, the ISO guideline
/1/ has established the concept of 3 layers of defence (LOD). The 3 layers of defence are defined
to be: 
— The 1st LOD: Requirements for operations, systems and components aiming at prevention of

accidental releases that could develop into hazardous situations.
— The 2nd LOD: Requirements to contain and control hazardous situations in the case that a

release occurs and thereby prevent/minimize the harmful effects.
— The 3rd LOD: Establish emergency preparedness procedures and plans to minimize

consequences and harmful effects in situations that are not contained by the 2nd LOD.

Figure 4-1 is illustrating the concept of 3 layers of defence using a bow-tie model for the top
event “Release of LNG or NG”. This top event may have different causes which consequences
shall be prevented, contained or in the worst scenario, minimised by protective barriers in the
1st, 2nd or 3rd LOD.

Figure 4-1  
Layers of defence in bow-tie diagram

Design measures / operational procedures, safety management systems and risk assessment are
the means to

a) Safely design and operate layers of defence for bunkering facilities.

b) Providing a frame for linking layers of defence with business processes.

c) Assessing the effectiveness of layers of defence.

These need to be developed within an integrated process.
DNV GL AS
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4.2  Development process for LNG bunkering facilities

This RP will assist to identify, validate, implement and maintain layers of defence for LNG
bunkering in the process of:

— planning, designing and operating LNG bunkering facilities
— developing safety management systems for LNG bunkering facilities
— performing risk assessments for LNG bunkering facilities.

It shall support developer and operator of bunkering facilities along the lifecycle in:

— strategy and feasibility
— design and construction
— commissioning and operation.

The critical activities in the different phases of the project lifecycle are highlighted in the
rightmost boxes in Figure 4-3.

Figure 4-3 shows the most critical activities in the process of developing a LNG bunkering facility
which shall be addressed, assessed and handled in order to maintain the acceptable safety level.
The figure is linking the different involved organisations and activities in three main project
categories which together shall cover the relevant parts of the development of LNG bunkering
facilities:

a) planning, design and operation of LNG bunkering facilities

b) safety management

c) risk assessment.

4.3  Development process for LNG bunkering facilities

The development process for a LNG bunkering facility is characterized by the main process steps
as shown in Figure 1-1 and Figure 4-2. For the main process phases key activities are outlined.

For standard cases complying with criteria as outlined in the green box in the figure below a
direct, deterministic approach can be applied. In all other cases the design should be supported
by a quantitative risk analysis (QRA) in the design phase.

Figure 4-2  
Process for developing and operating of LNG bunkering facilities
DNV GL AS



Recommended practice – DNVGL-RP-0006:2014-01

 Sec.4 Concept for development of LNG bunkering facilities  –   Page 14
4.4  Stakeholder involvement for developing and operating LNG 
bunkering facilities

The involvement of port or other national authorities, supplier and receiver in the different
phases and activities of developing and operating LNG bunkering facilities are indicated with a
colour code in Figure 4-3. The next chapters detail responsibilities of port or other national
authorities, supplier and receiver of LNG, respectively.

4.4.1  Port or national authorities

Port authorities/national authorities should decide on:

— minimum risk acceptance criteria
— acceptability of the location of bunkering facilities
— acceptability of using movable bunkering facilities
— acceptability of using portable bunkering facilities
— restrictions on bunkering operations such as simultaneous bunkering and loading, unloading,

passenger presence, embarking, disembarking, portable tanks loading
— overall contingency plans and arrangements
— traffic control/restrictions.

These decisions and requirements should be based on risk analyses.

The port authority/national authority should decide the overall responsibility for the bunkering
operation. The port authority/national authority should decide on an accreditation scheme for
LNG bunker operators in the ports under their authority. The authority may decide if additional
requirements other than those from IMO and Class for vessel or the ISO guideline /1/ shall be
imposed.

The activities and involvement of port authorities or national authorities are described in [6.2.7],
[6.2.8] and [7.2] and [7.3]. 

4.4.2  LNG bunker supplier

LNG bunker supplier shall be responsible for planning, design and operations of the installations.
The supplier should be responsible for:

a) Selecting the bunker location and bunker scenario.

b) Selecting risk acceptance criteria that reflect the companies risk acceptance, if these are more
stringent than applicable legislation.

c) Conducting the necessary analyses in agreement with the authorities.

d) Achieving the relevant permits for installing and operating the bunkering facility.

e) Detailed design of the bunkering systems.

f) Planning of the operation.

g) Planning of training and conducting training of personnel before first delivery of LNG at the
selected facility; including but not limited to personnel involved in LNG bunkering, personnel
from authorities and emergency response services.

h) Operation of the facility in line with plans and procedures.

i) Plans and procedures reflecting the status of the facility.

j) The technical condition of the equipment in daily operations.

The activities and involvement of LNG bunker supplier are described [5], [6] and [7] of this RP.

4.4.3  Receiving ship

The operator of the receiving vessel is responsible for maintaining the vessel according to IMO
regulations and Class rules and the regulatory requirements of National Authorities. The operator
of the receiving vessel is responsible for appropriate competence management. It is the
responsibility of the receiving vessel to inform the supplier in advance in order to allow the
supplier to make necessary preparations including but not limited to informing the port authority.

The operator of the receiving vessel shall:

— ensure that the crew is trained according to appropriate standards
— attend pre-bunkering meetings to ensure compatibility and familiarization with local

conditions
— initiate the stopping sequence of LNG bunkering.

The activities and involvement of the LNG receiving vessel are described in [5], [6] and [7].
DNV GL AS
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SECTION 5  PLANNING, DESIGN AND OPERATION OF LNG 
BUNKERING FACILITIES

5.1  1st layer of defence
The functional requirements within the 1st layer of defence shall ensure “operations, systems and
components aiming at the prevention of accidental LNG or natural gas releases that could
develop into hazardous situations”, ref. /1/. Table C-1 items F1 through F13 determine the
functional requirements to the 1st layer of defence. Operational and design specific details are
explained in the sections below. 

It is emphasised that standards and requirements for equipment and components stated in the
ISO guideline shall be adhered to and not replaced by operational procedures. Exceptions shall
be documented in a risk assessment.

5.1.1  Equipment standard, inspection and testing

Equipment standards are listed in Table 1 and 2 of the ISO guideline /1/. Hardware and systems
shall be designed to allow for operations in the full range over the operational envelope. 

Temperature and pressure ranges in the system shall reflect the use of both LNG and nitrogen
in the liquid and gaseous phase. 

Inspection routines, testing procedures and equipment replacement shall be integrated in the
maintenance planning system with intervals and specifications according to maker’s
recommendation. Testing shall be commenced according to Table 1 and 2 of the ISO guideline /1/.

While not in use, equipment shall be stored to avoid damage from accidental mechanical impact
or environmental influences. Recommendations from the manufacturer shall be followed.

Release of natural gas into the atmosphere as a result of inspection or testing operations shall
be avoided. All natural released during inspection shall be properly disposed without venting.

5.1.2  Operational planning

The operational planning required for the 1st layer of defence shall be covered and documented
in the operational procedures. A risk assessment shall be conducted in order to address all
possible hazardous situations and identify preventive measures. The risk assessment and inputs
to the methodology are given in Sec.7.

A design specific operational manual shall be developed by the bunker operator and approved by
the authorities before the bunkering operations can commence. An operational manual shall at
a minimum reflect the items a) to i):

a) operational limitations for the transfer operation

b) connection of systems

c) testing of systems

d) inerting/purging of the transfer lines before LNG transfer

e) start-up and stop procedures

f) transfer procedures

g) draining and inerting/purging of the transfer lines post LNG transfer

h) responsibilities, accountability and control of personnel involved

i) operational specific check lists.

5.1.3  Compatibility of the bunkering systems

As a minimum, the following issues a) to g) shall be in place to ensure compatibility of the
bunkering systems:

a) Verified compatibility for connecting equipment and couplings.

b) Initial checks with regards to physical and signal compatibility of the ESD system shall be
performed prior to the bunker operations. If a linked ESD system is used, compatibility of
receiver and supplier side shall be checked and confirmed in advance of any operations, see
[5.2.2].

c) The language for communication shall be agreed upon between all parties involved prior to
any operation.

d) Equipment for communication shall be checked for compatibility and tested prior to operation
start-up.

e) Mooring arrangements between the receiving vessel and supply side should be checked for
compatibility with regards to loads, geometry and operational envelope prior to commencing
bunker operations. This may be based on good seamanship and professional judgement by
the deck officers.

f) Compatibility of hazardous zoning and ventilation including location of vent masts and safety
valves shall be checked (for information on safety zone and security zone, see [7.4] and
[7.5]). This applies to both permanent and temporary activities and installations. In the case
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of STS bunkering, if the bunker barge/ship is classified according to the IGC code /8/, an
exception for hazardous zoning needs to be documented according to the equivalence
principle.

g) The maximum allowable working pressure, transfer pressure range and boil-off control and
handling shall be checked for compatibility.

5.1.4  Pre-bunkering operations

The areas to include in a checklist for the pre-bunkering operations of a LNG transfer shall contain
but not be limited to items a) to o):

a) The language for communication shall be agreed upon.

b) Liquid level and tank pressure for the receiving vessel shall be checked and noted in the
bunker documentation. The receiving vessel's maximum tank filling levels, transfer rate and
amount shall be documented, signed and delivered to the operator responsible for the LNG
supply.

c) Personal protective equipment shall be made available in compliance with [5.2.6].

d) Only authorized personnel shall be involved in the bunkering process and enter the safety
zone.

e) Personnel involved in the bunkering process shall be provided with suitable, intrinsically safe
communication equipment in compliance with SOLAS.

f) Monitoring and control of ship traffic and other activities within the security zone, as defined
in the risk assessment.

g) Safe mooring shall be prepared according to good seamanship and professional judgement
by the deck officers. For STS bunkering, the bunker vessel shall be able to disconnect and
move away quickly. This can be ensured by quick-release hooks, magnet/vacuum based
mooring and/or axe available on deck. For STS bunkering when ships are moving, refer to
SIGTTO guidelines /11/.

h) The current and forecasted weather conditions shall be within the operational envelope as
defined in the risk assessment.

i) Remote controlled valves and the ESD system shall be tested.

j) Spill protection systems shall be checked prior to bunkering.

k) Gas detectors shall be available as per [5.2.4] and shall be tested on a regular basis.

l) Components to be checked and monitored for leaks during start-up of the LNG transfer shall
include:

— transfer line(s)
— manifolds
— couplings
— electrical insulation.

m) All crew that need to access rooms or spaces in the safety zone shall be informed of bunkering
operations.

n) Adequate lighting shall be secured for the bunkering operation and illuminate all the working
areas both on supply side and receiving vessel along the transfer line.

o) Pressure of the nitrogen supply shall be noted prior to the bunkering operations.

p) Fire equipment onshore and onboard the vessel shall be checked and ready to use.

q) An agreement stating transfer rate and quantity of LNG shall be signed and distributed
between the receiving and supply side prior to bunkering.

r) Completion of the checklists shall be communicated before the transfer operation can start.

5.1.5  Bunker hoses

The bunker hoses shall be designed for cryogenic liquids, de-pressurisation, inerting and gas
freeing according to Table 1 and 2 of the ISO guideline /1/.

To determine the correct hose length, the vessel’s relative freeboard changes and movements
must be taken into consideration. The limiting parameter for the hose dimension is the flow
velocity. Industry practice is to not exceed 10 m/s.

The hoses shall be handled with great care both during transportation and bunker operations. It
is important to keep the hoses sheltered during transportation and to support properly when
lifting to avoid damage. Each hose section shall have a sufficient seal to avoid any moisture or
other contaminants from entering the hose.

5.1.6  Couplings

The bunker hose / loading arm connections shall at a minimum be of a drip-free quick connect/
disconnect (QCDC) type with a dry break-away coupling / self-sealing quick release. A coupling
may be of a combined dry break-away drip-free QCDC type (see definitions in [3.1]). All
connectors shall be certified according to the standards given in Table 1 and 2 in the ISO
guideline /1/.
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Unless other arrangements are made in advance, the supply facility should provide the male
portion of the coupling to the receiving vessel.

5.1.7  Emergency release system

The ESD system is commonly referred to as ESD-1 and the emergency release system (ERS) as
ESD-2. The concepts are described below according to SIGTTO /11/:

a) ESD-1 emergency shutdown stage 1 – shuts down the LNG transfer operation in a quick
controlled manner by closing the shutdown valves and stopping the transfer pumps and other
relevant equipment in ship and shore systems. Activation of ESD-1 shall give visual and
audible alarms.

b) ESD-2 emergency shutdown stage 2 – shuts down the transfer operation (ESD-1) and
uncouples the bunker hose/loading arms after closure of both the ERS isolation valves.

5.1.7.1  Drip-free QCDC coupling

If a drip-free QCDC coupling is used for connecting the bunker system, the ERS shall consist of
an Emergency Release Coupling (ERC) that is mechanically linked to two isolation valves, one
upstream and one downstream of the ERC. Upon activation the ERS shall close the line on both
sides of the separation point and de-couple the bunker connection at the ERC. 

Alternatively to an ERC with two isolation valves, a separate dry break-away coupling upstream
of the drip-free QCDC coupling may be installed.

5.1.7.2  Combined dry break-away drip-free QCDC coupling

If a combined dry break-away drip-free QCDC coupling is used, a separate ERC is not required.

5.1.8  Loading arms

If loading arms are used their design shall be according to applicable standards as given in Table
1 and 2 in the ISO guideline /1/.

5.1.9  Inerting/purging operations

The purpose of inerting before transfer is to remove moisture and oxygen to prevent the system
from malfunctioning due to ice or hydrates in the system and from posing a fire hazard.

The procedure for inerting before transfer shall be defined by the designer of the system. It shall
be demonstrated during commissioning and after repair or conversions that the procedure will
ensure satisfactory levels of moisture and oxygen after inerting.

The purpose of purging after transfer is to remove natural gas from the system to eliminate a
potential source for fire hazards.

The procedure for purging after transfer shall be defined by the designer of the system. It shall
be demonstrated during commissioning and after repair or conversions that the procedure will
ensure satisfactory low levels of methane after purging. If a volume concentration of 2%
methane or less is achieved, this is considered as satisfactory.

Nitrogen is commonly used as gas for inerting and purging. Nitrogen may be supplied by
batteries onboard the vessel, on the quay or similar arrangement like nitrogen generators. 

5.1.10  Transfer operations

During the LNG transfer, special attention by continuous monitoring shall be given to:

— potential LNG leakage from the transfer lines, manifolds and couplings
— pressure and temperature in the transfer system and cargo tanks
— level in the LNG tank
— LNG transfer rate
— mooring conditions
— the bending radius of the bunker hose shall be monitored to stay within the design

specifications.

The pressure in the receiving tank shall be controlled during bunkering. Vapour return lines may
be connected in order to control the pressure in the receiving tank or to reduce the time of the
bunkering. The vapour return if fitted shall be connected before the LNG liquid arms/hoses are
connected in order to balance the pressure between the two tanks. The supply facility shall be
responsible for the vapour return. For IMO type C tanks, the pressure may be controlled by
sequential filling of LNG to the bottom and spraying on top of the receiving tank, eliminating the
need for a vapour return. 

5.1.11  Transfer stop

The receiving ship shall give signal to ramp-down and stop the transfer operation before
maximum filling level, according to class rules, is reached /7/. 

The filling sequence may be aborted at all times by three systems which together shall provide
redundancy:

— the vessel’s integrated control and automation system (IAS)
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— the ESD system
— manual shut down procedures.

5.1.12  Trapped LNG

Trapped LNG can cause excessive pressure when heated. The system shall be designed to avoid
trapped LNG. Nevertheless, in an event of trapped LNG (for example between two valves)
pressure relief and venting is to be arranged for.

Release of natural gas into the atmosphere as a result of trapped LNG shall be avoided. 

5.1.13  Vent mast

Because of the fire hazards of natural gas emissions, pressure safety valves shall be connected
to a gas vent mast. There shall be a gas vent mast located on both supplying and receiving facility
for quick gas relief in case of an emergency or system failure. For the receiving vessel the
arrangements shall be according to MSC.285(86) /9/. The arrangements for a shore based
facility shall be according to a risk analysis. For a bunker vessel the vent mast arrangement shall
be according to IGC /8/ or local regulation. Trucks shall be in compliance with applicable
regulation. 

5.1.14  Draining/stripping operations

The transfer line(s) shall be drained for LNG post transfer operations. The system shall be
designed according to a zero emission tolerance of methane to the atmosphere during drainage
of the lines. For system designs with IMO type C tanks, the remaining LNG may be pushed into
the receiving tank(s).

The bunker lines and piping shall be gas free or inerted during extended periods of not being in
use.

5.1.15  Disconnection of the systems

The bunker line(s), vapour return line(s), communication link and ESD link shall not be
disconnected before the lines have been drained, purged and inerted and all valves are in their
final position.

5.1.16  Quantity and properties of the supplied LNG

Equipment and reporting routines shall be in place for documenting LNG energy content and
transferred volumes. 

A sample of a LNG delivery note stating LNG properties and composition is included in the ISO
guideline, Annex E /1/.

5.2  2nd layer of defence
The functional requirements from Table C-1 items F14 through F22 serve as the 2nd layer of
defence in terms “of controlling hazardous situations in the case that a release occurs and
thereby prevent/minimise the harmful effects” /1/. The following sections describe means of
operational procedures, hardware and systems which shall be in place to contain a hazardous
scenario.

5.2.1  Ignition prevention

Only tools, equipment and communication devices that are rated according to the area
classification shall be used within the defined safety zone (see [7.4]). All components in the
related bunkering systems shall be designed according to Table 1 and 2 of the ISO guideline /1/.

Operational procedures and checklists shall address the proper use of hardware and equipment
within the defined safety zone. 

5.2.2  Emergency shut-down system

The primary function of the ESD system is to stop liquid and vapour transfer and eliminate
potential ignition sources in the event of a hazardous scenario to regain control of the situation.
The ESD system shall bring the LNG transfer system to a safe condition. 

General requirements to the ESD system are as follows;

a) Manual activation shall be available.

b) Automatic activation should be initiated when the fixed sensors measure methane
concentrations exceeding 60% of the lower flammable limit (relevant for linked ESD
systems).

c) It shall be possible to stop the operation both from the receiving and supply side’s control
panel at any time during the process.

d) In case a QRA is necessary, the efficiency of the ESD safeguards shall be evaluated in the
QRA.

In general, the different configurations for an ESD set-up are /11/:

a) Linked ESD system – transmits ESD signals from ship to shore or vice versa via a compatible
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system. Various technologies have been adopted, such as pneumatic, electric, fibre-optic and
radio telemetry, but vessels trading worldwide may need more than one for compatibility
reasons.

b) Unlinked ESD system – a system that initiates a shut-down on the receiving vessel or on the
supply side, independently. A shut-down on the other side is then activated by manual
communication.

c) Pendant ESD system – A hand-held portable device provided either by the receiving vessel to
the supply side or by the supply side to the receiving vessel for manual activation of the ESD
system by the other party in the absence of a compatible, linked ESD system. 

The use of linked systems is recommended.

5.2.3  Prevention against electrostatic and galvanic ignition

There are two cases of electrostatic or galvanic ignition which require proper means of protection
/10/:

a) Low voltage, high current is the most common issue. This is a galvanic cell situation between
supplier and receiver where the sea water works as an electrolyte. The high currents and
extremely low potential difference (less than 1 volt) can result in an incendiary arc.

b) High voltage, low current is caused by static charging which, if discharged, can cause sparks
sufficient to ignite clouds of natural gas.

In order to provide protection against arcing during the bunkering operation, hose connections
or loading arms shall be fitted with insulated flanges as detailed in SIGTTO /11/, ISGOTT /10/
and the ISO guideline /1/. The flange shall be fitted so that the seaward side of the hose or arm
is electrically continuous to the vessel, and on the inshore end of the pipe the pipelines are
earthed to shore. As an alternative to insulating flanges, a single length of electrically
discontinuous hose can be used in each hose string. For design specifications see Table 1 and 2
of the ISO guideline /1/.

5.2.4  Leakage detection

On the supply side, the detection equipment shall be located where gas may accumulate and/or
in the ventilation outlets. Gas dispersion analysis or a physical smoke test shall be used to
determine the best arrangement. The number of detectors in each space shall be considered
taking size, layout and ventilation of the space into account. Gas detectors for quick leakage
detection shall be installed on the bunkering system. There shall be gas detectors installed in
enclosed or semi-enclosed spaces around the bunkering area. They shall be connected to the
control and ESD system. 

An audible and visible alarm shall be activated before the vapour concentration reaches 20% of
the lower flammable limit. 

Portable gas detectors for personnel involved in bunkering shall be available and used. They shall
be capable of measuring 0-100% of the lower flammable limit of natural gas.

Leakage detection on the receiving vessel shall be according to MSC.285(86) /9/. 

The bunkering operation shall be terminated in case of gas detection and not be resumed until
it is safe to proceed. The ESD shall ensure closing of necessary valves including the cargo pump
and shall give audible and visible signals on the control station of the supply side. For transfer
systems with unlinked or pendant ESD, manual detection is acceptable.

Manual detection may be acceptable for small transfer volumes.

5.2.5  Cryogenic spill protection

Drip trays for the receiving vessel shall be according to the MSC.285(86) /9/. In general, the
requirements include but are not be limited to item a) to g):

a) Drip trays shall be fitted below liquid gas bunkering connections and where leakage may
occur.

b) The drip trays shall be of appropriate material like stainless steel or aluminium.

c) The arrangement should be drained over the ship’s side by a pipe that preferably leads down
near the sea, protecting deck, hull, jetty, pier or other related equipment.

d) The surrounding hull or deck structures shall not be exposed to unacceptable cooling, in case
of leakage of liquid gas.

e) The drip trays shall be dimensioned according to the maximum amount of spill rate, drain
capacity and possible spray effects.

f) The drip tray shall extend at least 0.6 m forward and 0.6 m aft of the centreline of the
manifold(s) served /7/.

g) The sufficient clearance for connection/disconnection and safe access to couplings with
regards to the height of the presentation flange and vertical clearance from the drip tray
needs to be secured in the design.

h) Vessel alongside the receiving ship shall be considered, eg supplying barges.
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In addition to drip trays, it is a requirement to protect the hull’s side plating from cryogenic run-
off or spray. The use of a permanent or temporary water curtain shall provide sufficient
protection and shall direct any spillage to sea. For the transfer rates of a bunkering scenario, a
flow rate 0.5-1.0 m3/h per meter water curtain is recommended1).

Drip trays and spillage protection for a shore based facility shall be addressed in the risk
assessment. The installations shall be permanent and must lead any LNG spill to a safe area away
from the manifold area and well clear of the hull of the receiving vessel.

1) On large LNG carriers there is no international standard in place for arrangements of water
curtains. However, a continuous water flow of around 2 m3/h per meter water curtain is
standard for LNG carriers with loading/unloading capacities of around 10 000-15 000 m3/h.

5.2.6  Personal protective equipment

Personal protective equipment (PPE) shall include but not be limited to:

— fire and cryogenic retardant overall
— splash goggles/face shield or equivalent
— insulated/cryogenic gloves
— protective footwear such as steel-toed boots
— suitable head protection such as hard hats.

It shall be ensured that PPE is available and that PPE is used by all personnel involved in the
direct handling of cryogenic equipment during the operations and that the all personnel is trained
in the proper use of PPE.

5.2.7  Fire protection and suppression

Fire protection and suppression installed on bunker stations depend on location of the bunkering
activity, volume of the transferred LNG, transfer rate and size of the ship(s). The primary
function of a fire protection system is to maintain the safety of personnel. Secondary
considerations are to minimise loss and damage to equipment and systems.

Specific requirements for fire protection are given in MSC.285(86) /9/, IGC /8/ and local
regulations for the respective facilities. They should cover item a) to g):

a) Boundary protective insulation shall prevent the progression of any fire that may occur within
an enclosed space containing LNG bunker manifolds or associated equipment and pipelines.

b) The bunker station (manifold areas and joints) shall be equipped with fixed fire detectors with
audible and visible alarms in the control room and audible alarms nearby. Full fire detection
is to be installed in all enclosed locations containing LNG bunkering manifolds, storage tanks
and associated pipe work.

c) A sufficient number of fire extinguishers, maintained in a ready condition, shall be supplied
around the transfer area.

d) A full water spray system shall be integrated to cool and protect the bunkering manifold and
associated piping installations in the event of a fire. A spray system shall also be installed
around the bunkering area in enclosed and semi-enclosed systems where the risk of
accumulation of trapped gas is not negligible. The capacity of the water spray system shall
be as specified in the IGC /8/, MSC.285(86) /9/, class rules and/or local regulations.

e) A fixed dry chemical extinguishing system shall cover the entire manifold area and all possible
leak points. The discharge rate requirements for the fixed installation are to be in line with
IGC /8/, MSC.285(86) /9/and class rules /7/. The system shall be arranged for easy manual
release from a safe location outside the protected area.

f) Minimum one portable dry powder extinguisher shall be provided in the vicinity of the
manifold and/or near the bunkering station.

g) Signs indicating that smoking and hot work is prohibited shall be posted around the safety
zone.

All fire detection and protection systems as mentioned above shall be connected to the ESD
system(s), such that all LNG bunkering operations are stopped if a fire is detected.

5.2.8  Operation inside the safety zone

The purpose of the safety zone is to reduce the likelihood of igniting spilled natural gas.

Safe handling of equipment, system response and operation inside the safety zone shall be
reflected in the system specific checklists, operating and emergency procedures.

The safety zone, as defined in [7.4], shall include the restrictions a) to k):

a) Only personnel that is essential for the bunkering operation and has received appropriate
training shall be present in the safety zone during bunkering.

b) All equipment that is used within the safety zone shall be rated according to relevant
standards.

c) The use of electrical equipment that is not required for the bunkering operation within the
safety zone shall be eliminated.
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d) Warning signs are to be posted around the safety zone preventing unauthorized persons to
enter.

e) Safety zone shall be marked, for example by fences or other physical barriers.

f) Access to the bunkering station/area during bunkering operations shall be restricted to
trained and authorized personnel.

g) No maintenance or other work inside the safety zone shall be performed during bunkering.

h) Passenger operations, including embarking and disembarking of passengers, adjacent to the
safety zone during the bunkering operations require a QRA. See [7.3] for details.

i) Simultaneous operations (SIMOPS) like loading/unloading of cargo, provisions and other
goods or passing traffic on nearby waterways or activities on the terminal adjacent to the
safety zone during the bunkering operations shall be addressed in a QRA. See [7.3] for
details.

j) Ventilation requirements in the area shall be described in the approved operational
procedures.

k) The safety zone shall be secured against mechanical impact causing damage to the bunkering
system and equipment.

5.3  3rd layer of defence
The functional requirements set forth in Table C-1 items F23 and F24 on emergency
preparedness serve as the 3rd layer of defence in terms of “establishing emergency preparedness
procedures and plans to minimise consequences and harmful effects in situations that are not
contained by the second layer of defence.” /1/. Recommended practices for emergency
management and preparedness are described in [6.2.8] on Safety Management Systems.
DNV GL AS



Recommended practice – DNVGL-RP-0006:2014-01

 Sec.6 Safety management system  –   Page 23
SECTION 6  SAFETY MANAGEMENT SYSTEM

According to the ISO Guideline /1/, bunkering operations shall be developed and conducted
under control of a recognised safety management system (SMS). This chapter contains
recommended practices that can be used by the parties involved in LNG bunkering for developing
and implementing an adequate safety management system. More specific, this RP identifies the
“common ground” for the different stakeholders involved to ensure the interfaces are sufficiently
dealt with.

The first section gives some background information about safety management systems in
general to align the reader on the common safety management system principles. The second
section addresses and discusses the recommendations specific to the SMS of parties involved in
LNG bunkering operations. 

6.1  Purpose of a safety management system 
The overall purpose of a SMS is to ensure that the organisation achieves its business objectives
in a safe manner. An efficient control of an organisation’s risks can only be achieved through a
process that brings together three critical dimensions: 

— A technical component including applied tools and equipment
— A human component of front line people with their skills, training and motivation
— An organisational component consisting of procedures and methods defining the relationship

of tasks. 

Typically, the SMS is translated into a safety management manual (SMM), the key instrument
for communicating the approach to safety management within the organisation. The SMM
documents all aspects of safety management, including the safety policy, procedures, their
checklists and individual safety responsibilities. An overview of the typical document levels is
shown in Figure 6-1.

Figure 6-1  
Typical levels of documents in a SMS

A SMM shall include all of:

a) scope of the SMS

b) safety policy and objectives

c) safety accountabilities and responsibilities

d) documentation control procedures

e) hazard identification and risk management system schemes

f) safety performance measurement and monitoring

g) incident investigation and reporting

h) emergency response planning

i) management of change (including organisational changes with regard to safety
responsibilities)

j) safety communication, training and promotion.

6.2  SMS for LNG bunkering operations
This recommended practice is applicable to the safety management systems of all parties
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involved in the design, construction and commissioning, or execution of a bunkering operation.
Specific topics of the SMS which should be considered by parties involved in LNG bunkering are
mentioned below. If possible, reference should be made to the functional requirements as set
forth in the ISO guideline /1/ by [Fx], with x being the number of the functional requirement.

This section will focus on the interfaces between different safety management systems, since
during bunkering operations different parties are involved, as shown in Figure 6-2.

Figure 6-2  
Interfaces between SMS's

The SMS shall support the implementation and maintenance of the three layers of defence.
Figure 6-3 is illustrating the link between the main parts of a SMS and the layers of defence. The
following section provides a description of the main parts of the SMS.

Figure 6-3  
Relationship between SMS and layers of defence
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6.2.1  SMS compatibility

Since LNG bunkering directly involves two main parties, i.e. the supplier and the receiving ship,
compatibility of their safety management systems is crucial, as mentioned in item F1 of the ISO
guideline /1/. This step is part of the compatibility check between supplier and ship. Compatibility
of safety management systems shall be demonstrated as follows:

a) Between two vessels: Both vessel shall make available the Documents of Compliance and the
Safety Management Certificates. If the language used is not compatible, the text shall include
an English translation or a translation to any other language agreed by both parties.

b) Between a shore installation and a ship: Terminals shall make available an explanatory
document to the Masters of visiting ships advising them of the terminal’s expectations
regarding the safe conduct of operations and ensuring the understanding of these
expectations by the ship’s crew. It is recommended that this is done through the completion
and signing off of a ship/shore safety checklist.

c) Between a truck and a ship: Terminals where the bunkering takes place shall make available
an explanatory document to the supplying company and of visiting ships advising them of the
terminal’s expectations regarding the safe conduct of operations and ensuring the
understanding of these expectations by the truck operator and the ship’s crew. It is
recommended that this is done through the completion and signing off of a ship/truck safety
checklist.

This compatibility check shall be signed off by both parties prior to the operation.

6.2.2  Safety policy and objectives

The Safety Policy outlines in writing the methods and processes that the organisation will apply
to achieve the desired safety profile. It shall declare the principles and philosophies that lay the
foundation for the organisation’s safety culture and be communicated to all staff throughout the
organisation. 

In preparing a safety policy, senior management shall consult with key staff members in charge
of LNG bunkering operations. Consultation shall ensure that the safety policy and stated
objectives are relevant to all staff and generate a sense of shared responsibility for the safety
culture in the organisation. 

Since the safety policy of an organisation states its safety principles and philosophy, it is
important that the safety policies of the different parties involved in LNG bunkering are aligned
with each other. 

6.2.3  Roles and responsibilities

Each organisation involved in LNG bunkering shall clearly define the safety roles, responsibilities
and accountabilities for LNG bunkering throughout the organisation. This shall include the direct
accountability for safety on the part of the accountable manager and senior management. The
safety responsibilities and expected behaviours of personnel categories that are involved in LNG
bunkering shall be defined (e.g. in job or functional descriptions). 

A key point in the entire LNG bunkering process is the alignment of the different parties regarding
the roles and responsibilities during bunkering operations. The operations manual shall include
an organisational plan describing the responsibilities of personnel for the bunkering operation.
The organisational plan shall describe how communication and checklists for the supply side and
receiving vessel are to be established and updated.

Roles that shall be considered, at a minimum, are listed in below table

Responsibility and control of the operations shall be defined within the following requirements:

a) Supply side:

— responsibility for the condition of the connected system 
— responsibility for communication, rules for operation and approval towards the authority.

b) Receiving side:

— overall responsibility for the operation.

c) Both sides are responsible for their own checklists and operations.

Table 6-1  Roles in LNG bunkering

Master/CE of the receiving vessel

Master/CE of the bunker vessel

LNG Truck Operator 

Terminal Operators / Facility Supervisors

Personnel on watch in the transfer area

Security guards

Local Fire Brigade
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d) Both sides are equally responsible for mutual checklists.

e) Both sides have the right to terminate the operation at any time.

f) Both sides are responsible for safe emergency response.

Clear responsibilities shall be defined for emergency situations. The overall responsibility for the
receiving vessel lies with the master or the chief engineer. The overall responsibility for the
supplying side lies with the truck driver, the bunker terminal operator or the bunker vessel
operator, respectively.

6.2.4  Organisational planning
To ensure safe operations the organisation shall plan its activities including respective duties
during the LNG bunkering operation. 

Item F10 of the ISO guideline /1/ is requiring that an organisational plan shall be prepared and
implemented in operational plans and reflected in qualification requirements. The plan shall
describe: 

— organisation
— roles and responsibilities for the crew of the receiving vessel and bunkering personnel
— communication lines and language for communication.

Item F9 requires that all systems and components related to LNG bunkering shall be maintained
and tested according to, at a minimum, vendor recommendation to maintain their integrity. To
achieve this, the SMS shall contain a maintenance system, describing the maintenance regime
for each asset in the asset register (the asset register is a listing of all equipment to be
maintained, including design parameters, safe operating limits and calibration data). Inspection
routines, procedures for testing and replacement of equipment shall be integrated in the
maintenance system. 

6.2.5  Identification and implementation of standards

Item F4 requires the design of bunkering facilities to be in accordance with recognised standards.
To achieve this objective the SMS shall comprise a system to: 

— identify and document applicable regulatory requirements
— identify and address and document emerging regulatory issues
— identify and document relevant industry codes and standards
— identify, track and assess and document changes in the regulatory regime, industry codes

and standards.

6.2.6  Operating procedures and checklists

In order to ensure that everyone in the organisation is supplied with the correct information that
is necessary for the role he/she has in LNG bunkering, also documentation control procedures
itself are part of the SMS. Therefore, the SMS shall have procedures in place to ensure that:

— revisions are communicated to all staff concerned and modifications are identified
— related internal documents and procedures are updated accordingly
— obsolete/invalidated versions are clearly marked accordingly
— modified versions are clearly marked, changes are identified and a current version number is

incorporated
— document changes are recorded and kept for traceability purposes.

As mentioned in items F2 and F8 of the ISO guideline /1/, operating procedures shall be
established and documented for all bunkering operations. Operations Manuals that contain the
procedures shall be developed and integrated into the SMS’es for all parties involved in the
bunker operations. 

6.2.7  Risk management
As an integrated part of the SMS, a formal risk management process shall be developed and shall
be maintained to ensure that:

a) analysis, in terms of likelihood and severity of consequence

b) assessment, in terms of tolerability
and 

c) control, in terms of mitigation of risks to an acceptable level.

is performed. Additionally, the levels of management who have the authority to make decisions
regarding the tolerability of safety risks for LNG bunkering shall be specified.

6.2.7.1  The risk management process 

The risk management process and procedures shall be consistent with ISO 31000 /3/or an
equivalent process and take appropriate account of specific considerations for LNG bunkering
activities. 

An illustration of the risk management process and how it shall be undertaken is presented in
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Figure 6-4. The following sections describe the different steps embedded in the risk management
process. 

Figure 6-4  
ISO 31000 Risk management process

6.2.7.2  Stakeholder identification

Stakeholders for LNG bunkering typically include, but are not limited to, the following:

— the supplying party
— the receiving party
— the terminal operator
— the port authority
— representative of the municipality
— other parties involved in simultaneous operations and activities.

Effective internal and external communication and consultation with relevant stakeholders shall
be done to ensure that the full risk picture is identified and assessed. 

6.2.7.3  Establishing the context

Establishing the context is the input interface from the SMS to Risk Management.

The objective of this step is to set the scope and criteria for the risk management process. The
context may include both parameters related to the internal context (circumstances within the
organisation that may influence the process) and the external context (circumstances outside the
organisation that may influence the process).

6.2.7.4  Risk assessment

Risk assessment is the overall process of risk identification, risk analysis and risk evaluation. Risk
assessment provides an understanding of risks, their causes, consequences and their
probabilities. These aspects can be illustrated by the bow-tie model for LNG bunkering
operations.Risk assessment for LNG bunker procedures is detailed in Sec.7.

6.2.7.5  Monitoring and review

The identification of hazards and the evaluation of risks shall be undertaken to reflect the
situation in a particular phase of the lifecycle (e.g. construction activities, start-up of operations,
decommissioning). Hazard identification and risk assessment activities shall be reviewed and
may need to be updated if significant new issues are identified or if there is significant change to
the installation or operation.

The range of conditions for which the hazard identification and risk assessment are valid shall be
documented. The criteria triggering the need for re-evaluation shall be defined and documented.

Monitoring and review is the output interface from Risk Management to the SMS.

6.2.8  Emergency management

In spite of all technical and operational safeguards and measures, the possibility of an emergency
situation shall always be taken into account. Hence, emergency response planning is an
important part of the SMS. The cycle of emergency management is illustrated in 

Figure 6-5. 
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Figure 6-5  
Emergency management cycle

The upper steps of the cycle, prevention-mitigation and preparedness, is safeguarded through
continuous risk management and emergency preparedness. In the case of an emergency, a
response is required through emergency procedures and a contingency plan. In general, effective
action is aiming at

a) rescuing casualties

b) safeguarding /evacuating others

c) minimising damage to property and the environment

d) preventing escalation / bringing the incident under control. 

Effective action shall be enabled through developing practical and location- and/or situation-
specific emergency procedures and exercises.

6.2.8.1  Contingency plan

The contingency plan shall set out the responsibilities, roles and actions for the various
organisations and personnel involved in the LNG bunkering operation, and therefore making
maximum use of the resources (expertise, knowledge, equipment, etc.) of the parties that are
directly involved. 

The contingency plan shall also include checklists and contact details which shall be regularly
reviewed and tested.

Copies of the plan shall be communicated to all parties involved in the bunkering operation
including the planned emergency response team and be part of the training program, as stated
in item F24 of /1/. A contingency plan shall contain, but not be limited to:

a) Facility contact details and telephone numbers of key operating, safety and security personnel
(local medical facility, fire department, facility supervisors/responsible, port security, police,
etc.).

b) Contact details of persons appointed responsible and in charge of operations.

c) Handling of personal injuries (frost bums, suffocation, etc.).

d) Procedures for guiding third parties and evacuation routes.

e) If the system is approved for passengers onboard during the bunkering operations, handling
and safe evacuation of passengers shall be included.

f) A detailed list of areas where people – including people not involved in the bunkering – may
be located during the LNG bunkering.

6.2.8.2  Emergency procedures

Site and operation specific emergency procedures shall be developed and be part of the
contingency plan. The emergency procedures shall reflect the mitigating actions of the risk
assessment. Regular testing of emergency equipment, training and drill of emergency
preparedness is imperative and shall be repeated on a regular basis. 

The emergency procedures shall include, but not be limited to:

— a description of the emergency lighting and emergency power systems
— a description of the ESD systems
— first aid procedures and, if there are first aid stations, the location of each station
— emergency LNG fuel transfer system shutdown procedures
— procedures addressing natural gas leakage
— procedures addressing fire in or in the vicinity of the location where LNG is being transferred
— procedures for evacuation.
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6.2.9  Management of change

The Management of Change (MOC) should be a formal process that identifies external and
internal change that may affect established cultures, processes and services. It utilises the
organisation’s existing risk management process to identify potential hazards in order to
establish whether there is any adverse effect on safety. Change can introduce new hazards that
could impact the appropriateness and effectiveness of any existing risk mitigation.

With regard to MOC related to bunkering operations, the same points as for any other operation
are valid. Organisational changes with regard to safety responsibilities should be assessed in
detail, to ensure safe operations at all times.

6.2.10  Training
In general, all staff should receive training as appropriate for their safety responsibilities to be
competent to perform their duties. Besides the initial training, continued maintenance of
competence by means of refreshment training is a key issue. Training should include human and
organisational factors. 

Training requirements for personnel involved in LNG bunkering are regulated according to the
IMO MSC.285(86), STCW, the ISO guidelines /1/, and industry codes e.g. SIGTTO /11/. Shore
personnel shall be trained according to national applicable standards.

All personnel working with LNG bunkering are to be trained and authorized for working with
cryogenic and flammable liquids. 

A standard for training and competence requirements for crew on LNG fuelled vessels is available
with DNV Standard for Certification, “Competence related to the On Board Use of LNG as Fuel”,
/4/. This standard includes a detailed overview of requirements for competence related to the
different types of operation in accordance with IMO. 

The records of training of crew shall be maintained and documented. 

6.2.11  Communication during LNG bunkering operations
Clear communication between different parties during normal operation and emergency
situations is one of the factors necessary to ensure safe operations. Therefore, clear
communication rules have to be agreed between the different parties before starting any activity.

Permanent communication between receiving vessel and supplier during bunkering operation is
of major importance. Therefore, communication protocols should address:

— appropriate redundancy in communication equipment
— restricted use of non-EX-proof communication equipment
— a protocol to handle communication failure during approach or pre-bunkering preparations
— a protocol to suspend all operations in progress immediately, should communication failure

occur during bunkering operations
— a protocol to resume operations after secure communications have been restored and after

having received formal clearance by the port authorities.

The language used for communication shall be agreed before starting bunkering.
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SECTION 7  RISK ASSESSMENT FOR LNG BUNKERING 
FACILITIES

The ISO guideline for systems and installations for supply of LNG as fuel to ships /1/ requires
that development of a bunkering facility is conducted in line with a risk assessment approach
comprising the following:

a) Definition of study basis.

b) Performing a risk assessment of the LNG bunkering system and operation.

c) Establishing safety distances for the operation.

d) Verification that design is in accordance with recognized standards and that agreed
safeguards are implemented.

At a minimum a qualitative risk assessment shall be carried out, ref. /1/. The following are the
minimum requirements to bunkering facilities:

a) Compliance with the defined standard bunkering scenario.
and

b) Meeting all functional requirements and all requirements with regards to components and
systems, training and documentation. 

For bunkering facilities deviating from the standard bunkering scenarios or not meeting all
requirements, the qualitative risk assessment shall be supplemented by a detailed assessment
of the deviations in alignment with regulatory requirements. This shall include a detailed and
quantitative risk assessment (QRA) to demonstrate that the overall acceptance criteria are met
and that implemented safeguards compensate for requirements not being met. 

The schematic approach to the risk assessment process and the actions to be included is
illustrated in Figure 7-1.

Figure 7-1 is linked to Figure 4-2, the overall process for developing and operating LNG bunkering
facilities. The deterministic path within the process element “design” in Figure 4-2 is representing
the path through Figure 7-1 when all requirements are met and all decision gates are passed with
“yes”. The path labelled “QRA” in Figure 4-2 is detailed in the righthand part of Figure 7-1.
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Figure 7-1  
Schematic approach to risk assessment for LNG bunkering operations (source: /1/)

Risk assessment is used for decision support – for example to evaluate barriers, to decide on
safety zones or security zones. The decisions are being made in the different phases of a project
development and the need for decision support varies accordingly. Table 7-1 is illustrating this
varying level of detail in the risk assessment. 
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7.1  Definition of study basis

The first step in the risk assessment for the LNG bunkering facility is defining the study basis.
The definition of the basis shall cover but not be limited to following:

a) description and layout of the bunkering facility

b) description of SIMOPS, stakeholders and third parties in the area

c) description of all systems, components with regard to function, design, and operational
procedures and relevant operational experience

d) description of operations and operational limitations

e) organisation of the bunkering activities with clear definitions of roles and responsibilities for
the crew of the receiving vessel and bunkering personnel

f) identification of authority stakeholders

g) acceptance criteria for the project in alignment with regulatory requirement.

7.2  Initial semi-qualitative risk assessment 

A semi-qualitative risk assessment shall at a minimum comprise a hazard identification (HAZID)
exercise. “Semi-qualitative” means that a risk matrix is used to prioritize hazards.

Table 7-1  Risk assessment in different phases of a project

Project phase Needed risk related 
information

Key decisions based on risk 
assessment

Method of risk assessment 
within this RP

Planning and 
feasibility

— Identify stakeholders
— Input to the permitting 

process (demonstrate 
absence of 
showstoppers)

— Risk criteria
— First estimate of the risk 

level (when required by 
regulators)

— Basic design options
— Go-ahead for the 

development

— Select site
— Select concept 
— Identify and decide risk 

criteria 
— Select design criteria
— Select design options 
— Approve continued 

development

— HAZID
— Consequence analyses 

of major accident 
scenarios 

— Prepare risk criteria
— Risk communication to 

authorities and other 
relevant stakeholders

Basic design — Focus areas for the 
design process, i.e. 
results from HAZID and 
Consequence analysis 

— Estimate of the risk 
level of design options

— Basis for selection of an 
optimised basic design

— Optimisation of the 
design in terms of 
safety by comparison of 
options

— Select main 
technologies 

— Performance standards 
for safety system

— Confirm concept 
selection

— Authority permit 
— Decide to start detail 

design

— Qualitative analysis 
(risk matrix)

— HAZOPs and 
determination of SIL 
requirements

— QRA
— Detailed consequence 

assessment:
— Fire/explosion analysis
— Risk communication to 

authorities and other 
stakeholders

Detailed design 
and construction

— Performance standards 
for components and 
systems

— Issues to be addressed 
in the design identified 
in HAZOP findings incl. 
SIL requirements

— Specifications for 
buildings and 
equipment

— Selection of equipment, 
solutions and 
operational procedures

— Detailed design 

— Detailed QRA
— Detailed HAZOPs
— Vendor HAZOPs 
— Evacuation analysis

Commissioning 
and start-up

— Final results from risk 
assessment

— Confirmation of 
acceptance according to 
regulations

— Approve the design
— Approve decision to 

start up

— Completion of risk 
studies and verification 
schemes

— Commissioning of safety 
systems

— Risk communication to 
authorities and other 
stakeholders
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7.2.1  Objective of the HAZID

The objective of the HAZID study is to identify:

— hazards and assess the risks using a risk matrix that is agreed with the authorities, see App.A
[A.1]

— major action to be taken
— maximum credible accidental release that shall be the basis for definition of the safety zone

in cases where a deterministic approach for identifying the safety zone is chosen
— a list of medium and high risk hazards that shall be analysed numerically in the QRA, if

relevant.

7.2.2  The HAZID process
The HAZID process shall comprise the following:

a) A workshop meeting with a multi-discipline team using a structured brainstorming technique
based on a checklist of potential HSE issues.

b) Means of identifying, describing and assessing HSE hazards and threats at the earliest
practicable stage of the development.

c) An identification and description process.

Due to the complexity of the LNG bunkering operation, identifying potential major hazards and
operability difficulties within process design and operation is important. Structured techniques
are therefore required to systematically list these hazards in a detailed, structured and
methodical manner.

DNV GL recommends using the structured “What-If” methodology as an efficient technique for
providing effective hazard identification in early stages of the development. The process follows
the diagram as shown in Figure 7-2.

Figure 7-2  
The HAZID process

“Activities” are the different steps in the LNG bunkering operation, like “mooring”, “securing the
truck”, “purging”, “connecting the bunker lines”, etc. The activities will depend on the bunkering
scenario. Activities outside the bunkering location shall be assessed for their risks with regard to
the bunkering.

The HAZID shall be recorded in a worksheet that is capturing the identified hazards, their causes
and possible consequences, identified barriers and proposed risk reducing measures. Figure 7-3
is an example of a worksheet applied in a HAZID workshop illustrating the discussion process.
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Figure 7-3  
Example of a HAZID worksheet

The causes (or hazard) are conditions which exist and which may potentially lead to the top event
“Release of LNG or NG”. 

7.2.2.1  The structured “What-if” Technique SWIFT

Question categories which shall structure and stimulate the discussions in a HAZID workshop are
commonly used in a structured What-If analysis for process installations. During the study
preparation the applicable categories are selected and, if needed, additional categories are
added. 

Example question categories relevant for a LNG bunkering facility are given below.

Material problems

This question category provides an opportunity to explore the known or documented potential
hazards and the special conditions which may need to be maintained in order to safely store,
handle and process the LNG or natural gas. Particular focus shall be put on failures associated
with the cryogenic properties of LNG.

External effects or influences

This question category is intended to help identifying the effects of outside forces or demand
scenarios which might result in the development of some of the hazards identified. 

Natural phenomena ranging from flooding to hurricanes or tsunamis impacting the bunkering
facility and operations shall be assessed. 

Also man-made external events such as arson, civil disturbances, terrorism or a nearby explosion
which might impact the unit shall be considered.

Operating errors and other human factors

For each mode of operation (e.g. mooring, connecting, purging, start-up, shutdown, stand-by,
etc.), the SWIFT team shall imagine itself in the operator's role and devise questions related to
every conceivable way to mistreat the LNG bunkering process. Many operating errors are the
result of inadequate training or poorly written or incomplete instructions.

For this reason possible errors in the development phases of the installation shall be considered.

Analytical or sampling errors

The team shall consider and devise questions related to all potential analytical or sampling
requirements or operations. This category of questions could range from the importance of
controlling the oxygen concentration in the bunker line, to failing to obtain critical process control
data or injuries to personnel who are taking fuel samples.

Equipment or instrumentation malfunction

The team shall consider and devise questions related to potentially significant mechanical and
instrumentation failures (excessive boil-off gas and over-pressurisation, leakage, sweating,
etc.). Instrumentation and control system failures shall be reviewed. The team shall pay
attention to protective devices and systems. Schedules of proof testing of protective devices and
systems shall also be reviewed.
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Process upsets of unspecified origin

This question category is intended to be a “catch all” for additional hazards or scenarios which
were somehow overlooked (may not have been obvious, or just did not fit into any of the
previous categories) during discussions of other question categories. 

Utility failures

This question category is straightforward, but care shall be taken to note that external effects or
influences, analytical errors, operating errors and other human factors and equipment/
instrumentation malfunction may create hazards which may directly cause a utility failure type
hazard to develop.

Integrity failure or loss of containment

Integrity failure or loss of containment hazards may introduce additional considerations such as
venting in normal conditions or venting in accidental conditions. A combination of the hazards
that have been previously identified will represent the basis for integrity failures or loss of
containment. All elements of the connection from the supplying tank to the receiving tank shall
be reviewed against integrity failures or loss of containment and the extent of the reviewed
failure shall be specified and documented. Particular focus shall be put on failures resulting from
the cryogenic properties of LNG.

Emergency operations

Emergency operations shall be reviewed independently. Possible escalation of minor situations
during emergencies shall also be evaluated by the team. It shall be considered how the process
will be operated or shut down if emergency conditions occur.

Environmental release

The most obvious release will be that caused by integrity failure or loss of containment.
Mechanical failures and operating errors leading to environmental release must also be
considered. Depending on the qualitative risk assessment, resultant effects such as cold clouds,
fires or explosions scenarios which are identified as possible to occur may need to be developed
further as fault trees or event trees with the identified environmental release as the starting
point. Methane slip from bunker operations shall be reviewed and the findings shall be
documented.

Safety devices

In this question category the team shall review personal protective equipment (PPE), safety
devices and systems. Protective system proof testing schedules shall also be reviewed.

Intended and unintended releases of methane through emergency release valves shall be
reviewed if they constitute a hazard in any phase of a bunkering activity.

Operability concern

The team shall consider questions related to the operator’s abilities and his/her working
environment. Questions will address physical condition (e.g. strength, agility, good vision, good
hearing) and physical size (e.g. minimum or maximum length) of the operators as well as the
physical conditions (temperature, pressure, humidity, etc.) of the work area, the access to this
area and the required staffing level. Some hazards may already have been identified as the result
of previous Operating Errors and Other Human Factors discussions.

Quality factor

This question category is intended to explore items related to product quality. LNG specifications
(e.g. concentration, density, colour, etc.), LNG contamination and formation of gases and waste
and their effect on operation shall be reviewed at a minimum.

Process control

If the team has been thorough in its analysis of the previous categories, new issues will rarely
be discovered at this stage. It is, however, very useful to review operations and equipment used
to keep proper control of the process. Consider how the process will be operated in normal and
emergency conditions and which instrumentation is critical for control.

Facility siting

This question category is very broad and reviews the layout, the characteristics and the
equipment of the site on which the process under investigation is or will be installed. Items to be
reviewed are the structural design of the buildings and process units, their location and the
spacing between them, the presence of toxic or flammable substances (including in other ships
or on land), the presence of drainage systems, pressure relief and explosion venting systems,
firewalls, emergency exits, air intakes for HVAC systems, etc. Some hazards may already have
been identified as the result of review of previous categories. Even if the team has been thorough
in its analysis of all the previous categories, some new issues may be discovered at this stage
(especially for larger sites).

Safety zones and security zones shall be considered in the facility siting, if they are established
as described in [7.4] and [7.5] in this phase of the analysis. This shall include an assessment of
nautical conditions like traffic intensity, energy distribution, etc.
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7.3  Quantitative risk assessment
In cases where the bunkering scenario deviates from the standard scenarios defined in ISO
guideline /1/ and stated in Figure 7-1, or where any requirement as specified in items F1 through
F24 in /1/ cannot be met, deviations shall be assessed by QRA in agreement with local
authorities.

Only adequate input data shall be used to ensure that valid and robust results will be obtained.
If suitable information is available, a preliminary QRA may be used in the early stages of a design
and can make a contribution towards optimizing the arrangement of bunkering facility and
operations. The operational envelope (size of safety zones, capacities, bunkering rates etc.) shall
be assessed at this stage.

QRA shall only be undertaken by personnel with adequate skills and competencies. The QRA
model shall effectively reflect reality and thus those familiar with the facilities and their operation
need to be involved in the evaluation. This is particularly relevant in relation to the preparation
of input data and assumptions and the review of results from the analysis. 

7.3.1  Objectives of the QRA
The objective of the QRA study is to, ref. /5/:

— demonstrate that overall safety targets are met
— evaluate and select safeguards and risk reducing measures
— confirm or develop safety zones.

The QRA shall model the operations as detailed as necessary for the analysis. Simultaneous
operation, major construction/maintenance in or near LNG bunkering facilities and bunker
vessels in operation shall be part of the risk assessment. The total risk shall be separated in two
main contributors: the inherent risk from the hardware that is used at the facility and its
operation, and the contribution from external activities/domino effects at or near the bunkering
location. 

This is illustrated in Figure 7-4 which shows frequencies of exceeding a certain distance as a
function of distance: the green line is the overall risk. The blue line is the contribution from the
hardware and the operation of the bunkering facility. The slope of the blue line is mainly
dependent on failure rates and reliability of the selected hardware as well as the quality of the
bunkering operations. The difference between the two lines is the site specific contribution. This
difference is influenced by major effects from for example dropping objects or collisions from
passing vessels.

Area “A” in the diagram is characterizing high frequency events with low impact. An example is
small leakages during connection of the bunker lines. At area “B” low frequency events with high
impact are located. This may be hose rupture as a result of the receiving vessel being struck by
another vessel. To assess the effectiveness of barriers that are reducing the frequency for events
in area “B” is one of the main purposes of a QRA.
DNV GL AS



Recommended practice – DNVGL-RP-0006:2014-01

 Sec.7 Risk assessment for LNG bunkering facilities  –   Page 37
Figure 7-4  
Quantitative risk: individual risk versus safety distance

7.3.2  The QRA process

The first part of the quantitative risk assessment is similar to the qualitative risk assessment, i.e.
to establish the study basis and perform a HAZID to identify and screen potential hazardous
situations. 

Additional factors are:

a) The study basis shall be elaborated and specific with regards to additional safeguards that
shall be implemented to compensate for deviations from functional requirements or
requirements to components and systems, training or documentation as laid down in the ISO
guideline /1/.

b) The hazard identification report shall include a list of accident scenarios that shall be analysed
numerically in the QRA.

c) The study shall include an assessment of possible domino effects of the bunkering operations
to nearby activities and vice versa.

7.3.3  Accident scenarios
Typical accident scenarios and loss of containment scenarios for LNG bunkering facilities that
shall be assessed for relevance are listed in Table 7-2. If after a preliminary risk analysis a certain
scenario is considered not relevant, this shall be documented in the project documentation.
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7.3.4  Frequency assessment

After the hazards of a system or process have been identified, the next step in performing the
QRA is to estimate the frequency at which the hazardous events may occur. The following are
common techniques and tools available for frequency assessment:

— analysis of historical data
— fault tree analysis
— event tree analysis
— simulations.

The selected technique will depend on the availability of historic data and statistics.

7.3.5  Consequence assessment

The consequence assessment shall be carried out using recognized consequence modelling tools
that are capable of determining the resulting effects and their impact on personnel, equipment

Table 7-2  LNG accident scenarios

Source of release Scenario Possible causes

General process and 
cargo handling

Accidental release 
from equipment and 
piping

Lack of flange tightness 

Defective gasket

Weld defects

Corrosion

Impact

Supporting structure damage

External fire

Overpressure (e.g. pressure tests during commission)

Embrittlement

Earthquake, floods and other natural hazards

Accidental release 
from LNG tanks at 
jetty or on ships

Ship collision Passing ship adrift

Ship pressure relief 
valve

Overpressure

Rollover

Onshore storage Tank leakage Dropped in tank pump

Internal or external leak in tank bottom or wall 

Earthquake 

Catastrophic rupture and leakages

Tank PSV release Tank overfilling 

Tank overpressure

Rollover

BLEVE Fire impact on pressurized hydrocarbon liquid containers. 
BLEVE is only considered as a potential threat for 
pressurised storage tank, where the loadbearing structure 
is exposed to fire loads. 

Loading/unloading 
lines

Leaks from piping 
and manifold

See general

Accidental release 
from the loading arm 
or hose

Leak /full bore 
rupture

Mechanical failure mode 

Loss of mooring, drift off

Passing ship adrift

Ship collision 

LNG truck Releases during 
transfer

Rupture of transfer hoses, truck or piping. Operational 
errors, mechanical errors 

Catastrophic rupture, warm BLEVE 

LNG supply ship Leakage from cargo 
tank 

Structural damage

Collision damage if this is identified as a credible risk in the 
HAZID
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and structures, or the environment. This shall be validated by experimental test data appropriate
for the size and conditions of the hazard to be evaluated.

Figure 7-5 shows an example which illustrates a two-phase release of LNG:

— the accidental release develops a jet flow
— the liquid jet breaks into aerosol
— the droplets partly or fully evaporate, and some liquid rains out to form a pool of LNG.

Figure 7-5  
Illustration of two-phase release of LNG

The consequence modelling involves the following consecutive steps:

a) Discharge calculations shall be carried out to set release characteristics for the LNG (including
depressurization to ambient). Scenarios which shall be modelled include releases from pipes/
hose (e.g. leaks or catastrophic ruptures), in-building releases and release from cold mast.
Leak scenarios to be considered are both un-pressurised and pressurised releases, depending
of the storage and bunker system.

b) Dispersion calculations shall be carried out to determine the concentrations of gas when the
cloud travels in the downwind direction. This includes effects of jet, heavy-gas and passive
dispersion. In the case of a two-phase release rainout may occur, and pool formation/
spreading and re-evaporation shall be modelled

c) Fire calculations shall be carried out.

d) Explosion calculations may be required if conditions for vapour cloud explosions cannot be
eliminated.

The resulting effects shall be compared to the impact criteria recognized by the authorities and
used in practice by the industries (e.g. fire radiation with or without escape and shelter). 

All assumptions, modelling, identified uncertainties and settings of calculation parameters shall
be documented.

7.3.6  Barriers

Barriers constitute the levels of defence as described in [4.1]. Barriers can be for example (in
increasing order of effectiveness): crew training, competence and certification, emergency
response procedures (ERP), design of loading arm/hose according to best industry practice, ESD
system and alarms, etc. 

Sec.5 is detailing barriers for LNG bunkering.

7.3.7  Risk criteria

The most common risk criteria used in the LNG industry for risk assessments when relating risk
to people are individual risk (IR) and societal risk (FN). If local authorities do not propose criteria,
the criteria from the ISO guideline /1/ shall be used.

Individual risk:

The Location-Specific Individual Risk (LSIR) is generally presented in terms of risk contours as shown
in Figure 7-6.
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Figure 7-6  
Example of risk contours

Individual risks for workers are commonly expressed as fatal accident rate (FAR), which is the
number of fatalities per 108 exposed hours. FARs are typically in the range 1-30.

Figure 7-7  
Example of risk comparison of FAR

Societal risk:

Societal risk is usually represented in a FN curve, see Figure 7-8, which is a Log-log graph: the
X-axis represents the number of fatalities and the y-axis the cumulative frequency of the
accidents, with the number of fatalities equal to N or more.
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Figure 7-8  
Example of risk curves for populations

7.3.8  Risk evaluation and risk reduction

The QRA shall involve a comparison of the calculated risk level with acceptance criteria. The risk
acceptance criteria shall be according to Annex A of the ISO guideline /1/ unless the owner and/
or regulator require other criteria.

The risk evaluation may also include comparison of alternative designs or activity plans.

Identification of possible risk reducing measures within the three layers of defence shall be
performed throughout and as a part of the risk assessment process.

The assessment shall identify measures, in order of priority:

— design measures that provide inherently safer design
— preventive measures that reduce the probability of accidental events occurring
— mitigation measures that reduce the consequences if accidental events should occur.

The identification and evaluation of risk reducing measures shall be documented.

Based on the activities as described above, a list of different risk reducing options should be
presented and recommendations should be given.

Risks related to the installation of the measure should also be addressed if relevant.

7.3.9  Documentation of risk and findings 

The results from the cause analysis, consequence evaluation and risk assessments shall be
documented in a report which shall include, but not be limited to, the following topics a) to m):

a) executive summary

b) main conclusions and recommendations

c) introduction, objective and scope

d) description of the installation or system

e) selected QRA methodology

f) hazard identification

g) description of HAZID team

h) model descriptions, data and their sources

i) parameter settings

j) risk results and mitigation alternatives

k) total risk presentation and discussion

l) limitations, sensitivities and uncertainties of the assessment

m) references.
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7.4  Safety zones
The purpose of safety zones is to reduce the frequency of ignition by excluding uncontrolled and
controlled ignition sources from the zone (except those necessary and related to the bunkering
operation). The safety zone is part of the second layer of defence.

The following two approaches can be used to determine safety zones:

a) Deterministic approach: the safety zone is determined by a consequence based methodology,
where a representative scenario and its consequence are selected; this approach may be used
only if a standard bunkering scenario is assessed and if all functional requirements in the ISO
guideline /1/ are met.

b) Probabilistic approach: the risk distance is calculated by using a QRA methodology. This
approach shall be used if deviations from the functional requirements in the ISO guideline /
1/ are present. A probabilistic approach may be used to prove shorter distances than in a
deterministic approach by crediting safeguards.

Whatever approach is used and whatever result is obtained, the safety zone shall extend not less
than 10 m around any point of the connected bunker system. A safety zone shall be in
accordance with IEC 60092-502 as a minimum.

7.4.1  Deterministic approach

With this method, the safety zone is conservatively determined based on the dispersion of gas
from a maximum realistic release of LNG or natural gas. The methodology is shown in the overall
process in Figure 4-2 and is detailed in Figure 7-9.

Figure 7-9  
Methodology for determination of safety distance, deterministic path

The selection of the representative scenarios is based on the initial hazard identification which is
focused on hazards that can result in a loss of containment of LNG. It shall reflect the project
specific factors which shall include, but not be limited to:

— transfer rates and inventory in the bunkering facilities
— operational modes
— implemented safeguards
— properties of the LNG in the bunkering system (temperature, pressure)
— vicinity to other facilities or operations
— location specific and representative weather conditions.

The representative scenario shall be determined on a conservative, but realistic basis considering
the operation and the implemented safeguards. The maximum effect of the representative
scenario shall be used to determine the safety distance. 

The dispersion assessment of this maximum, realistic release needs to reflect all relevant factors
and shall be conducted using a recognized and validated consequence assessment tool.

The dispersion assessment shall include the following steps:

a) Determine the release rate and duration based on failure size, pressure, inventory and effect
of ESD. For large size failures the release rate shall reflect the time until ESD is activated.

b) Determine initial flash and vapour generation due to the pressure loss. For “warm” LNG the
initial flashing will be significant.

c) Determine the liquid LNG pool and the evaporation rate dependent on the properties of the
ground or water.
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d) Determine whether the characteristic dimensions of obstacles in the surroundings are such
that vortex, recirculation or preferential direction for gas dispersion may occur. If that is the
case the dispersion model chosen for the dispersion assessment shall be able to take such
obstacle effects into account.

e) Assess the dispersion reflecting the weather conditions.

The maximal effect of the representative scenario is a flash fire. A flash fire can occur when the
released flammable cloud is ignited. This ignition could occur down to the Lower Flammable Limit
(LFL) concentration. The distance effect shall be calculated using 0.5 × LFL to determine safety
distances. The factor 0.5 is accounting for uncertainties in the dispersion and mixture of the gas
cloud.

7.4.2  Probabilistic approach

The safety zone is in this approach defined by using a QRA methodology. 

The probabilistic or risk based approach provides a more rational basis for making informed
decisions than an approach based on single, large event scenarios as in the deterministic
approach. A key feature of the probabilistic approach is its explicit consideration of the likelihood
of an event; the assessment is thus based on both the consequence estimates and the
probabilities for quantity of release, location of release, probability of ignition as a function of
time after the release, and environmental factors. Effectiveness of barriers can be modelled and
quantified in a QRA.

The safety zone is defined as the contour of a cumulative frequency of an ignitable gas cloud
(using 100% LFL) > 10-6 per bunkering (or criteria agreed with authorities), /1/.

This requires a probabilistic assessment of all release scenarios from equipment (piping, valves,
connectors, arms, hoses etc.), procedures and other factors such as SIMOPS. The assessment
shall be encompassed by the steps: 

a) Hazard Identification.

b) Determination of a set of representative or significant hazardous events. Similar hazards may
be grouped for the assessment.

c) Estimation of the frequency of occurrence of the representative hazards. This may be done
by reference to appropriate historical data.

d) Evaluation of the methane concentration. This step in the process involves the use of
mathematical models to predict both physical phenomena such as dispersion of gas or
released LNG, etc., and the performance of equipment and systems such as availability of a
gas detection system. The end result of this phase of the assessment is a series of “end
events”, together with their estimated frequency of occurrence.

e) Risk summation. The overall frequency of each of the consequence is determined by summing
up the relevant frequencies for all the possible end events.

A QRA may be used for determining safety zones even if a deterministic approach would suffice.

7.5  Security zones
The purpose of a security zone is to reduce the frequency of loss of containment. The security
zone is part of the first layer of defence. The size of the security zone should be based on annual
risk to the bunkering facility and third parties.

The security zone shall be established based on the findings from the risk assessment in order to:

— Monitor and control external activities e.g. ship movements, that may lead to incidents
threatening the operation.

— To guard against collision or interaction from passing vessels, other means of marine traffic
or activities in the port/quay.

— Identify areas where accidental effects for personnel may occur. As a result this may limit
access for personnel, and/or specific actions in the emergency response plan.

The HAZID team shall decide if a security zone shall be implemented. This zone, if implemented, shall

— extend beyond the safety zone, and
— be a result of a site specific risk assessment. 

The assessment shall take into consideration parameters including but not limited to:

— energy spectrum of passing traffic
— possible arrangement of supply side/receiving ship
— terminal operations
— passenger operations
— loading on/off operations.

Ignition sources may be accepted/tolerated (e.g. tugs, service vessels, trucks operating in the
port) inside the security zone. 
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APPENDIX A  RISK MANAGEMENT

A.1  Risk criteria

Table A-1  Risk matrix, /1/

Consequence Increasing probability

Severity 
rating

People Assets Environ-
ment

Reputation A B C D

Has occurred 
in E&P 
industry

Has 
occurred
in 
operating 
company

Occurred 
several times 
a year in 
operating 
company

Occurred 
several times 
a year in 
location

0 Zero 
injury

Zero 
damage

Zero 
effect

Zero impact

1 Slight 
injury

Slight 
damage

Slight 
effect

Slight impact Manage for continued 
improvement

2 Minor 
injury

Minor 
damage

Minor 
effect

Limited 
impact

3 Major 
injury

Local 
damage

Local 
effect

Considerable 
impact

4 Single 
fatality

Major 
damage

Major 
effect

Major national 
impact

Incorporate 
risk-

reducing 
measures

Fail to meet 
screening 

criteria

5 Multiple 
fatalities

Extensive 
damage

Massive 
effect

Major 
international 

impact

Table A-2  Risk acceptance criteria, /1/

Acceptance criteria Comment

Individual risk 1st party personnel AIR < 10-5 Applies to crew and bunkering personnel 

Individual risk 2nd party personnel AIR < 5·10-6 Port personnel

Individual risk 3rd party personnel AIR < 10-6 General public without involvement in the activity
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A.2  DNV risk management framework (consistent with ISO 31000)

Table A-3  Framework

Step Purpose

Policy Outlines what principles and guidelines that are to be followed when working 
with risk management. Ensures uniformed rules and criterias for risk 
management.

Approach How the risk management shall be implemented as to methodology. 
Which risk management approach shall be applied? This will ensure a 
systematic and uniformed approach.

Structure The risk management structure describes where and who in the organisation 
with responsibilities for the risk management. The structure shall ensure that 
risk management becomes an integrated part of the daily business and thus a 
naturally running process.

Tools The risk management tool shall support a high number of risk factors and give 
an overall view of the changes in risk exposure. This to ensure a smooth and 
continuous follow up of risks, risk reducing actions and risk events.

Culture A prerequisite for an effective risk management process is the right risk culture. 
A risk culture is a key success factor and must be evolved to ensure continuous 
risk awareness and focus.

Structure
(roles, responsibilities)

Infrastructure, tools

Policy
(objective, purpose)

Risk culture, skills, competencies

Approach
(identify, assess, mitigate)

Risk reporting and communication

policy
(goal, strategy, acceptance criterias)

approach

(work process and method)

approach

(work process and method)

strukture
(roles, mandates and meeting places)
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Table A-4  Approach (work process and method)

Level Purpose

Initiation Specify and prepare the fundament for risk management. Achieve a 
compromised understanding of the basis for risk management. 

Identification Reveal risks that threat achievement of goals, and systematically structure the 
risks to ensure manageability.

Analysis Visualize how risks (threats and weaknesses) influence goal achievement, and 
place responsibilities for handling and follow up of risks (risk ownership).

Action planning Decide where to initiate actions and develop an action plan to ensure efficient 
handling of risk factors.

Implementation and 
follow-up 

Ensure effective implementation of action plans, continuous follow up on risk 
picture, periodical update of risk picture, and reporting of risk- and action 
status.

Table A-5  Initiation

Aktivity Purpose of the activity

Method Find an appropriate method for risk analysis.

Goal Identify, develop and describe the goals relevant for risk management. 

Scales Set probability and consequence scale to ensure uniformed evaluation of risk 
level. 

Value chain Identify which processes and activities that are within scope for risk evaluation.

Categories Establish risk categories (sources/causes of risks) to ensure a structured and 
systematic risk identification.

Guide Develop risk questioning guide to ensure that all relevant aspects are included 
for a systematic identification.
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Table A-6  Identification

Activity Purpose of the activity

Identify Identify threats and weaknesses of importance to the risk management goal(s).

Describe Compose good names and precise descriptions of risks to ensure effective 
communication and handling. 

Structure Reach a collection of risks which are mutual exclusive, and formulated at the 
same level of detail.

Identify Identify threats and weaknesses of importance to the risk management goal(s).

Describe Compose good names and precise descriptions of risks to ensure effective 
communication and handling. 

Table A-7  Analysis

Activity Purpose of the activity

Analyse risks Decide risk level (probability x consequence towards risk management goal) for 
identified risks in order to differentiate between critical, significant, and 
negligible risks. 

Appoint risk owner Attach each risk to a responsible organisational unit and a risk owner (person/
role) in the unit. 

Prioritize risks Prioritize which risks to be treated with actions.

Table A-8  Planning of actions

Activity Purpose of the activity

Identify actions Find reasonable risk reducing actions for the prioritized risks.

Analyse and decide on 
actions

Prioritize which actions to be implemented based on evaluation of their risk 
reducing effect. Also to define potential risks where no adequate treatments are 
found, and that therefore need to be accepted.

Appoint action 
responsible

Locate the person in the organisation that is given the responsibility of 
completing the action. 

Develop action plan Establish a detailed plan for implementation of the actions.
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Table A-9  Implementation and follow-up

Activity Purpose of the activity

Implement action and 
update risk level

Implement the planned actions, investigate whether the actions are 
successful, and possibly initiate new actions.

Determine status Determine status for risks and actions after the implementation.

Monitor risk picture Continuously identify risks that have been left out or identify new risks that 
arise from changed circumstances in own organisation or the surroundings. 

Update risk picture 
periodically

Periodically updating the risk picture by carrying out a systematic 
identification and analysis of new risks, re-evaluating the current risks. 

Report status Report important risks and actions to the management group.
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APPENDIX B  HAZARDS ASSOCIATED WITH LNG

B.1  Release of LNG
This chapter describes the characteristics of LNG as well as the typical hazards associated with
a LNG release/leak.

At atmospheric pressure, LNG will boil at -162oC and represent a cryogenic hazard causing
embrittlement of carbon steel structures and potential frost burns to exposed personnel.

Evaporated natural gas will be cold and heavier than air, and will thereby be spread by gravity.
The natural gas is non-toxic, but can threaten personnel through asphyxiation due to depletion
of oxygen. When the natural gas is mixed with air it will gradually become flammable.

Natural gas is only flammable within a narrow range of concentrations in the air (typically
between 5% and 15% for pure methane). Less air does not contain enough oxygen to sustain a
flame, while more air dilutes the gas too much for it to ignite. In the event of a spill, LNG vapours
will disperse with the prevailing wind. Cold LNG vapour will appear as a white cloud.

LNG is neither carcinogenic nor toxic. It is however an asphyxiant which dilutes or displaces the
oxygen containing atmosphere, leading to death by asphyxiation if exposed long enough. Since
natural gas in its pure form is colourless and odourless, confined spaces are subject to special
attention. With large uncontrolled release quantities, personnel in direct surroundings may be
suffering from low oxygen concentrations (<6-15 V%), which should be counteracted by
technical and procedural solutions. 

The cryogenic nature of LNG facilities poses the risk of potentially injurious low temperature
exposure of personnel, structural steel, equipment, instrumentation, control and power cabling.
Cryogenic exposure of personnel causes frost burns; cryogenic exposure of carbon steel causes
embrittlement, possibly resulting in structural failure. Consequently, protection from cryogenic
exposure, as well as from fire exposure, is needed. 

Since hazardous concentration levels of methane, resulting in asphyxiation are much higher than
the combustible range, this additional hazard is usually not considered in a QRA.

B.2  Outflow of non-pressurized LNG
LNG is stored in bulk storage tanks at its atmospheric boiling point (approximately -162ºC). Any
boil-off gas is collected, and pressure relief valves are set to only allow a very low net positive
pressure.

Most spill scenarios for the storage tank occur at atmospheric pressure plus any liquid head of
LNG (i.e. the static liquid column above the point of release). The significance of this is that there
is no pressure flashing of LNG to methane; phase change occurs due to very rapid heat transfer
and boil-off.

In small spills of LNG discharged from height, most of the LNG will vaporize before reaching the
impoundment trenches, soil or water, due to heat transfer with the air and concrete. For very
large spills, air cannot transfer enough heat to vaporize much LNG so almost all the spill is likely
to end up in the pool.

Spilled LNG will simultaneously undergo several physical processes. These include pool
formation, spread and boil-off. Pool formation for cryogenic boiling liquids is a dynamic process
balancing the LNG input rate, gravitational spread, surface tension effects, heat transfer and gas
boil-off.

B.3  Outflow of pressurized LNG
In an LNG fuel supply chain, pressurised storage and transfer of LNG can occur in a truck storage
tank and other smaller intermediate storage as well as in piping.

In such cases the outflow of LNG will be dependent on the pressure in addition to the static head,
and in the cases where LNG has been stored for some time the immediate flashing will depend
on the level of superheating.

Due to the pressure the reach of liquid sprays and jet scan can be significant, but formation of
liquid pools will be similar to unpressurised release.

B.4  Dispersion 
Methane gas (plus other associated heavier hydrocarbons if present) that boils off from the pool
will form a dense gas due to its very cold temperature (initially -162ºC), but additional density
is also caused by condensation of atmospheric moisture. 

As the cloud disperses with the wind, it spreads due to gravitational (density) effects and mixes
with air due to atmospheric turbulence (characterized by a stability measure). Processes also
affecting this mixing include heat transfer with the air and re-evaporation of condensed moisture.

Eventually the cloud will reach a point of neutral density, at which point dense gas processes
cease to be important and atmospheric turbulence dominates the mixing. 
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Depending on circumstances, the cloud may eventually become buoyant as methane is much
lighter than air (mole weights of 16 and 29 respectively); however, the presence of heavier
hydrocarbons and cold will reduce the buoyancy and the cloud may be so diluted before this
occurs that the effect may not affect flammable hazards. 

B.5  Rapid phase transformation (RPT) 
This is a very rapid physical phase transformation of LNG liquid to methane vapour mainly due
to submersion in water. RPT does not involve any combustion and cannot be characterised as a
detonation. The pressure pulse created by small pockets of LNG that evaporates instantaneously
when superheated by mixing in water, will travel by the speed of sound and decay as any other
pressure pulse. This is unlikely to damage large structural elements of a ship. No specific
modelling is undertaken for RPT as it is unlikely to increase the hazard range of a major spill that
has already occurred.

B.6  Flash fire 
Dispersing clouds of methane (and any other hydrocarbons present) can be ignited anywhere
where the concentration is above the Lower Flammable Limit (LFL) and below Upper Flammable
Limit (UFL). 

The majority of clouds which are ignited do so at their edge as they disperse and meet a strong
ignition source (e.g. open flame, internal combustion engine, sparks). An ignited cloud will “flash
back” across all its flammable mass (i.e. that part within the flammable range – between the UFL
and LFL). It will then burn at the UFL boundary until the entire hydrocarbon is consumed. This
will almost always flash back to the source and ignite the pool. 

Flash fire zones move at different speeds through flammable clouds. Factors affecting this include
the material flame speed, the concentration (maximum speed at stoichiometric concentrations,
lower speeds at LFL and UFL), the temperature, condensed moisture, the degree of turbulence
and the presence of congestion/objects that enhance turbulence. 

When the flash fire reaches the evaporating spill of LNG, it will cause this to ignite and burn as
a pool fire. 

B.7  Pool fire 
If LNG spills near an ignition source, the evaporating gas in combustible gas-air concentration
will burn above the LNG pool. A pool fire may result after a flash fire. A LNG pool fire generates
significant thermal radiation. Large LNG fires tend to be smoky (experience indicates little smoke
for pool fire diameter exceeding 30 meters of diameter) and this smoke absorbs a substantial
fraction of the thermal radiation. An additional factor is that the spreading LNG spill pool can
become fairly thin. Once combustion is added to evaporation, the pool will shrink significantly in
size – to a sustainable pool fire diameter. 

B.8  Fireball / BLEVE 
Fireballs are very rapid combustion processes most often associated with Boiling Liquid
Expanding Vapor Explosions (BLEVE) and these are only associated with pressurized liquids.
When these are released quickly, the gases flash and this creates extreme speeds and
turbulence. This in turn allows a flame front to travel rapidly across the whole flammable
envelope. As these releases often do not have much air entrained, the fireball burns across the
entire external envelope and causes the flammable mass to rise and radiate large amounts of
heat in typically 20 to 40 seconds. 

Fireballs are also possible with large releases of gases (e.g. large town gas tank failures), but
these are much less radiant than a BLEVE and require special conditions of high turbulence,
unlikely to exist with an LNG spill in the open. 

The normal mechanism for BLEVE is a pressure vessel containing pressurized liquefied gas (e.g.
a recondenser) subjected to external fire impingement or catastrophically failing due to other
causes. 

Insulation of a pressurised tank generally contributes to reducing the risk of escalation from
impacting fire.

B.9  Vapour cloud explosion 
A vapour cloud explosion (VCE) can occur when a large flammable mass of hydrocarbon vapour
is ignited in a confined or partially confined space. The thermodynamics of the combustion of a
stoichiometric mixture of hydrocarbon in air will result in an 8 times volume increase of hot
combustion products compared to ambient reactants. This is mainly due to the high temperature
of the combustion gases and partly due to an increase in the number of moles of gas. In a
confined space (e.g. an enclosed box), the final pressure will be maximum of 8 bar (about 120
psi). In an open space, outdoors situation, there is no confinement and the experimental
evidence is that methane gas will burn relatively slowly (in the order of 10 m/s) with all the
expansion resulting in a vertical rise of gas. Ignitions trails on dispersed unconfined LNG vapour
DNV GL AS



Recommended practice – DNVGL-RP-0006:2014-01

 App.B Hazards associated with LNG  –   Page 52
clouds have confirmed that no significant overpressures are developed (<1 mbar). 

Within methane (LNG) clouds, flame propagation is slow and the flame might be extinguished
pre-maturely and not be sustained through the whole cloud. Sufficient flame velocity (i.e. >100
m/s) to create significant explosion overpressures will not occur over water, if there is no
congestion or confinement. 

It is however prudent to examine facility’s design to identify areas where vapour cloud explosions
(VCE) may cause damage, particularly if the damage may extend off site. An area of potential
interest for VCE is the jetty structure, between the jetty and the vessel while LNG is bunkering.
Some degree of congestion is provided between the jetty/associated equipment and vessel.

B.10  Jet fire
Dispersing clouds of hydrocarbons can be ignited anywhere where the concentration is above the
LFL and below UFL. The majority of clouds which are ignited do so at their edge as they disperse
and meet a strong ignition source (e.g. open flame, internal combustion engine, sparks). An
ignited cloud will “flash back” across all its flammable mass (i.e. that part within the flammable
range – between the UFL and LFL). It will then burn at the UFL boundary until the entire
hydrocarbon is consumed. This will almost always flash back to the source and lead to a residual
jet fire. Factors affecting this include the material flame speed, the concentration (maximum
speed at stoichiometric concentrations, lower speeds at LFL and UFL), the temperature,
condensed moisture, and the degree of turbulence and the presence of congestion/objects that
enhance turbulence. 
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APPENDIX C  FUNCTIONAL REQUIREMENTS AS STATED IN 
ISO GUIDELINES FOR LNG BUNKERING FACILITIES

Table C-1  Functional requirements for LNG bunkering facilities

Functional 
requirement

Short description

F1 Compatibility check between supplier and ship 

F2 Can the system be commissioned and operated (purged and inerted) without release of 
LNG or natural gas to the atmosphere

F3 Is the system closed and leak tested prior to bunkering

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

F5 The design shall reflect the required operational envelope (motions, weather, 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 trapped liquid

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
Note: for truck 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

F10 An organisational plan shall be prepared and implemented in operational plans and 
reflected in qualification requirements

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

F12 Emergency equipment and personnel shall be mobilized in accordance with the 
emergency response plan 

F13 Operating procedures shall not be applied as an alternative to a particular fitting, material 
or item of equipment

F14 Minimize the likelihood of igniting potential LNG releases. This is accomplished by 
elimination of ignition sources in classified areas and by controlling 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
Note: Manual detection may be accepted for continuously monitored short duration 
operations 

F17 The transfer operation shall be capable of being stopped safely and effectively without 
release of liquid or vapour, either manually or by an ESD signal

F18 The transfer system shall be provided with an ERS (emergency release system) or break-
away coupling, to minimise damage to the transfer system in case of ships drift or vehicle 
movement. This should be designed for minimum release of LNG if activated. The ERS 
may be linked to the ESD system (where this may be referred to as ESD-2)

F19 The release of LNG or cold vapour should not lead 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 implemented around the bunkering operation into which only 
essential personnel shall have access

F22 Activities in the area adjacent to the bunkering operation shall be controlled to reduce 
possible ignition sources 

F23 A contingency plan shall be in place

F24 Copies of the plan shall be communicated to all parties involved in the bunkering 
operation including the planned emergency response team and be part of the training 
program. This should be practiced at regular intervals both as “table top” and practical 
exercises
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