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About DNV GL 

Driven by its purpose of safeguarding life, property and the environment, DNV GL enables organizations to 

advance the safety and sustainability of their business. DNV GL provides classification and technical 

assurance along with software and independent expert advisory services to the maritime, oil and gas, and 

energy industries. It also provides certification services to customers across a wide range of industries. 

Combining leading technical and operational expertise, risk methodology, and in-depth industry knowledge, 

DNV GL empowers its customers’ decisions and actions with trust and confidence. The company continuously 

invests in research and collaborative innovation to provide customers and society with operational and 

technological foresight. DNV GL, whose origins go back to 1864, operates globally in more than 100 

countries with its 16,000 professionals dedicated to helping their customers make the world safer, smarter, 

and greener. 

DNV GL is the leading technical advisor to the global oil and gas industry. The company provides consistent, 
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EXECUTIVE SUMMARY 

LNG is an attractive fuel choice for many vessels because it exceeds the air quality standards set forth in the 

North American Emission Control Area (ECA), and the price of LNG is significantly lower than ECA-compliant 

fuel. However, because the use of LNG as a marine propulsion fuel is a relatively new concept in the U.S., 

there are significant safety and regulatory gaps.  In addition, there are several challenges related to the 

development of a national infrastructure for LNG bunkering. 

MARAD has partnered with other government agencies, industry, and academia to determine the feasibility 

and likelihood of using natural gas as a propulsion fuel in the maritime sector. Through previous research 

and outreach with all of the stakeholders, MARAD identified specific information needs regarding natural gas 

infrastructure and the refueling of vessels (i.e., bunkering).  

MARAD contracted with DNV GL to complete this study with the objective of analyzing existing LNG 

bunkering infrastructure, safety, regulations, and training, and identifying and recommending best practices. 

Over the course of this study, DNV GL has made recommendations for specific audiences concerning 

standards and integration of LNG bunkering into U.S. maritime operations.  The study is divided into four 

sections that analyze the following topics: LNG bunkering infrastructure; LNG bunkering safety; regulations; 

and personnel training. 

 

LNG Bunkering Infrastructure in the U.S. 

Infrastructure development as well as vessel transition to LNG propulsion will be driven by tighter 

environmental regulations and price differences between conventional fuels and natural gas. Because the 

development of infrastructure is acutely dependent on the needs of specific ports and stakeholders, there is 

no single bunkering option. 

To address key factors for the development of infrastructure at a port, four potential bunkering options were 

identified and evaluated.  The bunkering options included truck to ship, shore to ship, ship to ship, and 

portable tank transfer. 

Recommendations necessary to be considered for development of bunkering infrastructure should be 

focused on the following: 

 Analysis of vessel types that utilize ports in the U.S. to determine what bunkering methods will be 

necessary. The analysis should include an assessment of select ports in order to determine the most 

viable alternatives given port-specific constraints. A component of the analysis should include 

identification of ports where LNG bunkering infrastructure would be in the national best interest as 

opposed to locations that are less desirable for security, safety, or other reasons. 

 Evaluation of LNG bunkering site availability for increases in demand, considering transfer volume 

and frequency. The evaluation should include an optimization study that assesses the optimal 

infrastructure build-out to provide LNG bunkering for both high-frequency, low volume transfers and 

low frequency, high volume transfers more efficiently. Further evaluation would include a 

comparative risk assessment study of the safety aspects for large-scale truck transport to port 

locations vs. large-scale rail transport to port locations vs. natural gas pipeline and local liquefaction. 

 Comprehensive analysis of road transportation safety and security risks from initial infrastructure 

build-out. Specifically, a traffic study is recommended which would assess LNG transport 
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safety/security risks, investigate acceptable limits on national, regional, and local scales, and 

identify possible practical risk reducing measures. In addition, a detailed study of potential routes for 

LNG transportation (truck, rail, and pipeline) that avoid densely populated areas along with 

emergency response capabilities should be completed. 

 

LNG Bunkering Safety 

To address safety during bunkering, potential hazards associated with LNG bunkering, hazard distances, and 

risks associated with each bunkering concept were analyzed. In addition, relative risks and safety zone 

guidance were evaluated for three different bunkering concepts: Truck to Ship (TTS), Port to Ship (PTS) and 

Ship to Ship (STS). Individual risk was estimated and compared for the three different bunkering concepts.  

In general, development and implementation of a regulatory approval process for LNG bunkering operations 

and associated facilities is recommended.  The process should include a Quantitative Risk Assessment (QRA) 

that utilizes probabilistic risk acceptance criteria to assess the acceptability of the risk posed.  Specific 

recommendations to promote safe LNG bunkering operations include the following: 

 Completion of a port risk assessment at each port where LNG bunkering will likely take place.   

 Development of a methodology for and completion of a quantitative port-wide navigational risk 

assessment that determines how changes in traffic character and frequency/density affect the safety 

and security of the public, workers, critical infrastructure, and commercial operations.  

 Development of effective security and safety zone enforcement procedures to promote a safe 

environment for the port population. 

 

Regulatory Gaps Related to LNG Bunkering 

Although the use of LNG marine fuel is not a new concept, there exists a significant regulatory gap for 

bunkering and associated infrastructure operation.  The establishment of uniform standards and guidelines 

for state and local lawmakers will allow for a consistent and predictable regulatory framework. Regulatory 

gaps were identified for LNG metrology, local vs. federal jurisdiction over bunkering operations, and a lack of 

framework for the review of potential risks related to LNG bunkering from non-self-propelled barges. One of 

the primary conclusions identified the need for greater clarity in regulations addressing simultaneous 

operations (SIMOPS).  

 

Training Needs for LNG Bunkering  

Proper training for crew and operators involved with LNG bunkering operations is critical for establishment 

and maintenance of safe practices.  Existing national and international regulations associated with LNG 

bunkering operations were identified and evaluated.  Recommendations were provided based on current 

efforts at the IMO for updating the IGF (The International Code of Safety for Ships using Gases or other 

Low-Flashpoint Fuels ) code, ISO (The International Organization for Standardization ) Draft TS 18683, and 

DNV GL Competence Related to the On Board Use of LNG as Fuel standard No. 3.325 that recommend 

safeguard criteria for best practice of LNG bunkering.   A training scheme for crew and first responders has 

been provided that addresses basic, advanced, and site-specific recommended practices. 
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1  

INTRODUCTION 
 

 

1.1 Background 

LNG, or liquefied natural gas, is natural gas that is cooled to a cryogenic liquid at -162 degree Celsius. In the 

United States (U.S.), LNG is a source of energy for residential and commercial purposes, and is a traded 

commodity. The U.S. has developed a natural gas network by building 96 peak-shaving plants for storage to 

support times of peak demand, a national pipeline network for distribution, and import/export terminals for 

international trade. This network is regulated and supported by various government agencies and 

recommendations/best practices from international and national non-profit organizations. 

Recently, LNG has been used for a different purpose: as a marine transportation fuel. The benefit of using 

LNG as a transportation fuel is that it is clean and cost-effective. When compared to Heavy Fuel Oil (HFO), 

LNG emits 85% less nitrogen oxide (NOx) and sulfur oxides, 90% less Particulate Matter (PM), and 30% less 

carbon dioxide; it is also 75% less expensive on an energy equivalent basis than HFO, on average (Ref. /1/, 

Ref. /2/). Diesel is at least 85% more expensive on an energy equivalent basis than LNG (Ref. /2/).  

Stakeholders in Norway conceptualized using LNG as a marine transportation fuel in response to emerging 

regulations. In 2007, in response to the NOx tax from the Norwegian Government, the Confederation of 

Norwegian Enterprise established a private NOx fund.The NOX fund is an alternative to the fiscal NOX tax for 

operation on the Norwegian Continental Shelf. Affiliated enterprises to the NOX Fund are exempt from the 

fiscal tax. The money paid into the Fund is used to support NOX reducing measures in the affiliated 

enterprises. The NOX Fund has granted support to almost 600 applications reducing more than 28,500 tons 

of NOX from 2008 until early 2015. The fund is now experiencing an increasing trend of applications for LNG 

fuelled ships and up to this date, the NOX Fund has granted support to 43 LNG fuelled ships and the number 

is expected to increase in the future. The support rate for LNG fuelled newbuilds and conversions are up to 

80% of the investment cost. 

The U.S. is currently in a similar situation. In 2010, the Environmental Protection Agency (EPA) implemented 

a regulatory program that adopted the IMO’s Annex VI to the International Convention for the Prevention of 

Pollution from Ships (MARPOL), which includes engine and fuel sulfur limits, and an extension of the ECA, 
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and additional engine and fuel requirements to U.S. internal waters. MARPOL Annex VI contains two sets of 

fuel sulfur limits, consisting of a global cap on fuel sulfur levels and regional requirements for designated 

ECAs. Regional requirements set the maximum sulfur content in fuel that vessels can use while operating in 

those areas. Pending amendments in MARPOL applied stringent new global NOx standards in designated 

ECAs in 2011, new global fuel sulfur standards in 2012, and more stringent NOx and fuel sulfur controls that 

will apply in designated ECAs (Ref. /4/). Given that Northern Europe, particularly Norway, has been 

successful in establishing a sustainable and compliant LNG-fueled ship network, it is possible that the U.S 

can benefit from a similar program in order to meet EPA’s regulations.  

Norway has been able to support a LNG-fueled ship network because they have been able to provide 

refueling infrastructure, so that LNG-fueled ships can refuel without interfering with normal operations. The 

act of refueling a LNG-fueled ship is called bunkering. There are four different LNG bunkering methods that 

either have been commonly used or have been idealized (these methods will be discussed in PART 1):  

1. Truck-to-Ship (TTS): is the most common method used to support the LNG-fueled ship network, to date. 

It is the transfer of LNG from a truck’s storage tank to a vessel moored to the dock or jetty. Typically, 

this is undertaken by connecting a flexible hose designed for cryogenic LNG service. A typical LNG tank 

truck can carry 13,000 gallons of LNG and transfer a complete load in approximately one hour.  

2. Shore/Pipeline-to-Ship (PTS): LNG is transferred from a fixed storage tank on land through a cryogenic 

pipeline with a flexible end piece or hose to a vessel moored to a nearby dock or jetty. These facilities 

have scalable onsite storage such that designs could be capable of performing bunkering of larger 

volumes than TTS or with portable tanks. 

3. Ship-to-Ship (STS): It is the transfer of LNG from one vessel or barge, with LNG as cargo, to another 

vessel for use as fuel. STS offers a wide range of flexibility in location bunkering, and flexibility on 

quantity and transfer rate. There are two types of STS bunkering operations, one is performed at the 

port, and the other is carried out at sea. This has only been carried out at the Port of Stockholm for the 

new LNG-fueled ferry, Viking Grace. 

4. Portable tanks:  They can be used as portable fuel storage. They can be driven or lifted on and off a 

vessel for refueling. The quantity transferred is flexible and dependent on the number of portable tanks 

transferred. A 40-foot (ISO-scale) intermodal portable tank can hold approximately 13,000 gallons of 

LNG. 

In determining the feasibility of the U.S. benefiting from a LNG-fueled ship network, MARAD has been 

collaborating with other government agencies, industry, and academia to determine the feasibility and 

likelihood of using natural gas as a propulsion fuel in the maritime sector. This study addresses the following 

researched items: 

Infrastructure 

 Identify and provide an analysis of the most realistic options for delivering natural gas to a vessel, 

assuming the quantities needed for fueling oceangoing vessels, lakers, and inland tugs. The analysis 

should compare advantages and disadvantages of using various modal supply methods and potential 

barriers. 

 Identify the barriers associated with co-locating bunkering infrastructure for multiple modal uses. 

 Identify gaps in the existing regulatory framework for providing oversight of various phases of the 

LNG supply chain including production, storage, transportation, and fueling. 
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 Identify the agencies that regulate shoreside bunkering facilities and what authorities they have and 

any conflicting jurisdictional issues. 

Bunkering and Safety 

 Identify risks/hazards associated with conducting other operations during bunkering. Note any risk 

mitigation, as necessary. 

 Identify differences in risk between bunkering from shoreside structures versus bunkering from 

vessels. 

 Identify U.S. safety and security regulations that are required for shoreside and in-water 

infrastructure in support of bunkering operations. 

 Identify the areas of U.S. bunkering regulations that need to be standardized to promote a national 

framework 

 Identify the areas of US bunkering regulations that will influence international trade 

 Identify how bunkering operation requirements interact with other environmental regulations 

Training Requirements 

 Identify the level of crew training that will be required in bunkering operations for safety, and reduce 

methane leakage and LNG spillage. 

 Identify the safety equipment and training needs for local first responders for bunkering whether 

shoreside or aboard a vessel. 

1.2 Structure of this Report 

Figure 1-1 depicts the structure of this report. This report consists of four parts: LNG infrastructure, safety 

risk assessment, regulatory gap analysis, and training requirements. Each part has an introduction, 

discussion with supporting information, conclusion with key findings, and a description of recommendations 

that DNV GL recommends to stakeholders. 

1.3 Study Boundaries 

As a practical necessity, this report covers only some of the regulatory aspects related to the LNG supply 

chain. Since the study is intended to focus on bunkering, oversight of infrastructure, and conflicting 

jurisdictions, abandonment and decommissioning were reserved.  
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Figure 1-1: Organization of this Report 

1.3.1 LNG Infrastructure 

In Part 1, DNV GL selected four generic bunkering options to assess, allowing the study to encompass a 

practical range of LNG bunkering options. Since the study is not location-specific, a specific port layout is not 

defined. To provide clarity concerning potential variations, port parameters affecting risk associated with 

bunkering are studied to determine the sensitivity of the risk results to the parameters. 

A short discussion of some of the planned LNG conversions and infrastructure in North America is 

undertaken, together with a status of the infrastructure in Norway and the Netherlands. In addition, a threat 

assessment of the LNG bunkering supply chain is performed, addressing topics such as infrastructure, public 

perception, location restrictions, natural hazards, policy, and regulations. Issues such as “Not in My 

Backyard” (NIMBY) and technical barriers are discussed. 
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1.3.2 Safety Risk Assessment 

Part 2 used risk-based criteria to compare bunkering options. The Safety Study assessed the hazards with 

the potential to cause a loss of containment, and estimated the associated consequences (dispersion, fires, 

and explosions) and risks from such releases. LNG is non-toxic, but is an asphyxiant and a cryogenic hazard. 

This study does not assess the risk associated with asphyxiation and cryogenic harm because the risk 

associated with these hazards have a much smaller potential consequence than fire and explosion events. 

Risks related to other accidents, which are not directly associated with the actual bunkering operation, are 

excluded from the study (e.g., occupational risks and external events like earthquakes). 

The boundaries of the four bunkering options are: 

 LNG bunkering from a truck to a client vessel (TTS) – from the bunkering truck up to the final 

Emergency Shut Down (ESD) valve before the client’s vessel 

 LNG bunkering from shore side jetty to client vessel (PTS) – from the shoreside storage tank up to 

the final ESD valve before the client’s vessel 

 LNG transfer from bunker ship to client vessel (STS) - from the bunker ship LNG tank up through the 

ESD valve before the client’s vessel 

 LNG intermodal tank loading onto client vessel (Portable tank) was not assessed quantitatively as no 

connections/release locations are associated with the LNG transfer. Instead, major hazards 

associated with the Tank trainer are evaluated qualitatively. This technology is expected to be used 

significantly less than the three other bunkering options. 

The above bunkering options represent the boundaries of the scope of work. Any risk related to an incoming 

pipeline (up to the bunkering port battery limit-isolation valve) and/or suppliers to the bunkering facility are 

not a part of the work scope.  

The risk is estimated for the following operational stages: 

 Normal operations for each bunkering option  

 SIMOPS (Simultaneous Operations) 

The basis for this analysis is the conceptual design of available LNG bunkering technologies. It should be 

noted that since this is a safety study based on conceptual design, the most general assumptions have been 

made. In the absence of industry standard published information, DNV GL will use its previous knowledge of 

LNG facilities of similar capacity and design. Results are conducted based on representative conditions not 

based on any specific port. The conditions are established with the goal of developing credible bunkering 

operation scenarios under sound port conditions.  

The following examples are details that may be missing in a representative model and must be estimated 

through assumptions: 

 Location of port facility 

 Port facility layout 

 Process flow diagrams of bunkering concepts 

 Client ship traffic 

 Process safeguards in place 
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Only Individual Risk will be used in the comparison of the four bunkering concepts. The analysis will not 

include population-based risk, due to lack of a specific port facility. Societal risk would add very little value 

to the overall assessment of the bunkering methods without acceptance criteria available for comparison.  

The LNG bunkering concepts are assumed to be conducted based on best practice implemented in well-

established bunkering operations and DNV GL Recommended Practice (Ref. /5/). Safeguards that have been 

assumed to be incorporated into each bunkering concept are the following: 

 Automatic Double ESD system: Ensure reliability of isolation system  

o Assumed isolation would not fail 

 Quick Connect Disconnect System: Quickly isolates hose loss of containment 

o Reduces inventory released due to rupture of loading hose 

 Gas Detection around loading lines: Ensures fast detection time for all equipment 

 Continuous Operator Monitoring of hose: Ensures exceptionally fast detection time around transfer 

lines 

The absence of any of these critical safeguards would lead to higher risks than predicted in this study. 

1.3.3 Regulatory Gap Analysis 

Part 3 focuses on gaps in the existing regulatory framework.  DNV GL focused on analyzing the participation 

of agencies that regulate shoreside-bunkering facilities, analyzing the regulations required for bunkering 

infrastructure, and analyzing the needs for regulations in international trade.  

1.3.4 Training Requirements 

Part 4 of this study covers the anticipated crew and first responder training aspects related to LNG 

bunkering. A review of the existing regulations, standards and guidance is performed related to crew, 

operators and emergency responders. A comparative summary highlighted similarities and differences.  

Safety culture and safety management systems are discussed as how their roles tie into LNG bunkering and 

response training. Some current LNG training examples are described.  

Since the study is a portion of a larger effort, the following are excluded from the scope of this report: 

 Equipment and operation of LNG facilities, terminals, or ports not directly related to LNG bunkering 

 Non-marine uses of LNG 

 Liquefaction facilities 

 Occupational safety (except for that related to crew and responder training) 

 Abandonment or decommissioning of facilities 

 National security issues, particularly those lying outside the purview of the U.S. Coast Guard and the 

Department of Transportation 
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1.4 List of Abbreviations 

Acronym Meaning 

ACDS Advisory Committee on Dangerous Substances 

ADN The European Agreement concerning the International Carriage of Dangerous Goods by Inland 

Waterways 

ADR The European Agreement concerning the International Carriage of Dangerous Goods by Road 

AHJ Authorities Having Jurisdiction 

ALARP As Low As Reasonably Practicable 

ATB Articulated Tow Barge 

BLEVE Boiling Liquid Expanding Vapor Explosions. It is an explosion caused by the rupture of a vessel 

containing a pressurized liquid above its boiling point. 

BLG IMO Sub-Committee on Bulk Liquids and Gases 

BOEM The Bureau of Ocean Energy Management 

BSEE The Bureau of Safety and Environmental Enforcement 

CCNR Central Commission for the Navigation on the Rhine 

CCPS Center for Chemical Process Safety 

CEN European Committee for Standardisation 

CENELEC European Committee for Electrotechnical Standardisation 

CFR The Code of Federal Regulations 

CG-OES The U.S. Coast Guard Office of Operating and Environmental Standards 

CNG Compressed Natural Gas 

COTP  The Captain of the Port 

DMA Danish Maritime Authority 

DNV Det Norske Veritas 

DOE The U.S. Department of Energy 

DSB The Norwegian Directorate for Civil Protection 

EC European Commission 

ECA Emission Control Area 

ECSA European Community Shipowners Association 

EMS Emergency Medical Services 

EMSA European Maritime Safety Agency 

EPA United States Environmental Protection Agency 

U.S. EPA The U.S. Environmental Protection Agency 

ESD Emergency Shutdown  
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ESPO European Sea Ports Organization 

ERS Emergency Release System 

ETSI European Telecommunications Standards Institute 

FERC The Federal Energy Regulatory Commission 

FMCSA  The U.S. Department of Transportation Federal Motor Carrier Safety Administration 

FWS The U.S. Fish and Wildlife Service 

GIIGNL International Group of Liquefied Natural Gas (LNG) Importers 

GL Germanischer Lloyd 

H&MB Heat and Material Balances  

HAZID Hazard Identification 

HCRD Hydrocarbon Release Database 

HFO Heavy Fuel Oil 

HSE Health and Safety Executive 

IAPH International Association of Ports and Harbours 

ICAO International Civil Aviation Organization 

ICS International Chamber of Shipping 

IEC International Electrotechnical Commission 

IGC The International Code for the Construction and Equipment of Ships Carrying Liquefied Gases in 

Bulk 

IGF The International Code of Safety for Ships using Gases or other Low-Flashpoint Fuels 

IGU The International Gas Union 

IMDG  International Maritime Dangerous Goods Code 

IMO The International Maritime Organization 

IMO MSC The International Maritime Organization Maritime Safety Committee 

IR Individual Risk. It is the risk for an individual who is present at a particular location continuously 

all year (i.e., 24 hours a day 7 days every week). 

ISGOTT The International Safety Guide for Oil Tankers & Terminals 

ISM International Safety Management 

ISO The International Organization for Standardization 

LESAS Legal and Safety Assessment 

LFL Lower Flammability Limit. LFL is the lower end of the concentration at which a flammable gas in 

air can ignite under ambient conditions. 

LNG Liquefied Natural Gas. LNG is produced in large liquefaction plants as an ambient pressure 

cryogenic fluid at about -161°C (-258°F). However when used as a transport fuel it is usually 

warmed a little and at 4 to 8 bar pressure (60 to 120 psig). 

LPG Liquefied Petroleum Gas 
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MAEs Major Accidental Events 

MARPOL International Convention for the Prevention of Pollution from Ships 

MFA Massachusetts Firefighting Academy 

MGO Marine Gas Oil 

MOC Management of Change 

MSC Maritime Safety Committee 

NASFM National Association of State Fire Marshals 

NFPA National Fire Protection Association 

NIMBY Not In My Backyard 

NMA Norwegian Maritime Authority 

NVIC Navigation and Vessel Inspection Circulars 

OCIMF The Oil Companies International Marine Forum 

OGP International Association of Oil and Gas Producers 

OSHA The U.S. Department of Labor Occupational Safety & Health Administration 

OSV Offshore supply vessel 

P&ID Piping and Instrumentation Diagrams 

PFD Process Flow Diagrams 

PHMSA The U.S. Department of Transportation Pipeline and Hazardous Materials Safety Administration 

PIC Person(s) in Charge 

PMoU Paris Memorandum of Understanding on Port State Control 

PPE Personal Protective Equipment 

PSM Process Safety Management 

PTS Pipeline/Terminal-to-Ship 

QCDC Drip free Quick connect disconnect  

QRA Quantitative Risk Assessment 

RMP Risk Management Plan 

RP Recommended Practice 

RPT Rapid Phase Transformation. It is a phenomenon realized in liquefied natural gas incidents in 

which LNG vaporizes violently upon coming in contact with water causing what is known as a 

physical explosion or cold explosion. 

RVIR Rhine Vessel Inspection Regulations 

SIGTTO The Society of International Gas Tanker and Terminal Operators 

SIMOPS Simultaneous Operations 

SMS Safety Management System 

SOLAS The International Convention for the Safety of Life at Sea 
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STCW International Convention on Standards of Training, Certification and Watchkeeping for Seafarers 

STS Ship-to-Ship 

TC Technical Committee 

TEEX Texas A&M Engineering Extension Service 

TFEU Treaty on the Functioning of the Union 

TSA The U.S. Department of Transportation, Transportation Security Administration 

TTS Truck-to-Ship 

UFL Upper Flammability Limit. UFL is the highest concentration at which a flammable mixture of gas 

or vapor can ignite at a given temperature and pressure. 

UNECE United Nations Economic Commission for Europe 

USACE The U.S. Department of Defense Army Corps of Engineers 

USCG The U.S. Department of Homeland Security United States Coast Guard  

VCE Vapor Cloud Explosion. It occurs when a sufficient amount of flammable or combustible material 

is released, mixes with air, and is ignited.  

VOC’s Volatile Organic Compounds 

WPCI World Port Climate Initiative 

WSA Waterway Suitability Assessment 
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1.5 Glossary of Terms 

Term Definition 

Bunkering  This is the process of transferring fuel 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.  

F-N A measure to represent societal risk, usually expressed in the form of a curve where the y-

axis is the cumulative frequency of experiencing N or more fatalities.  

Individual Risk A measure to represent the risk to an individual, usually expressed in units of fatalities per 

year.  

Lightering The process of transferring cargo between vessels; also referred to as “ship-to-ship” or STS 

transfer. 

Liquefaction The process of converting natural gas to LNG, i.e., converting gas to liquid. 

LNG LNG is natural gas cooled down to condense at -161ºC (-258ºF). It consists primarily of 

methane. Impurities and heavy hydrocarbons are removed before the cooling process. The 

volume of the liquid is approximately 1/600 of the volume of the gas at atmospheric 

conditions. 

Metocean Meteorological and Oceanographic conditions 

Metrology Science of measurement and its application 

Port A port may be an individual berth, wharf, terminal or nearby location. 

Safety zone A safety zone is established around the bunkering station for the purpose of ensuring only 

essential personnel and activities are allowed in the area that could be exposed to a 

flammable gas in case of an accidental release event during the bunkering operation  

Seaside Location description for the purposes of this study. Refers to equipment or operations that 

are in water and not onshore.  

Security zone Security zones are set with the goal of reducing the frequency of loss of containment due to 

external activities.  

Shoreside Location description for the purposes of this study. Refers to study components that are 

onshore. 

Waterfront Facility All piers, wharves, and similar structures to which a vessel may be secured; areas of land, 

water, or land and water under and in the immediate proximity to these structures; 

buildings on or contiguous to these structures; and the equipment and materials on or in 

these structures or buildings (33 CFR 126). 
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2  

LNG INFRASTRUCTURE IN  
THE U.S. 

 

2.1 Assessment of LNG Bunkering Options 

The development of a robust and efficient LNG bunkering infrastructure for the marine industry may 

decrease U.S. dependency on fossil fuel imports and increase positive health outcomes from reduced air 

emissions. Vessel operators, LNG suppliers, and regulators/administrators working together must ensure 

LNG bunkering can be performed safely and economically with public consent. Although LNG has been 

transferred to LNG cargo vessels internationally for decades, it is not until recently that fueling vessels with 

LNG has commenced in the U.S. By the year 2015, ships are required to meet criteria that will reduce air 

emissions. Options currently available to the industry to meet air quality environmental targets include using 

low sulfur fuels/distillates, installing exhaust gas cleaning systems, using alternative bioenergy fuels, or 

using LNG as a primary fuel.  

As one of the potential solutions, the development of a robust LNG bunkering infrastructure will be an 

important approach to ensure vessels can meet the enhanced environmental standards. 

In this section, the four potential bunkering options assessed are (Figure 2-1):  

 Section 2.1.1: Truck-to-Ship (TTS) (green box) 

 Section 2.2.2: Shore-to-Ship (PTS) (yellow box) 

 Section 2.2.3: Ship-to-Ship (STS) (blue box) 

 Section 2.2.4: Portable Tank Transfer (orange box) 
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Figure 2-1: Potential Bunkering Options 

Treatment of each option in this report is semi-quantitative to help differentiate the four options. Whenever 

possible, typical flow rates and volumes are used to help illustrate strengths and weaknesses within each 

option, but it should be recognized that the actual flow rates and volumes used would depend on each 

specific application. 

Section 2.2 assesses the effect of fueling rate on the duration of the bunkering option. Again, illustrative 

volumes and transfer rates are used with the understanding that transfer rates may need to be higher or 

lower, depending on the option utilized and vessel being fueled.  

Section 2.3 discusses the emerging LNG-fueled vessels and bunkering infrastructure. 

2.1.1 Truck-to-Ship (TTS) 

TTS bunkering is the transfer of LNG from a truck’s storage tank to a vessel moored to the dock or jetty. 

Typically, this is completed by connecting a flexible hose designed for cryogenic LNG service. Alternatively, a 

flexible connection arm can be used. A typical LNG tank truck can carry 13,000 gallons of LNG and transfer a 

complete load in approximately one hour. 

TTS bunkering offers great flexibility to vessel owners, operators, and to bunkering site; in practice any jetty 

may be used. This may complicate the process to demonstrate the safety (not one distinct location; new 

neighbors; etc.); however, capacity and supply security can be limited. For vessels with small volume LNG 

fuel tanks, it can be used as a start-up solution to probe the bunkering market before making a large capital 

investment in LNG bunkering infrastructure.  
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Current designs, for example, IMO Type C tank, can achieve a 30-day holding time*. Its portability means 

that LNG can be supplied at nearly any location. As a result, the only limit geographically is identifying a port 

that will permit shoreside LNG bunkering from a dock or jetty. 

Potential Application 

TTS bunkering has many potential applications. It will be an important part of the bunkering infrastructure in 

the U.S. to promote a transition to LNG as a marine fuel and more broadly as fuel for road and rail (Section 

2.3.3).  

TTS bunkering will be attractive now and in the future because of their portability, low capital investment, 

and capability to transport LNG to remote locations on short notice. However, it is not without its 

drawbacks. The feasibility of transferring LNG TTS for very large volume 

transfers is limited by transfer rate and the number of trucks 

required. TTS bunkering has one of the lowest transfer rates at 

~10,000 gal/hr. The rate is driven primarily by the rate 

at which the receiving vessel can bunker LNG, the 

connecting pipework/hoses, any truck-installed 

transfer pump, and the difference in pressure of the 

supply and fuel tanks. 

In the TTS concept, a key operator will be the truck driver who will 

not be a permanent member of the bunkering operation. As a result, the 

truck driver may not be as familiar with the safety requirements as a 

permanent operator of a fixed installation.   

Other considerations are its safety risks associated with on-road transport, which are defined by the 

likelihood that trucks carrying LNG will have an LNG-related accident and the consequence of this LNG-

related accident on those in proximity to the truck. The likelihood of an LNG-related accident is considered in 

situations where trucks transport LNG in highly congested areas like public roads and waterfront facilities. 

Therefore, when considering this option, potential impacts should be assessed for an increase in truck traffic 

between refueling and bunkering locations. Compared to PTS and STS bunkering options, this option has 

greater risk to the public because of proximity. 

In spite of these drawbacks, TTS bunkering has a strong, flexible position for delivering LNG to remote 

places or to smaller vessels where the duration and number of trucks needed for refueling is less impactful 

to the operation. 

2.1.2 Shore-to-Ship (PTS) 

In the PTS bunkering option, LNG is transferred from a fixed storage tank on land through a cryogenic 

pipeline with a flexible end piece or hose to a vessel moored to a nearby dock or jetty. This is referred to as 

pipeline-to-ship in other references.  

These facilities have scalable onsite storage such that designs could be capable of performing bunkering of 

larger volumes than TTS (Section 2.1.1) or with portable tanks (Section 2.1.4). Harvey Gulf is developing a 

PTS bunkering solution in Port Fourchon, LA (refer to Harvey Gulf).  

                                                
* The holding time of a tank refers to the duration an LNG tank can maintain the pressure buildup before venting. Hold time depends on tank pressure, 

heat loss/boil-off rate, ambient conditions, insulation, fill volume, etc. 
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LNG may be transported to the facility by truck, rail, or bunker barge, and may be transported from a 

remote liquefaction facility. LNG may be produced (i.e., converted from gas to liquid) at a small-scale 

production facility known as a liquefaction facility. In principle, small-scale LNG liquefaction facilities may 

provide LNG bunkering onsite in the future. The existing/planned facilities discussed in Section 2.3 include 

small-scale LNG liquefaction facilities that intend to supply LNG-fueled 

vessels but none has indicated bunkering will be co-located with 

liquefaction. 

Potential Application 

The PTS option has good design flexibility that 

can meet the needs of specific or many 

customers. The needs of customers will 

influence operational constraints on design. PTS 

bunkering can potentially supply much higher flow rates 

than TTS bunkering. In addition, PTS bunkering that takes 

place in ports will fall within the security arrangements of the port 

boundaries. 

Although the PTS option has great flexibility in the design for transfer rate and volume, it is the least flexible 

with respect to geography. It must be sited at a fixed location, relatively close to the dock or jetty. Heat loss 

from long sections of pipeline and costs of cryogenic-service pipelines necessitate this proximity constraint.  

In addition, as a fixed installation, vessels must make the necessary arrangements to be at the loading 

berth for transfers. For vessels with other activities (i.e., cargo transfers) in the port, bunkering occurs at 

the same time as the other activity to reduce the time spent in port. If PTS bunkering locations cannot 

perform simultaneously with other activities, it will extend the time in port and reduce the PTS option 

viability. 

Existing LNG terminals cannot be immediately converted to provide an LNG bunkering option. These facilities 

undergo a rigorous regulatory review by PHMSA and FERC to confirm suitable design safety and separation 

distances. They have long-term contracts that dictate the availability for loading or unloading of LNG carriers. 

In addition, these facilities are currently designed for low frequency, high volume transfers. New LNG 

terminals may consider LNG bunkering, but they will need to evaluate: 

 Dual use (high flow rate with large volume and low flow rate small volume transfers) in the design 

and operation so that one operation does not interfere with the other 

 Future contracts incorporate bunkering aspects (e.g., who owns the LNG stored at the facility, 

prioritizations, etc.) 

 Dedicated jetty allocated for LNG-fueled ships to avoid interference with large scale LNG transfer to 

LNG carriers 

An intermediate storage location with bunkering capability is a viable alternative (i.e., a smaller LNG tank 

supplied by LNG tank trucks). Onsite storage at the bunkering facility could be replenished by truck, rail, 

pipeline, or directly by a small-scale liquefaction plant receiving natural gas. Initial designs for flexibility to 

bunker large and small amounts of LNG will allow these facilities to compete with TTS and STS options. 

However, flexibility will likely sacrifice some on optimal operation because it needs to be designed for all 

potential bunkering rates and volumes. 
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In the long run, facilities may be designed for niche bunkering customers so that facilities can be designed 

to transfer LNG more efficiently. An assessment should determine an optimal approach to provide high 

frequency transfers with lower transfer rates to some vessels (e.g., tugs, ferries) and larger, low frequency 

transfers with higher transfer rates to others (e.g., cargo and passenger vessels). 

Until a robust shoreside infrastructure is developed, STS operations may be preferred due their geographic 

flexibility within and outside of the port area. 

2.1.3 Ship-to-Ship (STS) 

STS bunkering is the transfer from one vessel or barge with LNG as cargo to another vessel for use as fuel. 

This bunkering approach can be utilized in a number of different ways. STS bunkering offers a wide range of 

flexibility on quantity and transfer rate. Also included in this is the transfer of LNG from a bunker barge to 

LNG-fueled vessel. Bunker vessels and barges also have the greatest flexibility in location of bunkering. 

There are two types of STS bunkering operations: one is performed at the port, 

and the other is carried out at sea. 

In the Port of Stockholm, the first STS bunkering of LNG began 

operation between the bunker vessel Seagas and the ferry 

Viking Grace. The Seagas bunkers approximately 

40,000 gallons of LNG in one hour to the Viking 

Grace on a daily basis (Ref. /6/). The 

Seagas was designed specifically for 

refueling the Viking Grace, but in the future, a 

larger bunker vessel may exist that could have higher 

transfer rates and refuel numerous vessels (Ref. /7/, /8/). 

While transfer rates are not quite as high as PTS bunkering, the 

transfer capabilities exceed TTS bunkering rates and volumes. 

Potential Application 

At the time of this study, there is only one planned STS bunkering operation in the U.S. (Section 2.3.2). 

Jensen Maritime was awarded the first contract to design an LNG bunker barge for LNG America LLC 

(Ref. /9/).  

STS transfers have additional potential threats (e.g., excess movement between vessels, sea state, ship 

collision) compared to shore-based transfers. These risks can be mitigated if they are identified and 

addressed in the design and operation. 

STS bunkering can enable additional logistical flexibility by conducting bunkering with other activities while 

docked. These activities include cargo transfers and embarkation/disembarkation. STS bunkering can also 

enable passing vessels to refuel without entering the port. The current USCG Policy Letter 01-12 makes no 

mention of unmanned LNG barges and Articulated Tow Barges (ATB). 
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Table 2-1: Advantages and Disadvantages of Ship-to-Ship Bunkering of LNG 

Advantages Disadvantages 

 Refueling at sea is possible; eliminates the need to 

come into a port 

 In port mobility allows for transfers to take place in 

protected areas or away from sensitive areas and 

critical infrastructure 

 Large transfer volumes are possible at high 

bunkering flow rates 

 Transfer rates approach shore-to-ship bunkering 

capabilities; exceed truck-to-ship option 

 Remote locations reduce/eliminate potential 

exposure to vulnerable targets 

 Exposes both vessels to full sea state 

 Currents 

 Wind 

 Waves 

 Higher investment and operational cost than shore 

and truck-to-ship options 

 Requires some shoreside infrastructure for loading 

LNG as cargo 

2.1.4 Portable Tank Transfer 

Portable tanks may be used as portable fuel storage. They can be driven or lifted on and off a vessel for 

refueling. The quantity transferred is flexible and dependent upon the number of portable tanks transferred. 

A 40-foot ISO intermodal portable tank can hold approximately 13,000 gallons of LNG. 

Potential Application 

Portable tank infrastructure is not entirely dependent upon demand 

from vessel bunkering. Interest in portable tanks arises from a 

wide array of potential uses for them. Proponents would like 

to see a diverse application to support marketability. 

Like other portable fuels, they can be transported 

many different ways (by truck, rail, and cargo 

vessel). They can be stored for periods and 

utilized by many potential customers (e.g., 

industrial, shipping, CNG refueling station supply). 

In principle, portable tanks offer the same flexibility in 

availability and transportability as the TTS option. However, to 

utilize portable tanks onboard a vessel, the tank and vessel designs 

must be compatible (i.e., IGF Code, class rules). Portable tank usage is 

currently unaddressed, but should be addressed to remove regulatory uncertainty (e.g., USCG Policy Letter 

01-12 makes no mention of portable tank transfers). 

Issues that might increase the risk associated with portable tank bunkering are: 

 Portable tanks will require more connections to be made and unmade, which increases the 

probability of a leak 

 Methane leakage resulting from small leaks or handling during refueling 

 Physical transfer of portable tanks might be exposed to greater probability of external impact and a 

potential leak 
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2.2 Bunkering Option Comparison 

2.2.1 Bunkering Duration Comparison 

This section describes the options presented in Sections 2.1.1 through 2.1.4 with detail, and presents three 

hypothetical scenarios that show comparative strengths and weaknesses between the option(s).  

NOTE: The transfer rate and tank bunker volumes are for illustrative purposes only. Actual 
bunkering rates will vary depending on the design of the bunkering option (e.g., number of loading 
lines, line design, pump rating). Small volume bunkering will not actually take the full design-loading 
rate or a catastrophic overfilling of the tank may be possible. 

The type of vessel and the operating conditions of the vessel will dictate which bunkering method is most 

useful. Consider the two metrics in Table 2-2 (transfer duration) and Table 2-3 (number of LNG trucks or 

portable tanks needed).  

Large vessels with long transit routes will require faster bunkering operations. A large container vessel 

transports between 2,000 and 8,000 TEU, and a commercially feasible bunkering duration is in the range of 

four to six hours. This means that the transfer flow rate would be high. For example, the Totem Ocean 

Trailer Express (TOTE) containership that holds 3,100 TEU is considered a large container vessel and would 

require 4 hours to bunker (Ref. /10/, /11/). Any engagement of the dry break coupling during an emergency 

should be designed to ensure that no sudden overpressure surge is experienced to the complete transfer 

system resulting in system leakages or ruptures.  

Bunkering using the TTS option for large volume transfers would be prohibitively long, but could be viable 

for small volume transfers. Since LNG is transferred at a low rate, TTS bunkering is the only viable option for 

smaller vessels. 

Table 2-2: Comparison of Bunker Operation Durations for Typical Vessels 

Bunkering Option 
(transfer rate gal/hr) 

Container Vessel 
(2 Million Gal) 

Laker 
(200,000 Gal) 

Tug 
(25,000 gal) 

Duration (hr) 

PTS 

(~105,000 gal/hr) 

19 1.9 0.2 

STS 

(~500,000 gal/hr) 

4 0.4 0.05 

TTS 

(~16,000 gal/hr) 

125 12.5 1.6 

Source: Danish Maritime Authority (Ref. /11/). 

TTS and portable tank transfers may be similarly prohibitive based on the number of trucks or portable 

tanks required (Table 2-3). TTS and portable tanks are suitable for smaller vessels. The number of truck 

transits is proportional to the safety risk to the public.  
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Table 2-3: Number of Tank Trucks or Portable Tanks Required for Refueling 

Bunkering Option 

(transfer rate gal/hr) 

Container Vessel 

(2 million gal) 

Laker 

(200,000 gal) 

Tug 

(25,000 gal) 

Number of trucks/portable tanks 

TTS and Portable Tank 

Transfer 

(13,000 gal) 

154 15 1.9 

2.2.2 Port Scenarios 

Port-specific issues also limit the options for LNG bunkering. The following section presents three 

hypothetical port scenarios to illustrate how port issues may affect bunkering option alternatives. 

Scenario 1 – Unconstrained Port 

Port expansions are possible for LNG bunkering from shore. The port mainly services oil drilling and 

production. There is a variety of potential marine LNG customers. The surrounding area is either 

unpopulated or sparsely populated with industrial activities. 

This scenario is the most flexible of the three. All options are potentially viable, but implementing these 

options will depend on the customers that make up the port. Since this is an industrial area, we can assume 

that there will be a number of medium to large transfer customers. This would support both PTS and STS 

bunkering since higher transfer rates and volumes will be required to support medium to large transfers. If 

both options are viable, a financial analysis can be performed to determine the most economical way of 

bunkering.  

Since the area is relatively unpopulated, the associated risks will be primarily to the workers, infrastructure, 

and adjacent property. The approval process for a potential bunkering infrastructure development should 

address the transport of LNG to the bunkering facility if it is not co-located with liquefaction. The acquisition 

of land should address acceptable risk exposure for workers, public, and critical infrastructure. In addition, 

security for PTS bunkering will fall within the security arrangements of the port.  

Scenario 2 – Large Constrained Port 

Port expansions are restricted due to regulation, policy, and availability. The port primarily services large 

vessels, like bulk carriers and cruise ships. The surrounding area is heavily developed with mature industries 

and adjacent residential areas. 

In Scenario 2, there is less opportunity for PTS infrastructure development. This is because the potential 

that bunkering can be co-located with existing cargo transfer operations is lower, so vessels will need to visit 

a second location for the PTS transfer. Alternatively, bunkering could occur on the opposite side of the cargo 

or passenger (un)loading with a bunker vessel or barge. STS would be the most viable option here. Bunker 

vessels could transport LNG as cargo from a remote port where space for LNG loading of those vessels is 

available. 

The approval process should address changes to vessel routes due to enforcement of safety and security 

zones during bunkering. 

Ports with large petrochemical installations could be another scenario that is relevant in Scenario 2. These 

are characterized by having strong and implemented regimes to manage risk, qualified personnel and first 
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responders, and that the additional risk from LNG bunkering will be small compared with the total risk 

picture. In such ports, the main challenge will be to control the additional traffic. 

Scenario 3 – Small Constrained Port 

Port expansions are restricted due to regulation, policy, and availability. The port services a large number of 

fishing, ferry, and other small to medium size vessels. These vessels typically have smaller fuel 

requirements and travel shorter distances.  

The PTS bunkering may not be viable due to restrictions on available land. The demand for STS transfers 

may not be adequate to justify the infrastructure needs of an STS option. Since many of the bunkering 

operations are smaller vessels, it may be feasible to refuel a vessel bunkering by the TTS option or portable 

tank.  

Portable tank transfers may be possible in this scenario for some niche uses. Ferry systems could be 

interested in this option because it does not require the installation of tank filling and boil-off gas lines. 

Summary 

Evaluations of ports for LNG bunkering are specific to the port and characteristics of the marine traffic, which 

takes into account vessel types, segments, traffic patterns, and routes. U.S. ports with extensive use by 

large vessels may have greater preference for the PTS and STS operations.  

Since larger vessels are supported by smaller vessels (e.g., tugs, offshore supply vessels, ferries), it is 

possible that TTS operations will still bunker smaller support vessels unless niche PTS bunkering becomes 

available for high frequency, low volume customers.  

The development of fit-for-purpose PTS bunkering options, as in Harvey Gulf, may come from co-

development of LNG-fueled ships and supporting infrastructure. This is because the capital investment to 

convert small ships can be a larger proportion of their revenue generation capability than for larger vessels. 

Preferences for bunkering options are not strictly dictated by the transfer rate since facilities can be 

designed to meet the needs of different LNG-fueled vessels. LNG suppliers may need to conduct a financial 

study to determine which bunkering options are feasible at a given port considering infrastructure 

development cost, demand from LNG-fueled vessels at the port, and the effect of LNG price. 

2.3 Existing or Planned Operations 

There are several “first movers” who plan to supply or utilize LNG as fuel. Among the reasons for being first 

movers, include: 

 Concerns about the potential supply shortages for ultra-low sulfur diesel (ULSD) in 2015 (Ref. /10/) 

 A potential price spike due to high demand for ULSD (Ref. /10/) and scrubber installation cost 

 Environmental stewardship 

 Low cost and abundant supply of natural gas 

 LNG meets the ECA and EPA Tier 4 requirements 

This section summarizes the companies in the process of converting to LNG-fueled vessels and the 

infrastructure developments associated with them (Section 2.3.1), and companies supplying LNG for marine 

vessels (Section 2.3.2). 
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At the time of writing this there are five U.S. companies with planned projects to fuel vessels with LNG: 

TOTE, Harvey Gulf, Interlake Steamship Co., Washington State Ferries, and Staten Island Ferries. Eagle LNG 

is planning to construct liquefaction facilities to supply LNG, and Jensen Maritime has an LNG bunker barge 

on order. Other projects will utilize the existing supply of LNG from nearby liquefaction plants. 

2.3.1 Emerging LNG-Fueled Vessels 

Totem Ocean Trailer Express (TOTE) 

TOTE plans to convert two of its existing Orca-class vessels to be LNG-fueled and is having two new vessels 

built. The converted LNG ships will bunker LNG in the Port of Tacoma before departing to Alaska. TOTE has a 

preliminary agreement with Pivotal LNG to supply LNG bunkering operations in Jacksonville, FL, for its new 

LNG-fueled cargo vessels (see Section 2.3.2). As of 2012, Puget Sound Energy and TGE Marine Gas 

Engineering were partners in bunkering developments in Tacoma. Although detailed designs have not been 

released, a PTS solution seems more likely than TTS or STS bunkering. It would take approximately 45 LNG 

tank trucks* to fill from empty (Ref. /12/). 

Although an STS transfer is technically feasible, it would be an additional capital investment versus a PTS 

bunkering option since some shore-based infrastructure would be needed for the cargo transfer to the 

bunker vessel. If shore-based bunkering operations are not feasible while loading cargo, STS options may be 

preferred. 

Matson 

Matson has contracted with a Philadelphia shipyard to build two new 3600 TEU containerships. The vessels 

will be constructed with dual fuel engines but be converted to LNG later, depending on the availability of 

LNG on the west coast (Ref. /13/, /14/). These ships will transport containers from the continental U.S. to 

Hawaii. 

Harvey Gulf 

Harvey Gulf will build two fit-for-purpose PTS LNG bunkering facilities at Port Fourchon, LA, to refuel their 

fleet of LNG-fueled offshore support vessels (OSVs). The LNG tanks will be replenished via LNG tank truck 

deliveries on a continuous basis. Each facility will have 3 x 90,000 gallon Type-C pressure vessels (Ref. 

/15/). In addition to supplying LNG to their OSVs, the facility is said to be capable of supplying LNG to on-

road vehicles (Ref. /16/). Shell has chartered the first three Harvey Gulf OSVs. 

At the time of this study, no information was available about the supplier of LNG. Shell is expanding a 

facility nearby, in Geismar, LA, to include a small-scale LNG liquefaction operation as it looks for new 

markets for natural gas. 

Interlake Steamship Company 

The Interlake Steamship Co. has expressed interest to convert its existing diesel powered vessel to LNG. In 

order to do this, they have an agreement with Shell to provide LNG. This supply will come from Shell's new 

LNG liquefaction capability at its Sarnia Manufacturing Centre. This center is in Sarnia, Ontario, on the 

southern shore of Lake Huron at the head of the St. Clair River. 

                                                
* Assuming diesel tanks could store 581,000 (Ref. /12/) gallons of diesel then divide by 13,000 gallons per LNG truck-to-ship transfer yields over 45 

truck-to-ship bunkers 
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Their ship, M/V Mesabi Miner, will be retrofitted with four vertical LNG tanks at the ship’s stern. Each tank 

will hold 52,800 gallons. As with TOTE, large volumes of LNG require many LNG trucks so other options will 

likely be faster, more economical, and increase road safety for the public and workers. 

Washington State Ferries 

The Washington State Ferry system is the largest in the nation. In 2013, Washington State DOT (WSDOT) 

completed a study that determined it was technically and financially feasible to convert six of their ferries to 

LNG fuel. The payback period was seven to twelve years, depending on the estimate (Ref. /17/, /18/). 

WSDOT expects LNG to be delivered by truck from nearby liquefaction facilities. In the vicinity, there are 

three such facilities: two on the Oregon/Washington border and one in British Columbia. Puget Sound 

Energy currently delivers LNG by truck to its Gig Harbor peak shaving facility near Tacoma, WA (Ref. /19/, 

/20/). 

Staten Island Ferry 

The Staten Island Ferry system is considering conversion of its ferries to LNG fuel. They plan to retrofit one 

ferry for LNG as part of a pilot project. Since a supplier is unspecified for this single user, it may be unlikely 

that a PTS or STS bunkering approach will be considered due to the large capital investment needed for 

these options.  

Present capacity of the diesel tank is 40,000 gallons (Austen Class), and it is refueled once per week (Ref. 

/21/). To achieve the same energy content, the LNG fuel volume needs to be at least ~1.67x larger for a 

minimum capacity of 64,000 gallons. Refueling from empty* with the TTS option will take slightly less than 

five full loads of 13,000-gallon capacity tank trucks.  

The source of LNG supply for this project has not been released publicly. 

2.3.2 Emerging LNG Bunkering Infrastructure 

With a variety of different operators moving to fuel their vessels with LNG, the infrastructure investment will 

grow accordingly. There are several known plans to expand infrastructure to meet a growing demand for 

LNG as a fuel (bunkering and otherwise). Some of these infrastructure expansions are discussed below. 

Jensen Maritime LNG Bunker Barge 

LNG America LLC awarded the contract to design an LNG bunker barge that will operate in the U.S. Jensen 

Maritime won the contract and LNG America LLC plans to serve the Gulf Coast region. The vessel is to be 

delivered in 2015 (Ref. /22/). 

The vessel has a planned LNG cargo capacity of nearly 800,000 gallons. 

Eagle LNG (Jacksonville, FL) 

Eagle LNG, a consortium comprising Clean Energy, GE Ventures, GE Energy Financial Services, and Ferus 

Natural Gas Fuels, has publicly announced plans to build an LNG liquefaction plant in Jacksonville, FL, to 

supply a variety of transportation sectors with a focus on marine vessels. The location Eagle LNG selected is 

on the St. Johns River with rail lines running along the northern side of the property. They plan to supply 

LNG for marine vessels, heavy trucking, and rail. 

                                                
* Normally, the tank would not be empty or it would risk running out of fuel so the actual quantity transferred would not be the entire fuel tank 

volume. 
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2.3.3 Other Infrastructure 

In addition to marine applications of LNG, suppliers are actively developing other infrastructure to support 

the natural gas supply chain. These developments will promote the availability and accessibility of LNG for 

vessels. However, it is important to consider the implication of incidents occurring in one LNG subsector on 

all the others in order to incorporate the effect that loss of public confidence could have on safety 

management (Section 2.5). 

Clean Energy, an Eagle LNG partner, supplies fuel for UPS and other integrated logistics companies. It has 

plans to establish a network of LNG refueling stations throughout the U.S. by collaborating with local travel 

centers such as Flying J and Pilot Travel Center (Ref. /24/). Shell also plans to supply LNG for on road and 

rail use (Ref. /23/). 

There are specific partnerships being formed to provide LNG as fuel. For example, Pivotal LNG just entered 

into its second agreement with UPS for a third LNG refueling center to be near the UPS operations in 

Jacksonville, FL (Ref. /25/). Pivotal LNG will also supply LNG for TOTE’s LNG container ships serving Puerto 

Rico-Jacksonville. 

2.4 Infrastructure Development in Europe 

In Northern Europe, LNG infrastructure generally begins with large users that can support TTS operations 

economically. This will transition into more permanent infrastructure like PTS or STS as additional vessels 

switch to be LNG-fueled.  

In areas where LNG infrastructure is established, bunkering operations at large LNG terminals typically use a 

mix of STS and TTS to fuel small RoRos and RoPax, and STS for all other vessels. At smaller intermediary 

terminals, it is common to use strictly PTS and TTS for small and large RoRos, RoPax, and PTS for all other 

vessels (Ref. /11/). It is believed that TTS is a temporary bunkering option until LNG bunkering is fully 

integrated into the port.  

2.4.1 Norway 

In Norway, the public, government, authorities, and eventually the private sector in early 2000’s began 

providing financial incentive to use LNG as fuel. Funds were allocated to strategic research and development 

in order to conceptualize and build the first LNG ferries. In 2007, in response to the Nitrogen Oxide (NOx) 

tax from the Norwegian Government, the Confederation of Norwegian Enterprise established a private NOx 

fund, where ship owners would receive 50% of subsidies for using “green technologies.” Recently, LNG-

fueled ships have been introduced on a commercial basis, although the government and institutions like EU 

are still subsidizing or implementing development programs. 

There are five LNG bunkering installations in operation in Norway at the date of this report, as seen in Figure 

2-2; Fjordbase, CCB, Halhjem, Vestbase and Risavika. The location of the bunkering facilities are shown on 

the detailed map below. These are bunkering stations with permanent storage tanks onshore. Trucks are 

used to transport LNG to remote locations away from these facilities. Gasnor is the operator of Fjordbase, 

Vestbase, CCB and Halhjem. Skangass is operating the liquefaction plant and loading station at Risavika. 

Skangass also operates a small scale receiving LNG terminal in Øra, Fredrikstad South-East in Norway, 

where LNG for fuel can be transported out to receiving vessels by truck. Barents NaturGass AS has won the 

contract to supply LNG by truck to the seven new Torghatten Nord AS LNG ferries.   
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Figure 2-2: LNG Bunkering Installations in Operation in Norway Today 

2.4.2 Netherlands 

In the Netherlands, companies that support moderate volumes of LNG use, such as ferries or container 

vessel operators, are starting to implement TTS operations from public quays or other locations identified by 

port authorities. If their operation grows, they may incorporate local storage and convert the operation to a 

PTS operation depending on cost benefit.  

There is more interest in PTS stations serving multiple customers. Construction of these facilities depends on 

securing enough pre-contracts to realize a financially feasible outcome.  

Development of STS transfers in the Netherlands is not anticipated. Presently, port bylaws prevent this 

option in spite of its cost effectiveness, such that no rerouting of vessels required, and no refueling while 

underway. STS while moored is allowed and could be a viable option but requires that bunker barges and 

pre-contract commitments be established. 

The use of skids (ISO-containers) is a relatively new concept. Companies in the Netherlands are planning 

that this concept will also be developed. All operations, which include filling skids and placing them onto 

LNG-fueled vessels, will be performed primarily at the bunker stations. The financial feasibility remains 

uncertain and may serve in some niche capacity where other operations are not feasible or allowed. 

2.5 Threat Assessment of the LNG Bunkering Supply Chain 

Although LNG is recognized as a cleaner energy source with lower NOx, SOx and particulate matter (PM) 

emissions, operators face challenges transporting and using LNG as fuel. Unavailability of LNG may increase 

the cost of LNG fuel, reducing one of the main drivers for its adoption. It is more likely that LNG will be the 

cheaper alternative in the short-term, for ships operating predominantly within the U.S. 
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Regulations directly influence the use of LNG as a fuel and dictate actual bunkering operations. The U.S. EPA 

is responsible for regulatory oversight over emissions from ships and marine vessels. This includes the IMO 

MARPOL Annex VI regulations, which require increasingly stringent emission limits for pollutants in Emission 

Control Areas (ECAs). The North American ECA took effect on 1 August 2012, requiring ships operating 

within the designated waters to use on-board fuel oil with a sulfur content not exceeding 1% (by mass), and 

from 1 January 2015 sulfur content cannot exceed 0.10%.  

The U.S. EPA regulates the emissions from diesel engines installed on U.S. flagged vessels, "Federal Marine 

Compression-Ignition (CI) Engines - Exhaust Emission Standards". The requirements vary for different sizes 

of engines. U.S. flagged vessels with Category 1 or 2 engines can be designated as Ocean Going Vessels if 

they operate extensively offshore. They may choose to comply with MARPOL Annex VI as an alternative to 

the EPA requirements. As vessels use more LNG to meet environmental regulations, the demand will grow 

for bunkering. 

Deploying a robust LNG infrastructure will help ensure safe and reliable transport and use. The threats that 

could prevent safe and reliable bunkering operations may be categorized under infrastructure, public 

perception, location restrictions, policy and regulations, and natural hazards conditions, as illustrated in 

Figure 2-3.  

 

Figure 2-3: LNG Bunkering Threats 

2.5.1 Infrastructure 

Infrastructure plays a major role in transferring LNG from a generation facility to a port facility. Bunkering in 

commercial ports is expected to have an impact on vessel movement.  

As LNG bunkering infrastructure is developed, bunkering locations will change the traffic density and 

patterns of LNG-fueled vessels. An increase in LNG bunker demand without critical infrastructure investment 

will limit slot availability at shore-based bunkering facilities and bunkering vessels. Significant delays in the 

build-out of infrastructure would influence investment toward the other compliance options. Alternatively, 

rapid build-out could lead to port expansion where financial investment, public concern, and land 

availability/use can become predominant issues. During a scoping meeting for Port Los Angeles and Port of 

Long Beach, Health Impact Assessment concerns were raised about displacement and impacts to 

neighborhood infrastructure (Ref. /26/). A quantitative port-wide risk assessment would be useful to assess 

the changes that traffic character (type of vessels) and frequency/density will have on the safety and 



 

 

DNV GL  –  Report No. PP087423-4, Rev. 3  –  www.dnvgl.com  Page 27 

 

security of the public, workers, critical infrastructure, and commercial operations. In addition, it would assist 

in determining the most efficient/effective mitigation strategies. 

Highly trafficked areas in proximity to bunkering operations without appropriate safety measures and 

adequate regulatory enforcement could result in major safety issues affecting the entire natural gas industry. 

For example, increased tank truck presence in major populated areas will increase public exposure to LNG 

operations, which could increase exposure to high-consequence accidents. A loss of public confidence in 

safety management could result, with potentially cascading implications on the LNG supply chain. Tank 

trucks may be a good initial solution to LNG supply chain, as they do not require a high initial investment. 

However, tank trucks are limited by capacity. Increases in demand will increase the number of tank trucks 

on the road as well as the number of hose connections. Thus, a need will arise for safer and more reliable 

LNG bunkering facilities to replace some TTS bunkering. 

Ferries will face a different type of infrastructure issue than tank trucks, as finding best practices to address 

LNG bunkering operations in parallel with passenger/cargo embarking or disembarking will be necessary. 

Restrictions on simultaneous activities with bunkering may increase port waiting time and decrease the 

competitiveness of LNG as an alternative fuel.  In Scandinavia, risk assessments were used to gain approval 

for simultaneous LNG bunkering with passengers on board or during passenger transfers; this is known as 

SIMOPs. The vessels using or planning to do this are the Viking Grace in Sweden, the Stavanger Fjord Line 

in Norway, and a ferry in Denmark (Oct 2014) (Ref. /8/, /27/, /28/). 

Infrastructure interdependencies are just beginning to be appreciated as significant risks. LNG bunkering is 

likely to be subject to the same types of interdependency risks. In its October 1997 report to the U.S. 

President, the President’s Commission on Critical Infrastructure Protection, Critical Foundations, highlighted 

eight critical infrastructures: telecommunications, electric power systems, natural gas and oil, banking and 

finance, transportation, water supply systems, government services, and emergency services.  Specific 

areas of vulnerabilities facing the Oil and Natural Gas industries are related to supply, transportation, 

storage and distribution (Ref. /29/). LNG bunkering is likely to be subject to the same types of 

interdependency risks. 

2.5.2 Public Perception 

With the advances in technology and shale gas processing, the U.S. is on track to becoming a net exporter 

of LNG (Ref. /30/). Energy independence has been an element of the political platform for every president 

since the Nixon Administration (Ref. /31/). In an increasingly environmentally conscious public, a relatively 

clean burning LNG attracts more support for the cause than other fossil fuels. However, the cryogenic, 

temperature, and dispersion properties of LNG have raised safety concerns. Public perception of LNG is 

generally sensitive, or regarded as such within the industry, so a single LNG bunkering incident may be 

enough to change public perception overnight. The ripple effects of a single incident may affect the broader 

natural gas industry as well. Although public perception is sensitive, EPA’s calculations show a significant 

health benefit to the public (Ref. /32/). 

It is critical to keep the public aware of issues related to bunkering operations. Transparency is an important 

part of addressing community needs and requests. The community should be assured that safety could be 

effectively managed. 
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2.6 Location Restrictions 

As mentioned above, availability of LNG in U.S. waterways is crucial for the adoption of LNG as an 

alternative fuel. However, aside from existing near densely populated port cities, bunkering operations may 

be restricted by many other factors. Port cities like Miami, San Diego, and San Francisco benefit from 

substantial tourism, which may be degraded by the presence of tank trucks, heavy cargo traffic, and other 

side effects of heavy industry. 

Differences in regulations between states and cities along the U.S. coasts and inland waterways may prompt 

vessel operators to adopt avoidance routes. The potential consequences of avoidance strategy could be the 

subject of a separate study. The study should examine the effect of marine traffic routing changes and its 

direct and indirect implication on economics, safety – including tank holding times, and health (i.e., air 

quality). 

2.6.1 Policy and Regulations 

Policy plays a major role not only in the adoption of LNG as a fuel, but also in the approval of bunkering in 

the U.S. waters. Incentives for vessels and trucks to run on LNG fuel will increase LNG demand and promote 

LNG bunkering. One practice among a port operator in North America (The Port of Los Angeles) is to provide 

financial incentives to encourage ship operators to make voluntary engine, fuel, and technology 

enhancements to reduce emissions beyond what IMO has established. These financial incentives are based 

on an Environmental Ship Index system that gauges the vessels emission level. U.S. officials and regulators 

on national and state levels could influence LNG bunkering practices. Their endorsements could affect the 

selection of LNG bunkering sites, terminal layouts, and port operations (Ref. /33/).  

In addition to domestic policies, U.S. international policies influence LNG bunkering. Policies could restrict 

entry of LNG bunkering vessels, thus affecting LNG demand. Future LNG bunkering infrastructure could 

depend heavily on these policies. 

Implementation of policies, regulations, and standards at the national level could promote bunkering safety 

and standardize infrastructure and operational procedures. Examples include the draft ISO standard and 

DNV GL Recommended Practice for LNG Bunkering (Ref. /34/, /35/). Regional differences in regulations and 

enforcement may limit or promote bunkering unevenly. 

Many other regulatory issues are covered under this cooperative agreement and summarized in the fourth 

part of this report. 

2.6.2 Natural Hazards 

Every region in the U.S. has predominant natural hazards. The bunkering industry should anticipate icy 

conditions, hurricanes, earthquakes, and climate change which may threaten LNG bunkering operations or 

its supply lines on shore to marine assets. 

Meteorological and Oceanographic Conditions (Metocean) 

Metocean data are the wind, wave current and tidal conditions at the specific location of an installation, 

facility or vessel. At some locations and for specific types of operations, other parameters may be important 

(e.g., air and sea temperature, visibility and ice conditions).  

Observing metocean conditions is already a well understood and managed practice within the offshore 

industry. Offshore companies have established limits for the design and operational considerations of the 
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vessels based on sea state, wind, and currents, and work around the environment. By monitoring the 

weather and sea, an appropriate window of calm winds, currents, and waves can be created to allow safe 

bunkering. With good weather prediction capability and continuous monitoring during bunkering operations, 

LNG bunkering is a well-managed threat. 

Extreme Cold Weather 

Icy conditions are a concern mainly in Alaska and in the northern parts of the U.S. as they can last for 

months in these locations. Extremely cold weather conditions may pose a threat to bunkering operations, 

potentially increasing the risk and frequency of tank truck incidents, limiting rescue operations, or 

preventing vessels from reaching bunkering facilities. In some cases, these conditions lead to shut downs or 

delays in affected ports. Icy conditions in the Great Lakes limit the shipping season to March through 

December. Cold weather can lead to more difficult handling of bunkering systems and equipment. 

Hurricanes 

Seasonal hurricanes could result in major incidents that could affect LNG supply chain and infrastructure in 

the same manner they affect other existing infrastructure. Widespread damage to LNG bunkering 

infrastructure could lead to interruptions in LNG bunkering supply. The National Weather Service claims that 

one hurricane per three year period is expected to occur within the state of Louisiana based on the hurricane 

history in the state (Ref. /36/). The effects of recent major hurricanes remind us that supply lines can be 

disrupted and infrastructure can be significantly damaged. As an example, Hurricane Katrina in 2005 caused 

widespread infrastructure collapse. The risk to unmanned LNG bunker barges and barges with unattended 

ATBs needs to be examined. 

Geologic Hazards 

Earthquakes and related geologic hazards areas, especially in California and Alaska, could influence the 

location and design of LNG bunkering facilities. Earthquakes can cause catastrophic natural disasters such as 

intense ground shaking, surface rupture, slope instability, and tsunamis. Any of these hazards could affect 

the LNG bunkering supply chain or a critical bunkering facility. The effect of tsunamis may interrupt supply 

chains or damage onshore infrastructure related to LNG bunkering. 

Climate Change 

Climate change may alter the frequency of extreme events and disrupt LNG supply and bunkering (Ref. 

/37/). An increased frequency of extreme weather events predicted in the Midwest due to climate change 

could result in lower water levels or flooding in the Mississippi River (Ref. /37/). Lower water levels in 1988 

stranded 4,000 barges on the Mississippi River. A similar event could prevent vessels from reaching onshore 

bunkering facilities, or it may require significant decrease in cargo weight.  

2.7 Barriers to Co-locating 

The hazards and threats discussed previously in this report are relevant to co-location of LNG bunkering with 

multi-modal use. Co-locating infrastructure for multi-modal use reduces capital expenditures and increases 

resource use efficiency (i.e., land, LNG supply infrastructure, system design redundancies can be minimized). 

The boil-off gas could be compressed and used to co-locate a compressed natural gas (CNG) operation 

together with LNG operations. 

Additional barriers are discussed below and include Not in My Backyard (NIMBY), technical barriers, and 

regulatory barriers. 
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NIMBY 

The greatest challenge to co-locating bunkering with other uses of LNG as a transportation fuel is the 

management of public perception of risks. NIMBY issues will likely be the default and most pervasive 

position of opponents to LNG bunkering. Co-locating LNG with other activities may present additional 

challenges from the public because they will have more direct interaction with industrial uses of LNG. Issues 

that could arise include potential visual impacts from larger LNG tanks, security, and public safety. LNG 

truck usage could be reduced if a small-scale liquefaction process could feed an intermediate storage site. 

In addition, the administrative and regulatory burden is likely to grow as LNG use increases. If public risk 

perceptions remain high, tight oversight will be expected. 

Technical Barriers 

In addition to stakeholder issues, there are many potential barriers arising from technical issues. MARAD in 

conjunction with other governmental bodies should assess barriers that would separate the LNG operations 

geographically or by physical barrier, and operationally to ensure that an incident does not cascade into a 

failure of the entire LNG delivery system. 

An evaluation should be made at each site to determine the impact to the safety of users of the facility and 

nearby populations. Initial developments will need to demonstrate an acceptable level of risk to workers and 

the public. Since many ports have high population densities nearby, a poorly performed risk assessment 

associated with an incident could lead to widespread public distrust. 

Port expansions may be required at some ports. In some cases, available sites may not be suitable for 

multi-modal use. Ports may also be developed in remote areas that are not easily accessible. For example, 

developments in Port Fourchon could support other forms of LNG use but its remoteness to nearby 

populations means that it may not support public transportation. 

All bunkering operations need to be performed safely under any scenario and protected from external events. 

Boil-off gas management needs to be accounted for in the increased use. 

A port risk assessment would identify and quantify alternative strategies to overcome technical barriers and 

mitigate risk to an acceptable level (as per EN1473 or NFPA 59A). As a best practice, each facility should 

conduct a barrier risk assessment to define all the critical barriers, clearly assign responsibility, and manage 

these throughout the facility’s life. 

Regulatory Barriers 

The regulatory barriers to co-locating are elaborated upon in Part 4 as part of the scope of this work. 
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2.8 Key Findings and Conclusions 

Conclusions and recommendations are drawn throughout this report. This section summarizes those key 

findings and presents potential recommendations. 

In this study, the four potential bunkering options assessed are (Figure 2-4):  

 Section 2.1.1: Truck-to-Ship (TTS) (green box) 

 Section 2.2.2: Shore-to-Ship (PTS) (yellow box) 

 Section 2.2.3: Ship-to-Ship (STS) (blue (box) 

 Section 2.2.4: Portable Tank Transfer (orange box) 

 

Figure 2-4: Potential Bunkering Options 

During the build-out of LNG bunkering infrastructure it will be important for each port to evaluate short-term 

and long-term infrastructure development needs. Given the tighter environmental requirements and as long 

as the price difference between marine fuel oil and LNG remains, the drivers will support both infrastructure 

development and fuel switching for vessels.  

For bunker providers and forward-thinking ship-owners, LNG represents an opportunity.  

For the public, LNG fuel means cleaner local air quality and fewer negative health impacts due to poor air 

quality. 
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Short-term developments are focused on the needs of early movers. These developments are geared 

towards companies that will use large volumes of LNG for fuel. Large consumers offer the suppliers a strong 

foundation on which to build infrastructure. Smaller operators will realize associated benefits of existing 

infrastructure as independent operations such as Eagle LNG and Pivotal LNG diversify their customer base. 

In addition, the low cost of natural gas supports further bunkering infrastructure development of LNG as fuel. 

As infrastructure is developed and demand grows, there may be more niched providers. They will be able 

and suited to provide a more reliable, available, and efficient delivery on the whole versus bunkering to 

vastly over-sized or under-sized vessels. 

A holistic strategy for bunkering operations is required in order to address the threats of inadequate 

infrastructure, poor public perception, restricted locations, overly restrictive and regionally disparate 

regulations, and disruptive weather conditions. Some of these threats may not be controllable, but different 

measures may be taken to prevent incidents from occurring. The earlier a strategy is adopted to counter 

these risks, the more flexibility the bunkering industry will have in adapting for unforeseen threats.  

Key Findings: 

 There is no single bunkering option that can meet the requirements of all port stakeholders. 

 Initial developments are cooperative, minimizing the risk to first movers. 

 No LNG bunkering option will dominate since first movers dictate initial development based on 

specific project needs. 

 TTS bunkering will be utilized by vessels with smaller fuel tank capacities (e.g., tugs) and for remote 

refueling where infrastructure is not currently established (e.g., ferries). 

 PTS bunkering will be primarily developed for larger fueling needs through partnerships with vessel 

operators or designed to vessel needs (e.g., Harvey Gulf). 

 STS bunkering may grow significantly, but it may only be considered where shore-based options are 

less attractive or infeasible. 

 Management of risks to the public, workers, critical infrastructure, and business interruption will be 

essential to prevent catastrophic events that may affect the natural gas/LNG industry. 

2.9 Recommendations 

In order to promote a national bunkering infrastructure, DNV GL recommends the following: 

Recommendations to Regulators 

1. Analyze the types of vessels that utilize ports in the U.S. to determine what bunkering methods will 

be necessary. The analysis should include an assessment of specific ports in order to determine the 

most viable alternatives given the specific port constraints. 

2. Identify ports where LNG bunkering infrastructure would be in the national best interest. 

3. In conjunction with industry, assess and develop best practices and risk acceptance criteria for 

simultaneous operations (e.g., cargo handling while bunkering and passenger (un)loading while 

bunkering). Shore based ships’ cargo handling equipment such as gantry cranes, forklifts, electric 

motors, generators, and lifting appliances within the gas dangerous zones need to be suitably classified 

safe for usage and maintained. Area classification for gas dangerous zones on ships are well defined in 
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the IGC Code but not clearly defined on the shore side for small-scale LNG installations, storage and 

operation. 

4. Develop a methodology for and conduct a quantitative port-wide navigational risk assessment to 

determine how changes in traffic character (type of vessels) and frequency/density affect the safety and 

security of the public, workers, critical infrastructure, and commercial operations. It will be critical to 

identify mitigation strategies (including their effectiveness and costs) to determine the most 

efficient/effective strategies. 

5. A port risk assessment would identify and quantify alternative strategies to overcome technical barriers 

and mitigate risk to an acceptable level (as per EN1473 or NFPA 59A). As a best practice, each facility 

should conduct a barrier risk assessment to define all the critical barriers, clearly assign responsibility, 

and manage these throughout the facility’s life. 

6. Incentivize first movers that establish LNG bunkering infrastructure in ports of the nation’s best interest 

through an Environmental Ship Index that defines a scale for financial rewards. 

7. Identify strategic port locations along the U.S. coasts to avoid populated, tourism, military, and 

protected areas. 

8. Encourage initial developments that promote flexibility on the LNG supplier for bunkering to different 

types of vessels. 

9. Develop an interagency working group to identify and develop management strategies and mitigation 

opportunities for potential threats (Section 2.5). 

10. Perform a comparative risk assessment study of the safety aspects for large-scale truck transport to port 

locations vs. large-scale rail transport to port locations vs. natural gas pipeline and local liquefaction. 

Recommendations to Ports 

11. Conduct an optimization study that assesses the optimal infrastructure build-out to provide LNG 

bunkering for both high-frequency, low volume transfers and low frequency, high volume transfers more 

efficiently. 

Recommendations to Asset Owners 

12. Evaluate LNG bunkering site availability as demand increases for more high frequency, low volume 

transfers. 

13. Involve stakeholders throughout the development of LNG bunkering and co-locating LNG bunkering with 

multi-modal uses. 

14. Assess the effectiveness of mitigation strategies (such as training, gas detection, firefighting capability, 

and emergency response) against potential incidents arising from co-locating bunkering activities with 

other uses of LNG. 

15. Perform a detailed study of potential routes for LNG transportation (truck, rail, and pipeline) that avoid 

densely populated areas and identify emergency response capabilities along the route. 

16. Assess the impacts and mitigation/adaptation strategies from climate change. 

17. Study road transportation safety and security risks from initial build out of bunkering infrastructure. A 

truck traffic study is recommended, which would assess transport safety/security risks, investigate 



 

 

DNV GL  –  Report No. PP087423-4, Rev. 3  –  www.dnvgl.com  Page 34 

 

acceptable limits on national, regional, and local scales, and identify possible practical risk reducing 

measures. 

18. Balance quality, safety, and cost for new LNG investments in a way that ensures continued safe 

performance in the LNG industry. 
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3  

BUNKERING AND SAFETY:  
SAFETY RISK ASSESSMENT 

 

The development of a robust and efficient LNG bunkering infrastructure for the marine industry may 

decrease U.S. dependency on fossil fuel imports, and increase positive health outcomes from reduced 

criteria pollutant emissions from vessels. Vessel operators, LNG suppliers, and regulators/administrators 

must work together to ensure that LNG bunkering can be performed safely and economically with public 

consent.  

The three options currently available to the industry to meet air quality environmental targets are using low 

sulfur fuels/distillates, installing exhaust gas cleaning systems or using LNG as a primary fuel. As one of the 

potential solutions, the development of a robust LNG bunkering infrastructure will be an important step to 

ensure vessels can meet the enhanced environmental standards.  

There are four different bunkering concepts analyzed in this chapter: Truck-to-Ship (TTS), Ship-to-Ship 

(STS), Shore/pipeline-to-Ship (PTS), and Portable tanks. An overview of these concepts is included in Part 2. 

3.1  Approach 

This chapter discusses the overall risk assessment approach used to determine the potential hazards 

associated with LNG bunkering, the hazard distances, and the different risks associated with each bunkering 

concept. A standard risk assessment forms the basis for providing the results for all the relevant items 

mentioned under the Scope of Work for this study. 

The determination of the safety distances for surrounding people is determined by a risk-based methodology, 

where a representative scenario and consequence are selected for each bunkering configuration based on an 

approved risk criteria. It is helpful to define the basic terms of risk assessment, as follows: 

 Hazard: A situation with the potential to cause harm, such as an accident. 

 Accident: An undesired event, which may have consequences. Generally defined with reference to a 

minimum severity. In this report, only major accidents are considered. 
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 Frequency: How often something might happen. For example, an accident frequency could be 

defined as the number of accidents per year or per operation. 

 Consequence: The result of an accident. For example, the quantity of LNG released from 

containment – the consequence measure used in this report. 

 Risk: The product of frequency and consequence for a specified accident, or group of accidents, in 

units of equivalent annual impact per year. 

Figure 3-1 shows a diagrammatic representation of the overall risk assessment procedure.  

This method is in conformance with the U.S. Center for Chemical Process Safety textbook on Chemical 

Process QRA (Ref. /49/).  

 

Figure 3-1: Representation of a Classic Risk Assessment Procedure 

Accident frequencies are based on the most rigorously collected failure rate data for process equipment 

globally. Accident consequences are based on one of DNV GL’s models called Phast computer code. This is 

the world’s largest selling consequence model for the process industry and is approved by PHMSA and FERC 

for use in LNG siting studies.  

After the risk calculation is performed, to determine if the risk calculation is acceptable it is necessary to 

compare this value to a criteria.  Presently there is no probabilistic risk criteria in the U.S.  To assess the 

estimated risk in this study, DNV GL proposes using probabilistic safety zone criteria based on the individual 

risk acceptance criteria (1 x 10-4 per year for public) as established by the UK HSE.  This criteria is used for 

the following reasons: 

 Leak frequencies used in the study for process piping connections are from the UK HSE Hydrocarbon 

Release Database (HCRD) and hence it is logical to use the UK HSE Risk Criteria to be consistent. 

Moreover, the Netherlands uses a frequency database unique to the Dutch government which is 

approximately two orders of magnitude less than the UK HSE base frequencies and hence pairing 

the criteria to the relevant frequencies becomes more important to conduct a logical risk assessment. 
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 The risk criteria published in NFPA 59A are very recent and do not qualify as industry standard as of 

yet. Moreover, the source of the frequency numbers presented in the NFPA document is not very 

clear and it becomes difficult to apply as a metric. 

 Overall, the UK HSE Criteria is well established in the industry, as it has become an acceptable 

international criteria published in numerous journals and reports. 

The UK HSE has published tolerable risk levels in various reports. This is based on a review of involuntary 

and voluntary risks already experienced by members of the public in the UK. This covers motor accidents, 

mountain climbing, and lightning strikes. The aim is that risks from an industrial facility should not impose a 

significant fraction of the total risk experienced by exposed individuals. 

UK HSE IR Criteria: 

 Maximum tolerable risk for workers or staff:  10-3 per year 

 Maximum tolerable risk for members of the public: 10-4 per year 

 Broadly acceptable (or negligible):   10-6 per year 

By performing this risk assessment, hazards have been identified, the resulting accident frequency and 

consequence severity have been estimated, and the sensitivity of calculated risks has been assessed. 

Comparing calculated risks to the UK HSE probabilistic safety criteria, one is able to assess the acceptability 

of the risks associated with an activity/operation or plan actions that might reduce some aspects of 

frequency or consequence that might reduce overall risk.   

The conclusions drawn from the assessment are recorded along with all sources of data, evidence, principal 

criteria, and assumptions. 

3.1.1 Hazard Identification  

Hazard Identification (HAZID) is the first and arguably the most critical stage in the risk assessment 

procedure, since if hazards are not identified their contribution to overall risk levels cannot be assessed. A 

HAZID is a systematic process to identify accidental events that may pose a threat to personnel, 

environment, or assets. The hazard identification process provides a qualitative review of possible accidents 

that may occur. For this study, the HAZID exercise was carried out at the offices of DNV GL with in-house 

subject matter experts and project team members. During the HAZID, the causes and consequences of each 

of the hazards were identified, and the exiting safeguards for mitigating each hazard were recorded. Since 

this study was conducted for four conceptual designs with no specific details, the designs were assumed to 

have certain reasonable industry standard safeguards in place (Ref. /38/, /39/). The Swiss cheese risk 

model developed by Professor Reason can be used to better understand how barriers interrupt a potential 

accident sequence.  

The four barriers shown in Figure 3-2 represent the existing safeguards that lie between the hazard and the 

undesired accident outcome (Ref. /40/). The holes in the barriers represent potential unreliability in the 

safeguards. A risk assessment can determine if the current barriers are sufficient or if additional barriers or 

enhanced reliability will reduce risks to the required target level. 
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Figure 3-2: Swiss Cheese Concept 

The major hazards associated with conducting bunkering operations were determined from the workshop, 

and this usually feeds into the next step of the risk assessment. Also carried out in the HAZID was a 

Simultaneous Operations (SIMOPS) hazards discussion in order to identify major hazards associated with 

conducting other operations during bunkering. See Section 3.3.1 for further discussion regarding major 

hazards from LNG bunkering and simultaneous operations carried out around bunkering operations. 

3.1.2 Potential Effects of LNG Hazards 

This section describes the potential consequences of LNG release based on LNG’s physical characteristics. 

The assessed hazards associated with LNG are the following: 

 Cryogenic exposure 

 Asphyxiation 

 Fire and explosion 

The hazards mentioned above are real possible dangers from LNG release. However, each hazard is not 

guaranteed upon release, and is instead conditional on operating conditions and the surrounding location of 

the LNG release. For example, fire and/or explosion events can have different ignition characteristics 

depending on release conditions. Below is a brief discussion of potential LNG release behaviors based on 

Appendix B of the DNV GL Recommended Practice (Ref. /38/). The full range of possible outcomes is shown 

in Figure 3-3. 



 

 

DNV GL  –  Report No. PP087423-4, Rev. 3  –  www.dnvgl.com  Page 42 

 

 

Figure 3-3: Possible Outcome Flow Diagram 

3.1.2.1 Outflow of Non-Pressurized LNG 

LNG is normally stored at its atmospheric boiling point (approximately -162°C) in bulk storage tanks, which 

are equipped with pressure relief valves to set the tank's pressure to allow only a very low net positive 

pressure. Another preventive measure to stabilize tank pressure includes collection of boil-off gases from the 

tanks. Most spill scenarios for the storage tanks occur at atmospheric pressure, and the amount of LNG 

liquid released is determined by the amount of static liquid above the point of release. Releases that are 

greater than atmospheric pressure will likely cause a pressure flashing of LNG to methane, and a phase 

change occurs due to rapid heat transfer and boil-off involved.  

In small cases where LNG would be released from heights, 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, 

most of the LNG spill will likely end up in the pool since air cannot transfer enough heat to vaporize much of 

the LNG.  

3.1.2.2 Liquid Pool Formation 

Spilled LNG will simultaneously undergo several physical processes such as 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.  
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3.1.2.3 Rapid Phase Transformation (RPT) 

Rapid physical phase transformation is when LNG liquid is rapidly converted to methane vapor after LNG 

liquid is submersed in water. Small pockets of LNG that evaporate instantaneously when superheated in 

water create pressure pulses, which will travel at the speed of sound and decay as any other pressure pulse. 

RPT is not characterized as a detonation since it does not involve any combustion. Rather, RPTs generate 

overpressures only capable of nearby window breakage. Pressure pulse is unlikely to damage large 

structural elements of a ship. Therefore, no specific modelling is recommended as it is not likely to increase 

the hazard range of a major spill that has already occurred.  

3.1.2.4 Dispersion 

Methane gas and other associated heavier hydrocarbons, if present, that boil off from the pool will form a 

dense gas cloud due to its very cold temperature (initially -162°C) and condensation of atmospheric 

temperature. As the cloud disperses with the wind, it will spread, mix with air, and eventually reach its 

neutral density. Depending on circumstances, the cloud may eventually become buoyant because methane 

is much lighter than air at ambient conditions. However, the presence of heavier hydrocarbons and colder 

ambient temperature may reduce the buoyancy. The cloud may also be so diluted with air before it becomes 

buoyant that it may not affect the flammable hazards.  

3.1.2.5 Flash Fire 

A flash fire is the non-explosive combustion of a flammable vapor cloud resulting from a release of LNG into 

the open air. A dispersed cloud of methane, and any other hydrocarbons present, can be ignited anywhere 

where the concentration is above the Lower Flammable Limit (LFL) (i.e., the lower end of the concentration 

at which a flammable gas in air can ignite under ambient conditions) and below Upper Flammable Limit 

(UFL). The majority of clouds that are ignited disperse and meet a strong ignition source (i.e., open flame, 

internal combustion engine, and sparks). Once ignited, the cloud will “flash back” across all its flammable 

mass (i.e., parts of the cloud between the UFL and LFL) and will burn at the UFL boundary until all 

hydrocarbons are burned. Then, the rest of the cloud will flash back to the source and ignite the pool and 

will cause a pool fire. The flame initially propagates slowly, often 10m/s or less; however, where congestion 

or confinement exist, flame speeds can accelerate to hundreds of m/s and overpressure effects could occur. 

A flash fire hazard exists to people and to equipment within the flame envelope. Flame duration and 

intensity for most flammable clouds are insufficient to cause a significant thermal radiation hazard outside 

the flame envelope. 

3.1.2.6 Jet Fire 

Jet fires can occur upon immediate ignition of the LNG release. If ignition is delayed, a flash fire will occur. 

This flash fire will typically flash back to the source forming a residual jet fire. 

3.1.2.7 Pool Fire 

A pool fire may take place when an LNG spill is ignited on a horizontal, solid surface in open areas, within 

enclosures, or on sea surfaces. If an LNG spill is located near an ignition source, the ratio of gas and air is 

large enough to create a pool fire. When an LNG pool is ignited, it generates significant amounts of thermal 

radiation. The thermal radiation decreases as the distance from the pool increases.  
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When an LNG spill is ignited, it creates heavy smoke that reduces the thermal radiation. Once a pool forms, 

its size is limited by the evaporation (before ignition) and evaporation and combustion (after ignition). Open 

air and on-sea pool fires rarely cause fatalities as the time between when the fire starts until the time when 

the fire is fully developed is usually sufficient for people to escape. If there are fatalities, these tend to be 

people caught within the pool. Figure 3-4 shows the sequence of events leading up to a pool/flash fire when 

LNG is spilled from a vessel.  

 

Figure 3-4: LNG Spill Sequence of Events 

3.1.2.8 Fireball/BLEVE 

Fireballs are very rapid combustion processes most often associated with Boiling Liquid Expanding Vapor 

Explosions (BLEVE) and pressurized liquids. When pressurized liquids are rapidly released, LNG flashes 

almost instantly and creates a large fireball. The fireball will burn from the outside in because there is no air 

inside the expanded hydrocarbon. While burning, it will rise simultaneously due to thermal buoyancy effects. 

Fireballs can generate large amounts of thermal radiation over a period of 20-40 seconds and pose a hazard 

to any unprotected people nearby. 

Fireballs could be possible with large releases of gases, but these will generate flash fires rather than 

fireballs for releases of LNG. 

3.1.2.9 Vapor Cloud Explosion 

A vapor cloud explosion (VCE) can occur when a large flammable vaporous mass is ignited in a confined or 

partially confined situation. In an open space or outdoor environment, with limited confinement, 

experimental results show that methane gas mixed with air will burn relatively slow, in the order of 10 m/s, 

and will rise due to combustion. Previous ignition trials have also confirmed that no significant overpressures 

(>1 mbar) are developed in open space or water because sufficient flame acceleration (i.e., >100m/s) 

cannot be achieved where there is low congestion. There is a slow flame propagation and also the flame can 
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be extinguished prematurely and not be sustained through the whole cloud. Hence, VCEs in open water are 

not considered credible events in this study. 

However, in the Buncefield accident report (Ref. /41/), it is concluded that a vapor cloud passing over a 

dense line of trees results in rapid flame acceleration that can cause a VCE which may also transition to a 

detonation (Ref. /41/). This phenomenon is still under detailed investigation and can be evaluated at a later 

stage when more port specific information is available. Dense vegetation is not a typical feature of loading 

docks. 

3.1.3 Failure Case Estimation 

One of the key outcomes of the HAZID session is the selection of the representative failure cases that can 

result in a loss of containment of LNG. Various loss of containment scenarios associated with failure of LNG 

equipment are considered in the risk assessment based on expert discussion during the HAZID. The 

discussion of what scenarios are classified as significant bunkering hazards highlighted the scenarios to be 

included. The release scenarios assessed are discussed in detail in Section 3.3.1. The basic credible hole 

sizes are shown in Table 3-1. 

Table 3-1: LNG Loss of Containment Hole Sizes 

Scenario Representative Size (Diameter Equivalent) [mm] 

Small 5 

Medium 25 

Large 250 

Rupture Full Bore 

A key feature of this list is that the hole sizes cover the full range from small leaks to full bore rupture 

events. The team did not screen out the worst-case events, even though they might be rare.  

Each bunkering concept is evaluated for equipment failure from bunkering LNG storage tank to the client 

side ESD valve on the LNG tank. The bunkering storage tank is assumed to be a double walled pressurized 

vessel (the likelihood of equipment failure from a double walled tank is negligible, but is still considered 

within the study).  

Also modelled is the possibility of hose rupture due to a client's ship being struck during bunkering. Tank 

rupture due to striking is only considered for the Ship-to-Ship (STS) bunkering concept. All other operations 

are done from land to the client vessel, so a cargo tank being struck by vessels is not credible. 

3.1.4 Consequence Modelling 

The magnitude of the potential consequences from a hydrocarbon-related failure (i.e., LNG) is estimated 

using DNV GL’s proprietary software package Phast Risk version 6.7. It uses discharge, dispersion, and 

impact models to estimate effect zones of flammable dispersion, heat radiation, and explosion overpressures. 

The consequence modelling includes parameters such as released material, release condition, duration, 

weather condition, wind speed and stability, and surface roughness. 

The following scenarios are modeled for LNG releases: 
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 For small and medium releases - jet fire, pool fire, flash fire, and VCE 

 For large and full bore rupture releases - jet fire, pool fire, flash fire resulting from the flammable 

cloud upon evaporation from the pool, and VCE 

 BLEVE is assumed to be a credible event, although the likelihood is low. Cargo tanks impingements 

are linked to spills during loading which can result in a pool fire and under the right conditions a 

BLEVE (Ref. /42/). 

Consequence modelling is one of two elements used to produce probabilistic hazard zones.  Consequences 

are used in the risk model to estimate probabilistic hazard zones. These hazard zones of each model will be 

used to define safety zones in this study.  

3.1.5 Frequency Assessment 

The frequency assessment estimates how likely an event is to occur. The frequencies are based on process 

equipment counts, historical failure data, and frequencies of different operations combined with experience 

data. General assumptions and estimations are required in the absence of specific information regarding 

operating conditions. 

For port risk assessments, the Advisory Committee on Dangerous Substances (ACDS) also provides generic 

accident frequencies and probabilities to estimate the frequencies of different outcomes (Ref. /43/). ACDS is 

used to develop ship-striking frequencies. 

For pipelines and other equipment, DNV GL has developed a standardized failure frequency database. This is 

supplemented by engineering reviews of other failure mechanisms, which are based on historical data, 

engineering judgment, and simplified fault tree analysis. Many multinational operating companies and 

government agencies have already reviewed the standard failure frequency database. The database is 

updated as relevant information becomes available. 

Frequency assessment is the second element needed to develop probabilistic safety zones. Assessing the 

frequency of events adds greater significance to credible events and less to unlikely events. Ensuring the 

most credible events have a higher significance for this study will produce a more realistic assessment and a 

more accurate representation of reality. Providing clarity into real life application enables the design of more 

effective risk mitigation safety measures. 

3.1.5.1 Event Tree Framework 

Figure 3-5 shows the Phast Risk framework for modelling a release.  

 

Figure 3-5: Example Risk Model Event Tree Structure 
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Immediate ignition has a defined probability for each release. Given that immediate ignition occurs, the 

majority of gas release scenarios are modelled as a jet fire. Where rainout occurs (i.e., where some liquid is 

present in the release), a similar event tree applies where the equivalent outcome is a pool fire (liquid only), 

or both pool and jet fires (where liquid rains out from the initial discharge). 

Delayed ignition has a defined probability for each release. Where delayed ignition occurs, the outcome is 

split into flash fire and explosion scenarios. This applies equally to vapor clouds arising from gas releases or 

clouds flashed from liquid releases.  

A BLEVE is an escalated pool fire event and is considered in the risk assessment event tree. 

3.1.6 Risk Analysis 

The Risk Analysis first brings together calculations from the frequency assessment and consequence 

modeling so that both can be presented together. DNV GL’s Phast Risk tool combines the consequences for 

each failure case in each wind direction, the wind probability data, the frequency of the event, and the 

vulnerability data to arrive at risk numbers at the different locations. The risk estimate is calculated for each 

frequency-consequence pair, and is summed for each location to provide the total risk for the area.  

Risk analysis results are typically presented in several different ways to provide a complete picture. For this 

study, since there is no area specific population data, the risk metric used is independent of the population 

in any area and is therefore presented as the “Individual Risk”. The other form of risk measure that is 

commonly used is the Societal Risk, which cannot be used in this study at this stage, as it is population 

dependent. 

Individual Risk (IR) – IR is the risk for an individual who is present at a particular location, continuously all 

year (i.e., 24 hours a day 7 days a week) without wearing personal protective equipment. Individual risk is 

the frequency at which an individual may be expected to sustain a given level of harm from the realization of 

specific hazards. Individual risk is often interpreted as an incident every X number of years. Examples of 

how to interpret individual risk are as follows: 

 1x10-3 per year is equivalent to one incident every 1,000 years 

 1x10-4 per year is equivalent to one incident every 10,000 years 

 1x10-6 per year or one incident every 1,000,000 years 

These numbers do not imply that no event will occur for the specified time period. These risk levels are 

statistical representations of risk. They predict that an incident might occur within this average timeframe. 

The incident could happen tomorrow or sometime during the next 1,000 years.  

Individual Risk is presented as isopleths similar to elevation contours on a map. The inner contour is the 

highest risk (often 10-3 or 10-4 per annum [pa]), and normally contours are plotted in declining order of 

magnitude circles until some very low level of risk is predicted, often 10-6 or 10-7 pa. Figure 3-6 is an 

example of an IR contour. 
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Figure 3-6: Individual Risk Presentation 

The individual risk contours will be produced for the different bunkering concepts, which will then be used in 

the next stage of risk assessment. 

3.1.7 Risk Assessment 

Risk assessment is a process by which the results of a risk analysis are used to make judgments, either 

through relative ranking of risk reduction strategies, or through comparison of the risk assessment with risk 

targets /criteria that has been issued by a regulatory authority. The risk assessment stage (see Figure 3-1) 

determines whether the risks are tolerable, or if risk mitigation measures are required to reduce the risk to a 

level which can be considered as low as reasonably practicable. The main risk drivers are identified by 

comparing the contributions of scenario outcomes and their outcomes to the total risk. Risk reduction is then 

focused on those top risk drivers to maximize the effectiveness of risk reduction measures. 

3.1.7.1 Safety Zones 

A safety zone is a water area, a shore area, or a combination to which access is limited for safety and/or 

environmental protection purposes. Access may be limited to persons, vehicles, or objects specifically 

authorized by the Caption of the Port (COTP) or U.S. Coast Guard District Commander. No person may enter 

a safety zone, remain in a safety zone, or allow any vehicle, vessel, or object to remain in a safety zone, 

unless authorized by the COTP or the District Commander. Additionally, each person in a safety zone, who 

has notice of a lawful order or direction, must obey that order or direction, under penalty of law. In ISO DTS 

18683, the safety zone shall be implemented by the facility owner and is one of the important safeguards to 

reduce ignition probability. Only essential (for the bunkering) personnel or equipment is allowed inside the 

safety zone during bunkering. The extent and implementation of the safety zone needs to be documented 

and presented to the permitting authorities. 

A safety zone may be described by fixed limits, or it may be a specified zone around a vessel in motion. 

Safety zones may be established as temporary measures, such as in response to an emergency situation, or 

they may be established for indefinite periods, such as along the waterfront and shore area of a high-risk 
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waterfront terminal or facility (Ref. /39/). Regulations applicable to safety zones are codified in 33 CFR Part 

165.  

In general, safety zones are developed using three basic approaches:  

 Consequence Based  

Consequence-based methods are used to determine safe distances based on the maximum effect of 

a representative scenario. Annex B of the “Guidelines for Systems and Installations for Supply of 

LNG as Fuel to Ships” (Ref. /38/) provides guidance on how to select credible release events. This 

technique is very conservative and does not consider the likelihood of a release event. Therefore, 

this method often results in a safety zone based on a large event that is very unlikely to occur (Ref. 

/39/).  

Until 2013, the National Fire Protection Association 59A: Standard for the Production, Storage, and 

Handling of Liquefied Natural Gas (Ref. /44/) specified a consequence-based assessment for siting.  

 Qualitative Risk-Based 

Qualitative risk-based methods are used to estimate and manage risk when the consequence of 

interest is already specified or well understood. The safety zone itself is not estimated using the 

method; usually, a consequence is selected first, then the qualitative method is used to determine if 

effective risk mitigations will be sufficient. Risk matrices have been used in some Waterway 

Suitability Assessments (WSAs) for LNG facilities. Because LNG carriers are the vessel of primary 

concern in such studies, the LNG release modeling conducted by Sandia National Laboratories 

(Ref. /45/) is used to estimate consequences and general estimates are used to estimate likelihood. 

While this approach can be suitable in some situations, qualitative methods do not give reliable 

results when either the consequences or the likelihood of a risk is uncertain. Therefore, DNV GL does 

not recommend application of this technique for LNG bunkering until the risks are understood 

through experience, and regulators can have confidence that the potential consequence and 

likelihoods are correct.  

 Probabilistic (Risk Based) 

Risk-based methods are used to determine safety zones based on distances to acceptable safety risk. 

Acceptability criteria are specified by the approving body, and the criteria are agreed on by 

regulatory authorities. Currently there are no such established criteria in the U.S.; however, Annex B 

of the “Guidelines for Systems and Installations for Supply of LNG as Fuel to Ships (Ref. /38/)” 

presents a criterion that could be used. This method has been adopted in European countries, such 

as Belgium, Norway, and Sweden, that have planned or operational LNG bunkering infrastructure. 

Example risk assessments include Supplying Flemish Ports with LNG as a Marine Fuel: Analysis of 

the External Human Risks (Ref. /46/).  

3.1.7.2 Security Zones 

Security zones are set with the goal of reducing the frequency of loss of containment due to intentional 

external activities and to reduce the likelihood of accidental events such as ship collisions, excessive motions 

due to waves from passing vessels, etc. According to recommended practice, the security zone is set to 

extend past the safety zone based on site-specific HAZID findings (Ref. /39/). Security zones are not 

determined for this study. 
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3.1.7.3 Risk Criteria 

Tolerability of risk is a contentious issue, but it has been addressed in many countries by various means. 

The calculated risk numbers are usually compared against recommended regional risk criteria; however, 

there are no established, generally accepted criteria in the United States which can be used currently. NFPA 

59A does have a criteria but there is little operational experience, and so its effectiveness is unclear. 

Individual Risk Criteria 

There are different IR criteria for public and workers on site. It is common for public risk criteria to be ten 

times more stringent than employee criteria. This does not imply that risk criteria values employees less; 

rather they are trained in exactly what to do in emergencies. They are assumed able to escape when given 

the opportunity. IR calculations do not include escape actions. It is assumed people do not move away. 

UK HSE Risk Criteria 

The UK criteria were developed over more than four decades of evaluating technological risks. Over this 

period, the criteria for Individual Risk have changed. However, the most recent IR criteria are well 

established. The criteria are proposed in the “Tolerability of Risk” report in 1992 by Health and Safety 

Executive (HSE) (Ref. /47/). It was later reinforced by HSE’s 2001 publication “Reducing Risks, Protecting 

People” (Ref. /49/). 

Further details of the UK HSE criteria were discussed in Section 3.1 above. 

IR Criteria for Workers 

The individual risk level for workers recommended by the UK HSE is a ‘risk region approach,’ as seen in 

Figure 3-7 below. In the lower region, the risk is considered negligible provided normal precautions are 

maintained and individual risk of death less than 1 in a million per annum. The upper region, where annual 

risk greater than 1 in 1000, represents an intolerable risk level. The area in-between is called the As Low As 

Reasonably Practicable (ALARP) region. 

 

Figure 3-7: IR Criteria for Workers 

IR Criteria for Public 

As mentioned earlier, the UK HSE has published tolerable risk levels in various reports. This is based on a 

review of involuntary and voluntary risks already experienced by members of the public in the UK. This 



 

 

DNV GL  –  Report No. PP087423-4, Rev. 3  –  www.dnvgl.com  Page 51 

 

covers motor accidents, mountain climbing, and lightning strikes. The aim is that risks from an industrial 

facility should not impose a significant fraction of the total risk experienced by exposed individuals. 

UK HSE IR Criteria: 

 Maximum tolerable risk for workers or staff:  10-3 per year 

 Maximum tolerable risk for members of the public: 10-4 per year 

 Broadly acceptable (or negligible):   10-6 per year 

NFPA 59A Risk Criteria 

In the 2013 edition of the NFPA 59A document, performance based (risk assessment) LNG plant siting 

guidelines have been included as a mandatory chapter (Chapter 15) and this provides criteria for risk 

tolerability. 

There is specific IR criteria to the public included in NFPA 59A as presented in Table 3-2 (Ref. /44/). 

Table 3-2: NFPA IR Criteria for the Public 

Criterion Annual Frequency Remarks 

Zone 1 

IR ≤ 10-5 

Not permitted: Residential, office, and retail 

Permitted: Occasionally occupied developments (e.g. pump houses, 

transformer stations) 

Zone 2 

10-6≤IR≤10-5 

Not permitted: Shopping centers, large-scale retail outlets, restaurants 

Permitted: Work places, retail and ancillary services, residences in areas 

of 28 to 90 persons/hectare density 

Zone 3 

3x10-7≤IR≤10-6 

Not permitted: Churches, schools, hospitals, major public assembly 

areas, and other sensitive establishments 

Permitted: All other structures and activities 

Netherlands Risk Criteria 

The Netherlands established risk criteria in 1953. Various Dutch Ministry departments have regulated IR 

over the course of time. The most recent department is the Dutch Ministry for Housing, Spatial Planning, 

and the Environment. In 2004, the Dutch Ministry significantly altered their IR criteria to what it is today in 

response to the Enschede fireworks factory and Toulouse chemical factory explosions. The Dutch define the 

Individual Risk criteria limit as 1 x 10-6 per year (Ref. /49/). 

3.1.7.4 Safety Zone Criteria 

Safety Zone criteria should be developed and implemented by appropriate authorities. If the safety zone is 

based on a probabilistic approach, it will usually result in a smaller safety zone than a deterministic approach 

would. The safety distance should never be zero and the safety zone should never be less than a minimum 

specified distance. If the risk is acceptable, in accordance with the acceptable criteria, as agreed with 

authorities, the smaller safety zone is acceptable. 
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NFPA 59A Consequence Based Criteria  

Chapter 5 and Chapter 14 of NFPA 59A provide some guidance on minimum separation distances for LNG 

process equipment, containers, transfer operations, impoundment areas, and other portable LNG facilities 

from the nearest property line and ignition sources. These distances are approximately 50 m. Though NFPA 

59A does not specifically say these distances apply to bunkering activities, the safety distances estimated 

from an LNG bunkering risk assessment should be evaluated against the minimum distances prescribed in 

NFPA 59A while doing a site specific safety assessment as these are relevant to LNG operations in North 

America.  

3.2 Study Assumptions 

Being a conceptual study that is generalized to port facilities throughout the United States, many 

assumptions are needed in order to produce a study with conclusive results. The risk results are highly 

dependent on the assumptions. A site-specific study would determine the bunkering risk more accurately. 

The purpose of this study is to show possible risk profiles for LNG bunkering depending on representative 

assumptions and scenarios. This section documents key assumptions as well as an explanation of the 

assumptions.  

3.2.1 Location Assumptions 

As mentioned before, this study is not location specific. Therefore, many of the software parameters related 

to geography and climate are selected to be representative of a variety of conditions. Variation in these 

parameters is discussed in Section 3.4. 

3.2.1.1 Meteorological Data 

Typically when performing a safety study for a specific location, climatological data such as ambient 

temperature, pressure, humidity, and prevailing wind direction is needed. In an attempt to represent 

normalized port climate conditions, an average temperature, pressure, and relative humidity are estimated 

based on the annual average of each parameter for seaside states and states bordering the Great Lakes. 

Wind directions are assumed to be uniformly distributed in all directions, meaning that no dominant wind 

direction is used in this study. Selecting a prevailing wind direction would add complexity and is deemed to 

not aid the comparison of the bunkering operations.  

3.2.1.2 Port Nautical Activity 

The U.S. has a huge variety of port facilities in terms of port activity and waterway layout. For this study, a 

high level of nautical activity is assumed in order to maintain conservatism in the safety analysis. In an area 

with high nautical activity, the intensive nautical traffic area is defined as a location where large ships will 

pass the moored LNG bunker vessel. The potential impact energy (i.e., collisions) of this scenario is high due 

to the size of ships and volume of ship traffic.  

The well-established Port of Los Angeles provided a basis to develop realistic assumptions for this study. The 

Port of Los Angeles is one of the busiest cargo ports in the United States. Along with a major cargo-shipping 

route, the harbor also contains regular ferry routes to San Pedro Island contributing to overall activity. The 

port is a large mouth port that opens directly to the ocean, so the majority of traffic is funneled through a 
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similar route. Thus, the Los Angeles Port facilities are well suited to provide a basis for assumed traffic 

associated with a high nautical activity port. 

Annual passing vessel traffic of 40,000 large vessels is assumed for the study and only large vessels are 

considered, because their striking impact energy will be adequate to cause catastrophic damage to the hose 

and/or potentially rupture the bunkering storage tank resulting in loss of containment of LNG (Ref. /50/). As 

stated before, ship striking leading to tank rupture is only considered plausible for Ship-to-Ship bunkering. 

3.2.1.3 Port Type 

Port type affects the ability to navigate and avoid nautical accidents. An open water type port will be 

assumed for this study because actual port layouts may vary. An open water port waterway is assumed to 

have little effect on the likelihood of collision. Further discussion of the effects of port type variation on 

bunkering risk is discussed in Section 3.4. 

3.2.2 Bunkering Process Equipment 

Equipment associated with the bunkering operations are assumed based on previously established bunkering 

operations globally as well as DNV GL’s recommended practice for bunkering (Ref. /39/). Specific equipment 

drawings are not available due to the generic nature of the project. 

Table 3-3: Equipment Count for Leak Frequency Estimate 

Bunkering Concept Equipment Quantity (Diameter) 

Truck to Ship (TTS) Manual Valves 3 (3 in.) 

Actuated Valves (ESDs) 2 (3 in.) 

Flange 12 (3 in.) 

Small Bore Fittings 2 (1 in.) 

Flexible Hose 1 (3 in.) 

Manifold Piping 20 m (3 in.) 

Shore to Ship (PTS) Manual Valves 3 (3 in.) 

Actuated Valves (ESDs) 2 (3 in.) 

Flange 12 (3 in.) 

Small Bore Fittings 2 (1 in.) 

Flexible Hose 1 or 2* (3 in.) 

Manifold Piping 100 m (3 in.) 

Ship to Ship (STS) Manual Valves 3 (3 in.) 

Actuated Valves (ESDs) 2 (3 in.) 

Flange 12 (3 in.) 

Small Bore Fittings 2 (1 in.) 

Flexible Hose 1 or 2* (3 in.) 
Manifold Piping 10 m (3 in.) 

                                                
* The number of hoses was assumed to be two when the client vessel is a container ship. 
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3.2.3 Process Conditions 

Typically for a safety study, Piping and Instrumentation Diagrams (P&IDs) or Process Flow Diagrams (PFDs) 

in conjunction with Heat and Material Balances (H&MBs) are used to determine the operating conditions and 

identify equipment associated with the specific process that is examined in the study. A generic bunkering 

process for each bunkering concept was developed based on established bunkering operations in Europe and 

in discussion with in-house subject matter experts. 

3.2.3.1 Inventory 

Each LNG bunkering method will transfer a range of inventories of LNG. However, the major client vessels’ 

inventories are assumed to be constant across each configuration, so multiple bunkering operations may 

take place for complete LNG fueling of client vessel (i.e., eight trucks are required to service an OSV based 

on assumptions). Some scenarios that are deemed not credible are excluded from the study, such as a 

bunkering truck providing service to a container ship due to the large fuel volume required to be transferred 

and the small volume and low flow rate achieved by truck transfers. Table 3-4 and Table 3-5 summarize the 

assumptions for number and duration of vessel calls during bunkering. 

3.2.3.2 Bunkering Duration and Bunkering Rate 

Client vessels expect bunkering operations to be carried out in a timely manner. Application of LNG 

bunkering is not practical if it were to take an excessive amount of time. Assumed bunkering rates and 

loading times found in Table 3-4 are based on expert knowledge and previous DNV GL project experience. It 

is assumed that bunkering operations will acquire appropriate equipment to achieve the appropriate loading 

times based on the clientele. 

3.2.3.3 Temperature and Pressure 

According to internal sources within DNV GL, a typical pressure in a bunker hose is around 5-6 bar (g). For 

this study, a generic bunkering hose pressure of 5 bar (g) (stagnant, absolute pressure) is assumed, 

independent of type of bunkering activity.  

At the operating pressure of 4-6 bar (g), the typical LNG temperature during bunkering is around -145°C 

based on the assumption that bunkering operations have the ability to maintain a constant temperature by 

managing the boil-off vapors. A double-walled tank with a vacuum interstitial space is assumed for all 

bunkering concepts in this study.  

Table 3-4: Vessel-Related Loading/Unloading Assumptions 

Concept Bunkering Source 

Capacity (m3) 

Bunkering 

Rate (m3/hr.) 

Client Type Client Size 

(m3) 

Shipments per 

Completion 

TTS 40 50 Ferry 200 5 

50 OSVs 300 8 

N/A Container 2400 - 

PTS 500 50 Ferry 200 1 

200 OSVs 300 1 

600 Container 2400 5 
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Concept Bunkering Source 

Capacity (m3) 

Bunkering 

Rate (m3/hr.) 

Client Type Client Size 

(m3) 

Shipments per 

Completion 

STS 300-2400 67 Ferry 200 1 

200 OSVs 300 1 

600 Container 2400 1 

Portable 

Tank 

40 40 Ferry 200 5 

40 OSVs 300 8 

N/A Container 2400 - 

Table 3-5: Frequency-Related Loading/Unloading Assumptions 

Concept Bunkering Rate (m3/hr.) Client Type Loading Time 
(hours) 

Frequency of Bunkering 
(/yr.) 

TTS 50 Ferry 4 365 

50 OSVs 6 183 

N/A Container - - 

PTS 50 Ferry 4 365 

200 OSVs 2 183 

600 Container 4 52 

STS 67 Ferry 3 365 

200 OSVs 2 183 

600 Container 4 52 

Portable 

Tank 

40 Ferry 1 - 

40 OSVs 1 - 

N/A Container - - 

3.2.4 Scenario Assumptions and Identification 

For this study, it is assumed that the best practice of a double wall Dewar LNG storage tank is used for 

intermediate bunkering storage on all bunkering concepts (i.e., the LNG cargo tank). A catastrophic failure 

frequency of a double walled tank is very low (1.25 x 10-8 per year) and therefore not considered in the 

safety assessment as a credible event (Ref. /41/). Loss of containment due to tank breach is only seen as 

credible from ship striking during Ship-to-Ship bunkering. All other bunkering operations are performed on 

land to sea vessels. Thus, all bunkering storage vessels are protected from ship striking by the land. Client 

LNG tank rupture due to striking is outside of the scope of this assessment. The major causes of loss of 

containment while bunkering was determined to be in the coupling operation of the bunkering manifold to 

the client vessel and damage to the hose due to normal operations and SIMOPS. 
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3.2.4.1 Manifold Coupling Failure 

Operational steps are typically taken under best practices to ensure proper coupling, as seen in Figure 3-8 

(Ref. /38/). However, potential for human error and equipment failure are still present at any stage of the 

bunkering process. Therefore the following potential hole sizes seen in Table 3-6 were determined to be 

credible scenarios. Detection time varies based on hole size due to likelihood of detection, as seen in Section 

3.2.5. Best practice is the placement of multiple gas detection systems, QCDC and ERS. However, dilution of 

release due to outdoor wind is a possibility and is accounted for in the isolation times.  
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Figure 3-8: LNG Bunkering Best Practice Operational Diagram 
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3.2.4.2 Loading Hose Failure 

The flexible loading hose is susceptible to a variety of different hazards during normal operations within the 

bounds of the bunkering process: 

 Equipment fatigue due to extreme temperature and pressure 

 Ship securing/mooring line failure 

 Striking of vessel by passing ship 

 Extreme weather conditions 

During bunkering operations the client and bunker vessel are secured by mooring lines. In the case of 

striking, the mooring lines will partially absorb the impact energy. Therefore, it is assumed that only vessels 

with sufficient potential impact energy could cause a loss of containment by rupturing a flexible loading hose 

or breaching a tank. Traffic density is assumed significant and therefore a vessel striking while bunkering is 

a credible event. 

3.2.4.3 Loss of Containment Scenarios 

During bunkering operations, loss of containment can occur for many different reasons and in different parts 

of the bunkering process as described previously. In emphasis, only potential loss of containment scenarios 

are considered during bunkering operations. Potential failure of not-in-use equipment and failure of client 

side equipment (i.e., equipment after the client side emergency shutdown valve) are out of scope for this 

study. All equipment onshore associated with refueling (i.e., pumps, pipelines, refueling equipment) are also 

out of scope of this study. The loss of containment scenarios used in the risk calculation per bunkering 

concept are specified in Table 3-6. 

Table 3-6: Loss of Containment Scenarios 

Scenario Description Representative Size (Diameter Equivalent) [mm] 

Small  Manifold Small Release 5 

Medium Manifold Medium Release 25 

Large Manifold Large Release Full Bore  

Hose Leak Small Hose Leak 10% of Hose Diameter 

Hose Rupture Hose Rupture Full Bore 

Cargo Tank Rupture* Tank Rupture from Ship Striking 250  

Ship Striking Hose Rupture from Ship Striking Full Bore 

3.2.5 Detection and Isolation 

The time assumed to detect and isolate is necessary to determine the inventory able to be released during a 

loss of containment event. Minimizing the time an event is detected and isolated will minimize the amount of 

inventory able to be released and hence the impact to the surroundings. 

                                                
* Tank Rupture only applies to Ship-to-Ship option. 
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 Detection is the time from when the release event starts until someone becomes aware of the 

release event either by operator inspection or by loss of containment detection regime.  

 Isolation is the time from detection until the segment incurring the release event is isolated and 

the shutdown valves are closed. 

The detection times associated with each release size from the piping manifold are shown in Table 3-7 and 

Table 3-8. These hole sizes and isolation times are based on DNV GL’s previous project experience and 

public guidelines for QRA (Ref. /52/). 

Table 3-7: Representative Detection and Response Time 

Leak Size Response Time (min) Cumulative Time to Shutdown (min) 

Detection Isolation 

Small 5 10 15 

Medium 3 3 6 

Large 1 1 2 

Rupture  1 1 2 

The detection and isolation times for small and medium leaks are quite conservative. However, a longer 

isolation and detection time for these release sizes will not increase the risk contour results, because the 

maximum cloud footprint is reached soon after the release. 

The detection times associated with flexible loading hoses are based on values from established Norwegian 

bunkering operations of Truck to Ship loading via loading hose. It is assumed that the best practice of 

manual local supervision by an operator during loading operations is implemented; therefore, the likelihood 

of detection and response is very high and assumed to be quick.  

Table 3-8: Flexible Loading Hose Isolation Times 

Leak Size Response Time (min) Cumulative Time to Initiation (min) 

Detection Isolation Isolation 

Leak 1 0.5 1.5 

Rupture 0.5 0.25 0.75 

3.3 Results and Analysis 

This section provides a summary of the results obtained from the assessment of the risk for each bunkering 

option. The results are provided in terms of risk consequence and frequency.  

3.3.1 HAZID 

The hazards identified as credible focused on the loss of containment scenarios only during bunkering 

operations (normal operations) and other additional activities conducted during bunkering (SIMOPS). During 

the HAZID, the cause, consequence, and potential safeguards are identified. The main bunkering equipment 

discussed in the HAZID is the LNG bunkering storage tank, bunkering manifold, loading hoses, and 

associated connection points.  
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3.3.1.1 HAZID Findings and Recommendations 

Table 3-9 lists recommended safeguards and areas of further investigation resulting from the HAZID. As a 

note, it is assumed that detailed procedures, checklists and proper training are all incorporated in the 

operations. 

Table 3-9: HAZID Safeguard Recommendations 

HAZARDS Safeguard Recommendations 

Additional Ignition Sources during SIMOPs Communication Plan Area Classification 

Dropped object or External impact 

Allision Proper bunkering site selection 

Client tank warm Detailed HAZOP to be carried out before commencement of 

operations 
Incorrect sequence 

Dual Fuel Loading Consider Sequential Loading 

Electrical Isolation flange failure ESD 

Excess fill rate Consider special guidance when high supply side pressure exists 

Design criteria of client vessel 

Client vessels to consider water hammer potential 

Ignition source within area from nearby 

passengers 

Enforcement of Safety zone requirements around flange 

Incompatible hazard zone between client and 

bunkering vessel 

Consider studying a worse case combination of United States 

Coast Guard (USCG) and classification rules 

Inerting failure Gas detection for oxygen 

Lack of coordination between shore side bunkering 

and ship personnel 

Client side staff can actuate truck ESD 

Leakage from connection (bunkering or client side) Double valve system 

LNG truck release Excess flow valve 

Mooring failure Drip free Quick connect disconnect (QCDC) 

Non-standardized technology Standardization of LNG 

Overfill Double alarm (High High alarm) 

Vapor return line (mitigation) 

Pump trips on excess pressure 

Unauthorized traffic in security area Security zone 

Pressure build up in client tank Pump trips on excess system pressure 

Releasing mooring lines in wrong order Breakaway coupling (B) 
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HAZARDS Safeguard Recommendations 

Ship Collision Security zone 

Sea state and wind operational limits 

Safety zone 

Proper bunkering site selection 

Dedicated bunkering berth 

Simultaneous emergency not related to loading QCDC 

3.3.1.2 SIMOPS 

Various business and recreational activities occur within port facilities as well as on client vessels. During the 

hazard identification, simultaneous operations (SIMOPS) is discussed in detail. Simultaneous operations can 

pertain to three different regions of the port: 

 SIMOPS in Bunkering Facilities 

 SIMOPS in Port Facilities 

 SIMOPS on Client Vessel 

The SIMOPS identified are assumed to be applicable to all bunkering concepts servicing any client, unless 

otherwise stated. If a SIMOPS hazard pertains to a specific client vessel or bunkering concept, the hazard is 

explicitly identified as such. 

Bunkering Facilities SIMOPS 

It is plausible that multiple bunkering operations will be carried out simultaneously on different client ships. 

As demand grows for LNG as a vessel fuel, the potential demand for bunkering operations will increase 

proportionately. 

Close Proximity Fire/Explosion Event 

The major hazard associated with bunkering facility SIMOPS is the potential for cascading consequences. 

Depending on proximity of the adjacent bunkering facilities, the severity of potential consequences can vary. 

Maintaining a proper safety/separation distance is vital for preventing cascading ignitions.  

Port Facilities SIMOPS 

Most major port facilities deal with many different business operations such as passenger transit, cargo 

shipping, construction, and other forms of commerce. SIMOPS increase exposure to bunkering operation 

hazards at port facilities. Dropped cargo and maintenance/construction are the most significant hazards on 

the port if there are SIMOPS.  

Dropped Objects 

In cargo-loading operations, it is necessary to load and unload cargo by lifting the cargo on and off a vessel. 

With each lift, there is a potential to drop the cargo on adjacent bunkering facility infrastructure. The impact 

from a dropped object can cause a catastrophic release of LNG.  
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Maintenance/Construction 

Port facilities undergo constant improvements and require the supervision and expertise of maintenance and 

construction crews. Not only do construction and repair equipment increase the number of ignition sources 

in the port facilities, but the increased presence around a bunkering facility would increase the number of 

people at risk of exposure to a significant accident. Hence, maintenance and construction would increase 

both likelihood of ignition and the risk to persons.  

3.3.1.3 Client Vessel SIMOPS 

Minimizing time at port is crucial to conduct business efficiently and effectively. It is desirable for vessel 

operators to refuel while conducting other operations in order to minimize time at berth. The following are 

identified as the most credible SIMOPS hazards during the HAZID workshop for client vessels. 

Boarding Passengers  

Bunkering existing fuels (e.g., marine diesel) while passengers are boarding or already onboard currently 

occurs.  Similarly, LNG refueling of a vessel may occur in the presence of passengers. Unlike trained 

operators, passengers may not be aware of safety/security exclusion zones enforced to reduce the risk of 

accidents. 

In order to mitigate against this, passengers should be effectively educated during the voyage about the 

exclusion zone and what activities are not permissible while bunkering operations are underway (i.e., 

restrictions on the use of mobile phones, cigarettes, and other forms of electronic entertainment). The 

exclusion zone should be actively enforced by dedicated crew members and secured with proper signs and 

warnings. 

Dual Fuel Loading 

Many larger ships are capable of operating with multiple fuel types, and could require SIMOPS with 

bunkering. The major hazards associated with bunkering SIMOPS could be due to an increasing number of 

ignition sources and personnel and a potential for cascading failures.  

Dropped Objects 

The dropped cargo hazard associated with client vessel SIMOPS is similar to the cargo (un)loading 

operations described in Section 3.3.1.2.  However, cargo (un)loading SIMOPS will be necessarily closer in 

proximity to the bunkering operation since the cargo will be (un)loaded to/from the vessel receiving LNG 

fuel.  The proximity increases the potential for dropping cargo onto the bunkering operation, the number of 

ignition sources from lifting operations, and the overall number of SIMOPS hazards.  

3.3.1.4 Portable Tank Major Hazards 

LNG ISO container bunkering is a relatively new concept being introduced for LNG bunkering. Uniform 

containers can be filled with LNG and shipped by rail, truck, or sea to wherever it is demanded. The 

container is designed to be swapped out for an identical empty container. This concept is highly flexible in its 

application and shown to be cost effective for delivering small volumes of LNG.  

Since there is limited application knowledge, hazards associated with portable tank loading were identified 

during the bunkering HAZID based on theoretical knowledge of this concept. 
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Dropped Container Tank 

Potentially, the most hazardous operation associated with loading a portable container tank is their 

movement during drop-off and pick-up. Dropping a container has the potential for catastrophic damage to 

equipment and people around the lifting operation due to impact damage and potential LNG leak.  

Depending on the impact zone, the dropped container can be damaged or cause damage to other nearby 

equipment. Damaging other containers may increase the total inventory of LNG released. The release of a 

large inventory is a hazard to personnel due to asphyxiation, cryogenic effects, and/or ignition of vaporized 

LNG. If LNG is ignited, many different fire events can occur that include but may not be limited to pool fire, 

jet fire, vapor cloud explosion, and BLEVE. A BLEVE would be a catastrophic event from a fire impinging on a 

container. 

Potential causes of this may be human error or mechanical failure of the crane. However, most lifting 

operations mitigate these potential causes through best practices. Proper lifting procedural training will aid 

in preventing human error, while regular inspection, maintenance, and crane certification will prevent 

mechanical malfunction. 

Faulty Interconnection 

Once lifting operations are complete, the tank must be connected to the fueling manifold of the client vessel 

via a flexible loading hose (Ref. /53/). Improper connection can result in leaking of LNG. A small leak can go 

undetected much longer than a large release, which increases the release’s likelihood of ignition. Ignition 

severity can depend on location of LNG containers. If the container is placed within a confined area, possibly 

within the ship hull, LNG accumulates, resulting in personnel asphyxiation or a vapor cloud explosion. 

The typical capacity of LNG ISO containers is 20 to 40 m3 housed inside a double wall tank. Many ships will 

require multiple containers in order to fully supply their vessel. Therefore, there is a potential for stowing 

LNG containers in close proximity stacks. In the case of a leak release resulting in an ignition event, the 

resulting fire can impinge on neighboring containers, causing a BLEVE. 

Several potential causes are common for connection leaks: 

 Human Error 

The most likely cause of an interconnection leak is human error, which can occur due to many 

different factors such as fatigue, distraction, or improper training. An LNG leak from the 

interconnection due to human error is minimized by proper training of personnel. 

 Faulty Equipment 

Containers are interchanged and the empty shells are refilled. Potentially, the empty container shells 

could have been damaged either during client vessel operations or during LNG refilling. If gone 

uninspected, the damaged container can be reloaded onto the next client vessel resulting in 

potential loss of containment. Regular inspection and preventive maintenance would act as sufficient 

safeguards for the prevention of using damaged equipment. 

 Incorrect Connection 

Portable container service providers may each develop different connection types, which will result in 

improper connection and LNG release due to non-leak tight connections. Existing safeguards for 

ensuring leak tight connections is the use of interconnector fittings to reinforce potentially weak 

connections. However, a much stronger barrier to leak releases recommended by DNV GL is the 

standardization of LNG portable container connections. 
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3.3.2 Consequence Safety Zones 

As mentioned in Section 3.1.4, consequence is a measure of the magnitude of effect that a release event 

can potentially inflict on the surrounding area. It is typically used in conjunction with the likelihood 

(frequency) of the event occurring to determine risk. It can also be used to display worst-case instances of 

release events. 

The consequence-based approach uses a representative scenario to determine the safety zone. The safety 

zone is determined based on the dispersion of gas from a maximum realistic release of LNG. The 

consequence approach develops safety zones on a conservative basis considering the operation and the 

implemented safeguards. Table 3-10 shows the consequence safety zones for each bunkering concept. 

The maximum effect of the representative scenario is a flash fire. The largest area at which cloud release 

can ignite is at the LFL concentration distance. In order to account for uncertainties in the dispersion and 

mixture of the gas cloud, a distance of effect of 0.5 LFL for the safety zone is also common practice 

(Ref. /39/). 

Table 3-10: Consequence Safety Zone Distances 

Bunkering Concept Representative Scenario Distance to LFL 
Safety Zone 
Radius 

Distance to 0.5 LFL 
Safety Zone Radius 

Truck-to-Ship (TTS) Hose rupture during 

bunkering to OSV 

78 m 167 m 

Ship-to-Ship (STS) Hose rupture during 

bunkering to Container Ship 

335 m 635 m 

Shore-to-Ship (PTS) Hose rupture during 

bunkering to Container Ship 

335 m 635 m 

Using the consequence method for developing safety distances gives the results shown in Table 3-10; TTS 

bunkering has the smallest safety zones due to the limitation in operations (low flow rate and small LNG 

volume transferred). Ship-to-ship (STS) and Shore-to-ship (PTS) both have the same size for the largest 

consequence safety zone, because they are able to service large vessel types and are assumed to have 

similar operational functions/capabilities. Releases during large vessel service will result in the most severe 

consequence due to higher flow rates and inventories associated with the loading operation. 

Safety zones for large LNG carriers are presented for comparison. These are not relevant to the smaller 

vessels associated with LNG bunkering operations; however, they provide a perspective on established 

safety zones within the industry. 

3.3.2.1 Safety Zones for Moored LNG Carriers  

33 CFR 165 —Regulated Navigation Areas and Limited Access Areas provides examples of fixed safety zones 

currently in place around LNG carriers while they are moored pier side in U.S. ports. These include:  

 Boston Harbor, MA: 400-yard (366 m) radius while at the dock, increased from a previous 150 feet 

requirement) 

 Chesapeake Bay, MD: 500-yard (457 m) radius around the berthed vessel 

 Savannah River, GA: 70-yard (64 m) radius around the vessel while transferring cargo 

 Lake Charles, LA: 50 feet (15 m) beyond the carrier 
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 Long Island Sound, NY/CT (proposed): 1,210 yards (1106 m) around the floating LNG storage and 

regasification unit (FSRU) 

 Piscataqua River, NH: 500-yard (457 m) radius while the (LPG) carrier is moored at the receiving 

terminal 

3.3.2.2 Sandia Safety Zones 

In 2004, Sandia National Laboratories (Sandia) developed guidance on a risk-based analysis approach to 

assess and quantify the potential hazards and consequences of a large spill from an LNG ship (125,000 m3 

to 165,000 m3 capacity).  

The key conclusions from this study are as follows: 

 The system-level, risk-based guidance developed in this report, though general in nature (non-

site-specific), can be applied as a baseline process for evaluating LNG operations where there is the 

potential for LNG spills over water.  

 The most significant impacts to public safety and property from an accidental spill exist within 

approximately 250 m of a spill, with lower impacts at distances beyond approximately 750 m from a 

spill. 

3.3.3 Risk 

This section discusses the risk levels associated with each bunkering concept. Risk levels are assessed only 

on an individual risk basis, because individual risk levels are population independent. Each bunkering 

concept's individual risk has been shown as Individual Risk (IR) and probabilistic safety zones. The IR of 

each bunkering concept has been assessed based on different client vessel types. Each vessel type 

considered has recorded instances utilizing LNG as a fuel source throughout the world. The general 

background information used for determining these risk results are documented in Section 3.2 of this report.  

3.3.3.1 Individual Risk 

IR is the risk for an individual who is present at a particular location, continuously all year (i.e., 24 hours a 

day 7 days every week) without wearing personal protective equipment. Individual risk is the frequency at 

which an individual may be expected to sustain a given level of harm from the realization of specific hazards. 

IR is often interpreted as the risk of death and is expressed as risk per year.  

As a frame of reference, this report will compare IR results against the criteria of the UK. The UK HSE has 

adopted Individual Risk Criteria using the “As Low As Reasonably Practicable” (ALARP) principle (i.e., cost-

effective risk reduction would be considered) (Ref. /54/). 

3.3.3.2 UK HSE IR Criteria 

UK HSE IR criteria for workers are: 

 Maximum Tolerable risk for workers or staff: 10-3 per year 

 Maximum Tolerable risk for members of the public: 10-4 per year 

 Broadly acceptable (or negligible): 10-6 per year 

The suggested maximum tolerable individual risk level with respect to the public is recommended to be an 

order of magnitude less than it is for workers (i.e., 10-4 per year), and where the target criterion for the 
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public should be the tolerable individual risk level of 10-6 per year; see Section 3.1.7.3. The IR contours for 

the three bunkering concepts are presented in Table 3-11. 

 

Figure 3-9: Truck-to-Ship (TTS) IR Contour 

 

Figure 3-10: Shore-to-Ship (PTS) IR Contour 
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Figure 3-11: Ship-to-Ship (STS) IR Contour 

3.3.3.3 IR Discussion 

Figure 3-9, Figure 3-10, and Figure 3-11 show the difference in risk results between the three concepts. 

Based on IR criteria previously discussed in Section 3.1.7.3, the maximum tolerable risk level to the public is 

10-4/yr. For workers, the maximum tolerable level of risk exposure is 10-3/yr. The major risk drivers for the 

risk contours are discussed below. 

Table 3-11: Individual Risk Contour Region Sizes (Approximate) 

Bunkering Concept 10-5 Contour 

Distance (m) 

10-4 Contour 

Distance (m) 

10-3 Contour 

Distance (m) 

Truck-to-Ship (TTS) 73 46 12 

Shore-to-Ship (PTS) 230 50 13 

Ship-to-Ship (STS) 275 60 15 

At first glance, TTS appears to have dramatically less individual risk associated with it. However, the other 

two bunkering types consider bunkering with container ships. The TTS bunkering concept cannot conceivably 

bunker such a large vessel. Container ships are a large risk driver for all bunkering concepts and thus 

special preparation should be taken at ports servicing large capacity vessels such as container ships to 

ensure safe practice. One such port design preparation includes designating an isolated bunkering berth for 

large vessels.  
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When comparing STS and PTS, the 10-5/yr. contour for STS bunkering is much larger. This is because 

bunkering at sea has the added risk of cargo tank rupture due to vessel striking impact, which is not a 

credible scenario for the PTS option. The tank rupture scenario is the driver of this increase in risk contour 

distance.  

Although the ship risk contour distance is larger, STS has the additional benefit of flexibility in comparison to 

PTS. STS bunkering may bunker out at sea away from port populations, which has the benefit of removing 

risk exposure to the port population. Considering ship striking is such a large driver of STS bunkering risk, 

guaranteeing bunkering vessel protection during operations is essential for best practices. 

3.3.3.4 Vessel Type Risk Contribution 

As shown in Figure 3-9, Figure 3-10, and Figure 3-11, the TTS IR contour results are much smaller than 

both PTS and STS. However, TTS is limited in feasibility of application. It is impractical to utilize TTS 

bunkering when the client vessel demands a large volume of LNG. Table 3-12 to Table 3-14 show the 

different risk contributions of each feasible client vessel relative to the distance, at 20 m, 100 m, and 500 m 

away from the client location, from each bunkering concept.  

OSV clients contribute 60% of risks to TTS bunkering, and ferry clients contribute 40%, as seen in 

Table 3-12. OSVs have the greatest risk to TTS because of their increased release size; more inventories are 

being transferred to OSVs in comparison to ferries. Truck loading does not have any impact at further 

distance due to the lack of service to container ships. 

As Table 3-13 to Table 3-14 show, a major risk driver for farther distance is releases while fueling large 

container vessels for STS and PTS. PTS bunkering risk is driven by the large release associated with a 

container ship fueling release. PTS bunkering has negligible impact at 500 m away from the bunkering 

operations.  

STS bunkering risk at 500 m away is largely driven by ferry vessels due to a large frequency of visits similar 

to TTS. There is risk of a more severe consequence from a striking event associated with STS bunkering per 

visit due to the chance of cargo tank rupture. With each additional bunkering operation, the chance to 

rupture the cargo tank increases during STS bunkering operations. Ferries have the highest bunkering 

frequency. Therefore, ferries are the main driver of cargo tank rupture risk. 

Table 3-12: Risk Contribution by Client Vessel- 20 m Away from Bunkering Location 

Client Vessel Truck to Ship (TTS) Shore to Ship (PTS) Ship to Ship (STS) 

Individual 

Risk (/yr.) 

Risk 

Contribution 

(%) 

Individual 

Risk (/yr.) 

Risk 

Contribution 

(%) 

Individual 

Risk (/yr.) 

Risk 

Contribution 

(%) 

Container - - 5.3 x10-4 88.2 4.7 x10-4 86.3 

OSV 7.4 x10-5 58 1.5 x10-5 2.5 5.6 x10-5 10.4 

Ferry 5.3 x10-5 42 5.6 x10-5 9.3 1.8 x10-5 3.3 

Total 1.3 x10-4 100 6.0 x10-4 100 5.4 x10-4 100 
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Table 3-13: Risk Contribution by Client Vessel-100 m Away from the Bunkering Location 

Client Vessel Truck to Ship (TTS) Shore to Ship (PTS) Ship to Ship (STS) 

Individual 

Risk (/yr.) 

Risk 

Contribution 

(%) 

Individual 

Risk (/yr.) 

Risk 

Contribution 

(%) 

Individual 

Risk (/yr.) 

Risk 

Contribution 

(%) 

Container - - 3.6 x10-5 71.1 4.1 x10-5 66.5 

OSV <1 x10-6 - 1.47e-5 28.9 1.6 x10-5 27 

Ferry <1 x10-6 - <1 x10-6 - 5.0 x10-6 7.9 

Total <1 x10-6 - 5.1 x10-5 100 6.2 x10-5 100 

Table 3-14: Risk Contribution by Client Cessel-500 m Away from the Bunkering Location 

Client Vessel Truck to Ship (TTS) Shore to Ship (PTS) Ship to Ship (STS) 

Individual 

Risk (/yr.) 

Risk 

Contribution 

(%) 

Individual 

Risk (/yr.) 

Risk 

Contribution 

(%) 

Individual 

Risk (/yr.) 

Risk 

Contribution 

(%) 

Container - - <1 x10-6 - 1.3 x10-6 28.9 

OSV <1 x10-6 - <1 x10-6 - 7.0 x10-7 15.2 

Ferry <1 x10-6 - <1 x10-6 - 2.6 x10-6 55.9 

Total <1 x10-6 - <1 x10-6 - 4.6 x10-6 100 

3.3.3.5 Scenario Risk Contribution 

For each bunkering concept, ship-striking leading to flexible hose line rupture is a significant source of risk. 

Table 3-15 to Table 3-17 below show the top contributors of risk at three different distances (20 m, 100 m, 

and 500 m away from the client vessel) from the bunkering operations. Each bunkering concept’s risk 

contributors are assessed at each distance.  

The failure of the loading hose is a very significant factor in risks associated with all bunkering concepts at 

all distances. Failure of the hose can occur from either equipment failure or striking of the client ship leading 

to hose rupture. It is clear that ensuring implementation of sufficient safeguards around the loading hose is 

vital to minimizing risk. 

As shown in Table 3-16 to Table 3-17, the tank rupture due to striking is the primary difference between 

STS and PTS bunkering. The tank rupture scenario is the sole risk driver for risk exposure at 500 m or above. 

The frequency for tank rupture is low for PTS bunkering because the cargo tank is on land. The failure 

scenarios for all bunkering concepts are related to the striking hazard from the surrounding vessel traffic. 

Developing an effective protective zone around any bunkering operation is an effective barrier against this 

risk. 

It should be noted that the striking risk in this study is a result of the assumption of a highly active port. 

Striking risk will vary by port, and thus a navigational risk assessment for any port considering bunkering 

infrastructure development is recommended. 
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Table 3-15: Risk Contribution by Scenario - 20 m Away from the Bunkering Location 

Client Vessel Truck to Ship (TTS) Shore to Ship (PTS) Ship to Ship (STS) 

Individual 

Risk 

(/yr.) 

Risk 

Contribution 

(%) 

Individual 

Risk (/yr.) 

Risk 

Contribution 

(%) 

Individual 

Risk 

(/yr.) 

Risk 

Contribution 

(%) 

Hose Rupture-Ship Striking 7.7 x10-5 60 5.3 x10-5 8.9 5.9 x10-5 11 

Hose Rupture-Other 

Causes 

4.5 x10-5 35 4.0x10-5 6.6 3.5 x10-5 6.5 

Hose Leak <1 x10-6 - 5.0 x10-4 83.1 4.4 x10-4 80.9 

Manifold Large Leak 1.7 x10-6 1.3 2.9 x10-6 0.5 1.2 x10-6 0.2 

Manifold Medium Leak <1 x10-6 - 5.3 x10-6 0.9 2.5 x10-6 0.5 

Manifold Small Leak 4.0 x10-6 3.2 <1 x10-6 - <1 x10-6 - 

Tank Rupture - - - - 6.1 x10-6 0.9 

Total 1.3 x10-4 100 6.3 x10-4 100 5.4 x10-4 100 

Table 3-16: Risk Contribution by Scenario - 100 m Away from the Bunkering Location 

Client Vessel Truck to Ship (TTS) Shore to Ship  (PTS) Ship to Ship (STS) 

Individual 
Risk 

(/yr.) 

Risk 
Contributi

on (%) 

Individual 
Risk 

(/yr.) 

Risk 
Contributi

on (%) 

Individual 
Risk 

(/yr.) 

Risk 
Contributi

on (%) 

Hose Rupture-Ship Striking <1 x10-6 - 3.6 x10-5 70.4 3.9 x10-5 62.1 

Hose Rupture-Other Causes <1 x10-6 - 1.4 x10-5 28 1.4 x10-5 22.6 

Hose Leak <1 x10-6 - <1 x10-6 - <1 x10-6 - 

Manifold Large Leak <1 x10-6 - 7.8 x10-7 1.5 3.7 x10-7 0.6 

Manifold Medium Leak <1 x10-6 - <1 x10-6 - <1 x10-6 -- 

Manifold Small Leak <1 x10-6 - <1 x10-6 - <1 x10-6 - 

Tank Rupture - - - - 9.1 x10-6 14.7 

Total <1 x10-6 - 3.6 x10-5 100 6.2 x10-5 100 
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Table 3-17: Risk Contribution by Scenario - 500 m Away from the Bunkering Location 

Client Vessel Truck to Ship (TTS) Shore to Ship (PTS) Ship to Ship (STS) 

Individual 

Risk 

(/yr.) 

Risk 

Contribution 

(%) 

Individual 

Risk (/yr.) 

Risk 

Contribution 

(%) 

Individual 

Risk 

(/yr.) 

Risk 

Contribution 

(%) 

Hose Rupture-Ship Striking <1 x10-6 - <1 x10-6 - <1 x10-6 - 

Hose Rupture-Other Causes <1 x10-6 - <1 x10-6 - <1 x10-6 - 

Hose Leak <1 x10-6 - <1 x10-6 - <1 x10-6 - 

Manifold Large Leak <1 x10-6 - <1 x10-6 - <1 x10-6 - 

Manifold Medium Leak <1 x10-6 - <1 x10-6 - <1 x10-6 - 

Manifold Small Leak <1 x10-6 - <1 x10-6 - <1 x10-6 - 

Tank Rupture - - - - 4.6 x10-6 100 

Total <1 x10-6 - <1 x10-6 - 4.6 x10-6 100 

3.3.4 Probabilistic Safety Zones 

A safety zone can be established by a probabilistic quantitative risk assessment. In order to establish a 

probabilistic safety zone, the risk assessment Risk acceptance criteria are necessary; however, there are no 

established, generally accepted criteria in the U.S. NFPA 59A does establish a criteria but there is little 

operational experience using the criteria with LNG. DNV GL proposes to use the UK HSE criteria, which sets 

a cumulative frequency of 1x10-4/yr, as the maximum tolerable risk for members of the public (Ref. /49/). 

“Maximum tolerable risk” implies that any risk exposure greater than 1x10-4/yr. for the public is 

unacceptable, and thus the public is not allowed within the area where risk exposure is greater than 

1x10 4/yr. 

Table 3-18 shows the probabilistic safety distance for different bunkering concepts based on the UK HSE 

criteria. As the table shows, the safety zone has a direct correlation between client LNG capacity and 

bunkering safety zone size. Accommodating the largest safety zone, container ships may require unique 

measures to be taken in order enforce the larger perimeter. Developing a dedicated bunkering berth for PTS 

bunkering as isolated as possible is recommended, and performing STS bunkering, where appropriately 

isolated, should be an effective method of enforcing the safety zones.  Safety zones for OSVs and ferries are 

more manageable and could be enforced by port authorities.  

Table 3-18: Probabilistic Safety Zone Distances 

Bunkering Concept UK HSE Criteria: Distance to 10-4 /yr. 

Truck-to-Ship (TTS) 46 m 

Shore-to-Ship (PTS) 50 m 

Ship-to-Ship (STS) 60 m 
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3.3.5 Consequence vs. Probabilistic 

As evident when comparing Table 3-18 and Table 3-11, the consequence-based safety zones are 

significantly larger than the probabilistic risk-based zones. This will be consistently true because the 

consequence approach is based on the maximum credible event. The consequence-based safety zone 

heavily errs on the side of caution. The largest consequence-based safety zone at 635 m radius would be 

very difficult to enforce along many waterways because it would require stopping all traffic during bunkering 

operations.  

Both methodologies, consequence or probabilistic, are in use and approved as best practices. However, in 

certain cases, the consequence approach recommends extreme measures that are beyond what might be 

considered cost-beneficial. Development of safeguards accounting for likelihood assures a more optimal 

balance between risks and mitigations. Resources unnecessarily allocated toward consequence reduction can, 

and sometimes have, meant taking resources that could have been allocated to prevention of events. 

Prevention is a more effective and efficient use of resources to properly safeguard the general population 

from risk associated with bunkering operations.  

Probabilistic zones are typically more representative of reality, because likelihood is considered. However, 

risk criteria must be adopted by authorities to effectively establish probabilistic zones. In contrast, the 

consequence approach produces greater conservative results with simpler execution and approval.  

The scenarios modelled in this study are based on assumptions that do not necessarily represent a 

conservative estimate for all possible locations. The results are comparatively representative rather than 

absolutely applicable to a real port. Risk parameters vary from port to port, and background risk varies from 

port to port. Thus, it is recommended to perform a detailed quantitative risk assessment for each specific 

port planning to design and develop bunkering infrastructure using probabilistic methods and risk criteria. 

3.4 Sensitivities 

The broad applicability of this risk assessment precludes its application to a specific situation. Many 

parameters will affect the overall results of the assessment. Some bunkering concepts are more sensitive to 

varying these parameters than others. This section provides a qualitative assessment of the bunkering 

concepts in relation to these variables. Below is a brief description for each of the sensitivities and how 

bunkering concepts are affected. All bunkering concepts will be affected by sensitivities in the same way, but 

the degree of effect will vary by bunkering concept. 

 Nautical Activity is the amount of passing vessel exposure within the port during bunkering 

operations. As nautical activity levels increase at port, the ship traffic density increases 

proportionally and the likelihood of striking increases. 

 Port Type accounts for the waterway width in the port where the bunkering operation is located. 

Typically, a narrower waterway is more difficult to navigate. Therefore, the striking risk of a passing 

vessel is inversely proportional to the waterway width, so the likelihood of ship striking increases as 

waterways narrow. 

 Ambient Temperature throughout the United States is highly differentiated by region. A higher 

ambient temperature will cause vaporization of LNG at a much faster rate when released into the 

atmosphere, affecting the consequence of release. An increased vaporization rate will form large 

vapor clouds. Larger vapor clouds have the potential for forming larger vapor cloud explosion or 

flash fires.  
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At lower temperatures, rainout is more likely and the potential formation of pool fires increases. 

However, the vapor cloud formation will decrease, reducing maximum VCE or flash fire consequence 

event. Vapor ignition events will have a larger impact area. Because of this, they are seen as a 

higher risk factor than pool fire events. 

 SIMOPS have already been addressed in detail in Results and Analysis (see Section 3.3.1.2). There 

are different locations for SIMOPS, and based on the location, different bunkering concepts are more 

or less affected. In most cases with SIMOPS, the bunkering risk will be increased. Land or water is 

the differentiation of SIMOPS locations. 

 Client Capacity Size will affect the risk associated with each bunkering concept differently due to 

the limitation of each bunkering vessels’ storage capacity. For large client vessels, a small capacity-

bunkering concept, such as a bunkering truck, will require additional trucks to complete loading 

operations. Each additional bunkering operation increases the risk accompanying the bunkering 

concept. 

o Ferry is the smallest client vessel capacity considered. Its frequency of visit for bunkering will be 

the highest. 

o Offshore Supply Vessels (OSVs) have the second most visits to bunker at port and have an 

estimated mid-range LNG fuel capacity. 

o Container Ships are estimated to have the largest vessel capacity and visit the port the least. 

 Transfer Pressure may vary based on port operating conditions. A higher transfer pressure will 

typically result in a more hazardous release due to increased rate of release. As the release rate 

increases, greater inventory is lost before isolation. 

 Bunkering Flow Rate may vary based on port operating conditions. A higher transfer rate will 

result in more inventories being released prior to isolation. 

 Number of Flexible Loading Hoses affects the frequency of leaks and ruptures to the loading 

flexible hoses as well as the flow rate going to each hose. Increasing the amount of loading hoses 

used will decrease the flow rate supplied to each additional hose, which will decrease the 

consequence of release due to a single hose failure. However, the likelihood of hose failure is 

multiplicative by the number of hoses. Usually in these cases, the likelihood increases at a faster 

rate than the consequence diminishes, resulting in an overall increase risk of release event when 

using more hoses. 

 Port Population is an important parameter when considering societal risk. Exposing a larger 

population to a release event increases the potential for loss of life, and thus makes the 

consequence of the release greater. This could be an additional hazard if passengers are being 

boarded onto the client vessel as a SIMOPS activity. 

 Interconnection Mechanism failure frequencies vary based on mechanism used. The most 

common forms of LNG loading connectors are flexible hoses and fixed loading arms. Loading arms in 

general have been used for complicated loading operations in the industry and have advanced 

reliable safeguards; hence, their historical failure frequency is recorded to be lower than loading 

hoses. Loading hoses are more common due to lower cost and flexibility of deployment. 

 Wind Direction is usually derived out of a wind rose for any specific location. The prevailing wind 

direction can either direct the inventory released to the open sea or straight to the most congested 
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region of the port facility. Assessing release risk for specific locations accounts for the prevailing 

wind direction in order to predict the most likely direction of dispersion and the subsequent impact 

3.4.1 Sensitivity Discussion 

As mentioned before, each bunkering concept is impacted more-or-less by the type of bunkering and its 

operating conditions, SIMOPS and environmental variables. Certain parameters are assessed to affect all 

bunkering concepts equally (i.e., bunkering flow rate and transfer pressure), while other parameters are 

applied to all bunkering concepts (i.e., the use of flexible loading hoses).  

In this assessment, all bunkering concepts are assumed to use flexible loading hoses.  Increasing the 

number of hoses (or hard arms) used will increase the chance of failure equally for all concepts, so all 

concepts are highly sensitive to the number of hoses. However, using hard arms instead of flexible hoses 

would decrease potential risk.   

TTS is a low capacity-bunkering concept performed on land. Therefore, TTS bunkering is very sensitive to 

the activities port side. More activity and congestion at the port from either SIMOPS or people will result in 

an increase in risk from more people or additional hazards.  In addition, since the truck does not have the 

capacity to carry more than 40 m3 of LNG for bunkering, vessels that hold larger volumes of LNG fuel would 

require additional trucks. The additional trucks needed for larger transfers would increase risk. 

PTS is a fixed land-based installation with a high bunkering capacity. Bunkering from a fixed installation on 

land is highly sensitive to SIMOPS and population present on the port for the same reasons as TTS 

bunkering. However, unlike TTS, PTS bunkering is not sensitive to client vessel demand. The fixed 

installation is assumed to be designed to handle a wide range of potential clients, and thus multiple 

connect/disconnect loading operations are not necessary. 

STS is a mobile high capacity-bunkering concept. The major benefit of STS is the flexibility to perform 

bunkering operations away from the port. This flexibility makes its sensitivity to SIMOPS and port population 

lower than the other concepts. STS bunkering still has some sensitivity to SIMOPS because passenger 

(un)loading or dual-fueling can still take place away from the port, but there are still less SIMOPS in close 

proximity, potentially. Another benefit of performing bunkering away from the port is that wind direction has 

less of an impact on consequence of release. The wind typically will not have a substantial enough effect to 

direct the LNG dispersion close to the port if bunkering is performed at a sufficient distance away. Bunkering 

ships are able to carry high capacities of LNG, similar to fixed shore-based installations, so its sensitivity to 

client vessel demand is low.  

TTS, PTS, and STS all have been shown to be significantly affected by nautical activity and port type due to 

striking hazards. However, STS is the only bunkering operation done completely at sea. As a result, STS is 

the only operation whose bunkering storage vessel is exposed to ship striking. Therefore, STS is determined 

to have a high sensitivity to the major parameters of ship striking, port type, and nautical activity, while the 

other concepts have lower sensitivities. 

LNG portable container loading is much different from the other LNG loading operations due to a decrease in 

transfer time and an introduction of lifting operations. Portable container bunkering is the only concept that 

is deemed a low sensitivity to nautical activity and port type because these parameters drive ship striking. 

Portable container bunkering is not susceptible to releases due to ship striking. The major hazard associated 

with ship striking is a release due to the rupturing of the loading hose during transfer. Since all flexible hose 

connections are on the client vessel between the portable tanks and the client manifold, there is little 
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potential for a release event due to striking on the bunkering side of operations (Ref. /53/). Portable 

container bunkering is low capacity and assumed land based like TTS. Thus, it has the same sensitivities to 

SIMOPS, port population, client vessel size, and wind direction. Since there is not a transfer time discounting 

lifting operation, the transfer pressure and bunkering flow rate do not apply for this operation. 

3.5 Key Findings and Conclusions 

Bunkering activities for LNG as a fuel are in an early stage of development in the U.S. and throughout the 

world. Determining the appropriate application and development of LNG bunkering networks is essential to 

establishing a reliable and permanent LNG infrastructure throughout the United States. The two key sets of 

results presented in this study report are: 

1. Relative Risks for the Bunkering Concepts presented as Individual Risk, which is defined as the 

combination of hazard consequence zone and likelihood experienced by a single hypothetical 

individual in a given time period - usually risk of death per year. For example, if risk is expressed as 

1 x 10-5 per year, there is a one in 100,000 chance of one fatality per year for an individual who is 

present at that particular location continuously. Risk levels are statistical representations of risk; the 

incident could occur tomorrow or 100,000 years from now. 

The individual risk (IR) results are presented in Table 3-19 for the different bunkering concepts. For 

example, for the Truck-to-Ship (TTS) concept, the 1 x 10-3 per year risk extends up to 50 m from 

the bunkering location; in other words, at a distance of 50 m, there is a one in 1,000 chance of 

having of one statistical fatality per year. 

Table 3-19: Individual Risk Contour Region Sizes (Approximate) 

Bunkering Concept 10-5/yr. Contour 

Distance (m) 

10-4/yr. Contour 

Distance (m) 

10-3/yr. Contour 

Distance (m) 

Truck to Ship (TTS) 73 46 12 

Shore to Ship (PTS) 230 57 13 

Ship to Ship (STS) 290 70 23 

Key observations are: 

o The TTS concept has much smaller contours compared to PTS and STS because servicing 

container client ships (large capacity vessels) are not included for the TTS concept - and hence 

loading rates and equipment sizes are less.  

o STS and PTS are able to service a wide range of client vessel capacities. However, the STS risk 

contours are larger than PTS. STS has larger risk contours due to the additional hazard of ship 

striking leading to cargo tank rupture. Tank rupture for PTS is not considered credible because 

the tank is located on land and shore tanks are usually of full containment design. 

o Although STS risk contours are the largest, the bunkering concept is able to perform operations 

with good separation from port facilities, which can reduce the risk of public exposure greatly. 

2. Safety Zone Guidance using both consequence-based and risk-based assessments. Consequence-

based methods are used to determine safety zones based on the maximum effect of a representative 

scenario. In this case, it is the dispersion of an LNG vapor cloud to the lower flammable limit (LFL). Risk 
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based safety zones are determined based on the UK HSE’s Intolerable Individual Risk criteria of 1 x 10-4 

per year. 

Table 3-20 shows the safety zone dimension determined based on both consequence based and probabilistic 

(risk) based approaches.  

Table 3-20: Safety Zone Comparison 

Bunkering Concept Consequence Safety Zone Probabilistic Safety Zone 

Distance to 

LFL (m) 

Distance to 

0.5 LFL (m) 

Distance to 10-4 /yr. contour 

Truck to Ship (TTS) 78 167 46 

Shore to Ship (PTS) 335 635 57 

Ship to Ship (STS) 335 635 70 

The consequence-based safety zones are significantly larger than the probabilistic risk-based zones. This will 

be consistently true because the consequence approach is based on the maximum credible event. The 

consequence based safety zone heavily errs on the side of caution.  

Both methodologies, consequence or probabilistic, are in use and approved as best practices.  

Probabilistic zones are typically more representative of reality because likelihood is considered. However, 

risk criteria must be adopted by authorities to effectively establish probabilistic zones. In contrast, the 

consequence approach produces a greater amount of conservative results with the added benefit of 

simplicity in execution and approval. 

3.6 Recommendations 

Because the use of LNG as a marine fuel is just beginning in the U.S., risk assessment is a best practice tool 

that should be used to identify safety critical barriers such as location, equipment, and procedures.  

3.6.1 Adoption of Probabilistic Risk Assessment 

It is recommended to develop and implement a regulatory approval process that is based on probabilistic 

risk criteria and that requires probabilistic QRA as the basis of approval of all LNG bunkering operations and 

facilities. Although all facilities would be required to demonstrate that they meet risk criteria, pre-defined 

“standard practices” in locations meeting specified requirements could demonstrate this through a checklist 

or other simple analysis. For this recommendation to be implementable, several predecessors are needed: 

1. The risks related to the standard practices must be studied and known, such as has been completed 

in the OGP “Guidelines for Systems and Installations for Supply of LNG as Fuel to Ships” and DNV GL 

“Development and Operation of Liquefied Natural Gas Bunkering Facilities” (Ref. /38/, Ref. /39/).  

The highly sensitive parameters identified in this study for each of the bunkering options are the 

defining inputs to the risk results. If a proposed facility can demonstrate that it will operate within 

the background assumptions (e.g., manned transfer and ESD equipment) and within the stated 

ranges of all highly sensitive parameters, a simplified approval process can be used. Unmanned LNG 
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storage or transfer (such as an unmanned barge) would not qualify for such a process, but could 

demonstrate their safety though a probabilistic QRA.  

2. Risk criteria must be adopted by the approving agency. Because it is a practical best practice, many 

European countries have adopted risk criteria, and many international companies have as well. Example 

working criteria are in use by the Netherlands (Ref. /49/), the United Kingdom (Ref. /49/), and Norway 

(Ref. /55/). 

Additional data is also required to support fundamentally sound risk assessments. These items are described 

in Section 3.6.5.  

3.6.2 Recommendations for Regulators 

The purpose of safeguards is to reduce risk through mitigation, control, and prevention. DNV GL’s 

“Development and Operation of Liquefied Natural Gas Bunkering Facilities” has recommended safeguard 

criteria for best practice of LNG bunkering (Ref. /39/). This section emphasizes specific safeguards believed 

most effective in curbing the consequence and likelihood of loss of containment based on the scenarios 

assessed in this bunkering safety study; see Section 3.5. The following safeguards should be considered 

standard operational safeguards for standard best practice, which is promoted by the “Guidelines for 

Systems and Installations for Supply of LNG Fuel to Ships” (Ref. /38/). Deviation from these safeguards 

would require validation through a site-specific safety assessment that operations can be carried out within 

appropriate levels of risk. For bunkering of LNG the preventive measures to reduce risk are: 

1. Suitable specification and regular inspection of loading hose. A major contributor to the likelihood of 

loss of containment is integrity failure of the loading hose. An emphasis on visual inspection of 

loading hoses before every bunkering operation will help reduce the chance of hose failure. 

2. Purging of bunkering hose with inert gas. Purging of bunkering hose is part of industry best practice for 

large transfers of LNG. Purging prevents freezing in the line due to any residual moisture and prevents 

the hose from posing a fire hazard. A potential added benefit is that leak points or coupling faults in the 

hose connection could be noticed before loading operations begin. 

3. Continuous monitoring during LNG transfer. Having operators continually monitoring transfer lines on 

both the bunkering and client side of operation will aid in preventive detection of transfer line faults. This 

will ensure the quickest possible detection and isolation time in the event of a leak. 

4. Excess flow valves installed on bunkering manifold. Installation of excess flow valves that trigger 

automatic shutdown at high flows greater than 150% of normal flow will add further assuredness that 

isolation will occur quickly.  

5. Effective training and competence programs for operators including truck driver operators. Employing 

the appropriate training scheme will reduce the incidence of human error and ensure that previously 

mentioned safeguards are maintained. Trained operators must exercise their training on a regular basis 

in order to maintain and further develop competence level. Competence gained through training should 

be implemented regularly during the operator’s normal duties. Besides the initial training, continued 

maintenance of competence by means of refresher training is a key issue. 

6. Maintain effective safety zones during LNG operations. Developing an effective safety zone enforcement 

procedure is recommended since the risk of vessel striking is a significant risk driver. Enforcement of 
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safety zones can be executed by either isolation of bunkering berth, or through tug or other support 

vessel protection during bunkering operations. 

7. Use of multicomposite loading hoses. Multicomposite hoses are widely applied in the Netherlands for 

LNG transfers. Hoses of this material are more reliable than metal hoses, and thus loss of containment is 

less likely. 

8. Compatibility of equipment and operations. Since the LNG bunkering industry has become international 

and there are multitudes of global players, it is important that the bunkering equipment and its 

operations are compatible to ensure flexibility for global operators. Enforcing consistent bunkering 

practices within the U.S. will also enhance safety and potentially minimize confusion and human errors. 

In addition to the preventive measures mentioned, mitigation measures can be taken to reduce the 

consequence of a loss of containment. 

9. Implementation of fast acting and reliable ESD system design. The release volume can be minimized by 

an effective ESD system that quickly detects and isolates segments. A double ESD system is the 

recommended best practice for LNG bunkering (Ref. /39/). 

o ESD 1 shuts down the LNG transfer operation by quickly closing shutdown valves and stopping 

the transfer pumps. 

o ESD 2 provides an additional level of protection by providing rapid disconnection of the transfer 

hose from the client vessel. 

10. Application of emergency release or breakaway couplings with ESD. The installation of Drip-free Quick 

Connect/Disconnect (QCDC) hose coupling will reduce the isolation time and minimize inventory release 

from the hose. 

The potential for cascading effects due to SIMOPS or other hazards can be controlled to reduce the likelihood 

of escalation. 

11. Assess the effectiveness of mitigation strategies (such as training, gas detection, firefighting capability, 

and emergency response) against potential incidents arising from co-locating bunkering activities with 

other uses of LNG. 

12. Applying emergency deluge systems around the bunkering storage tank. The deluge system will apply a 

water curtain over the storage tank to reduce the heat transfer into the storage vessel due to a nearby 

fire event. Such an approach greatly reduces the potential for a BLEVE event as well. 

3.6.3 Recommendations for Ports 

13. Effective security zone enforcement. Developing an effective security zone enforcement procedure is 

recommended since the risk of vessel striking is a significant risk driver. Enforcement of security zones 

can be executed by either isolation of bunkering berth or through tug or other support vessel protection 

during bunkering operations. 

14. Effective safety zone enforcement. Developing an effective security zone enforcement procedure is 

recommended to promote a safe environment for port population. A safety zone shall be promoted and 

enforced based on accepted risk criteria for risk exposure to the untrained public. 
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15. High-level barrier assessment. Approval of proposed LNG bunkering facilities in a given port presupposes 

that the existing risk at the port is acceptable and would not pose unacceptable risks onto the bunkering 

operations. Port-area risk assessments would identify and quantify risks, and if needed, alternative 

strategies to overcome technical barriers and mitigate risk to an acceptable level (as per ISO/TS 18683, 

EN1473 or NFPA 59A). As a best practice, each port should conduct a high-level barrier risk assessment 

to define all the critical barriers, clearly assign responsibility, and manage these to prevent degradation. 

Each port could then have location-specific risk checklist inputs to assure LNG risks are managed 

optimally. Examples of key barriers are: 

o Implementation of Vessel Tracking System. The use of radar, Automatic Identification System, 

closed circuit television, and other forms of real time monitoring functions as an effective means 

for providing navigational advice for passing vessels. Monitoring and advising passing vessels is 

critical for reducing vessel strikings and collisions. 

o Enforcement of port facility speed limit. Requiring a speed limit of less than 6 knots within an 

acceptable distance from the bunkering berth will minimize impact energy exposure to bunkering 

operations. 

3.6.4 Recommendations for Asset Owners 

Asset owners should manage the critical barriers identified in the risk assessment for their LNG facility. 

Specifically included in this is management of the activities within the safety zone, which entails managing 

SIMOPS hazards. Impacts are a primary risk and traffic controls and lifting controls near or over LNG 

equipment is very important. 

An example would be a detailed dropped object study. In order to completely understand the risk associated 

with LNG ISO container risk and lifting SIMOPS, conduct a detailed dropped object study for operations at 

the proposed facility. As discussed previously, dropped objects are a significant hazard to safe transfer of 

LNG in containers. Information such as lift management procedures, crane type/capacity/inspections/and 

maintenance, operator certifications, pick-up and set-down locations, and hazard zones are necessary to 

perform a dropped object risk study and quantify the risk. Without this information, a meaningful 

quantification of dropped object risk cannot be obtained. 

3.6.5 Additional Studies 

Risk assessments provide insight and guidance to protecting operations against hazards inherent with 

operations. However, the level of accuracy and applicability of an assessment is limited by specificity. More 

information available specific to a site or facility empowers the assessment to identify hazards and make 

recommendations specific to said site or facility.  

16. Gather additional data. Related to the recommendation to conduct risk assessments for non-standard 

LNG bunkering operations, additional data and assessments are needed to establish maximum 

thresholds concerning marine traffic density. It is unclear at what density marine traffic poses an 

unacceptable hazard to bunkering operations, and if/when, additional safeguards such as a tug on 

standby are warranted to manage the risk to an acceptable level. Data gathering should focus on: 

o Annual bunkering facility utilization on the basis of: 

- Specific port 

- Vessel type and capacity 

o Annual bunkering failure events on the basis of: 
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- Categorization of incident (i.e., collision, equipment malfunction) 

- Inventory released 

- Hole size 

The assessments to be conducted should clearly establish a threshold to marine traffic exposure for LNG 

bunkering.  
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4  

REGULATORY GAPS IN LNG 
BUNKERING POLICY 

 

This chapter describes current oversight of LNG bunkering operations from the government and other 

organizations, as well as key equipment and operations that could be addressed by regulations. A mature 

regulatory framework should provide oversight and guidelines for the design, manufacturing, installation, 

personnel certification, and operation of LNG-fuelled ships. U.S. regulations should ideally address the risks 

associated with the carriage, storage, handling, transfer, exposure, release, and use of natural gas on board 

a ship. Additional aspects of the interface with shore-side activities should also be subject to regulatory 

oversight including personnel certification and maintenance; however, such aspects are the scope of a 

separate, ongoing study.  

4.1 Regulatory Gaps 

Equipment and operations directly involved in LNG bunkering are mapped to the list of issues requiring 

oversight in the tables below. For simplicity, the regulatory citations and common names of the laws are not 

cited, but where relevant to gaps, more detail is provided following each table. The tables do not discuss 

jurisdictional issues where several agencies are listed in a single table cell; however, there is a brief 

overview of jurisdictional issues in Section 4.1.2.2. A more detailed discussion of these issues and regulatory 

requirements is covered in separate reports (Ref. /56/, /57/). 

4.1.1 Approach and Scope 

This portion of the assessment identifies adequate LNG bunkering regulations. The approach taken is to first 

develop a list of key issues that might reasonably be regulated for any equipment or activity, then develop a 

list of equipment and activities to be evaluated (Sections 4.1.1.1 through 4.1.1.3). The focus is LNG 

bunkering with a peripheral view of supporting infrastructure. 
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The issues below are used to guide the evaluation process, which is further described in Section 4.1.2: 

• Design and siting issues (including effects on nearby activities). Potential hazards from nearby 

activities will be discussed in text rather than included in the table.  

• Security issues to include security assessment and planning. 

• Safe operations, including operational procedures for storage and transfer. Training issues are 

addressed in a separate report (Ref. /58/).   

4.1.1.1 Shoreside Infrastructure 

Shoreside infrastructure components that have been incorporated into the scope include a range of large to 

small LNG bunkering infrastructure: 

 “Large” LNG fixed storage tanks – An explicit definition of what constitutes a large LNG tank is not 

possible given the regulatory scheme in the U.S. The distinction is only important for providing 

separate assessments of those tanks that are not providing LNG as a marine fuel to a small number 

of vessels.  

 Trucks carrying LNG as cargo 

 Rail cars carrying LNG as cargo 

 Portable tanks 

4.1.1.2 Transfer Types 

Transfer types assessed in the scope of this bunkering study include: 

 Cargo transfer – Movement of LNG from a storage tank (any type of shoreside tank or from an LNG 

cargo vessel) to another storage tank (which can be shoreside or seaside) 

 Lightering – Movement of LNG from a vessel’s cargo tank to another vessel’s cargo tank (not a 

bunkering operation)  

 Bunkering – 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. This 

category is also used to capture movement of LNG from one vessel’s fuel tank to another vessel’s 

fuel tank, which does not fit within the definition of bunkering. 

4.1.1.3 Seaside Infrastructure 

Seaside infrastructure components in the scope of this bunkering study include: 

 Vessels that carry LNG as cargo, which include: 

o LNG carriers 

o LNG barges 

o LNG portable container-carrying ships 

o Other vessels fitted with an LNG cargo tank 

 Vessels that use LNG as a fuel (nearly any type of vessel) 

 Structures 
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 Vessel mooring infrastructure, trestle/supporting structures and hoses and connections  

4.1.1.4 U.S. Environmental Policies 

At this time, no new environmental regulations are being considered for promulgation because of the 

possibility of LNG bunkering in the U.S. Existing environmental regulations will apply to LNG bunkering 

facilities and operations as the demand for LNG as fuel increases. Please refer to Appendix A for a higher-

level discussion of these regulations. 

4.1.2 Gap Assessment 

This portion of the study is organized as follows: 

 Subsection 4.1.2.1 provides a brief overview of international regulations and guidelines. 

 Subsection 4.1.2.2 provides a brief overview of U.S. regulations. 

 Subsection 4.1.2.3 discusses LNG transfer quality and measurement. Because this issue is more a 

technological issue than a regulatory issue, and relates to LNG bunkering regardless of geographic 

location, it is kept separate from the other portions of the gap analysis.  

 Subsection 4.1.2.4 describes regulatory gaps related to shoreside equipment. 

 Subsection 4.1.2.6 describes regulatory gaps related to LNG transfer. 

 Subsection 4.1.2.5 discusses regulations associated with Rail Cars Carrying LNG as cargo. 

 Subsection 4.1.2.7 describes regulatory gaps related to seaside equipment. 

4.1.2.1 International Regulations and Guidelines  

A brief overview of the current supporting systems/regimes for LNG-fueled shipping is provided here. 

Although many more standards, organizations, and regulatory bodies exist, key relevant organizations and 

their current initiatives are described below.  

International Maritime Organization  

The most relevant International Maritime Organization (IMO) regulations applicable to the use of LNG as a 

fuel for shipping are: 

 The International Convention for the Safety of Life at Sea (SOLAS) convention, including 

requirements for maritime fuels (Ref. /59/) 

 The International Convention on Standard of Training, Certification and Watchkeeping (STCW) 

convention, including training requirements for crews (Ref. /60/) 

 The International Code for Construction and Equipment of Ships Carrying Liquefied Gases in Bulk 

(IGC Code, referenced within SOLAS Chapter VII, Part C), including requirements for the 

construction and operation of LNG tankers (Ref. /61/)  

 The Interim Guidelines on Safety for Natural Gas-Fuelled Engine Installations in Ships. MSC.285(86) 

(Ref. /62/) 

 The International Code of Safety for Ships using Gases or Other Low Flashpoint Fuels (IGF Code, in 

development, will be referenced within SOLAS) including requirements for the construction and 

operation of gas-fueled ships (Ref. /63/) 
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In the IGC code, IMO recognizes the use of LNG as a ship fuel in gas-carrying ships, but historically IMO did 

not explicitly allow LNG as fuel for other types of ships. However, the IGF code that is currently under 

development will allow the use of gases or other low-flashpoint fuels. It will be finished in 2014, but will 

probably not be ratified for another two years.  While the IGF code is ratified, there is a set of guidelines 

that were issued in 2009 called the Interim Guidelines (Ref. /62/). Interim Guidelines provide substantial 

guidance, and the IGF Code will be consistent with these guidelines. Ships built today are ships built in 

accordance with the Interim Guidelines and the Classification Rules, but the acceptance of a gas-fueled ship 

and the Interim Guidelines is up to each flag state.  

International Organization for Standardization 

The International Organization for Standardization (ISO) is a non-governmental organization network for 

national standard bodies developing standards for all kinds of industries internationally. There is a specific 

working group (WG) within a technical committee (TC), called ISO TC67 WG10. This group works with the 

IMO and is involved in the development of standards for the maritime industry. There are seven project 

teams researching different options for installations, equipment, risk assessments, and infrastructure 

(Ref. /64/). Three important documents are currently being developed by the ISO: 

 ISO TC 67/DTS 16901: Guidance on Performing Risk Assessment in the Design of Onshore LNG 

Installations Including the Ship/Shore Interface 

 ISO TC 67/DTS 118683: Guidelines for Systems and Installations for Supply of LNG as Fuel to Ships 

(Ref. /65/) 

 ISO 28460:2010: Installation and Equipment for Liquefied Natural Gas – Ship to Shore Interface and 

Port (Ref. /66/) 

Classification Societies 

Most Classification Societies have issued rules and guidelines related to the design and safety requirements 

for gas-fueled ships and on board systems. In addition, Classification societies are developing guidelines and 

standards related to bunkering. DNV GL’s Recommended Practice for LNG Bunkering was issued in February 

2014 (Ref. /57/).  

Industry Groups and Associations 

The Society of International Gas Tanker and Terminal Operators (SIGTTO) is a non-profit organization 

representing the liquefied gas carrier operators and terminal industries. The purpose of SIGTTO is to 

promote shipping and terminal operations for liquefied gases that are safe, environmentally responsible, and 

reliable. SIGTTO also publishes guidelines and reports for development of best operating practices.  

Key guidelines are: 

 LNG Ship to Ship Transfer Guidelines, including guidance for safety, communication, maneuvering, 

mooring, and equipment for vessels undertaking side-by-side ship to ship transfer (Ref. /67/) 

 Liquefied Gas Fire Hazard Management, including the principles of liquefied gas fire prevention and 

firefighting (Ref. /68/) 

 ESD Arrangements & Linked Ship/Shore Systems for Liquefied Gas Carriers, including guidance for 

functional requirements and associated safety systems for ESD arrangements (Ref. /69/) 
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 Liquefied Gas Handling Principles on Ships and in Terminals, including guidance for the handling of 

LNG, LPG and chemical gases for serving ship’s officers and terminal operational staff (Ref. /70/) 

 LNG Operations in Port Areas, including an overview of risk related to LNG handling within port areas 

(Ref. /71/) 

In May 2013, SIGTTO announced the formation of a new organization: Society for Gas as a Marine Fuel 

(SGMF). One of the purposes of SGMF will be to develop advice and guidance for best industrial practice 

among its members and to develop best practice for the use of LNG as marine fuel. 

The International Association of Ports and Harbours (IAPH) established the World Ports Climate Initiative 

(WPCI) “LNG-fuelled Vessels Working Group.” The group is assigned to develop implementation guidelines 

on safe procedures for LNG bunkering operations (Ref. /72/). 

Northern European Countries 

Of the Northern European countries that have implemented LNG bunkering systems, Norway was the 

pioneer country that initiated this movement. For a discussion of Norway’s regulations and lessons learned, 

please refer to Section 4.2.  

4.1.2.2 U.S. Regulations 

U.S. regulations pertaining directly to bunkering activities are described in this subsection. Appendix A 

provides a description of interaction with environmental law/regulations.  

The U.S. Coast Guard (USCG) is responsible for the U.S. flag and port state regulations for the design, 

construction, and operation of LNG-fueled ships and has regulatory oversight of the bunkering of LNG-fueled 

ships. 

The USCG issued Policy Letter CG-521 No. 01-12 “Equivalency Determination – Design Criteria for Natural 

Gas Fuel Systems” (Ref. /73/). It provides a basis for designing gas-fueled ships and is based on IMO 

Resolution MSC.285 (86) (Ref. /62/) with some modifications and additions. The main differences between 

the Policy Letter and the Resolution are: 

 Use of U.S. standards for type approved products 

 Fire protection, including monitoring systems 

 Electrical systems, in particular the designation of hazardous areas 

The USCG requires special approval for the use of LNG storage tanks below the accommodation area of a 

ship, and for the use of the ESD (Emergency Shut Down) concept for gas engines on board an LNG-fueled 

ship. 
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The USCG has also drafted a Policy Letter related to bunkering facilities and vessel bunker operations: Draft 

Policy Letter No. 02-14 “Guidance Related to Vessels and Waterfront facilities Conducting Liquefied Natural 

Gas (LNG) Marine Fuel Transfer (Bunkering) Operations (Ref. /74/). 

The existing U.S. Federal regulations for LNG facilities, regardless of the size, are generally covered in the 

following codes and regulations: 

Code Description 

33 CFR Part 127 Waterfront facilities handling LNG and Liquefied Hazardous Gas 

49 CFR Part 193 LNG facilities: Federal Safety Standard 

18 CFR Part 153 Applications for authorization to construct, operate, or modify facilities used for the 

export or import of natural gas 

The Code of Federal Regulations (CFR) is the codification of the general and permanent rules and regulations 

(sometimes called administrative law) published in the Federal Register by the executive departments and 

agencies of the Federal government of the U.S. (Ref. /75/). 

Other Federal agencies that have regulations and responsibilities related to LNG facilities are: 

 The U.S. Department of Energy (DOE) 

 The Federal Energy Regulatory Commission (FERC) 

 The U.S. Department of Transportation (DOT) 

 The U.S. Environmental Protection Agency (EPA) 

 The U.S. Bureau of Safety and Environmental Enforcement (BSEE) 

 The U.S. Bureau of Ocean Energy Management (BOEM)   

 The U.S. Fish and Wildlife Service (FWS) 

 The U.S. Department of Labor Occupational Safety & Health Administration (OSHA) 

 The U.S. Army Corps of Engineers (USACE) 

 The U.S. Department of Homeland Security (DHS) 

There are also State and local agencies that might have separate or authorized oversight and regulations, 

including each State’s department of environmental protection and the local fire departments. 

There are jurisdictional issues between federal, state, and local parties associated with LNG bunkering 

because each agency has overlapping roles, particularly with the review of the location, design, and 

construction of a facility. Although FERC approves the site, the Office of Pipeline Safety and a state agency 

authorized to act as the Office’s agent many complement FERC’s efforts in reviewing design and monitoring 

construction of a LNG facility. There are also jurisdictional issues with state and local regulation of LNG, 

because they may have their own requirements for granting permits, construction, operation, and 

maintenance of LNG facilities (Ref. /56/).  

4.1.2.3 Metrology 

LNG quality and quantity are issues that require oversight, but are not considered in this report. Currently, 

sampling of LNG during a transfer is necessary to determine the value of the transfer. Since lighter 

components of LNG boil off during the transit or storage and exit the tank, this changes the composition of 

the LNG and the quality of it for use as a fuel. 
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There is equipment installed in storage and fuel tanks that maintains LNG quality before it transfers in 

bunkering operations. Equipment is standardized under the IGC Code but is not addressed in U.S. 

regulations (Ref. /61/).  

Measurement of LNG transfer currently requires specialized equipment, in conformance with ISO 10715-

2001-Natural Gas Sampling Guidelines, ISO 8943-Refrigerated Light Hydrocarbon Fluids-Sampling of LNG-

Continuous and Intermittent Methods, and the ISO 6974 series which covers Determination of Composition 

with Defined Uncertainty by Gas Chromatography. Other international standards worth mentioning include 

EN 12838-Suitability Testing of LNG Sampling Systems, and ISGOTT/ISGINTT Chapter 11.8-Cargo 

Measurement, ullaging, dipping and sampling (Ref. /76/).  

Research is ongoing in metrology technology for LNG, specifically in quantifying what is “large” and “small,” 

by the European Metrology Research Programme. There are 12 funded and unfunded research partners 

through the support of the European Commission and participating countries within the European 

Association of National Metrology Institutes. Although there is not a date when this project will be completed, 

research is in its last phase. Progress was recently presented at the Metrology for LNG conference in 

December 2013 (Ref. /77/). Once the technology is accepted and a standard is developed for a practical 

small-scale technology, regulators should adopt such standards so that fuel composition is standardized. 

LNG bunkering infrastructure can fully mature when measurement and quality are regulated.  

4.1.2.4 Shoreside 

Table 4-1 summarizes regulatory coverage for typical scenarios for “large” shoreside LNG fixed tanks. Large 

LNG tanks are typically, but not always, connected to the interstate pipeline system and/or located at 

export/import facilities. Permits needed to import and export at facilities are authorized by the DOE 

(Ref. /78/). Several Federal agencies approve production facilities that handle large quantities of LNG, 

including FERC and the U.S. DOT Pipeline Hazardous Materials Safety Administration (PHMSA). FERC 

exclusively authorizes the siting of facilities for imports or exports of LNG. The Natural Gas Act, 15 U.S.C. § 

717, also gives FERC comprehensive regulatory authority over companies that engage in either the sale of 

natural gas for resale or its interstate transportation (Ref. /78/, /79/).  

An additional situation that was considered but not included in Table 4-1 is the use of a large tank for LNG 

bunkering at a marina. It is determined to be an unlikely option within the foreseeable future, not requiring 

analysis at this time. 
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Table 4-1: “Large” Shoreside Fixed LNG Storage Tank* 

 Agency with Regulatory Coverage 

Situation Design and Siting Security Safe Operations 

1. Tank is within an LNG 

import/export facility 

on coast OR within 

state waters. 

FERC 

USCG/MARAD  

USACE within Rivers and 

Harbors Act 

State/local laws 

FERC 

PHMSA  

USCG/MARAD  

State/local 

FERC  

PHMSA- tanks connected to 

regulated pipelines 

USCG– vessels and the marine 

transfer area 

State/local 

2. Tank is connected to 

the interstate gas 

transmission system, 

and not within an LNG 

import/export facility. 

FERC 

USCG–navigation and 

port issues 

USACE within Rivers and 

Harbors Act 

State/local 

FERC 

USCG–navigation and port 

issues 

PHMSA 

State/local 

FERC  

PHMSA -  tanks connected to 

regulated pipelines 

USCG- vessels and the marine 

transfer area 

State/local 

3. Tank is connected to 

an intrastate pipeline 

or standalone; not 

within an LNG 

import/export facility; 

not on or adjacent to a 

navigable water of the 

U.S. 

State/local  

USACE within Rivers and 

Harbors Act 

State/local State (usually by agreement 

with PHMSA) 

4. Standalone bunker 

fuel tank on or 

adjacent to a 

navigable water of the 

U.S. (This situation 

could occur in a public 

or private marina.) 

USCG- to first valve 

nearest the tank or 

inside the containment 

USACE - within Rivers 

and Harbors Act  

State/local  

USCG–navigation and port 

issues 

State/local 

 

USCG- vessels and the marine 

transfer area 

State/local 

5. Standalone bunker 

fuel tank not on or 

adjacent to a 

navigable water of the 

U.S. (e.g., on or 

adjacent to some 

lakes or inland rivers) 

State/local 

USACE - within Rivers 

and Harbors Act 

State/local State/local 

Regulatory Gaps in Shoreside Fixed LNG Storage Tanks 

The first identified gap is inconsistency in local adoption of NFPA 59A. This problem would be addressed if 

there was a U.S. regulation that mandated the 2013 version of NFPA 59A, which provides plant siting 

requirements (see Sections 3.1.7.3 and 3.1.7.4). Most terminals in areas such as Houston, Seattle/Tacoma, 

and Jacksonville have the option to adopt the 2013 version of NFPA 59A, but are not mandated to do so by 

                                                
* Potential regulatory gaps are indicated by shading in the table. 
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law (Ref. /80/; Ref. /81/; Ref. /82/). Other terminals, however, are affected by state and local jurisdiction. 

For example, the Port of New York and New Jersey is under jurisdiction of both the Departments of 

Transportation of New York and New Jersey; both states require that the 2013 version of NFPA 59A be 

mandated (Ref. /83/; Ref. /84/). In Louisiana, Ports of Fourchon and New Orleans abide to the Office of the 

State Fire Marshal which has adopted the 2013 version of NFPA 59A (Ref. /88/). In California, the Office of 

the State Fire Marshal also amended the California Fire Code to include the 2013 version, which affects ports 

such as the Port of Los Angeles/Long Beach (Ref. /89/). Applying NFPA 59A standards as regulations would 

provide port operators nationwide with a baseline for how to address typical LNG storage tank scenarios.  

The second gap to address is the potential difference in the quality of inspections and enforcements, seen in 

Situation 4. Consistent regulatory coverage of safe operations is robust but sometimes unclear within the 

frameworks of deepwater ports, import/export facilities, and interstate pipelines. Oversight is less 

comprehensive for tanks, which are outside these frameworks. Many states and local enforcement agencies 

promulgate and enforce regulations for aboveground storage tanks, such as LNG tanks. However, there is a 

lack of consistency between the states in the level of inspection and proactive enforcement. These gaps 

would be filled through adoption and implementation of the draft Policy Letters (Ref. /85/ and Ref. /74/) 

issued by the USCG. If the draft policies are to be implemented, any container used to transfer LNG to 

vessels for use as a marine fuel must be viewed and regulated as a waterfront facility handling LNG 

(Ref. /74/). Section 4.4 discusses draft policies in the context of their potential impact on development of a 

mature LNG bunkering infrastructure. 

Situations 3 and 5 typify an additional point for discussion. The USCG has certain authorities only on or 

adjacent to navigable waterways as defined in 33 CFR Part 2 (Ref. /90/). Many waterways in the U.S. can 

and do support vessel traffic and commerce, but are not defined as navigable waterways. Other waterways 

are defined in The Rivers and Harbors Act of 1899, which prohibits three actions without consent: creating 

obstructions not authorized by Congress to the navigable capacity of all U.S. waters; building a marine 

structure outside harbor lines; and modifying the location, course, and/or condition of all marine structures 

(Ref. /91/). Under this act, deepwater ports that have bunkering “structure” would need siting approval from 

the USACE and the Secretary of Army. Therefore, security and safe operations of Situations 3 and 5 are not 

covered by regulations.  

Regulatory Gaps in Trucks Carrying LNG as Cargo 

Table 4-2 summarizes situations and relevant agencies for trucks carrying LNG as cargo. Primarily, the 

PHMSA and the Federal Motor Carrier Safety Administration (FMSCA) regulate truck transport of hazardous 

materials on public roads. Drivers must obtain a Transportation Safety Authority (TSA) Hazardous Materials 

Endorsement, which is comparable to a Transportation Worker Identification Credential (TWIC), which is 

required to have unescorted access within a port facility. To clarify, FERC, who has jurisdiction over site 

design and safety zones in waterfront facilities, does not have jurisdiction over companies that use LNG for 

transportation. Likewise, DOE’s jurisdiction does not include small amounts of LNG being transported via an 

intermodal system (i.e., truck or rail).  
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Table 4-2: Truck Carrying LNG as Cargo* 

 Agency with Regulatory Coverage 

Situation 

Design and Siting 

(including route) 
Security Safe Operations 

6. Truck transports LNG over public 

roads to a standalone storage tank 

not on or adjacent to a navigable 

water of the U.S.  

FMCSA TSA 

 

FMCSA 

State/local 

7. Truck transports LNG over public 

roads up to the perimeter of a 

“waterfront facility”. [Fuel transfer 

is in Section 3.3.3] 

FMCSA TSA FMCSA 

State/local 

8. Truck transports LNG within the 

perimeter of a “waterfront facility”. 

FMCSA (dependent on 

circumstances) 

State/local 

 FMCSA (dependent on 

circumstances) 

State/local 

9. Truck transports LNG over public 

roads up to a bunker fuel tank not 

on or adjacent to a navigable water 

of the U.S.  

State/local TSA  

State/local 

State/local 

10. Truck transports LNG over private 

roads up to the perimeter of a 

“waterfront facility”. [Fuel transfer 

is in Section 3.3.3] 

State/local DHS 

 

State/local 

11. Truck transports LNG, drives onto a 

vessel for carriage across a 

waterway. 

FMCSA 

USCG- vessel and the 

marine transfer area 

TSA  

USCG - vessel and the 

marine transfer area 

USCG- vessel and the 

marine transfer area 

State/local 

State and local oversight of hazardous material transport is not identified as gaps since they are generally 

considered sufficiently consistent.  

A significant gap with trucks carrying LNG as cargo is in Situation 8, which involves transport within the 

perimeter of a “waterfront facility”. Such facilities can be either private or public. Recent draft Policy Letter 

02-14, issued by the USCG (Ref. /74/), if adopted, would cover design, siting, security and safe operations 

of trucks used to transfer LNG to vessels for use as a marine fuel: 

Coast Guard jurisdiction of waterfront facilities handling LNG applies primarily over the 

marine transfer area for LNG as defined in 33 CFR 127.005. For the particular case at 

hand, this should generally be from the vessel to the last manifold or valve immediately 

before the tank truck or railcar and would normally include associated piping and transfer 

hoses. However due to this unique situation and potential for overlapping federal 

jurisdiction between the Coast Guard and the Department of Transportation, special 

consideration should be given to the Hazardous Material Regulations outlined in 49 CFR 

Subchapter C. Owners and operators intending to use tank trucks or rail cars as part of 

their LNG transfer operation should provide the COTP with a detailed list of requirements 

in 49 CFR Subchapter C that are applicable to their intended operation.  

                                                
* Potential regulatory gaps are indicated by shading in the table. 
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Typical tank trucks and railcars will carry around 13,000 gallons (49.2 m3) and 34,500 

gallons (130.6 m3) of LNG respectively. These quantities are far less than the 265,000 m3 

cargo capacity vessels envisioned by the regulations. Accordingly, it would be appropriate 

for the COTP to consider alternatives for some of the requirements outlined in 33 CFR Part 

127 when considering these types of operations. However, as noted previously, the 

regulations should be applied to the extent practicable utilizing the provisions in 33 CFR 

127.017 allowing the COTP to consider alternatives. See the previous section for 

additional details on consideration of alternatives. 

This provision includes ISO tanks, which are designed to carry and contain hazardous and non-hazardous 

liquid cargo, which are pictured below in Figure 4-1:   

 

Figure 4-1: ISO tanks 

4.1.2.5 Discussion of Rail Cars Carrying LNG as Cargo 

Table 4-3 summarizes the assessed situations and relevant agencies for rail cars carrying LNG as cargo. The 

PHMSA has authority to enforce regulations covering the shipment of hazardous materials, with the Federal 

Railroad Administration (FRA) having an emphasis on safety and security requirements for rail transport of 

hazardous materials.  
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Table 4-3: LNG Rail Car* 

 Agency with Regulatory Coverage 

Situation 
Design and Siting  

(include route) 
Security Safe Operations 

12. Rail car transports LNG to a 

storage tank not on or 

adjacent to a navigable water 

of the U.S. 

FRA 

PHMSA 

FRA FRA 

PHMSA 

13. Rail car transports LNG to and 

into a waterfront facility. 

FRA 

PHMSA 

FRA FRA 

PHMSA 

With an increasing proportion of hazardous cargo being transported by rail in the U.S. and Canada, and the 

related increase in accidents, further attention is being given to review, and if needed, update the existing 

requirements. PHMSA announced in September 2013 that it is considering steps to improve rail tank car 

safety requirements (Ref. /92/).  

Recent USCG draft Policy Letter 02-14 (Ref. /74/), if adopted, would cover LNG bunkering oversight of the 

railcar in the marine transfer area. This applies only if loading will be adjacent to a navigable water of the 

U.S. The previous discussion concerning broadening existing regulations and the need for consultation to 

clarify requirements are relevant here. They are further discussed in Section 4.2. 

4.1.2.6 LNG Transfer 

LNG transfer has different labels depending on where it occurs and how it is used by the receiver. All three 

types of LNG transfer - cargo transfer, bunkering, and lightering - are considered in this assessment.  

Discussion of Cargo Transfer from Shoreside Infrastructure 

Table 4-4 summarizes the assessed situations and relevant agencies for cargo transfer of LNG between the 

shore and sea. The USCG has broad, multi-faceted jurisdictional authority to enforce U.S. maritime law. 

14 U.S.C. § 2 grants the USCG authority to "enforce or assist in the enforcement of all applicable laws on, 

under and over the high seas and waters subject to the jurisdiction of the United States" (Ref. /93/). In 

addition, 14 USC § 89 authorizes USCG personnel to enforce Federal law on waters subject to U.S. 

jurisdiction and in international waters, as well as on all vessels subject to U.S. jurisdiction, including U.S., 

foreign, and stateless vessels (Ref. /94/).  

                                                
* No regulatory gaps identified. 
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Table 4-4: Cargo Transfer (Shore–Sea or Sea-Shore) Including from  

Shoreside Tank Truck, Rail Car, or LNG Portable Tank* 

 Agency with Regulatory Coverage 

Situation 

Design and Siting 

(transfer location and 

equipment only) 

Security Safe Operations 

14. A barge or other large vessel (the 

bunkering vessel) receives LNG as 

cargo while at berth in a navigable 

water of the U.S. [At another time, 

the LNG will be transferred from the 

bunkering vessel to another vessel for 

use as a fuel.] 

USCG 

State/local 

USCG 

State/local 

USCG 

State/local 

Although there are no regulatory gaps identified, there would have been a gap if there was consideration for 

a seaside vessel to receive LNG as cargo while at berth but not in a navigable water of the U.S. This is a 

situation which the USCG may not have jurisdiction, although this is unclear. It is deemed unlikely to occur 

(but theoretically possible) based on the formal definition of a “navigable waterway” under 33 CFR 329.4 

(Ref. /95/). This situation may also not be covered by FERC, who does not initiate regulation of facilities that 

receive, load, and unload containers filled with other cargo when LNG becomes one of the products in the 

container, according to 142 FERC 61 036. As such, pier facilities do not constitute 'natural gas facilities' per 

the Section 2 definition in the Natural Gas Act (Ref. /79/).  

Regulatory Gaps in Lightering 

Table 4-5 summarizes the assessed situations and relevant agencies for lightering. Lightering is not a new 

operation to the shipping industry or regulatory agencies. Hence, existing regulations require written 

transfer procedures.  

                                                
* No regulatory gaps identified. 
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Table 4-5: Lightering (LNG Cargo Transfer Ship to Ship)* 

 Agency with Regulatory Coverage 

Situation 

Design and Siting 

(transfer location 

and equipment only) 

Security Safe Operations 

15. Lightering from an inspected tank 

vessel (except tank barge) on a 

navigable water of the U.S. 

USCG USCG USCG  

16. Lightering from a manned or 

unmanned non self-propelled tank 

barge on a navigable water of the U.S.  

USCG USCG USCG  

17. Lightering from an inspected tank 

vessel (not a tank barge) not on a 

navigable water of the U.S. 

State/local State/local State/local 

18. Lightering from a tank barge not on a 

navigable water of the U.S. 

State/local State/local State/local 

Situation 15 is covered by existing lightering regulations, although the need for additional clarity is 

recognized. Covering this need, the USCG draft Policy Letter 01-14 (Ref. /85/) provides recommendations 

for transfer procedures specific to LNG fuel.   

Situation 16, which is lightering from a tank barge, is currently being considered as an alternative by several 

companies. A footnote in USCG draft Policy Letter 01-14 (Ref. /85/) provides some additional clarity: 

Manned and unmanned non self-propelled barges are subject to the requirements of 46 

CFR Subchapter D. In accordance with 46 CFR 30.01-5(g), manned barges carrying any of 

the cargoes listed in Table 30.25-1 are considered individually by the Commandant and 

may be required to comply with the requirements of 46 CFR Subchapter O, as applicable, 

as well as the requirements of 46 CFR Subchapter D. The U.S. Coast Guard, Headquarters 

Office of Design and Engineering Standards, Commandant (CG-ENG), has determined that 

unmanned barges proposed to carry LNG in bulk should also be reviewed under 46 CFR 

Subchapter O as novel vessel designs that require concept approval. 

Situations 17 and 18 are similar to Situations 15 and 16, except that lightering is conducted outside the 

jurisdiction of the USCG. Not many states have relevant regulations or funding to enforce such regulations. 

This is an identified gap. 

It is difficult for the U.S. to create lightering regulations because an LNG bunker vessel that carries and 

transfers LNG to a receiving ship has not been built yet. There are, however, plans to build a bunker vessel 

(Ref. /96/). In creating regulations for lightering, the U.S. can consider how Northern European countries 

implemented these regulations; this is further analyzed in Section 4.2.  

                                                
* Potential regulatory gaps are indicated by shading in the table. 
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Regulatory Gaps in Bunkering and using LNG Portable Tanks 

Table 4-6 summarizes the assessed situations and relevant agencies for LNG bunkering.  

Table 4-6: Bunkering (Fuel Transfer from Tank, Truck, or Rail) or LNG Portable Tank 

 Agency with Regulatory Coverage* 

Situation 

Design and Siting 

(transfer location 

and equipment only) 

Security Safe Operations 

19. Transfer of LNG fuel from shore to a seaside 

vessel on a navigable water of the U.S. 

USCG 

State/local 

USCG 

State/local 

USCG 

State/local 

20. Simultaneous LNG fuel transfer and 

shipboard operations on a navigable water of 

the U.S. 

USCG 

State/local 

USCG 

State/local 

USCG 

State/local 

21. Transfer of LNG fuel from shore to a seaside 

vessel not on a navigable water of the U.S. 

State/local State/local State/local 

22. Simultaneous LNG fuel transfer and 

shipboard operations not on a navigable 

water of the U.S. 

State/local State/local State/local 

23. Truck carrying LNG conducts transfer while 

on board a ship 

FMCSA  

USCG 

 

USCG USCG 

 

24. Transfer from a ship fuel tank USCG USCG USCG 

25. LNG transfer to an uninspected vessel (e.g., 

a fishing vessel). 

USCG USCG USCG 

 

Several situations related to bunkering remain unclear or potentially under-regulated. Current requirements 

for Situation 19, normal bunkering operations, are unclear in several areas. The recent USCG draft Policy 

Letter 01-14 (Ref. /85/), if adopted, provides much needed clarity on the requirements for such operations, 

including recommendations for bunkering systems specific to LNG. 

Situation 20 is simultaneous shipboard operations (SIMOPS) during LNG bunkering. There are currently no 

adopted regulations stipulating requirements that must be met for SIMOPS to be approved or approvable. 

Recent U.S. Coast Guard draft Policy Letter 02-14 (Ref. /74/), if adopted, directs  

…vessel owners/operators considering the need to conduct simultaneous operations to 

contact and discuss their intentions with the local COTP having jurisdiction over the area 

where the operation will be conducted. Local COTPs should contact Commandant, U.S. 

Coast Guard Headquarters, Office of Operating and Environmental Standards, (CG-OES) 

for assistance when considering simultaneous operations in their areas of responsibility. 

As a current example of SIMOPS during LNG bunkering, Skangass has built a bunker station for LNG in 

Risavika, Norway. The Norwegian Directorate for Civil Protection (DSB) has approved plans for a bunker 

                                                
* Potential regulatory gaps are indicated by shading in the table. 
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station dedicated for Fjord Line’s LNG-fueled cruise ferries. For the first time in Norway, ferries have the 

opportunity to bunker LNG while having passengers on board. Skangass has designed the bunker solution 

with the target to minimize the turnaround time of receiving vessels in the port. High capacity and efficiency 

when bunkering are essential for LNG as a preferred solution for the marine market. Bunkering while having 

passengers on board will reduce the turnaround time for ferries running on LNG (Ref. /97/). 

A second example of SIMOPS during LNG bunkering is the Viking Grace ferry that sails between the Port of 

Stockholm and Turku, Finland. An application was submitted to the Swedish Transport Agency for 

permission to perform bunkering in the Port of Stockholm. The approval process included parties such as 

Swedish Transport Agency, Port of Stockholm, Local Fire Brigade and Police, Swedish Coast Guard and the 

City of Stockholm. A lack of regulation and support documents covering the handling of LNG in a maritime 

environment is the reason why a number of risk and safety analyses are performed to better understand 

and handle potential risks related to LNG operations. Based upon the risk and safety analyses, bunkering 

has been approved for simultaneous disembarking and embarking of passengers and cars (Ref. /98/). 

Situations 21 and 22 are much like Situation 3, being outside the jurisdiction of the USCG. Not many states 

have relevant regulations or funding to enforce such regulations, therefore this is an identified gap.  

Situations 23 and 24 are bunkering from a truck that is on board a vessel and “bunkering” from another 

ship’s fuel tank. Given the lack of experience with such situations, specific standards are needed. The 

USCG’s draft Policy Letter 02-14 (Ref. /74/) prohibits Situation 24 except if authorized for specific reasons, 

and directs questions on both of these situations to the USCG Headquarters. 

Situation 25 is bunkering to an uninspected vessel. Some commercial operations use uninspected vessels. 

Some of the gap in this scenario would be covered if the USCG draft Policy Letter 02-13 (Ref. /74/) is 

adopted; the definition of “waterfront facility” would be broadened to include such vessels: 

Vessels inspected under the regulations in Title 46 of the CFR are never considered 

facilities; however, craft that are routinely operated dockside and not inspected under 

Title 46 may be considered part of a facility. If they are part of a waterfront facility 

handling LNG, the same Part 127 regulations and alternatives provision apply.  

The expected impact of broadening existing regulations and the need for consultation to clarify requirements 

are further discussed in Section 4.3. 

LNG pipes and pipelines used for bunkering are subject to the same regulations as either the sending or 

client vessel; therefore, no additional gaps are identified for pipes and pipelines.  
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4.1.2.7 Seaward 

All U.S. flagged tank vessels, including manned and unmanned barges, need to comply with 46 CFR 

Subchapter D for tank vessels (Ref. /99/). Self-propelled vessels carrying LNG in bulk as cargo are also 

subject to the requirements in 46 CFR Part 154 “Safety Standards for Self-Propelled Vessels Carrying Bulk 

Liquefied Gases” (Ref. /99/). These rules form the basis for USCG approval and certification of LNG carriers 

that are based on the IMO IGC Code (Ref. /61/).  

Regulatory Gaps in Vessels Carrying LNG as Cargo 

Table 4-7 summarizes the assessed situations and relevant agencies for vessels carrying LNG as cargo.  

Table 4-7: Vessels Carrying LNG as Cargo 

 Agency with Regulatory Coverage* 

Situation Design and Siting Security Safe Operations 

26. U.S. flag bunker vessel  USCG USCG USCG 

27. U.S. flag barge USCG USCG USCG 

28. Foreign flag ship in U.S. waters USCG CBP 

USCG 

USCG 

Situation 26 appears to be sufficiently covered under existing requirements: a self-propelled bunker vessel 

that is carrying LNG as cargo needs to comply with safety standards for self-propelled vessels carrying bulk 

liquefied gases, via 46 CFR Part 154. With respect to manned and unmanned barges carrying LNG covered 

in Situation 27, the requirements are not as clear since 46 CFR Part 154 is not applicable to barges that are 

not self-propelled (Ref. /99/).  

However, for manned barges, recent USCG draft Policy Letter 01-14 (Ref. /85/), if adopted, refers to 46 CFR 

30.01-5g, where manned barges carrying cargo listed in the Regulation’s Table 30.25-1 should be 

considered specifically by the Commandant and “may be required to comply with 46 CFR Subchapter O”. 

One issue is that methane is not listed in the current revision of Table 30.25-1 which is valid from January 

16, 2014. It is unclear whether manned barges must comply with 46 CFR Part 154 (LNG carriers) and/or D 

(tank vessels), which is a gap (Ref. /99/).  

                                                
* Potential regulatory gaps are indicated by shading in the Table 
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4.1.2.8 Discussion of LNG-Fueled Vessels 

Table 4-8 summarizes the assessed situations and relevant agencies for LNG-fueled vessels. 

Table 4-8: LNG-Fueled Vessel 

 Agency with Regulatory Coverage* 

Situation Design and Siting Security Safe Operations 

29. U.S flag or foreign flag LNG-fueled 

vessel in navigable waters of the U.S. 

USCG USCG USCG 

 

30. Foreign flag LNG-fueled vessel not in 

navigable waters of the U.S. 

Inspected by own flag 

state 

 Inspected by own flag 

state 

The use of gas as fuel in ships other than LNG carriers is not covered by mandatory international 

conventions. The IMO has issued the “Interim Guidelines on Safety for Natural Gas-Fueled Engine 

Installations in Ship”, which can be used by Flag states as an interim standard until the final IGF code 

becomes mandatory for all IMO member states (Ref. /63/). The USCG Policy Letter 01-12 (Ref. /74/) refers 

to the Interim Guidelines and gives additional guidance and requirements for U.S. flag vessels. 

Regulatory Gaps in Seaside LNG Structures 

Table 4-9 summarizes the assessed situations and relevant agencies for seaside LNG structures. 

Table 4-9: Seaside LNG Structure 

 Agency with Regulatory Coverage† 

Situation Design and Siting Security Safe Operations 

31. Bunkering “structure” inside 

a State’s seaward boundary 

USCG - to first valve nearest 

the tank or inside the 

containment 

USCG 

State/local 

USCG 

State/local 

32. Bunkering “structure” 

outside a State’s seaward 

boundary (a deepwater 

port) 

FERC 

USCG/ MARAD  

USACE within Rivers and 

Harbors Act 

FERC 

PHMSA  

USCG/ MARAD  

FERC  

PHMSA 

USCG 

Situation 31 is also a recognized gap. Issues are clarified by recent USCG draft Policy Letter 02-14. If 

adopted, such bunkering structures would need to meet the requirements for 33 CFR Part 127 (Ref. /74/).  

Vessel mooring infrastructure and trestle/supporting structures used for LNG bunkering are regulated 

similarly to Situation 32; therefore, no additional gaps are identified for these components.  

                                                
* No regulatory gaps identified. 

† Potential regulatory gaps are indicated by shading in the table. 
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4.1.3 Other Identified Risks and Opportunities 

The previous Subsection 4.1.2 focused on areas and issues that require regulatory oversight. For LNG 

bunkering, the opportunity is at hand to establish well-known international best practices to prevent a major 

accident. Given the regulatory intricacy in the U.S., design and implementation of a new regulatory scheme 

would be challenging and could increase complexity rather than improve the risk situation. Two 

opportunities to implement global best practices have been identified through this work, and are presented 

herein: quantitative safety risk assessment and port-wide risk assessment. The use of risk assessments for 

LNG developments is now included in the NFPA 59A (Ref. /86/) and EN1473 (Ref. /87/) standards, as these 

allow better understanding of potential threats across the whole range of likelihoods – from smaller more 

frequent events to larger rare events.  

4.1.3.1 Safety Quantitative Risk Assessment 

A safety quantitative risk assessment uses previous data to mathematically determine safety risk. The 

expected value of this data is the likelihood that LNG events will occur, and the anticipated consequence 

associated with those events. In turn, this estimates risks to employees, neighboring activities, nearby 

public facilities, and population centers. It also determines the suitability of installed safety devices (gas 

detection, isolation vales) and ignition controls. 

As noted in Subsection 4.1.2.4, many of the existing regulatory gaps would be filled if the content of the 

draft U.S. Coast Guard Policy Letters are adopted. One of the key items in the letters is the potential 

requirement for a new LNG bunkering facility to meet the stipulations in 33 CFR Part 127, including the need 

for a Waterway Suitability Assessment (WSA). The WSA guidance in NVIC 01-2011 requires risk assessment 

at a facility level, which is often accomplished through use of qualitative risk tools.  

The requirements in a WSA do not include a quantitative analysis, which is necessary to investigate 

frequencies and consequences and allow deep investigation of where the risks originate. This allows 

identification of safety critical barriers and the cost-effective efforts that would reduce those risks. Given the 

possible number of LNG bunker tanks, frequency of LNG transfers, and level of consequence, accidents can 

be expected unless rigorous mitigations are in place.  

In order for quantitative risk assessments to be optimized, risk criteria for the public and for workers are 

strongly recommended. These would ideally be in the form of individual risk contours and societal risk (best 

practice is use of F-N curves and criteria).  

The ISO has issued draft Guidance on Performing Risk Assessment in the Design of Onshore LNG 

Installations including the Ship/Shore Interface (ISO116901) (Ref. /100/). The ISO guideline defines the 

overall philosophies of designs and operations relevant to LNG bunkering and suggests a list of 24 functional 

requirements. However, it is not intended to be concrete and descriptive about how to achieve the 

requirements’ objectives. The risk criteria adopted by the regulatory body could be met in many different 

ways, allowing technical and engineering progress to continue unimpeded by the need for specific regulatory 

changes.  

It is recommended to require safety quantitative risk assessment for typical scenarios representing a 

standard set of operations for proposed new bunkering facilities. Once these standard-based case studies 

are available, new proposed facilities could reference the approved studies, justifying their risks as “equal to 

or less than” the approved studies show. If necessary, the baseline studies could be made site-specific 

through development and use of look-up tables and simple tools. It would be critically important for the key 
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assumptions in the assessments to be well documented so that comparisons between facilities are made 

easy and the number of separate studies would be kept to a minimum. If this aspect is inadequately 

completed, each new facility would need to conduct a separate, complete quantitative study.  

For an example of a safety quantitative risk assessment methodology, one should refer to “Guidelines for 

Quantitative Risk Assessment” from the Committee for the Prevention of Disasters from the Dutch 

Government. This considers risk criteria for the public, workers, and safety critical barriers through 

considering individual and societal risk. This methodology is described in Bunkering & Safety: Safety Risk 

Assessment. 

4.1.3.2 Port Area Risk Assessment 

Whether WSA or quantitative risk methods are used to manage risk at a facility level, as LNG bunkering 

activity increases in a given area (and more bunkering facilities are constructed), it will be increasingly 

important to assess and manage the complete preparedness spectrum of prevention, protection, response, 

and recovery resources needed for a given port area and its interdependencies. It will be necessary to 

consider the total marine navigation, safety, and security risks associated with multiple facilities.  

A port area risk assessment would also provide estimates of area-specific LNG demand as an input to other 

studies, such as supply and logistics, smart distribution, and hub locations and sizes. Examples are 

estimates of the following: 

 Frequency and volume of LNG shipments from LNG production/import facilities to intermediate 

storage facilities  

 Frequency of truck transits between locations 

 Frequency and volume for feeder tanker/bunker barge transits 

One advantage of the quantitative risk assessment is that individual facility studies can be combined to 

obtain an overview of the risk picture as it develops. For example, Germanischer Lloyd SE (GL) conducted a 

port area risk assessment on the Port of Gothenburg. This port is comprised of three different energy ports 

and 24 berths that handle oil and energy products. Underground storage of oil, above ground storage of oil, 

diesel, petrol renewable products and chemicals, and three large refineries are all considered in this 

particular port area study. By characterizing the flux of oil and gas to and from the Port of Gothenburg, GL 

provided an overview of legitimate area risks created by oil and gas infrastructure. It recommended 

preparedness and emergency response measures that should be implemented by the Port Authority, local 

and state decision makers, and the 20 companies that operate at the port (Ref. /101/).  

One challenge facing the U.S. regarding port area risk will be to identify the type and number of vessels that 

may use an LNG bunkering facility over the course of the facility’s lifetime. For facilities under consideration 

now, that may be relatively simple, but may be difficult to measure as more and more vessels are 

constructed or converted to LNG fuel, thereby increasing traffic. The inputs concerning current risk can be 

gathered (current vessel types and numbers), together with future estimates of vessel types and at what 

rate LNG conversions will occur. The results of a port area risk assessment would quantify the existing 

baseline risk, and an estimate of differential risk from LNG bunkering in its risk context. 
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4.1.4 Summary of Important Regulatory Gaps 

The LNG supply chain is not evenly covered by existing regulations in the U.S. Figure 4-2 depicts various 

portions of envisaged LNG bunkering infrastructure and operations and the Federal Agencies with 

jurisdiction/enforcement activities.  

 

LNG Rail Car
FRA
PHMSA
(see Table 4-3)

Cargo Transfer
USCG
(see Table 4-4)

Bunkering
USCG
FMCSA
(see Table 4-6)

Portable Tanks
USCG
FMCSA
(see Table 4-4)

Lightering
USCG
(see Table 4-5)

Storage Tanks
FERC
USCG
USACE
PHMSA
(see Table 4-1)

LNG Cargo Trucks
USCG
TSA
FMCSA
(see Table 4-2)

 

Figure 4-2: Regulatory Oversight of Key Equipment and Operations 

Nine specific regulatory gaps are identified during this assessment, four of which would be filled should the 

draft U.S. Coast Guard Policy Letters be adopted and implemented (Ref. /74/, /85/).  
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Regulator Gap Explanation 

1. Mature LNG metrology 

Research is ongoing regarding improved metrology technology for LNG. Once 

the technology is accepted, regulations should incorporate such standards, and 

the fuel composition needs to be standardized.  

2. Lightering from an inspected 

vessel on a navigable water of 

the U.S. 

Current lightering regulations leave a gap concerning detailed guidelines and 

requirements specific to LNG. Covering this need (excluding barges), the U.S. 

Coast Guard draft Policy Letter 01-14 (Ref. /85/) provides recommendations for 

transfer procedures specific to LNG fuel.  

A gap remains for manned and unmanned non self-propelled barges. The draft 

Policy Letter requires Commandant consideration for manned barges, and 

concept approval for unmanned barges.  

The issue of non-self-propelled barges is underscored here because there is not 

a framework in place at this time to allow a structured review of the potential 

risks related to LNG bunkering from non-self-propelled barges.  

3. LNG tank, standalone or 

connected to intrastate only 

pipelines, not on or adjacent to 

a navigable water of the U.S. 

4. LNG transfer not on or adjacent 

to a navigable water of the U.S. 

5. Lightering from an inspected 

vessel not on a navigable water 

of the U.S. 

These are regulated at the State level, and are outside the jurisdiction of the 

U.S. Coast Guard. Since not all states have adopted the 2013 version of NFPA 

59A (Ref. /86/), the potential exists for an LNG tank to be sited outside 

generally accepted industry standards.  

6. Bunkering to an uninspected 

vessel 

Some commercial operations use uninspected vessels. This gap would be 

covered if the U.S. Coast Guard draft Policy Letter 02-14 (Ref. /74/) is adopted; 

the definition of “waterfront facility” would be broadened to include such 

vessels. 

7. Bunkering from an inspected 

vessel on a navigable water of 

the U.S. 

Existing bunkering regulations leave a gap concerning detailed guidelines and 

requirements specific to LNG. Covering this need, the U.S. Coast Guard draft 

Policy Letter 01-14 (Ref. /85/) provides recommendations for procedures 

specific to LNG fuel.  

8. Seaside bunkering structure 

inside a State’s seaward 

boundary. 

Existing bulk liquid transfer regulations (33 CFR 154) leave a gap concerning 

detailed guidelines and requirements specific to offshore bunkering of LNG. 

Issues are clarified by recent U.S. Coast Guard draft Policy Letter 02-14 (Ref. 

/74/). If adopted, such bunkering structures would need to meet the 

requirements for “waterfront facilities handling LNG located shoreward of a 

State’s seaward boundary” (33 CFR Part 127). 

9. LNG tank, standalone or 

connected to intrastate only 

pipelines, on or adjacent to a 

navigable water of the U.S. 

These are regulated at the State level. There is a lack of consistency between 

the states and often a State-to-State disparity in the level of inspection and 

proactive enforcement. 

For shoreside large tanks, these gaps would be filled through adoption and 

implementation of the draft U.S. Coast Guard Policy Letters (Ref. /85/ and Ref. 

/74/). 

In addition to the identified gaps, two specific areas are recognized as needing additional clarity. They are 

characterized by the need for case-by-case consultation with one or more agencies. If LNG bunkering is to 
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grow and have a mature infrastructure, these areas should receive attention now in order to assure that 

risk-informed regulations are developed to optimize the balance between competing interests.  

These areas include:  

 SIMOPS during LNG bunkering 

 Whether all bunkering activities will be required to develop a Waterway Suitability Assessment (WSA) 

and meet other requirements applicable to waterfront facilities, or implement a risk-based scheme 

as recommended in Part 2 of this LNG bunkering study. 

This assessment identified two other best practices that are potential opportunities to reduce risks to the 

public and to workers at the lowest cost. 

Best Practice Explanation 

1. Quantitative Safety Risk 

Assessment 

Risk management of bunkering activities could be cost-effectively improved through a 

requirement to quantitatively evaluate public and worker safety risk. Once a baseline 

of studies is available, new proposed facilities could reference the approved studies, 

justifying their risks as “equal to or less than” the approved studies show. It would be 

critically important for the key assumptions in the assessments to be well documented 

so that comparisons between facilities are made easy. In order for quantitative risk to 

be put to its best use, risk criteria for the public and for workers are strongly 

recommended.  

2. Port Area Risk 

Assessment 

As LNG bunkering activity increases in a given area (and more bunkering facilities are 

constructed), it will be increasingly important to assess and manage the complete 

preparedness spectrum of prevention, protection, response, and recovery resources 

needed for a given port area and its interdependencies.  

It will be necessary to consider the total marine navigation, safety, and security risks 

associated with multiple facilities. One advantage of quantitative risk analysis is that 

individual facility studies can be combined to get an overview of the risk picture as it 

develops.  

4.2 Lessons Learned from International Experience 

The purpose of performing a regulatory gap analysis is to review required regulations for bunkering 

infrastructure, and identify needs for regulatory standardization. DNV GL has identified significant gaps in 

operations pertaining to: lightering on-water, bunkering on-water, LNG transfers off or adjacent to water, 

and LNG tanks that are on, off, or adjacent to waters. Most of these gaps exist because there are 

jurisdictional issues among federal agencies, details in existing regulations that need clarification, and 

ambiguity in state and local laws. Without creating a consistent platform, regulations can vary in how 

stringent lightering, bunkering, and LNG transfer regulations are.  

Current regulations create confusion among U.S. port operators and ship-owners. This is apparent in Lloyd’s 

Register LNG deep-sea bunkering study in 2011, where the busiest ports likely to service deep-sea LNG-

fueled ships were surveyed (Ref. /102/). The study revealed that North American port authorities did not 

plan to develop LNG bunkering infrastructure, yet they acknowledged that using LNG-fueled ships is a viable 

long-term shipping solution. Port operators expressed uncertainty about operational procedures, obtaining 

construction permits, and bunkering protocols (Ref. /103/). By referring to Lloyd’s Register, it validates that 

port operators and ship owners have encountered similar gaps that this study identified. It also verifies that 

these gaps are significant reasons as to why there is struggle with implementing LNG bunkering operations. 
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While the U.S. is inexperienced at using natural gas as a marine fuel, other parts of the world have already 

taken advantage, such as Northern Europe. It is important to reflect on the progress that Northern European 

countries have made in initiating the LNG-bunkering movement. 

The motivation behind this movement in Northern Europe was a string of incentives. In 2007, in response to 

the Nitrogen Oxide tax from the Norwegian Government, the Confederation of Norwegian Enterprise 

established a private NOx fund, where ship owners would receive 50% of subsidies for using “green 

technologies.” Later, the European Union applied standards from IMO stating that the sulfur content in 

marine fuel must decrease from 1.0% to 0.1% in Emission Controlled Areas (ECAs) after January 1, 2015 in 

the North Sea, English Channel, and Baltic Sea (Ref. /103). Ship owners were forced to consider alternative 

short-sea-shipping methods that would be cost effective and compliant to new regulations; the greatest ROI 

came from installing natural-gas engines. 

Over the last decade, there has been growing financial and political support for LNG bunkering through the 

European Union, the European Parliament, port operators, and national governments. Through support, 

Norway has developed a large network of LNG-fueled ships and bunkering infrastructure. Given that most of 

the LNG-fueled ships are ferries or roll-on/roll-off (Ro-Ro) ships engaging in short-sea shipping, the current 

demand for LNG is handled by truck-to-ship bunkering. It is anticipated that larger LNG-fueled ships will be 

built, which means different bunkering infrastructure will be used (Ref. /104/).  

Other Northern European nations are not far behind Norway, as there is an EU-funded, LNG-fueled short-sea 

shipping fleet and bunkering network forming along the Rhine-Main-Danube that has been approved by the 

Port Authorities of Antwerp, Mannheim, Rotterdam, Strasbourg, and Switzerland. Deep-sea shipping of LNG-

fueled ships is also being considered and is likely to develop on routes between Asia, North America, and the 

North Sea because there is infrastructure to support these larger ships. Infrastructure is set to be available 

and perfected by 2025 and European government entities are already investing in this new technology. It is 

anticipated that 1,000 LNG-fueled ships will operate by 2020; and 3,200 LNG-fueled ships will operate by 

2025 with 653 new builds expected to engage in deep-sea shipping (Ref. /76/; /102/; /104/; /105/). 

Northern Europe was in a similar situation as the U.S. a decade ago. There was a lack of infrastructure to 

support LNG-fueled ships because natural gas providers would not build infrastructure until there was 

significant demand. At the same time, ship owners and Port Authorities would not invest unless natural gas 

was available. As mentioned earlier, there are plans to construct more LNG bunker stations; however, these 

companies will not start constructing the stations unless they have enough pre-contracts with LNG-fueled 

ships. In addition, research conducted by classification societies such as DNV GL and the private/public 

sector has made implementing standards easier, as standards have been developed to secure operational 

practices, technologies, infrastructure requirements, and safeguards so that local governments can adopt 

these standards and regulations (Ref. /102/; /105/; /106/).  

Another setback that was experienced in Northern Europe and is relevant to the U.S. concerns bunkering 

protocols. The schedules developed by European ship owners and terminal operators do not allow additional 

time for bunkering. Simultaneous heavy-fuel oil (HFO) bunkering is routinely conducted during other 

operations, such as cargo loading (i.e., SIMOPS). Unless the scheduling of LNG bunkering can mimic that of 

HFO, the schedule and economic impact could hinder use of LNG as a marine fuel (Ref. /104/). As 

mentioned, small shipping companies with a few LNG-fueled ships typically start with truck-to-ship, and 

bunkering is carried out on public quays and on establishments that are deemed suitable by Port Authorities. 

Once their fleets are established and contracts are made with other companies with LNG-fueled ships, shore-

to-ship bunkering can occur. Ship-to-ship bunkering is increasingly common in Northern Europe because it is 
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cost effective. However, there is a lack of bunker barges supplying fuel, and regulations do not allow 

bunkering-at-sea because of potential safety issues (Ref. /106/). 

U.S. state and local lawmakers and stakeholders have not had the same exposure to LNG; therefore, 

education and training are needed to support decisions involving LNG infrastructure (education and training 

needs are described in Part 5). Through the lessons learned by Northern European countries, which is going 

through the same setbacks that the U.S. is now encountering, state and local lawmakers have the resources 

to solidify LNG bunkering regulations. Some of these resources are standards created by U.S. organizations 

and government officials, such as NFPA 59A, EN1473, and policy letters drafted by the USCG (Ref. /74/; 

/85/; Ref. /86/; Ref. /87/). Others are international standards that are described further in this report. The 

U.S. can benefit from the lessons learned by Northern European countries. U.S. lawmakers have many of 

the key resources necessary to solidify LNG bunkering regulations.  

4.3 Promotion of a National Framework 

The Great Lakes Marine Research Institute conducted a feasibility study of the use of natural gas as a fuel in 

the Great Lakes (Ref. /107/). While it concluded that conversion from oil to natural gas is possible from an 

engineering perspective, it also concluded “safe and economically viable regulations specific to vessels using 

NG (natural gas) as a fuel need to be fully developed.”   

A vision for a national framework would be a set of easily understood standards that are comprehensive, 

consistent and under clear jurisdictional authority in order to facilitate a safely operated, critical mass of LNG 

bunkering infrastructure. There are many international standards and recommended practices that can 

supplement local standards in developing good practice for all aspects of using LNG as fuel (see Section 4.4).  

This study identified the following actions to facilitate a national standardized framework to support LNG 

bunkering:  

Action Explanation 

1. Close regulatory gaps The gaps highlighted in Section 4.1.2 are a critical component to promotion of a 

national framework for LNG bunkering.  

Among the list of gaps, one of the most important to ensure the widespread 

adoption of LNG-fueled ships is clear and reasonable requirements for bunker 

barges. The ship-to-ship bunker option is considered the preferred and most 

practical method of bunkering LNG in the quantities needed for larger ships; the 

availability of LNG bunker vessels is a critical driver. 

2. Adopt or develop additional 

standards and guidelines 
Establish uniform: 

 Bunkering guidelines and approval requirements 

 Standards for technical design  

 Manning, responsibilities, certifications, and training requirements  

 Emergency preparedness and response requirements 

 Requirements for simultaneous LNG bunkering and goods/passenger loading/ 

unloading 

 Standards for bunkering equipment and system interfaces 

 Vapor gas management requirements 

 Certification of Inspection requirements 
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Action Explanation 

3. Differentiate between 

bunkering requirements and 

cargo requirements 

Develop a risk-based regulatory scheme with clear acceptance criteria that would 

address the differences in risk between LNG as fuel and LNG as cargo.  

Clear differentiation between cargo transfer of LNG and bunkering of LNG is 

needed and appropriate because: 

 Risks involved can be different. Knowledge of the risk is key to optimizing 

safety and efficiency. 

 Nearby activities are expected to be different. 

 Simultaneous operations are anticipated by many commercial operations. 

 Bunkering critical safety equipment may be different (e.g., hoses, manifolds, 

loading arms). New connections/couplings are being developed for bunkering. 

4. Study where bunkering 

facilities would be needed to 

form a sustainable national 

infrastructure 

It is unclear how many and where LNG bunkering facilities would be necessary to 

comprise a sustainable national infrastructure. The boundaries and critical 

variables are not well understood. Once these are understood, the scope of 

potential regulatory oversight will be clearer, and a cost/benefit analysis of LNG as 

a marine fuel will be possible.  

5. Study road transportation 

safety and security risks 

from initial build out of 

bunkering infrastructure  

As currently envisioned by companies considering operating LNG bunkering 

facilities, trucks would be considered as a potential initial transit method to carry 

LNG to the waterfront. Important public safety issues include:  

 Determining how much LNG truck traffic in a given locale is within acceptable 

public safety limits. 

 Determining how much LNG truck traffic is anticipated during build out of LNG 

bunkering infrastructure. 

A truck traffic study is recommended which would assess transport safety/security 

risks, investigate acceptable limits on national, regional, and local scales, and 

identify possible practical risk reducing measures.  

4.4 Participating in International Trade 

LNG-fueled ships are a new and expanding segment, driven by the IMO, EPA requirements related to air 

emissions from vessels, and cost effectiveness (Ref. /107/). Interest in using LNG as a fuel in international 

shipping is increasing. With this interest are strategies to build hub terminals and redistribute LNG in small 

quantities to satellite terminals, which will re-distribute it for use as a fuel. The potential volume of 

international trade likely to occur as direct LNG trade, and facilitated by LNG as a marine fuel, could be the 

subject of a separate study, similar to the studies mentioned in Section 4.3.  

International harmonization always benefits international trade. For LNG-fueled shipping, a new industry is 

beginning, from the source to the end user. Now is a unique opportunity to ensure a consistently high safety 

level globally. Trade is fostered by common standards: the implementation of the same basic requirements 

for bunkering, plus localized adaptation. In addition, common standards will also foster technology 

deployment: a globally compatible regime will enhance the ability to reach international markets. It is likely 

the deep-sea trades will bunker in the U.S. and sail to Europe and Asia. 

During the past few years, several ports worldwide have developed bunkering routines. ISO has released its 

LNG Bunkering Guideline, and most major ship classification societies have released Class Rules for LNG-

fueled vessels. All of these guidelines contribute to a greater understanding of the uses and limitations of 
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LNG as fuel, easing the development of a worldwide LNG bunkering network. Moving forward, uniform 

bunkering practices, vapor return, and connections are crucial for developing an efficient international 

bunkering network.  

This assessment recommends, where possible, adoption of international standards to the extent practical, 

and active engagement of the U.S. in development of guidelines and standards to be used globally. Where 

not possible, the U.S. should monitor and review drafts developed by standards organizations, ship 

classification societies, the IMO, ports, industry groups, and shippers. 

Germanischer Lloyd recently conducted a Study on Standards and Rules for Bunkering of Gas-Fuelled Ships 

(Ref. /76/) for the European Maritime Safety Agency, which summarizes the European regulatory gaps and 

anticipated progress in the near term.  

Currently available guidelines that can be useful to the U.S. regulatory framework include: 

1. ISO TC 67/DTS 118683: Guidelines for Systems and Installations for Supply of LNG as Fuel to Ships 

(Ref. /65/). This guidance defines the overall philosophies of designs and operations relevant to LNG 

bunkering and suggests a list of 24 functional requirements. However, it is not concrete and 

descriptive about how to achieve the requirements’ objectives. 

2. DNV GL recently issued RP-0006:2004-1 Development and Operation of Liquefied Natural Gas 

Bunkering Facilities (Ref. /57/). The RP is a practical guide for authorities, LNG bunker suppliers, and 

ship operators on developing design solutions and operating procedures to undertake LNG bunkering 

safely and efficiently. 

3. The Society of International Gas Tanker and Terminal Operators: Ship-to-Ship Transfer Guide for 

Petroleum, Chemicals, and Liquefied Gases (Ref. /67/). 

4. The Society of International Gas Tanker and Terminal Operators: Liquefied Gas Handling Principles 

on Ships and in Terminals (Ref. /70/) 

5. The Port of Gothenburg Gothenburg Energy Port. Proposed LNG Operating Regulations including LNG 

Bunkering (Ref. /102/) – The Port of Gothenburg developed proposed LNG bunkering guidelines and 

plans the construction and operation of an LNG intermediate storage facility. 

The ISO TC 67 and DNV RP, referred to above, describe the best practice of risk assessment of standard 

scenarios to determine minimum safety zones for routine operations. The standard scenarios are (Ref. /65/): 

1. LNG bunkering via pipeline from onshore supply facilities permanently installed, “shore to ship LNG 

bunkering” 

2. LNG bunkering from onshore trucks 

3. LNG bunkering from offshore supply facilities, “ship to ship LNG bunkering”  

In cases where the proposed bunkering deviates from the standard scenarios, it is recommended to conduct 

a comprehensive quantitative risk assessment. The use of standard scenarios and quantitative risk 

assessment provides the dual benefits of managing safety risk and simplifying regulatory oversight for all 

lawmakers and stakeholders.  
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4.5 Key Findings and Conclusions 

Bunkering activities for LNG as a fuel are in an early stage of development in the U.S. and throughout the 

world. LNG is being used as a marine fuel in a few areas of the world, particularly in Northern Europe; hence, 

significant growth in LNG infrastructure is anticipated in the U.S. The currently developing regulatory 

scheme will influence safety, security, and the shape of the final arrangement of bunkering infrastructure in 

the U.S.  

Key findings are:  

1. Regulatory gaps, including: 

Remaining Gaps Gaps Closed by U.S. Coast Guard Draft Policy 

Letters (Ref. /85/ and Ref. /74/) 

 Lightering from an inspected vessel on a 

navigable water of the U.S. 

 Bunkering to an uninspected vessel 

 LNG metrology (i.e., quality/quantity 

measurement) 

 Bunkering from an inspected vessel on a 

navigable water of the U.S. 

 LNG tank, standalone or connected to intrastate 

only pipelines, not on or adjacent to a navigable 

water of the U.S. 

 Seaside bunkering structure inside a State’s 

seaward boundary. 

 LNG transfer not on or adjacent to a navigable 

water of the U.S. 

 Lightering from an inspected vessel not on a 

navigable water of the U.S. 

 LNG bunker barge requirements 

 LNG tank, standalone or connected to intrastate 

only pipelines, on or adjacent to a navigable 

water of the U.S. 

Among the list of gaps, one of the most important to ensure the widespread adoption of LNG-fueled 

ships is clear and risk-informed requirements for non-self-propelled bunker barges. The ship-to-ship 

bunker option is considered the preferred and most practical method of bunkering LNG in the 

quantities needed for larger ships. The availability of LNG bunker vessels is a critical driver. 

2. Issues requiring clarity or standardization (in addition to the above gaps):  

o Bunkering guidelines and approval requirements 

o Standards for technical design  

o Manning, responsibilities, certifications, and training requirements  

o Emergency preparedness and response requirements 

o Requirements for simultaneous LNG bunkering and goods/passenger loading/unloading 

o Standards for bunkering equipment and system interfaces 

o Vapor gas management requirements 

o Certification of Inspection requirements 

3. Best practices that could be implemented consist of developing a risk-based regulatory scheme with 

clear acceptance criteria that address the differences in risk between LNG as a fuel and LNG as a 

cargo, promoting consistency in implementation, and allowing regional and national risk to be 

evaluated. Risk assessment methodology is now included in the NFPA 59A (Ref. /86/) and EN1473 
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(Ref. /87/) standards as these allow better understanding of potential threat and their consequences. 

Two opportunities in this area are incorporation of the following into the regulatory scheme: 

a. Safety Quantitative Risk Assessment – It is recommended to require Safety Quantitative Risk 

Assessment for typical LNG bunkering operation scenarios. Once results are available, new 

proposed facilities could reference the approved studies, justifying their risks as “equal to or less 

than” the approved studies show.  

b. Port Area Risk Assessment - As LNG bunkering activity increases in a given area (and more 

bunkering facilities are constructed), it will be necessary to assess and manage the complete 

preparedness spectrum of prevention, protection, response, and recovery resources needed for a 

given port area and its interdependencies. It will be necessary to consider the total marine 

navigation, safety, and security risks associated with multiple facilities. This is advantageous 

because individual facility studies can be combined to provide an overview of risk in the port 

area.  

4. Additional studies to inform regulators and provide a basis for key rulemaking decisions: 

a. Identify location and demand for LNG bunkering facilities in the next five to ten years. The 

quantity and location of LNG bunkering facilities are unknown, because the U.S. is unfamiliar 

with what is needed to support infrastructure and operations. Once these are understood, the 

scope of potential regulatory oversight will be clearer. A cost/benefit analysis can be conducted 

to assess the resource needs of regulatory agencies.  

b. Study road transportation safety and security risks during the initial build out of LNG bunkering 

infrastructure. A truck traffic study would assess transport safety/security risks, investigate 

acceptable limits on national, regional, and local scales, and identify possible practical risk 

reducing measures. Important public safety issues include:  

– How much LNG truck traffic in a given locale is within acceptable public safety limits?  

– How much LNG truck traffic is anticipated during build out of LNG bunkering infrastructure?  

The U.S. national regulatory framework for LNG bunkering will either promote or discourage the current 

impetus to develop an LNG bunkering infrastructure. Key factors to consider in developing the national 

framework are the effects of regulations on international trade.  

Regarding the effect of regulations on international trade, this assessment recommends, where possible, 

adoption of international standards to the extent practical, and active engagement of the U.S. in 

development of guidelines and standards to be used globally.  

In general, the interaction of environmental Federal law/regulations and LNG bunkering is complex, but 

typical of similar industries in the U.S. No significant issues have surfaced during this study regarding 

Federal environmental oversight of LNG bunkering. 

Federal environmental statutes and regulations have primacy over State statutes and regulations. A review 

of State-level laws and regulations is outside the scope of this study; however, it is likely that significant 

differences exist between states in which hydrocarbon production has been accepted for many decades, and 

states that have less historical interaction with hydrocarbon developments. It is recommended to conduct a 

review of State regulations relevant to LNG bunkering.  
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4.6 Summary of Recommendations 

This section comprises a compilation of the recommendations made throughout this analysis. Several of the 

recommendations are interrelated, but they are intentionally presented separately here to provide reference 

to the detailed discussions earlier in the report.  

4.6.1 Close Identified Regulatory Gaps 

Close identified regulatory gaps not filled by the draft USCG Policy Letters, which are: 

1. Mature LNG metrology 

Research is ongoing regarding improved metrology technology for 

LNG. Once the technology is accepted, and a standard is developed 

for a practical small-scale technology, regulations should 

incorporate such standards, and the fuel composition should be 

standardized. 

2. LNG tank, standalone or connected to 

intrastate only pipelines, not on or adjacent 

to a navigable water of the U.S. 

3. LNG transfer not on or adjacent to a 

navigable water of the U.S. 

4. Lightering from an inspected vessel not on 

a navigable water of the U.S. 

These are regulated at the State level, and are outside the 

jurisdiction of the U.S. Coast Guard. Since not all states have 

adopted the 2013 version of NFPA 59A, the potential exists for an 

LNG tank to be sited outside generally accepted industry standards.  

5. Lightering from an inspected vessel on a 

navigable water of the U.S. 

The issue of non-self-propelled barges is underscored here because 

there is not a framework in place at this time to allow a structured 

review of the potential risks related to LNG bunkering from non-self-

propelled barges.  

4.6.2 Provide Additional Clarity 

Provide additional clarity to assure that risk-informed regulations are developed to optimize the balance 

between competing interests. These are: 

6. Simultaneous shipboard operations during LNG bunkering 

7. Whether all bunkering activities will be required to meet WSA and other requirements applicable to waterfront 

facilities  

4.6.3 Take Advantage of Opportunities 

Take advantage of opportunities to reduce risks to the public and to workers at the lowest cost: quantitative 

safety risk assessment and port-wide risk assessment, described below. 

8. Quantitative Safety 

Risk Assessment 
Risk management of bunkering activities could be cost-effectively improved through a 

requirement to quantitatively evaluate public and worker safety risk. It is recommended to 

require safety quantitative risk assessment or equivalency for proposed standard 

operations of LNG bunkering to develop general insight of the associated risks and cost 

effective available safeguards. 

Once an initial baseline of studies is available for standard scenarios, new proposed 

facilities could qualitatively reference the approved studies, justifying their risks as “equal 

to or less than” the approved studies show, as long as they are considered “standard 

operations“. It would be critically important for the key assumptions in the assessments to 
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be well documented, so that comparisons between facilities are made easy. In order for 

quantitative risk to be put to its best use, risk criteria for the public and for workers are 

strongly recommended.  

9. Port Wide Risk 

Assessment 
As LNG bunkering increases in a given area (and more bunkering facilities are 

constructed), it will be increasingly important to assess and manage the complete 

preparedness spectrum of prevention protection, response, and recovery resources 

needed for a given port area and their interdependencies.  

One advantage of quantitative risk analysis is that individual facility studies can be 

combined to get an overview of the risk picture as it develops.  

4.6.4 Take Actions to Promote a National Framework 

Take actions to promote a national framework, as follows: 

10. Close regulatory gaps The gaps highlighted in Section 4.1.3 are a critical component to promotion of a 

national framework for LNG bunkering.  

11. Adopt or develop additional 

standards and guidelines 
Establish uniform standards and guidelines for state and local lawmakers: 

 Bunkering guidelines and approval requirements 

 Standards for technical design  

 Manning, responsibilities, certifications, and training requirements  

 Emergency preparedness and response requirements 

 Requirements for simultaneous LNG bunkering and goods/passenger loading/ 

unloading 

 Standards for bunkering equipment and system interfaces 

 Vapor gas management requirements 

 Certification of Inspection requirements 

12. Differentiate between 

bunkering requirements and 

cargo requirements 

Develop a risk-based regulatory scheme with clear acceptance criteria that would 

address the differences in risk between LNG as fuel and LNG as cargo.  

Clear differentiation between cargo transfer of LNG and bunkering of LNG is needed 

and appropriate because: 

 Risks involved can be different. Knowledge of the risk is key to optimizing 

safety and efficiency 

 Nearby activities are expected to be different 

 Simultaneous operations are anticipated by many commercial operations 

 Bunkering critical safety equipment may be different (e.g., hoses, manifolds, 

loading arms). New connections/ couplings are being developed for bunkering 

13. Study where bunkering 

facilities would be needed to 

form a sustainable national 

infrastructure 

It is unclear how many and where LNG bunkering facilities would be necessary to 

comprise a sustainable national infrastructure. The boundaries and critical variables 

are not well understood. Once these are understood, the scope of potential 

regulatory oversight will be clearer, and a cost/benefit analysis of LNG as a marine 

fuel will be possible. In addition, it would provide input frequencies and volumes as 

input to the risk assessments. 
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14. Study road transportation 

safety and security risks 

from initial build out of 

bunkering infrastructure  

As currently envisioned by companies considering operating LNG bunkering 

facilities, trucks would be considered as a potential initial transit method to carry 

LNG to the waterfront. Important public safety issues include:  

How much LNG truck traffic in a given locale is within acceptable public safety limits 

How much LNG truck traffic is anticipated during build out of LNG bunkering 

infrastructure 

A truck traffic study is recommended, which would assess transport safety/security 

risks, investigate acceptable limits on national, regional, and local scales, and 

identify possible practical risk reducing measures.  

4.6.5 International Trade 

To positively influence U.S. international trade, the following is recommended: 

15. Adopt and engage in development of 

new standards 
This assessment recommends, where possible, adoption of 

international standards to the extent practical, and active engagement 

of the U.S. in development of guidelines and standards to be used 

globally.  

4.6.6 Interaction with Environmental Law 

To allow an evaluation of the need for consistent environmental regulation of LNG bunkering, the following is 

recommended, as per Appendix A: 

16. Review State-level environmental laws 

and regulations  
This assessment recommends a review of State regulations relevant to 

LNG bunkering. It is likely that significant differences exist between 

states in which hydrocarbon production has been accepted for many 

decades, and states that have less historical interaction with 

hydrocarbon developments. 
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http://www.dma.dk/themes/LNGinfrastructureproject/Documents/Final%20Report/LNG_Full_report_Mgg_2012_04_02_1.pdf
http://www.dma.dk/themes/LNGinfrastructureproject/Documents/Final%20Report/LNG_Full_report_Mgg_2012_04_02_1.pdf
http://www.portofrotterdam.com/en/News/pressreleases-news/Pages/port-rotterdam-lng-joint-venture-ports.aspx
http://www.portofrotterdam.com/en/News/pressreleases-news/Pages/port-rotterdam-lng-joint-venture-ports.aspx
http://www.glmri.org/downloads/MARADstudy2012/MARAD-GLMRI%20Great%20Lakes%20Natural%20Gas%20Study-December%202012.pdf
http://www.glmri.org/downloads/MARADstudy2012/MARAD-GLMRI%20Great%20Lakes%20Natural%20Gas%20Study-December%202012.pdf
http://www.epa.gov/nonroad/marine/ci/420f09029.pdf
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5  

TRAINING REQUIREMENTS:  
CREW AND LOCAL FIRST 

RESPONDERS 

In general, crewmembers and local first responders are expected to follow and comply with governing 

regulations, operation manuals, maintenance regimes, and emergency response plans for LNG bunkering 

operations. These documents will vary according to the type of installation and/or receiving vessel. Various 

training content is required based on the different levels of employment/responsibility of the crewmembers 

and local first responders. 

5.1 LNG Bunkering Operations 

Key LNG bunkering operations training guidelines that are identified by regulations, standards, and guidance 

will be described in Section 5.2, and have been divided into the following subsections: 

 National Regulations and Guidelines  

 International Regulations and Guidelines 

 Safety Culture and Safety Management Systems 

 Current Training Course Examples 

 Comparative Review of LNG Bunkering Operations Training 

 Suggested Content for LNG Crew Training 

A comparative summary highlights similarities and differences between the LNG bunkering operations 

training requirements per various regulations, standards, and guidelines (See Table 5-1) (Ref. /111; /112/; 

/113/; /114/; /115/; /116/; /117/; /118/; /119/; /120/; /121/; /122/; /123/; /124/; /125/; /126/; /127/).  
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The following list provides a description of the identified key factors in Table 5-1.  

 Familiarization and Basic Training: This key factor includes crew knowledge, understanding, 

application, and integration of the operations manual, maintenance regimes, and emergency 

response plans. 

 Vessel Specific Training: This includes if the regulation or guideline describes vessel specific 

training requirements.  

 Person in Charge (PIC): PICs are described in the regulation or guideline and the qualifications 

and credentials of the PIC are maintained and available. 

 Crew Categorization: This is based on the categories included in IMO Resolution MSC 285(86). 

o Category A - Basic: Basic competence for all officers/crew, regardless of role or function 

o Category B - Deck: Competence requirements for deck officers/operational deck crew 

o Category C - Engine: Competence requirements for engine officers/operational engine crew 

 Competency Documentation: This includes if the regulation or guideline describes documenting or 

record keeping of the personnel training. 

 Regular Drills: The regulation or guideline specifically states that regular drills are conducted to 

ensure safe transfers. 

 Refresher Course: Internal refresher courses are mandatory for crewmembers to assume duties on 

board, if such crewmembers have been absent for a specified (e.g., 6 months) period of time. 

 Training Program Re-evaluation: This regulation or guideline specifically states training programs 

are to be regularly re-verified. 

 Training Program Approved by Authorities: This regulation or guideline specifically states 

training programs are to be approved by Authorities Having Jurisdiction (AHJ). 

 Human Factors: This includes if the regulation or guideline has remarks about human and 

organizational factors as part of the training. 
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Table 5-1: LNG Bunkering Operations Training Regulations and Guidelines Comparative Summary  
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National Regulations and Guidelines 

33 CFR Part 127 
   

 
 

 
 

   

33 CFR Part 155   
 

 
 

     

46 CFR Part 15 
 

 
 

 
 

 
 

   

Draft Policy Letter No. 01-14 
    

      

Draft Policy Letter No. 02-14 
 

 
 

  
 

    

International Regulations and Guidelines 

IMO Resolution MSC.285(86) 
  

 
   

 
 

  

IMO Correspondence Group 
       

   

OGP Draft 118683* 
  

  
 

  
 

  

Norwegian Maritime Directorate 
  

 
      

 

DNVGL-RP-0006:2014-01 
  

 
     

 
 

DNV Std  Cert. No. 3.325 
  

 
 

      

                                                
* This standard specifically references the significance of personnel understanding of connection points (before / after) specific to LNG bunkering operations. 
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5.1.1 National Regulations and Guidelines 

A high-level summary of the LNG bunkering operations training related contents is provided in the following 

regulations and guidelines (draft policy letters): 

 Code of Federal Regulations (CFRs) 

o 33 CFR Part 127 – Waterfront Facilities Handling Liquefied Natural Gas and Liquefied Hazardous 

Gas 

– Subpart B – Waterfront Facilities Handling Liquefied Natural Gas 

 Operations 

 §127.301 Persons in Charge of shoreside transfer operations: Qualifications and 

certification 

 Personnel Training 

 §127.503 Training: General 

– Subpart C – Waterfront Facilities Handling Liquefied Hazardous Gas 

 Operations 

 §127.1301 Persons in charge of transfers for the facility: Qualifications and 

certification 

 §127.1302 Training 

o 33 CFR Part 155 – Oil or Hazardous Material Pollution Prevention Regulations for Vessels 

– Subpart C – Transfer Personnel, Procedures, Equipment, and Records 

 §155.700 Designation of person in charge 

 §155.710 Qualifications of person in charge 

– 46 CFR Part 15 – Manning Requirements 

 Subpart K – Vessels Subject to Requirements of STCW 

 §15.1105 Familiarization and basic training  

 CG-OES Draft Policy Letters 

o No. 01-14 

– Guidelines for Liquefied Natural Gas Fuel Transfer Operations and Training of Personnel on 

Vessels Using Natural Gas As Fuel 

o No. 02-14 

– Guidance Related to Vessels and Waterfront Facilities Conducting Liquefied Natural Gas (LNG) 

Marine Fuel Transfer (Bunkering) Operations 
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5.1.1.1 Code of Federal Regulations (CFRs) 

This section contains a brief description of the contents included in the following CFRs: 

 33 CFR Part 127 Subpart B and Subpart C 

 33 CFR Part 155 Subpart C 

 46 CFR Part 15 Subpart K 

33 CFR Part 127 – Waterfront Facilities Handling Liquefied Natural Gas and Liquefied 

Hazardous Gas 

This CFR details the specific training qualifications and certification requirements for the PIC of shoreside 

transfer operations. Prior to fulfilling the expected role, the operator is responsible for ensuring that the PIC 

has the knowledge and understanding of LNG bunkering operations and their application. This includes 

having at least 48 hours of LNG transfer experience, knowledge of LNG properties, awareness of hazards 

associated with LNG, understanding of the operations manual and emergency manual and proper 

documentation ensuring compliance with training requirements.  

Subsequent knowledge that personnel must have includes advanced LNG firefighting procedures, awareness 

of security violations, knowledge of LNG vessel design and cargo transfer operations, LNG release response 

procedures and first aid procedures. Training on these subjects is ongoing, and must be maintained on a 5-

year basis. 

33 CFR Part 155 – Oil or Hazardous Material Pollution Prevention Regulations for Vessels 

The operator of a vessel with a capacity of 250 or more barrels of liquefied gas is responsible for ensuring 

that a PIC (either by name or by position in the crew) is designated for LNG transferring operations. The 

operator must maintain the PIC’s credentials in order to ensure that the PIC is qualified to complete LNG 

transferring operations (e.g., knowledge of safe LNG transfer procedures, emergency manuals, and incident 

reporting).  

46 CFR Part 15 – Manning Requirements 

In order to perform desired duties on board a seagoing vessel, the following training and/or familiarization 

has to be achieved (Ref. /132/): 

 Personal survival techniques as set out under STCW Regulation VI/1  

 Effective communication with all personnel about elementary safety matters and basic understanding 

of informational safety symbols, signs, and alarms 

o This includes identification of stations for muster and embarkation, emergency-escape routes, 

taking immediate action upon encountering an accident or other medical emergency before 

seeking further medical assistance. 

o This includes closing/opening fire doors, weather-tight doors, and watertight doors other than for 

hull openings as well as knowledge of the location of life jackets. 

 Informative on procedure for personnel overboard, if fire or smoke is detected and if fire alarm or 

abandon-ship alarm sounds 

o This includes knowledge of raising alarms when necessary and use of portable fire extinguishers 

This regulation, in accordance with STCW Regulation I/14, indicates that knowledge of the vessel’s 

arrangements, installations, equipment, procedures, and characteristics relevant to normal procedures and 

emergency responses must be known prior to fulfilling a position on board the vessel. Proper documentation 

such as training certificates must be supplied in order to perform any task for any position. Knowledge and 
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qualifications based on training must be maintained within the last 5 years in accordance with STCW 

Regulation VI/1 in order to fulfill the duties (e.g., LNG bunkering operations) required by the personnel (Ref. 

/132/).  

This CFR describes transfer requirements applicable to the vessel while 33 CFR Part 127 directs the 

designation and qualifications of the PIC as well as establishing the procedures for the LNG bunkering 

operations. 

5.1.1.2 CG-OES Draft Policy Letters 

This section includes the following CG-OES Draft Policy Letters: 

 No. 01-14 

 No. 02-14 

No. 01-14 Guidelines for Liquefied Natural Gas Fuel Transfer Operations and Training of 

Personnel on Vessels Using Natural Gas as Fuel 

This draft policy letter provides recommended guidance that aligns with existing regulations and industry 

best practices. It references numerous Code of Federal Regulations (CFRs) as well as international standards 

such as: 

 33 CFR Part 127, Part 155, Part 156 

 46 CFR Part 10, Part 11, Part 15, Part 154 

 STCW Chapter II and III 

 IMO Resolution MSC.285(86) 

This draft policy letter requires the operator of the facility and/or transferring vessel for the LNG transferring 

operation to ensure that the vessel-specific operations manual, maintenance regimes, and emergency 

response plans are safely followed by the trained personnel. The operations manual is required to detail the 

responsibilities of personnel. Existing regulations (e.g., 46 CFR §15.405) set forth by the USGC for 

familiarization and basic safety training can be used for, but not limited to, LNG fuel transfer operations. 

Vessels that are inspected, uninspected, domestic, and foreign LNG-fueled vessels all equally share the same 

level of training requirements for LNG transferring operations. All personnel (especially PIC) are required to 

meet defined qualification levels (e.g., 46 CFR Part 10 and 11, STCW Chapter II or III, IMO Resolution 

MSC.285[86] Chapter 8 Section 8.2.1.2) in order to be authorized to complete the LNG transfer operation.  

No. 02-14 Guidance Related to Vessels and Waterfront Facilities Conducting Liquefied 
Natural Gas (LNG) Marine Fuel Transfer (Bunkering) Operations 

Draft Policy Letter No. 02-14 is comparable to the guidance and contents of Draft Policy Letter No. 01-14. 

The Draft Policy Letter No. 02-14 references numerous CFRs such as: 

 33 CFR Part 127, Part 155 

 49 CFR Part 172 

o Subpart G (§172.600-§172.606) – Emergency Response Information  

o Subpart H (§172.700-§172.704) – Training  

o Subpart I (§172.800-§172.822) – Safety and Security Plans 

The level of crew training required for facilities that use tank trucks and/or rail cars involves taking into 

consideration the policy as defined under ‘Training’ in 49 CFR Subpart H (§172.700-§172.704) as well as 33 
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CFR Part 127. These requirements will aid in developing the operations manual, maintenance regimes, and 

emergency response plans specific for the vessels and waterfront facilities.  

Specific policies (e.g., 46 CFR §35.35-1 and 46 CFR §154.1831) detail the obligations and restrictions of the 

PIC and persons on duty. This also requires that certain qualifications and credentials of the PIC are met 

(e.g., 33 CFR §155.710) in order to safely and competently follow the procedures for the LNG transferring 

operations. All coordination of the receiving vessel must be handled through the PIC and indicated as such in 

the operations manual. The transfer of LNG (cool-down, warm-up, gas-free, or air-out) must be supervised 

by a designated PIC. The 33 CFR Part 127 details the requirements that the PIC must ensure that preliminary 

transfer inspections, declaration of inspection, and transfers are met. Limitations are in place to ensure that 

the PIC does not serve more than one transfer point at a time, unless given authority to in special cases. 

This draft policy letter indicates the variation and complexity of the LNG transferring systems and suggests 

conducting dry transfer drills, meetings, and walk-throughs at regular intervals to ensure that all personnel 

involved can conduct a safe transfer. 

5.1.2 International Regulations and Guidelines 

The International Regulations and Guidelines subsection provides a high-level summary of the LNG bunkering 

operations training related contents in the following regulations and guidelines (standards): 

 International Maritime Organization (IMO) 

o Resolution MSC.285(86), Interim Guidelines on Safety for Natural Gas-Fuelled Engine 

Installations in Ships 

– Chapter 8 – Operational and Training Requirements 

o IMO Correspondence Group in Development of the International Code of Safety for Ships using 

Gases or Log-Flashpoint Fuels (IGF Code), Development of Training and Certification 

Requirements for Seafarers for Ships Using Gases or Low-flashpoint Fuels 

 International Association of Oil and Gas Producers (OGP) Draft 118683 (to be published as ISO 

Technical Specification 18683) 

o Guidelines for Systems and Installations for Supply of LNG as a Fuel to Ships 

– Chapter 10 – Training 

– Chapter 11 – Requirements for documentation 

 11.7 – Training documentation 

 Norwegian Maritime Directorate 

o Regulation of 9 September 2005 No. 1218 Concerning the Construction and Operation of Gas-

Fueled Passenger Ships 

– Chapter 4 - §28 Training 

 DNVGL-RP-0006:2014-01 

o Development and Operation of Liquefied Natural Gas Bunkering Facilities 

– Section 4 – Concept for Development of LNG Bunkering Facilities 

 4.4.2 LNG bunker supplier 

– Section 5 – Planning, design and operation of LNG bunkering facilities 

 5.2.8 Operations inside the safety zone 
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– Section 6 – Safety Management System 

 6.2.8 Emergency Management 

 6.2.10 Training 

– Section 7 – Risk assessment for LNG bunkering facilities 

 7.2.2.1 HAZID question categories 

 7.3.2 The QRA process 

 7.3.6 Barriers 

 DNV Standard for Certification No. 3.325 

o Competence Related to the On Board Use of LNG as a Fuel 

– Section 1.3: Target Groups 

– Section 1.4: Professional Profile 

– Section 2.2: Levels of Cognition 

– Section 2.3: Professional Behavior Verbs 

 ABS’s Study of Bunkering of LNG-fueled Vessels in North America 

o Chapter 3, Section 3.2:  Operational and Training Requirements For Personnel (Natural Gas-

fueled Marine Vessels) 

o Chapter 3, Section 3.3.1.3:  Crew Certification and Training Requirements based on 46 CFR Parts 

10, 11, 12, 13, and 15 

5.1.2.1 International Maritime Organization (IMO) Resolution MSC.285 (86) - 
Interim Guidelines on Safety for Natural Gas-Fueled Engine 

Installations in Ships 

All personnel who are performing LNG transferring operations should take training courses in gas-related 

safety, operation, and maintenance. Specialized training is available for personnel with direct responsibilities 

and with knowledge continually being maintained and documented, as shown in Table 5-2.  
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Table 5-2: Crew Category Description (Ref. /121/) 

Category Crew Training Description 

A Basic training for the 

basic safety crew 

Basic fundamental understanding of the properties of the LNG gas as fuel (e.g., 

technical characteristics of liquid and compressed states of gas, risks, and 

safeguards) is required. Training to cover both theoretical and practical exercises 

related to LNG transferring operations. Understanding and following of normal 

operations and emergency operations. This includes proper use of PPE and safety 

requirements.  

B* Supplementary 

training for deck 

officers 

Training shall go beyond the requirements for basic training for the basic safety 

crew. Level of training distinctions between the deck and engineering officers is to 

be determined and arranged by the PIC.  

Training is to cover all gas-related systems (e.g., gas-fueled engine installations), 

manual operations (e.g., considered in explosion hazardous spaces and zones), 

maintenance regimes (e.g., performance of technical maintenance of gas 

equipment) and emergency response plans. All risk analysis conducted by senior 

management is to be reviewed during this training.  

Clearance for this crew (in relation to gas-related training) should be given by the 

master and chief engineer. It should be properly documented and regularly 

evaluated. All training related to the gas system is required to be evaluated at least 

once a year. 

C* Supplementary 

training for engineer 

officers 

All personnel should be given a training manual specific for the vessel and facility. Regular drills should be 

implemented to ensure that all personnel involved can conduct a safe transfer and that such activities would 

cover gas-related emergency exercises.  

5.1.2.2 IMO Correspondence Group in Development of the International Code 

of Safety for Ships using Gases or Low-Flashpoint Fuels (IGF Code), 
Development of Training and Certification Requirements for Seafarers for 

Ships Using Gases or Low-flashpoint Fuels 

The Sub-Committee on Human Element, Training, and Watchkeeping (HTW 1) has developed draft 

amendments to Chapter V of the STCW Convention and Code relating to training and certification 

requirements for seafarers on board ships using gases or other low flashpoint fuels as well as interim 

guidance on training for seafarers serving on ships using gases or other low flashpoint fuels. This document 

prepared by the HTW Sub-Committee will be forwarded for the approval of the Maritime Safety Committee 

May 2014. 

Three levels of training standards are proposed in the draft amendment: 

1. General familiarization training for all seafarers 

2. Basic training for seafarers responsible for designated safety duties 

3. Advanced training for the master, engineers, officers and any person with immediate responsibility 

for the care of fuels addressed by the IGF Code. 

                                                
* This includes ordinary crewmembers who will participate in the actual bunkering operations. 
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All seafarers on board a vessel using fuels addressed by the IGF code should receive familiarization training 

to be able to do the following: 

 Communicate with other persons on board on elementary safety matters relating to the hazards 

associated with the fuel 

 Take precautions to prevent fuel-related hazards 

 Know the procedures to follow in the event of a fuel-related emergency 

 Take part in fuel-related emergency and contingency procedures 

The specified minimum standard of competence in the basic training is comprised of six competence 

elements: 

1. Contribute to the safe operation of a ship subject to the IGF Code 

2. Take precautions to prevent hazards on a ship subject to the IGF Code 

3. Apply occupational health and safety precautions and measures 

4. Carry out firefighting operations on a ship subject to the IGF Code 

5. Respond to emergencies 

6. Take precautions to prevent pollution of the environment from the release of fuels found on ships 

subject to the IGF Code 

The specified minimum standard of competence in the advanced training is comprised of eleven competence 

elements: 

1. Familiarity with physical and chemical properties of fuels aboard ships subject to the IGF Code 

2. Operate remote controls of fuel related to propulsion plant and engineering systems and services on 

ships subject to the IGF Code 

3. Ability to safely perform and monitor all operations related to the fuels used onboard ships subject to 

the IGF Code 

4. Plan and monitor safe bunkering, stowage, and securing of the fuel onboard ships subject to the IGF 

Code 

5. Take precautions to prevent pollution of the environment from the release of fuels from ships subject 

to the IGF Code 

6. Monitor and control compliance with legislative requirements 

7. Take precautions to prevent hazards 

8. Application of leadership and team working skills on board a ship subject to the IGF Code 

9. Apply occupational health and safety precautions and measures on board a ship subject to the IGF 

Code 

10. Prevent, control, and fight fires onboard ships subject to the IGF Code 

11. Develop emergency and damage control plans and handle emergency situations onboard ships 

subject to the IGF Code 
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Two main points arise from the above draft publication: 

 Seafarers qualified in advanced training should be required, every five years, to provide evidence of 

having maintained the required standard of competence to undertake their duties and responsibilities. 

 There is a need to take account of risk analyses. All risk analyses carried out should be made 

available to participants during training. 

The draft interim guidance would not function as an amendment to resolution MSC.285(86), Interim 

Guidelines on safety for natural gas-fueled engine installations in ships because the resolution and the draft 

interim guidance are not compatible. The resolution addresses training in the use of fuels in addition to the 

natural gas fueled ships that are subject to it. In addition, the training hierarchy of the draft presents 

significant differences to the text in the resolution. 

5.1.2.3 International Association of Oil and Gas Producers (OGP) Draft 
118683 - Guidelines for Systems and Installations for Supply of LNG as a 

Fuel to Ships 

The objective of this technical specification is to provide guidance for the planning and design of the 

bunkering facility, the ship/bunkering facility interface, procedures for connection and disconnection, the 

emergency shutdown interface, and the LNG bunkering process control. To ensure that a LNG-fueled vessel 

can refuel with a high level of safety, integrity, and reliability the guidelines for training include operator and 

crew competency, training, and the functional requirements for equipment. Table 5-3 highlights the LNG 

bunkering operations training structure requirements (Ref. /123/). 

Table 5-3: Training Structure 

Training Structure Description 

Training is to be in accordance with written programs, independently verified at least every five years and given by 

persons who are experienced and qualified. 

Structured to include methods, media of delivery, procedures, assessment, and course materials 

Dependent on required standards of competence 

Existing regulations for basic safety training can be used to fulfill the minimum requirements 

Training only permitted in the workplace if it does not adversely affect normal operations and can be safely carried out 

Adequate training is necessary for all personnel during manual operations, maintenance regimes, and 

emergency response plans. Qualifications of personnel shall be prepared, retained, and properly documented. 

Table 5-4 provides training detail for personnel regarding LNG bunkering operations. 
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Table 5-4: Personnel Training (Ref. /123/) 

Personnel Training Description 

Minimum Training Topics 

International or regulations guidelines regarding LNG fuel transfer operations 

Properties hazards of LNG relevant to LNG bunkering operations and effects of mixing LNG with different properties 

Risk reducing measures and safe operation of LNG fuel transfer equipment 

First aid response 

LNG Bunkering Operations Procedures 

Routine maintenance and testing procedures (including pre transfer procedures, tests, and checks) 

Safe connection and disconnection procedures 

Checks and procedures during LNG bunkering operations (including LNG fuel quality and properties confirmation) 

SIMOPS - Management of operations other than LNG fuel transfer that can occur simultaneously with that transfer 

Non-Standard and Emergency Operations Training 

Immediate action to be taken (according to emergency response plans) in response to emergency situations that can 

occur during LNG fuel transfer operations including liquid and/or vapor leakage (proper management procedures), fire or 

emergency breakaway 

5.1.2.4 Norwegian Maritime Directorate - Regulation of 9 September 2005 No. 
1218 Concerning the Construction and Operation of Gas-Fueled 

Passenger Ships 

All training should comply with the Norwegian Maritime Directorate guidelines. This regulation assists with 

aligning global competence development for Category A, B, and C training (reference IMO Resolution 

MSC.285 [86]) for personnel on a gas-fueled passenger ship. The Norwegian Maritime Directorate must 

approve the structure for training of the three categories and completed training documentation (internal and 

external) must be available on board: 

 Category A - Basic: Basic competence for all officers/crew, regardless of role or function 

 Category B - Deck: Competence requirements for deck officers/operational deck crew 

 Category C - Engine: Competence requirements for engine officers/operational engine crew 

Internal refresher courses are mandatory for crewmembers to assume duties on board, if such crewmembers 

have been absent for a continuous period of more than six months.  
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5.1.2.5 DNVGL-RP-0006:2014-01 – Development and Operation of Liquefied 
Natural Gas Bunkering Facilities 

The overall objective of this recommended practice (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. 

A key practice is that release of natural gas into the atmosphere shall be avoided because it is for inspection 

or testing operations. All natural gas released during inspection shall be properly disposed without venting. 

Further objectives are to increase the overall understanding of the risks associated with LNG bunkering and 

demonstrate how to best manage such risks. 

In general, this RP recommends that all staff should obtain appropriate training to be competent in 

designated roles and to perform their responsibilities safely. Besides the initial training, refreshment training 

is important in order to maintain competence and perform safe operations. Training should include human 

and organizational factors. 

Training requirements in Europe for personnel involved in LNG bunkering operations are structured according 

to the IMO Resolution MSC.285(86), STCW, the OGP Draft 118683, ADN/ADR regulations and industry codes 

(e.g., SIGTTO). 

All personnel working with LNG bunkering operations are to be trained and authorized for working with 

cryogenic and flammable liquids. It is also recommended that the records of training of crew personnel shall 

be maintained and documented.  

A direct link between Safety Management System, Risk Analysis, and Training is described. 

5.1.2.6 DNV Standard for Certification No. 3.325 - Competence Related to the 

On Board Use of LNG as a Fuel 

This standard specifies the competence requirements of a shipboard-working environment in which LNG is 

used as a fuel, and specifies required competence of those having to manage such operations. The standard 

assists with aligning global competence development for Category A, B, and C training as defined in the 

Interim Guidelines on Safety for Natural Gas-Fuelled Engine Installations in Ships (IMO Resolution MSC.285 

[86]), and expects to support further industry initiatives.  

The following categories are defined as: 

 Category A - Basic: Basic competence for all officers/crew, regardless of role or function 

 Category B - Deck: Competence requirements for deck officers/operational deck crew 

 Category C - Engine: Competence requirements for engine officers/operational engine crew 

There are four levels of what a person has to master based on instructional design principles: knowledge, 

understanding, application, and integration. For each level, it is a prerequisite that the preceding level is 

mastered. Familiarity with similar activities aboard a conventionally fueled vessel is considered part of the 

skill set of the crew and is not addressed. 
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This standard serves as a guide to competence requirements that employers should place on their crew as 

well as a guide to training providers who are to develop courses according to the requirements of the 

standard. Crew assessment is addressed, as well as providing a reference document for competence related 

services such as competence management system certification or learning program certification. 

5.1.2.7 Bunkering of Liquefied Natural Gas-fueled Marine Vessels in North 
America, ABS Publication 

The recently published ABS Study, Bunkering of Liquefied Natural Gas-Fueled Marine Vessels in North 

America, addresses the different training arrangements that currently exist, i.e., Resolution MSC.285(86), 

The Standards of Training, Certification and Watchkeeping (STCW) Convention and Code, The USCG Policy 

letters, and the various CFRs that apply.  

5.1.3 Safety Culture and Safety Management Systems 

The role of effective and safety-conscious leadership is well recognized, e.g., Center for Chemical Process 

Safety’s (CCPS) Risk Based Process Safety and the Baker Panel Investigation (Texas City) as leaders set the 

standard for how operations are conducted and for the overall success of the Process Safety Management 

(PSM) program. This aspect is no less important at small facilities as it is for large ones. 

Shore based permanent facilities, as well as being covered by Occupational Safety and Health 

Administration’s Process Safety Management Program (OSHA PSM), would also normally be covered by the 

Environmental Protection Agency’s Risk Management Plan (EPA RMP) regulations. These have the same 

general structure as OSHA PSM but require additional offsite consequence assessment for worst-case 

dispersion, fire, and explosion events. This is not used for setting buffer zones, but used for public 

communications and by local emergency responders for planning their emergency response. It is well 

recognized that LNG is a major hazard liquid similar in properties to LPG although cryogenic and thus a 

greater hazard than current bunkering fuels. 

A major learning for the industry was the Texas City explosion in 2005 where the Baker Panel Report 

particularly highlighted gaps in safety leadership and a culture for Process safety. Behavior based safety 

programs (BBS) build a safety culture for occupational safety but do not generally address process safety. 

CCPS published a book after Texas City also addressing this issue called Guidelines for Conduct of 

Operations/Operational Discipline (Ref. /131/). This involves instilling a culture amongst leaders and staff to 

fully comply with well-constructed procedures but to recognize when any part of the activity extends beyond 

the operating envelope and to stop and take advice before continuing. 

In this context, process safety is different to “safety culture” and it is an extension to address respect for the 

equipment and the hazards of LNG fuel. 

Safety Management Systems (SMS) are required on vessels according to the International Safety 

Management (ISM) code and for shore-based facilities as per the OSHA PSM standard, as supply inventory 

will exceed 10,000 lbs. Potentially, individual LNG trucks may not be covered by the PSM regulations. In 

addition, PSM does not require a safety culture program. In Secretary of Labor v. Meer Corporation (1997) 

(OSHRC Docket No. 95-0341), an administrative law judge ruled that PSM coverage does not extend to 

flammables stored in atmospheric tanks, even if the tanks are connected to a process. As a result, employers 

can exclude the amount of flammable liquid contained in an atmospheric storage tank, or in transfer to or 

from storage, from the quantity contained in the process when determining whether a process meets the 
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10,000-pound threshold quantity.  This is clarified in a recent OSHA request for information to update the 

PSM regulation (Ref. /129/). 

There are 12 main elements in PSM and some key aspects of PSM that are related to LNG operations, not 

previously addressed: 

 Operating Procedures 

 Safe Work Practices 

 Training and Competence 

 Mechanical Integrity 

 Hazardous Identification 

 Safety Documentation 

 Management of Change (MOC) 

 Incident Investigation 

 Emergency Planning and Response 

 Pre-Startup Safety Review (initial commissioning) 

 Compliance Audits  

 Contractors 

Mechanical integrity is a key part in PSM programs and is required to maintain safe ongoing operations, e.g., 

auditing, routine inspections, maintenance programs, and material suitability. 

According to the recent OGP Draft 118683, bunkering operations should be developed and conducted by a 

recognized SMS. Therefore, the LNG bunkering operations training needs to go beyond the typical technical 

training and safety to address management systems and safety culture (Ref. /123/).  

5.1.4 Current Training Course Examples for LNG-Fueled Vessels 

The following list details different training courses from two major LNG engine and systems suppliers that 

currently cover LNG related training topics as part of their scope of delivery of engines and systems for LNG-

fueled vessels. 

 Wärtsilä Land & Sea Academy – LNG Training 

 Rolls Royce Technology & Training Centre - LNG Training 

5.1.4.1 Wärtsilä Land & Sea Academy – LNG Training  

Wärtsilä’s program addresses training needs for crewmembers in different categories with different 

competence requirements (Ref. /130/): 

 Category A – Generic: All ship crew 

o Competence requirements related to gas safety and IMO 

 Category B – Specialized (Equipment): Deck and engine room crew   

o Competence requirements for gas terminal operations on/offshore, bunkering process, LNG 

system functionality, and LNG-fueled engines 

 Category C – Specialized (Automation System): Deck and engine room crew 
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o Competence requirements for LNG system components, LNG-fueled engines and propulsion 

control system 

5.1.4.2 Rolls Royce Technology & Training Centre - LNG Training  

A typical training program for the LNG operational crew aboard an LNG-fueled vessel may contain the 

following main topics (Ref. /131/): 

 Classroom training - Inspectors, Staff Chief Engineers, Engine Room Crew, Electricians, Master and 

Mates 

o Competence related to Gas Engine, Engine Control and Monitor System, LNG tank system and 

safety, propeller and thruster control  

o The above training would be done at different intervals, at first delivery of systems, prior to sea 

trials, and after completed sea trials 

 In-Service training - All crew members 

o Troubleshooting and maintenance, test and adjustments, performance evaluation, safety 

precautions, special tools and equipment operation 

As seen in the above two training programs, both focus on the needs of the different crew members in order 

for them to operate the systems in a safe and efficient manner. Both courses are tailor-made specifically for 

each hull and installation to cater for engine and equipment specific procedures and operations. These 

programs seem to cover the specific LNG engine and system training needs for all crewmembers. 

In Section 5.2.4, current examples of two Fire Suppression courses are described. Parts of these courses 

would be appropriate for the training of an LNG vessel crew.  

5.1.5 Comparative Review of LNG Bunkering Operations Training 

Based on the findings summarized in Table 5-1, as well as the descriptions provided in Section 5.1, the 

following regulations and guidelines contain the most comprehensive training content for LNG bunkering 

operations training: 

 IMO Resolution MSC.285(86) 

 Norwegian Maritime Directorate 

 DNVGL-RP-0006:2014-01 

IMO Resolution MSC.285 (86) does not include the requirement for conducting refresher courses for 

crewmember training, unlike the Norwegian Maritime Directorate and DNVGL-RP-0006:2014-01. Additionally, 

the refresher training key factor is covered in 33 CFR Part 127 and 46 CFR Part 15. 

The following key factors are captured in the majority of the researched regulations and guidelines: 

 Familiarization and Basic Training 

 Vessel Specific Training 

 Competency Documentation 

A comparison of the regulations and guidelines is summarized below: 

 The main variance between the national and international regulations and guidelines is the re-

evaluation of the training programs. The international regulations and guidelines indicate that 

training programs must be re-evaluated on a regular basis in order to meet the requirements of LNG 
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bunkering operations training. Such training programs constitute part of a continuous improvement 

program and frequency of re-evaluation varies between the regulations and guidelines. Based on 

findings in the researched documents, national regulations and guidelines do not include re-

evaluation as part of the structuring for LNG bunkering operations training. 

 Regulations and guidelines should include the requirement for re-evaluation of training programs on 

a regular basis or after significant changes in order to ensure the training curricula meets updated 

requirements for LNG bunkering operations. This approach could be adopted into the existing 

continuous improvement programs (e.g., safety management system) of the facility and/or vessel. 

This identified key factor includes reviewing/re-establishing training requirements based on the three 

identified categories (e.g., basic training for all officers/crew, supplementary training for deck 

officers/operational deck crew, and supplementary training for engine officers/operational engine 

crew). The frequency of re-evaluation should be identified based on vessel specific and crew 

responsibility requirements and included as part of the recommendation. Best practices will emerge 

through continued LNG bunkering operations and should be included as part of the training program 

re-evaluation for continual adaptations for safer operations through training. This will also include 

optimizing the amount of time required for training to an efficient standard of comprehension. 

 The need for training program changes could include inputs from a Captain of the Port, NASFM, NFPA, 

USCG, or relevant international organizations. 

 The Norwegian Maritime Directorate states that internal refresher courses are mandatory for crew 

members to assume duties on board, if such crew members have been absent for a continuous 

period of more than six months. The DNVGL-RP-0006:2014-01 describes that continued maintenance 

of competence by means of refresher training is significant for safe operations. National regulations, 

33 CFR Part 127 and 46 CFR Part 15, detail training on the same subjects must be maintained on a 

five-year basis. Therefore, all regulations and guidelines should include the requirement for 

continually completing refresher courses, especially if the personnel have been inactive within LNG 

bunkering operations for a defined period of time. This approach will aid in continued maintenance 

for personnel competence in order to safely conduct LNG bunkering operations. Refresher courses 

should be mandatory for all three training categories and conducted in a manner that promotes the 

specific knowledge, understanding, application, and integration of the LNG bunkering operations. The 

level of requirements for what constitutes as re-training and frequency of such refresher training 

courses should be defined and included in the respective regulation or guideline. 

 Several of the researched regulations and guidelines suggest that regular drills should be conducted 

to ensure safe transfers. Such drills would also cover gas-related emergency situations.  

 The majority of the regulations and guidelines indicate that documentation must be maintained and 

be available to verify training level competencies. 

 PIC is a nationally recognized term for indicating roles and responsibilities on board the vessel and/or 

facility. It is included in all the CFRs and the two draft policy letters. International regulations and 

guidelines tend to not utilize the same naming designation. As an example, the DNVGL-RP-

0006:2014-01 is more focused upon the roles and responsibilities of the LNG bunkering personnel. 

 Only one of the regulations mentions requirements pertaining to acceptance and approval of the 

training scheme. The Norwegian Maritime Directorate must approve the structure for the training of 

all three categories (A, B, and C). As training is a key factor in ensuring that LNG bunkering remains 

a safe and secure operation, it is suggested that there is a national training approval authority that 
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can uphold a high level of standard expertise and knowledge. For example, this could be done in 

liaison with the National Association of State Fire Marshals (NASFM) and the USCG. This would 

ensure that common grounds are laid in order to have a uniform training scheme in the U.S. The goal 

of this approval would be twofold: 

o Ensure that companies or training facilities offering a nationally recognized LNG bunkering 

operations training are delivering the training in a manner that meets all regulations and 

guidelines. 

o Provide a thorough understanding of LNG hazards and means to mitigate a fire or gas leak event 

in order to protect the nearby community, the emergency responders, the vessel being loaded, 

and the supply facility. 

 DNVGL-RP-0006:2014-01 states that training should include human and organizational factors. 

These factors would typically include elements such as motivation, procedures, and methods defining 

organizational tasks, safety culture, leadership, and operational discipline/control of operations.  

 46 CFR Part 15 details transfer requirements applicable to the specific vessel while 33 CFR Part 127 

directs the designation and qualifications of the PIC as well as establishing the procedures for the 

LNG bunkering operations. 

 There is a lack of specific shore-side training related to the LNG shore-side bunkering personnel. 

 Though emissions from Volatile Organic Compounds (VOCs) are well known within the oil and gas 

industry and methane is a well-known greenhouse gas, none of the regulations and guidelines 

describes how to avoid and/or reduce potential methane leakage during bunkering. DNVGL-RP-

0006:2014-01 identifies scenarios and conditions in which particular care must be taken to avoid 

release of methane. Section 4.1 lists layers of defense to avoid methane leakages or releases.  

5.1.6 Suggested Content for LNG Crew Training  

Based on the findings as summarized in Table 5-5, Table 5-6, and Table 5-7, as well as the descriptions 

provided in Sections 5.1.1 through 5.1.4, an LNG Crew Training Scheme is proposed. The training content for 

the LNG Crew (both the vessel and shoreside crews) that are involved with the planning, preparation, and 

executing the bunkering may include the following topics as shown in Table 5-5, Table 5-6, and Table 5-7. 

Table 5-5: Suggested Training Content for LNG Bunkering Marine Crew 

Training Level Description 

Basic Training  Basic training covering operations and LNG hazards including elements from IMO 

requirements, STCW and DNV GL’s LNG Bunkering RP 

 Training should include their role in testing of operating (pumps, hoses, etc.) and 

emergency equipment and practicing emergency drills 

 Training should include implications of human and organizational factors 

Advanced Training  Training should address avoidance of methane leakage or smaller LNG releases during 

bunkering operations. 

 Training should address how to respond to the identified facility/port specific MAEs, e.g., 

large cryogenic liquid and gas releases, BLEVEs, fires onboard the bunkering vessel, 

receiving vessel or facility, and sinking events submerging the LNG tanks. 
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Training Level Description 

Site Specific Training  Training should include vessel specific SMS including understanding vessel/facility 

emergency procedures. 

 Drills on the contingency plan should be part of the training program. This should be 

practiced at regular intervals both as “desk top” and as practical exercises. 

 Staff members need to understand situations that could escalate into a MAE and when to 

call on assistance of the wider resources available in the port and how to respond before 

help arrives. 

 A thorough understanding of the mechanical integrity of LNG bunkering equipment and 

safety systems is essential in order to maintain safe ongoing operations, e.g., safe work 

practices, routine inspections, maintenance programs, material suitability, and auditing,. 

For example, this would be competence relating to the LNG tank system, LNG transfer 

system, safety systems, purging, and venting. 

 An understanding of the interface, roles, and responsibilities for both the LNG supply and 

LNG receiving vessels 

 An understanding of all relevant port regulations relating to LNG transfers and 

emergency response 

Table 5-6: Suggested Training Content for Crew on LNG-Fueled Vessels 

Training Level Description 

Basic Training  Basic training covering operations and LNG hazards including elements from IMO 

requirements, STCW, and DNV GL’s LNG Bunkering RP. 

 Training should include their role in testing of operating and emergency equipment and 

practicing emergency drills. 

 Training should include implications of human and organizational factors. 

Advanced Training  Training should address avoidance of methane leakage or smaller LNG releases during 

bunkering operations 

 Training should address how to respond to the identified facility/port specific MAEs, e.g., 

large cryogenic liquid and gas releases, BLEVEs, fires onboard the bunkering vessel, 

receiving vessel or facility, and sinking events submerging the LNG tanks. 
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Training Level Description 

Site Specific Training  Training should include vessel specific SMS including understanding vessel/facility 

emergency procedures 

 Drills on the contingency plan should be part of the training program. This should be 

practiced at regular intervals both as “desk top” and as practical exercises. 

 Staff members need to understand situations that could escalate into a MAE and when to 

call on assistance of the wider resources available in the port and how to respond before 

help arrives. 

 A thorough understanding of the mechanical integrity of LNG receiving equipment and 

safety systems is essential in order to maintain safe ongoing operations, e.g., safe work 

practices, routine inspections, maintenance programs, material suitability, and auditing. 

For example, this would be competence relating to the LNG tank system, LNG transfer 

system, safety systems, purging, and venting. 

 An understanding of what simultaneous operations are permitted or forbidden during 

supply of LNG to the receiving vessel. 

 An understanding of the interface, roles, and responsibilities for both the LNG supply and 

LNG receiving vessels. 

 An understanding of all relevant port regulations relating to LNG transfers and 

emergency response. 

Table 5-7: Suggested Training Content for LNG Shore-Side Crew 

Training Level Description 

Basic Training  Basic training covering operations and LNG hazards including elements from the OSHA 

PSM standard 

 Training should include their role in testing of operating (pumps, hoses) and emergency 

equipment and practicing emergency drills. 

 Training should include implications of human and organizational factors. 

Advanced Training  Training should address avoidance of methane leakage or smaller LNG releases during 

bunkering operations. 

 Training should address how to respond to the identified facility/port specific MAEs, e.g., 

large cryogenic and gas releases, BLEVE’s, fires onboard the LNG-fueled and bunkering 

vessel, receiving vessel, or to the facility itself. 
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Training Level Description 

Site Specific Training  Training should include shore-side site-specific SMS including understanding control of 

access/safety zones (if any) and facility emergency procedures. 

 Drills on the contingency plan should be part of the training program. This should be 

practiced at regular intervals as both “desk top” and practical exercises. 

 Staff members need to understand situations that could escalate into an MAE and when 

to call on assistance of the wider resources available in the port and how to respond 

before help arrives. 

 A thorough understanding of the mechanical integrity of LNG supply equipment and 

safety systems is essential in order to maintain safe ongoing operations, e.g., safe work 

practices, routine inspections, maintenance programs, material suitability, and auditing. 

This would, for example, be competence relating to the LNG tank system, LNG transfer 

system, safety systems, purging, and venting. 

 An understanding of what simultaneous operations are permitted or forbidden during 

supply of LNG to the receiving vessel 

 An understanding of the interface and roles and responsibilities for both the LNG facility 

and LNG receiving vessels 

 An understanding of all relevant port regulations relating to LNG transfers and 

emergency response 

For all of the above-mentioned training levels, continued maintenance of competence by means of 

refreshment training and continuous education is a key issue. Re-training should be undertaken at regular 

intervals. The records of training should also be maintained and documented in a formalized manner. 

International cooperation activities should be considered (with organizations such as IMO) within the LNG 

crew-training requirements. This would ensure there is a common alignment amongst LNG crews across 

international boundaries.  

5.2 Responder Training  

This section describes key responder training guidelines for local responders for bunkering whether shore-

side or aboard a vessel. This includes personnel from the USCG, emergency medical services (EMS), local 

firefighters and hazmat teams that are identified by regulations, standards and guidance. Section 5.2 has 

been divided into the following subsections: 

 Section 5.2.1 – National Regulations and Guidelines 

 Section 5.2.2 – International Regulations and Guidelines 

 Section 5.2.3- Current Emergency Response Plan Example 

 Section 5.2.4 - Current Fire Suppression Training Examples 

 Section 5.2.5 – Comparative Review of Responder Training 

 Section 5.2.6 - Suggested Training Needs for Local First Responders 

A comparative summary highlights similarities and differences between the local responder training 

requirements (See Table 5-8) (Ref. /118/; /119/; /121/; /125/; /133/; /134/; /135/). The following list 

provides a description of the identified key factors in Table 5-8.  

 Crew Emergency Responses: This indicates crew responsibilities for emergency responses (e.g., 

emergency manuals) and not the actual responsibilities of the local responders. 
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 Responder Training: The regulation or guideline indicates the training needs for local responders. 

 Competency Documentation: The regulation or guideline addresses documenting or record 

keeping of the local responder training. 

 Refresher Course: Internal refresher courses are mandatory for local responders on a regular basis, 

especially if such responders have been absent for a continuous period of time. 

In general, local first responders are expected to be able to recognize and identify hazardous materials and 

protect employees from such hazards. Initial and recurrent training is mandatory for local first responders, 

and must continually be maintained and documented.  
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Table 5-8: Responder Training Regulations and Guidelines Comparative Summary  

 

Regulations and Guidelines 

Key Factors 

Crew Emergency 

Responses 
Responder Training 

Competency 

Documentation 
Refresher Course 

National Regulations and Guidelines 

46 CFR Part 35 
    

46 CFR Part 15 
    

49 CFR Part 172 
    

NFPA 472 
    

CG-OES No. 01-14 
    

International Regulations and Guidelines 

OGP Draft 118683 
    

DNVGL-RP-0006:2014-01 
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5.2.1 National Regulations and Guidelines 

The National Regulations and Guidelines subsection provides a high-level summary of the responder training 

related contents in the following regulations and guidelines (draft policy letter): 

 Code of Federal Regulations (CFRs) 

o 46 CFR Part 35 – Operations 

– Subpart 35.10 – Fire and Emergency Requirements 

 §35.10-1 Emergency training, musters, and drills  

o 46 CFR Part 15 – Manning Requirements 

– Subpart D – Manning Requirements; All Vessels 

 §15.405 Familiarity with vessel characteristics 

o 49 CFR Part 172 – Hazardous Materials Table, Special Provisions, Hazardous Materials 

Communications, Emergency Response Information, Training Requirements, and Security Plans 

– Subpart H – Training 

 §172.704 Training requirements  

 National Fire Protection Association (NFPA):   

o NFPA 472, Standard for Competence of Responders to Hazardous Materials/Weapons of Mass 

Destruction Incidents  

o NFPA, Third Needs Assessment of the U.S. Fire Service 

 CG-OES Draft Policy Letter No. 01-14 

o Guidelines for Liquefied Natural Gas Fuel Transfer Operations and Training of Personnel on 

Vessels Using Natural Gas As Fuel 

5.2.1.1 Code of Federal Regulations (CFRs) 

This section contains a brief description of the responder training related contents included in the following 

CFRs: 

 46 CFR Part 35.10 

 46 CFR Part 15 Subpart D 

 49 CFR Part 172 Subpart H 

46 CFR Part 35 Subpart 35.10: Operations  

This regulation indicates that all emergency training, musters, and drills must be in accordance with the 

Lifesaving Appliances and Arrangements subchapter. This CFR details crew responsibilities only and does not 

feature local responder training requirements. 

46 CFR Part 15 Subpart D: Manning Requirements  

Each licensed, registered, or certificated individual must become familiar with the relevant characteristics of 

the vessel prior to assuming his or her duties. As appropriate, these include firefighting and lifesaving 

equipment and emergency duties. This CFR describes crew responsibilities only, and does not feature local 

responder training requirements. 
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49 CFR Part 172 Subpart H: Hazardous Materials Table, Special Provisions, Hazardous 
Materials Communications, Emergency Response Information, Training Requirements, 

and Security Plans 

This CFR indicates the requirements for hazmat employee training. Hazmat training has been summarized as: 

 General Awareness/Familiarization  

o Recognition and identification of hazardous materials consistent with the hazard communication 

standards (e.g., OSHA, EPA) 

 Function Specific  

o Authorized by the ICAO Technical Instructions and the IMDG Code as necessary 

 Safety Training 

o Emergency response information (e.g., measures to protect employee from hazards and 

methods/procedures to avoid accidents) 

 Initial and Recurrent Training 

o Training to be complete under direct supervision of a properly trained hazmat employee within 

90 days of employment or changing job function 

o Training must be received every three years and such training must be recorded and retained by 

the employer. This CFR details what the record (documentation) must include.  

5.2.1.2 National Fire Protection Association (NFPA) 

This section contains a brief description of the responder training related contents included in the NFPA 472 

and the NFPA publication Third Needs Assessment of the U.S. Fire Service. 

NFPA 472 – Core Competencies for Operations Level Responders 

Personnel include law enforcement, public service, fire or emergency services, and a variety of private 

organizations who are first to arrive at the scene of a hazardous materials incident. Generally, such 

personnel are not members of a hazardous materials response team.  

Those who are required to receive the responder training must complete the pre-requisite ‘Awareness Level 

Training’ course. Responder training typically ranges from 16 to 24 hours and is recommended to be 

conducted in a classroom setting or as field exercise in conjunction with the training. The training will result 

in developed competencies of analyzing a HAZMAT incident, planning an initial response, implementing a 

planned response, and evaluating progress. Annual refresher training (an 8-hour course) includes 

competency retesting of all response cognitive skills, technical updates to hazards and response protocols, 

as well as critique of incident scene decision-making using simulated emergencies.  

The NFPA 472 provides a detailed training objectives list for competency development of the intended 

responders.  

NFPA – Third Needs Assessment of the U.S. Fire Service 

The goal of the NFPA Assessment Survey is to identify major gaps in the needs of the U.S. Fire Service, 

where needs are identified by comparing what departments have with what existing consensus standards, 

government regulations, and other nationally recognized guidance documents say they need to have in 

order to be safe and effective in conducting their many responsibilities. 

Fire service needs are extensive across the board, and in nearly every area of need, the smaller the 

community protected, the greater the need. The number of identified needs have decreased by a 
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considerable degree particularly related to personal protective and firefighting equipment. Declines in needs 

have been more modest in some other important areas, such as training. 

Based on this survey conducted in 2010, the majority of the local fire departments with responsibility for 

handling hazardous materials incidents reported not having all personnel fully trained to respond properly to 

the hazardous incidents. Gaps can be tolerated in low hazard rural areas; however, this should not be 

permitted in LNG Ports. This can be resolved through a uniform approach, which should be adapted across 

the nation especially in the areas where LNG bunkering operations is planned to be executed (Ref. /136/). 

5.2.1.3 CG-OES Draft Policy Letter No. 01-14: Guidelines for Liquefied Natural 
Gas Fuel Transfer Operations and Training of Personnel on Vessels Using 

Natural Gas as Fuel 

This draft policy letter indicates that emergency contact information for local coast guard units, hospitals, 

fire departments, police departments, and other emergency response organizations should be included in 

the emergency manual. The emergency manual should be continually updated and readily available to the 

coast guard inspectors upon request.  

This draft policy letter details crew responsibilities only and does not feature local responder training 

requirements (Ref. /119/). 

5.2.2 International Regulations and Guidelines 

The International Regulations and Guidelines subsection provides a high-level summary of the responder 

training related contents in the following regulations and guidelines: 

 International Association of Oil and Gas Producers (OGP) Draft 118683 

o Guidelines for Systems and Installations for Supply of LNG as a Fuel to Ships 

– Chapter 10 – Training 

 DNVGL-RP-0006:2014-01 

o Development and Operation of Liquefied Natural Gas Bunkering Facilities 

– Section 6 – Safety Management System 

 6.2.3 Roles and responsibilities 

 6.2.8 Emergency management 

International Association of Oil and Gas Producers (OGP) Draft 118683 (ISO Technical 
Specification 18683) - Guidelines for Systems and Installations for Supply of LNG as a 

Fuel to Ships 

The LNG bunkering supplier is responsible for planning and conducting training of personnel before first 

delivery of LNG at the selected facility. This also includes emergency response services.  

This guideline mentions emergency response services; however, it is under the context of bunkering 

personnel and not local responders. This guideline also requires that an emergency response plan is 

established and that this plan include first responders. 
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DNVGL-RP-0006:2014-01 – Development and Operation of Liquefied Natural Gas 
Bunkering Facilities 

The LNG bunkering supplier is responsible for planning and conducting training related to emergency 

response services of the crew. Varying roles in LNG bunkering are described, one of which is the local fire 

brigade. The responsibilities of the roles are to be included in the operations and emergency manuals. As 

part of the contingency plan, the emergency manual shall contain facility contact details and telephone 

numbers of key operating, safety, and security personnel (local medical facility, fire department, facility 

supervisors/responsible, port security, police). 

This recommended practice details crew responsibilities only and refers that shore personnel are to be 

trained according to national applicable standards. 

5.2.3 Current Emergency Response Plan Example 

The following describes an example of a current emergency response overview of the Skangass LNG 

Bunkering Facility in Risavika harbor, close to Stavanger, Norway (Ref. /137/). Skangass will be operating a 

bunkering facility beginning in summer 2014 that will be dedicated to Fjord Lines LNG-fueled cruise ferries 

that are sailing between Norway and Denmark. The Norwegian Directorate for Civil Protection has given an 

approval for bunkering the cruise ferries while having passengers on board. The main reason for having 

passengers on board is to reduce the duration of turnaround time of the receiving vessels while at port.  

Skangass will be responsible for the emergency response plan related to the bunkering facility and 

bunkering operations. Skangass, which operates the LNG liquefaction plant and distributes the LNG, and 

Fjord Line, which operates the LNG-fueled ferry, are jointly coordinating their emergency response plans 

with respect to the procedures related to potential LNG related events. This enables common communication 

and evacuation procedures for vessels at the quayside. 

The Fjord Line crew will receive specific evacuation training prior to start-up of LNG bunkering. The local 

emergency responders will also be an important part of the operative emergency preparedness at the facility. 

Local emergency responders will receive LNG-specific theoretical and practical training courses in order to be 

able to respond to identified threats to the facility. For the planning and execution of emergency response 

training and drills the following events have been assumed as a base case as shown in Table 5-9 

(Ref. /137/): 

Table 5-9: Base Case Planning Assumptions 

Description of Event Justification 

LNG leak at the quayside during LNG 

bunkering of the receiving vessel 

 Dimensioning of response barriers and measures at the quayside 

 Impacts on 3rd party 

 Requirement for system and evacuation procedures with respect to the 

ferry and the terminal 

LNG leak from 8” supply pipeline 

between the LNG facility and the 

bunkering terminal 

 Requirement for alerting neighboring parties regarding gas leaks 

 The terminal operator does not control activities within this area 
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Description of Event Justification 

Ignited gas leak with a following fire 

on the receiving vessel or within the 

bunkering terminal 

 Impacts on 3rd party 

 Requirement for system and evacuation procedures with respect to the 

ferry and the terminal 

 Requirement for presence of emergency response personnel 

The emergency response plan for the LNG bunkering facility will be developed and incorporated into 

Skangass’ s emergency response plan which will include elements in conjunction with potential situations on 

board the LNG-fueled ferry (Fjord Lines “Muster Plan”) and situations that may occur on the ferry terminal 

(Fjord Lines “Evacuation Procedure”).  

5.2.4 Current Fire Suppression Training Examples 

The following list includes different training courses from two major U.S. fire and emergency service training 

facilities that currently cover LNG/Flammable Gas-related training topics as part of training to the fire service 

and industry. 

 Texas A&M Engineering Extension Service 

 Massachusetts Fire Fighting Academy 

Texas A&M Engineering Extension Service (TEEX) – LNG Spill Control & Fire Suppression 

Training 

The TEEX has a LNG fire training ground for fires of a size similar to what might be expected for bunkering. 

The LNG Spill Control and Fire Suppression course provides the information, training, and practical 

experience necessary to safely respond to and control liquefied natural gas spills and fires. The 16 hours 

course content is presented using a classroom presentations and hands-on training (Ref. /138/). 

Course topics include: 

 LNG characteristics and behavior  

 Behavior of confined and unconfined LNG spills on land and water  

 LNG vapor cloud behavior and control techniques 

 Use of high expansion foam for LNG vapor and fire control 

 Use of dry chemical agents for suppression of LNG pool fires 

Massachusetts Firefighting Academy (MFA) – LNG/Flammable Gas Fire Suppression 
Training 

The MFA also has a LNG fire training ground for fires of a size similar to what might be expected for 

bunkering. There are different courses (Flammable Gas Firefighter Training Classroom and Practical, Basic 

Liquefied Gas, Command and Control of Gas Emergencies, Firefighting Foam for Class B Fires and LNG - 

Awareness) that provide information, training, and practical experience necessary to safely respond to and 

control liquefied natural gas spills and fires. The mentioned courses have a total content of 44 hours and 

through classroom instruction and real world props, students learn to safely, and effectively manage 

incidents involving these products (Ref. /139/). 
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Course topics include: 

 General properties of flammable gases and LNG 

 How to handle LNG emergencies 

 Hands-on exercises consisting of controlling or extinguishing leaks and fires involving LNG 

 Use of different types of firefighting foam and considerations in their selection and application 

The intended audience of the above courses is related to personnel involved in the production, storage, or 

transportation of liquefied natural gas or anyone who might be called upon to respond to an LNG incident. 

The identified training courses from two of the major U.S. fire and emergency service training facilities seem 

to cover the necessary LNG/Flammable Gas related training topics as part of the general familiarization and 

basic training to the fire service and industry. 

5.2.5 Comparative Review of Responder Training 

Based on the findings as summarized in Table 5-8, as well as the descriptions provided in Sections 5.2.1, 

5.2.2, and 5.2.4; the following regulations and guidelines include a comprehensive training content for LNG 

responder training: 

 49 CFR Part 172 

 NFPA 472 

The above CFR and standard include the following key factors: 

 Crew Emergency Responses 

 Responder Training 

 Competency Documentation 

 Refresher Course 

A comparison of the regulations and guidelines is summarized below: 

 All researched documentation for responder training related content has indicated specific 

requirements for emergency response services; however, the majority of such regulations and 

guidelines are under the context of crew training and not local responders. 

 The 49 CFR Part 172 and NFPA 472 are the only two (of the researched content) that contain 

thorough descriptions of all of the identified key factors for local responder training.  

In addition, there are specific fire and emergency service training facilities that currently cover 

LNG/Flammable Gas-related training topics. These courses are tailored to local responders. The emphasis is 

to train responders on more common LNG accidental events and not on rare catastrophic events, which can 

have impacts over significant distances and seriously affect the asset, the emergency responders, and the 

general public. This gap can be addressed by having an individual with a higher competency deal with rare 

MAEs at every port where LNG bunkering may take place. Training of these individuals would include the 

understanding of MAEs, escalation of LNG-related events, risk assessments, and mitigation. 

The aforementioned regulations, guidelines or standards do not have any discussion pertaining to local first 

responder training with respect to Major Accidental Events (MAEs), e.g., large cryogenic and gas releases, 

BLEVE’s, fires onboard the LNG bunkering vessel, receiving vessel, or facility. 
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A joint effort between the bunkering facility and receiving vessel should be made to coordinate their 

emergency response plans with respect to the procedures related to potential LNG related events. This 

would enable common emergency response procedures for vessels at the quayside, e.g., such as ferry 

operators carrying over 1,000 people. 

There needs to be careful consideration for emergency response planning concerning the sinking of an LNG-

fueled or bunker vessel. There seems to be a need of a competent person in every port with respect to LNG 

MAEs where LNG bunkering may take place. The knowledgeable person needs to be located at the port to 

facilitate ongoing training of local emergency response teams in routing events and rare MAE’s as well as 

providing local competence should an MAE occur. This would pave forward the ability to assess the potential 

for escalation and the need to maintain exclusion zones and to retreat responders at some suitable point. 

Potential first responders in the area (tugs, firefighters at adjacent plants, hospitals) should be informed 

about the specific hazards of LNG. Firefighters, for example, should know to avoid use of water for fighting 

LNG fires. They should also know the effects of LNG on exposed steels (e.g., fracturing due to cold 

embrittlement). Emergency medical technicians and other medical professionals should be aware of the 

impacts of LNG exposure such as frostbite and asphyxiation. 

5.2.6 Suggested Training Needs for Local First Responders 

Based on the findings as summarized from the previous sections, a suggested Training Scheme content for 

Local First Responders is proposed. The Training content for Local First Responders may include the 

following topics as shown in Table 5-10: 

Table 5-10: Suggested Training Needs for Local First Responders 

Training Level Description 

General Familiarization  The basic assumption is that emergency fire personnel are trained firefighters, as per 

NFPA guidance. Similar requirements would apply to police, medical and maritime 

responders trained in their respective disciplines and appropriate level in their response 

organization. 

 First responders should be trained in the hazards and properties of LNG with particular 

attention to emergency response procedures, including, for example, cryogenic hazards, 

asphyxiation hazards, dense gas dispersion hazards, ignition hazards and fire and 

explosion hazards. 

Basic Training  Training should also include materials as per TEEX and MFA curricula, but should also 

address the specific technical features pertaining to the facilities that firefighters need to 

attend. 

Advanced Training  Training should encompass how to respond to the identified facility/port specific MAEs, 

e.g., large cryogenic liquid and gas releases, BLEVE’s, supply tank fires, gas leaks, and 

fires onboard the LNG bunkering vessel, receiving vessel or facility, or a sinking vessel. 

 There is a need for an individual with higher competency to deal with rare MAEs in every 

port where LNG bunkering may take place. Training of these individuals would include 

the understanding of MAEs, escalation of LNG related events, risk assessments, and 

mitigation. 
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Training Level Description 

Site Specific Training  Training should include site-specific details such as understanding the technical features 

of each site such as access, gas detection emergency shut down and isolation, location 

of local fire equipment, fire hydrants and monitors, foam supplies, and the location of 

vulnerable objects requiring protection. 

 Knowledge and understanding of possible hazard zones for the event occurring and thus 

any necessary barricading or local evacuation should be part of the curriculum.  

 Training should include understanding of the facility emergency response procedures, 

and integration of local responders into this plan, e.g., command structure and mutual 

aid. 

 The contingency plan should be part of the training program. This should be practiced at 

regular intervals as both “desk top” exercises and drills. 

 The training should also address maritime emergency response including firefighting 

and towing of a stricken vessel to safe anchorage. Maritime response also needs to 

address a sinking vessel where the LNG tank could be submerged. 

For all of the above training levels, continued maintenance of competence by means of refresher training 

and continuous education is a key issue. First responders should be re-trained at regular intervals. For 

documentation purposes, the records of training should be maintained and documented in a formalized 

manner. 

5.3 Key Findings and Conclusions 

Bunkering activities for LNG as a fuel are in an early stage of development in the U.S. and throughout the 

world. LNG is being used as a marine fuel in a few areas of the world, particularly in Northern Europe, but 

significant growth in LNG infrastructure is anticipated. Training for both LNG bunkering operators and local 

first responders in the event of an emergency are key focus points for LNG operations in the U.S. These 

issues are closely connected by realities and perceptions concerning risk and consequences of a potential 

LNG release event. The currently developing regulatory scheme for LNG bunkering operations training and 

local first responder training will influence the preferred national framework for training requirements.  

Significant findings primarily involve issues that require standardizing training requirements for the LNG 

bunkering operations crew and local first responders. 

1. Topic: Identify level of crew training for LNG bunkering operations to reduce methane leakage and 

LNG spillage. 

a. IMO Resolution MSC.285 (86), Norwegian Maritime Directorate and DNVGL-RP-0006:2014-

01 contains comprehensive training content for LNG bunkering operations training.  

b. Familiarization and Basic Training, Vessel-Specific Training and Competency Documentation 

are the most widely identified and accepted key factors amongst the regulations and 

guidelines for LNG bunkering operations training.  

c. National training standards for LNG bunkering operations (equipment, interfaces, and 

operations) including normal operations, maintenance regimes, and emergency responses 

should be mandated under a national framework to achieve a high level of safe bunkering 

operations. These training standards will help support a safety culture amongst the 

personnel involved with the LNG bunkering operations. 
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d. A common ground should be established for internal refresher training courses as well as 

continued re-evaluation of training programs.  

i. Internal refresher courses should be mandatory for crewmembers to assume duties on 

board, if such crewmembers have been absent for a continuous period of more than a 

pre-determined period, e.g., 6 months. 

ii. Re-evaluation of training programs must be conducted on a regular basis in order to 

meet the requirements of LNG bunkering operations training. For continuous 

improvement, frequency and re-evaluation must be identified and included as part of the 

regulations and guidelines. 

e. Additional collaboration across international boundaries regarding training requirements 

(e.g., meetings and/or seminars to define the correct approach in the organizations working 

together for international LNG bunkering operations), should be mandated. This will 

establish harmonization and common grounds between international organizations.  

f. Existing training courses for LNG bunkering operations training include Wärtsilä Land & Sea 

Academy and Rolls Royce Technology & Training Centre. These two programs focus on the 

training requirements for various crew levels as well as hull and installation specific 

equipment. 

2. Topic: Identify safety equipment and training needs for local first responders for bunkering whether 

shoreside or aboard a vessel. 

a. 49 CFR Part 172 and NFPA 472 contain the most comprehensive training content for local 

first responder requirements. 

b. Crew Emergency Responses, Responder Training, Competency Documentation and Refresher 

Training are the most widely identified and accepted key factors amongst the regulations 

and guidelines for local first responders training.  

c. There are opportunities to include the coordination, communication, and planning between 

the facility owner/operators and the local first responders of the surrounding communities.  

d. Supplementary developments can be found in providing consistent procedures for local first 

responders on a national framework.  

e. An existing thorough approach for an emergency response plan related to LNG bunkering 

operations is already part of the management system within the Skangass LNG Bunkering 

Facility in Norway. A joint communication effort has been supported by the Skangass facility 

along with Fjord Line (which operates the LNG-fueled ferry) to have a coordinated 

emergency response plan.  

3. A notable gap regarding training to reduce methane leakage and LNG spillage includes: 

a. The overall objective of OGP Draft 118683 and DNVGL-RP-0006:2014-01 is: 

i. Safety targets are met for all involved in or potentially affected by LNG bunker operations. 

ii. 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. This implies that avoiding methane leakage has to be covered 

by training 
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b. Majority of the regulations and guidelines require sufficient training of crew personnel in 

emergency preparedness for LNG bunkering operations, however training requirements to 

reduce methane leakages or LNG spillage are not specifically stated in such documents. 

5.4 Summary of Recommendations 

The following subsections summarize recommendations for the LNG bunkering operations training (Section 

5.1) and the responder training material (Section 5.2).  

5.4.1 LNG Bunkering Operations Training Recommendations 

The following provides recommendations for the LNG bunkering operations training: 

National Training Standards 

 Based on the findings from the review of current regulations and guidelines, adoption and 

implementation of portions of the IMO, STCW, and LNG Bunkering RP DNV GL into the current 

regulatory regime is highly recommended. These documents contain useful content for safe LNG 

bunkering operations training and additional material in Table 5-5, Table 5-6, and Table 5-7 could 

potentially close the identified training gaps. Training for LNG bunkering operations (equipment, 

interfaces, and operations) includes normal operations, maintenance and testing regimes, and 

emergency responses that should all be in place. These training standards will help create the 

desired process safety culture amongst the personnel involved with the LNG bunkering operations. 

 Key factors that are thoroughly covered in the existing regulations and guidelines consist of 

Familiarization & Basic Training, Vessel Specific Training and Competency Documentation. These key 

factors should be the starting basis for conducting and receiving the highest quality LNG bunkering 

operations training. Further to this baseline, the additional key factors including PIC, Crew 

Categorization, Regular Drills, Refresher Course, Training Program Re-Evaluation, Training Program 

Approved by Authorities and Human Factors should be considered and implemented into the current 

regulatory regime. There is a need for selected individuals to complete advanced training to 

recognize and respond to MAEs. 

 International cooperation activities should be considered within the LNG crew training requirements. 

This would ensure there is a common alignment amongst LNG crew across international boundaries.  

National Training Approved Scheme 

As training is a key factor in ensuring that LNG bunkering remains a safe and secure operation, it is 

suggested that there is a national training approval authority that can uphold a high level of expertise and 

knowledge. For example, this could be done by the local COTP through guidance from a designated 

organization, such as the National Association of State Fire Marshals (NASFM) NFPA, or the USCG. This 

would ensure that common standards exist for a uniform training scheme in the US. 

Human Factors and Organizational Tasks 

As human and organizational factors have been identified as important contributors to several recent MAEs, 

the design and operation of LNG bunkering facilities need to consider these factors. Similarly, training in 

these aspects is important and should be included in relevant curricula. Some examples include ergonomics, 

stress and fatigue management, incentive schemes, normalization of deviance, interfaces, and clear roles 

and responsibilities.  
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Training Program Re-Evaluations 

Regulations and guidelines should include the requirement for re-evaluation of training programs on a 

regular basis or after significant changes in order to ensure the training curricula meets updated 

requirements for LNG bunkering operations. This approach could be adopted into the existing continuous 

improvement programs (e.g., safety management system) of the facility and/or vessel.  

The need for training program changes could include inputs from a Captain of the Port, NASFM, NFPA, USCG, 

or relevant international organizations.  

Continual Refresher Courses 

Regulations and guidelines should include the requirement for completing refresher courses, especially if the 

personnel have been inactive within LNG bunkering operations for a defined period of time. This approach 

will ensure personnel competence for safe conduct of LNG bunkering operations.  

5.4.2 Responder Training Recommendations 

The following includes recommendations for the responder training that should be considered within a 

national framework. 

National Training Standards 

 Development of national training standards is highly recommended in order to have consistent 

practices around the country enabling crews to operate safely in all locations. These standards could 

be in accordance with existing ISO standards or DNV GL RPs. This suggested development would aid 

in closing the gap for responder training requirements. The National Training Standards approach 

requires collaboration with existing guidelines within a national framework to provide consistent local 

first responder procedures (especially within the confines of safe LNG bunkering operations).  

 Based on a NFPA survey conducted in 2010, the majority of the local fire departments with 

responsibility for handling hazardous materials incidents reported not having all personnel fully 

trained to respond properly to the hazardous incidents. This can be resolved through a uniform 

approach, which should be adapted across the nation especially in the areas where LNG bunkering 

operations is planned to be executed. 

Joint Emergency Response Plans 

 Based on findings from the NFPA, it is recommended that local first responders (e.g., local fire 

department, EMS, and law enforcement agencies) and facility owners/operators cooperatively 

develop the emergency response plan so that all involved parties are well informed and experienced 

should there be an emergency situation regarding LNG hazards.  

 A common coordination, communication, and planning between facility owner/operators and the 

local first responders of the surrounding communities are strongly recommended. This includes prior 

knowledge to potential hazards within the facility boundaries as well as an understanding of local 

responder capabilities. One notable example of a solution to this issue is illustrated within the 

emergency response plan set forth by Fjordline and Skangass at the Skangass facility in Norway. 

 The issue of what happens if an LNG-fueled or bunker vessel sinks needs careful consideration for 

emergency response planning. This issue could be addressed by creating a role in each port 

employed by an individual with higher competency and specific knowledge of LNG hazards and 

effective firefighting and mitigation strategies where LNG bunkering may take place. This would 
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provide the ability to assess the potential for escalation, provide guidance for safety barriers and 

exclusion zones and retrieval of responders at some suitable point. 
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Appendix A 

Interaction with Environmental Laws 

At this time, no new environmental regulations are being considered for promulgation specifically because of 

the possibility of LNG bunkering in the U.S.; however, existing environmental regulations will apply to 

bunkering facilities and operations. Liquefaction facilities are subject to more regulation than bunkering 

facilities. The discussion in this appendix focuses on environmental regulations that are directly applicable to 

bunkering facilities and operations.  

Summary 

In general, the interaction of Federal law/regulations and LNG bunkering is complex, but typical of similar 

industries in the U.S. No significant issues have surfaced during this study regarding Federal oversight of 

LNG bunkering.  

Federal environmental statutes and regulations have primacy over State statutes and regulations. A review 

of State-level laws and regulations is outside the scope of this study. It is likely that significant differences 

exist between states in which hydrocarbon production has been accepted for many decades, and states that 

have less historical interaction with hydrocarbon developments. It is recommended to conduct a review of 

State regulations relevant to LNG bunkering.  

U.S. Environmental Protection Agency Regulatory Oversight 

The U.S. Environmental Protection Agency (EPA) has direct responsibility under the following Federal 

statutes relevant to LNG bunkering: 

Federal Law Applicability 

The Marine Protection, Research and 

Sanctuaries Act (MPSRA, the “ocean-

dumping” statute), 33 U.S.C. §§ 1401-1445 

Applies to activities in all U.S. waters, and prohibits the dumping of 

material into the ocean that would unreasonably degrade or endanger 

human health or the marine environment. 

The Safe Drinking Water Act (SDWA), 42 

U.S.C. §§ 300f-300j 

Applies to facilities that provide drinking water to 15 service 

connections or 25 regularly served persons. Most of these requirements 

are delegated to the states. 

The Resource Conservation and Recovery 

Act (RCRA), 42 U.S.C. §§ 6901-6991i 

Applies to generators of waste and waste disposal for solid waste and 

hazardous waste (several types). Some states have delegated authority 

to oversee and enforce these requirements. 

The Clean Air Act (CAA), 42 U.S.C. §§ 7401-

7671q 

Applies to facilities that emit regulated substances exceeding certain 

thresholds, and requires permits for point sources listed in the 

regulation. In non-attainment areas, additional approval, reporting, and 

permits are required. Most of these requirements are delegated to the 

states.  

The Clean Water Act (CWA), 33 U.S.C. §§ 

1251-1387 

Applies to facilities that discharge into the nation’s waters. It requires 

permits and sets baseline, technology-based controls, response plans 

for facilities storing hazardous substances exceeding certain thresholds.  

The responsibility of the EPA also includes regulatory oversight over emissions from ships and marine 

vessels, including the IMO’s International Convention for the Prevention of Pollution from Ships (MARPOL) 

Annex VI regulations, which requires increasingly stringent emission limits for pollutants in Emission Control 

Areas (ECAs). The North American ECA took effect on 1 August 2012, requiring ships operating within the 
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designated waters to use onboard fuel oil with a sulfur content not exceeding 1% (by mass), and from 1 

January 2015 not exceeding sulfur content not exceeding 0.10%. Puerto Rico is located in the Caribbean 

ECA, which took effect in January 2014. (Ref. /108/). The three main options currently available to the 

industry to meet air quality environmental targets are using low sulfur fuels/distillates, installing exhaust 

gas cleaning systems, or using LNG as a primary fuel. LNG as fuel is often considered a cost-efficient 

solution to the upcoming ECA requirements in the U.S. in 2015. 

The USCG is responsible for enforcement of the international and national maritime regulations pertaining to 

ships and marine vessels, including the IMO MARPOL Annex VI regulations (Ref. /85/).  

The EPA regulates the emissions from diesel engines installed on U.S. flagged vessels, “Federal Marine 

Compression-Ignition (CI) Engines -- Exhaust Emission Standards” (Ref. /54/). The requirements vary for 

different sizes of engines. U.S. flagged vessels with Category 1 or 2 engines can be designated as Ocean 

Going Vessels if they operate extensively offshore, and may choose to comply with MARPOL Annex VI as an 

alternative to the EPA requirements.  

In 2004, the IMO, adopted resolution A.1005(25) on the Application of the International Convention for the 

Control and Management of Ships’ Ballast Water and Sediments (Ref. /110/). While the U.S. is not a party 

to the Convention, the EPA and USCG have adopted some aspects of the Convention. Both agencies oversee 

requirements related to ballast water management. Specific applicability and options for complying are 

outlined in the regulations and guidance. These requirements are expected to change to better align with 

the Convention after it is ratified.  

Other Agency Regulatory Oversight 

The U.S. DOT, under the Hazardous Materials Transportation Act (HMTA) (49 U.S.C. § 5101-5127), has 

broad discretion regarding the packaging, labeling, and transportation of hazardous materials (Ref. /92/). 

The DOT outlines basic transportation requirements for all Hazardous Materials, including cryogenic liquids 

such as LNG. It also requires development of response plans to prepare for potential spills. These 

requirements are specifically codified for each mode of transportation and apply to truck/road, rail, and 

pipeline transportation of hazardous materials.  

The U.S. ACOE has authority to oversee implementation of certain requirements under the CWA, 33 U.S.C. 

§404, using EPA's environmental criteria and subject to EPA's concurrence. The ACOE issues permits to 

dredge and fill (required for construction of piers and other structures) in waters of the U.S.  

Local Oversight 

In addition to Federal and State requirements, local requirements are likely to include zoning restrictions, 

uniform fire and building codes, and other uniform codes such as electrical, plumbing and mechanical codes. 
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