
 
 
 

Journal of Advanced Research in Ocean Engineering 3(3) (2017) 125-135 
http://dx.doi.org/10.5574/JAROE.2017.3.3.125 

 

 

Safety Assessment of LNG Transferring System subjected to gas 
leakage using FMEA and FTA 

  

Jang-Hyun Lee1*, Seyun Hwang1 and Sungchan Kim2 
1Department of Naval Architecture and Ocean Engineering, Inha University, Incheon, 22212, Korea 

1Department of Naval Architecture and Ocean Engineering, Inha Technical College University, Incheon, 22212, Korea 

 

(Manuscript Received July 20 2017; Revised August 15, 2017; Accepted August 31, 2017) 

 

Abstract 
 
The paper considers the practical application of the FMEA(Failure Mode and Effect Analysis) method to assess 

the operational reliability of the LNG(Liquefied Natural Gas) transfer system, which is a potential problem for the 
connection between the LNG FPSO and LNG carrier. Hazard Identification (HAZID) and Hazard operability 
(HAZOP) are applied to identify the risks and hazards during the operation of LNG transfer system. The approach 
is performed for the FMEA to assess the reliability based on the detection of defects typical to LNG transfer sys-
tem. FTA and FMEA associated with a probabilistic risk database to the operation scenarios are applied to assess 
the risk. After providing an outline of the safety assessment procedure for the operational problems of system, 
safety assessment example is presented, providing details on the fault tree of operational accident, safety assess-
ment, and risk measures. 
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1. Introduction   

The offshore Liquefied Natural Gas (LNG) loading and/or offloading systems include technologies that enable 

the transfer of LNG from ship-to-ship. LNG can be supplied from LNG carriers to re-gasification vessels or of-

floaded from floating LNG production vessels into LNG carriers. Typically, the LNG transfer is exposed to inci-

dents that may potentially result in accidents. Natural conditions, technical failures, route conditions, ship-related 

factors, operator errors, cargo-related factors are the striking ones of the crucial causes of accidents. Risk as-

sessment is considered an appropriate tool for the development of design for FPSO systems that are consistent 

with the relevant natural hazards as well as operating conditions and maintenance practices. For that purpose, the 

risk assessment provides the basis for the corresponding design for all relevant failure modes and possible inci-

dent that should be determined by consideration of the possible consequences of accidents (Faber et al., 2012; 

Lee and Park, 2003; Aneziris et al., 2014). The key of a risk assessment methodology is to integrate, evaluate 

and connect risks and risk interrelations among the hull, mooring system, process plants, transfer plants and 

power, control systems that support them (Moan, 2002). OREDA (Offshore Reliability Data) is both a data col-

lection program and a database that has been established for offshore equipment units comprising failures. The 
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main purpose of OREDA is to collect the reliability data among the offshore equipment and it has established a 

databank with reliability and maintenance data for exploration and production equipment from a wide variety of 

installations, equipment types and operating conditions. Reliability indices, i.e. MTTF (Mean Time to Failure), 

MTTR (Mean Time to Repair) of the equipment have been collected on the database (Moan, 2002). ISM Code 

(International Safety Management Code) and FSA (Formal Safety Assessment) are some of the well-known risk 

assessment methodologies prepared by IMO (International Maritime Organization). ISM Code provides an in-

ternational standard for the safe management and risk assessment of the marine structures. FSA is defined as a 

systematized method for analyzing the risks related to maritime safety and the marine environment protection 

and for evaluating the costs and benefits of IMO’s options for reducing these risks (The Royal Society, 1992).  

The offshore LNG loading and/or offloading systems include technologies that enable the transfer of LNG 

from ship-to-ship or from ship-to-shore. LNG can be supplied from LNG carriers to re-gasification vessels 

or offloaded from floating LNG production vessels into LNG carriers. Typically, the LNG transfer must be 

performed under all or at least most weather conditions at the offshore location. The transfer of LNG from a 

tanker truck to fleet storage is a complex process that involves the active participation of both the tanker 

truck driver and a representative of the fleet operator. Some of the steps involved have indication of the safe-

ty precautions and risk possible. The complexity of the gas transfer arrangement creates the potential for 

leaks and hazards through human error and equipment failure. It is one of the concerns in the design of LNG 

carrier vessel. The objective of this study is to identify the risks relevant to LNG transfer system, compare 

them to risks for conventional LNG FPSO. To find the risks, the study was divided into four sub-targets (1) 

to discuss the risk assessment of the LNG transfer system, (2) to identify the function, failure, failure mode, 

failure cause, and failure effect, (3) to discuss problems connected to the identification of failures, and (4) 

To propose an possible solution against these risks. 

2. Risk Assessment Procedure 

Risk is authoritatively defined as a combination of occurrence probability of an identified hazard and the 

magnitude of the consequences of the occurrence (Germanischer Lloyd, 2010). Risk can be obtained by the 

multiplication of Frequency and Consequence in which frequency and consequence is the number of acci-

dents per time unit (e.g “per year” or “once per ship year”) and the results of the accident, respectively. The 

process of risk assessment has mainly two phases; Risk analysis, risk evaluation (Kang, 2010). Risk analysis 

is a scientific procedure in which, by applying a wide range of techniques, methodologies and tools, risks 

are identified, estimated and presented. Risk evaluation is the phase to compare the estimated risks with 

recent risk evaluation criteria (e.g. criteria based on available technology, legal requirements, etc.) to deter-

mine the severity of risks and ensure recommendations for decision-makers (Kang, 2010). There are various 

types of risk assessment techniques used in marine industries. Most commonly approved methodologies 

used in risk assessment are HAZID/HAZOP (Hazard Identification / Hazard Operability), FMEA (Failure 

Mode and Effect Analysis), FTA (Fault Tree Analysis), ETA (Event Tree Analysis), and RBD (Reliability 

Block Diagram) among the rest. HAZID/HAZOP identifies abnormalities and hazards, which forms the 

essential first step of a risk assessment. All possible hazards and accidents are reviewed. Then, hazards are 

classified according to their severities (Faber, 2012; Giardina et al., 2015; Rathnayaka et al., 2012; Casamir-

ra et al., 2009). FMEA is a technique that is used to check out which problems may occur in a component or 

system as its outcomes are reported in a table (OREDA Participants, 2002). FTA also identifies the reasons 

of undesired events and it gives a top-down diagram to model all possible accident causes like operator er-

rors, equipment failures, and environmental conditions. ETA initiates with an unwanted incident, and then 

gets focused on evaluation of the outcomes of the incident.  

Probabilistic Risk Assessment is a comprehensive risk estimation method which computes real numbers to 

determine what can go wrong, how likely it is, and what are its consequences. Our risk management ap-

proach was based on the general FMEA and FTA, as they are commonly used in the oil and gas sector. In 

this study, the risk based on quantitative risk analysis (QRA), including frequency and consequence analyses, 

is assessed. Because QRA of the LNG transfer on the LNG FPSO is not performed before, results of this 
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study can be reflected to suggest the improved arrangement of the conceptual design. The core of the pro-

posed approach is summarized in Fig. 1. 

 
Fig. 1. The procedure of Probabilistic Risk Assessment 

2.1 System Identification 

In the first stage of probabilistic risk assessment, all the components, systems, processes and functions that 

could potentially fail to meet the required level of quality or reliability is identified. All subsystems, compo-

nents and parts are listed for the system as shown in Fig. 2. Each component’s function, failure rates, MTBF 

(Mean Time Between Failures), MTTF (Mean Time To Failure) are also required to define the reliability. 
The failure ratel can be estimated by1/MTBF. Based on the number of failures (λ) in a unit time for parts 

or components specified by the manufacturer, system reliability can be calculated as shown in Fig. 2.  
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Fig. 2. Relationship between the reliability and MTTF 

 

LNG is loaded from the FPSO to LNG carrier via connection; in this situation, the fundamental require-

ments for the LNG transfer system are to work in cryogenic operative conditions. For LNG transfer safety is 

of critical importance and early detection and location of events is interested. The objective of the LNG 

transfer connection safety assessment is to review potential internal accident scenarios associated with its 

operation and to identify design modifications to reduce the associated risks. This was achieved by means of 
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a preliminary hazard analysis which involved the assessment of potential hazards, their screening and the 

incorporation into the design of remedial measures as shown Fig. 3 and Fig. 4. Fig. 3 is the typical block 

diagrams of the leakage detection of LNG-FPSO. Based on distributed sensor network, LNG leak detection 

system provides a cryogenic monitoring that can instantly locate a leak in the LNG transfer. Among the 

components of LNG transferring system, we deal with the ERS (Emergency Release System) and ESD 

(Emergency Shutdown System) in LNG FPSO vessels. The schematic diagrams of two systems are shown 

in Fig. 5 and Fig. 6. EMS shuts down the cargo transfer operation in a quick controlled manner by closing 

the shutdown valves and stopping the transfer pumps and other relevant equipment in ship and/or shore sys-

tems. ERS consisting of an ERC mechanically linked to two isolation valves, one upstream and one down-

stream of the coupler. 
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Fig. 3. Operation scenario of LNG transfer system 
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Fig. 4. Gas leakage scenario for the risk assessment 
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Fig. 5. System identification for ESD System 

 

 

Fig. 6. System identification for ERS System 

2.2 Risk Identification 

Risk identification determines the risks that could potentially prevent system from normal operation. In this 

stage, all the predictable risks related to natural conditions, technical failures, route conditions, ship-related 

factors and operator errors, should be mentioned. After the risks are defined, their possible effects and prob-

able disaster scenarios are listed. The risk identification can be analyzed by statistical data of accidents and 

failures that supplemented by operation experiences. LNG is a flammable gas which causes fire and explo-

sion in specific conditions, and the accidents can take place anywhere. The accident scenarios are first built 

considering the listed cases of accidents of ERS and EDS. The risk identified at the LNG transfer system is 

listed in Fig. 7. 
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Fig. 7. Risk Identification for ERS System 

2.3 Risk Assessment 

FMEA and FTA are used to identify the effect of failures on the equipment. We analyzed the failure rate of 

LNG transfer safety system, assuming the failure rates of each component. Utilizing the risk identification 

table, we defined the relations between risks using FTA as shown in Figs. 8-10. A failure modes, effects and 

analysis (FMEA) is a systematic method of identifying the failure modes of a mechanical system. Typically, 

this study considers each component, subjectively evaluating the effects and criticality (i.e. importance) of a 

failure there. The FMEA table typically shows the component name, possible failure modes, effects of fail-

ure on other components, and Rating of frequency of failure that begins with a systematic list of all compo-

nents in the system as shown in Fig. 8 and Fig. 9. Failure rates, λ(t), the anticipated number of times an item 

will fail in a specified period, given in Fig. 8. It is a calculated value that provides a measure of reliability 

based on the MTTF. The failure rates for assemblies are a sum of the individual failure rates for components 

within the assembly. Mean time to failure (MTTF) is a measure of reliability for non-repairable systems. It 

is the mean time expected until the first failure of a piece of equipment. For constant failure rate systems, 

MTTF is the inverse of the failure rate, λ. Fig. 10 shows a logical representation of the various failures that 

may follow from an initiating failure (e.g. a component failure). It uses trees to show the possibilities that 

may arise at each failure step of LNG transfer system. The FMEA table focuses on individual components 

and their failure modes. Thus, each failure mode is considered, and all the effects are listed together in Fig. 9.  

2.4 Maintenance Plan Considering the Risk 

The maintenance procedure to the predictable risks is suggested based on the FTA and FEMA. Risks and 

their effects are prone to be interpreted in different ways by different maintenance operators. To avoid these 

misunderstandings, clarification of maintenance procedures should be critical. Nearby, we can save all 

maintenance which was performed before. By this way, we can find answers to the questions like “Who was 

the maintenance operator?”, “What was the failure type before?”, “When and how was it repaired?”. Draw-

ing files and other informative files about parts and components are also included in the maintenance plan. 

Fig. 11 shows the maintenance plan for a gasket in ERC coupler.  
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Fig. 8. Failure rate identification for components 

 

 

Fig. 9. Failure Mode and Effect Analysis for LNG transfer system 

 

The hypothesized accidental scenario can be schematized by the undesired causes as shown in Fig. 10.  
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Fig. 10. LNG transfer failure and fault tree   

 

 

 
Fig. 11. Maintenance stage of probabilistic risk assessment 
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2.5 Reduction of Failure Rate 

After computing the failure rate of the components and subsystems, the reliability of a system can be calcu-

lated by equation (1).  

 

 ( ) 1Reliability R Failure rate= -   (1) 

 

The aim of this study can be achieved by reducing the failure rate of the LNG transferring system accord-

ing to component’s layout and their connection type. For example, in case of component connection type, 

the reliability of the system can be calculated by below equations. If the components are connected serially; 

 

      ( ) (1 )* (2 )*..........* ( )R t R st R nd R Nth=   (2) 

 

When components are connected in a parallel direction; 

 

 ( ) 1 ((1 ( (1 ))*(1 (2 ))*.........*(1 ( )))R t R st R nd R Nth= - - - -    (3) 

 
 

It is found that the failure rate of emergency shutdown system has been significantly decreased after the 

connection type of detector sensors is changed. According to changing the component’s connection from 

serial type to parallel type, we can identify the failure rate in Fig. 12 has been decreased to 17% in Fig. 13. 

 

 

Fig. 12. Serial connected sensors 

 

 

Fig. 13. Parallel connected sensors 



134  Jang-Hyun Lee, Seyun Hwang and Sungchan Kim 
 Journal of Advanced Research in Ocean Engineering 3(3) (2017) 125-135 

 

4. Conclusion  

This paper has suggested, the procedure of probabilistic risk assessment for the LNG transfer system on the 

offshore plant. Sequential processes for the risk assessment of LNG transfer operations at the interface of 

LN gas terminals were presented. The case study described here shows that the developed accident model 

can explain the logic of the accident process in an LNG transfer system. Hazards related to LNG transfer 

were identified and analyzed to investigate possible accident scenarios, causes and their consequences. The 

logical relationship of the accident sequence is modeled using FEMA and FTA including the risk identifica-

tion, reliability data associated with OREDA reliability database. The FMEA was suggested by studying the 

failure that might affect the components of the LNG transfer system under consideration. When the failure 

modes were identified, the associated causes as well as the consequences in the component and in the sys-

tem, are recognized. Moreover, corrective design change was suggested to reduce the potential for occur-

rence. It was validated that the usage of a redundant sensors of LNG transfer system can reduce the risk at 

the accident.   
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