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SAFETY BASED DECISION SUPPORT SYSTEMS FOR MARINE STRUCTURES
SUMMARY

Analyzing risk is an essential and very powerful tool to deal with uncertainties. New
technologies, new developments and new methodologies always include
uncertainties and thereby risks. There are many different methods to deal with risks.
Qualitative and quantitative methods are both used for decades with success in
many different industries. Quantitative studies require more statistical data then
qualitative ones. Ability to use both tangible and intangible data in analyses enables
to perform risk analysis at any stage of the project. Hazardous Identification (HAZID)
and Hazardous and Operability (HAZOP) studies are powerful and widely used
analysis methods. In these studies a group of experts make an effort to define and
assess possible risks. Work groups may be problematic if group domination by one
or more participants happens. And generally because of the consensus about the
subject, it is hard to include fuzziness.

Risk assessment is a very important figure in analysis of new systems. Assessment
has three main stages; risk identification, risk analysis and risk evaluation.
Identification starts with questioning “when, what, who, how, where”, after finding
answers to these questions analysis stage starts. Answers to questions at
identification stage helps to understand the boundaries of the system. Analysis
focuses on “how much, how often, how critical” type questions. These questions
help analyst to understand the nature, period and level of risk. After analyzing the
risk evaluation period starts; this point is the one where the action to the risk is
selected, taking no action or transferring risk such as an insurance company might
also be an alternative.

There are several techniques defined by ISO to deal with risk management. About
30 techniques are listed in the standard. Whatever the method is used, knowledge
of experts, their understanding of problem and their position to view the risk will
directly affect the result. In order to get proper assessment results, problem has to
be thought from all sides of aspect. The success is methodology depended,
however the main component of all analysis methods is human.

Whether or not be aware of it, decision making is something done in every daily life.
Decisions made, draw the path of life, decisions shapes the life and every decision
has it's own consequences that has to be faced. Historically, human decisions
theories have focused on outcome prediction. Modern decision making is based on ;
understanding of decision making process, thoughts and application of technology
tools to support process by human beings. Analytical Hierarchy Process (AHP)
proved that using Eigen vectors to solve decision problems is possible. With this
study Saaty opened slightly the door to the new studies. Difficulties about modeling
real problems in a hierarchical structure are limiting the usage of AHP; therefore a
better way of modeling in network structure with dependencies and feedback is
presented by Saaty. This methodology is called Analytical Network Process (ANP).
ANP is a successful and powerful tool to model complex decision problems.
However modeling and solving ANP requires a lot of patience and effort. Fuzzy
Multi-Criteria Decision Making using Fuzzy Set Theory has been recommended as
an alternative method for overcome the complexity of ANP. Fuzzy sets contain
uncertainty and they are easy to apply to all kinds of problems. There are also some
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challenging difficulties with fuzzy sets. Definition of fuzzy sets, membership
functions require experience. Changing defined rules is not so easy. Due to these
problems in multi-criteria decision making, hybrid methods such as Fuzzy-AHP,
Fuzzy-ANP, etc. are being used commonly. There are generated hybrid solution
methodologies, thus applier, depending of the nature of the problem, may choose
one of them and directly apply the solution method.

In this study, LNG bunkering operation was selected as case study. LNG is one of
the most probable alternatives to current fuel oils. Bunkering operation is the most
challenging part of LNG usage on board. HAZID/HAZOP studies for bunkering,
classification societies bunkering guidelines were used to define the hazards.
Hazards are grouped under clusters by using Fault Tree Analysis (FTA). Experts
participating in the study were asked to fill in the questionnaire, according to pre-
defined ANP network structure. Risk values for alternatives are calculated using
likelihood and consequences. Final results obtained by using group decision making
techniques such as aggregation of individual priorities (AIP), expert weights also
calculated by using a separate ANP network.

As result LNG leaks have been found the most critical risk alternative for all
calculation methodologies.
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DENIZ YAPILARI iGIN GUVENLIK TABANLI KARAR DESTEK SISTEMLERI
OzZET

Dunya yuzeyinin %71’i suyla kaplidir ve insanlik tarihinin gelisimi boyunca insan bir
sekilde suyla mucadele ederek ilerleme kaydetmistir. Bu sayede medeniyetlerini
yaymis, ticareti arttirmis ve gelismeyi saglamistir. Olasilik teorisinin basariyla
calistigi ve risk alarak basariya ulasilan pek ¢ok yer olabilir ancak tarihsel veriler
stnu go6stermektedir ki, denizcilik sektérii bunlardan birisi dedildir. Alinan kiguk
risklerin cok bulyuk felaketlere sebep oldugu defalarca gortlmdistir. Yasanilan biylk
kazalar sonrasi alinan tedbirler ve Uluslararasi Denizcilik Orgiiti'niin kaza analizleri
sonrasi ortaya koymus oldugu kural ve kaideler, insanoglunun deniz ile
mucadelesinde kazanimlar saglamis olmasinin en énemli nedenidir.

Risk analizi belirsizlikler ile basa ¢ikmak icin 6nemli ve ¢ok guglu bir aragtir. Yeni
teknolojiler, yeni gelismeler ve yeni metodolojiler her zaman belirsizlikleri ve bdylece
riskleri igerir. Bu risklerle basa ¢ikmak icin birgok farkli yéntem vardir. Niteliksel ve
niceliksel yontemler pek cok farkl sektorlerde basari ile yillardir kullaniimaktadir.
Kantitatif calismalar daha fazla istatistiki verilere ihtiyac duymaktadir. Analizlerde
hem sayisal hem de sozel verilerin kullanilabilmesi projenin herhangi bir
asamasinda risk analizi gergeklestirmenizi saglar. Tehlike Tanimlama (HAZID) ve
Tehlike ve igletilebilme (HAZOP) caligmalari, gigli ve yaygin olarak kullanilan
analiz yontemlerindendir. Bu ¢esit ¢galismalarda uzmanlardan olusan bir grup riskleri
tanimlamak ve olasi riskleri degerlendirmek igin ¢aba harcarlar. Grup igerisinde bir
veya daha fazla katilimci karar verme mekanizmalarinda hakimiyete sahip olursa,
bu tarz ¢alisma gruplari sorunlu olabilir. Ve genellikle grup igerisinde konu hakkinda
baskin fikir birligi sebebiyle tanimlara belirsizligi dahil etmek zordur. Buna ragmen
oldukgca sik kullanilan bu yodntemler ile pek c¢ok denizcilik uygulamasinin risk
degerlendiriimesininde karsilasiimaktadir.

Riski tahmin etmek yeni sistemlerin analizi icin hayati Sneme sahip bir fonksiyondur.
Tahmin sistemi G¢ asamadan olusmaktadir; riski tanimlar, riski analiz etme ve riski
ortadan kaldirma. Bunlardan ilki riski tanimlama “ne zaman, ne, kim, nasil ve
nerede” sorularinin cevaplarinin aranmasiyla baslar. Bunlara cevap bulunup
tanimlama iglemi tamamlandiginda ikinci kisma yani analiz kismina gegilir. Analiz bir
derece daha olaya odaklanmistir ve “ne kadar, ne siklikta ve ne kadar 6nemli’
sorunlarinin cevaplarini elde etmeyi amaglar. Alinan cevaplar, analizi yapana riskin
dogasini sikhgini ve seviyesini anlama imkani saglar. Analiz tamamlandiktan sonra,
belirlenen riske karsilik ne tedbir alinacaginin kararlastiriimasi safhasina gegilir, bu
safha degerlendirme safhasidir. Bu asamada analiz safhasinda tespit edilen riskin
etkisini dusurmek amaciyla neler yapilmasi gerektigi kararlastirilir; riskin etkisine
bagli olarak karsi tedbir almamak veya riski bir sigorta firmasina transfer etmek de
uygulanabilecek yontemlerdendir.

Risk yonetimi icin kullanilabilecek, ISO standartlarinda tanimlanmis gesitli teknikler
mevcuttur. Standartta yaklasik 30 farkli teknik tariflenmistir. Hangi method
kullanilirsa kullanilsin, karar vericilerin konuya hakimiyeti, bilgileri ve riske bakis
acilari sonucu dogrudan etkileyecektir. Dogru bir analiz sonucu elde edebilmek igin
sorun her bakis acisindan dikkatlice incelenmelidir. Basari metodolojiye bagli
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olmasina ragmen, tum analiz yontemlerinin tek ortak ana pargasi insandir ve sonucu
dogrudan etkilemektedir.

Farkinda olunsun ya da olunmasin, karar verme secimleri ile her gin gtnlik hayatta
karisilagilmaktadir. Saaty Analitik Hiyerarsi Proses (AHP) ile karar verme
problemlerini ¢ézmebilmek igin Eigen vektorlerini kullaniimanin mdmkin oldugunu
kanitladi. Bu ¢alismasi ile Saaty, yeni calismalara ve yontemlere kapiyi aralamistir.
Pek ¢ok basarili uygulamasi olmasina ragmen, gercek problemleri hiyerarsik bir
yapida modelleme konusunda zorluklar, AHP kullanimini kisitlamaktadir; bu sebeple
Saaty bagimliliklari ve geri bildirimi ile ag yapisinda bir modelleme yontemi
gelistirmistir. Bu metodoloji Analitik Ag Sureci (ANP) diye adlanriimistir. ANP basarili
bir sekilde karmasik karar verme problemlerini modelleyebilmektedir. Ancak
modelleme ve modelin ¢d6zimi AHP’ye kisayla c¢ok fazla sabir ve c¢aba
gerektirmektedir. Zira ag modelin her bir baglantisi icin ikili karsilastirma yontemi
kullaniimasi gerekmektedir. Bunun diginda bulanik kime teorisinden faydalanilarak,
bulanik c¢ok kriterli karar yontemlerini (fuzzy) kullanmak, ANP’nin ¢dzimlerine
bulanik ortam etkilerini katmak icin alternatif bir yontem olarak tavsiye edilmigtir.
Belirsizligi iceren bulanik kiimeleri her tlrli soruna uygulamak kolaydir. Bulanik
setlerde de bazi zorluklar vardir. Bulanik kime tanimlarin yapilabilmesi icin, Uyelik
fonksiyonlarini tanimlak da tecriibe gerektirir. Tanimlanmis kurallari da degistirmek
o kadar kolay da degildir, dolayisiyla system bastan detayl distinilmeli ve ona gore
dizenlenmelidir. Bu tur sebeplerden dolayi nispeten uygulamasi daha kolya olan
Bulanik-AHP, Bulanik-ANP, vb. hibrid yontemlerin kullaniimasi yaygindir. Pek ¢cok
hibrid ¢6zim metodoloijileri gelistiriimistir, boylece uygulayici, probleminin dogasina
uygun olan yéntemi dogrudan segip kullanabilir.

Bu calismada, LNG yakit dolum operasyonu vaka ¢alismasi olarak segilmistir. LNG
mevcut yakitlar arasinda, Uluslararasi Denizcilik Orgiitii ve bir takim dlkelerin hava
kirliligi ile micadele kapsaminda koymus oldugu kurallara uyabilecek en olasi
alternatiflerden biridir. Yakit dolumu LNG kullanimi igleminin en riskli pargasidir.
Yakit dolumu ile ilgili HAZID / HAZOP g¢alismalari, klas kuruluglarinin yakit dolumu
ile ilgili gelistirdileri prensipleri yakit dolumu igin olabilecek tehlikelerin
tanimlanmasinda kullaniimistir. Tehlikeler ve riskler Hata Agaci Analizi (FTA)
kullanarak kimeler altinda toplanmistir ve bu kumelerden ANP ag yapisi
olusturulmustur.

Olusturulan ANP ag yapisi; ANP (logaritmik en klcglik kareler) ve Bulanik-ANP
yontemleriyle ¢ozilmuistir. Bu g¢ozimler igin eklerde sunulan excel kodlari
yazilmistir. Bulanik-ANP ¢6zimdu igin, pek ¢ok gelistiriimis olan cesitli metodolojiler
bulunmaktadir, ¢ézim i¢in bunlardan bir tanesi kullaniimistir.. Bu ¢alismada bulanik
ortam modellemesi icin Ug¢gen bulanik fonksiyonlar kullaniimigtir ve bunlar igin
Chang’in gelistirmis oldugu yontem ¢6zim olarak kullaniimigtir.

Elde edilen sonuglari dogrulamak amaciyla “Superdecision” isimli programda ayni
ag yapisi olusturulmus ve program ile Eigen degerleri kullanilarak ANP ¢6zimi elde
edilmistir. Elde edilen ¢6zim bulanikhk faktérinl icermemektedir. TiUm c¢alismanin
sonunda yapilan hesaplamalar ile galigmada ayni ag yapisi igin Gg farkli yonteme
dair sonuglari karsilastirma sansi elde edilmistir.

Yapilan tim hesaplamalardan sonra risk degerlerinin hesabi igin; riskin gergceklesme
ihtimali ve olasi sonuglarinin garpimi hesapta kullanilimigtir.

Calismaya alti adet uzman davet edilmigtir, bunlardan iki tanesi klas kurulugunda
gorevli, iki tanesi armatér firmada Ing operasyonlarinda ¢alismis ve diger iki tanesi
ise Ing sistemleri Ureten bir firmada caligmaktadirlar. Davet edilen tim uzmanlar Ing
konusunda kendi bélimlerinde ¢alismaktadirlar. Davet edilen uzmanlardan iki tanesi
daveti olumlu cevaplandirmigtir. Bu uzmanlardan, olusturulmus olan ANP ag
yapisina goére dnceden tanimlanmis anketleri doldurmalari istenmistir. Her bir karar
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verici igin elde edilen final sonuglar, Bireysel islemlerin kimestiriimesinde kullanilan
AIP yontemi ile tek bir karar vericiye indirgenmistir.

Karar vericilerin kararlari sonug igin birlestirilirken her bir karar vericinin sonug
uzerinde ayni derecede etkisi olmadigi yani agirliklarinin farkli oldugu varsayiimistir.
Bu da her bir kullanici icin elde edilen farkli agirliklar kullanilarak ayni yontem
icerisinde ¢ozlulmustlir. Karar vericilerin agirliklarini hesaplayabilmek icin ufak bir
ayri ANP yapisi olugturulmus ve bu yapi ¢Ozilerek her bir karar vericinin agirligi
elde edilmisgtir.

ANP yapisinin her bir kiime ve kiime elemani igin sonuglari incelendiginde; ANP
(logaritmik en kuglk kareler yontemi) ile ANP (Superdecisions) sonuclarinin
birbirlerine ¢cok yakin oldugu gérulmektedir. Bunun sebebi Saaty ve Vargas’in 1984
yilindaki ¢calismalarinda belirttikleri gibi muhtemelen tutarlilik oraninin 0.1’in altinda
tutulmus olmasindan kaynaklanmaktadir. Daha buyuk tutarlilik oranlarinda ¢alisma
tekrarlanip degisim incelenebilinir. Ancak 0.1 altindaki degerlerde sonugclar birbirine
cok yakindir.

Bulanik-ANP sonuglari, logaritmik en kuguk kareler ve eigen degerleri ile
hesaplanan ANP sonugclarindan biraz farkhlik géstermistir. Ancak gézuken farkhlik
sonucu degistirecek derecede buyuk degildir. Bulanikhk fonksiyonlarin
kullaniimasinin sebebi bu farkliigin goérilmesidir, ki bu beklenen bir sonugtur.
Burada dikkat edilemesi gereken bulanikligin sonucu ne kadar oranda
degistirebildigidir. Yapilan uygulamada Ug¢gen bulanik fonksiyonlar kullaniimistir,
ileriki calismalarda daha farkli fonksiyonlar ile yeni hesaplamalar yapilarak diger
yontemlerdeki sonugclar ile olan farkliliklar karsilastirilabilinir.

Yapilan calismalarda LNG kacaklarinin diger belirlenmis olan risk alternatiflerine
gore daha tehlikeli oldugu g6zikmektedir. Bunun sebebi LNG kacaklarinin diger
kacak ve yangin risklerini icerisinde barindirmasindan kaynaklanmaktadir.
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1 INTRODUCTION

Our planet’s 71% of the surface is covered by water. One of the main targets of the
human being for development has always been dealing with the sea. There are
places for gambling or taking a bit of a risk where probability theory works fine, but
for sure the sea is not one of them. It is obvious that the sea is not a place for
human to live and maritime history is full of many preventable catastrophic
accidents. However historical evidences, beside all those accidents and failures,
prove that human challenge the sea for a very long time with a remarkable success.

This has been achieved by taking lessons from the failures and accidents.

Primary objective in marine industry has always been to select the lowest cost
alternative, but the trends have changed towards the trade-off among safety, cost,
environment and technical performance. The last decade many environmental
regulations have entered into the force for maritime transportation and many are
prepared for the next decade. Air pollution is one of the main environmental items,
there is a couple of “Emission Control Area (ECA)’s around the world and many new
of them are on the agenda. Using conventional marine fuels such as Heavy Fuel Qil
(HFO), Marine Diesel Oil (MDO) in most of the ECA ports is forbidden, instead new
MDO with low sulfur content has already been in the market for a while. New rules
and regulations put into the force new restrictions on fossil fuels. Liquefied Natural
Gas (LNG) has come up as a good and applicable solution for marine
transportation. LNG is a cheaper and environmental friendly solution beside current
marine fuel types. LNG has already been used for decades as marine fuel in big
LNG carriers, by using their own cargo’s boil-off gases, those ships normally
perform their loading and discharging operations away from public life. However,
using LNG in other type of ships, travelling all around the ports close to public life, is
a new challenge for public, governments, International Maritime Organization (IMO),
classification societies, designers and ship owners. As per IMO “International
convention for the safety of life at sea” using fuels with low flashpoints are
prohibited. After many research projects, in 2015, IMO Maritime Safety Committee
(MSC) adopted new “International Code of Safety of Ships Using Gases or Other
Low Flashpoint Fuels” (IGF Code), expected to enter into the force on 1sth of

January, 2017 with new SOLAS amendments. However, several ships are sailing in



international waters and many of them are under construction with special
exemptions from flag authorities using LNG or dual-fuel (LNG and HFO/MDO).
Specific risk study methods have been applied to convince the flag authorities. Risk
studies are very well known and often used in offshore industry, however marine
industry is not very familiar with them. Most of the classification societies have rules,
regulations and guidelines to implement risk based inspection techniques,

unfortunately they are rarely used during ship inspections.

It is quite clear that LNG will be the future fuel for marine transportation and marine
industry, therefore the systems for LNG should be developed according to the new
conditions. In 2016 three oil/chemical tankers, one asphalt carrier and two roll on —
roll off ferries with dual-fuel engines are under construction in Turkiye. With the
permission and attendance of the flag authority representatives, hazardous
identification (HAZID) and hazard and operability studies (HAZOP) have already
been performed. According to those studies it has been concluded that the most

challenging part of using and carrying LNG is the bunkering.

1.1 Scope and Limitations

Based on the risk studies; “LNG bunkering operation” is selected as the risk problem
for this study. Six experts (2 from LNG systems manufacturer company (Italy), 2
experts from classification society (France), 2 owner representative (Canada)) who
have experience on LNG systems on board and have attended the LNG studies for
ongoing projects, are asked to participate. HAZID/HAZOP study results are present
as group decision, the risk items are not exactly unique however by using
guestionnaire for each expert, it has been also possible to observe the difference
between the group’s and each individual experts’ decision. Due to the limited
statistical data, qualitative risk analysis method is used to review the problem.
Fuzzy-Analytical Network Process (ANP) decision making method is chosen to

calculate the priorities of experts and aggregate the total solution.
There may be three cases for bunkering operation, those are;

e Ship to ship transfer
e Truck to ship transfer

e Shore facility to ship transfer

Ship to ship LNG transfer is a new concept and needs some more time to develop
new rules and regulations. Today there are very limited number of LNG bunkering

(ship to ship) vessels under construction. LNG transportation and LNG



loading/discharging from shore facility has been done for decades and it has already
proved its reliability. Today most of the LNG bunkering for non LNG carriers are
done by trucks. That is why, truck to ship transfer bunkering case is considered in

this study.

Several decision making methods examined and fuzzy-ANP method has selected.
ANP is a reliable method to model complex problems while fuzzy sets are flexible for

defining pairwise comparisons.






2 LITERATURE REVIEW

Decision making is not only human problem that everyday can be faced all life forms
and decision making results people to live or die. Historically, human decision
theories have focused on outcome prediction. Modern decision making is based on;
understanding of decision making processes, thoughts and application of technology
tools to support process by human beings.

In earlier times, society leaders consulted their elders for the result of choices,
elders replaced by the fortune tellers, wizards, astrologists, religious figures in time
and nowadays they may be called as manager consultants. People used dices,
bones, stones and many other objects to predict the results of their choices. Julius
Caesar’'s famous words, taken from Menander (Greek comedy writer), “the die is
cast” or may be a better translation “the die has been cast” on his armies way to
Rome before they pass the River Rubicon (Tranquillus, AD 121). He selected his
choice from his alternatives, most probably it was checked by his dices and now die
is cast and fortune is set. Dices luckily is not needed as well as bones, fortune
tellers or any other figures. The better decisions can be made by couple of

researchers and thousands of applications.

2.1 Risk Management

ISO 31000 Risk management — Principles and guidelines; is a standard to provide
principles for managing risks (ISO, 2009). According to this document, risk is the
effect of uncertainty on objectives and risk management is the coordinated activities

to direct and control an organization with regard to risk.

The main element of risk management is stakeholders; communicating and
consulting stakeholders is generally done by using brainstorming, Delphi or similar
methodologies in order to increases the efficiency of the process. Managing risk
starts with scope and context definition, this stage draws the borders of the study,
includes internal and external contexts. After finalizing scope definition, risk
assessment is the next stage that is defined in detail under Section 2.2. Risk
treatment is the last step of risk management, uses the output of risk assessment,

especially risk matrix. Treatment stage is decision stage, here results of analysis are



compared to the risk criteria. Risks may be positive or negative, depending on the

nature of the system.
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Figure 2.A: Risk Management Steps.

Risk management process should be monitored and reviewed in time, to eliminate

new emerging risks.

Ineffectual methods may even be touted as “best practices” and, like a dangerous
virus with a long incubation period, are passed from company to company with no
early indicators of ill effects until it's too. Main question is; would anyone in the

organization even know if risk management method didn't work? A weak risk



management approach is effectively the biggest risk in the organization (Hubbard,
2009). That is why, the risk management process has to be tailor made in order to
cope with each particular case and project in an organization. Best practices are not

always, even good ones.

2.2 Risk Assessment

“‘Risk is a construct, before risk there was fate” (Bernstein, 1996). During the
transformation from ancient to the modern world; fate has transformed to a
calculable value in terms of risk. Today risk may be defined as potential of gaining or
losing something in value and because of this potential is uncertain, it may also be

defined as measurable of uncertainty.

Life itself is full of uncertainty, in every single moment of life, decisions are being
made to shape the life itself. Risks are not always negative, there may be some
cases, especially in marketing or financial business, for positive risks, because the
nature of these risks include hazards and opportunities at the same time. In this
study only negative risks are dealt with. Understanding the risks, by using risk
assessment is the main step of managing the risk. ISO/IEC 31010:2009 Risk
management — Risk assessment techniques is a supporting standard for ISO 31000
Risk management — Principles and guideline. ISO/IEC 31010:2009 is a generic risk
management standard, containing guidance on how to select and apply systematic
techniques for risk assessment. This document contains more than 30 techniques,
some are; brainstorming, interviews, checklists, Structured what-if technique
(SWIFT), scenario analysis, fault tree analysis, bow tie analysis, Delphi method,
Hazard and operability study (HAZOP), Failure mode and effects analysis (FMEA),
event tree analysis, cause and effect diagrams, human reliability analysis, Monte

Carlo simulation, risk index etc.

The success is methodology depended, however the main component of all analysis
methods is human. Whatever the method is used, knowledge of experts, their
understanding of problem and their position to view the risk will directly affect the
result. In order to get proper assessment results, problem has to be thought from all

sides of aspect.

The reason of the importance of the design of the solution set is not only because of
the human factor but also modeling the reality of the problem. The model shall
reflect the truth and based on the model, the chosen method shall reflect the true

decisions of the decision makers.



Risk assessment consists of three main parts as shown in Figure 2.B.

- N

Risk Identification

VU

Risk Analysis

VU

Risk Evaluation

Figure 2.B: Risk Assessment.

Questions that define risk assessment items are also shown in Figure 2.C.

Risk Identification <:| What, Who, When, Where, How

Risk Analysis

Why, How often, How much, How critical,
Level of risk based on what criteria

Risk Evaluation Solution options, priorities

<:| What is acceptable or unacceptable,

Figure 2.C: Defining Risk Assessment Items.

2.2.1 Risk identification

Risk identification phase tries to recognize and record risks by asking them main
question “what might happen?”. After the answer is given to the main question,
causes and sources of risks are identified by using other questions mentioned in
Figure 2.C. Evidence methods such as historical data, checklists, expert methods
such as brainstorming, Delphi or inductive reasoning techniques such as HAZOP,
Primary hazard analysis (PHA), event tree, etc. All these methods may all be used

depending on the nature of the problem.

A table of risk assessment techniques based on ISO/IEC 31010:2009 Risk
management — Risk assessment techniques, which may be applied for risk
identifications is listed as Table 2.1. Table indicates the methods as “strongly

applicable” and “applicable”.



Table 2.1: Risk identification methods.

Methods listed as “strongly applicable” by the standard

e Hazard and operability studies (HAZOP)
Hazard analysis and critical control points

(HACCP)

e Environmental risk assessment

Structure what if (SWIFT)

Scenario analysis

Cause and effect analysis

Human reliability analysis

Brainstorming

Structured or semi-structured interviews
Delphi

Checklists

Primary hazard analysis

Failure mode effect analysis

Reliability centered maintenance
Consequence/probability matrix

Methods listed as “applicable” by the standard

i [ i Markov analysis
Business impact analysis
Fault tree analysis FN curves
' Risk indices

Event tree analysis

Cause and consequence analysis
Layer protection analysis (LOPA)
Sneak circuit analysis

Cost / benefit analysis
Multi-criteria decision analysis (MCDA)

2.2.2 Risk analysis

Risk analysis is the second phase of risk assessment, helps us to develop and
understand risk. Nature, sources and causes of risks are analyzed in order to define
or estimate the level of consequence and likelihood for each defined risk hazard.
Each consequence and likelihood are then combined to define the level of risk.
Analysis may be done by qualitative, semi-quantitative or quantitative methods,
method should be selected depending on the nature of the problem and available
data. Different methods may be used to define likelihood, consequence and level of
risk. As an example; fault tree analysis may be used while defining likelihood, while

consequences may be defined by FMEA.

At the end of the analysis phase, the strength and weakness of the system and

process will be defined.

2.2.3 Risk evaluation

In evaluation phase, risk criteria, defined at the beginning within context, is
compared with risk level results from risk analysis phase. Risk is understood in
analysis phase and in evaluation phase decisions for future action is made. Main
item to decide is; whether risk level need treatment or not. Cost - benefit analysis
(CBA) or more detailed Benefits, opportunities, costs, risks (BOCR) analysis are
used to support the decision. It is usually not cost-effective to treat all risks that is

why prioritization of chose treatments is needed. Risk evaluation is the last step of



risk assessment, output of this phase are; risk levels and items to be treated

including their priority order. Choice will be done in next step, risk treatment section.

2.3 Risk Treatment

Risks are not always negative, there may be some cases that risks may cause
opportunities, however in this study only negative risks are considered. List of items
that needs to be treated, their priority order are inputs coming from risk assessment
and risk criteria defined within the context, at the beginning of the study is another
input for this phase. Selected treatment alternatives based on agreement of the
experts are to be implemented. Treatment of risks can be done by one of the

following four methods;

o Accepting risk; done by taking no action. In this method risk and it's
consequences accepted. Generally performed for small risks.

e Avoiding risk; for major risks, changing the game plan to avoid the defined
risk is one of the best way to follow.

e Transferring risk; not used commonly. Idea is to transfer the impact and
management of risk to someone else, insurance is a good example for this
method.

e Mitigating risk; the most common way to deal with risks. Taking precautions

to reduce the likelihood or severity of loss is all risk mitigation.

2.4 Multiple Criteria Decision Making Methods

Decisions made draw the path of life, decisions shapes the life. Every decision has
its own consequences. There are many decision making methods in the open

literature.

Multiple criteria decision analysis is a discipline that finds solution to the problems
structured on multiple criteria. Depending on the nature of the problem one of the
two sub-disciplines of Multiple criteria decision analysis (MCDA) has to be used,

these are;

e Multi attribute decision making (MADM)
e Multi objective decision making (MODM)

Multi attribute decision making deals with the problems that makes decision among
some pre-defined alternatives in the presence of multiple, generally conflicting

attributes.

10



Multiple objective decision making deals with the design problems that cope with
finding the best alternative by considering a set of interacting design constraints, no
decision alternative is present in the model which also means number of alternatives

is effectively infinite.

Multi attribute decision making is the most well-known branch of multiple criteria
decision making method. MADM problems are assumed to have a predetermined,
limited number of alternatives. Solving a MADM problem involves in sorting and

ranking of alternatives.

Some of the MADM methods are; Maximin, Maximax, Weighted Product, Technique
for order of preference by similarity to ideal solution (TOPSIS), Elimination et choix
traduisant la réalité (ELECTRE), Analytical Hierarchy Process (AHP), Analytic
Network (ANP), etc.

One of the first critical work about decision making was published by Saaty (1977).
In this paper, method of scaling ratios using the principal Eigen vector and pairwise
comparison matrix is described. Consistency of the matrix data is defined and
measured by an expression involving the average of the non-principle Eigen values.
1 to 9 scale numbers are introduced together with a discussion of how it compares
with other scales. Application of some examples for which the answer is known,
presented for validating the approach. The hierarchy of multiple criterion decision
making, properties of hierarchies and the Eigen value approach application to
scaling hierarchically structured complex problems are also presented in this study.
Saaty and Vargas (1984) published two different papers about dealing with the
inconsistency and rank reversal situations. In these studies conditions for rank
preservation in a positive reciprocal matrix that is inconsistent are provided and
three methods; the Eigen value, the logarithmic least squares, and the least
squares, examined to derive estimates of ratio scales from a positive reciprocal
matrix. It is shown that only the principal Eigen vector directly deals with the
guestion of inconsistency and captures the rank order inherent in the inconsistent

data.

Another game changing method has also been presented by Saaty (1996), in this
study, instead of hierarchical structure a network system used to define the decision

problem.

In Table 2.2 a review of AHP and ANP as decision making tools are given.

11



Table 2.2: List of main AHP/ANP Studies.

Year Researcher Concept of the study
Method of scaling ratios using the principal Eigen
1977 T.L. Saaty vector, pairwise comparison matrix is described and
consistency of the matrix data is defined
Defines mathematical structure of consistent matrices
1979 B.G. Merkin and eigenvector's ability to generate true or
approximate weights
1980 T.L. Saaty The Analytical Hierarchy Process defined
1984 T.L. Saaty & Comparison of Eigenvalue, Logarithmic Least Squares
L.G. Vargas and Least Squares Methods in Estimating Ratios
1984 T.L. Saaty & Inconsistency and Rank Preservation
L.G. Vargas
Axiomatic Foundations of the Analytical Hierarchy
1986 T.L. Saaty Process
Rank Generation, Preservation and Reversal in the
1987 T.L. Saaty Analytical Hierarchy Decision Process
1996 T.L. Saaty The Analytic Network Process defined
T.L. Saaty & ; . .
1998 L.G. Vargas Bayes’ Theorem and the Analytical Hierarchy Process
Dynamic decision making; defines using functions for
2003 T.L. Saaty the paired comparisons and derive functions from them.
This describes a new powerful tool.
T.L. Saaty & i - .
2005 M.S. Ozdemir Dictionary of Decisions using ANP
2009 T.L Séﬁgy &B. Dictionary of Complex Decisions using ANP

In the study named “Fuzzy Sets”, Zadeh (1965) introduced fuzzy sets as an

extension of the classical notion of sets. Later this idea is used in many methods to

model and solve fuzzy problems. Zimmerman, Zadeh and Gaines (1984),

Zimmermann (1986, 1987) issued studies about using fuzzy sets in decision making

problems. Using hybrid methods idea first came up with Van Laarhoven and

Pedrycz (1983) triangular membership functions used to describe fuzzy ratios which

have been used to make comparisons in AHP. Buckley (1985), Mon and Cheng

(1985) and Chang (1986) introduced formed important methodologies to solve

hybrid fuzzy AHP problems.
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In Table 2.3 some of the important fuzzy and fuzzy AHP/ANP hybrid studies are

listed.
Table 2.3: List of Fuzzy Logic and Fuzzy-AHP/ANP Studies.
Year Researcher Concept of the study
1965 L.A. Zadeh Description of fuzzy sets
1970 R.E. Bellman & L.A. Decision making in a fuzzy environment
Zadeh
1977 M.S. Baas & H. Rating and Ranking of Multiple-Aspect
Kwakernaak Alternatives Using Fuzzy Sets
1978 R.R. Yager Mathematical solution method for fuzzy
1978 W.J.M. Kickert Fuzzy theories to use for decision making
P.J.M. Van Laarhoven & . ,
1983 W. Pedrycz Adopting fuzzy methods for Saaty’s theory
1984 H.J. Zimmermann & L.A. Use of fuzzy sets in decision making
Zadeh & B.R. Gaines analysis
Method to use fuzzy ratios instead of exact
1985 J.J.Buckley ratios in AHP, uses geometrical mean to
calculate mean fuzzy ratios
1986 H.J. Zimmermann Solving fuzzy.set models for crisp
environments
1987 H.J. Zimmermann Extend of his previous issue
Definition and application of Cheng’s
1995 D.L. Mon & C. Cheng method for fuzzy AHP problem
1996 D.Y. Chang Definition and application of Chang’s

method for fuzzy AHP problem

In this study ANP and hybrid fuzzy model fuzzy-ANP are described and used.

2.4.1 Pairwise comparison

Pairwise comparisons using ratio scales was developed by Saaty (1980). According

to Saaty’s study decision problems are structured into smaller parts in a hierarchical

structure and each small structure is handled by pairwise comparison matrices.

Pairwise comparisons are always a more precise way of establishing priorities for

alternatives than rating them at once and real data and statistics representing

probabilities and likelihood can also be used in relative form instead of making

pairwise comparisons in the ANP as they are in AHP (Saaty,2005). The
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mathematician and cognitive neuropsychologist Stanis Dehaene states in his book
“The number of sense, how the mind creates mathematics” that introspection
suggests that we can mentally represent the meaning of numbers 1 through 9 with
acuity (Saaty, 2005). Table 2.4 indicates the comparison scale with definition. These
symbols seem equivalent to us and this makes them easy to work with. However
there may be a problem in pairwise comparisons; inconsistency. In life,
inconsistency helps us to change our minds in case a new information that contrast
with previously known consistent knowledge. This helps the human to move
forward. Unfortunately too much inconsistency unsettles human thinking. According
to Saaty this means that; inconsistency must be large enough to allow for change in
our consistent understanding, but small enough to make it possible to adapt our old
beliefs to new information. 10% of the total concern with consistent measurement
will provide enough inconsistency for pairwise comparisons. Calculation of

inconsistency is described under Section 2.4.3.

Pairwise comparisons are always a more precise way of establishing priorities for

alternatives that rating them one at time (Saaty, 2005).

Table 2.4: Fundamental Scale for Pairwise Comparison.

ilgtsgrsti%g; Definition
1 Equal importance between two objectives
3 Moderate importance of one objective over the other
5 Strong importance of one objective over the other
7 Very strong importance of one objective over the other
9 Extreme importance of one objective over the other
2,4,6,8 Intermediate values

2.4.2 Solving matrices

Different methods have been defined to solve pairwise comparison matrices. Saaty
(1977) defined a method to solve the pairwise matrix, eigenvectors are suggested. It
is concluded that if inconsistency is allowed in a positive reciprocal pairwise

comparison matrix, the principal eigenvector is necessary for representing the
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priorities associated with that matrix, providing that the inconsistency is less than or

equal to a desired value (Saaty, 2003).
Suggested methods for solving matrices are listed as follows;

e Eigenvector method
e Least squares method

e Logarithmic least squares method

Saaty and Vargas (1984) presented a study for comparing the results of these
methods. It is concluded in this study that when consistency obtains, three methods
produce identical solutions, however when there is inconsistency in the data, the
best solution is to use eigenvector method. In order to use other methods mentioned
either inconsistency should be accepted or reduced by improving the quality of

information as described under Section 2.4.1.

2.4.3 Dealing with inconsistency

In reality consistency helps us to change our minds in terms of new information. Too

much consistency is undesirable because we are dealing with human judgments.

Evaluation of rating inconsistency is done by calculating Consistency Ratio (CR), to
measure how consistent the judgments have been relative to large samples of
purely random judgments which are calculated and indexed by Saaty (1980) given
in Table 2.5. In order to calculate CR, Consistency Index (Cl) is divided by mean

random CI.

CI
= 1
CR mean random CI ]

Amax is the maximum eigenvector of pairwise comparison matrix and n is the size
of the matrix then the Cl is calculated as below:
_ Amax —-n

= — 2
C1 == 2]

Table 2.5 represents the mean random consistency index values calculated by
Saaty, first row represents the size of the matrix while second row is the

corresponding index of consistency for random judgments.

15



Table 2.5: Mean Random Consistency Index.(Saaty, 1980)

3 4 5 6 7 8 9 10 11 12 13 14

058 09 112 124 132 141 145 149 151 148 156 157

Saaty(1980) represents the acceptable threshold value for CR as 0.10, according to
his studies values over this threshold values indicates that comparison is

inconsistent and has to be re-evaluated.

In a complex system having too many pairwise comparison may result to lose the
consistency. Psychologists suggest to ranking criteria before making pairwise

comparison, and believe that this might reduce inconsistency.

2.4.4 Rank reversal

Rank reversal phenomenon occurs when a decision maker, makes decision from a
set of alternatives and, is confronted with new alternatives that were not thought
about when the selection process was initiated. For instance three alternatives are
considered in a decision making problem; X, Y, Z. And according to pairwise
comparisons it has been figured out that X is better than Y, Y is better than Z. If a
new alternative, T, which is not better than Z is replaced with alternative Y, it has
been observed that under some circumstances the previously ranked as best
alternative X, is not still the best one. This condition is known as rank reversal, this
example only describes one type of rank reversal, there are some others in the

literature.

Decision making community has no consensus on rank reversal, whether or not it

shall be prevented.
There are two different modes used in common;

¢ Ideal mode using weighted product method

e Distributed Synthesis mode using weighted sum method
Ideal mode introduced by Forman (1993) as an alternative synthesis to Saaty’s
original AHP which is proved that allowing rank reversal.
2.4.5 Group decision making

In group decision two things may happen, either members engage in discussion to
get a consensus or express their own preferences. These conditions are named, in

order;
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e Aggregation of individual judgments (AlJ)
e Aggregation of individual priorities (AIP)

When synthesizing the judgments of n judges below listed conditions shall be

considered.

e Pareto principle (unanimity condition); if members of a group prefers

alternative A to B, then the synthesized judgment shall prefer A to B.

flx,x,...,x) =x [3]

¢ Homogeneity condition; if each members of a group judge a ratio Y times as
big as another ratio, then the synthesized judgment shall also be Y times
bigger.

fOY xx,Y xx5, ., Y xx,) =Y * f(xg, X2, 0, Xp) [4]

WhereY > 0

e Reciprocity requirement; synthesized value of the reciprocal of the individual
judgments shall be the reciprocal of the synthesized value of the original

judgments.

(1 1 1)_ 1
xy xp T xp f (1, x2, 000, %)

[5]

Aggregation of individual judgments (AlJ);

If the group members are not willing to act on their own preferences and instead
members are willing to pool their judgments, then the group becomes a new
individual and behaves like one, having a common decision. Thus, Pareto principle
is irrelevant. Since the group becomes a new individual and behaves like one, the
reciprocity requirement for the judgments has to be satisfied, in that case geometric

mean must be used instead or arithmetic mean.

In that case, each group member performs own pairwise comparison then using the
below formula, a unique group matrix and priorities vector are produced. By solving

this matrix solution for the group decision has been found.
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T
B
aff! = | (k)™ 6]
k=1

[7]

al[]C."] the group matrix afj pairwise comparison matrix of “k”th member
7 number of group members Py is weight of the “k”th group member

I,J] € {1, n} is matrix size W[G] group priority vector

Aggregation of individual priorities (AlIP);

If the group members are willing to act on their own preferences without pooling
their judgments. In this case the problem is solved for each member individually to
get their own priorities. Both arithmetic and geometric means may be used, neither

method will violate Pareto principle. Formulation is given below.

n 1

w =] [ ()" &)

j=1

T
Wi[G] = H(Wlk )ﬁk
k=1

group priority vector, ™ number of group members,

[9]

wlel

i,j € {1,n}is matrix size
afcj pairwise comparison matrix of “k”th member,
P is weight of the “k’th group member

k]

Wi[ priority vector of “k”th member
Geometric and arithmetic means with expert weights;

f(X) is the decision function, subscript A and G represents arithmetic and geometric

means in order, [)’k is the expert weight, n is the number of experts and X; is the
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decision of each expert. Arithmetic and geometric means with expert weights are

calculated as given below.

n
Zﬁk —1and B >0 (10)
k=1

fX1, X0, X3, o, Xp)a =Xy % By +Xox Py ++ Xy x By [11]

f(X1, X2, X3, 0, Xn)g = Xf1 * Xzﬁ2 * Xf3 * .. % Xf” [12]

2.4.6 AHP versus ANP

AHP and ANP are two models introduced by Saaty (1980 and 1996). Both models
may contain qualitative and quantitative components. Unlike ANP, AHP has
hierarchical structure and only applicable to a hierarchical problems that have uni-
directional (top to bottom) relation between decision levels. Pairwise comparisons
are used to measure the relative importance of the model components. ANP is a
generic form of AHP but provides more accurate model to define more general
decision problems than AHP. The reason for that is the network structure used
which allows feedback and dependence at the same time and provides bi-directional

relation.
DECISION
PROBLEM
CRITERIA CRITERIA CRITERIA
\ 4 \ 4 \ 4 \ 4 \ 4 \ 4
Sub- Sub- Sub- Sub- Sub- Sub-
criteria criteria criteria criteria criteria criteria

Figure 2.D: AHP Structure

Figure 2.D is a sample AHP structure, top to bottom decision problem, criteria for
the problem and sub-criteria for the each criteria indicated. In the hierarchical
structures like that each criteria are to be pairwise compared with other criteria with

respect to the decisions. Sub-criteria for each criteria are to be pairwise compared
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with respect to the criteria itself. Final priorities are to be calculated according to

section 2.4.5, depending on the nature of the decision problem.

Network structures help the user to define the decision structure more accurately.
According to Saaty; the world is far more interdependent than we know how to deal
with using our existing ways of thinking and acting. The ANP is our logical way to
deal with dependence. A general ANP network structure is presented in Figure 2.E.
Clusters, nodes, inner and outer dependences are illustrated. Inner dependence
means nodes in a cluster are depended to other nodes in the same cluster. Similarly
outer dependence means one cluster (nodes under this cluster) is depended on

other the cluster (nodes in the depended cluster).

It is important to realize that the decision problem should be understood well in order
to form a realistic hierarchy or network structure, whatever the method is used

results will be based on the structure.

Outline steps of ANP are listed below;

1. Describe the problem in detail, understand the objectives

2. Determine the control criteria

3. Create the general network of clusters, organize clusters and nodes

4. Determine inner and outer dependencies

5. Perform pairwise comparisons based on dependencies with respect to

relevant control criteria

6. Calculate priorities of each comparison

7. Form super matrix using priorities

8. Use cluster weights to form weighted super matrix

9. Limit the weighted super matrix

Table 2.6: Pros and Cons of ANP over AHP
PROS CONS
More creative, more flexible, no Problem is more complex, providing
restriction to form the structure in a correct network structure needs
hierarchical order expertise
Model is more natural, more complex, _
includes more realistic influences Takes more time and effort to _
, _ ] determine the system variable and their

Permits to apply inner dependencies, relations
feed back
More objective results Require more calculation
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CLUSTER A
Node
Node

Inner dependence

CLUSTER C
Node
Node.

CLUSTER B
Node
Node.

CLUSTER D
Node
Node.

Inner dependence

Figure 2.E: ANP Network Structure

Table 2.6 indicates some basic advantages and disadvantages of ANP over AHP.

2.4.7 Fuzzy-ANP and ANP comparison

Probability theory is a sub-set of Fuzzy Logic theory. Fuzzy logic’s concept is to
define how much a variable is in a set. Notwithstanding, probability uses the concept
of subjective definitions to define how probable the variable is in a set. Traditional
risk models are based on probability and classical set theory. They are widely used
for assessing market, credit, insurance and trading risk. In contrast, fuzzy logic
models are built upon fuzzy set theory and fuzzy logic, and they are useful for
analyzing risks with insufficient knowledge or imprecise data. The fundamental
difference between traditional set theory and fuzzy set theory is the nature of
inclusion of the elements in set. In traditional sets, an element is either included in
the set or is not. In a fuzzy set, an element is included with a degree of truth
normally ranging from 0 to 1. Fuzzy logic systems include rules that explicitly explain
the linkage, dependence and relationships among modeled factors. It is helpful for
identifying risk mitigation solutions. A key feature of fuzzy sets is that there are no
hard rules about how their membership functions are defined. Both mathematical
form of the function and the parameters depend on the input from the experts. As
long as the membership functions are consistent, on a comparative basis, the

conclusion based on fuzzy sets is still meaningful (Shang K., Hossen Z., 2013).
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The reason behind the usage of fuzzy-ANP instead of ANP is to avoid uncertainty in
judgments. Fuzzy set theory has the capability of representing vague data. It is not
always easy to transform judgments, during pairwise comparisons into numerical
values. The idea is to use references within a reasonable interval instead of

restricted comparison value.

However when decision data are precisely known, they should not be placed into a

fuzzy format in the decision analysis (Karaman, 2008).

2.4.8 Fuzzy-ANP methodology

Several algorithms developed to incorporate Saaty’s methods with fuzzy comparison
ratios. Important ones are listed below as reference. All of them are providing
solutions for fuzzy-AHP, because of the methodology all can be applied to fuzzy-
ANP as well.

¢ Van Laarhoven and Pedrycz’s approach (1983)
o Buckley’s Fuzzy-AHP (1985)

e Chang’s extent analysis method (1992)

e Cheng’s entropy-based Fuzzy-AHP (1996)

Steps to solve a Fuzzy-ANP model is as follows;

1. Understand the problem and structure the network, define clusters and sub-
clusters

Identify dependencies (inner and outer)

Define fuzzy membership function and conversion scale

Establish pairwise comparisons using fuzzy judgment

Check consistency index of each comparison

Using selected algorithm calculate relative important weights

Create un-weighted super matrix

Using weights generate weighted super matrix

© © N o g bk~ W DN

Limiting the super matrix
10. Aggregating the weights of criteria and scores of alternatives to get final

priority vector

2.4.9 Chang’s extent analysis methodology

This methodology is based on taking each object and perform extent analysis for
each goal. Method uses triangular function definition as fuzzy number sets. Two

decisions are shown as fuzzy number sets in Figure 2.F.
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V(M,>=M,)

M;

I my I u, my U4

Figure 2.F Triangular fuzzy number intersection

M; and M, are fuzzy numbers for each fuzzy function where I, m, u are the values
for triangular fuzzy scale. The highest intersection point between two membership
functions f(M;) and f(M,) is marked on the figure. The values of degrees of
possibilities V(M,>=M,) and V(M;>=M,) are to be calculated to compare fuzzy
numbers M; and M,. The degree of possibility (height of the intersection point);

Ma(l,, my, uy) >= My(l;, my, u,) is then defined as below;

1 lf mz 2 m1
0 if i =u,
V(M 2 M,) = I —u, [13]
else

(my —up) — (my — l1)

The minimum degree of possibility for a fuzzy number M is to be greater than n
fuzzy numbers M (k=1,2,..n). Normalized vector of these fuzzy numbers will be the

non-fuzzy value.

V(M > My, My, Ms,..,M,)) = V(M = M,) and V(M > M,) ...V(M > M,) [14]
=minV(M = M)

Assuming that weighted vector
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d,(ATk) = man(M > Mk)

Then normalized non-fuzzy value will be

W = (Wl' Wz, . Wk)T

2.4.10 Scales used in comparisons

[15]

[16]

Scales used in ANP, Fuzzy-ANP for both likelihood and consequences are shown in

Table 2.7.

Table 2.7: Scales for pairwise comparison

ANP TRIANGULAR FUZzZY

LIKELIHOOD SCALE CONSEQUENCES SCALE SCALE SCALE
EXTREMELY STRONG EXTREMELY STRONGER 9.0000 7,8,9
VERY STRONGLY VERY STRONGER 7.0000 5,7,9
STRONGLY STRONGER 5.0000 3,5,7
MODERATE STRONGLY MODERATE STRONGER 3.0000 1,3,5
EQUALLY EQUAL 1.0000 1,2,3
MODERATE WEAKLY MODERATE WEAKER 0.3333 0.2,0.3333,1
WEAKLY WEAKER 0.2000 0.1429,0.2,0.3333
VERY WEAKLY VERY WEAKER 0.1429 0.1111,0.1429,0.2
EXTREME WEAKLY EXTREME WEAKER 0.1111 0.1111,0.125,0.1429
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3 CASE STUDY

Risk analysis of LNG bunkering operation from truck to ship is selected as case
study. Bunkering operation work breakdown structure created and this structure has
been checked with American Bureau of Shipping (ABS, LNG Bunkering advisory),
Bureau Veritas (BV, Guidelines on LNG bunkering) and Det Norske Veritas (DNV,
LNG bunkering study) bunkering operation guidelines. Main risks defined and
grouped according to the HAZID/HAZOP studies, carried out for LNG powered dual-

fuel ships that are under construction in Turkiye.

Six experts; two from LNG system manufacturer, two from owner side LNG
operation responsible and two from classification society LNG expert engineers
selected as expert group. They are asked to fill in the questionnaire presented in
APPENDICES D: .

Risk matrix is created by using likelihood and consequences of each risk factor.
Data from the questionnaires used in two different ways to generate this matrix; the
first one is ANP and the second one is fuzzy ANP. ANP method is solved using
Saaty’s “Super Decisions” software, two exactly similar models used to calculate
likelihood and consequences. Priorities of fuzzy ANP method is calculated by using
excel macros and functions. Thus, it is possible to compare two different methods
with the same input data. At the end HAZID/HAZOP group study result has also

been compared with these results obtained from questionnaires.

3.1 Safety and Environmental Issues of LNG

LNG is natural gas in liquid form. Natural gas is cooled down to its boiling value
minus 162°C to get liquid form. In liquid form 600 cubic meters of natural gas is
stored in 1 cubic meters. LNG is composed almost exclusively of methane. It weighs
about 45% that of water, so it floats on water. LNG is odorless, colorless, non-
corrosive and non-toxic. LNG will not burn in liquid form. When LNG vaporizes, it
burns in concentrations of approximately 5% to 15% gas in air, if the fuel
concentration is lower than 5 percent, it cannot burn because of insufficient fuel and
if the fuel concentration is higher than 15 percent, it cannot burn because there is

insufficient oxygen. While LNG vapor is initially heavier than air, after LNG vapors
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(90% methane) become warmer than minus 106.7°C, they become lighter than air
and will rise and disperse rather than collect near the ground. LNG provides for
efficient storage and transportation of natural gas, and is vaporized for use by

consumers.

LNG emission reduction percentages versus typical marine diesel engines is
presented in Figure 3.A below. However unlike LNG engines running on gas only,
dual fuel two stroke (slow speed) engines running on LNG, fuel mixture even with no
methane slip can still not comply with nitrogen oxides (NOx) Tier Ill regulations of
International Convention for the Prevention of Pollution from Ships (MARPOL).

Development in new technologies for two stroke engines are still in progress.

-309 -85% -999 -95%
100 - / 0% 59%
N /
60 -
40 -
- 4 Ay

20 A

CO2 NOx SOx Particulars

= Medium Speed dual-fuel engine Diesel Engine

Figure 3.A: Emission Reduction Percentage Obtained by gas

(Wartsila, 2016)
3.2 Bunkering Operation (Truck to Ship)

Bunkering operation schema and operation sequence generated from DNV “Step by
step bunkering guide” is presented in Appendix A.1.

3.3 Risks of Bunkering Operation

Risks of bunkering operation are combined by using fault tree analysis (FTA) from
HAZID/HAZOP studies performed for ongoing projects and classification societies
bunkering guidelines (ABS, BV and DNV, 2014).
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3.3.1 Fault tree analysis (FTA)

Fault Tree Analysis is a deductive analysis that graphically models (using Boolean

logic). It is logically representing many events and component failures that may

combine to cause one critical event / failure.

Logic gates are used to show how basic events may combine to cause the critical

top events.

FTA is a powerful technique, suitable for detailed analysis of individual systems. It is

generally used in many applications to investigate fault analysis.

Potential areas to use FTA are listed as below;

Frequency analysis; It is commonly used to quantify the likelihood of the top

event occuring, based on estimates of failure rates of each component

Risk presentation; It may also used to show how the various risk contributors

combine to produce the overall risk

Hazard identification;It may also used qualitatively to identify combinations of

basic events that are sufficient to cause the top event, know as cut sets.

PROs of FTA are;

Clear logical form.
Widely used and well accepted.
Suitable for many hazards in QRA that rise from combination of adverse

circumstances, technical faults and human errors.

CONs of FTA are;

Not easy to use on large systems.
Events are generally assumed independent.
Analysts should have a high level of expertise to not to overlook failure

modes and fail to recognise common failures.

In Figure 3.B: FTA Symbols are presented.

Bunkering operation hazards are divided into four main groups. These are;

Natural Gas (NG) leaks
LNG leaks
Fire on ship

Fire on pier or bunker vessel
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Q OR GATE
D AND GATE

TOPEVENT

© BASIC EVENT

 E— ROUTE

Figure 3.B: FTA Symbols
Main hazards are presented in Figure 3.C.

MAIN HAZARDS

LNG LEAKS NG LEAKS FIRE ON SHIP FIRE ON PIER /

BUNKER
VESSEL

Figure 3.C: Main Hazards

Similarly hazards of NG, LNG leak hazards, fire on ship and fire on pier/bunker
vessel are presented respectively below in Figure 3.D, Figure 3.E, Figure 3.F and

Figure 3.G respectly.

All FTAs are presented here are confirmed by the decision makers who attended to

this study.
Five main NG leak hazards defined are;

e Incorrect sequence

e Mishandling

e Inappropriate inerting of hose and/or bunker line

e Failure of communication or emergency shutdown device (ESD)

e LNG Leaks

Sub hazards can be seen from the Figure 3.D.
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NG LEAKS

INCORRECT MISHANDLING INAPPROPRIATE FAILURE OF
SEQUENCE (INCLUDING INERTING OF COMMUNICATION
WRONG HOSE / BUNKER OR ESD
MANIFOLD LINE
CONNECTION)
LNG
LEAKS
FAILURE
OF
AUXILIAR
- AWARENESS — Y
SYSTEMS LNG
(N2, AIR) TRAPPED LOSSOF
IN PIPE BUNKER
@ VEHICLE
POWER
INAPPROP
RIATE
COOLING
OF
BUNKER
LINE

BREAKAWAY COUPLING
DISCONNECTION

EXTREME
WEATHER
CONDITIONS

SHIP / TRUCK
MOVEMENT

Figure 3.D: NG Leak Hazards

LNG leak hazards are grouped into five main hazards which are listed as below;

e Incorrect sequence
¢ Mishandling
e Hose rupture

e Dry coupling disconnection
Figure 3.E indicates sub hazards for LNG leaks.
Fire on ship and fire on pier / bunker vessel hazards are figured on the next pages.

As per the study probable reasons for these hazards are so similar to each other.
Basically there are no sufficient statistical accident studies for LNG bunkering

operation.
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LNG LEAKS

| I I |
INCORRECT MISHANDLING e ROTRAT HOSE
SEQUENCE (INCLUDING BUNKER LINE RUPTURE
WRONG
MANIFOLD
CONNECTION)

FAILURE
OF
AUXILIARY
SYSTEMS

(N2, AIR)

— AWARENESS |—
LNG TRAPPED IN
PIPE

INAPPROFRIATE
COOLING OF
BUNKER LINE

DRY COUPLING
DISCONNECTION

EXTREME
WEATHER
CONDITIONS

SHIP / TRUCK
MOVEMENT

Figure 3.E: LNG Leak Hazards

Fire on ship hazards are grouped into four main hazards;

e NG Leaks
e LNG Leaks
e Electrical equipments

e Simultanous operations
Similarly Fire on pier/bunker vessels hazards are grouped into five main hazards;

e NG Leaks

o LNG Leaks

o Electrical equipments
¢ Simultanous operation

e Unauthorized traffic in security zone
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FIRE ON SHIP

[

NG LEAKS — LNG LEAKS
ELECTRICAL SIMULTANOUS
EQUIPMENTS OPERATIONS

AWARENESS

e

Figure 3.F: Fire on Ship

FIRE ONPIER /
BUNKER
VESSEL

NG LEAKS — LNG LEAKS

ELECTRICAL UNAUTHORIZED SIMULTANOUS
EQUIPMENTS TRAFFIC IN SECURITY OPERATIONS
ZONE

AWARENESS < TRAINING )

Figure 3.G: Fire on Pier/Bunker Vessel

Definition of each hazards are explained in APPENDICES B: .
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3.3.2 Analytical network process (ANP) structure

Risk likelihood and consequences are derived from experts’ choice analysis by
using ANP method. Priorities are calculated by two different methods; Saaty’s
“Super Decisions” software is used to calculate ANP priorities and excel macro and

functions used to derive fuzzy-ANP priorities.

Ideal mode and aggregation of individual priorities (AIP) method is used to calculate
ANP solution.

Fuzzy-ANP is solved by using Chang’s extent analysis method, this method uses
triangular fuzzy set definition functions. Steps of Chang’s method are relatively

easier than other fuzzy approaches.

Control criteria for both likelihood and consequences created to model the problem

using ANP. Defined control criteria are represented in Figure 3.H, below.

RISK
LIKELIHOOD
OPERATIONAL CONNECTION ENVIRONMENTAL HUMAN LEAK
HAZARDS HAZARDS HAZARDS HAZARDS HAZARDS
RISK
CONSEQUENCE
OPERATIONAL CONNECTION ENVIRONMENTAL HUMAN LEAK
HAZARDS HAZARDS HAZARDS HAZARDS HAZARDS

Figure 3.H: Control Criteria
Each risk hazard is grouped under four defined control criteria for both likelihood

and consequence.
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OPERATIONAL

HAZARDS
HOSE RUPTURE
LNG TRAPPED

INPIPE INCORRECT

LOSS OF BUNKER SEQUENCE

VEHICLE POWER
INAPPROPRIATE
COOLING OF FAILURE OF
BUNKERLINE COMMUNICATION
FAILURE OF AUXILIARY ORESD
SYSTEMS (N2, AIR)
INAPPROPRIATE CONNECTION
INERTING OF HOSE OR BUNKER LINE HAZARDS
ALTERNATIVES
MISHANDLING
(INCLUDING WRONG MANIFOLD
NG LEAKS CONNECTION) DRY COUPLING
DISCONNECTION
LNG LEAKS
j v
FIRE ON SHIP BREAKAWAY
COUPLING
- REONPIER/ DISCONNECTION
BUNKER VESSEL

Figure 3.1: Grouped Hazards - 1

Figure 3.l and Figure 3.J indicate hazards grouped under control criteria.
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HUMAN HAZARDS

AWARENESS

FATIGUE

TRAINING

ENVIRONMENTAL
HAZARDS

SHIP / TRUCK
MOVEMENT

ELECTRICAL EQUIPMENTS

EXTREME WEATHER CONDITIONS

(LIGHTNING, STORM) UNAUTHORIZED TRAFFIC

IN SEQURITY ZONE

SIMULTANOUS OPERATIONS
(CRANE, CREW, PROVISION, WORK AT DECK)

Figure 3.J: Grouped Hazards - 2

Based on the relations of clusters in APPENDICES C: , ANP network structure
presented in Figure 3.K below. Circular arrows defines inner dependencies while

direct arrows defines outer dependencies of cluster to the directed cluster.

3.3.3 Questionnaire

Questionnaire based on ANP network structure figured in Figure 3.K has been
prepared and sent to 6 different experts; two ship owner representatives dealing
with LNG operations on board, two experts from classification society and two
experts from the company supplying LNG systems. The selected group was almost
a perfect sampling cluster; operator side, classification society side and system
manufacturer side. Unfortunately, only two experts replied to the questionnaire;
results are presented in APPENDICES D: . Questionnaire is based on one single
risk calculation method according to ISO 31000 (2009); likelihood and
consequences. Experts are asked to reply questions for both consequences and
likelihood for all scenarios depending on the network structure. In order to calculate

risk values for each expert below formulation is used.

Risk = Consequences * Likelihood [17]
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OPERATIONAL HAZARDS

1. LNG TRAPPEDINPIPE

2. INAPPROPRIATE COOLING OF BUNKER LINE

3. INAPPROPRIATEINERTING OF HOSE OR BUNKER
LINE

4. FAILUREOF AUXILIARY SYSTEMS (N2, AIR)

5. LOSSOF BUNKER VEHICLE POWER

6. FAILUREOF COMMUNICATIONOR ESD

7

8

HOSE RUPTURE
INCORRECT SEQUENCE

CONNECTION HAZARDS

1. MISHANDLING (INCLUDING WRONG
MANIFOLD CONNECTION)

2. BREAKAWAY COUPLING

DISCONNECTION

DRY COUPLING DISCONNECTION

HUMAN HAZARDS
1. FATIGUE
2. TRAINING

3. AWARENESS
ALTERNATIVES

1. LNGLEAKS

2. NGLEAKS

3. FIREONSHIP

4. FIREONPIER/
BUNKER

VESSEL
ENVIRONMENTAL HAZARDS

1. EXTREMEWEATHER CONDITIONS (LIGHTNING/STORM)

2. SHIP/TRUCK MOVEMENT

3. SIMULTANOUS OPERATIONS (CRANE, CREW,
PROVISION, WORK AT DECK)

4. ELECTRICALEQUIPMENTS

5. UNAUTHORIZED TRAFFIC INSEQURITY ZONE

Figure 3.K: ANP Network Structure

Same network structure is used for both likelihood and consequences networks, two
different questionnaires were presented to the experts. Experts were asked to fill the
guestionnaires for each group. Details of results are given in Appendix D.1, D.3 for
consequences and D.2, D.4 for likelihood.

As per ANP methodology first clusters then nodes pairwise compared according
their relations in the network structure.

Results of each comparison for both decision makers are shown in tables below.
When values calculated differ from other calculated methods’ values, they are
highlighted on the table. As seen on the results, there isn’t any major deviation
between different calculation methods.
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Table 3.1: Decision Maker 1 Consequences results comparison

ANP
LOGARITHMIC
FUZZY- LEAST ANP EIGEN
ANP SQUARE (SUPERDECISIONS)
FIRE ON PIER /
ALTERNATIVES BUNKER VESSEL 0.0352 0.0276 0.0279
FIRE ON SHIP 0.0467 0.0311 0.0319
LNG LEAKS 0.2071 0.2515 0.2601
NG LEAKS 0.1383 0.1104 0.1131
BREAKAWAY
CONNECTION COUPLING 0.0200
HAZARDS DISCONNECTION 0.0293 0.0211
DRY COUPLING 0.0170
DISCONNECTION 0.0226 0.0165
MISHANDLING 0.0323 0.0523 0.0537
ENVIRONMENTAL ELECTRICAL 0.0202
HAZARDS EQUIPMENTS 0.0274 0.0205 ’
EXTREME WEATHER 0.1037
CONDITIONS 0.1123 0.1246
SHIP / TRUCK 0.1180
MOVEMENT 0.1098 0.1164
SIMULTANOUS 0.0046
OPERATIONS 0.0119 0.0046
UNAUTHORIZED
TRAFFIC IN 0.0010
SECURITY ZONE 0.0010 0.0010
HUMAN HAZARDS AWARENESS 0.0305 0.0182 0.0185
FATIGUE 0.0459 0.0347 0.0353
TRAINING 0.0718 0.0971 0.0985
OPERATIONAL FAILURE OF 0.0059
HAZARDS AUXILIARY SYSTEMS 0.0045 0.0055 '
FAILURE OF
COMMUNICATION 0.0005
OR ESD 0.0005 0.0005
HOSE RUPTURE 0.0365 0.0399 0.0423
INAPPROPRIATE
COOLING OF 0.0052
BUNKER LINE 0.0055 0.0045
INAPPROPRIATE
INERTING OF HOSE 0.0029
OR BUNKER LINE 0.0045 0.0029
INCORRECT
SEQUENCE 0.0178 0.0146 0.0152
LNG TRAPPED IN
PIPE 0.0058 0.0032 0.0033
LOSS OF BUNKER 0.0013
VEHICLE POWER 0.0029 0.0012
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Table 3.2: Decision Maker 1 Likelihood results comparison

ANP
LOGARITHM
IC LEAST ANP EIGEN
FUZZY-ANP SQUARE (SUPERDECISIONS)
FIRE ON PIER /
ALTERNATIVES BUNKER VESSEL 0.0225 0.0260 0.0263
FIRE ON SHIP 0.0461 0.0391 0.0397
LNG LEAKS 0.2141 0.2401 0.2552
NG LEAKS 0.1820 0.1635 0.1571
BREAKAWAY
CONNECTION COUPLING
HAZARDS DISCONNECTION 0.0044 0.0070 0.0063
DRY COUPLING
DISCONNECTION 0.0045 0.0108 0.0117
MISHANDLING 0.0923 0.1173 0.1227
ENVIRONMENTAL  ELECTRICAL
HAZARDS EQUIPMENTS 0.0150 0.0124 0.0127
EXTREME WEATHER
CONDITIONS 0.0596 0.0459 0.0234
SHIP / TRUCK
MOVEMENT 0.0627 0.0469 0.0491
SIMULTANOUS
OPERATIONS 0.0105 0.0073 0.0075
UNAUTHORIZED
TRAFFIC IN SECURITY
ZONE 0.0039 0.0025 0.0025
HUMAN HAZARDS ~ AWARENESS 0.0427 0.0299 0.0330
FATIGUE 0.0852 0.0954 0.0890
TRAINING 0.0522 0.0434 0.0523
OPERATIONAL FAILURE OF
HAZARDS AUXILIARY SYSTEMS 0.0340 0.0334 0.0325
FAILURE OF COMM.
OR ESD 0.0060 0.0048 0.0043
HOSE RUPTURE 0.0038 0.0050 0.0051
INAPPROPRIATE
COOLING OF BUNKER
LINE 0.0034 0.0021 0.0019
INAPPROPRIATE
INERTING OF HOSE
OR BUNKER LINE 0.0035 0.0021 0.0025
INCORRECT
SEQUENCE 0.0396 0.0548 0.0556
LNG TRAPPED IN PIPE 0.0021 0.0017 0.0016
LOSS OF BUNKER
VEHICLE POWER 0.0100 0.0087 0.0083
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Table 3.3: Decision Maker 2 Consequences results comparison

FUZZY- ANP ANP EIGEN
ANP LOGARITHMIC  (SUPERDECISIONS)
LEAST SQUARE
ALTERNATIVES  |REONPIER/BUNKER 5,5 0.0416 0.0419
VESSEL
FIRE ON SHIP 0.0547 0.0497 0.0497
LNG LEAKS 0.2202 0.2671 0.2783
NG LEAKS 0.1356 0.1123 0.1155
CONNECTION ~ BREAKAWAY COUPLING
HAZARDS DISCONNECTION 0.0184 0.0136 0.0122
DRY COUPLING
DISCONNECTION 0.0400 0.0585 0.0606
MISHANDLING 0.0297 0.0228 0.0233
ENVIRONMENTAL ELECTRICAL
HAZARDS R I PMENTS 0.0269 0.0221 0.0215
EXTREME WEATHER
contNe 0.1094 0.1181 0.0934
SHIP / TRUCK
1 E i 0.0636 0.0727 0.0747
SIMULTANOUS
orerallos 0.0174 0.0148 0.0144
UNAUTHORIZED
TRAFFIC IN SECURITY 0.0077 0.0037 0.0036
ZONE
HUMAN HAZARDS AWARENESS 0.0178 0.0143 0.0146
FATIGUE 0.0836 0.0879 0.0903
TRAINING 0.0390 0.0219 0.0220
OPERATIONAL  FAILURE OF AUXILIARY
HAZARDS SYSTEMS 0.0039 0.0051 0.0054
FAILURE OF
COMMUNICATIONOR ~ 0.0063 0.0039 0.0040
ESD
HOSE RUPTURE 0.0278 0.0366 0.0391
INAPPROPRIATE
COOLING OF BUNKER ~ 0.0019 0.0011 0.0015
LINE
INAPPROPRIATE
INERTING OF HOSEOR ~ 0.0075 0.0071 0.0073
BUNKER LINE
INCORRECT SEQUENCE ~ 0.0266 0.0192 0.0205
LNG TRAPPED INPIPE  0.0076 0.0040 0.0042
L0S5 OF BUNKER 0.0034 0.0020 0.0022

VEHICLE POWER
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Table 3.4: Decision Maker 2 Likelihood results comparison

ANP
LOGARITHMI ANP EIGEN
FUZZY-ANP C LEAST (SUPERDECISIONS)
SQUARE
ALTERNATIVES FIRE ON PIER / BUNKER 0.0293 0.0297 0.0296
VESSEL
FIRE ON SHIP 0.0564 0.0424 0.0426
LNG LEAKS 0.1892 0.2216 0.2228
NG LEAKS 0.1641 0.1333 0.1333
CONNECTION BREAKAWAY COUPLING
HAZARDS DISCONNECTION 0.0134 0.0127 0.0107
DRY COUPLING
DISCONNECTION 0.0056 0.0120 0.0125
MISHANDLING 0.1180 0.1306 0.1354
ENVIRONMENTA ELECTRICAL
L HAZARDS EQUIPMENTS P27 0.0233 0.0242
EXTREME WEATHER
CONDITIONS 0.0813 0.0625 0.0624
SHIP / TRUCK
MOVEMENT 0.0718 0.0543 0.0553
SIMULTANOUS
OPERATIONS 0.0176 0.0138 0.0140
UNAUTHORIZED TRAFFIC
IN SECURITY ZONE 0.0069 0.0049 0.0049
HUMAN
HAZARDS AWARENESS 0.0130 0.0121 0.0120
FATIGUE 0.0296 0.0531 0.0528
TRAINING 0.0373 0.0344 0.0345
OPERATIONAL FAILURE OF AUXILIARY
HAZARDS SYSTEMS 0.0375 0.0388 0.0370
FAILURE OF
COMMUNICATION OR 0.0141 0.0120 0.0118
ESD
HOSE RUPTURE 0.0000 0.0046 0.0044
INAPPROPRIATE
COOLING OF BUNKER 0.0009 0.0021 0.0020
LINE
INAPPROPRIATE
INERTING OF HOSE OR 0.0160 0.0189 0.0179
BUNKER LINE
INCORRECT SEQUENCE 0.0436 0.0590 0.0563
LNG TRAPPED IN PIPE 0.0149 0.0095 0.0093
LOSS OF BUNKER 0.0138 0.0139 0.0146

VEHICLE POWER

3.3.4 Ranking of decision makers

Decision makers who replied to the questionnaire have different skills; one of them

has good site experience about LNG operations on board and on the other hand the
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other one has good theoretical knowledge. In this case it is considered that both
decision makers can not have the same effect on the final results which means their

weight are to be different from each other.

In order to identify the ranks of the decision makers a sub-ANP network system
shown below is created.

Pairwise comparisons done to solve the network structure. Weight of experience
has been compared based on the previous experiences such as number of similar
projects they participated and number of years dealing with LNG operation. On the
other hand weight of theoretical knowledge has been compared based on interviews

performed by each decision maker separately.

AIM
THEORITICAL
EXPERIENCE KNOWLEDGE
DECISION DECISION
MAKER 1 MAKER 2

Figure 3.L: Network structure for decision makers

Calculation details are given in APPENDICES I. Based on this calculation ranks of

the decision makers are so close.

e Decision maker 1: 0.4735
e Decision maker 2: 0.5254

3.3.5 Calculating group decision

In order to calculate the group decision, “Aggregation of Individual Priorities (AIP)”
methodology has been used. As described in 2.4.5 when decision makers are not
willing to pool their judgment, AIP method shall be used to calculate the group
decision. Formulation numbered [9] and weight of decision makers calculated in

3.3.4 have been used for calculations.
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Table 3.5: Group Decision - Consequences

ANP
LOGARITHMIC
FUZZY LEAST ANP EIGEN
-ANP SQUARE (SUPERDECISIONS)
FIRE ON PIER /
BUNKER VESSEL 0.0429 0.0342 0.0346
ALTERNATIVES FIRE ON SHIP 0.0507 0.0398 0.0403
LNG LEAKS 0.2139 0.2596 0.2695
NG LEAKS 0.1369 0.1114 0.1143
BREAKAWAY
COUPLING
DISCONNECTION 0.0230 0.0168 0.0154
CONNECTION
HAZARDS DRY COUPLING
DISCONNECTION 0.0305 0.0322 0.0332
MISHANDLING 0.0309 0.0338 0.0346
ELECTRICAL
EQUIPMENTS 0.0271 0.0213 0.0209
EXTREME
WEATHER
CONDITIONS 0.1108 0.1211 0.0981
ENVIRONMENTAL  SHIP / TRUCK
HAZARDS MOVEMENT 0.0824 0.0908 0.0928
SIMULTANOUS
OPERATIONS 0.0145 0.0085 0.0083
UNAUTHORIZED
TRAFFIC IN
SECURITY ZONE 0.0029 0.0020 0.0019
AWARENESS 0.0229 0.0161 0.0163
HUMAN HAZARDS  FATIGUE 0.0629 0.0566 0.0579
TRAINING 0.0521 0.0443 0.0448
FAILURE OF
AUXILIARY
SYSTEMS 0.0042 0.0053 0.0056
FAILURE OF
COMMUNICATION
OR ESD 0.0019 0.0014 0.0015
HOSE RUPTURE 0.0316 0.0381 0.0406
INAPPROPRIATE
COOLING OF
PERATIONAL
SAZARDSO BUNKER LINE 0.0031 0.0021 0.0027
INAPPROPRIATE
INERTING OF HOSE
OR BUNKER LINE 0.0059 0.0046 0.0047
INCORRECT
SEQUENCE 0.0220 0.0169 0.0177
LNG TRAPPED IN
PIPE 0.0067 0.0036 0.0038
LOSS OF BUNKER
VEHICLE POWER 0.0031 0.0016 0.0017
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Table 3.6: Group Decision - Likelihood

ALTERNATIVES

CONNECTION
HAZARDS

ENVIRONMENTAL
HAZARDS

HUMAN HAZARDS

OPERATIONAL
HAZARDS

FIRE ON PIER/
BUNKER VESSEL

FIRE ON SHIP
LNG LEAKS
NG LEAKS

BREAKAWAY
COUPLING
DISCONNECTION

DRY COUPLING
DISCONNECTION

MISHANDLING

ELECTRICAL
EQUIPMENTS
EXTREME
WEATHER
CONDITIONS

SHIP / TRUCK
MOVEMENT

SIMULTANOUS
OPERATIONS

UNAUTHORIZED
TRAFFIC IN
SECURITY ZONE

AWARENESS
FATIGUE

TRAINING
FAILURE OF
AUXILIARY
SYSTEMS

FAILURE OF
COMMUNICATION
OR ESD

HOSE RUPTURE
INAPPROPRIATE
COOLING OF
BUNKER LINE

INAPPROPRIATE
INERTING OF
HOSE OR BUNKER
LINE

INCORRECT
SEQUENCE

LNG TRAPPED IN
PIPE

LOSS OF BUNKER
VEHICLE POWER

FUZZY-
ANP

0.0258
0.0512
0.2007
0.1723

0.0079

0.0051
0.1050

0.0199

0.0702

0.0673

0.0138

0.0052

0.0229

0.0488
0.0437

0.0358

0.0094
0.0000

0.0017

0.0077

0.0416

0.0059

0.0118

ANP
LOGARITHMIC
LEAST
SQUARE

0.0279
0.0408
0.2302
0.1468

0.0096

0.0114
0.1241

0.0175

0.0540

0.0507

0.0102

0.0035

0.0186

0.0701
0.0384

0.0361

0.0078
0.0048

0.0021

0.0067

0.0570

0.0042

0.0111

ANP EIGEN
(SUPERDECISIONS)

0.0280
0.0412
0.2376
0.1441

0.0083

0.0121
0.1292

0.0178

0.0392

0.0522

0.0104

0.0036

0.0194

0.0676
0.0420

0.0348

0.0073
0.0047

0.0020

0.0070

0.0559

0.0041

0.0111
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3.3.6 Calculation of risk value for alternatives

In section 3.3.5 group decisions for all nodes are calculated separately for
consequences and likelihood. By using formulation numbered [17], risk values has
calculated for all methodologies as shown below.

Table 3.7: Risk Values

ANP
LOGARITHMIC
FUZZY- LEAST ANP EIGEN
ANP SQUARE (SUPERDECISIONS)
FIRE ON PIER / BUNKER
VESSEL 0.0011 0.0010 0.0010
FIRE ON SHIP 0.0026 0.0016 0.0017
LNG LEAKS 0.0429 0.0597 0.0640
NG LEAKS 0.0236 0.0164 0.0165
0.0700
0.0600
0.0500
0.0400 W FUZZY-ANP
0.0300
B ANP LOGARITHMIC LEAST
0.0200 SQUARE
0.0100 - ANP EIGEN
(SUPERDECISIONS)
0.0000 —— . . .
FIREON  FIREON LNGLEAKS NG LEAKS
PIER / SHIP
BUNKER
VESSEL

Figure 3.M: Risk Values
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4 CONCLUSION

In this study, multi-criteria and multi expert decision making methods used to obtain
the priorities of likelihood and consequences for LNG bunkering operation and by
using these figures risk values for alternatives calculated.

LNG bunkering operation is regarded as one of the major risky operations for ships
using LNG as fuel. Hazards for bunkering operation are considered; using the
opinions of a LNG expert group for LNG dual-fuel projects under construction in
Turkiye and bunkering guidelines of classification societies listed in references.
Based on the Fault Tree Analysis (FTA) all hazards are grouped in cluster, nodes

under clusters and inner, outer dependencies are created by using FTA.

FTA resulted clusters and nodes were used to generate ANP network structure.
ANP network structure solved by using two different methods; ANP (using
logarithmic least square method) and Fuzzy-ANP. The idea is to find out the effect
of fuzziness and compare results with different methodologies. ANP solutions also
obtained from “Super Decisions” software which uses “eigen values” for calculation.
Excel macros and functions were used to get results for Fuzzy-ANP method. Main
algorithm methods studied (Kahraman, 2008) and triangular functions selected and
used as fuzzy membership functions. Chang’s extended analysis method (1996)

used for the solution.

According to Figure 3.M; in all calculation methodologies the most risky alternative is
LNG leaks. According to FTA structure this seems reasonable because, LNG leaks
cause NG leaks, fire on ship and occasionally fire on pier / bunker vessel. Similarly,
NG leaks are the second risky alternative cause they do not cause LNG leak but
cause fire on ship, fire on pier / bunker vessel. While considering measures for risks

during bunkering operations, special attention should be paid to LNG leak causes.

Calculation methodologies for ANP, logarithmic least square and eigen values have
very similar results. The reason for this might be the consistency index, in this study
special attention paid to keep consistency index less than 0.10. It has been shown
that using logarithmic least squares method also provides enough precision, with
consistency index less than 0.10. Additional applications may be performed to

measure the limit for consistency while using logarithmic least squares method.
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Fuzzy-ANP results slightly differs from classical ANP results. Using fuzzy sets is a
powerful tool, in this study triangular functions used to create sets. Triangular
functions are easy to use with Chang’s methodology, further studies with different
sets have to be performed to understand the effectiveness on this kind of problems.
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APPENDICES A: BUNKERING

A.1 Bunkering Operation Diagram

Diagram is presented on the next page.
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Figure A.1: : LNG Bunkering Operation Schema
(Generated from DNV step by step bunkering guide)
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Table A.1: LNG Bunkering Operation

(Generated by DNV step by step bunkering guide)

SHORE SIDE OPERATIONS SHIP SIDE OPERATIONS
Order Explanation Open Valve position Order Explanation Open Valve position
1 Precooling of filling lines V5, V6, V7, V12 4 Inert line V1, V2, V3, V13
2 Initial cooling of transfer pump V9, V10, V11 5 Purge connected system with natural V1, V3, V4

(P1) gas
3 Connect hose - 8 Liguid line inerting V1, V2, V3, V13
6 Filling sequence V1, V3, V6, V8, V10, 9 Disconnect hose

V11, V14

7 Liquid line stripping V3

(open-close-open)
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APPENDICES B: HAZARD DEFINITIONS

Incorrect Sequence; bunkering operation has to be done in order. This hazard is

defined to cover sequence order mistakes.

Mishandling; carrying, connecting hose, opening the correct valve at the correct

time.

Hose rupture; rupture of hose due to external effects. Hoses are periodically tested

that why fatigue or abrasion is not considered.
Dry coupling disconnection; one of the two connection types for bunkering

Failure of auxiliary systems; failure of gas supplying systems for inerting and air

or hydraulic supply for remote control valves.

Awareness; human factor based on studies, crew may lose awareness of the risks

and hazards of the periodically done works.
Training; crew training operational and safety.

Fatigue; bunkering operation is a critical operation and to be done as soon as

possible. Crew fatigue due to limited time and extreme bunkering timing.

Ship / Truck movement; normally ships are moored before operation however ship
movement because of improper mooring, weather conditions and accidental truck

movement.

Extreme weather conditions; sea weather conditions causing ship to move while

bunkering.

In appropriate cooling of bunker line; LNG is cryogenic, pipes and pumps are to

be cooled down slowly in order not to damage systems.

Loss of bunker vehicle power; bunkering is done by pump on truck, in case loss

of power operation will be stopped.

Failure of communication or ESD; ESD is the emergency shutdown to use in case
of emergency, communication systems are used to monitor and provide

communications to monitor bunkering operation from both ship and shore side.

Breakaway coupling disconnection; easily breakable coupling with special non-

return valve system, preventing rupture of hose.
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LNG trapped in pipe; LNG is liquid form of NG, supplied in very cold temperature.
1 cubic meter of LNG is approximately is equal to 600 cubic meter of NG. During
normal bunkering operation LNG in pipes are swept back in tank by using NG. If the
cold end of the system is closed or blocked (e.g. in case of breakaway coupling
disconnection), LNG will be trapped in pipe and will expand when exposed to normal

air temperature.
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APPENDICES C: CLUSTERS INNER AND OUTER RELATIONS

Table C.1: Alternatives Cluster 1

Main Control Cluster Related Control Criteria Related Cluster
Operational Hazards 4,7,8
Connection Hazards 1,3

1) LNG leaks
Human Hazards 1,2,3
Environmental Hazards 1,2
Operational Hazards 1,2,3,4,56,8
Connection Hazards 1,2

2) NG leaks
Human Hazards 1,2,3
Environmental Hazards 1,2
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Table C.2: Alternatives Cluster 2

Main Control Cluster

Related Control Criteria

Related Cluster

1) Fire on ship

2) Fire on pier / bunker vessel

Alternatives
Environmental Hazards

Alternatives

Environmental Hazards

1,2
3,4

1,2

3,4,5

Table C.3: Human Cluster

Main Control Cluster

Related Control Criteria

Related Cluster

1) Fatigue

2) Training

3) Awareness

Alternatives
Alternatives
Alternatives

Human Hazards

1,2,3,4
1,2,3,4
1,2,3,4
1
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Table C.4: Operations Cluster

Main Control Cluster

Related Control Criteria

Related Cluster

1) LNG trapped in pipe

2) Inappropriate cooling of bunker line
4) Failure of auxiliary systems (N2, Air)
5) Loss of bunker vessel power

3) Inappropriate inerting of hose or bunker
line

6) Failure of communication

7) Hose rupture

8) Incorrect sequence

Operational Hazards
Connection Hazards
Alternatives

Environmental Hazards

Alternatives

Operational Hazards
Alternatives

Operation Hazards
Alternatives
Environmental Hazards
Alternatives

Human Hazards

Alternatives

2,5

2
1,2,3,4
1,2

1,2,3,4

1,4

1,2,3,4

1,2,3,4
1,2
1,2,3,4
1,23
1,2,3,4
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Table C.5: Connection Cluster

Main Control Cluster

Related Control Criteria

Related Cluster

1) Mishandling

2) Breakaway coupling disconnection

3) Dry coupling disconnection

Human Hazards

Alternatives

Environmental Hazards

Alternatives

Environmental Hazards

Alternatives

1,2,3

1,2,3,4

1,2

1,2,3,4

1,2

1,2,3,4
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Table C.6: Environmental Cluster

Main Control Cluster Related Control Criteria Related Cluster

1) Extreme weather conditions Alternatives 1,2,3,4
Environmental Hazards 1

2) Ship / truck movement
Alternatives 1,2,3,4
Human Hazards 2,3

3) Simultanous operations
Alternatives 1,2,3,4
Human Hazards 2,3

4) Electrical equipments
Alternatives 1,2,3,4
Human Hazards 2,3

5) Unauthorized traffic in sequrity zone
Alternatives 1,2,3,4
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APPENDICES D:

D.1 Questionnaire for clusters - Consequences

QUESTIONNAIRE AND EXPERT REPLIES

DECISION DECISION
Consequences Matrix 01 MARKER 2 MAKER 1
CONNECTION HAZARDS CONSEQUENCES
Consequences of ENVIRONMENTAL MODERATE than HUMAN
HAZARDS that cause connection hazards are STRONGER STRONGER HAZARDS
Consequences of ENVIRONMENTAL MODERATE
HAZARDS that cause connection hazards are EQUAL STRONGER than ALTERNATIVES
Consequences of HUMAN HAZARDS that MODERATE
cause connection hazards are WEAKER EQUAL than ALTERNATIVES
Consequences Matrix 02
ENVIRONMENTAL HAZARDS
CONSEQUENCES
Consequences of ENVIRONMENTAL
HAZARDS that cause environmental hazards MODERATE than HUMAN
are EQUAL WEAKER HAZARDS
Consequences of ENVIRONMENTAL
HAZARDS that cause environmental hazards MODERATE MODERATE
are WEAKER STRONGER than ALTERNATIVES
Consequences of HUMAN HAZARDS that MODERATE
cause environmental hazards are WEAKER STRONGER than ALTERNATIVES
Consequences Matrix 03
ALTERNATIVES
than
Consequences of CONNECTION HAZARDS ENVIRONMENTAL
that cause alternatives are EQUAL EQUAL HAZARDS
Consequences of CONNECTION HAZARDS than HUMAN
that cause alternatives are EQUAL EQUAL HAZARDS
Consequences of CONNECTION HAZARDS than OPERATIONAL
that cause alternatives are EQUAL EQUAL HAZARDS
Consequences of CONNECTION HAZARDS
that cause alternatives are EQUAL EQUAL than ALTERNATIVES
Consequences of ENVIRONMENTAL than HUMAN
HAZARDS that cause alternatives are EQUAL EQUAL HAZARDS
Consequences of ENVIRONMENTAL than OPERATIONAL
HAZARDS that cause alternatives are EQUAL EQUAL HAZARDS
Consequences of ENVIRONMENTAL
HAZARDS that cause alternatives are EQUAL EQUAL than ALTERNATIVES
Consequences of HUMAN HAZARDS that than OPERATIONAL
cause alternatives are EQUAL EQUAL HAZARDS
Consequences of HUMAN HAZARDS that
cause alternatives are EQUAL EQUAL than ALTERNATIVES
Consequences of OPERATIONAL HAZARDS MODERATE MODERATE
that cause alternatives are WEAKER WEAKER than ALTERNATIVES
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Consequences Matrix 04

OPERATIONAL HAZARDS

Consequences of CONNECTION HAZARDS

that cause operational hazards

Consequences of CONNECTION HAZARDS

that cause operational hazards

Consequences of CONNECTION HAZARDS

that cause operational hazards

Consequences of CONNECTION HAZARDS

that cause operational hazards
Consequences of ENVIRONMENTAL
HAZARDS that cause operational hazards
Consequences of ENVIRONMENTAL
HAZARDS that cause operational hazards
Consequences of ENVIRONMENTAL
HAZARDS that cause operational hazards
Consequences of HUMAN HAZARDS that
cause operational hazards

Consequences of HUMAN HAZARDS that
cause operational hazards

Consequences of OPERATIONAL HAZARDS

that cause operational hazards

EQUAL
EQUAL
EQUAL
EQUAL
EQUAL
EQUAL
EQUAL
EQUAL
EQUAL

MODERATE
WEAKER

than
ENVIRONMENTAL
EQUAL HAZARDS
than HUMAN
EQUAL HAZARDS
than OPERATIONAL
EQUAL HAZARDS
EQUAL than ALTERNATIVES
than HUMAN
EQUAL HAZARDS
than OPERATIONAL
EQUAL HAZARDS
EQUAL than ALTERNATIVES
than OPERATIONAL
EQUAL HAZARDS
EQUAL than ALTERNATIVES
MODERATE
WEAKER than ALTERNATIVES

D.2 Questionnaire for clusters - Likelihood

DECISION DECISION
Likelihood Matrix 01 ~ MARKER 2 MAKER 1
CONNECTION HAZARDS
LIKELIHOOD
VERY probable to cause a connection hazard than
ENVIRONMENTAL HAZARDS are STRONGLY STRONGLY HUMAN HAZARDS
MODERATE MODERATE probable to cause a connection hazard than
ENVIRONMENTAL HAZARDS are  STRONGLY STRONGLY ALTERNATIVES
MODERATE probable to cause a connection hazard than
HUMAN HAZARDS are WEAKLY WEAKLY ALTERNATIVES
Likelihood Matrix 02
ENVIRONMENTAL HAZARDS
LIKELIHOOD
VERY probable to cause an environmental hazard
ENVIRONMENTAL HAZARDS are  STRONGLY WEAKLY than HUMAN HAZARDS
VERY MODERATE probable to cause an environmental hazard
ENVIRONMENTAL HAZARDS are STRONGLY WEAKLY than ALTERNATIVES
probable to cause an environmental hazard
HUMAN HAZARDS are EQUALLY EQUALLY than ALTERNATIVES
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Likelihood Matrix 03

ALTERNATIVES LIKELIHOOD

VERY MODERATE probable to cause an alternative than
CONNECTION HAZARDS are  STRONGLY STRONGLY ENVIRONMENTAL HAZARDS
VERY MODERATE probable to cause an alternative than
CONNECTION HAZARDS are  STRONGLY STRONGLY HUMAN HAZARDS
probable to cause an alternative than
CONNECTION HAZARDS are EQUALLY EQUALLY OPERATIONAL HAZARDS
MODERATE probable to cause an alternative than
CONNECTION HAZARDS are  STRONGLY EQUALLY ALTERNATIVES
MODERATE MODERATE probable to cause an alternative than
ENVIRONMENTAL HAZARDS are  STRONGLY WEAKLY HUMAN HAZARDS
MODERATE MODERATE probable to cause an alternative than
ENVIRONMENTAL HAZARDS are WEAKLY WEAKLY OPERATIONAL HAZARDS
MODERATE probable to cause an alternative than
ENVIRONMENTAL HAZARDS are  STRONGLY EQUALLY ALTERNATIVES
probable to cause an alternative than
HUMAN HAZARDS are WEAKLY EQUALLY OPERATIONAL HAZARDS
MODERATE probable to cause an alternative than
HUMAN HAZARDS are WEAKLY EQUALLY ALTERNATIVES
probable to cause an alternative than
OPERATIONAL HAZARDS are STRONGLY EQUALLY ALTERNATIVES
Likelihood Matrix 04
OPERATIONAL HAZARDS
LIKELIHOOD
MODERATE probable to cause an alternative than
CONNECTION HAZARDS are  STRONGLY STRONGLY ENVIRONMENTAL HAZARDS
MODERATE probable to cause an operational hazard
CONNECTION HAZARDS are  STRONGLY STRONGLY than HUMAN HAZARDS
MODERATE probable to cause an operational hazard
CONNECTION HAZARDS are EQUALLY WEAKLY than OPERATIONAL HAZARDS
probable to cause an operational hazard
CONNECTION HAZARDS are  STRONGLY EQUALLY than ALTERNATIVES
probable to cause an operational hazard
ENVIRONMENTAL HAZARDS are  STRONGLY EQUALLY than HUMAN HAZARDS
MODERATE MODERATE probable to cause an operational hazard
ENVIRONMENTAL HAZARDS are WEAKLY WEAKLY than OPERATIONAL HAZARDS
MODERATE probable to cause an operational hazard
ENVIRONMENTAL HAZARDS are  STRONGLY EQUALLY than ALTERNATIVES
MODERATE probable to cause an operational hazard
HUMAN HAZARDS are WEAKLY WEAKLY than OPERATIONAL HAZARDS
probable to cause an operational hazard
HUMAN HAZARDS are EQUALLY EQUALLY than ALTERNATIVES
probable to cause an operational hazard
OPERATIONAL HAZARDS are STRONGLY EQUALLY than ALTERNATIVES

D.3 Questionnaire for nodes - Consequences

DECISION DECISION
MARKER 2 MAKER 1
MISHANDLING CONSEQUENCES
Consequences of FATIGUE that cause
MISHANDLING is STRONGER VERY WEAKER than TRAINING
Consequences of FATIGUE that cause VERY MODERATE
MISHANDLING is STRONGER WEAKER than AWARENESS
Consequences of TRAINING that cause MODERATE
MISHANDLING is STRONGER WEAKER than AWARENESS
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BREAKAWAY COUPLING DISCONNECTION
CONSEQUENCES

Consequences of EXTREME WEATHER

than SHIP / TRUCK

CONDITIONS are that cause BREAKAWAY EQUAL WEAKER
COUPLING DISCONNECTION is MOVEMENT
DRY COUPLING DISCONNECTION
CONSEQUENCES
Consequences of EXTREME WEATHER
CONDITIONS are that cause DRY COUPLING EQUAL WEAKER mg@;u‘g@ RUCK
DISCONNECTION is
FIRE ON SHIPS CONSEQUENCES
Consequences of SIMULTANOUS OPERATIONS than ELECTRICAL
are that cause FIRE ON SHIPS is WEAKER WEAKER  EQuIPMENTS
FIRE ON PIER / BUNKER VESSEL
CONSEQUENCES
Consequences of SIMULTANOUS OPERATIONS
MODERATE than ELECTRICAL
are that cause FIRE ON PIER / BUNKER WEAKER
VESSELS is STRONGER EQUIPMENTS
Consequences of SIMULTANOUS OPERATIONS than UNAUTHORIZED
are that cause FIRE ON PIER / BUNKER '\SA'?RDOEI\T(QI-EI—E '\S/I'I'OFIQDOEI\FIQ(’;\I-EI—E TRAFFIC IN
VESSELS is SECURITY ZONE
Consequences of ELECTRICAL EQUIPMENTS VERY than UNAUTHORIZED
are that cause FIRE ON PIER / BUNKER EQUAL STRONGER TRAFFIC IN
VESSELS is SECURITY ZONE
SIMULTANOUS OPERATIONS
CONSEQUENCES
Consequences of TRAINING that cause
SIMULTANOUS OPERATIONS is EQUAL STRONGER than AWARENESS
ELECTRICAL EQUIPMENTS CONSEQUENCES
Consequences of TRAINING that cause VERY
ELECTRIC EQUIPMENTS is STRONGER STRONGER  than AWARENESS
UNAUTHORIZED TRAFFIC IN SECURITY ZONE
CONSEQUENCES
Consequences of TRAINING that cause
UNAUTHORIZED TRAFFIC IN SECURITY ZONE STRONGER STRONGER than AWARENESS

is
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LNG LEAKS CONSEQUENCES

Consequences of MISHANDLING that cause LNG WEAKER MODERATE than DRY COUPLING
LEAKS is STRONGER DISCONNECTION
Consequences of EXTREME WEATHER than SHIP / TRUCK
CONDITIONS are that cause LNG LEAKS is EQUAL VERY WEAKER MOVEMENT
Consequences of FATIGUE that cause LNG VERY MODERATE
LEAKS is STRONGER WEAKER than TRAINING
Consequences of FATIGUE that cause LNG VERY MODERATE
LEAKS is STRONGER STRONGER  (han AWARENESS
Consequ_ences of TRAINING that cause LNG EQUAL STRONGER than AWARENESS
LEAKS is
Consequences of FAILURE OF AUXILIARY EXTREME than HOSE
SYSTEMS are that cause LNG LEAKS is VERY WEAKER WEAKER RUPTURE
Consequences of FAILURE OF AUXILIARY WEAKER MODERATE than INCORRECT
SYSTEMS are that cause LNG LEAKS is WEAKER SEQUENCE
Consequences of HOSE RUPTURE that cause MODERATE STRONGER than INCORRECT
LNG LEAKS is STRONGER SEQUENCE
NG LEAKS CONSEQUENCES
than BREAKAWAY
Egziesquignces of MISHANDLING that cause NG EQUAL VERY WEAKER COUPLING
DISCONNECTION
Consequences of EXTREME WEATHER than SHIP / TRUCK
CONDITIONS are that cause NG LEAKS is EQUAL VERY WEAKER  \1oVEMENT
Consequences of FATIGUE that cause NG LEAKS MODERATE
is STRONGER WEAKER than TRAINING
Consequences of FATIGUE that cause NG LEAKS VERY MODERATE
is STRONGER STRONGER  (han AWARENESS
Consequences of TRAINING that cause NG MODERATE
LEAKS is STRONGER STRONGER than AWARENESS
than
Consequences of LNG TRAPPED IN PIPE that MODERATE WEAKER INAPPROPRIATE
cause NG LEAKS is STRONGER COOLING OF
BUNKER LINE
than
Consequences of LNG TRAPPED IN PIPE that INAPPROPRIATE
cause NG LEAKS is VERY WEAKER EQUAL INERTING OF HOSE
OR BUNKER LINE
Consequences of LNG TRAPPED IN PIPE that MODERATE  than FAILURE OF
cause NG LEAKS is STRONGER STRONGER ~ AUXILIARY
SYSTEMS
Consequences of LNG TRAPPED IN PIPE that VERY MODERATE ?S&kgg?/gﬁmm
cause NG LEAKS is STRONGER STRONGER
POWER
than FAILURE OF
Consequences of L.NG TRAPPED IN PIPE that WEAKER STRONGER COMMUNICATION
cause NG LEAKS is
OR ESD
Consequences of LNG TRAPPED IN PIPE that WEAKER MODERATE than INCORRECT
cause NG LEAKS is WEAKER SEQUENCE
than
Consequences of INAPPROPRIATE COOLING INAPPROPRIATE
OF BUNKER LINE that cause NG LEAKS is VERY WEAKER EQUAL INERTING OF HOSE
OR BUNKER LINE
Consequences of INAPPROPRIATE COOLING EQUAL MODERATE X‘S;'(IEQI\EL:(RE OF
OF BUNKER LINE that cause NG LEAKS is STRONGER SYSTEMS (N2, AIR)
than LOSS OF
Consequences of INAPPROPRIATE COOLING MODERATE
OF BUNKER LINE that cause NG LEAKS is STRONGER STRONGER Eg§ﬁ§5VEHCLE
than FAILURE OF
Consequences of INAPPROPRIATE COOLING
OF BUNKER LINE that cause NG LEAKS is VERY WEAKER STRONGER gg’\él\sllgNICATION
Consequences of INAPPROPRIATE COOLING WEAKER EQUAL than INCORRECT

OF BUNKER LINE that cause NG LEAKS is
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Consequences of INAPPROPRIATE INERTING

than FAILURE OF

OF HOSE OR BUNKER LINE that cause NG STI;/(EIEIQE(EER g?ggﬁé;g AUXILIARY
LEAKS is SYSTEMS (N2, AIR)
Consequences of INAPPROPRIATE INERTING than LOSS OF
OF HOSE OR BUNKER LINE that cause NG ES)'(I'-IFQ%EN'\QEEELRY '\SATOF?()E;\T(?;E BUNKER VEHICLE
LEAKS is POWER
Consequences of INAPPROPRIATE INERTING MODERATE than FAILURE OF
OF HOSE OR BUNKER LINE that cause NG STRONGER STRONGER COMMUNICATION
LEAKS is OR ESD
conseduences of N PROPRIATE INERTING MODERATE MODERATE  than INCORRECT
. STRONGER WEAKER SEQUENCE
LEAKS is
Consequences of FAILURE OF AUXILIARY MODERATE MODERATE ~ HanlOSSOF
SYSTEMS are that cause NG LEAKS is STRONGER STRONGER POWER
Consequences of FAILURE OF AUXILIARY WEAKER VERY tchg?A';A%LNLngT?gN
SYSTEMS are that cause NG LEAKS is STRONGER OR ESD
Consequences of FAILURE OF AUXILIARY WEAKER MODERATE  than INCORRECT
SYSTEMS are that cause NG LEAKS is WEAKER SEQUENCE
than FAILURE OF
Consequences of LOSS OF BUNKER VEHICLE MODERATE
POWER that cause NG LEAKS is VERY WEAKER STRONGER gg'\él\sﬂgNICATION
Consequences of LOSS OF BUNKER VEHICLE than INCORRECT
POWER that cause NG LEAKS is WEAKER WEZKER SEQUENCE
Consequences of FAILURE OF
COMMUNICATION OR ESD that cause NG EQUAL VERY WEAKER than INCORRECT
; SEQUENCE
LEAKS is
LNG TRAPPED IN PIPE CONSEQUENCES
Consequences of EXTREME WEATHER
CONDITIONS are that cause LNG TRAPPED IN EQUAL STRONGER  than SHIP / TRUCK
. MOVEMENT
PIPE is
Consequences of INAPPROPRIATE COOLING MODERATE than LOSS OF
OF BUNKER LINE that cause LNG TRAPPED IN STRONGER STRONGER BUNKER VEHICLE
PIPE is POWER
INAPPROPRIATE INERTING OF HOSE OR
BUNKER LINE CONSEQUENCES
Consequences of LNG TRAPPED IN PIPE that EXTREMELY than FAILURE OF
cause INAPPROPRIATE INERTING OF HOSE STRONGER STRONGER AUXILIARY
OR BUNKER LINE is SYSTEMS
HOSE RUPTURE CONSEQUENCES
Consequences of EXTREME WEATHER
than SHIP / TRUCK
gONDITIONS are that cause HOSE RUPTURE EQUAL WEAKER MOVEMENT
INCORRECT SEQUENCE CONSEQUENCES
Consequences of FATIGUE that cause
INCORRECT SEQUENCE is STRONGER WEAKER than TRAINING
Consequences of FATIGUE that cause MODERATE
INCORRECT SEQUENCE is STRONGER EQUAL than AWARENESS
Consequences of TRAINING that cause VERY
INCORRECT SEQUENCE is EQUAL STRONGER  [han AWARENESS
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BREAKAWAY COUPLING CONSEQUENCES

Consequences of FIRE ON PIER/BUNKER

- MODERATE MODERATE
i\gESSEL is that cause BREAKAWAY COUPLING WEAKER WEAKER than FIRE ON SHIP
Consequences of FIRE ON PIER/BUNKER
VESSEL is that cause BREAKAWAY COUPLING VERY WEAKER VERY WEAKER than LNG LEAKS
is
Consequences of FIRE ON PIER/BUNKER
VESSEL is that cause BREAKAWAY COUPLING WEAKER WEAKER than NG LEAKS
is
Consequences of FIRE ON SHIP that cause
BREAKAWAY COUPLING is VERY WEAKER VERY WEAKER than LNG LEAKS
Consequences of FIRE ON SHIP that cause
BREAKAWAY COUPLING is WEAKER WEAKER than NG LEAKS
Consequences of LNG LEAKS are that cause MODERATE MODERATE than NG LEAKS
BREAKAWAY COUPLING is STRONGER STRONGER
DRY COUPLING DISCONNECTION
CONSEQUENCES
Consequences of FIRE ON PIER/BUNKER MODERATE
VESSEL is that cause DRY COUPLING EQUAL WEAKER than FIRE ON SHIP
DISCONNECTION is
Consequences of FIRE ON PIER/BUNKER
VESSEL is that cause DRY COUPLING MVO\IEEPF(QQEE I\El\)l(I-ErEPI(EI';ARI’E than LNG LEAKS
DISCONNECTION is
Consequences of FIRE ON PIER/BUNKER
VESSEL is that cause DRY COUPLING WEAKER VERY WEAKER than NG LEAKS
DISCONNECTION is
Consequences of FIRE ON SHIP that cause DRY MODERATE
COUPLING DISCONNECTION is WEAKER VERVEERAKER  than LNG LEAKS
Consequences of FIRE ON SHIP that cause DRY
COUPLING DISCONNECTION is WEAKER VERY WEAKER than NG LEAKS
Consequences of LNG LEAKS are that cause MODERATE
DRY COUPLING DISCONNECTION is EQUAL STRONGER than NG LEAKS
MISHANDLING CONSEQUENCES
Consequences of FIRE ON PIER/BUNKER MODERATE
VESSEL is that cause MISHANDLING is EQUAL WEAKER  than FIRE ON SHIP
Consequences of FIRE ON PIER/BUNKER MODERATE
VESSEL is that cause MISHANDLING is WEAKER VERY WEAKER  than LNG LEAKS
Consequences of FIRE ON PIER/BUNKER MODERATE
VESSEL is that cause MISHANDLING is WEAKER WEAKER  than NG LEAKS
Consequences of FIRE ON SHIP that cause MODERATE
MISHANDLING is WEAKER VERY WEAKER than LNG LEAKS
Consequences of FIRE ON SHIP that cause MODERATE
MISHANDLING is WEAKER WEAKER than NG LEAKS
Consequences of LNG LEAKS are that cause MODERATE
MISHANDLING is EQUAL STRONGER  [han NG LEAKS
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ELECTRICAL EQUIPMENT CONSEQUENCES

Consequences of FIRE ON PIER/BUNKER

VESSEL is that cause ELECTRICAL MV(\)/EEEQEE WEAKER than FIRE ON SHIP
EQUIPMENT is
Consequences of FIRE ON PIER/BUNKER
VESSEL is that cause ELECTRICAL STRONGER STRONGER than LNG LEAKS
EQUIPMENT is
Consequences of FIRE ON PIER/BUNKER
VESSEL is that cause ELECTRICAL STRONGER STRONGER than NG LEAKS
EQUIPMENT is
Consequences of FIRE ON SHIP that cause VERY
ELECTRICAL EQUIPMENT is STRONGER STRONGER  [han LNG LEAKS
Consequences of FIRE ON SHIP that cause VERY
ELECTRICAL EQUIPMENT is STRONGER STRONGER  [Nan NG LEAKS
Consequences of LNG LEAKS are that cause
ELECTRICAL EQUIPMENT is EQUAL EQUAL than NG LEAKS
EXTREME WEATHER CONDITIONS
CONSEQUENCES
Consequences of FIRE ON PIER/BUNKER
VESSEL is that cause EXTREME WEATHER EQUAL EQUAL than FIRE ON SHIP
CONDITIONS is
Consequences of FIRE ON PIER/BUNKER
VESSEL is that cause EXTREME WEATHER VERY WEAKER VERY WEAKER than LNG LEAKS
CONDITIONS is
Consequences of FIRE ON PIER/BUNKER
VESSEL is that cause EXTREME WEATHER WEAKER VERY WEAKER than NG LEAKS
CONDITIONS is
Consequences of FIRE ON SHIP that cause
EXTREME WEATHER CONDITIONS is VERY WEAKER VERY WEAKER than LNG LEAKS
Consequences of FIRE ON SHIP that cause
EXTREME WEATHER CONDITIONS is WEAKER VERY WEAKER than NG LEAKS
Consequences of LNG LEAKS are that cause MODERATE
EXTREME WEATHER CONDITIONS is STRONGER STRONGER than NG LEAKS
FIRE ON PIER / BUNKER VESSEL
CONSEQUENCES
Consequences of LNG LEAKS are that cause
FIRE ON PIER / BUNKER VESSEL is STRONGER STRONGER than NG LEAKS
FIRE ON SHIP CONSEQUENCES
Consequences of LNG LEAKS are that cause STRONGER STRONGER than NG LEAKS

FIRE ON SHIP is
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SHIP / TRUCK MOVEMENT CONSEQUENCES

Consequences of FIRE ON PIER/BUNKER

VESSEL is that cause SHIP / TRUCK EQUAL EQUAL than FIRE ON SHIP
MOVEMENT is
Consequences of FIRE ON PIER/BUNKER
VESSEL is that cause SHIP / TRUCK VERY WEAKER  VERY WEAKER than LNG LEAKS
MOVEMENT is
Consequences of FIRE ON PIER/BUNKER
VESSEL is that cause SHIP / TRUCK WEAKER VERY WEAKER than NG LEAKS
MOVEMENT is
Consequences of FIRE ON SHIP that cause SHIP
/ TRUCK MOVEMENT is VERY WEAKER VERY WEAKER than LNG LEAKS
Consequences of FIRE ON SHIP that cause SHIP
/ TRUCK MOVEMENT is WEAKER VERY WEAKER than NG LEAKS
Consequences of LNG LEAKS are that cause MODERATE
SHIP / TRUCK MOVEMENT is STRONGER STRONGER  han NG LEAKS
SIMULTANOUS OPERATIONS
CONSEQUENCES
Consequences of FIRE ON PIER/BUNKER MODERATE
VESSEL is that cause SIMULTANOUS WEAKER WEAKER than FIRE ON SHIP
OPERATIONS is
Consequences of FIRE ON PIER/BUNKER
VESSEL is that cause SIMULTANOUS ot s o ek than LNG LEAKS
OPERATIONS is
Consequences of FIRE ON PIER/BUNKER
VESSEL is that cause SIMULTANOUS e i O ek than NG LEAKS
OPERATIONS is
Consequences of FIRE ON SHIP that cause MODERATE
SIMULTANOUS OPERATIONS is A STRONGER  (hanLNG LEAKS
Consequences of FIRE ON SHIP that cause MODERATE
SIMULTANOUS OPERATIONS is STRONGER STRONGER  Nan NG LEAKS
Consequences of LNG LEAKS are that cause
SIMULTANOUS OPERATIONS is EQUAL EQUAL than NG LEAKS
UNAUTHORIZED TRAFFIC IN SECURITY ZONE
CONSEQUENCES
Consequences of FIRE ON PIER/BUNKER
VESSEL is that cause UNAUTHORIZED MV?IEEEQEE EATORD(IDE,\?(?;E than FIRE ON SHIP
TRAFFIC IN SECURITY ZONE is
Consequences of FIRE ON PIER/BUNKER MODERATE
VESSEL is that cause UNAUTHORIZED STRONGER STRONGER than LNG LEAKS
TRAFFIC IN SECURITY ZONE is
Consequences of FIRE ON PIER/BUNKER MODERATE
VESSEL is that cause UNAUTHORIZED STRONGER STRONGER than NG LEAKS
TRAFFIC IN SECURITY ZONE is
Consequences of FIRE ON SHIP that cause MODERATE
UNAUTHORIZED TRAFFIC IN SECURITY ZONE STRONGER than LNG LEAKS
is STRONGER
Consequences of FIRE ON SHIP that cause MODERATE
UNAUTHORIZED TRAFFIC IN SECURITY ZONE STRONGER than NG LEAKS
is STRONGER
Consequences of LNG LEAKS are that cause
UNAUTHORIZED TRAFFIC IN SECURITY ZONE EQUAL EQUAL than NG LEAKS

IS
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AWARENESS CONSEQUENCES

Consequences of FIRE ON PIER/BUNKER

VESSEL is that cause AWARENESS is EQUAL EQUAL than FIRE ON SHIP

Consequences of FIRE ON PIER/BUNKER

VESSEL is that cause AWARENESS is WEAKER WEAKER  than LNG LEAKS

Consequences of FIRE ON PIER/BUNKER MODERATE MODERATE than NG LEAKS

VESSEL is that cause AWARENESS is WEAKER WEAKER

Consequences of FIRE ON SHIP that cause

AWARENESS is WEAKER WEAKER than LNG LEAKS

Consequences of FIRE ON SHIP that cause MODERATE MODERATE

AWARENESS is WEAKER WEAKER ~ han NG LEAKS

Consequences of LNG LEAKS are that cause MODERATE MODERATE

AWARENESS is STRONGER STRONGER  anNG LEAKS

FATIGUE CONSEQUENCES

Consequences of FIRE ON PIER/BUNKER

VESSEL is that cause FATIGUE is EQUAL EQUAL than FIRE ON SHIP

Consequences of FIRE ON PIER/BUNKER MODERATE

VESSEL is that cause FATIGUE is WEAKER UEER TN LEAKS

Consequences of FIRE ON PIER/BUNKER MODERATE MODERATE

VESSEL is that cause FATIGUE is WEAKER WEAKER than NG LEAKS

Consequen_ces of FIRE ON SHIP that cause WEAKER WEAKER than LNG LEAKS

FATIGUE is

Consequences of FIRE ON SHIP that cause MODERATE MODERATE

FATIGUE is WEAKER WEAKER than NG LEAKS

Consequences of LNG LEAKS are that cause MODERATE MODERATE

FATIGUE is STRONGER STRONGER  than NG LEAKS
TRAINING CONSEQUENCES

Consequences of FIRE ON PIER/BUNKER

VESSEL is that cause TRAINING is EQUAL EQUAL than FIRE ON SHIP

Consequences of FIRE ON PIER/BUNKER

VESSEL is that cause TRAINING is WEAKER WEAKER than LNG LEAKS

Consequences of FIRE ON PIER/BUNKER MODERATE MODERATE than NG LEAKS

VESSEL is that cause TRAINING is WEAKER WEAKER

Consequences of FIRE ON SHIP that cause

TRAINING is WEAKER WEAKER than LNG LEAKS

Consequences of FIRE ON SHIP that cause MODERATE MODERATE

TRAINING is WEAKER WEAKER than NG LEAKS

Consequences of LNG LEAKS are that cause MODERATE MODERATE

TRAINING is STRONGER STRONGER  han NG LEAKS
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FAILURE OF AUXILIARY SYSTEMS
CONSEQUENCES

Consequences of FIRE ON PIER/BUNKER

VESSEL is that cause FAILURE OF AUXILIARY EQUAL EQUAL than FIRE ON SHIP
SYSTEMS is
Consequences of FIRE ON PIER/BUNKER
VESSEL is that cause FAILURE OF AUXILIARY VERY WEAKER WEAKER than LNG LEAKS
SYSTEMS is
Consequences of FIRE ON PIER/BUNKER
VESSEL is that cause FAILURE OF AUXILIARY WEAKER WEAKER than NG LEAKS
SYSTEMS is
Consequences of FIRE ON SHIP that cause
FAILURE OF AUXILIARY SYSTEMS is WEAKER WEAKER — than LNG LEAKS
Consequences of FIRE ON SHIP that cause
FAILURE OF AUXILIARY SYSTEMS is WEAKER WEAKER than NG LEAKS
Consequences of LNG LEAKS are that cause MODERATE MODERATE than NG LEAKS
FAILURE OF AUXILIARY SYSTEMS is STRONGER STRONGER
FAILURE OF COMMUNICATION OR ESD
CONSEQUENCES
Consequences of FIRE ON PIER/BUNKER
VESSEL is that cause FAILURE OF EQUAL EQUAL than FIRE ON SHIP
COMMUNICATION OR ESD is
Consequences of FIRE ON PIER/BUNKER
VESSEL is that cause FAILURE OF WEAKER WEAKER than LNG LEAKS
COMMUNICATION OR ESD is
Consequences of FIRE ON PIER/BUNKER
VESSEL is that cause FAILURE OF WEAKER WEAKER than NG LEAKS
COMMUNICATION OR ESD is
Consequences of FIRE ON SHIP that cause
FAILURE OF COMMUNICATION OR ESD is WEAKER WEAKER than LNG LEAKS
Consequences of FIRE ON SHIP that cause
FAILURE OF COMMUNICATION OR ESD is WEAKER WEAKER than NG LEAKS
Consequences of LNG LEAKS are that cause MODERATE
FAILURE OF COMMUNICATION OR ESD is EQUAL STRONGER  han NG LEAKS
HOSE RUPTURE CONSEQUENCES
Consequences of FIRE ON PIER/BUNKER MODERATE
VESSEL is that cause HOSE RUPTURE is EQUAL WEAKER than FIRE ON SHIP
Consequences of FIRE ON PIER/BUNKER
VESSEL is that cause HOSE RUPTURE is WEAKER VERY WEAKER  than LNG LEAKS
Consequences of FIRE ON PIER/BUNKER MODERATE
VESSEL is that cause HOSE RUPTURE is WEAKER WEAKER — than NG LEAKS
Consequences of FIRE ON SHIP that cause
HOSE RUPTURE is WEAKER VERY WEAKER than LNG LEAKS
Consequences of FIRE ON SHIP that cause MODERATE
HOSE RUPTURE is WEAKER VERY WEAKER than NG LEAKS
Consequences of LNG LEAKS are that cause STRONGER EQUAL than NG LEAKS

HOSE RUPTURE is
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INAPPROPRIATE COOLING OF BUNKER LINE

CONSEQUENCES
Consequences of FIRE ON PIER/BUNKER MODERATE
VESSEL is that cause INAPPROPRIATE EQUAL WEAKER than FIRE ON SHIP
COOLING OF BUNKER LINE is
Consequences of FIRE ON PIER/BUNKER EXTREME
VESSEL is that cause INAPPROPRIATE WEAKER VERY WEAKER than LNG LEAKS
COOLING OF BUNKER LINE is
Consequences of FIRE ON PIER/BUNKER
VESSEL is that cause INAPPROPRIATE WEAKER WEAKER than NG LEAKS
COOLING OF BUNKER LINE is
Consequences of FIRE ON SHIP that cause EXTREME
INAPPROPRIATE COOLING OF BUNKER LINE WEAKER VERY WEAKER than LNG LEAKS
is
Consequences of FIRE ON SHIP that cause MODERATE
INAPPROPRIATE COOLING OF BUNKER LINE WEAKER than NG LEAKS
is WEAKER
Consequences of LNG LEAKS are that cause MODERATE
INAPPROPRIATE COOLING OF BUNKER LINE STRONGER than NG LEAKS
is STRONGER
INAPPROPRIATE INERTING OF
HOSE/BUNKER LINE CONSEQUENCES
Consequences of FIRE ON PIER/BUNKER MODERATE
VESSEL is that cause INAPPROPRIATE EQUAL WEAKER than FIRE ON SHIP
INERTING OF HOSE/BUNKER LINE is
Consequences of FIRE ON PIER/BUNKER
VESSEL is that cause INAPPROPRIATE STRONGER VERY WEAKER than LNG LEAKS
INERTING OF HOSE/BUNKER LINE is
Consequences of FIRE ON PIER/BUNKER
VESSEL is that cause INAPPROPRIATE STRONGER WEAKER than NG LEAKS
INERTING OF HOSE/BUNKER LINE is
Consequences of FIRE ON SHIP that cause
INAPPROPRIATE INERTING OF HOSE/BUNKER STRONGER VERY WEAKER than LNG LEAKS
LINE is
Consequences of FIRE ON SHIP that cause
INAPPROPRIATE INERTING OF HOSE/BUNKER STRONGER WEAKER than NG LEAKS
LINE is
Consequences of LNG LEAKS are that cause
MODERATE MODERATE
:_I\IINAEPF?SROPRIATE INERTING OF HOSE/BUNKER STRONGER STRONGER than NG LEAKS
INCORRECT SEQUENCE CONSEQUENCES
Consequences of FIRE ON PIER/BUNKER MODERATE
VESSEL is that cause INCORRECT SEQUENCE EQUAL WEAKER than FIRE ON SHIP
is
Consequences of FIRE ON PIER/BUNKER MODERATE
VESSEL is that cause INCORRECT SEQUENCE WEAKER VERY WEAKER than LNG LEAKS
is
Consequences of FIRE ON PIER/BUNKER
VESSEL is that cause INCORRECT SEQUENCE WEAKER WEAKER than NG LEAKS
is
Consequences of FIRE ON SHIP that cause MODERATE
INCORRECT SEQUENCE is WEAKER VERY WEAKER  than LNG LEAKS
Consequences of FIRE ON SHIP that cause
INCORRECT SEQUENCE is WEAKER WEAKER than NG LEAKS
Consequences of LNG LEAKS are that cause MODERATE
INCORRECT SEQUENCE is WEAKER STRONGER  han NG LEAKS
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LNG TRAPPED IN PIPE CONSEQUENCES

Consequences of FIRE ON PIER/BUNKER

VESSEL is that cause LNG TRAPPED IN PIPE s~ YERY WEAKER — VERY WEAKER  than FIRE ON SHIP
Consequences of FIRE ON PIER/BUNKER
VESSEL is that cause LNG TRAPPED IN PIPE is WEAKER WEAKER — than LNG LEAKS
Consequences of FIRE ON PIER/BUNKER
VESSEL is that cause LNG TRAPPED IN PIPE is WEAKER WEAKER than NG LEAKS
Consequences of FIRE ON SHIP that cause LNG MODERATE MODERATE
TRAPPED IN PIPE is WEAKER WEAKER  hanLNG LEAKS
Consequences of FIRE ON SHIP that cause LNG MODERATE MODERATE
TRAPPED IN PIPE is WEAKER WEAKER  (han NG LEAKS
Consequences of LNG LEAKS are that cause LNG
TRAPPED IN PIPE is EQUAL EQUAL than NG LEAKS

LOSS OF BUNKER VEHICLE POWER

CONSEQUENCES

Consequences of FIRE ON PIER/BUNKER MODERATE
VESSEL is that cause LOSS OF BUNKER WEAKER STRONGER than FIRE ON SHIP
VEHICLE POWER is
Consequences of FIRE ON PIER/BUNKER
VESSEL is that cause LOSS OF BUNKER VERY WEAKER STRONGER than LNG LEAKS
VEHICLE POWER is
Consequences of FIRE ON PIER/BUNKER MODERATE
VESSEL is that cause LOSS OF BUNKER VERY WEAKER STRONGER than NG LEAKS
VEHICLE POWER is
Consequences of FIRE ON SHIP that cause LOSS MODERATE
OF BUNKER VEHICLE POWER is R KER STRONGER  [han LNG LEAKS
Consequences of FIRE ON SHIP that cause LOSS MODERATE
OF BUNKER VEHICLE POWER is WEAKER WEAKER than NG LEAKS
Consequences of LNG LEAKS are that cause EQUAL VERY WEAKER  than NG LEAKS

LOSS OF BUNKER VEHICLE POWER is

D.4 Questionnaire for nodes - Likelihood

DECISION DECISION
MARKER 2 MAKER 1
MISHANDLING
LIKELIHOOD
. MODERATE MODERATE . .
FATIGUE is STRONGLY STRONGLY probable than TRAINING for mishandling
FATIGUE is STRONGLY STRONGLY probable than AWARENESS for mishandling
. MODERATE MODERATE . .
TRAINING is STRONGLY STRONGLY probable than AWARENESS for mishandling
BREAKAWAY
COUPLING
DISCONNECTION
LIKELIHOOD
V%/él?’ﬁgg EXTREME EXTREME probable than SHIP / TRUCK MOVEMENT for
WEAKLY WEAKLY breakaway coupling disconnection

CONDITIONS are
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DRY COUPLING
DISCONNECTION

LIKELIHOOD
EXTREME
WeRTER (NERY, veRywEAKLy  obable e SHP TRUCK MOVEMENT for oy
CONDITIONS are ping
FIRE ON SHIPS
LIKELIHOOD
SIMULTANOUS probable than ELECTRICAL EQUIPMENTS for fire on
OPERATIONS are EQUALLY EQUALLY ships
FIRE ON PIER /
BUNKER VESSEL
LIKELIHOOD
SIMULTANOUS VERY probable than ELECTRICAL EQUIPMENTS for fire on
OPERATIONS are WEAKLY VERY WEAKLY pier / bunker vessel
SIMULTANOUS probable than UNAUTHORIZED TRAFFIC IN
OPERATIONS are WEAKLY WEAKLY SECURITY ZONE for fire on pier / bunker vessel
ELECTRICAL MODERATE MODERATE probable than UNAUTHORIZED TRAFFIC IN
EQUIPMENTS are STRONGLY STRONGLY SECURITY ZONE for fire on pier / bunker vessel
SIMULTANOUS
OPERATIONS
LIKELIHOOD
. VERY VERY . .
TRAINING is STRONGLY STRONGLY probable than AWARENESS for simultanous operations
ELECTRICAL
EQUIPMENTS
LIKELIHOOD
. VERY VERY . )
TRAINING is STRONGLY STRONGLY probable than AWARENESS for electrical equipments
UNAUTHORIZED
TRAFFIC IN
SECURITY ZONE
LIKELIHOOD
TRAINING is VERY VERY probable than AWARENESS for unauthorized traffic in
STRONGLY STRONGLY security zone
LNG LEAKS
LIKELIHOOD
. VERY VERY probable than DRY COUPLING DISCONNECTION for
MISHANDLING is  grponGLY STRONGLY  Ing leaks
EXTREME
WEATHER I%IC(;—EEIIEAYE %;EEEAYE probable than SHIP / TRUCK MOVEMENT for Ing leaks
CONDITIONS are
. VERY VERY
FATIGUE is STRONGLY STRONGLY probable than TRAINING for Ing leaks
. MODERATE
FATIGUE is STRONGLY STRONGLY probable than AWARENESS for Ing leaks
. MODERATE
TRAINING is WEAKLY WEAKLY probable than AWARENESS for Ing leaks
FAILURE OF VERY
AUXILIARY STRONGLY probable than HOSE RUPTURE for Ing leaks
STRONGLY
SYSTEMS are
FAILURE OF
AUXILIARY MODERATE MODERATE probable than INCORRECT SEQUENCE for Ing leaks
WEAKLY WEAKLY
SYSTEMS are
HOSE RUPTURE %/C(EEIE[AYE VERY WEAKLY  probable than INCORRECT SEQUENCE for Ing leaks
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NG LEAKS
LIKELIHOOD

MISHANDLING is

EXTREME
WEATHER
CONDITIONS are
FATIGUE is

FATIGUE is

TRAINING is

LNG TRAPPED IN
PIPE is

LNG TRAPPED IN
PIPE is

LNG TRAPPED IN
PIPE is

LNG TRAPPED IN
PIPE is

LNG TRAPPED IN
PIPE is

LNG TRAPPED IN
PIPE is
INAPPROPRIATE
COOLING OF
BUNKER LINE is
INAPPROPRIATE
COOLING OF
BUNKER LINE is
INAPPROPRIATE
COOLING OF
BUNKER LINE is
INAPPROPRIATE
COOLING OF
BUNKER LINE is
INAPPROPRIATE
COOLING OF
BUNKER LINE is
INAPPROPRIATE
INERTING OF
HOSE OR
BUNKER LINE is
INAPPROPRIATE
INERTING OF
HOSE OR
BUNKER LINE is
INAPPROPRIATE
INERTING OF
HOSE OR
BUNKER LINE is
INAPPROPRIATE
INERTING OF
HOSE OR
BUNKER LINE is
FAILURE OF
AUXILIARY
SYSTEMS are
FAILURE OF
AUXILIARY
SYSTEMS are
FAILURE OF
AUXILIARY
SYSTEMS are
LOSS OF
BUNKER VEHICLE
POWER is

LOSS OF
BUNKER VEHICLE
POWER is
FAILURE OF
COMMUNICATION
ORESD is

VERY
STRONGLY

EQUALLY
STRONGLY
MODERATE
STRONGLY

MODERATE
WEAKLY

STRONGLY

WEAKLY

VERY
STRONGLY

STRONGLY
WEAKLY
STRONGLY

EXTREME
WEAKLY

MODERATE
STRONGLY

EQUALLY

VERY
WEAKLY

MODERATE
WEAKLY

EXTREMELY
STRONG

VERY
STRONGLY

MODERATE
STRONGLY

STRONGLY
MODERATE
WEAKLY

VERY
WEAKLY

WEAKLY

VERY
WEAKLY

MODERATE
WEAKLY

MODERATE
STRONGLY

VERY
STRONGLY

EQUALLY

STRONGLY
MODERATE
STRONGLY
MODERATE
WEAKLY
MODERATE
WEAKLY

EQUALLY

VERY WEAKLY

MODERATE
WEAKLY
MODERATE
WEAKLY

VERY WEAKLY

EQUALLY

VERY WEAKLY

MODERATE
WEAKLY

MODERATE
WEAKLY

VERY WEAKLY

VERY WEAKLY

WEAKLY

MODERATE
WEAKLY

EQUALLY
MODERATE
STRONGLY

MODERATE
STRONGLY

EQUALLY

EQUALLY

MODERATE
WEAKLY

MODERATE
WEAKLY

probable than BREAKAWAY COUPLING
DISCONNECTION for ng leaks

probable than SHIP / TRUCK MOVEMENT for ng leaks

probable than TRAINING for ng leaks
probable than AWARENESS for ng leaks

probable than AWARENESS for ng leaks

probable than INAPPROPRIATE COOLING OF
BUNKER LINE for ng leaks

probable than INAPPROPRIATE INERTING OF HOSE
OR BUNKER LINE for ng leaks

probable than FAILURE OF AUXILIARY SYSTEMS for
ng leaks

probable than LOSS OF BUNKER VEHICLE POWER
for ng leaks

probable than FAILURE OF COMMUNICATION OR
ESD for ng leaks

probable than INCORRECT SEQUENCE for ng leaks

probable than INAPPROPRIATE INERTING OF HOSE
OR BUNKER LINE for ng leaks

probable than FAILURE OF AUXILIARY SYSTEMS (N2,
AIR) for ng leaks

probable than LOSS OF BUNKER VEHICLE POWER
for ng leaks

probable than FAILURE OF COMMUNICATION OR
ESD for ng leaks

probable than INCORRECT SEQUENCE for ng leaks

probable than FAILURE OF AUXILIARY SYSTEMS (N2,
AIR) for ng leaks

probable than LOSS OF BUNKER VEHICLE POWER
for ng leaks

probable than FAILURE OF COMMUNICATION OR
ESD for ng leaks

probable than INCORRECT SEQUENCE for ng leaks

probable than LOSS OF BUNKER VEHICLE POWER
for ng leaks

probable than FAILURE OF COMMUNICATION OR
ESD for ng leaks

probable than INCORRECT SEQUENCE for ng leaks

probable than FAILURE OF COMMUNICATION OR
ESD for ng leaks

probable than INCORRECT SEQUENCE for ng leaks

probable than INCORRECT SEQUENCE for ng leaks
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LNG TRAPPED IN
PIPE LIKELIHOOD

EXTREME
WEATHER W\I/EEAT(T_Y VERY WEAKLY Frg)be;béeir:he?neSHlP / TRUCK MOVEMENT for Ing
CONDITIONS are ppedin pip
INAPPROPRIATE
COOLING OF W\I/EEAT(T_Y VERY WEAKLY f}:)orﬁ)ll:;]ab{(:athagdl_igsiseOF BUNKER VEHICLE POWER
BUNKER LINE is g frappedin pip
INAPPROPRIATE
INERTING OF
HOSE OR
BUNKER LINE
LIKELIHOOD
LNG TRAPPED I_N WEAKLY WEAKLY _probable Fhan_FAII__URE OF AUXILIARY .SYSTEMS for
PIPE is inappropriate inerting of hose or bunker line
HOSE RUPTURE
LIKELIHOOD
=RREME EXTREME EXTREME probable than SHIP / TRUCK MOVEMENT for hose
WEATHER —\vEAKLY WEAKLY rupture
CONDITIONS are P
INCORRECT
SEQUENCE
LIKELIHOOD
. MODERATE .
FATIGUE is STRONGLY VERY WEAKLY  probable than TRAINING for incorrect sequence
. MODERATE .
FATIGUE is STRONGLY STRONGLY probable than AWARENESS for incorrect sequence
. MODERATE EXTREMELY .
TRAINING is STRONGLY STRONG probable than AWARENESS for incorrect sequence
BREAKAWAY
COUPLING
LIKELIHOOD
FIRE ON .
MODERATE MODERATE probable than FIRE ON SHIP for breakaway coupling
PIER/BUNKER WEAKLY WEAKLY disconnection
VESSEL is
FIRE ON .
PIER/BUNKER VERY EXTREME p!'obable th_an LNG LEAKS for breakaway coupling
VESSEL is WEAKLY WEAKLY disconnection
FIRE ON MODERATE probable than NG LEAKS for breakaway coupling
PIER/BUNKER WEAKLY WEAKLY disconnection
VESSEL is
. VERY probable than LNG LEAKS for breakaway coupling
FIRE ON SHIP is WEAKLY VERY WEAKLY disconnection
FIRE ON SHIP is WEAKLY WEAKLY probable than NG LEAKS for breakaway coupling
disconnection
MODERATE MODERATE probable than NG LEAKS for breakaway coupling
LNG LEAKS are  grponGLY STRONGLY disconnection
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DRY COUPLING
DISCONNECTION

LIKELIHOOD
FIRE ON .
MODERATE MODERATE probable than FIRE ON SHIP for dry coupling
PIER/BUNKER . .
. WEAKLY WEAKLY disconnection
VESSEL is
FIRE ON MODERATE  probable than LNG LEAKS for dry couplin
PIER/BUNKER WEAKLY WEAKLY gisconnection y P
VESSEL is
FIRE ON
PIER/BUNKER VERY EXTREME probable than NG LEAKS for dry coupling disconnection
. WEAKLY WEAKLY
VESSEL is
FIRE ON SHIP is WEAKLY WEAKLY probable th_an LNG LEAKS for dry coupling
disconnection
FREONSHIPis | YERY ~ VERYWEAKLY  probable than NG LEAKS for dry coupling disconnection
MODERATE MODERATE . . .
LNG LEAKS are WEAKLY WEAKLY probable than NG LEAKS for dry coupling disconnection
MISHANDLING
LIKELIHOOD
FIRE ON
PIER/BUNKER MODERATE MODERA{E probable than FIRE ON SHIP for mishandling
. WEAKLY WEAKLY
VESSEL is
FIRE ON VERY
PIER/BUNKER VERY WEAKLY  probable than LNG LEAKS for mishandling
. WEAKLY
VESSEL is
FIRE ON
PIER/BUNKER WEAKLY WEAKLY probable than NG LEAKS for mishandling
VESSEL is
FIRE ON SHIP is W\I/EEAII?I(_Y VERY WEAKLY  probable than LNG LEAKS for mishandling
FIRE ON SHIP is WEAKLY WEAKLY probable than NG LEAKS for mishandling
MODERATE ’ .
LNG LEAKS are STRONGLY EQUALLY probable than NG LEAKS for mishandling
ELECTRICAL
EQUIPMENT
LIKELIHOOD
FIRE ON
PIER/BUNKER MODERATE MODERATE probable than FIRE ON SHIP for electrical equipment
. WEAKLY WEAKLY
VESSEL is
FIRE ON
MODERATE MODERATE . .
PIER/BUNKE_R STRONGLY STRONGLY probable than LNG LEAKS for electrical equipment
VESSEL is
FIRE ON
PIER/BUNKER STRONGLY MODERATE probable than NG LEAKS for electrical equipment
. STRONGLY
VESSEL is
. VERY MODERATE . .
FIRE ON SHIP is STRONGLY STRONGLY probable than LNG LEAKS for electrical equipment
. MODERATE . .
FIRE ON SHIP is STRONGLY STRONGLY probable than NG LEAKS for electrical equipment
LNG LEAKS are EQUALLY EQUALLY probable than NG LEAKS for electrical equipment
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EXTREME

WEATHER
CONDITIONS
LIKELIHOOD
FIRE ON
PIER/BUNKER EQUALLY EQUALLY gg?]téeiltti)(l)i;han FIRE ON SHIP for extreme weather
VESSEL is
FIRE ON VERY probable than LNG LEAKS for extreme weather
PIER/BUNKER VERY WEAKLY "
. WEAKLY conditions
VESSEL is
FIRE ON probable than NG LEAKS for extreme weather
PIER/BUNKER WEAKLY VERY WEAKLY conditions
VESSEL is
. VERY probable than LNG LEAKS for extreme weather
FIRE ON SHIP is WEAKLY VERY WEAKLY conditions
FREONSHIPis ~ WEAKLY  VERYWEAKLY Probable than NG LEAKS for extreme weather
MODERATE MODERATE probable than NG LEAKS for extreme weather
LNG LEAKS are  grponGLY STRONGLY __conditions
FIRE ON PIER /
BUNKER VESSEL
LIKELIHOOD
VERY ) .
LNG LEAKS are WEAKLY VERY WEAKLY  probable than NG LEAKS for fire on pier / bunker vessel
FIRE ON SHIP
LIKELIHOOD
LNG LEAKS are VES VERY WEAKLY robable than NG LEAKS for fire on shi
WEAKLY P P
SHIP / TRUCK
MOVEMENT
LIKELIHOOD
FIRE ON
PIER/BUNKER EQUALLY EQUALLY probable than FIRE ON SHIP for ship / truck movement
VESSEL is
FIRE ON VERY
PIER/BUNKER VERY WEAKLY  probable than LNG LEAKS for ship / truck movement
. WEAKLY
VESSEL is
FIRE ON
PIER/BUNKER WEAKLY VERY WEAKLY  probable than NG LEAKS for ship / truck movement
VESSEL is
FIRE ON SHIP is W\I/EE,EAFI?I(_Y VERY WEAKLY  probable than LNG LEAKS for ship / truck movement
FIRE ON SHIP is WEAKLY VERY WEAKLY  probable than NG LEAKS for ship / truck movement
MODERATE MODERATE .
LNG LEAKS are STRONGLY STRONGLY probable than NG LEAKS for ship / truck movement
SIMULTANOUS
OPERATIONS
LIKELIHOOD
FIRE ON
PIER/BUNKER MODERATE MODERATE probable than FIRE ON SHIP for simultanous operations
. WEAKLY WEAKLY
VESSEL is
FIRE ON
MODERATE MODERATE . .
PIER/BUNKE_R STRONGLY STRONGLY probable than LNG LEAKS for simultanous operations
VESSEL is
FIRE ON
PIER/BUNKER STRONGLY MODERATE probable than NG LEAKS for simultanous operations
. STRONGLY
VESSEL is
. VERY . .
FIRE ON SHIP is STRONGLY STRONGLY probable than LNG LEAKS for simultanous operations
FIRE ON SHIP is STRONGLY STRONGLY probable than NG LEAKS for simultanous operations
LNG LEAKS are EQUALLY EQUALLY probable than NG LEAKS for simultanous operations
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UNAUTHORIZED

TRAFFIC IN
SECURITY ZONE
LIKELIHOOD
FIRE ON . N
PIER/BUNKER MODERATE MODERATE probable than FIRE ON SHIP for unauthorized traffic in
VESSEL is STRONGLY STRONGLY security zone
FIRE ON - N
PIER/BUNKER STRONGLY STRONGLY proba_ble than LNG LEAKS for unauthorized traffic in
VESSEL is security zone
FIRE ON . N
PIER/BUNKER STRONGLY STRONGLY proba_ble than NG LEAKS for unauthorized traffic in
VESSEL is security zone
. VERY MODERATE probable than LNG LEAKS for unauthorized traffic in
FIRE ON SHIP is STRONGLY STRONGLY R ety 2006

MODERATE probable than NG LEAKS for unauthorized traffic in
STRONGLY security zone
probable than NG LEAKS for unauthorized traffic in

FIRE ON SHIP is STRONGLY

LNG LEAKS are EQUALLY EQUALLY .
security zone
AWARENESS
LIKELIHOOD
RIRE ON PIEF\\,//EggéLEE EQUALLY EQUALLY probable than FIRE ON SHIP for awareness
FIRE ON PIER/BUNKER VERY

VESSEL is WEAKLY VERY WEAKLY  probable than LNG LEAKS for awareness

FIRE ON PIER/BUNKER

VESSEL is WEAKLY WEAKLY probable than NG LEAKS for awareness
r VERY
FIRE ON SHIP is WEAKLY VERY WEAKLY  probable than LNG LEAKS for awareness
FIRE ON SHIP is WEAKLY WEAKLY probable than NG LEAKS for awareness
MODERATE MODERATE
LNG LEAKS are STRONGLY STRONGLY probable than NG LEAKS for awareness
FATIGUE
LIKELIHOOD
FIRE ON PIER\’//EéJé\Ié(LEE EQUALLY EQUALLY probable than FIRE ON SHIP for fatigue
FIRE ON PIER/BUNKER VERY

VESSEL is WEAKLY VERY WEAKLY  probable than LNG LEAKS for fatigue

FIRE ON PIER/BUNKER

VESSEL is WEAKLY WEAKLY probable than NG LEAKS for fatigue
. VERY .
FIRE ON SHIP is WEAKLY VERY WEAKLY  probable than LNG LEAKS for fatigue
FIRE ON SHIP is WEAKLY WEAKLY probable than NG LEAKS for fatigue
MODERATE MODERATE .
LNG LEAKS are STRONGLY STRONGLY probable than NG LEAKS for fatigue
TRAINING
LIKELIHOOD
FIRE ON
PIER/BUNKER EQUALLY EQUALLY probable than FIRE ON SHIP for training
VESSEL is
FIRE ON
PIER/BUNKER WEAKLY VERY WEAKLY  probable than LNG LEAKS for training
VESSEL is
FIRE ON
PIER/BUNKER WEAKLY WEAKLY probable than NG LEAKS for training
VESSEL is
FIRE ON SHIP is WEAKLY VERY WEAKLY  probable than LNG LEAKS for training
FIRE ON SHIP is WEAKLY WEAKLY probable than NG LEAKS for training
MODERATE MODERATE .
LNG LEAKS are STRONGLY STRONGLY probable than NG LEAKS for training
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FAILURE OF

AUXILIARY
SYSTEMS
LIKELIHOOD
FIRE ON . .
PIER/BUNKER EQUALLY WEAKLY gr(;?:r?]ls than FIRE ON SHIP for failure of auxiliary
VESSEL is Y
FIRE ON robable than LNG LEAKS for failure of auxilia
PIER/BUNKER WEAKLY WEAKLY g - Y
VESSEL is Y
FIRE ON
PIER/BUNKER WEAKLY WEAKLY probable than NG LEAKS for failure of auxiliary systems
VESSEL is
. MODERATE MODERATE probable than LNG LEAKS for failure of auxiliary
FIRE ON SHIP is WEAKLY WEAKLY systems
. MODERATE MODERATE . -
FIRE ON SHIP is WEAKLY WEAKLY probable than NG LEAKS for failure of auxiliary systems
MODERATE . -
LNG LEAKS are STRONGLY EQUALLY probable than NG LEAKS for failure of auxiliary systems
FAILURE OF
COMMUNICATION
OR ESD
LIKELIHOOD
FIRE ON .
PIER/BUNKER WEAKLY WEAKLY Eg%’;ﬂﬁiég‘:‘ig:g:zs%'\‘ EhllF o failure of
VESSEL is
FIRE ON VERY robable than LNG LEAKS for failure of communication
PIER/BUNKER WEAKLY WEAKLY gr ol
VESSEL is
FIRE ON VERY robable than NG LEAKS for failure of communication or
PIER/BUNKER WEAKLY WEAKLY gsd
VESSEL is
. MODERATE probable than LNG LEAKS for failure of communication
FIRE ON SHIP is WEAKLY WEAKLY -
- MODERATE MODERATE probable than NG LEAKS for failure of communication or
FIREONSHIPIs — “\EAKLY WEAKLY esd
LNG LEAKS are EQUALLY EQUALLY gg?jbable than NG LEAKS for failure of communication or
HOSE RUPTURE
LIKELIHOOD
FIRE ON
PIER/BUNKER EQUALLY EQUALLY probable than FIRE ON SHIP for hose rupture
VESSEL is
FIRE ON
PIER/BUNKER EXTREME VERY WEAKLY  probable than LNG LEAKS for hose rupture
. WEAKLY
VESSEL is
FIRE ON VERY
PIER/BUNKER VERY WEAKLY  probable than NG LEAKS for hose rupture
. WEAKLY
VESSEL is
FIREONSHIPis  CXTREME oV WEAKLY  probable than LNG LEAKS for hose rupture
WEAKLY
FREONSHIPis | Y2RY ' VERYWEAKLY probable than NG LEAKS for hose rupture
MODERATE MODERATE
LNG LEAKS are STRONGLY STRONGLY probable than NG LEAKS for hose rupture
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INAPPROPRIATE

COOLING OF
BUNKER LINE
LIKELIHOOD
FIRE ON VERY probable than FIRE ON SHIP for inappropriate cooling of
PIER/BUNKER WEAKLY WEAKLY bunker line
VESSEL is
FIRE ON . . .
PIER/BUNKER EXTREME EXTREME probable_ than LNG LEAKS for inappropriate cooling of
. WEAKLY WEAKLY bunker line
VESSEL is
PIER/E{JRNEKEE EXTREME EXTREME probable than NG LEAKS for inappropriate cooling of
) WEAKLY WEAKLY bunker line
VESSEL is
. MODERATE probable than LNG LEAKS for inappropriate cooling of
FIRE ON SHIP is WEAKLY WEAKLY bunker line
. MODERATE probable than NG LEAKS for inappropriate cooling of
FIRE ON SHIP is WEAKLY WEAKLY bunker line
LNG LEAKS are EQUALLY EQUALLY probablg than NG LEAKS for inappropriate cooling of
bunker line
INAPPROPRIATE
INERTING OF
HOSE/BUNKER
LINE LIKELIHOOD
JRRE ON MODERATE robable than FIRE ON SHIP for inappropriate inertin
PIER/BUNKER WEAKLY P : pprop 9
. WEAKLY of hose/bunker line
VESSEL is
FIRESE VERY robable than LNG LEAKS for inappropriate inerting of
PIER/BUNKER VERY WEAKLY P . pprop 9
: WEAKLY hose/bunker line
VESSEL is
FIRE QI EXTREME robable than NG LEAKS for inappropriate inerting of
PIER/BUNKER WEAKLY p . pprop 9
- WEAKLY hose/bunker line
VESSEL is
. VERY MODERATE probable than LNG LEAKS for inappropriate inerting of
FIRESEISHIP is WEAKLY WEAKLY hose/bunker line
FIRE ON SHIP is WEAKLY WEAKLY probable than‘ NG LEAKS for inappropriate inerting of
hose/bunker line
MODERATE MODERATE probable than NG LEAKS for inappropriate inerting of
LNG LEAKS are STRONGLY WEAKLY hose/bunker line
INCORRECT
SEQUENCE
LIKELIHOOD
FIRE ON
PIER/BUNKER MODERATE WEAKLY probable than FIRE ON SHIP for incorrect sequence
. WEAKLY
VESSEL is
FIRE ON
PIER/BUNKER VERY EXTREME probable than LNG LEAKS for incorrect sequence
. WEAKLY WEAKLY
VESSEL is
FIRE ON
PIER/BUNKER WEAKLY VERY WEAKLY  probable than NG LEAKS for incorrect sequence
VESSEL is
. VERY .
FIRE ON SHIP is WEAKLY WEAKLY probable than LNG LEAKS for incorrect sequence
FIRE ON SHIP is WEAKLY MV?/E,E\E'IT\-I(-E probable than NG LEAKS for incorrect sequence
MODERATE MODERATE .
LNG LEAKS are STRONGLY STRONGLY probable than NG LEAKS for incorrect sequence
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LNG TRAPPED IN
PIPE LIKELIHOOD

FIRE ON
PIER/BUNKER ~ MODERATE  \Epy WEAKLY  probable than FIRE ON SHIP for LNG trapped in pipe
. WEAKLY
VESSEL is
FIRE ON
PIER/BUNKER WEAKLY WEAKLY probable than LNG LEAKS for LNG trapped in pipe
VESSEL is
FIRE ON
PIER/BUNKER VERY EXTREME probable than NG LEAKS for LNG trapped in pipe
. WEAKLY WEAKLY
VESSEL is
. MODERATE MODERATE I
FIRE ON SHIP is WEAKLY STRONGLY probable than LNG LEAKS for LNG trapped in pipe
FIRE ON SHIP is WEAKLY MV(\)/E,EE)IT\-I(-E probable than NG LEAKS for LNG trapped in pipe
LNG LEAKS are WEAKLY WEAKLY probable than NG LEAKS for LNG trapped in pipe
LOSS OF
BUNKER
VEHICLE POWER
LIKELIHOOD
REON MODERATE probable than FIRE ON SHIP for loss of bunker vehicle
PIER/BUNKER WEAKLY WEAKLY —
VESSEL is P
FIRE ON .
PIER/BUNKER VERY EXTREME probable than LNG LEAKS for loss of bunker vehicle
VESSEL is WEAKLY WEAKLY power
FIRE ON robable than NG LEAKS for loss of bunker vehicle
PIER/BUNKER WEAKLY VERY WEAKLY power
VESSEL is P
FIRE ON SHIP is VERY WEAKLY probable than LNG LEAKS for loss of bunker vehicle
WEAKLY power
FIRE ON SHIP is WEAKLY MODERATE probable than NG LEAKS for loss of bunker vehicle
WEAKLY power
MODERATE MODERATE probable than NG LEAKS for loss of bunker vehicle
LNG LEAKS are  grponGLY STRONGLY  power
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APPENDICES E CALCULATION SHEETS FOR ANP

Calculation sheets are presented on the next page.
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Table E.1: Unweighted Matrix 1 (Consequences-Decision Maker 2)

ALTERNATIVES CONNECTION HAZARDS
FIRE ON
PIER / BREAKAWAY
BUNKER  FIREON LNG COUPLING DRY COUPLING
VESSEL SHIP LEAKS NG LEAKS ~ DISCONNECTION DISCONNECTION MISHANDLING
FIRE ON PIER / BUNKER
VESSEL 0.0000 0.0000 0.0000 0.0000 0.0518 0.1019 0.1250
ALTERNATIVES FIRE ON SHIP 0.0000 0.0000 0.0000 0.0000 0.0897 0.1019 0.1250
LNG LEAKS 0.8333 0.8333 0.0000 1.0000 0.5770 0.3475 0.3750
NG LEAKS 0.1667 0.1667 0.0000 0.0000 0.2816 0.4486 0.3750
BREAKAWAY COUPLING
DISCONNECTION 0.0000 0.0000 0.0000 0.5000 0.0000 0.0000 0.0000
CONNECTION
HAZARDS DRY COUPLING
DISCONNECTION 0.0000 0.0000 0.8333 0.0000 0.0000 0.0000 0.0000
MISHANDLING 0.0000 0.0000 0.1667 0.5000 0.0000 0.0000 0.0000
ELECTRICAL
EQUIPMENTS 0.2000 0.8333 0.0000 0.0000 0.0000 0.0000 0.0000
EXTREME WEATHER
CONDITIONS 0.0000 0.0000 0.5000 0.5000 0.5000 0.5000 0.0000
SHIP / TRUCK
ENV:_IR&'ms;\'TAL MOVEMENT 0.0000 0.0000 0.5000 0.5000 0.5000 0.5000 0.0000
SIMULTANOUS
OPERATIONS 0.6000 0.1667 0.0000 0.0000 0.0000 0.0000 0.0000
UNAUTHORIZED TRAFFIC
IN SECURITY ZONE 0.2000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
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Table E.2: Unweighted Matrix 2 (Consequences-Decision Maker 2)

ALTERNATIVES CONNECTION HAZARDS
FIRE ON
PIER / BREAKAWAY
BUNKER  FIREON LNG COUPLING DRY COUPLING
VESSEL SHIP LEAKS NG LEAKS ~ DISCONNECTION DISCONNECTION MISHANDLING
AWARENESS 0.0000 0.0000 0.1111 0.0810 0.0000 0.0000 0.0810
HUMAN HAZARDS  FATIGUE 0.0000 0.0000 0.7778 0.7306 0.0000 0.0000 0.7306
TRAINING 0.0000 0.0000 0.1111 0.1884 0.0000 0.0000 0.1884
FAILURE OF AUXILIARY
SYSTEMS 0.0000 0.0000 0.0719 0.0407 0.0000 0.0000 0.0000
FAILURE OF
COMMUNICATION OR
ESD 0.0000 0.0000 0.0000 0.2164 0.0000 0.0000 0.0000
HOSE RUPTURE 0.0000 0.0000 0.6491 0.0000 0.0000 0.0000 0.0000
INAPPROPRIATE
OPERATIONAL COOLING OF BUNKER
HAZARDS LINE 0.0000 0.0000 0.0000 0.0449 0.0000 0.0000 0.0000
INAPPROPRIATE
INERTING OF HOSE OR
BUNKER LINE 0.0000 0.0000 0.0000 0.3954 0.0000 0.0000 0.0000
INCORRECT SEQUENCE 0.0000 0.0000 0.2790 0.1966 0.0000 0.0000 0.0000
LNG TRAPPED IN PIPE 0.0000 0.0000 0.0000 0.0852 0.0000 0.0000 0.0000
LOSS OF BUNKER
VEHICLE POWER 0.0000 0.0000 0.0000 0.0207 0.0000 0.0000 0.0000
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Table E.3: Unweighted Matrix 3 (Consequences-Decision Maker 2)

ENVIRONMENTAL HAZARDS

HUMAN HAZARDS

ALTERNATIVES

CONNECTION
HAZARDS

ENVIRONMENTAL
HAZARDS

FIRE ON PIER /
BUNKER VESSEL
FIRE ON SHIP
LNG LEAKS
NG LEAKS

BREAKAWAY
COUPLING
DISCONNECTION

DRY COUPLING
DISCONNECTION

MISHANDLING

ELECTRICAL
EQUIPMENTS
EXTREME
WEATHER
CONDITIONS
SHIP / TRUCK
MOVEMENT
SIMULTANOUS
OPERATIONS

UNAUTHORIZED
TRAFFICIN
SECURITY ZONE

ELECTRICAL
EQUIPMENTS

0.3069
0.5316
0.0808
0.0808

0.0000

0.0000
0.0000

0.0000

0.0000

0.0000

0.0000

0.0000

EXTREME
WEATHER
CONDITIONS

0.0655
0.0655

0.6306
0.2383

0.0000

0.0000
0.0000

0.0000

0.0000

0.0000

0.0000

0.0000

SHIP /
TRUCK
MOVEMENT

0.0655
0.0655

0.6306
0.2383

0.0000

0.0000
0.0000

0.0000

1.0000

0.0000

0.0000

0.0000

SIMULTANOUS
OPERATIONS

0.2099
0.6059

0.0921
0.0921

0.0000

0.0000
0.0000

0.0000

0.0000

0.0000

0.0000

0.0000

UNAUTHORIZED
TRAFFIC IN
SECURITY ZONE

0.3069
0.5316

0.0808
0.0808

0.0000

0.0000
0.0000

0.0000

0.0000

0.0000

0.0000

0.0000

AWARENESS
0.0963
0.0963

0.5579
0.2495

0.0000

0.0000
0.0000

0.0000

0.0000

0.0000

0.0000

0.0000

FATIGUE
0.1157
0.1018

0.5189
0.2637

0.0000

0.0000
0.0000

0.0000

0.0000

0.0000

0.0000

0.0000

TRAINING
0.0963
0.0963

0.5579
0.2495

0.0000

0.0000
0.0000

0.0000

0.0000

0.0000

0.0000

0.0000
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Table E.4: Unweighted Matrix 4 (Consequences-Decision Maker 2)

ENVIRONMENTAL HAZARDS

HUMAN HAZARDS

HUMAN
HAZARDS

OPERATIONAL
HAZARDS

AWARENESS
FATIGUE
TRAINING
FAILURE OF
AUXILIARY
SYSTEMS

FAILURE OF
COMMUNICATION
OR ESD

HOSE RUPTURE

INAPPROPRIATE
COOLING OF
BUNKER LINE
INAPPROPRIATE
INERTING OF
HOSE OR BUNKER
LINE
INCORRECT
SEQUENCE

LNG TRAPPED IN
PIPE

LOSS OF BUNKER
VEHICLE POWER

ELECTRICAL
EQUIPMENTS

0.1250
0.0000
0.8750

0.0000

0.0000
0.0000

0.0000

0.0000

0.0000

0.0000

0.0000

EXTREME

WEATHER

CONDITIONS
0.0000
0.0000
0.0000

0.0000

0.0000
0.0000

0.0000

0.0000

0.0000

0.0000

0.0000

SHIP /

TRUCK

MOVEMENT
0.0000
0.0000
0.0000

0.0000

0.0000
0.0000

0.0000

0.0000
0.0000

0.0000

0.0000

SIMULTANOUS

OPERATIONS
0.5000
0.0000
0.5000

0.0000

0.0000
0.0000

0.0000

0.0000

0.0000

0.0000

0.0000

UNAUTHORIZED

TRAFFIC IN

SECURITY ZONE
0.1667
0.0000
0.8333

0.0000

0.0000
0.0000

0.0000

0.0000

0.0000

0.0000

0.0000

AWARENESS
0.0000
1.0000
0.0000

0.0000

0.0000
0.0000

0.0000

0.0000

0.0000

0.0000

0.0000

FATIGUE
0.0000
0.0000
0.0000

0.0000

0.0000
0.0000

0.0000

0.0000

0.0000

0.0000

0.0000

TRAINING
0.0000
0.0000
0.0000

0.0000

0.0000
0.0000

0.0000

0.0000

0.0000

0.0000

0.0000
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Table E.5: Unweighted Matrix 5 (Consequences-Decision Maker 2)

OPERATIONAL HAZARDS
FAILURE INAPPROPRIATE LOSS OF
OF FAILURE OF INAPPROPRIATE  INERTING OF LNG BUNKER
AUXILIARY COMMUNICATION  HOSE COOLING OF HOSE OR INCORRECT ~TRAPPED  VEHICLE
SYSTEMS  ORESD RUPTURE  BUNKER LINE BUNKER LINE SEQUENCE INPIPE  POWER
FIRE ON PIER /
BUNKER VESSEL 0.0714 0.0833 0.0921 0.0583 0.4140 0.0921  0.0534  0.0437
ALTERNATIVES FIRE ON SHIP 0.0777 0.0833 0.0921 0.0662 0.4140 0.0921  0.1823  0.1156
LNG LEAKS 0.5559 0.4167 0.6059 0.6769 0.1090 0.2099  0.3821  0.4204
NG LEAKS 0.2951 0.4167 0.2099 0.1986 0.0629 0.6059  0.3821  0.4204
BREAKAWAY
COUPLING
CONNECTION  DISCONNECTION 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 | 1.0000 0.0000
HAZARDS DRY COUPLING
DISCONNECTION 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000  0.0000  0.0000
MISHANDLING 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000  0.0000  0.0000
ELECTRICAL
EQUIPMENTS 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000  0.0000  0.0000
EXTREME
WEATHER
CONDITIONS 0.0000 0.0000 0.5000 0.0000 0.0000 0.0000  0.5000  0.0000
ENVIRONMENTAL  SHIP / TRUCK
HAZARDS MOVEMENT 0.0000 0.0000 0.5000 0.0000 0.0000 0.0000  0.5000  0.0000
SIMULTANOUS
OPERATIONS 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000  0.0000  0.0000
UNAUTHORIZED
TRAFFIC IN
SECURITY ZONE 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000  0.0000  0.0000
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Table E.6: Unweighted Matrix 6 (Consequences-Decision Maker 2)

OPERATIONAL HAZARDS
FAILURE INAPPROPRIATE LOSS OF
OF FAILURE OF INAPPROPRIATE  INERTING OF LNG BUNKER
AUXILIARY COMMUNICATION HOSE COOLING OF HOSE OR INCORRECT TRAPPED  VEHICLE
SYSTEMS  ORESD RUPTURE  BUNKER LINE BUNKER LINE SEQUENCE  IN PIPE POWER
AWARENESS 0.0000 0.0000 0.0000 0.0000 0.0000 0.1852 0.0000  0.0000
HHAUZ“;(I:;‘s FATIGUE 0.0000 0.0000 0.0000 0.0000 0.0000 0.6586 0.0000  0.0000
TRAINING 0.0000 0.0000 0.0000 0.0000 0.0000 0.1562 0.0000  0.0000
FAILURE OF
AUXILIARY
SYSTEMS 0.0000 0.0000 0.0000 0.0000 0.1000 0.0000 0.0000  0.0000
FAILURE OF
COMMUNICATION
ORESD 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000  0.0000
HOSE RUPTURE 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000  0.0000
INAPPROPRIATE
COOLING OF
OPERATIONAL  BUNKER LINE 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.7500  0.0000
HAZARDS INAPPROPRIATE
INERTING OF
HOSE OR BUNKER
LINE 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000  0.0000
INCORRECT
SEQUENCE 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000  0.0000
LNG TRAPPED IN
PIPE 0.0000 0.0000 0.0000 0.0000 0.9000 0.0000 0.0000  0.0000
LOSS OF BUNKER
VEHICLE POWER 0.0000 1.0000 0.0000 0.0000 0.0000 0.0000 0.2500  0.0000
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Table E.7: Normalized Weighted Matrix 1 (Consequences-Decision Maker 2)

ALTERNATIVES CONNECTION HAZARDS
FIRE ON PIER BREAKAWAY
/ BUNKER FIRE ON LNG COUPLING DRY COUPLING
VESSEL SHIP LEAKS NG LEAKS  DISCONNECTION DISCONNECTION MISHANDLING
FIRE ON PIER / BUNKER
VESSEL 0.0000 0.0000 0.0000 0.0000 0.0259 0.0510 0.0938
ALTERNATIVES FIRE ON SHIP 0.0000 0.0000 0.0000 0.0000 0.0448 0.0510 0.0938
LNG LEAKS 0.4623 0.4623 0.0000 0.2468 0.2885 0.1737 0.2813
NG LEAKS 0.0925 0.0925 0.0000 0.0000 0.1408 0.2243 0.2813
BREAKAWAY COUPLING
DISCONNECTION 0.0000 0.0000 0.0000 0.0990 0.0000 0.0000 0.0000
CONNECTION
HAZARDS DRY COUPLING
DISCONNECTION 0.0000 0.0000 0.2191 0.0000 0.0000 0.0000 0.0000
MISHANDLING 0.0000 0.0000 0.0438 0.0990 0.0000 0.0000 0.0000
ELECTRICAL
EQUIPMENTS 0.0891 0.3711 0.0000 0.0000 0.0000 0.0000 0.0000
EXTREME WEATHER
CONDITIONS 0.0000 0.0000 0.1315 0.0990 0.2500 0.2500 0.0000
ENVIRONMENTAL SHc|>P éTREUCK 0.0000 0.0000 0.131 0.0990 0.2500 0.2500 0.0000
HAZARDS MOVEMENT . . 11315 ) .25 .25 }
SIMULTANOUS
OPERATIONS 0.2672 0.0742 0.0000 0.0000 0.0000 0.0000 0.0000
UNAUTHORIZED TRAFFIC
IN SECURITY ZONE 0.0891 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
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Table E.8: Normalized Weighted Matrix 2 (Consequences-Decision Maker 2)

AWARENESS 0.0000 0.0000 0.0292 0.0160 0.0000 0.0000 0.0202

HUMAN HAZARDS  FATIGUE 0.0000 0.0000 0.2045 0.1447 0.0000 0.0000 0.1827
TRAINING 0.0000 0.0000 0.0292 0.0373 0.0000 0.0000 0.0471
FAILURE OF AUXILIARY
SYSTEMS 0.0000 0.0000 0.0152 0.0065 0.0000 0.0000 0.0000
FAILURE OF
COMMUNICATION OR
ESD 0.0000 0.0000 0.0000 0.0344 0.0000 0.0000 0.0000
HOSE RUPTURE 0.0000 0.0000 0.1370 0.0000 0.0000 0.0000 0.0000
INAPPROPRIATE

OPERATIONAL COOLING OF BUNKER
HAZARDS LINE 0.0000 0.0000 0.0000 0.0071 0.0000 0.0000 0.0000

INAPPROPRIATE
INERTING OF HOSE OR
BUNKER LINE 0.0000 0.0000 0.0000 0.0629 0.0000 0.0000 0.0000
INCORRECT SEQUENCE 0.0000 0.0000 0.0589 0.0313 0.0000 0.0000 0.0000
LNG TRAPPED IN PIPE 0.0000 0.0000 0.0000 0.0136 0.0000 0.0000 0.0000
LOSS OF BUNKER
VEHICLE POWER 0.0000 0.0000 0.0000 0.0033 0.0000 0.0000 0.0000
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Table E.9: Normalized Weighted Matrix 3 (Consequences-Decision Maker 2)

ENVIRONMENTAL HAZARDS

HUMAN HAZARDS

ALTERNATIVES

CONNECTION
HAZARDS

ENVIRONMENTAL
HAZARDS

FIRE ON PIER /
BUNKER VESSEL

FIRE ON SHIP
LNG LEAKS
NG LEAKS

BREAKAWAY
COUPLING
DISCONNECTION

DRY COUPLING
DISCONNECTION

MISHANDLING

ELECTRICAL
EQUIPMENTS
EXTREME
WEATHER
CONDITIONS

SHIP / TRUCK
MOVEMENT
SIMULTANOUS
OPERATIONS

UNAUTHORIZED
TRAFFICIN
SECURITY ZONE

ELECTRICAL
EQUIPMENTS

0.2302
0.3987
0.0606
0.0606

0.0000

0.0000
0.0000

0.0000

0.0000

0.0000

0.0000

0.0000

EXTREME
WEATHER
CONDITIONS

0.0655
0.0655

0.6306
0.2383

0.0000

0.0000
0.0000

0.0000

0.0000

0.0000

0.0000

0.0000

SHIP /
TRUCK
MOVEMENT

0.0246
0.0246

0.2365
0.0894

0.0000

0.0000
0.0000

0.0000

0.6250

0.0000

0.0000

0.0000

SIMULTANOUS
OPERATIONS

0.1574
0.4545

0.0691
0.0691

0.0000

0.0000
0.0000

0.0000

0.0000

0.0000

0.0000

0.0000

UNAUTHORIZED
TRAFFICIN
SECURITY ZONE

0.2302
0.3987

0.0606
0.0606

0.0000

0.0000
0.0000

0.0000

0.0000

0.0000

0.0000

0.0000

AWARENESS
0.0482
0.0482

0.2789
0.1247

0.0000

0.0000
0.0000

0.0000

0.0000

0.0000

0.0000

0.0000

FATIGUE
0.1157
0.1018

0.5189
0.2637

0.0000

0.0000
0.0000

0.0000

0.0000

0.0000

0.0000

0.0000

TRAINING
0.0963
0.0963

0.5579
0.2495

0.0000

0.0000
0.0000

0.0000

0.0000

0.0000

0.0000

0.0000
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Table E.10: Normalized Weighted Matrix 4 (Consequences-Decision Maker 2)

AWARENESS 0.0313 0.0000 0.0000 0.1250 0.0417 0.0000 0.0000 0.0000

HUMAN HAZARDS  FATIGUE 0.0000 0.0000 0.0000 0.0000 0.0000 0.5000 0.0000 0.0000
TRAINING 0.2188 0.0000 0.0000 0.1250 0.2083 0.0000 0.0000 0.0000
FAILURE OF AUXILIARY
SYSTEMS 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
FAILURE OF
COMMUNICATION OR
ESD 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
HOSE RUPTURE 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
INAPPROPRIATE

OPERATIONAL COOLING OF BUNKER
HAZARDS LINE 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000

INAPPROPRIATE
INERTING OF HOSE OR
BUNKER LINE 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
INCORRECT SEQUENCE 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
LNG TRAPPED IN PIPE 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
LOSS OF BUNKER
VEHICLE POWER 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
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Table E.11: Normalized Weighted Matrix 5 (Consequences-Decision Maker 2)

OPERATIONAL HAZARDS
FAILURE INAPPROPRIATE LOSS OF
OF FAILURE OF INAPPROPRIATE  INERTING OF LNG BUNKER
AUXILIARY  COMMUNICATION ~ HOSE COOLING OF HOSE OR INCORRECT ~ TRAPPED  VEHICLE
SYSTEMS ~ ORESD RUPTURE BUNKERLINE ~ BUNKERLINE ~ SEQUENCE INPIPE  POWER
FIRE ON PIER /
BUNKER VESSEL 0.0714 0.0507  0.0511 0.0583 0.2518 00511  0.0082  0.0437
ALTERNATIVES FIRE ON SHIP 0.0777 0.0507  0.0511 0.0662 0.2518 00511 00281 0.1156
LNG LEAKS 0.5559 02534  0.3361 0.6769 0.0663 0.1164  0.0588  0.4204
NG LEAKS 0.2951 0.2534  0.1164 0.1986 0.0383 03361  0.0588  0.4204
BREAKAWAY
COUPLING
CONNECTION  DISCONNECTION 0.0000 0.0000  0.0000 0.0000 0.0000 0.0000  0.6235  0.0000
HAZARDS DRY COUPLING
DISCONNECTION 0.0000 0.0000  0.0000 0.0000 0.0000 0.0000  0.0000  0.0000
MISHANDLING 0.0000 0.0000  0.0000 0.0000 0.0000 0.0000  0.0000  0.0000
ELECTRICAL
EQUIPMENTS 0.0000 0.0000  0.0000 0.0000 0.0000 0.0000  0.0000  0.0000
EXTREME
WEATHER
CONDITIONS 0.0000 0.0000  0.2226 0.0000 0.0000 0.0000  0.0618  0.0000
ENVIRONMENTAL ~ SHIP / TRUCK
HAZARDS MOVEMENT 0.0000 0.0000  0.2226 0.0000 0.0000 0.0000  0.0618  0.0000
SIMULTANOUS
OPERATIONS 0.0000 0.0000  0.0000 0.0000 0.0000 0.0000  0.0000  0.0000
UNAUTHORIZED
TRAFFIC IN
SECURITY ZONE 0.0000 0.0000  0.0000 0.0000 0.0000 0.0000  0.0000  0.0000
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Table E.12: Normalized Weighted Matrix 6 (Consequences-Decision Maker 2)

OPERATIONAL HAZARDS
FAILURE INAPPROPRIATE LOSS OF
OF FAILURE OF INAPPROPRIATE  INERTING OF LNG BUNKER
AUXILIARY COMMUNICATION  HOSE COOLING OF HOSE OR INCORRECT TRAPPED  VEHICLE
SYSTEMS  ORESD RUPTURE  BUNKER LINE BUNKER LINE SEQUENCE INPIPE  POWER
HUMAN AWARENESS 0.0000 0.0000  0.0000 0.0000 0.0000 0.0825  0.0000  0.0000
wAzARDs  FATIGUE 0.0000 0.0000  0.0000 0.0000 0.0000 0.2933  0.0000  0.0000
TRAINING 0.0000 0.0000  0.0000 0.0000 0.0000 0.0695  0.0000  0.0000
FAILURE OF
AUXILIARY
SYSTEMS 0.0000 0.0000  0.0000 0.0000 0.0392 0.0000  0.0000  0.0000
FAILURE OF
COMMUNICATION
OR ESD 0.0000 0.0000  0.0000 0.0000 0.0000 0.0000  0.0000  0.0000
HOSE RUPTURE 0.0000 0.0000  0.0000 0.0000 0.0000 0.0000  0.0000  0.0000
INAPPROPRIATE
COOLING OF
OPERATIONAL  gyNKER LINE 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000  0.0744  0.0000
HAZARDS INAPPROPRIATE
INERTING OF
HOSE OR BUNKER
LINE 0.0000 0.0000  0.0000 0.0000 0.0000 0.0000  0.0000  0.0000
INCORRECT
SEQUENCE 0.0000 0.0000  0.0000 0.0000 0.0000 0.0000  0.0000  0.0000
LNG TRAPPED IN
PIPE 0.0000 0.0000  0.0000 0.0000 0.3527 0.0000  0.0000  0.0000
LOSS OF BUNKER
VEHICLE POWER 0.0000 0.3919  0.0000 0.0000 0.0000 0.0000  0.0248  0.0000
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Table E.13: 32th Power of Limit Matrix 1 (Consequences-Decision Maker 2)

ALTERNATIVES CONNECTION HAZARDS
FIRE ON
PIER / BREAKAWAY
BUNKER FIRE ON LNG COUPLING DRY COUPLING
VESSEL SHIP LEAKS NG LEAKS  DISCONNECTION DISCONNECTION MISHANDLING
FIRE ON PIER / BUNKER
VESSEL 0.0416 0.0416 0.0416 0.0416 0.0416 0.0416 0.0416
ALTERNATIVES FIRE ON SHIP 0.0497 0.0497 0.0497 0.0497 0.0497 0.0497 0.0497
LNG LEAKS 0.2671 0.2671 0.2671 0.2671 0.2671 0.2671 0.2671
NG LEAKS 0.1123 0.1123 0.1123 0.1123 0.1123 0.1123 0.1123
BREAKAWAY COUPLING
DISCONNECTION 0.0136 0.0136 0.0136 0.0136 0.0136 0.0136 0.0136
CONNECTION
HAZARDS DRY COUPLING
DISCONNECTION 0.0585 0.0585 0.0585 0.0585 0.0585 0.0585 0.0585
MISHANDLING 0.0228 0.0228 0.0228 0.0228 0.0228 0.0228 0.0228
ELECTRICAL
EQUIPMENTS 0.0221 0.0221 0.0221 0.0221 0.0221 0.0221 0.0221
EXTREME WEATHER
CONDITIONS 0.1181 0.1181 0.1181 0.1181 0.1181 0.1181 0.1181
ENVIRONMENTAL
HAZARDS SHIP / TRUCK
MOVEMENT 0.0727 0.0727 0.0727 0.0727 0.0727 0.0727 0.0727
SIMULTANOUS
OPERATIONS 0.0148 0.0148 0.0148 0.0148 0.0148 0.0148 0.0148
UNAUTHORIZED TRAFFIC
IN SECURITY ZONE 0.0037 0.0037 0.0037 0.0037 0.0037 0.0037 0.0037
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Table E.14: 32th Power of Limit Matrix 2 (Consequences-Decision Maker 2)

AWARENESS 0.0143 0.0143 0.0143 0.0143 0.0143 0.0143 0.0143

HUMAN HAZARDS  FATIGUE 0.0879 0.0879 0.0879 0.0879 0.0879 0.0879 0.0879
TRAINING 0.0219 0.0219 0.0219 0.0219 0.0219 0.0219 0.0219
FAILURE OF AUXILIARY
SYSTEMS 0.0051 0.0051 0.0051 0.0051 0.0051 0.0051 0.0051
FAILURE OF
COMMUNICATION OR
ESD 0.0039 0.0039 0.0039 0.0039 0.0039 0.0039 0.0039
HOSE RUPTURE 0.0366 0.0366 0.0366 0.0366 0.0366 0.0366 0.0366
INAPPROPRIATE
COOLING OF BUNKER

OPERATIONAL LINE 0.0011 0.0011 0.0011 0.0011 0.0011 0.0011 0.0011

HAZARDS
INAPPROPRIATE
INERTING OF HOSE OR

BUNKER LINE 0.0071 0.0071 0.0071 0.0071 0.0071 0.0071 0.0071
INCORRECT SEQUENCE 0.0192 0.0192 0.0192 0.0192 0.0192 0.0192 0.0192
LNG TRAPPED IN PIPE 0.0040 0.0040 0.0040 0.0040 0.0040 0.0040 0.0040

LOSS OF BUNKER
VEHICLE POWER 0.0020 0.0020 0.0020 0.0020 0.0020 0.0020 0.0020
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Table E.15: 32th Power of Limit Matrix 3 (Consequences-Decision Maker 2)

ENVIRONMENTAL HAZARDS

HUMAN HAZARDS

ALTERNATIVES

CONNECTION
HAZARDS

ENVIRONMENTAL
HAZARDS

FIRE ON PIER /
BUNKER VESSEL

FIRE ON SHIP
LNG LEAKS

NG LEAKS
BREAKAWAY
COUPLING
DISCONNECTION

DRY COUPLING
DISCONNECTION

MISHANDLING
ELECTRICAL
EQUIPMENTS
EXTREME
WEATHER
CONDITIONS

SHIP / TRUCK
MOVEMENT

SIMULTANOUS
OPERATIONS

UNAUTHORIZED
TRAFFICIN
SECURITY ZONE

ELECTRICAL
EQUIPMENTS

0.0416
0.0497
0.2671
0.1123

0.0136

0.0585
0.0228

0.0221

0.1181

0.0727

0.0148

0.0037

EXTREME
WEATHER
CONDITIONS

0.0416

0.0497

0.2671
0.1123

0.0136

0.0585
0.0228

0.0221

0.1181

0.0727

0.0148

0.0037

SHIP /
TRUCK
MOVEMENT

0.0416
0.0497

0.2671
0.1123

0.0136

0.0585
0.0228

0.0221

0.1181

0.0727

0.0148

0.0037

SIMULTANOUS
OPERATIONS

0.0416

0.0497

0.2671
0.1123

0.0136

0.0585
0.0228

0.0221

0.1181

0.0727

0.0148

0.0037

UNAUTHORIZED
TRAFFICIN
SECURITY ZONE

0.0416

0.0497

0.2671
0.1123

0.0136

0.0585
0.0228

0.0221

0.1181

0.0727

0.0148

0.0037

AWARENESS

0.0416

0.0497

0.2671
0.1123

0.0136

0.0585
0.0228

0.0221

0.1181

0.0727

0.0148

0.0037

FATIGUE

0.0416

0.0497

0.2671
0.1123

0.0136

0.0585
0.0228

0.0221

0.1181

0.0727

0.0148

0.0037

TRAINING

0.0416

0.0497

0.2671
0.1123

0.0136

0.0585
0.0228

0.0221

0.1181

0.0727

0.0148

0.0037
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Table E.16: 32th Power of Limit Matrix 4 (Consequences-Decision Maker 2)

HUMAN HAZARDS

OPERATIONAL
HAZARDS

AWARENESS
FATIGUE

TRAINING

FAILURE OF AUXILIARY
SYSTEMS

FAILURE OF
COMMUNICATION OR
ESD

HOSE RUPTURE
INAPPROPRIATE
COOLING OF BUNKER
LINE

INAPPROPRIATE
INERTING OF HOSE OR
BUNKER LINE
INCORRECT SEQUENCE
LNG TRAPPED IN PIPE
LOSS OF BUNKER
VEHICLE POWER

0.0143
0.0879

0.0219

0.0051

0.0039
0.0366

0.0011

0.0071
0.0192
0.0040

0.0020

0.0143
0.0879

0.0219

0.0051

0.0039
0.0366

0.0011

0.0071
0.0192
0.0040

0.0020

0.0143
0.0879

0.0219

0.0051

0.0039
0.0366

0.0011

0.0071
0.0192
0.0040

0.0020

0.0143
0.0879

0.0219

0.0051

0.0039
0.0366

0.0011

0.0071
0.0192
0.0040

0.0020

0.0143
0.0879

0.0219

0.0051

0.0039
0.0366

0.0011

0.0071
0.0192
0.0040

0.0020

0.0143
0.0879

0.0219

0.0051

0.0039
0.0366

0.0011

0.0071
0.0192
0.0040

0.0020

0.0143
0.0879

0.0219

0.0051

0.0039
0.0366

0.0011

0.0071
0.0192
0.0040

0.0020

0.0143
0.0879

0.0219

0.0051

0.0039
0.0366

0.0011

0.0071
0.0192
0.0040

0.0020
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Table E.17: 32th Power of Limit Matrix 5 (Consequences-Decision Maker 2)

OPERATIONAL HAZARDS
FAILURE INAPPROPRIATE LOSS OF
OF FAILURE OF INAPPROPRIATE  INERTING OF LNG BUNKER
AUXILIARY COMMUNICATION  HOSE COOLING OF HOSE OR INCORRECT TRAPPED  VEHICLE
SYSTEMS  OR ESD RUPTURE  BUNKER LINE BUNKER LINE SEQUENCE INPIPE  POWER
FIRE ON PIER /
BUNKER VESSEL 0.0416 0.0416  0.0416 0.0416 0.0416 0.0416  0.0416  0.0416
ALTERNATIVES FIRE ON SHIP 0.0497 0.0497  0.0497 0.0497 0.0497 0.0497  0.0497  0.0497
LNG LEAKS 0.2671 02671  0.2671 0.2671 0.2671 0.2671 02671  0.2671
NG LEAKS 0.1123 0.1123  0.1123 0.1123 0.1123 01123 01123  0.1123
BREAKAWAY
COUPLING
CONNECTION  DISCONNECTION 0.0136 0.0136  0.0136 0.0136 0.0136 00136  0.0136  0.0136
HAZARDS DRY COUPLING
DISCONNECTION 0.0585 0.0585  0.0585 0.0585 0.0585 0.0585  0.0585  0.0585
MISHANDLING 0.0228 0.0228  0.0228 0.0228 0.0228 0.0228  0.0228  0.0228
ELECTRICAL
EQUIPMENTS 0.0221 0.0221  0.0221 0.0221 0.0221 0.0221  0.0221  0.0221
EXTREME
WEATHER
CONDITIONS 0.1181 0.1181  0.1181 0.1181 0.1181 0.1181  0.1181  0.1181
ENVIRONMENTAL  SHIP / TRUCK
HAZARDS MOVEMENT 0.0727 0.0727  0.0727 0.0727 0.0727 0.0727  0.0727  0.0727
SIMULTANOUS
OPERATIONS 0.0148 0.0148  0.0148 0.0148 0.0148 0.0148  0.0148  0.0148
UNAUTHORIZED
TRAFFIC IN
SECURITY ZONE 0.0037 0.0037  0.0037 0.0037 0.0037 0.0037  0.0037  0.0037
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Table E.18: 32th Power of Limit Matrix 6 (Consequences-Decision Maker 2)

HUMAN HAZARDS

OPERATIONAL
HAZARDS

AWARENESS
FATIGUE

TRAINING

FAILURE OF AUXILIARY
SYSTEMS

FAILURE OF
COMMUNICATION OR
ESD

HOSE RUPTURE
INAPPROPRIATE
COOLING OF BUNKER
LINE

INAPPROPRIATE
INERTING OF HOSE OR
BUNKER LINE
INCORRECT SEQUENCE
LNG TRAPPED IN PIPE
LOSS OF BUNKER
VEHICLE POWER

0.0143
0.0879

0.0219

0.0051

0.0039
0.0366

0.0011

0.0071
0.0192
0.0040

0.0020

0.0143
0.0879

0.0219

0.0051

0.0039
0.0366

0.0011

0.0071
0.0192
0.0040

0.0020

0.0143
0.0879

0.0219

0.0051

0.0039
0.0366

0.0011

0.0071
0.0192
0.0040

0.0020

0.0143
0.0879

0.0219

0.0051

0.0039
0.0366

0.0011

0.0071
0.0192
0.0040

0.0020

0.0143
0.0879

0.0219

0.0051

0.0039
0.0366

0.0011

0.0071
0.0192
0.0040

0.0020

0.0143
0.0879

0.0219

0.0051

0.0039
0.0366

0.0011

0.0071
0.0192
0.0040

0.0020

0.0143
0.0879

0.0219

0.0051

0.0039
0.0366

0.0011

0.0071
0.0192
0.0040

0.0020

0.0143
0.0879

0.0219

0.0051

0.0039
0.0366

0.0011

0.0071
0.0192
0.0040

0.0020
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Table E.19: Unweighted Matrix 1 (Likelihood-Decision Maker 2)

ALTERNATIVES CONNECTION HAZARDS
FIRE ON
PIER / BREAKAWAY
BUNKER FIRE ON LNG COUPLING DRY COUPLING
VESSEL SHIP LEAKS NG LEAKS  DISCONNECTION DISCONNECTION MISHANDLING
FIRE ON PIER / BUNKER
VESSEL 0.0000 0.0000 0.0000 0.0000 0.0518 0.0518 0.0518
ALTERNATIVES FIRE ON SHIP 0.0000 0.0000 0.0000 0.0000 0.0897 0.0897 0.0897
LNG LEAKS 0.1250 0.1250 0.0000 1.0000 0.5770 0.2816 0.5770
NG LEAKS 0.8750 0.8750 0.0000 0.0000 0.2816 0.5770 0.2816
BREAKAWAY COUPLING
DISCONNECTION 0.0000 0.0000 0.0000 0.1250 0.0000 0.0000 0.0000
CONNECTION
HAZARDS DRY COUPLING
DISCONNECTION 0.0000 0.0000 0.1250 0.0000 0.0000 0.0000 0.0000
MISHANDLING 0.0000 0.0000 0.8750 0.8750 0.0000 0.0000 0.0000
ELECTRICAL
EQUIPMENTS 0.6491 0.5000 0.0000 0.0000 0.0000 0.0000 0.0000
EXTREME WEATHER
CONDITIONS 0.0000 0.0000 0.1000 0.5000 0.1000 0.1250 0.0000
SHIP / TRUCK
ENVIRONMENTAL )V EMENT 0.0000 0.0000 0.9000 0.5000 0.9000 0.8750 0.0000
HAZARDS
SIMULTANOUS
OPERATIONS 0.0719 0.5000 0.0000 0.0000 0.0000 0.0000 0.0000
UNAUTHORIZED TRAFFIC
IN SECURITY ZONE 0.2790 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
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Table E.20: Unweighted Matrix 2 (Likelihood-Decision Maker 2)

AWARENESS 0.0000 0.0000 0.1884 0.2583 0.0000 0.0000 0.1047

HUMAN HAZARDS FATIGUE 0.0000 0.0000 0.7306 0.6370 0.0000 0.0000 0.6370
TRAINING 0.0000 0.0000 0.0810 0.1047 0.0000 0.0000 0.2583
FAILURE OF AUXILIARY
SYSTEMS 0.0000 0.0000 0.2897 0.0217 0.0000 0.0000 0.0000
FAILURE OF
COMMUNICATION OR
ESD 0.0000 0.0000 0.0000 0.2584 0.0000 0.0000 0.0000
HOSE RUPTURE 0.0000 0.0000 0.0549 0.0000 0.0000 0.0000 0.0000
INAPPROPRIATE

OPERATIONAL COOLING OF BUNKER
HAZARDS LINE 0.0000 0.0000 0.0000 0.0392 0.0000 0.0000 0.0000

INAPPROPRIATE
INERTING OF HOSE OR
BUNKER LINE 0.0000 0.0000 0.0000 0.4089 0.0000 0.0000 0.0000
INCORRECT SEQUENCE 0.0000 0.0000 0.6554 0.0829 0.0000 0.0000 0.0000
LNG TRAPPED IN PIPE 0.0000 0.0000 0.0000 0.1482 0.0000 0.0000 0.0000
LOSS OF BUNKER
VEHICLE POWER 0.0000 0.0000 0.0000 0.0406 0.0000 0.0000 0.0000
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Table E.21: Unweighted Matrix 3 (Likelihood-Decision Maker 2)

ENVIRONMENTAL HAZARDS HUMAN HAZARDS
EXTREME SHIP / UNAUTHORIZED
ELECTRICAL ~ WEATHER  TRUCK SIMULTANOUS ~ TRAFFIC IN
EQUIPMENTS CONDITIONS MOVEMENT ~OPERATIONS  SECURITY ZONE ~ AWARENESS ~FATIGUE TRAINING
FIRE ON PIER /
BUNKER VESSEL 0.2665 0.0685 0.0685 0.2665 0.5209 0.0685  0.0685 0.0808
ALTERNATIVES FIRE ON SHIP 0.5705 0.0685 0.0685 0.5705 0.3271 0.0685  0.0685 0.0808
LNG LEAKS 0.0833 0.5800 0.5800 0.0833 0.0728 0.5800  0.5800 0.5316
NG LEAKS 0.0797 0.2830 0.2830 0.0797 0.0792 0.2830  0.2830 0.3069
BREAKAWAY
COUPLING
CONNECTION  DISCONNECTION 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000  0.0000 0.0000
HAZARDS DRY COUPLING
DISCONNECTION 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000  0.0000 0.0000
MISHANDLING 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000  0.0000 0.0000
ELECTRICAL
EQUIPMENTS 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000  0.0000 0.0000
EXTREME
WEATHER
CONDITIONS 0.0000 0.0000 1.0000 0.0000 0.0000 0.0000  0.0000 0.0000
ENVIRONMENTAL  SHIP / TRUCK
HAZARDS MOVEMENT 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000  0.0000 0.0000
SIMULTANOUS
OPERATIONS 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000  0.0000 0.0000
UNAUTHORIZED
TRAFFIC IN
SECURITY ZONE 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000  0.0000 0.0000
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Table E.22: Unweighted Matrix 4 (Likelihood-Decision Maker 2)

AWARENESS 0.1250 0.0000 0.0000 0.1250 0.1250 0.0000 0.0000 0.0000

HUMAN HAZARDS FATIGUE 0.0000 0.0000 0.0000 0.0000 0.0000 1.0000 0.0000 0.0000
TRAINING 0.8750 0.0000 0.0000 0.8750 0.8750 0.0000 0.0000 0.0000
FAILURE OF AUXILIARY
SYSTEMS 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
FAILURE OF
COMMUNICATION OR
ESD 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
HOSE RUPTURE 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
INAPPROPRIATE

OPERATIONAL COOLING OF BUNKER
HAZARDS LINE 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000

INAPPROPRIATE
INERTING OF HOSE OR
BUNKER LINE 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
INCORRECT SEQUENCE 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
LNG TRAPPED IN PIPE 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
LOSS OF BUNKER
VEHICLE POWER 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
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Table E.23: Unweighted Matrix 5 (Likelihood-Decision Maker 2)

OPERATIONAL HAZARDS
FAILURE INAPPROPRIATE LOSS OF
OF FAILURE OF INAPPROPRIATE  INERTING OF LNG BUNKER
AUXILIARY COMMUNICATION HOSE COOLING OF HOSE OR INCORRECT TRAPPED VEHICLE
SYSTEMS OR ESD RUPTURE  BUNKER LINE BUNKER LINE SEQUENCE IN PIPE POWER
FIRE ON PIER /
BUNKER VESSEL 0.0875 0.0453 0.0532 0.0359 0.0518 0.0518 0.0526 0.0518
ALTERNATIVES FIRE ON SHIP 0.1130 0.1360 0.0532 0.1647 0.0897 0.0897 0.1127 0.0897
LNG LEAKS 0.5069 0.4355 0.5921 0.3997 0.5770 0.5770 0.2218 0.5770
NG LEAKS 0.2926 0.3833 0.3015 0.3997 0.2816 0.2816 0.6129 0.2816
BREAKAWAY
COUPLING
CONNECTION DISCONNECTION 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 1.0000 0.0000
HAZARDS DRY COUPLING
DISCONNECTION 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
MISHANDLING 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
ELECTRICAL
EQUIPMENTS 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
EXTREME
WEATHER
CONDITIONS 0.0000 0.0000 0.1000 0.0000 0.0000 0.0000 0.1250 0.0000
ENVIRONMENTAL SHIP / TRUCK
HAZARDS MOVEMENT 0.0000 0.0000 0.9000 0.0000 0.0000 0.0000 0.8750 0.0000
SIMULTANOUS
OPERATIONS 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
UNAUTHORIZED
TRAFFIC IN
SECURITY ZONE 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
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Table E.24: Unweighted Matrix 6 (Likelihood-Decision Maker 2)

AWARENESS 0.0000 0.0000 0.0000 0.0000 0.0000 0.1047 0.0000 0.0000

HUMAN HAZARDS  FATIGUE 0.0000 0.0000 0.0000 0.0000 0.0000 0.6370 0.0000 0.0000
TRAINING 0.0000 0.0000 0.0000 0.0000 0.0000 0.2583 0.0000 0.0000
FAILSESIDT AUXILIESS 0.0000 0.0000 0.0000 0.0000 0.8333 0.0000 0.0000 0.0000
FAILURE OF
COMMUNICATION OR
ESD 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
HOSE RUPTURE 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
INAPPROPRIATE

OPERATIONAL COOLING OF BUNKER
HAZARDS LINE 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.1250 0.0000

INAPPROPRIATE
INERTING OF HOSE OR
BUNKER LINE 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
INCORRECT SEQUENCE 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
LNG TRAPPED IN PIPE 0.0000 0.0000 0.0000 0.0000 0.1667 0.0000 0.0000 0.0000
LOSS OF BUNKER
VEHICLE POWER 0.0000 1.0000 0.0000 0.0000 0.0000 0.0000 0.8750 0.0000
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Table E.25: Normalized Weighted Matrix 1 (Likelihood-Decision Maker 2)

ALTERNATIVES CONNECTION HAZARDS
FIRE ON PIER BREAKAWAY
/ BUNKER FIRE ON LNG COUPLING DRY COUPLING
VESSEL SHIP LEAKS NG LEAKS  DISCONNECTION DISCONNECTION MISHANDLING
FIRE ON PIER / BUNKER
VESSEL 0.0000 0.0000 0.0000 0.0000 0.0156 0.0156 0.0412
ALTERNATIVES FIRE ON SHIP 0.0000 0.0000 0.0000 0.0000 0.0270 0.0270 0.0713
LNG LEAKS 0.0510 0.0510 0.0000 0.0852 0.1734 0.0846 0.4587
NG LEAKS 0.3570 0.3570 0.0000 0.0000 0.0846 0.1734 0.2238
BREAKAWAY COUPLING
DISCONNECTION 0.0000 0.0000 0.0000 0.0497 0.0000 0.0000 0.0000
CONNECTION
HAZARDS DRY COUPLING
DISCONNECTION 0.0000 0.0000 0.0543 0.0000 0.0000 0.0000 0.0000
MISHANDLING 0.0000 0.0000 0.3801 0.3477 0.0000 0.0000 0.0000
ELECTRICAL
EQUIPMENTS 0.3843 0.2960 0.0000 0.0000 0.0000 0.0000 0.0000
EXTREME WEATHER
CONDITIONS 0.0000 0.0000 0.0135 0.0618 0.0699 0.0874 0.0000
ENVIRONMENTAL  SHIP/ TRUCK
HAZARDS MOVEMENT 0.0000 0.0000 0.1216 0.0618 0.6295 0.6120 0.0000
SIMULTANOUS
OPERATIONS 0.0426 0.2960 0.0000 0.0000 0.0000 0.0000 0.0000
UNAUTHORIZED TRAFFIC
IN SECURITY ZONE 0.1651 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
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Table E.26: Normalized Weighted Matrix 2 (Likelihood-Decision Maker 2)

AWARENESS 0.0000 0.0000 0.0095 0.0120 0.0000 0.0000 0.0215

HUMAN HAZARDS  FATIGUE 0.0000 0.0000 0.0370 0.0295 0.0000 0.0000 0.1306
TRAINING 0.0000 0.0000 0.0041 0.0049 0.0000 0.0000 0.0529
FAILURE OF AUXILIARY
SYSTEMS 0.0000 0.0000 0.1100 0.0075 0.0000 0.0000 0.0000
FAILURE OF
COMMUNICATION OR
ESD 0.0000 0.0000 0.0000 0.0898 0.0000 0.0000 0.0000
HOSE RUPTURE 0.0000 0.0000 0.0208 0.0000 0.0000 0.0000 0.0000
INAPPROPRIATE

OPERATIONAL COOLING OF BUNKER
HAZARDS LINE 0.0000 0.0000 0.0000 0.0136 0.0000 0.0000 0.0000

INAPPROPRIATE
INERTING OF HOSE OR
BUNKER LINE 0.0000 0.0000 0.0000 0.1420 0.0000 0.0000 0.0000
INCORRECT SEQUENCE 0.0000 0.0000 0.2489 0.0288 0.0000 0.0000 0.0000
LNG TRAPPED IN PIPE 0.0000 0.0000 0.0000 0.0515 0.0000 0.0000 0.0000
LOSS OF BUNKER
VEHICLE POWER 0.0000 0.0000 0.0000 0.0141 0.0000 0.0000 0.0000
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Table E.27: Normalized Weighted Matrix 3 (Likelihood-Decision Maker 2)

ENVIRONMENTAL HAZARDS

HUMAN HAZARDS

ALTERNATIVES

CONNECTION
HAZARDS

ENVIRONMENTAL
HAZARDS

FIRE ON PIER /
BUNKER VESSEL

FIRE ON SHIP
LNG LEAKS
NG LEAKS

BREAKAWAY
COUPLING
DISCONNECTION

DRY COUPLING
DISCONNECTION

MISHANDLING

ELECTRICAL
EQUIPMENTS
EXTREME
WEATHER
CONDITIONS

SHIP / TRUCK
MOVEMENT

SIMULTANOUS
OPERATIONS

UNAUTHORIZED
TRAFFICIN
SECURITY ZONE

ELECTRICAL
EQUIPMENTS

0.1333
0.2853
0.0416
0.0399

0.0000

0.0000
0.0000

0.0000

0.0000

0.0000

0.0000

0.0000

EXTREME
WEATHER
CONDITIONS

0.0685
0.0685

0.5800
0.2830

0.0000

0.0000
0.0000

0.0000

0.0000

0.0000

0.0000

0.0000

SHIP /
TRUCK

SIMULTANOUS

MOVEMENT  OPERATIONS

0.0068
0.0068
0.0580
0.0283

0.0000

0.0000
0.0000

0.0000

0.9000

0.0000

0.0000

0.0000

0.1333
0.2853
0.0416
0.0399

0.0000

0.0000
0.0000

0.0000

0.0000

0.0000

0.0000

0.0000

UNAUTHORIZED
TRAFFICIN
SECURITY ZONE

0.2605
0.1636

0.0364
0.0396

0.0000

0.0000
0.0000

0.0000

0.0000

0.0000

0.0000

0.0000

AWARENESS
0.0342
0.0342

0.2900
0.1415

0.0000

0.0000
0.0000

0.0000

0.0000

0.0000

0.0000

0.0000

FATIGUE
0.0685
0.0685

0.5800
0.2830

0.0000

0.0000
0.0000

0.0000

0.0000

0.0000

0.0000

0.0000

TRAINING
0.0808
0.0808

0.5316
0.3069

0.0000

0.0000
0.0000

0.0000

0.0000

0.0000

0.0000

0.0000
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Table E.28: Normalized Weighted Matrix 4 (Likelihood-Decision Maker 2)

HUMAN HAZARDS

OPERATIONAL
HAZARDS

AWARENESS

FATIGUE

TRAINING

FAILURE OF AUXILIARY
SYSTEMS

FAILURE OF
COMMUNICATION OR
ESD

HOSE RUPTURE
INAPPROPRIATE

COOLING OF BUNKER
LINE

INAPPROPRIATE
INERTING OF HOSE OR
BUNKER LINE

INCORRECT SEQUENCE
LNG TRAPPED IN PIPE

LOSS OF BUNKER
VEHICLE POWER

0.0625

0.0000

0.4375

0.0000

0.0000
0.0000

0.0000

0.0000
0.0000
0.0000

0.0000

0.0000

0.0000

0.0000

0.0000

0.0000
0.0000

0.0000

0.0000
0.0000
0.0000

0.0000

0.0000

0.0000

0.0000

0.0000

0.0000
0.0000

0.0000

0.0000
0.0000
0.0000

0.0000

0.0625

0.0000

0.4375

0.0000

0.0000
0.0000

0.0000

0.0000
0.0000
0.0000

0.0000

0.0625

0.0000

0.4375

0.0000

0.0000
0.0000

0.0000

0.0000
0.0000
0.0000

0.0000

0.0000

0.5000

0.0000

0.0000

0.0000
0.0000

0.0000

0.0000
0.0000
0.0000

0.0000

0.0000

0.0000

0.0000

0.0000

0.0000
0.0000

0.0000

0.0000
0.0000
0.0000

0.0000

0.0000

0.0000

0.0000

0.0000

0.0000
0.0000

0.0000

0.0000
0.0000
0.0000

0.0000
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Table E.29: Normalized Weighted Matrix 5 (Likelihood-Decision Maker 2)

OPERATIONAL HAZARDS
FAILURE INAPPROPRIATE LOSS OF
OF FAILURE OF INAPPROPRIATE  INERTING OF LNG BUNKER
AUXILIARY COMMUNICATION  HOSE COOLING OF HOSE OR INCORRECT TRAPPED  VEHICLE
SYSTEMS OR ESD RUPTURE  BUNKER LINE BUNKER LINE SEQUENCE IN PIPE POWER
FIRE ON PIER /
BUNKER VESSEL 0.0875 0.0068 0.0158 0.0359 0.0078 0.0272 0.0021 0.0518
ALTERNATIVES FIRE ON SHIP 0.1130 0.0205 0.0158 0.1647 0.0135 0.0471 0.0045 0.0897
LNG LEAKS 0.5069 0.0657 0.1756 0.3997 0.0871 0.3032 0.0088 0.5770
NG LEAKS 0.2926 0.0579 0.0894 0.3997 0.0425 0.1480 0.0244 0.2816
BREAKAWAY
COUPLING
CONNECTION DISCONNECTION 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.6419 0.0000
HAZARDS DRY COUPLING
DISCONNECTION 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
MISHANDLING 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
ELECTRICAL
EQUIPMENTS 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
EXTREME
WEATHER
CONDITIONS 0.0000 0.0000 0.0703 0.0000 0.0000 0.0000 0.0118 0.0000
ENVIRONMENTAL  SHIP / TRUCK
HAZARDS MOVEMENT 0.0000 0.0000 0.6331 0.0000 0.0000 0.0000 0.0826 0.0000
SIMULTANOUS
OPERATIONS 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
UNAUTHORIZED
TRAFFIC IN
SECURITY ZONE 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
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Table E.30: Normalized Weighted Matrix 6 (Likelihood-Decision Maker 2)

HUMAN HAZARDS

OPERATIONAL
HAZARDS

AWARENESS

FATIGUE

TRAINING

FAILURE OF AUXILIARY
SYSTEMS

FAILURE OF
COMMUNICATION OR
ESD

HOSE RUPTURE
INAPPROPRIATE

COOLING OF BUNKER
LINE

INAPPROPRIATE
INERTING OF HOSE OR
BUNKER LINE

INCORRECT SEQUENCE
LNG TRAPPED IN PIPE

LOSS OF BUNKER
VEHICLE POWER

0.0000

0.0000

0.0000

0.0000

0.0000
0.0000

0.0000

0.0000
0.0000
0.0000

0.0000

0.0000

0.0000

0.0000

0.0000

0.0000
0.0000

0.0000

0.0000
0.0000
0.0000

0.8490

0.0000

0.0000

0.0000

0.0000

0.0000
0.0000

0.0000

0.0000
0.0000
0.0000

0.0000

0.0000

0.0000

0.0000

0.0000

0.0000
0.0000

0.0000

0.0000
0.0000
0.0000

0.0000

0.0000

0.0000

0.0000

0.7075

0.0000
0.0000

0.0000

0.0000
0.0000
0.1415

0.0000

0.0497

0.3022

0.1226

0.0000

0.0000
0.0000

0.0000

0.0000
0.0000
0.0000

0.0000

0.0000

0.0000

0.0000

0.0000

0.0000
0.0000

0.0280

0.0000
0.0000
0.0000

0.1959

0.0000

0.0000

0.0000

0.0000

0.0000
0.0000

0.0000

0.0000
0.0000
0.0000

0.0000
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Table E.31: 32th Power of Limit Matrix 1 (Likelihood-Decision Maker 2)

ALTERNATIVES CONNECTION HAZARDS
FIRE ON
PIER / BREAKAWAY
BUNKER FIRE ON LNG COUPLING DRY COUPLING
VESSEL SHIP LEAKS NG LEAKS  DISCONNECTION DISCONNECTION MISHANDLING
FIRE ON PIER / BUNKER
VESSEL 0.0297 0.0297 0.0297 0.0297 0.0297 0.0297 0.0297
ALTERNATIVES FIRE ON SHIP 0.0424 0.0424 0.0424 0.0424 0.0424 0.0424 0.0424
LNG LEAKS 0.2216 0.2216 0.2216 0.2216 0.2216 0.2216 0.2216
NG LEAKS 0.1333 0.1333 0.1333 0.1333 0.1333 0.1333 0.1333
BREAKAWAY COUPLING
DISCONNECTION 0.0127 0.0127 0.0127 0.0127 0.0127 0.0127 0.0127
CONNECTION
HAZARDS DRY COUPLING
DISCONNECTION 0.0120 0.0120 0.0120 0.0120 0.0120 0.0120 0.0120
MISHANDLING 0.1306 0.1306 0.1306 0.1306 0.1306 0.1306 0.1306
ELECTRICAL
EQUIPMENTS 0.0239 0.0239 0.0239 0.0239 0.0239 0.0239 0.0239
EXTREME WEATHER
CONDITIONS 0.0625 0.0625 0.0625 0.0625 0.0625 0.0625 0.0625
SHIP / TRUCK
ENVIRONMENTAL )V eMENT 0.0543 0.0543 0.0543 0.0543 0.0543 0.0543 0.0543
HAZARDS
SIMULTANOUS
OPERATIONS 0.0138 0.0138 0.0138 0.0138 0.0138 0.0138 0.0138
UNAUTHORIZED TRAFFIC
IN SECURITY ZONE 0.0049 0.0049 0.0049 0.0049 0.0049 0.0049 0.0049

116



Table E.32: 32th Power of Limit Matrix 2 (Likelihood-Decision Maker 2)

AWARENESS 0.0121 0.0121 0.0121 0.0121 0.0121 0.0121 0.0121
HUMAN HAZARDS  FATIGUE 0.0531 0.0531 0.0531 0.0531 0.0531 0.0531 0.0531
TRAINING 0.0344 0.0344 0.0344 0.0344 0.0344 0.0344 0.0344
FAILURE OF AUXILIARY
SYSTEMS 0.0388 0.0388 0.0388 0.0388 0.0388 0.0388 0.0388
FAILURE OF
COMMUNICATION OR
ESD 0.0120 0.0120 0.0120 0.0120 0.0120 0.0120 0.0120
HOSE RUPTURE 0.0046 0.0046 0.0046 0.0046 0.0046 0.0046 0.0046
INAPPROPRIATE
OPERATIONAL COOLING OF BUNKER
HAZARDS LINE 0.0021 0.0021 0.0021 0.0021 0.0021 0.0021 0.0021
INAPPROPRIATE
INERTING OF HOSE OR
BUNKER LINE 0.0189 0.0189 0.0189 0.0189 0.0189 0.0189 0.0189
INCORRECT SEQUENCE 0.0590 0.0590 0.0590 0.0590 0.0590 0.0590 0.0590
LNG TRAPPED IN PIPE 0.0095 0.0095 0.0095 0.0095 0.0095 0.0095 0.0095
LOSS OF BUNKER
VEHICLE POWER 0.0139 0.0139 0.0139 0.0139 0.0139 0.0139 0.0139
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Table E.33: 32th Power of Limit Matrix 3 (Likelihood-Decision Maker 2)

ENVIRONMENTAL HAZARDS

HUMAN HAZARDS

ALTERNATIVES

CONNECTION
HAZARDS

ENVIRONMENTAL
HAZARDS

FIRE ON PIER /
BUNKER VESSEL
FIRE ON SHIP
LNG LEAKS
NG LEAKS

BREAKAWAY
COUPLING
DISCONNECTION

DRY COUPLING
DISCONNECTION

MISHANDLING

ELECTRICAL
EQUIPMENTS
EXTREME
WEATHER
CONDITIONS
SHIP / TRUCK
MOVEMENT
SIMULTANOUS
OPERATIONS

UNAUTHORIZED
TRAFFIC IN
SECURITY ZONE

ELECTRICAL
EQUIPMENTS

0.0297
0.0424
0.2216
0.1333

0.0127

0.0120
0.1306

0.0239

0.0625

0.0543

0.0138

0.0049

EXTREME
WEATHER
CONDITIONS

0.0297
0.0424

0.2216
0.1333

0.0127

0.0120
0.1306

0.0239

0.0625

0.0543

0.0138

0.0049

SHIP /
TRUCK
MOVEMENT

0.0297
0.0424

0.2216
0.1333

0.0127

0.0120
0.1306

0.0239

0.0625

0.0543

0.0138

0.0049

SIMULTANOUS
OPERATIONS

0.0297
0.0424

0.2216
0.1333

0.0127

0.0120
0.1306

0.0239

0.0625

0.0543

0.0138

0.0049

UNAUTHORIZED
TRAFFICIN
SECURITY ZONE

0.0297
0.0424

0.2216
0.1333

0.0127

0.0120
0.1306

0.0239

0.0625

0.0543

0.0138

0.0049

AWARENESS
0.0297
0.0424

0.2216
0.1333

0.0127

0.0120
0.1306

0.0239

0.0625

0.0543

0.0138

0.0049

FATIGUE
0.0297
0.0424

0.2216
0.1333

0.0127

0.0120
0.1306

0.0239

0.0625

0.0543

0.0138

0.0049

TRAINING
0.0297
0.0424

0.2216
0.1333

0.0127

0.0120
0.1306

0.0239

0.0625

0.0543

0.0138

0.0049
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Table E.34: 32th Power of Limit Matrix 4 (Likelihood-Decision Maker 2)

HUMAN HAZARDS

OPERATIONAL
HAZARDS

AWARENESS
FATIGUE

TRAINING

FAILURE OF AUXILIARY
SYSTEMS

FAILURE OF
COMMUNICATION OR
ESD

HOSE RUPTURE

INAPPROPRIATE
COOLING OF BUNKER
LINE

INAPPROPRIATE

INERTING OF HOSE OR
BUNKER LINE

INCORRECT SEQUENCE
LNG TRAPPED IN PIPE

LOSS OF BUNKER
VEHICLE POWER

0.0121
0.0531

0.0344

0.0388

0.0120
0.0046

0.0021

0.0189
0.0590
0.0095

0.0139

0.0121
0.0531

0.0344

0.0388

0.0120
0.0046

0.0021

0.0189
0.0590
0.0095

0.0139

0.0121
0.0531

0.0344

0.0388

0.0120
0.0046

0.0021

0.0189
0.0590
0.0095

0.0139

0.0121
0.0531

0.0344

0.0388

0.0120
0.0046

0.0021

0.0189
0.0590
0.0095

0.0139

0.0121
0.0531

0.0344

0.0388

0.0120
0.0046

0.0021

0.0189
0.0590
0.0095

0.0139

0.0121
0.0531

0.0344

0.0388

0.0120
0.0046

0.0021

0.0189
0.0590
0.0095

0.0139

0.0121
0.0531

0.0344

0.0388

0.0120
0.0046

0.0021

0.0189
0.0590
0.0095

0.0139

0.0121
0.0531

0.0344

0.0388

0.0120
0.0046

0.0021

0.0189
0.0590
0.0095

0.0139
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Table E.35: 32th Power of Limit Matrix 5 (Likelihood-Decision Maker 2)

OPERATIONAL HAZARDS
FAILURE INAPPROPRIATE LOSS OF
OF FAILURE OF INAPPROPRIATE  INERTING OF LNG BUNKER
AUXILIARY  COMMUNICATION ~ HOSE COOLING OF HOSE OR INCORRECT  TRAPPED  VEHICLE
SYSTEMS ~ ORESD RUPTURE BUNKERLINE ~ BUNKERLINE ~ SEQUENCE INPIPE  POWER
FIRE ON PIER /
BUNKER VESSEL 0.0297 0.0297  0.0297 0.0297 0.0297 00297  0.0297  0.0297
ALTERNATIVES FIRE ON SHIP 0.0424 0.0424  0.0424 0.0424 0.0424 0.0424  0.0424  0.0424
LNG LEAKS 0.2216 0.2216 02216 0.2216 0.2216 02216 02216  0.2216
NG LEAKS 0.1333 01333  0.1333 0.1333 0.1333 01333 01333  0.1333
BREAKAWAY
COUPLING
CONNECTION  DISCONNECTION 0.0127 00127  0.0127 0.0127 0.0127 00127 00127  0.0127
HAZARDS DRY COUPLING
DISCONNECTION 0.0120 0.0120  0.0120 0.0120 0.0120 00120  0.0120  0.0120
MISHANDLING 0.1306 0.1306  0.1306 0.1306 0.1306 01306  0.1306  0.1306
ELECTRICAL
EQUIPMENTS 0.0239 0.0239  0.0239 0.0239 0.0239 00239 00239  0.0239
EXTREME
WEATHER
CONDITIONS 0.0625 0.0625  0.0625 0.0625 0.0625 00625  0.0625  0.0625
ENVIRONMENTAL  SHIP / TRUCK
HAZARDS MOVEMENT 0.0543 0.0543  0.0543 0.0543 0.0543 00543 00543  0.0543
SIMULTANOUS
OPERATIONS 0.0138 00138  0.0138 0.0138 0.0138 00138 00138  0.0138
UNAUTHORIZED
TRAFFIC IN
SECURITY ZONE 0.0049 0.0049  0.0049 0.0049 0.0049 0.0049  0.0049  0.0049
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Table E.36: 32th Power of Limit Matrix 6 (Likelihood-Decision Maker 2)

HUMAN HAZARDS

OPERATIONAL
HAZARDS

AWARENESS
FATIGUE

TRAINING

FAILURE OF AUXILIARY
SYSTEMS

FAILURE OF
COMMUNICATION OR
ESD

HOSE RUPTURE

INAPPROPRIATE
COOLING OF BUNKER
LINE

INAPPROPRIATE

INERTING OF HOSE OR
BUNKER LINE

INCORRECT SEQUENCE
LNG TRAPPED IN PIPE

LOSS OF BUNKER
VEHICLE POWER

0.0121
0.0531

0.0344

0.0388

0.0120
0.0046

0.0021

0.0189
0.0590
0.0095

0.0139

0.0121
0.0531

0.0344

0.0388

0.0120
0.0046

0.0021

0.0189
0.0590
0.0095

0.0139

0.0121
0.0531

0.0344

0.0388

0.0120
0.0046

0.0021

0.0189
0.0590
0.0095

0.0139

0.0121
0.0531

0.0344

0.0388

0.0120
0.0046

0.0021

0.0189
0.0590
0.0095

0.0139

0.0121
0.0531

0.0344

0.0388

0.0120
0.0046

0.0021

0.0189
0.0590
0.0095

0.0139

0.0121
0.0531

0.0344

0.0388

0.0120
0.0046

0.0021

0.0189
0.0590
0.0095

0.0139

0.0121
0.0531

0.0344

0.0388

0.0120
0.0046

0.0021

0.0189
0.0590
0.0095

0.0139

0.0121
0.0531

0.0344

0.0388

0.0120
0.0046

0.0021

0.0189
0.0590
0.0095

0.0139
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Table E.37: Unweighted Matrix 1 (Consequences-Decision Maker 1)

ALTERNATIVES CONNECTION HAZARDS
FIRE ON
PIER / BREAKAWAY
BUNKER FIRE ON LNG COUPLING DRY COUPLING
VESSEL SHIP LEAKS NG LEAKS  DISCONNECTION DISCONNECTION MISHANDLING
FIRE ON PIER / BUNKER
VESSEL 0.0000 0.0000 0.0000 0.0000 0.0518 0.0416 0.0518
ALTERNATIVES FIRE ON SHIP 0.0000 0.0000 0.0000 0.0000 0.0897 0.0767 0.0897
LNG LEAKS 0.8333 0.8333 0.0000 1.0000 0.5770 0.5717 0.5770
NG LEAKS 0.1667 0.1667 0.0000 0.0000 0.2816 0.3100 0.2816
BREAKAWAY COUPLING
DISCONNECTION 0.0000 0.0000 0.0000 0.8750 0.0000 0.0000 0.0000
CONNECTION
HAZARDS DRY COUPLING
DISCONNECTION 0.0000 0.0000 0.2500 0.0000 0.0000 0.0000 0.0000
MISHANDLING 0.0000 0.0000 0.7500 0.1250 0.0000 0.0000 0.0000
ELECTRICAL
EQUIPMENTS 0.7306 0.8333 0.0000 0.0000 0.0000 0.0000 0.0000
EXTREME WEATHER
CONDITIONS 0.0000 0.0000 0.1250 0.1250 0.1667 0.1667 0.0000
SHIP / TRUCK
ENVIRONMENTAL )V EmENT 0.0000 0.0000 0.8750 0.8750 0.8333 0.8333 0.0000
HAZARDS
SIMULTANOUS
OPERATIONS 0.1884 0.1667 0.0000 0.0000 0.0000 0.0000 0.0000
UNAUTHORIZED TRAFFIC
IN SECURITY ZONE 0.0810 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
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Table E.38: Unweighted Matrix 2 (Consequences-Decision Maker 1)

AWARENESS 0.0000 0.0000 0.1047 0.1047 0.0000 0.0000 0.1884

HUMAN HAZARDS FATIGUE 0.0000 0.0000 0.2583 0.2583 0.0000 0.0000 0.0810
TRAINING 0.0000 0.0000 0.6370 0.6370 0.0000 0.0000 0.7306
FAILURE OF AUXILIARY
SYSTEMS 0.0000 0.0000 0.0704 0.0912 0.0000 0.0000 0.0000
FAILURE OF
COMMUNICATION OR
ESD 0.0000 0.0000 0.0000 0.0272 0.0000 0.0000 0.0000
HOSE RUPTURE 0.0000 0.0000 0.7514 0.0000 0.0000 0.0000 0.0000
INAPPROPRIATE

OPERATIONAL COOLING OF BUNKER
HAZARDS LINE 0.0000 0.0000 0.0000 0.2399 0.0000 0.0000 0.0000

INAPPROPRIATE
INERTING OF HOSE OR
BUNKER LINE 0.0000 0.0000 0.0000 0.1629 0.0000 0.0000 0.0000
INCORRECT SEQUENCE 0.0000 0.0000 0.1782 0.2944 0.0000 0.0000 0.0000
LNG TRAPPED IN PIPE 0.0000 0.0000 0.0000 0.1294 0.0000 0.0000 0.0000
LOSS OF BUNKER
VEHICLE POWER 0.0000 0.0000 0.0000 0.0549 0.0000 0.0000 0.0000
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Table E.39: Unweighted Matrix 3 (Consequences-Decision Maker 1)

ENVIRONMENTAL HAZARDS

HUMAN HAZARDS

ALTERNATIVES

CONNECTION
HAZARDS

ENVIRONMENTAL
HAZARDS

FIRE ON PIER /
BUNKER VESSEL
FIRE ON SHIP
LNG LEAKS
NG LEAKS

BREAKAWAY
COUPLING
DISCONNECTION

DRY COUPLING
DISCONNECTION

MISHANDLING

ELECTRICAL
EQUIPMENTS
EXTREME
WEATHER
CONDITIONS
SHIP / TRUCK
MOVEMENT
SIMULTANOUS
OPERATIONS

UNAUTHORIZED
TRAFFIC IN
SECURITY ZONE

ELECTRICAL
EQUIPMENTS

0.2383
0.6306
0.0655
0.0655

0.0000

0.0000
0.0000

0.0000

0.0000

0.0000

0.0000

0.0000

EXTREME
WEATHER
CONDITIONS

0.0605
0.0605

0.5573
0.3217

0.0000

0.0000
0.0000

0.0000

0.0000

0.0000

0.0000

0.0000

SHIP /
TRUCK
MOVEMENT

0.0605
0.0605

0.5573
0.3217

0.0000

0.0000
0.0000

0.0000

1.0000

0.0000

0.0000

0.0000

SIMULTANOUS
OPERATIONS

0.2771
0.4799

0.1215
0.1215

0.0000

0.0000
0.0000

0.0000

0.0000

0.0000

0.0000

0.0000

UNAUTHORIZED
TRAFFICIN
SECURITY ZONE

0.4799
0.2771

0.1215
0.1215

0.0000

0.0000
0.0000

0.0000

0.0000

0.0000

0.0000

0.0000

AWARENESS
0.0963
0.0963

0.5579
0.2495

0.0000

0.0000
0.0000

0.0000

0.0000

0.0000

0.0000

0.0000

FATIGUE
0.0963
0.0963

0.5579
0.2495

0.0000

0.0000
0.0000

0.0000

0.0000

0.0000

0.0000

0.0000

TRAINING
0.0963
0.0963

0.5579
0.2495

0.0000

0.0000
0.0000

0.0000

0.0000

0.0000

0.0000

0.0000
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Table E.40: Unweighted Matrix 4 (Consequences-Decision Maker 1)

HUMAN HAZARDS

OPERATIONAL
HAZARDS

AWARENESS

FATIGUE

TRAINING

FAILURE OF AUXILIARY
SYSTEMS

FAILURE OF
COMMUNICATION OR
ESD

HOSE RUPTURE
INAPPROPRIATE
COOLING OF BUNKER
LINE

INAPPROPRIATE
INERTING OF HOSE OR
BUNKER LINE
INCORRECT SEQUENCE
LNG TRAPPED IN PIPE
LOSS OF BUNKER
VEHICLE POWER

0.1667

0.0000

0.8333

0.0000

0.0000
0.0000

0.0000

0.0000
0.0000
0.0000

0.0000

0.0000

0.0000

0.0000

0.0000

0.0000
0.0000

0.0000

0.0000
0.0000
0.0000

0.0000

0.0000

0.0000

0.0000

0.0000

0.0000
0.0000

0.0000

0.0000
0.0000
0.0000

0.0000

0.1667

0.0000

0.8333

0.0000

0.0000
0.0000

0.0000

0.0000
0.0000
0.0000

0.0000

0.1667

0.0000

0.8333

0.0000

0.0000
0.0000

0.0000

0.0000
0.0000
0.0000

0.0000

0.0000

1.0000

0.0000

0.0000

0.0000
0.0000

0.0000

0.0000
0.0000
0.0000

0.0000

0.0000

0.0000

0.0000

0.0000

0.0000
0.0000

0.0000

0.0000
0.0000
0.0000

0.0000

0.0000

0.0000

0.0000

0.0000

0.0000
0.0000

0.0000

0.0000
0.0000
0.0000

0.0000
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Table E.41: Unweighted Matrix 5 (Consequences-Decision Maker 1)

OPERATIONAL HAZARDS
FAILURE INAPPROPRIATE LOSS OF
OF FAILURE OF INAPPROPRIATE  INERTING OF LNG BUNKER
AUXILIARY COMMUNICATION  HOSE COOLING OF HOSE OR INCORRECT TRAPPED  VEHICLE
SYSTEMS  OR ESD RUPTURE  BUNKER LINE BUNKER LINE SEQUENCE INPIPE  POWER
FIRE ON PIER /
BUNKER VESSEL 0.0808 0.0808  0.0531 0.0518 0.0518 0.0518  0.0534  0.4897
ALTERNATIVES FIRE ON SHIP 0.0808 0.0808  0.0845 0.0897 0.0897 0.0897  0.1823  0.1437
LNG LEAKS 0.5316 0.5316  0.4494 0.5770 0.5770 0.5770  0.3821  0.0591
NG LEAKS 0.3069 03069  0.4131 0.2816 0.2816 0.2816  0.3821  0.3075
BREAKAWAY
COUPLING
CONNECTION  DISCONNECTION 0.0000 0.0000  0.0000 0.0000 0.0000 0.0000 | 1.0000 0.0000
HAZARDS DRY COUPLING
DISCONNECTION 0.0000 0.0000  0.0000 0.0000 0.0000 0.0000  0.0000  0.0000
MISHANDLING 0.0000 0.0000  0.0000 0.0000 0.0000 0.0000  0.0000  0.0000
ELECTRICAL
EQUIPMENTS 0.0000 0.0000  0.0000 0.0000 0.0000 0.0000  0.0000  0.0000
EXTREME
WEATHER
CONDITIONS 0.0000 0.0000  0.1667 0.0000 0.0000 0.0000  0.8333  0.0000
ENVIRONMENTAL  SHIP / TRUCK
HAZARDS MOVEMENT 0.0000 0.0000  0.8333 0.0000 0.0000 0.0000  0.1667  0.0000
SIMULTANOUS
OPERATIONS 0.0000 0.0000  0.0000 0.0000 0.0000 0.0000  0.0000  0.0000
UNAUTHORIZED
TRAFFIC IN
SECURITY ZONE 0.0000 0.0000  0.0000 0.0000 0.0000 0.0000  0.0000  0.0000
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Table E.42: Unweighted Matrix 6 (Consequences-Decision Maker 1)

HUMAN HAZARDS

OPERATIONAL
HAZARDS

AWARENESS

FATIGUE

TRAINING

FAILURE OF AUXILIARY
SYSTEMS

FAILURE OF
COMMUNICATION OR
ESD

HOSE RUPTURE
INAPPROPRIATE
COOLING OF BUNKER
LINE

INAPPROPRIATE
INERTING OF HOSE OR
BUNKER LINE
INCORRECT SEQUENCE
LNG TRAPPED IN PIPE
LOSS OF BUNKER
VEHICLE POWER

0.0000

0.0000

0.0000

0.0000

0.0000
0.0000

0.0000

0.0000
0.0000
0.0000

0.0000

0.0000

0.0000

0.0000

0.0000

0.0000
0.0000

0.0000

0.0000
0.0000
0.0000

1.0000

0.0000

0.0000

0.0000

0.0000

0.0000
0.0000

0.0000

0.0000
0.0000
0.0000

0.0000

0.0000

0.0000

0.0000

0.0000

0.0000
0.0000

0.0000

0.0000
0.0000
0.0000

0.0000

0.0000

0.0000

0.0000

0.1667

0.0000
0.0000

0.0000

0.0000
0.0000
0.8333

0.0000

0.1194

0.1336

0.7471

0.0000

0.0000
0.0000

0.0000

0.0000
0.0000
0.0000

0.0000

0.0000

0.0000

0.0000

0.0000

0.0000
0.0000

0.8333

0.0000
0.0000
0.0000

0.1667

0.0000

0.0000

0.0000

0.0000

0.0000
0.0000

0.0000

0.0000
0.0000
0.0000

0.0000
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Table E.43: Normalized Weighted Matrix 1 (Consequences-Decision Maker 1)

ALTERNATIVES CONNECTION HAZARDS
FIRE ON PIER BREAKAWAY
/BUNKER  FIREON LNG COUPLING DRY COUPLING
VESSEL SHIP LEAKS NG LEAKS DISCONNECTION DISCONNECTION MISHANDLING
FIRE ON PIER / BUNKER
VESSEL 00000 00000  0.0000  0.0000 0.0114 0.0091 0.0281
ALTERNATIVES FIRE ON SHIP 00000 00000  0.0000  0.0000 0.0197 0.0168 0.0486
LNG LEAKS 04623 04623 00000  0.2468 0.1266 0.1255 03130
NG LEAKS 00925 00925  0.0000  0.0000 0.0618 0.0680 0.1527
BREAKAWAY COUPLING
DISCONNECTION 00000 00000  0.0000  0.1733 0.0000 0.0000 0.0000
CONNECTION
HAZARDS DRY COUPLING
DISCONNECTION 00000 00000  0.0657  0.0000 0.0000 0.0000 0.0000
MISHANDLING 00000 00000 01972 00248 0.0000 0.0000 0.0000
ELECTRICAL
EQUIPMENTS 03253 03711 00000  0.0000 0.0000 0.0000 0.0000
EXTREME WEATHER
CONDITIONS 00000 00000 00329 00248 0.1301 0.1301 0.0000
ENVIRONMENTAL SH'F:// TRUNCK 7301 .
HAZARDS MOVEMENT 00000 00000  0.230 0.1733 0.6505 0.6505 0.0000
SIMULTANOUS
OPERATIONS 00839 00742  0.0000  0.0000 0.0000 0.0000 0.0000
UNAUTHORIZED TRAFFIC
IN SECURITY ZONE 00361 00000  0.0000  0.0000 0.0000 0.0000 0.0000
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Table E.44: Normalized Weighted Matrix 2 (Consequences-Decision Maker 1)

AWARENESS 0.0000 0.0000 0.0275 0.0207 0.0000 0.0000 0.0862

HUMAN HAZARDS  FATIGUE 0.0000 0.0000 0.0679 0.0512 0.0000 0.0000 0.0370
TRAINING 0.0000 0.0000 0.1675 0.1262 0.0000 0.0000 0.3343
FAILURE OF AUXILIARY
SYSTEMS 0.0000 0.0000 0.0149 0.0145 0.0000 0.0000 0.0000
FAILURE OF
COMMUNICATION OR
ESD 0.0000 0.0000 0.0000 0.0043 0.0000 0.0000 0.0000
HOSE RUPTURE 0.0000 0.0000 0.1586 0.0000 0.0000 0.0000 0.0000
INAPPROPRIATE

OPERATIONAL COOLING OF BUNKER
HAZARDS LINE 0.0000 0.0000 0.0000 0.0381 0.0000 0.0000 0.0000

INAPPROPRIATE
INERTING OF HOSE OR
BUNKER LINE 0.0000 0.0000 0.0000 0.0259 0.0000 0.0000 0.0000
INCORRECT SEQUENCE 0.0000 0.0000 0.0376 0.0468 0.0000 0.0000 0.0000
LNG TRAPPED IN PIPE 0.0000 0.0000 0.0000 0.0206 0.0000 0.0000 0.0000
LOSS OF BUNKER
VEHICLE POWER 0.0000 0.0000 0.0000 0.0087 0.0000 0.0000 0.0000
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Table E.45: Normalized Weighted Matrix 3 (Consequences-Decision Maker 1)

ENVIRONMENTAL HAZARDS

HUMAN HAZARDS

ALTERNATIVES

CONNECTION
HAZARDS

ENVIRONMENTAL
HAZARDS

FIRE ON PIER /
BUNKER VESSEL
FIRE ON SHIP
LNG LEAKS
NG LEAKS

BREAKAWAY
COUPLING
DISCONNECTION

DRY COUPLING
DISCONNECTION

MISHANDLING

ELECTRICAL
EQUIPMENTS
EXTREME
WEATHER
CONDITIONS

SHIP / TRUCK
MOVEMENT
SIMULTANOUS
OPERATIONS

UNAUTHORIZED
TRAFFICIN
SECURITY ZONE

ELECTRICAL
EQUIPMENTS

0.0337
0.0890
0.0093
0.0093

0.0000

0.0000
0.0000

0.0000

0.0000

0.0000

0.0000

0.0000

EXTREME
WEATHER
CONDITIONS

0.0605
0.0605

0.5573
0.3217

0.0000

0.0000
0.0000

0.0000

0.0000

0.0000

0.0000

0.0000

SHIP /
TRUCK
MOVEMENT

0.0057
0.0057

0.0528
0.0305

0.0000

0.0000
0.0000

0.0000

0.9052

0.0000

0.0000

0.0000

SIMULTANOUS
OPERATIONS

0.0391
0.0678

0.0172
0.0172

0.0000

0.0000
0.0000

0.0000

0.0000

0.0000

0.0000

0.0000

UNAUTHORIZED
TRAFFIC IN
SECURITY ZONE

0.0678
0.0391

0.0172
0.0172

0.0000

0.0000
0.0000

0.0000

0.0000

0.0000

0.0000

0.0000

AWARENESS
0.0482
0.0482

0.2789
0.1247

0.0000

0.0000
0.0000

0.0000

0.0000

0.0000

0.0000

0.0000

FATIGUE
0.0963
0.0963

0.5579
0.2495

0.0000

0.0000
0.0000

0.0000

0.0000

0.0000

0.0000

0.0000

TRAINING
0.0963
0.0963

0.5579
0.2495

0.0000

0.0000
0.0000

0.0000

0.0000

0.0000

0.0000

0.0000

130



Table E.46: Normalized Weighted Matrix 4 (Consequences-Decision Maker 1)

HUMAN HAZARDS

OPERATIONAL
HAZARDS

AWARENESS

FATIGUE

TRAINING

FAILURE OF AUXILIARY
SYSTEMS

FAILURE OF
COMMUNICATION OR
ESD

HOSE RUPTURE
INAPPROPRIATE

COOLING OF BUNKER
LINE

INAPPROPRIATE
INERTING OF HOSE OR
BUNKER LINE

INCORRECT SEQUENCE
LNG TRAPPED IN PIPE

LOSS OF BUNKER
VEHICLE POWER

0.1431

0.0000

0.7157

0.0000

0.0000
0.0000

0.0000

0.0000
0.0000
0.0000

0.0000

0.0000

0.0000

0.0000

0.0000

0.0000
0.0000

0.0000

0.0000
0.0000
0.0000

0.0000

0.0000

0.0000

0.0000

0.0000

0.0000
0.0000

0.0000

0.0000
0.0000
0.0000

0.0000

0.1431

0.0000

0.7157

0.0000

0.0000
0.0000

0.0000

0.0000
0.0000
0.0000

0.0000

0.1431

0.0000

0.7157

0.0000

0.0000
0.0000

0.0000

0.0000
0.0000
0.0000

0.0000

0.0000

0.5000

0.0000

0.0000

0.0000
0.0000

0.0000

0.0000
0.0000
0.0000

0.0000

0.0000

0.0000

0.0000

0.0000

0.0000
0.0000

0.0000

0.0000
0.0000
0.0000

0.0000

0.0000

0.0000

0.0000

0.0000

0.0000
0.0000

0.0000

0.0000
0.0000
0.0000

0.0000
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Table E.47: Normalized Weighted Matrix 5 (Consequences-Decision Maker 1)

OPERATIONAL HAZARDS
FAILURE INAPPROPRIATE LOSS OF
OF INAPPROPRIATE  INERTING OF LNG BUNKER
AUXILIARY COMMUNICATION  HOSE COOLING OF HOSE OR INCORRECT ~ TRAPPED  VEHICLE
SYSTEMS RUPTURE  BUNKER LINE BUNKER LINE SEQUENCE INPIPE  POWER
FIRE ON PIER /
BUNKER VESSEL 0.0808 0.0491  0.0294 0.0518 0.0315 0.0287  0.0082  0.4897
ALTERNATIVES FIRE ON SHIP 0.0808 0.0491  0.0469 0.0897 0.0545 0.0497  0.0281  0.1437
LNG LEAKS 0.5316 03233 0.2493 0.5770 0.3509 03201  0.0588  0.0591
NG LEAKS 0.3069 0.1866  0.2292 0.2816 0.1712 0.1562  0.0588  0.3075
BREAKAWAY
COUPLING
CONNECTION  DISCONNECTION 0.0000 0.0000  0.0000 0.0000 0.0000 0.0000  0.6235  0.0000
HAZARDS DRY COUPLING
DISCONNECTION 0.0000 0.0000  0.0000 0.0000 0.0000 0.0000  0.0000  0.0000
MISHANDLING 0.0000 0.0000  0.0000 0.0000 0.0000 0.0000  0.0000  0.0000
ELECTRICAL
EQUIPMENTS 0.0000 0.0000  0.0000 0.0000 0.0000 0.0000  0.0000  0.0000
EXTREME
WEATHER
CONDITIONS 0.0000 0.0000  0.0742 0.0000 0.0000 0.0000  0.1029  0.0000
ENVIRONMENTAL  SHIP / TRUCK
HAZARDS MOVEMENT 0.0000 0.0000  0.3711 0.0000 0.0000 0.0000  0.0206  0.0000
SIMULTANOUS
OPERATIONS 0.0000 0.0000  0.0000 0.0000 0.0000 0.0000  0.0000  0.0000
UNAUTHORIZED
TRAFFIC IN
SECURITY ZONE 0.0000 0.0000  0.0000 0.0000 0.0000 0.0000  0.0000  0.0000
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Table E.48: Normalized Weighted Matrix 6 (Consequences-Decision Maker 1)

AWARENESS 0.0000 0.0000 0.0000 0.0000 0.0000 0.0532 0.0000 0.0000

HUMAN HAZARDS  FATIGUE 0.0000 0.0000 0.0000 0.0000 0.0000 0.0595 0.0000 0.0000
TRAINING 0.0000 0.0000 0.0000 0.0000 0.0000 0.3327 0.0000 0.0000
FAILURE OF AUXILIARY
SYSTEMS 0.0000 0.0000 0.0000 0.0000 0.0653 0.0000 0.0000 0.0000
FAILURE OF
COMMUNICATION OR
ESD 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
HOSE RUPTURE 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
INAPPROPRIATE

OPERATIONAL COOLING OF BUNKER
HAZARDS LINE 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0826 0.0000

INAPPROPRIATE
INERTING OF HOSE OR
BUNKER LINE 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
INCORRECT SEQUENCE 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
LNG TRAPPED IN PIPE 0.0000 0.0000 0.0000 0.0000 0.3266 0.0000 0.0000 0.0000
LOSS OF BUNKER
VEHICLE POWER 0.0000 0.3919 0.0000 0.0000 0.0000 0.0000 0.0165 0.0000
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Table E.49: 32th Power of Limit Matrix 1 (Consequences-Decision Maker 1)

ALTERNATIVES CONNECTION HAZARDS
FIRE ON
PIER / BREAKAWAY
BUNKER FIRE ON LNG COUPLING DRY COUPLING
VESSEL SHIP LEAKS NG LEAKS  DISCONNECTION DISCONNECTION MISHANDLING
FIRE ON PIER / BUNKER
VESSEL 0.0276 0.0276 0.0276 0.0276 0.0276 0.0276 0.0276
ALTERNATIVES FIRE ON SHIP 0.0311 0.0311 0.0311 0.0311 0.0311 0.0311 0.0311
LNG LEAKS 0.2515 0.2515 0.2515 0.2515 0.2515 0.2515 0.2515
NG LEAKS 0.1104 0.1104 0.1104 0.1104 0.1104 0.1104 0.1104
BREAKAWAY COUPLING
DISCONNECTION 0.0211 0.0211 0.0211 0.0211 0.0211 0.0211 0.0211
CONNECTION
HAZARDS DRY COUPLING
DISCONNECTION 0.0165 0.0165 0.0165 0.0165 0.0165 0.0165 0.0165
MISHANDLING 0.0523 0.0523 0.0523 0.0523 0.0523 0.0523 0.0523
ELECTRICAL
EQUIPMENTS 0.0205 0.0205 0.0205 0.0205 0.0205 0.0205 0.0205
EXTREME WEATHER
CONDITIONS 0.1246 0.1246 0.1246 0.1246 0.1246 0.1246 0.1246
SHIP / TRUCK
ENVIRONMENTAL /5 EMENT 0.1164 0.1164 0.1164 0.1164 0.1164 0.1164 0.1164
HAZARDS
SIMULTANOUS
OPERATIONS 0.0046 0.0046 0.0046 0.0046 0.0046 0.0046 0.0046
UNAUTHORIZED TRAFFIC
IN SECURITY ZONE 0.0010 0.0010 0.0010 0.0010 0.0010 0.0010 0.0010
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Table E.50: 32th Power of Limit Matrix 2 (Consequences-Decision Maker 1)

AWARENESS 0.0182 0.0182 0.0182 0.0182 0.0182 0.0182 0.0182

HUMAN HAZARDS FATIGUE 0.0347 0.0347 0.0347 0.0347 0.0347 0.0347 0.0347
TRAINING 0.0971 0.0971 0.0971 0.0971 0.0971 0.0971 0.0971
FAILURE OF AUXILIARY
SYSTEMS 0.0055 0.0055 0.0055 0.0055 0.0055 0.0055 0.0055
FAILURE OF
COMMUNICATION OR
ESD 0.0005 0.0005 0.0005 0.0005 0.0005 0.0005 0.0005
HOSE RUPTURE 0.0399 0.0399 0.0399 0.0399 0.0399 0.0399 0.0399
INAPPROPRIATE

OPERATIONAL COOLING OF BUNKER
HAZARDS LINE 0.0045 0.0045 0.0045 0.0045 0.0045 0.0045 0.0045

INAPPROPRIATE
INERTING OF HOSE OR
BUNKER LINE 0.0029 0.0029 0.0029 0.0029 0.0029 0.0029 0.0029
INCORRECT SEQUENCE 0.0146 0.0146 0.0146 0.0146 0.0146 0.0146 0.0146
LNG TRAPPED IN PIPE 0.0032 0.0032 0.0032 0.0032 0.0032 0.0032 0.0032
LOSS OF BUNKER
VEHICLE POWER 0.0012 0.0012 0.0012 0.0012 0.0012 0.0012 0.0012
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Table E.51: 32th Power of Limit Matrix 3 (Consequences-Decision Maker 1)

ENVIRONMENTAL HAZARDS

HUMAN HAZARDS

ALTERNATIVES

CONNECTION
HAZARDS

ENVIRONMENTAL
HAZARDS

FIRE ON PIER /
BUNKER VESSEL
FIRE ON SHIP
LNG LEAKS
NG LEAKS

BREAKAWAY
COUPLING
DISCONNECTION

DRY COUPLING
DISCONNECTION

MISHANDLING

ELECTRICAL
EQUIPMENTS
EXTREME
WEATHER
CONDITIONS
SHIP / TRUCK
MOVEMENT
SIMULTANOUS
OPERATIONS
UNAUTHORIZED

TRAFFICIN
SECURITY ZONE

ELECTRICAL
EQUIPMENTS

0.0276
0.0311
0.2515
0.1104

0.0211

0.0165
0.0523

0.0205

0.1246

0.1164

0.0046

0.0010

EXTREME
WEATHER
CONDITIONS

0.0276
0.0311

0.2515
0.1104

0.0211

0.0165
0.0523

0.0205

0.1246

0.1164

0.0046

0.0010

SHIP /
TRUCK
MOVEMENT

0.0276
0.0311

0.2515
0.1104

0.0211

0.0165
0.0523

0.0205

0.1246

0.1164

0.0046

0.0010

SIMULTANOUS
OPERATIONS

0.0276
0.0311

0.2515
0.1104

0.0211

0.0165
0.0523

0.0205

0.1246

0.1164

0.0046

0.0010

UNAUTHORIZED
TRAFFIC IN
SECURITY ZONE

0.0276
0.0311

0.2515
0.1104

0.0211

0.0165
0.0523

0.0205

0.1246

0.1164

0.0046

0.0010

AWARENESS
0.0276
0.0311

0.2515
0.1104

0.0211

0.0165
0.0523

0.0205

0.1246

0.1164

0.0046

0.0010

FATIGUE
0.0276
0.0311

0.2515
0.1104

0.0211

0.0165
0.0523

0.0205

0.1246

0.1164

0.0046

0.0010

TRAINING
0.0276
0.0311

0.2515
0.1104

0.0211

0.0165
0.0523

0.0205

0.1246

0.1164

0.0046

0.0010
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Table E.52: 32th Power of Limit Matrix 4 (Consequences-Decision Maker 1)

HUMAN HAZARDS

OPERATIONAL
HAZARDS

AWARENESS
FATIGUE

TRAINING

FAILURE OF AUXILIARY
SYSTEMS

FAILURE OF
COMMUNICATION OR
ESD

HOSE RUPTURE
INAPPROPRIATE
COOLING OF BUNKER
LINE

INAPPROPRIATE
INERTING OF HOSE OR
BUNKER LINE
INCORRECT SEQUENCE
LNG TRAPPED IN PIPE
LOSS OF BUNKER
VEHICLE POWER

0.0182
0.0347

0.0971

0.0055

0.0005
0.0399

0.0045

0.0029
0.0146
0.0032

0.0012

0.0182
0.0347

0.0971

0.0055

0.0005
0.0399

0.0045

0.0029
0.0146
0.0032

0.0012

0.0182
0.0347

0.0971

0.0055

0.0005
0.0399

0.0045

0.0029
0.0146
0.0032

0.0012

0.0182
0.0347

0.0971

0.0055

0.0005
0.0399

0.0045

0.0029
0.0146
0.0032

0.0012

0.0182
0.0347

0.0971

0.0055

0.0005
0.0399

0.0045

0.0029
0.0146
0.0032

0.0012

0.0182
0.0347

0.0971

0.0055

0.0005
0.0399

0.0045

0.0029
0.0146
0.0032

0.0012

0.0182
0.0347

0.0971

0.0055

0.0005
0.0399

0.0045

0.0029
0.0146
0.0032

0.0012

0.0182
0.0347

0.0971

0.0055

0.0005
0.0399

0.0045

0.0029
0.0146
0.0032

0.0012
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Table E.53: 32th Power of Limit Matrix 5 (Consequences-Decision Maker 1)

OPERATIONAL HAZARDS
FAILURE INAPPROPRIATE LOSS OF
OF FAILURE OF INAPPROPRIATE  INERTING OF LNG BUNKER
AUXILIARY  COMMUNICATION ~ HOSE COOLING OF HOSE OR INCORRECT ~ TRAPPED  VEHICLE
SYSTEMS ~ ORESD RUPTURE BUNKERLINE ~ BUNKERLINE ~ SEQUENCE INPIPE  POWER
FIRE ON PIER /
BUNKER VESSEL 0.0276 0.0276  0.0276 0.0276 0.0276 0.0276  0.0276  0.0276
ALTERNATIVES FIRE ON SHIP 0.0311 0.0311  0.0311 0.0311 0.0311 00311 00311  0.0311
LNG LEAKS 0.2515 0.2515  0.2515 0.2515 0.2515 02515  0.2515  0.2515
NG LEAKS 0.1104 0.1104  0.1104 0.1104 0.1104 0104  0.1104 0.1104
BREAKAWAY
COUPLING
CONNECTION  DISCONNECTION 0.0211 0.0211  0.0211 0.0211 0.0211 00211 00211  0.0211
HAZARDS DRY COUPLING
DISCONNECTION 0.0165 0.0165  0.0165 0.0165 0.0165 0.0165  0.0165  0.0165
MISHANDLING 0.0523 0.0523  0.0523 0.0523 0.0523 0.0523  0.0523  0.0523
ELECTRICAL
EQUIPMENTS 0.0205 0.0205  0.0205 0.0205 0.0205 0.0205  0.0205  0.0205
EXTREME
WEATHER
CONDITIONS 0.1246 0.1246  0.1246 0.1246 0.1246 0.1246  0.1246  0.1246
ENVIRONMENTAL  SHIP / TRUCK
HAZARDS MOVEMENT 0.1164 0.1164  0.1164 0.1164 0.1164 0.1164  0.1164  0.1164
SIMULTANOUS
OPERATIONS 0.0046 0.0046  0.0046 0.0046 0.0046 0.0046  0.0046  0.0046
UNAUTHORIZED
TRAFFIC IN
SECURITY ZONE 0.0010 0.0010  0.0010 0.0010 0.0010 0.0010  0.0010  0.0010
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Table E.54: 32th Power of Limit Matrix 6 (Consequences-Decision Maker 1)

HUMAN HAZARDS

OPERATIONAL
HAZARDS

AWARENESS
FATIGUE

TRAINING

FAILURE OF AUXILIARY
SYSTEMS

FAILURE OF
COMMUNICATION OR
ESD

HOSE RUPTURE
INAPPROPRIATE
COOLING OF BUNKER
LINE

INAPPROPRIATE
INERTING OF HOSE OR
BUNKER LINE
INCORRECT SEQUENCE
LNG TRAPPED IN PIPE
LOSS OF BUNKER
VEHICLE POWER

0.0182
0.0347

0.0971

0.0055

0.0005
0.0399

0.0045

0.0029
0.0146
0.0032

0.0012

0.0182
0.0347

0.0971

0.0055

0.0005
0.0399

0.0045

0.0029
0.0146
0.0032

0.0012

0.0182
0.0347

0.0971

0.0055

0.0005
0.0399

0.0045

0.0029
0.0146
0.0032

0.0012

0.0182
0.0347

0.0971

0.0055

0.0005
0.0399

0.0045

0.0029
0.0146
0.0032

0.0012

0.0182
0.0347

0.0971

0.0055

0.0005
0.0399

0.0045

0.0029
0.0146
0.0032

0.0012

0.0182
0.0347

0.0971

0.0055

0.0005
0.0399

0.0045

0.0029
0.0146
0.0032

0.0012

0.0182
0.0347

0.0971

0.0055

0.0005
0.0399

0.0045

0.0029
0.0146
0.0032

0.0012

0.0182
0.0347

0.0971

0.0055

0.0005
0.0399

0.0045

0.0029
0.0146
0.0032

0.0012
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Table E.55: Unweighted Matrix 1 (Likelihood-Decision Maker 1)

ALTERNATIVES CONNECTION HAZARDS
FIRE ON
PIER / BREAKAWAY
BUNKER FIRE ON LNG COUPLING DRY COUPLING
VESSEL SHIP LEAKS NG LEAKS  DISCONNECTION DISCONNECTION MISHANDLING
FIRE ON PIER / BUNKER
VESSEL 0.0000 0.0000 0.0000 0.0000 0.0548 0.0548 0.0545
ALTERNATIVES FIRE ON SHIP 0.0000 0.0000 0.0000 0.0000 0.0890 0.0890 0.0943
LNG LEAKS 0.1250 0.1250 0.0000 1.0000 0.6101 0.2460 0.4613
NG LEAKS 0.8750 0.8750 0.0000 0.0000 0.2460 0.6101 0.3899
BREAKAWAY COUPLING
DISCONNECTION 0.0000 0.0000 0.0000 0.1250 0.0000 0.0000 0.0000
CONNECTION
HAZARDS DRY COUPLING
DISCONNECTION 0.0000 0.0000 0.1250 0.0000 0.0000 0.0000 0.0000
MISHANDLING 0.0000 0.0000 0.8750 0.8750 0.0000 0.0000 0.0000
ELECTRICAL
EQUIPMENTS 0.6491 0.5000 0.0000 0.0000 0.0000 0.0000 0.0000
EXTREME WEATHER
CONDITIONS 0.0000 0.0000 0.1000 0.5000 0.1000 0.1250 0.0000
SHIP / TRUCK
ENVIRONMENTAL /o emenT 0.0000 0.0000 0.9000 0.5000 0.9000 0.8750 0.0000
HAZARDS
SIMULTANOUS
OPERATIONS 0.0719 0.5000 0.0000 0.0000 0.0000 0.0000 0.0000
UNAUTHORIZED TRAFFIC
IN SECURITY ZONE 0.2790 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
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Table E.56: Unweighted Matrix 2 (Likelihood-Decision Maker 1)

AWARENESS 0.0000 0.0000 0.2790 0.2583 0.0000 0.0000 0.1047

HUMAN HAZARDS FATIGUE 0.0000 0.0000 0.6491 0.6370 0.0000 0.0000 0.6370
TRAINING 0.0000 0.0000 0.0719 0.1047 0.0000 0.0000 0.2583
FAILURE OF AUXILIARY
SYSTEMS 0.0000 0.0000 0.2790 0.3378 0.0000 0.0000 0.0000
FAILURE OF
COMMUNICATION OR
ESD 0.0000 0.0000 0.0000 0.1254 0.0000 0.0000 0.0000
HOSE RUPTURE 0.0000 0.0000 0.0719 0.0000 0.0000 0.0000 0.0000
INAPPROPRIATE

OPERATIONAL COOLING OF BUNKER
HAZARDS LINE 0.0000 0.0000 0.0000 0.0525 0.0000 0.0000 0.0000

INAPPROPRIATE
INERTING OF HOSE OR
BUNKER LINE 0.0000 0.0000 0.0000 0.0551 0.0000 0.0000 0.0000
INCORRECT SEQUENCE 0.0000 0.0000 0.6491 0.2558 0.0000 0.0000 0.0000
LNG TRAPPED IN PIPE 0.0000 0.0000 0.0000 0.0384 0.0000 0.0000 0.0000
LOSS OF BUNKER
VEHICLE POWER 0.0000 0.0000 0.0000 0.1349 0.0000 0.0000 0.0000
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Table E.57: Unweighted Matrix 3 (Likelihood-Decision Maker 1)

ENVIRONMENTAL HAZARDS

HUMAN HAZARDS

ALTERNATIVES

CONNECTION
HAZARDS

ENVIRONMENTAL
HAZARDS

FIRE ON PIER /
BUNKER VESSEL
FIRE ON SHIP
LNG LEAKS
NG LEAKS

BREAKAWAY
COUPLING
DISCONNECTION

DRY COUPLING
DISCONNECTION

MISHANDLING

ELECTRICAL
EQUIPMENTS
EXTREME
WEATHER
CONDITIONS
SHIP / TRUCK
MOVEMENT
SIMULTANOUS
OPERATIONS

UNAUTHORIZED
TRAFFIC IN
SECURITY ZONE

ELECTRICAL
EQUIPMENTS

0.2771
0.4799
0.1215
0.1215

0.0000

0.0000
0.0000

0.0000

0.0000

0.0000

0.0000

0.0000

EXTREME
WEATHER
CONDITIONS

0.0605
0.0605

0.5573
0.3217

0.0000

0.0000
0.0000

0.0000

0.0000

0.0000

0.0000

0.0000

SHIP /
TRUCK
MOVEMENT

0.0605
0.0605

0.5573
0.3217

0.0000

0.0000
0.0000

0.0000

1.0000

0.0000

0.0000

0.0000

SIMULTANOUS
OPERATIONS

0.2495
0.5579

0.0963
0.0963

0.0000

0.0000
0.0000

0.0000

0.0000

0.0000

0.0000

0.0000

UNAUTHORIZED
TRAFFICIN
SECURITY ZONE

0.5579
0.2495

0.0963
0.0963

0.0000

0.0000
0.0000

0.0000

0.0000

0.0000

0.0000

0.0000

AWARENESS
0.0685
0.0685

0.5800
0.2830

0.0000

0.0000
0.0000

0.0000

0.0000

0.0000

0.0000

0.0000

FATIGUE
0.0685
0.0685

0.5800
0.2830

0.0000

0.0000
0.0000

0.0000

0.0000

0.0000

0.0000

0.0000

TRAINING
0.0685
0.0685

0.5800
0.2830

0.0000

0.0000
0.0000

0.0000

0.0000

0.0000

0.0000

0.0000
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Table E.58: Unweighted Matrix 4 (Likelihood-Decision Maker 1)

AWARENESS 0.1250 0.0000 0.0000 0.1250 0.1250 0.0000 0.0000 0.0000

HUMAN HAZARDS FATIGUE 0.0000 0.0000 0.0000 0.0000 0.0000 1.0000 0.0000 0.0000
TRAINING 0.8750 0.0000 0.0000 0.8750 0.8750 0.0000 0.0000 0.0000
FAILURE OF AUXILIARY
SYSTEMS 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
FAILURE OF
COMMUNICATION OR
ESD 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
HOSE RUPTURE 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
INAPPROPRIATE

OPERATIONAL COOLING OF BUNKER
HAZARDS LINE 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000

INAPPROPRIATE
INERTING OF HOSE OR
BUNKER LINE 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
INCORRECT SEQUENCE 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
LNG TRAPPED IN PIPE 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
LOSS OF BUNKER
VEHICLE POWER 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
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Table E.59: Unweighted Matrix 5 (Likelihood-Decision Maker 1)

OPERATIONAL HAZARDS
FAILURE INAPPROPRIATE LOSS OF
OF FAILURE OF INAPPROPRIATE  INERTING OF LNG BUNKER
AUXILIARY COMMUNICATION  HOSE COOLING OF HOSE OR INCORRECT TRAPPED  VEHICLE
SYSTEMS  OR ESD RUPTURE  BUNKER LINE BUNKER LINE SEQUENCE INPIPE  POWER
FIRE ON PIER /
BUNKER VESSEL 0.0587 0.0587  0.0605 0.0367 0.0393 0.0393  0.0393  0.0393
ALTERNATIVES FIRE ON SHIP 0.1693 0.1693  0.0605 0.1101 0.1260 0.1260  0.2696  0.1260
LNG LEAKS 0.3860 03860  0.5573 0.4266 0.2696 0.5651  0.1260  0.5651
NG LEAKS 0.3860 03860  0.3217 0.4266 0.5651 0.2696  0.5651  0.2696
BREAKAWAY
COUPLING
CONNECTION  DISCONNECTION 0.0000 0.0000  0.0000 0.0000 0.0000 0.0000 | 1.0000 | 0.0000
HAZARDS DRY COUPLING
DISCONNECTION 0.0000 0.0000  0.0000 0.0000 0.0000 0.0000  0.0000  0.0000
MISHANDLING 0.0000 0.0000  0.0000 0.0000 0.0000 0.0000  0.0000  0.0000
ELECTRICAL
EQUIPMENTS 0.0000 0.0000  0.0000 0.0000 0.0000 0.0000  0.0000  0.0000
EXTREME
WEATHER
CONDITIONS 0.0000 0.0000  0.1000 0.0000 0.0000 0.0000  0.1250  0.0000
ENVIRONMENTAL  SHIP / TRUCK
HAZARDS MOVEMENT 0.0000 0.0000  0.9000 0.0000 0.0000 0.0000  0.8750  0.0000
SIMULTANOUS
OPERATIONS 0.0000 0.0000  0.0000 0.0000 0.0000 0.0000  0.0000  0.0000
UNAUTHORIZED
TRAFFIC IN
SECURITY ZONE 0.0000 0.0000  0.0000 0.0000 0.0000 0.0000  0.0000  0.0000

144



Table E.60: Unweighted Matrix 6 (Likelihood-Decision Maker 1)

AWARENESS 0.0000 0.0000 0.0000 0.0000 0.0000 0.0658 0.0000 0.0000

HUMAN HAZARDS FATIGUE 0.0000 0.0000 0.0000 0.0000 0.0000 0.1488 0.0000 0.0000
TRAINING 0.0000 0.0000 0.0000 0.0000 0.0000 0.7854 0.0000 0.0000
FAILURE OF AUXILIARY
SYSTEMS 0.0000 0.0000 0.0000 0.0000 0.8333 0.0000 0.0000 0.0000
FAILURE OF
COMMUNICATION OR
ESD 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
HOSE RUPTURE 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
INAPPROPRIATE

OPERATIONAL COOLING OF BUNKER
HAZARDS LINE 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.1250 0.0000

INAPPROPRIATE
INERTING OF HOSE OR
BUNKER LINE 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
INCORRECT SEQUENCE 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
LNG TRAPPED IN PIPE 0.0000 0.0000 0.0000 0.0000 0.1667 0.0000 0.0000 0.0000
LOSS OF BUNKER
VEHICLE POWER 0.0000 1.0000 0.0000 0.0000 0.0000 0.0000 0.8750 0.0000
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Table E.61: Normalized Weighted Matrix 1 (Likelihood-Decision Maker 1)

ALTERNATIVES CONNECTION HAZARDS
FIRE ON PIER BREAKAWAY
/ BUNKER FIRE ON LNG COUPLING DRY COUPLING
VESSEL SHIP LEAKS NG LEAKS  DISCONNECTION DISCONNECTION MISHANDLING
FIRE ON PIER / BUNKER
VESSEL 0.0000 0.0000 0.0000 0.0000 0.0158 0.0158 0.0388
ALTERNATIVES FIRE ON SHIP 0.0000 0.0000 0.0000 0.0000 0.0257 0.0257 0.0671
LNG LEAKS 0.0824 0.0824 0.0000 0.1882 0.1760 0.0710 0.3282
NG LEAKS 0.5767 0.5767 0.0000 0.0000 0.0710 0.1760 0.2774
BREAKAWAY COUPLING
DISCONNECTION 0.0000 0.0000 0.0000 0.0365 0.0000 0.0000 0.0000
CONNECTION
HAZARDS DRY COUPLING
DISCONNECTION 0.0000 0.0000 0.0450 0.0000 0.0000 0.0000 0.0000
MISHANDLING 0.0000 0.0000 0.3147 0.2555 0.0000 0.0000 0.0000
ELECTRICAL
EQUIPMENTS 0.2213 0.1705 0.0000 0.0000 0.0000 0.0000 0.0000
EXTREME WEATHER
CONDITIONS 0.0000 0.0000 0.0120 0.0487 0.0712 0.0889 0.0000
ENVIRONMENTAL  SHIP/ TRUCK
HAZARDS MOVEMENT 0.0000 0.0000 0.1079 0.0487 0.6404 0.6226 0.0000
SIMULTANOUS
OPERATIONS 0.0245 0.1705 0.0000 0.0000 0.0000 0.0000 0.0000
UNAUTHORIZED TRAFFIC
IN SECURITY ZONE 0.0951 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
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Table E.62: Normalized Weighted Matrix 2 (Likelihood-Decision Maker 1)

AWARENESS 0.0000 0.0000 0.0646 0.0486 0.0000 0.0000 0.0302

HUMAN HAZARDS  FATIGUE 0.0000 0.0000 0.1504 0.1198 0.0000 0.0000 0.1838
TRAINING 0.0000 0.0000 0.0167 0.0197 0.0000 0.0000 0.0745
FAILURE OF AUXILIARY
SYSTEMS 0.0000 0.0000 0.0805 0.0792 0.0000 0.0000 0.0000
FAILURE OF
COMMUNICATION OR
ESD 0.0000 0.0000 0.0000 0.0294 0.0000 0.0000 0.0000
HOSE RUPTURE 0.0000 0.0000 0.0208 0.0000 0.0000 0.0000 0.0000
INAPPROPRIATE

OPERATIONAL COOLING OF BUNKER
HAZARDS LINE 0.0000 0.0000 0.0000 0.0123 0.0000 0.0000 0.0000

INAPPROPRIATE
INERTING OF HOSE OR
BUNKER LINE 0.0000 0.0000 0.0000 0.0129 0.0000 0.0000 0.0000
INCORRECT SEQUENCE 0.0000 0.0000 0.1874 0.0600 0.0000 0.0000 0.0000
LNG TRAPPED IN PIPE 0.0000 0.0000 0.0000 0.0090 0.0000 0.0000 0.0000
LOSS OF BUNKER
VEHICLE POWER 0.0000 0.0000 0.0000 0.0316 0.0000 0.0000 0.0000
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Table E.63: Normalized Weighted Matrix 3 (Likelihood-Decision Maker 1)

ENVIRONMENTAL HAZARDS

HUMAN HAZARDS

ALTERNATIVES

CONNECTION
HAZARDS

ENVIRONMENTAL
HAZARDS

FIRE ON PIER /
BUNKER VESSEL
FIRE ON SHIP
LNG LEAKS
NG LEAKS

BREAKAWAY
COUPLING
DISCONNECTION

DRY COUPLING
DISCONNECTION

MISHANDLING

ELECTRICAL
EQUIPMENTS
EXTREME
WEATHER
CONDITIONS
SHIP / TRUCK
MOVEMENT
SIMULTANOUS
OPERATIONS

UNAUTHORIZED
TRAFFIC IN
SECURITY ZONE

ELECTRICAL
EQUIPMENTS

0.1268
0.2196
0.0556
0.0556

0.0000

0.0000
0.0000

0.0000

0.0000

0.0000

0.0000

0.0000

EXTREME
WEATHER
CONDITIONS

0.0605
0.0605

0.5573
0.3217

0.0000

0.0000
0.0000

0.0000

0.0000

0.0000

0.0000

0.0000

SHIP /
TRUCK
MOVEMENT

0.0174
0.0174

0.1607
0.0928

0.0000

0.0000
0.0000

0.0000

0.7115

0.0000

0.0000

0.0000

SIMULTANOUS
OPERATIONS

0.1141
0.2552

0.0441
0.0441

0.0000

0.0000
0.0000

0.0000

0.0000

0.0000

0.0000

0.0000

UNAUTHORIZED
TRAFFICIN
SECURITY ZONE

0.2552
0.1141

0.0441
0.0441

0.0000

0.0000
0.0000

0.0000

0.0000

0.0000

0.0000

0.0000

AWARENESS
0.0342
0.0342

0.2900
0.1415

0.0000

0.0000
0.0000

0.0000

0.0000

0.0000

0.0000

0.0000

FATIGUE
0.0685
0.0685

0.5800
0.2830

0.0000

0.0000
0.0000

0.0000

0.0000

0.0000

0.0000

0.0000

TRAINING
0.0685
0.0685

0.5800
0.2830

0.0000

0.0000
0.0000

0.0000

0.0000

0.0000

0.0000

0.0000
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Table E.64: Normalized Weighted Matrix 4 (Likelihood-Decision Maker 1)

HUMAN HAZARDS

OPERATIONAL
HAZARDS

AWARENESS

FATIGUE

TRAINING

FAILURE OF AUXILIARY
SYSTEMS

FAILURE OF
COMMUNICATION OR
ESD

HOSE RUPTURE
INAPPROPRIATE

COOLING OF BUNKER
LINE

INAPPROPRIATE
INERTING OF HOSE OR
BUNKER LINE

INCORRECT SEQUENCE
LNG TRAPPED IN PIPE

LOSS OF BUNKER
VEHICLE POWER

0.0678

0.0000

0.4747

0.0000

0.0000
0.0000

0.0000

0.0000
0.0000
0.0000

0.0000

0.0000

0.0000

0.0000

0.0000

0.0000
0.0000

0.0000

0.0000
0.0000
0.0000

0.0000

0.0000

0.0000

0.0000

0.0000

0.0000
0.0000

0.0000

0.0000
0.0000
0.0000

0.0000

0.0678

0.0000

0.4747

0.0000

0.0000
0.0000

0.0000

0.0000
0.0000
0.0000

0.0000

0.0678

0.0000

0.4747

0.0000

0.0000
0.0000

0.0000

0.0000
0.0000
0.0000

0.0000

0.0000

0.5000

0.0000

0.0000

0.0000
0.0000

0.0000

0.0000
0.0000
0.0000

0.0000

0.0000

0.0000

0.0000

0.0000

0.0000
0.0000

0.0000

0.0000
0.0000
0.0000

0.0000

0.0000

0.0000

0.0000

0.0000

0.0000
0.0000

0.0000

0.0000
0.0000
0.0000

0.0000
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Table E.65: Normalized Weighted Matrix 5 (Likelihood-Decision Maker 1)

OPERATIONAL HAZARDS
FAILURE INAPPROPRIATE LOSS OF
OF INAPPROPRIATE  INERTING OF LNG BUNKER
AUXILIARY  COMMUNICATION ~ HOSE COOLING OF HOSE OR INCORRECT ~ TRAPPED  VEHICLE
SYSTEMS RUPTURE BUNKERLINE ~ BUNKERLINE ~ SEQUENCE INPIPE  POWER
FIRE ON PIER /
BUNKER VESSEL 0.0587 0.0200  0.0368 0.0367 0.0134 00239  0.0044  0.0393
ALTERNATIVES FIRE ON SHIP 0.1693 0.0577  0.0368 0.1101 0.0429 00766  0.0298  0.1260
LNG LEAKS 0.3860 01316  0.3389 0.4266 0.0919 03436 00139  0.5651
NG LEAKS 0.3860 01316  0.1957 0.4266 0.1926 0.1640  0.0625  0.269
BREAKAWAY
COUPLING
CONNECTION  DISCONNECTION 0.0000 0.0000  0.0000 0.0000 0.0000 0.0000  0.6045  0.0000
HAZARDS DRY COUPLING
DISCONNECTION 0.0000 0.0000  0.0000 0.0000 0.0000 0.0000  0.0000  0.0000
MISHANDLING 0.0000 0.0000  0.0000 0.0000 0.0000 0.0000  0.0000  0.0000
ELECTRICAL
EQUIPMENTS 0.0000 0.0000  0.0000 0.0000 0.0000 0.0000  0.0000  0.0000
EXTREME
WEATHER
CONDITIONS 0.0000 0.0000  0.0392 0.0000 0.0000 0.0000  0.0089  0.0000
ENVIRONMENTAL ~ SHIP / TRUCK
HAZARDS MOVEMENT 0.0000 0.0000  0.3527 0.0000 0.0000 0.0000  0.0623  0.0000
SIMULTANOUS
OPERATIONS 0.0000 0.0000  0.0000 0.0000 0.0000 0.0000  0.0000  0.0000
UNAUTHORIZED
TRAFFIC IN
SECURITY ZONE 0.0000 0.0000  0.0000 0.0000 0.0000 0.0000  0.0000  0.0000
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Table E.66: Normalized Weighted Matrix 6 (Likelihood-Decision Maker 1)

HUMAN HAZARDS

OPERATIONAL
HAZARDS

AWARENESS

FATIGUE

TRAINING

FAILURE OF AUXILIARY
SYSTEMS

FAILURE OF
COMMUNICATION OR
ESD

HOSE RUPTURE
INAPPROPRIATE

COOLING OF BUNKER
LINE

INAPPROPRIATE
INERTING OF HOSE OR
BUNKER LINE

INCORRECT SEQUENCE
LNG TRAPPED IN PIPE

LOSS OF BUNKER
VEHICLE POWER

0.0000

0.0000

0.0000

0.0000

0.0000
0.0000

0.0000

0.0000
0.0000
0.0000

0.0000

0.0000

0.0000

0.0000

0.0000

0.0000
0.0000

0.0000

0.0000
0.0000
0.0000

0.6591

0.0000

0.0000

0.0000

0.0000

0.0000
0.0000

0.0000

0.0000
0.0000
0.0000

0.0000

0.0000

0.0000

0.0000

0.0000

0.0000
0.0000

0.0000

0.0000
0.0000
0.0000

0.0000

0.0000

0.0000

0.0000

0.5492

0.0000
0.0000

0.0000

0.0000
0.0000
0.1098

0.0000

0.0258

0.0583

0.3078

0.0000

0.0000
0.0000

0.0000

0.0000
0.0000
0.0000

0.0000

0.0000

0.0000

0.0000

0.0000

0.0000
0.0000

0.0267

0.0000
0.0000
0.0000

0.1870

0.0000

0.0000

0.0000

0.0000

0.0000
0.0000

0.0000

0.0000
0.0000
0.0000

0.0000
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Table E.67: 32th Power of Limit Matrix 1 (Likelihood-Decision Maker 1)

ALTERNATIVES CONNECTION HAZARDS
FIRE ON
PIER / BREAKAWAY
BUNKER FIRE ON LNG COUPLING DRY COUPLING
VESSEL SHIP LEAKS NG LEAKS  DISCONNECTION DISCONNECTION MISHANDLING
FIRE ON PIER / BUNKER
VESSEL 0.0260 0.0260 0.0260 0.0260 0.0260 0.0260 0.0260
ALTERNATIVES FIRE ON SHIP 0.0391 0.0391 0.0391 0.0391 0.0391 0.0391 0.0391
LNG LEAKS 0.2401 0.2401 0.2401 0.2401 0.2401 0.2401 0.2401
NG LEAKS 0.1635 0.1635 0.1635 0.1635 0.1635 0.1635 0.1635
BREAKAWAY COUPLING
DISCONNECTION 0.0070 0.0070 0.0070 0.0070 0.0070 0.0070 0.0070
CONNECTION
HAZARDS DRY COUPLING
DISCONNECTION 0.0108 0.0108 0.0108 0.0108 0.0108 0.0108 0.0108
MISHANDLING 0.1173 0.1173 0.1173 0.1173 0.1173 0.1173 0.1173
ELECTRICAL
EQUIPMENTS 0.0124 0.0124 0.0124 0.0124 0.0124 0.0124 0.0124
EXTREME WEATHER
CONDITIONS 0.0459 0.0459 0.0459 0.0459 0.0459 0.0459 0.0459
SHIP / TRUCK
ENVIRONMENTAL ) 5 EMENT 0.0469 0.0469 0.0469 0.0469 0.0469 0.0469 0.0469
HAZARDS
SIMULTANOUS
OPERATIONS 0.0073 0.0073 0.0073 0.0073 0.0073 0.0073 0.0073
UNAUTHORIZED TRAFFIC
IN SECURITY ZONE 0.0025 0.0025 0.0025 0.0025 0.0025 0.0025 0.0025
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Table E.68: 32th Power of Limit Matrix 2 (Likelihood-Decision Maker 1)

AWARENESS 0.0299 0.0299 0.0299 0.0299 0.0299 0.0299 0.0299

HUMAN HAZARDS  FATIGUE 0.0954 0.0954 0.0954 0.0954 0.0954 0.0954 0.0954
TRAINING 0.0434 0.0434 0.0434 0.0434 0.0434 0.0434 0.0434
FAILURE OF AUXILIARY
SYSTEMS 0.0334 0.0334 0.0334 0.0334 0.0334 0.0334 0.0334
FAILURE OF
COMMUNICATION OR
ESD 0.0048 0.0048 0.0048 0.0048 0.0048 0.0048 0.0048
HOSE RUPTURE 0.0050 0.0050 0.0050 0.0050 0.0050 0.0050 0.0050
INAPPROPRIATE

OPERATIONAL COOLING OF BUNKER
HAZARDS LINE 0.0021 0.0021 0.0021 0.0021 0.0021 0.0021 0.0021

INAPPROPRIATE
INERTING OF HOSE OR
BUNKER LINE 0.0021 0.0021 0.0021 0.0021 0.0021 0.0021 0.0021
INCORRECT SEQUENCE 0.0548 0.0548 0.0548 0.0548 0.0548 0.0548 0.0548
LNG TRAPPED IN PIPE 0.0017 0.0017 0.0017 0.0017 0.0017 0.0017 0.0017
LOSS OF BUNKER
VEHICLE POWER 0.0087 0.0087 0.0087 0.0087 0.0087 0.0087 0.0087
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Table E.69: 32th Power of Limit Matrix 3 (Likelihood-Decision Maker 1)

ENVIRONMENTAL HAZARDS

HUMAN HAZARDS

ALTERNATIVES

CONNECTION
HAZARDS

ENVIRONMENTAL
HAZARDS

FIRE ON PIER /
BUNKER VESSEL
FIRE ON SHIP
LNG LEAKS
NG LEAKS

BREAKAWAY
COUPLING
DISCONNECTION

DRY COUPLING
DISCONNECTION

MISHANDLING

ELECTRICAL
EQUIPMENTS
EXTREME
WEATHER
CONDITIONS
SHIP / TRUCK
MOVEMENT
SIMULTANOUS
OPERATIONS

UNAUTHORIZED
TRAFFIC IN
SECURITY ZONE

ELECTRICAL
EQUIPMENTS

0.0260
0.0391
0.2401
0.1635

0.0070

0.0108
0.1173

0.0124

0.0459

0.0469

0.0073

0.0025

EXTREME
WEATHER
CONDITIONS

0.0260
0.0391

0.2401
0.1635

0.0070

0.0108
0.1173

0.0124

0.0459

0.0469

0.0073

0.0025

SHIP /
TRUCK
MOVEMENT

0.0260
0.0391

0.2401
0.1635

0.0070

0.0108
0.1173

0.0124

0.0459

0.0469

0.0073

0.0025

SIMULTANOUS
OPERATIONS

0.0260
0.0391

0.2401
0.1635

0.0070

0.0108
0.1173

0.0124

0.0459

0.0469

0.0073

0.0025

UNAUTHORIZED
TRAFFIC IN
SECURITY ZONE

0.0260
0.0391

0.2401
0.1635

0.0070

0.0108
0.1173

0.0124

0.0459

0.0469

0.0073

0.0025

AWARENESS
0.0260
0.0391

0.2401
0.1635

0.0070

0.0108
0.1173

0.0124

0.0459

0.0469

0.0073

0.0025

FATIGUE
0.0260
0.0391

0.2401
0.1635

0.0070

0.0108
0.1173

0.0124

0.0459

0.0469

0.0073

0.0025

TRAINING
0.0260
0.0391

0.2401
0.1635

0.0070

0.0108
0.1173

0.0124

0.0459

0.0469

0.0073

0.0025
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Table E.70: 32th Power of Limit Matrix 4 (Likelihood-Decision Maker 1)

HUMAN HAZARDS

OPERATIONAL
HAZARDS

AWARENESS
FATIGUE

TRAINING

FAILURE OF AUXILIARY
SYSTEMS

FAILURE OF
COMMUNICATION OR
ESD

HOSE RUPTURE

INAPPROPRIATE
COOLING OF BUNKER
LINE

INAPPROPRIATE
INERTING OF HOSE OR
BUNKER LINE
INCORRECT SEQUENCE
LNG TRAPPED IN PIPE
LOSS OF BUNKER
VEHICLE POWER

0.0299
0.0954

0.0434

0.0334

0.0048
0.0050

0.0021

0.0021
0.0548
0.0017

0.0087

0.0299
0.0954

0.0434

0.0334

0.0048
0.0050

0.0021

0.0021
0.0548
0.0017

0.0087

0.0299
0.0954

0.0434

0.0334

0.0048
0.0050

0.0021

0.0021
0.0548
0.0017

0.0087

0.0299
0.0954

0.0434

0.0334

0.0048
0.0050

0.0021

0.0021
0.0548
0.0017

0.0087

0.0299
0.0954

0.0434

0.0334

0.0048
0.0050

0.0021

0.0021
0.0548
0.0017

0.0087

0.0299
0.0954

0.0434

0.0334

0.0048
0.0050

0.0021

0.0021
0.0548
0.0017

0.0087

0.0299
0.0954

0.0434

0.0334

0.0048
0.0050

0.0021

0.0021
0.0548
0.0017

0.0087

0.0299
0.0954

0.0434

0.0334

0.0048
0.0050

0.0021

0.0021
0.0548
0.0017

0.0087
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Table E.71: 32th Power of Limit Matrix 5 (Likelihood-Decision Maker 1)

OPERATIONAL HAZARDS
FAILURE INAPPROPRIATE LOSS OF
OF FAILURE OF INAPPROPRIATE  INERTING OF LNG BUNKER
AUXILIARY COMMUNICATION ~ HOSE COOLING OF HOSE OR INCORRECT ~ TRAPPED  VEHICLE
SYSTEMS  ORESD RUPTURE  BUNKER LINE BUNKER LINE SEQUENCE INPIPE  POWER
FIRE ON PIER /
BUNKER VESSEL 0.0260 0.0260  0.0260 0.0260 0.0260 0.0260  0.0260  0.0260
ALTERNATIVES FIRE ON SHIP 0.0391 0.0391  0.0391 0.0391 0.0391 0.0391  0.0391  0.0391
LNG LEAKS 0.2401 0.2401  0.2401 0.2401 0.2401 0.2401  0.2401  0.2401
NG LEAKS 0.1635 0.1635  0.1635 0.1635 0.1635 0.1635  0.1635  0.1635
BREAKAWAY
COUPLING
CONNECTION  DISCONNECTION 0.0070 0.0070  0.0070 0.0070 0.0070 0.0070  0.0070  0.0070
HAZARDS DRY COUPLING
DISCONNECTION 0.0108 0.0108  0.0108 0.0108 0.0108 0.0108  0.0108  0.0108
MISHANDLING 0.1173 0.1173  0.1173 0.1173 0.1173 0.1173  0.1173  0.1173
ELECTRICAL
EQUIPMENTS 0.0124 0.0124  0.0124 0.0124 0.0124 0.0124  0.0124  0.0124
EXTREME
WEATHER
CONDITIONS 0.0459 0.0459  0.0459 0.0459 0.0459 0.0459  0.0459  0.0459
ENVIRONMENTAL  SHIP / TRUCK
HAZARDS MOVEMENT 0.0469 0.0469  0.0469 0.0469 0.0469 0.0469  0.0469  0.0469
SIMULTANOUS
OPERATIONS 0.0073 0.0073  0.0073 0.0073 0.0073 0.0073  0.0073  0.0073
UNAUTHORIZED
TRAFFIC IN
SECURITY ZONE 0.0025 0.0025  0.0025 0.0025 0.0025 0.0025  0.0025  0.0025
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Table E.72: 32th Power of Limit Matrix 6 (Likelihood-Decision Maker 1)

HUMAN HAZARDS

OPERATIONAL
HAZARDS

AWARENESS
FATIGUE

TRAINING

FAILURE OF AUXILIARY
SYSTEMS

FAILURE OF
COMMUNICATION OR
ESD

HOSE RUPTURE

INAPPROPRIATE
COOLING OF BUNKER
LINE

INAPPROPRIATE
INERTING OF HOSE OR
BUNKER LINE
INCORRECT SEQUENCE
LNG TRAPPED IN PIPE
LOSS OF BUNKER
VEHICLE POWER

0.0299
0.0954

0.0434

0.0334

0.0048
0.0050

0.0021

0.0021
0.0548
0.0017

0.0087

0.0299
0.0954

0.0434

0.0334

0.0048
0.0050

0.0021

0.0021
0.0548
0.0017

0.0087

0.0299
0.0954

0.0434

0.0334

0.0048
0.0050

0.0021

0.0021
0.0548
0.0017

0.0087

0.0299
0.0954

0.0434

0.0334

0.0048
0.0050

0.0021

0.0021
0.0548
0.0017

0.0087

0.0299
0.0954

0.0434

0.0334

0.0048
0.0050

0.0021

0.0021
0.0548
0.0017

0.0087

0.0299
0.0954

0.0434

0.0334

0.0048
0.0050

0.0021

0.0021
0.0548
0.0017

0.0087

0.0299
0.0954

0.0434

0.0334

0.0048
0.0050

0.0021

0.0021
0.0548
0.0017

0.0087

0.0299
0.0954

0.0434

0.0334

0.0048
0.0050

0.0021

0.0021
0.0548
0.0017

0.0087

157






APPENDICES F CALCULATION SHEETS FOR FUZZY-ANP

Calculation sheets are presented on next page
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Table F.1: Unweighted Matrix 1 (Consequences-Decision Maker 2)

ALTERNATIVES CONNECTION HAZARDS
FIRE ON
PIER / BREAKAWAY
BUNKER  FIRE ON LNG COUPLING DRY COUPLING
VESSEL SHIP LEAKS NG LEAKS  DISCONNECTION DISCONNECTION MISHANDLING
FIRE ON PIER / BUNKER
VESSEL 0.0000 0.0000 0.0000 0.0000
ALTERNATIVES FIRE ON SHIP 0.0000 0.0000 0.0000 0.0000
LNG LEAKS 0.0000
NG LEAKS 0.0000
BREAKAWAY COUPLING
DISCONNECTION 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
CONNECTION
HAZARDS DRY COUPLING
DISCONNECTION 0.0000 0.0000 0.0000 0.0000 0.0000
MISHANDLING 0.0000 0.0000 0.0000
ELECTRICAL
EQUIPMENTS 0.0000
EXTREME WEATHER
CONDITIONS 0.0000
ENVIRONMENTAL SHIP / TRUCK
HAZARDS MOVEMENT 0.0000

SIMULTANOUS
OPERATIONS 0.0000
UNAUTHORIZED TRAFFIC
IN SECURITY ZONE 0.0000
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Table F.2: Unweighted Matrix 2 (Consequences-Decision Maker 2)

AWARENESS 0.0000 0.0000 0.0000 0.0000

HUMAN HAZARDS FATIGUE 0.0000 0.0000 0.0000 0.0000
TRAINING 0.0000 0.0000 0.0000 0.0000
FAILURE OF AUXILIARY
SYSTEMS 0.0000 0.0000 0.0000 0.0000 0.0000
FAILURE OF
COMMUNICATION OR
ESD 0.0000 0.0000 0.0000 0.0000 0.0000
HOSE RUPTURE 0.0000 0.0000 0.0000 0.0000 0.0000
INAPPROPRIATE

OPERATIONAL COOLING OF BUNKER
HAZARDS LINE 0.0000 0.0000 0.0000 0.0000 0.0000

INAPPROPRIATE
INERTING OF HOSE OR
BUNKER LINE 0.0000 0.0000 0.0000 0.0000 0.0000
INCORRECT SEQUENCE 0.0000 0.0000 0.0000 0.0000 0.0000
LNG TRAPPED IN PIPE 0.0000 0.0000 0.0000 0.0000 0.0000
LOSS OF BUNKER
VEHICLE POWER 0.0000 0.0000 0.0000 0.0000 0.0000
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Table F.3: Unweighted Matrix 3 (Consequences-Decision Maker 2)

ENVIRONMENTAL HAZARDS HUMAN HAZARDS
EXTREME SHIP / UNAUTHORIZED
ELECTRICAL WEATHER TRUCK SIMULTANOUS  TRAFFICIN

EQUIPMENTS CONDITIONS MOVEMENT OPERATIONS SECURITY ZONE ~ AWARENESS FATIGUE TRAINING

FIRE ON PIER /
BUNKER VESSEL
ALTERNATIVES FIRE ON SHIP
LNG LEAKS

NG LEAKS
BREAKAWAY
COUPLING
CONNECTION DISCONNECTION 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000

HAZARDS DRY COUPLING
DISCONNECTION 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000

MISHANDLING 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000

ELECTRICAL

EQUIPMENTS 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
EXTREME

WEATHER

CONDITIONS 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000

ENVIRONMENTAL SHIP / TRUCK
HAZARDS MOVEMENT 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000

SIMULTANOUS
OPERATIONS 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000

UNAUTHORIZED
TRAFFICIN
SECURITY ZONE 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
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Table F.4: Unweighted Matrix 4 (Consequences-Decision Maker 2)

HUMAN HAZARDS

OPERATIONAL
HAZARDS

AWARENESS

FATIGUE

TRAINING

FAILURE OF AUXILIARY
SYSTEMS

FAILURE OF
COMMUNICATION OR
ESD

HOSE RUPTURE
INAPPROPRIATE
COOLING OF BUNKER
LINE

INAPPROPRIATE
INERTING OF HOSE OR
BUNKER LINE
INCORRECT SEQUENCE
LNG TRAPPED IN PIPE
LOSS OF BUNKER
VEHICLE POWER

0.0000
0.0000

0.0000
0.0000

0.0000

0.0000
0.0000
0.0000

0.0000

0.0000

0.0000

0.0000

0.0000

0.0000
0.0000

0.0000

0.0000
0.0000
0.0000

0.0000

0.0000

0.0000

0.0000

0.0000

0.0000
0.0000

0.0000

0.0000
0.0000
0.0000

0.0000

0.0000

0.0000

0.0000
0.0000

0.0000

0.0000
0.0000
0.0000

0.0000

0.0000

0.0000

0.0000
0.0000

0.0000

0.0000
0.0000
0.0000

0.0000

0.0000

0.0000

0.0000
0.0000

0.0000

0.0000
0.0000
0.0000

0.0000

0.0000

0.0000

0.0000

0.0000

0.0000
0.0000

0.0000

0.0000
0.0000
0.0000

0.0000

0.0000

0.0000

0.0000

0.0000

0.0000
0.0000

0.0000

0.0000
0.0000
0.0000

0.0000
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Table F.5: Unweighted Matrix 5 (Consequences-Decision Maker 2)

OPERATIONAL HAZARDS
FAILURE INAPPROPRIATE LOSS OF
OF FAILURE OF INAPPROPRIATE  INERTING OF LNG BUNKER
AUXILIARY COMMUNICATION ~ HOSE COOLING OF HOSE OR INCORRECT TRAPPED  VEHICLE
SYSTEMS  OR ESD RUPTURE BUNKERLINE ~ BUNKERLINE  SEQUENCE INPIPE  POWER
FIRE ON PIER /
BUNKER VESSEL
ALTERNATIVES FIRE ON SHIP
LNG LEAKS
NG LEAKS
BREAKAWAY
COUPLING
CONNECTION  DISCONNECTION 0.0000 0.0000  0.0000 0.0000 0.0000 0.0000 0.0000
HAZARDS DRY COUPLING
DISCONNECTION 0.0000 0.0000  0.0000 0.0000 0.0000 0.0000  0.0000  0.0000
MISHANDLING 0.0000 0.0000  0.0000 0.0000 0.0000 0.0000  0.0000  0.0000
ELECTRICAL
EQUIPMENTS 0.0000 0.0000  0.0000 0.0000 0.0000 0.0000  0.0000  0.0000
EXTREME
WEATHER
CONDITIONS 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
ENVIRONMENTAL  SHIP / TRUCK
HAZARDS MOVEMENT 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
SIMULTANOUS
OPERATIONS 0.0000 0.0000  0.0000 0.0000 0.0000 0.0000  0.0000  0.0000
UNAUTHORIZED
TRAFFIC IN
SECURITY ZONE 0.0000 0.0000  0.0000 0.0000 0.0000 0.0000  0.0000  0.0000
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Table F.6: Unweighted Matrix 6 (Consequences-Decision Maker 2)

HUMAN HAZARDS

OPERATIONAL
HAZARDS

AWARENESS

FATIGUE

TRAINING

FAILURE OF AUXILIARY
SYSTEMS

FAILURE OF
COMMUNICATION OR
ESD

HOSE RUPTURE
INAPPROPRIATE
COOLING OF BUNKER
LINE

INAPPROPRIATE
INERTING OF HOSE OR
BUNKER LINE
INCORRECT SEQUENCE
LNG TRAPPED IN PIPE
LOSS OF BUNKER
VEHICLE POWER

0.0000

0.0000

0.0000

0.0000

0.0000
0.0000

0.0000

0.0000
0.0000
0.0000

0.0000

0.0000
0.0000
0.0000

0.0000

0.0000
0.0000

0.0000

0.0000
0.0000
0.0000

0.0000

0.0000

0.0000

0.0000

0.0000
0.0000

0.0000

0.0000
0.0000
0.0000

0.0000

0.0000

0.0000

0.0000

0.0000

0.0000
0.0000

0.0000

0.0000
0.0000
0.0000

0.0000

0.0000
0.0000

0.0000

0.0000
0.0000

0.0000

0.0000
0.0000

0.0000

0.0000
0.0000
0.0000

0.0000

165

0.0000
0.0000
0.0000

0.0000

0.0000
0.0000

0.0000
0.0000
0.0000

0.0000

0.0000

0.0000

0.0000

0.0000
0.0000

0.0000

0.0000
0.0000
0.0000

0.0000



Table F.7: Normalized Weighted Matrix 1 (Consequences-Decision Maker 2)

ALTERNATIVES CONNECTION HAZARDS
FIRE ON PIER BREAKAWAY
/ BUNKER FIRE ON LNG COUPLING DRY COUPLING
VESSEL SHIP LEAKS NG LEAKS  DISCONNECTION DISCONNECTION MISHANDLING
FIRE ON PIER / BUNKER
VESSEL 0.0000 0.0000 0.0000 0.0000 0.0000 0.0867 0.1271
ALTERNATIVES FIRE ON SHIP 0.0000 0.0000 0.0000 0.0000 0.0762 0.0867 0.1271
LNG LEAKS 0.3635 0.3635 0.0000 0.2087 0.2391 0.1519 0.1697
NG LEAKS 0.1455 0.1455 0.0000 0.0000 0.1847 0.1748 0.1697
BREAKAWAY COUPLING
DISCONNECTION 0.0000 0.0000 0.0000 0.1007 0.0000 0.0000 0.0000
CONNECTION
HAZARDS DRY COUPLING
DISCONNECTION 0.0000 0.0000 0.1817 0.0000 0.0000 0.0000 0.0000
MISHANDLING 0.0000 0.0000 0.0727 0.1007 0.0000 0.0000 0.0000
ELECTRICAL
EQUIPMENTS 0.1505 0.3507 0.0000 0.0000 0.0000 0.0000 0.0000
EXTREME WEATHER
CONDITIONS 0.0000 0.0000 0.1272 0.1007 0.2500 0.2500 0.0000
ENVIRONMENTAL  SHIP/ TRUCK
HAZARDS MOVEMENT 0.0000 0.0000 0.1272 0.1007 0.2500 0.2500 0.0000
SIMULTANOUS
OPERATIONS 0.1901 0.1403 0.0000 0.0000 0.0000 0.0000 0.0000
UNAUTHORIZED TRAFFIC
IN SECURITY ZONE 0.1505 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
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Table F.8: Normalized Weighted Matrix 2 (Consequences-Decision Maker 2)

AWARENESS 0.0000 0.0000 0.0275 0.0114 0.0000 0.0000 0.0229

HUMAN HAZARDS  FATIGUE 0.0000 0.0000 0.1995 0.1279 0.0000 0.0000 0.2581
TRAINING 0.0000 0.0000 0.0275 0.0621 0.0000 0.0000 0.1254
FAILURE OF AUXILIARY
SYSTEMS 0.0000 0.0000 0.0153 0.0036 0.0000 0.0000 0.0000
FAILURE OF
COMMUNICATION OR
ESD 0.0000 0.0000 0.0000 0.0465 0.0000 0.0000 0.0000
HOSE RUPTURE 0.0000 0.0000 0.1261 0.0000 0.0000 0.0000 0.0000
INAPPROPRIATE

OPERATIONAL COOLING OF BUNKER
HAZARDS LINE 0.0000 0.0000 0.0000 0.0102 0.0000 0.0000 0.0000

INAPPROPRIATE
INERTING OF HOSE OR
BUNKER LINE 0.0000 0.0000 0.0000 0.0553 0.0000 0.0000 0.0000
INCORRECT SEQUENCE 0.0000 0.0000 0.0951 0.0418 0.0000 0.0000 0.0000
LNG TRAPPED IN PIPE 0.0000 0.0000 0.0000 0.0298 0.0000 0.0000 0.0000
LOSS OF BUNKER
VEHICLE POWER 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
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Table F.9: Normalized Weighted Matrix 3 (Consequences-Decision Maker 2)

ENVIRONMENTAL HAZARDS

HUMAN HAZARDS

ALTERNATIVES

CONNECTION
HAZARDS

ENVIRONMENTAL
HAZARDS

FIRE ON PIER /
BUNKER VESSEL
FIRE ON SHIP
LNG LEAKS
NG LEAKS

BREAKAWAY
COUPLING
DISCONNECTION

DRY COUPLING
DISCONNECTION

MISHANDLING

ELECTRICAL
EQUIPMENTS
EXTREME
WEATHER
CONDITIONS
SHIP / TRUCK
MOVEMENT
SIMULTANOUS
OPERATIONS

UNAUTHORIZED
TRAFFIC IN
SECURITY ZONE

ELECTRICAL
EQUIPMENTS

0.1891
0.2075
0.0808
0.0808

0.0000

0.0000
0.0000

0.0000

0.0000

0.0000

0.0000

0.0000

EXTREME
WEATHER
CONDITIONS

0.0208
0.0208

0.5723
0.3862

0.0000

0.0000
0.0000

0.0000

0.0000

0.0000

0.0000

0.0000

SHIP /
TRUCK

SIMULTANOUS

MOVEMENT  OPERATIONS

0.0058
0.0058
0.1597
0.1078

0.0000

0.0000
0.0000

0.0000

0.7209

0.0000

0.0000

0.0000

0.1567
0.2292
0.0861
0.0861

0.0000

0.0000
0.0000

0.0000

0.0000

0.0000

0.0000

0.0000

UNAUTHORIZED
TRAFFICIN
SECURITY ZONE

0.1891
0.2075

0.0808
0.0808

0.0000

0.0000
0.0000

0.0000

0.0000

0.0000

0.0000

0.0000

AWARENESS
0.0882
0.0882

0.1820
0.1417

0.0000

0.0000
0.0000

0.0000

0.0000

0.0000

0.0000

0.0000

FATIGUE
0.2032
0.1933

0.3258
0.2777

0.0000

0.0000
0.0000

0.0000

0.0000

0.0000

0.0000

0.0000

TRAINING
0.1764
0.1764

0.3639
0.2833

0.0000

0.0000
0.0000

0.0000

0.0000

0.0000

0.0000

0.0000
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Table F.10: Normalized Weighted Matrix 4 (Consequences-Decision Maker 2)

AWARENESS 0.0336 0.0000 0.0000 0.2209 0.1263 0.0000 0.0000 0.0000

HUMAN HAZARDS  FATIGUE 0.0000 0.0000 0.0000 0.0000 0.0000 0.5000 0.0000 0.0000
TRAINING 0.4082 0.0000 0.0000 0.2209 0.3155 0.0000 0.0000 0.0000
FAILURE OF AUXILIARY
SYSTEMS 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
FAILURE OF
COMMUNICATION OR
ESD 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
HOSE RUPTURE 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
INAPPROPRIATE

OPERATIONAL COOLING OF BUNKER
HAZARDS LINE 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000

INAPPROPRIATE
INERTING OF HOSE OR
BUNKER LINE 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
INCORRECT SEQUENCE 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
LNG TRAPPED IN PIPE 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
LOSS OF BUNKER
VEHICLE POWER 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000

169



Table F.11: Normalized Weighted Matrix 5 (Consequences-Decision Maker 2)

OPERATIONAL HAZARDS
INAPPROPRIATE LOSS OF
FAILURE OF INAPPROPRIATE  INERTING OF LNG BUNKER
COMMUNICATION ~ HOSE COOLING OF HOSE OR INCORRECT TRAPPED  VEHICLE
OR ESD RUPTURE  BUNKER LINE BUNKERLINE ~ SEQUENCE INPIPE  POWER
FIRE ON PIER /
BUNKER VESSEL 0.0753  0.0785 0.0000 0.1907 0.0785  0.0101  0.0000
ALTERNATIVES FIRE ON SHIP 0.0753  0.0785 0.0000 0.1907 0.0785  0.0375  0.2137
LNG LEAKS 0.1882  0.2090 0.6955 0.1045 0.1429  0.0415  0.3931
NG LEAKS 0.1882  0.1429 0.3045 0.0412 0.2090  0.0415  0.3931
BREAKAWAY
COUPLING
CONNECTION  DISCONNECTION 0.0000  0.0000 0.0000 0.0000 0.0000  0.6261  0.0000
HAZARDS DRY COUPLING
DISCONNECTION 0.0000  0.0000 0.0000 0.0000 0.0000  0.0000  0.0000
MISHANDLING 0.0000  0.0000 0.0000 0.0000 0.0000  0.0000  0.0000
ELECTRICAL
EQUIPMENTS 0.0000  0.0000 0.0000 0.0000 0.0000  0.0000  0.0000
EXTREME
WEATHER
CONDITIONS 0.0000  0.2455 0.0000 0.0000 0.0000  0.0630  0.0000
ENVIRONMENTAL  SHIP / TRUCK
HAZARDS MOVEMENT 0.0000  0.2455 0.0000 0.0000 0.0000  0.0630  0.0000
SIMULTANOUS
OPERATIONS 0.0000  0.0000 0.0000 0.0000 0.0000  0.0000  0.0000
UNAUTHORIZED
TRAFFIC IN
SECURITY ZONE 0.0000  0.0000 0.0000 0.0000 0.0000  0.0000  0.0000
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Table F.12: Normalized Weighted Matrix 6 (Consequences-Decision Maker 2)

HUMAN HAZARDS

OPERATIONAL
HAZARDS

AWARENESS

FATIGUE

TRAINING

FAILURE OF AUXILIARY
SYSTEMS

FAILURE OF
COMMUNICATION OR
ESD

HOSE RUPTURE
INAPPROPRIATE

COOLING OF BUNKER
LINE

INAPPROPRIATE
INERTING OF HOSE OR
BUNKER LINE

INCORRECT SEQUENCE
LNG TRAPPED IN PIPE

LOSS OF BUNKER
VEHICLE POWER

0.0000

0.0000

0.0000

0.0000

0.0000
0.0000

0.0000

0.0000
0.0000
0.0000

0.4728

0.0000

0.0000

0.0000

0.0000

0.0000
0.0000

0.0000

0.0000
0.0000
0.0000

0.0000

0.0000

0.0000

0.0000

0.0000

0.0000
0.0000

0.0000

0.0000
0.0000
0.0000

0.0000

0.0000

0.0000

0.0000

0.0000

0.0000
0.0000

0.0000

0.0000
0.0000
0.4728

0.0000

0.1412

0.2165

0.1333

0.0000

0.0000
0.0000

0.0000

0.0000
0.0000
0.0000

0.0000

0.0000

0.0000

0.0000

0.0000

0.0000
0.0000

0.0670

0.0000
0.0000
0.0000

0.0502

0.0000

0.0000

0.0000

0.0000

0.0000
0.0000

0.0000

0.0000
0.0000
0.0000

0.0000
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Table F.13: 32th Power of Limit Matrix 1 (Consequences-Decision Maker 2)

ALTERNATIVES CONNECTION HAZARDS
FIRE ON
PIER / BREAKAWAY
BUNKER  FIRE ON LNG COUPLING DRY COUPLING
VESSEL SHIP LEAKS NG LEAKS ~ DISCONNECTION DISCONNECTION MISHANDLING
FIRE ON PIER / BUNKER
VESSEL 0.0513 0.0513 0.0513 0.0513 0.0513 0.0513 0.0513
ALTERNATIVES FIRE ON SHIP 0.0547 0.0547 0.0547 0.0547 0.0547 0.0547 0.0547
LNG LEAKS 0.2202 0.2202 0.2202 0.2202 0.2202 0.2202 0.2202
NG LEAKS 0.1356 0.1356 0.1356 0.1356 0.1356 0.1356 0.1356
BREAKAWAY COUPLING
DISCONNECTION 0.0184 0.0184 0.0184 0.0184 0.0184 0.0184 0.0184
CONNECTION
HAZARDS DRY COUPLING
DISCONNECTION 0.0400 0.0400 0.0400 0.0400 0.0400 0.0400 0.0400
MISHANDLING 0.0297 0.0297 0.0297 0.0297 0.0297 0.0297 0.0297
ELECTRICAL
EQUIPMENTS 0.0269 0.0269 0.0269 0.0269 0.0269 0.0269 0.0269
EXTREME WEATHER
CONDITIONS 0.1094 0.1094 0.1094 0.1094 0.1094 0.1094 0.1094
ENVIRONMENTAL  SHIP / TRUCK
HAZARDS MOVEMENT 0.0636 0.0636 0.0636 0.0636 0.0636 0.0636 0.0636
SIMULTANOUS
OPERATIONS 0.0174 0.0174 0.0174 0.0174 0.0174 0.0174 0.0174
UNAUTHORIZED TRAFFIC
IN SECURITY ZONE 0.0077 0.0077 0.0077 0.0077 0.0077 0.0077 0.0077
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Table F.14: 32th Power of Limit Matrix 2 (Consequences-Decision Maker 2)

AWARENESS 0.0178 0.0178 0.0178 0.0178 0.0178 0.0178 0.0178

HUMAN HAZARDS  FATIGUE 0.0836 0.0836 0.0836 0.0836 0.0836 0.0836 0.0836
TRAINING 0.0390 0.0390 0.0390 0.0390 0.0390 0.0390 0.0390
FAILURE OF AUXILIARY
SYSTEMS 0.0039 0.0039 0.0039 0.0039 0.0039 0.0039 0.0039
FAILURE OF
COMMUNICATION OR
ESD 0.0063 0.0063 0.0063 0.0063 0.0063 0.0063 0.0063
HOSE RUPTURE 0.0278 0.0278 0.0278 0.0278 0.0278 0.0278 0.0278
INAPPROPRIATE

OPERATIONAL COOLING OF BUNKER
HAZARDS LINE 0.0019 0.0019 0.0019 0.0019 0.0019 0.0019 0.0019

INAPPROPRIATE
INERTING OF HOSE OR
BUNKER LINE 0.0075 0.0075 0.0075 0.0075 0.0075 0.0075 0.0075
INCORRECT SEQUENCE 0.0266 0.0266 0.0266 0.0266 0.0266 0.0266 0.0266
LNG TRAPPED IN PIPE 0.0076 0.0076 0.0076 0.0076 0.0076 0.0076 0.0076
LOSS OF BUNKER
VEHICLE POWER 0.0034 0.0034 0.0034 0.0034 0.0034 0.0034 0.0034
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Table F.15: 32th Power of Limit Matrix 3 (Consequences-Decision Maker 2)

ENVIRONMENTAL HAZARDS

HUMAN HAZARDS

ALTERNATIVES

CONNECTION
HAZARDS

ENVIRONMENTAL
HAZARDS

FIRE ON PIER /
BUNKER VESSEL
FIRE ON SHIP
LNG LEAKS
NG LEAKS

BREAKAWAY
COUPLING
DISCONNECTION

DRY COUPLING
DISCONNECTION

MISHANDLING

ELECTRICAL
EQUIPMENTS
EXTREME
WEATHER
CONDITIONS
SHIP / TRUCK
MOVEMENT
SIMULTANOUS
OPERATIONS

UNAUTHORIZED
TRAFFIC IN
SECURITY ZONE

ELECTRICAL
EQUIPMENTS

0.0513
0.0547
0.2202
0.1356

0.0184

0.0400
0.0297

0.0269

0.1094

0.0636

0.0174

0.0077

EXTREME
WEATHER
CONDITIONS

0.0513
0.0547
0.2202
0.1356

0.0184

0.0400
0.0297

0.0269

0.1094

0.0636

0.0174

0.0077

SHIP /
TRUCK
MOVEMENT

0.0513
0.0547

0.2202
0.1356

0.0184

0.0400
0.0297

0.0269

0.1094

0.0636

0.0174

0.0077

SIMULTANOUS
OPERATIONS

0.0513
0.0547

0.2202
0.1356

0.0184

0.0400
0.0297

0.0269

0.1094

0.0636

0.0174

0.0077

UNAUTHORIZED
TRAFFICIN
SECURITY ZONE

0.0513
0.0547

0.2202
0.1356

0.0184

0.0400
0.0297

0.0269

0.1094

0.0636

0.0174

0.0077

AWARENESS
0.0513
0.0547

0.2202
0.1356

0.0184

0.0400
0.0297

0.0269

0.1094

0.0636

0.0174

0.0077

FATIGUE
0.0513
0.0547

0.2202
0.1356

0.0184

0.0400
0.0297

0.0269

0.1094

0.0636

0.0174

0.0077

TRAINING
0.0513
0.0547

0.2202
0.1356

0.0184

0.0400
0.0297

0.0269

0.1094

0.0636

0.0174

0.0077
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Table F.16: 32th Power of Limit Matrix 4 (Consequences-Decision Maker 2)

HUMAN HAZARDS

OPERATIONAL
HAZARDS

AWARENESS
FATIGUE

TRAINING

FAILURE OF AUXILIARY
SYSTEMS

FAILURE OF
COMMUNICATION OR
ESD

HOSE RUPTURE

INAPPROPRIATE
COOLING OF BUNKER
LINE

INAPPROPRIATE

INERTING OF HOSE OR
BUNKER LINE

INCORRECT SEQUENCE
LNG TRAPPED IN PIPE

LOSS OF BUNKER
VEHICLE POWER

0.0178
0.0836

0.0390

0.0039

0.0063
0.0278

0.0019

0.0075
0.0266
0.0076

0.0034

0.0178
0.0836

0.0390

0.0039

0.0063
0.0278

0.0019

0.0075
0.0266
0.0076

0.0034

0.0178
0.0836

0.0390

0.0039

0.0063
0.0278

0.0019

0.0075
0.0266
0.0076

0.0034

0.0178
0.0836

0.0390

0.0039

0.0063
0.0278

0.0019

0.0075
0.0266
0.0076

0.0034

0.0178
0.0836

0.0390

0.0039

0.0063
0.0278

0.0019

0.0075
0.0266
0.0076

0.0034

0.0178
0.0836

0.0390

0.0039

0.0063
0.0278

0.0019

0.0075
0.0266
0.0076

0.0034

0.0178
0.0836

0.0390

0.0039

0.0063
0.0278

0.0019

0.0075
0.0266
0.0076

0.0034

0.0178
0.0836

0.0390

0.0039

0.0063
0.0278

0.0019

0.0075
0.0266
0.0076

0.0034
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Table F.17: 32th Power of Limit Matrix 5 (Consequences-Decision Maker 2)

OPERATIONAL HAZARDS
FAILURE INAPPROPRIATE LOSS OF
OF INAPPROPRIATE  INERTING OF LNG BUNKER
AUXILIARY COMMUNICATION ~ HOSE COOLING OF HOSE OR INCORRECT ~ TRAPPED  VEHICLE
SYSTEMS RUPTURE  BUNKER LINE BUNKER LINE SEQUENCE INPIPE  POWER
FIRE ON PIER /
BUNKER VESSEL 0.0513 0.0513  0.0513 0.0513 0.0513 0.0513  0.0513  0.0513
ALTERNATIVES FIRE ON SHIP 0.0547 0.0547  0.0547 0.0547 0.0547 0.0547  0.0547  0.0547
LNG LEAKS 0.2202 0.2202  0.2202 0.2202 0.2202 0.2202 02202  0.2202
NG LEAKS 0.1356 0.1356  0.1356 0.1356 0.1356 0.1356  0.1356  0.1356
BREAKAWAY
COUPLING
CONNECTION  DISCONNECTION 0.0184 0.0184  0.0184 0.0184 0.0184 0.0184  0.0184  0.0184
HAZARDS DRY COUPLING
DISCONNECTION 0.0400 0.0400  0.0400 0.0400 0.0400 0.0400  0.0400  0.0400
MISHANDLING 0.0297 0.0297  0.0297 0.0297 0.0297 0.0297  0.0297  0.0297
ELECTRICAL
EQUIPMENTS 0.0269 0.0269  0.0269 0.0269 0.0269 0.0269  0.0269  0.0269
EXTREME
WEATHER
CONDITIONS 0.1094 0.1094  0.1094 0.1094 0.1094 0.1094  0.1094  0.1094
ENVIRONMENTAL ~ SHIP / TRUCK
HAZARDS MOVEMENT 0.0636 0.0636  0.0636 0.0636 0.0636 0.0636  0.0636  0.0636
SIMULTANOUS
OPERATIONS 0.0174 0.0174  0.0174 0.0174 0.0174 0.0174  0.0174  0.0174
UNAUTHORIZED
TRAFFIC IN
SECURITY ZONE 0.0077 0.0077  0.0077 0.0077 0.0077 0.0077  0.0077  0.0077
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Table F.18: 32th Power of Limit Matrix 6 (Consequences-Decision Maker 2)

HUMAN HAZARDS

OPERATIONAL
HAZARDS

AWARENESS
FATIGUE

TRAINING

FAILURE OF AUXILIARY
SYSTEMS

FAILURE OF
COMMUNICATION OR
ESD

HOSE RUPTURE

INAPPROPRIATE
COOLING OF BUNKER
LINE

INAPPROPRIATE

INERTING OF HOSE OR
BUNKER LINE

INCORRECT SEQUENCE
LNG TRAPPED IN PIPE

LOSS OF BUNKER
VEHICLE POWER

0.0178
0.0836

0.0390

0.0039

0.0063
0.0278

0.0019

0.0075
0.0266
0.0076

0.0034

0.0178
0.0836

0.0390

0.0039

0.0063
0.0278

0.0019

0.0075
0.0266
0.0076

0.0034

0.0178
0.0836

0.0390

0.0039

0.0063
0.0278

0.0019

0.0075
0.0266
0.0076

0.0034

0.0178
0.0836

0.0390

0.0039

0.0063
0.0278

0.0019

0.0075
0.0266
0.0076

0.0034

0.0178
0.0836

0.0390

0.0039

0.0063
0.0278

0.0019

0.0075
0.0266
0.0076

0.0034

0.0178
0.0836

0.0390

0.0039

0.0063
0.0278

0.0019

0.0075
0.0266
0.0076

0.0034

0.0178
0.0836

0.0390

0.0039

0.0063
0.0278

0.0019

0.0075
0.0266
0.0076

0.0034

0.0178
0.0836

0.0390

0.0039

0.0063
0.0278

0.0019

0.0075
0.0266
0.0076

0.0034
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Table F.19: Unweighted Matrix 1 (Likelihood-Decision Maker 2)

ALTERNATIVES CONNECTION HAZARDS
FIRE ON
PIER / BREAKAWAY
BUNKER  FIREON LNG COUPLING DRY COUPLING
VESSEL SHIP LEAKS NG LEAKS  DISCONNECTION DISCONNECTION MISHANDLING
FIRE ON PIER / BUNKER
VESSEL 0.0000 0.0000 0.0000 0.0000
ALTERNATIVES FIRE ON SHIP 0.0000 0.0000 0.0000 0.0000
LNG LEAKS 0.0000
NG LEAKS 0.0000
BREAKAWAY COUPLING
DISCONNECTION 0.0000 0.0000
CONNECTION
HAZARDS DRY COUPLING
DISCONNECTION 0.0000
MISHANDLING 0.0000
ELECTRICAL
EQUIPMENTS 0.0000
EXTREME WEATHER
CONDITIONS 0.0000
SHIP / TRUCK
ENVIRONMENTAL
HAZARDS MOVEMENT 0.0000

SIMULTANOUS
OPERATIONS 0.0000
UNAUTHORIZED TRAFFIC
IN SECURITY ZONE 0.0000
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Table F.20: Unweighted Matrix 2 (Likelihood-Decision Maker 2)

AWARENESS 0.0000 0.0000 0.0000 0.0000

HUMAN HAZARDS FATIGUE 0.0000 0.0000 0.0000 0.0000
TRAINING 0.0000 0.0000 0.0000 0.0000
FAILURE OF AUXILIARY
SYSTEMS 0.0000 0.0000 0.0000 0.0000 0.0000
FAILURE OF
COMMUNICATION OR
ESD 0.0000 0.0000 0.0000 0.0000 0.0000
HOSE RUPTURE 0.0000 0.0000 0.0000 0.0000 0.0000
INAPPROPRIATE

OPERATIONAL COOLING OF BUNKER
HAZARDS LINE 0.0000 0.0000 0.0000 0.0000 0.0000

INAPPROPRIATE
INERTING OF HOSE OR
BUNKER LINE 0.0000 0.0000 0.0000 0.0000 0.0000
INCORRECT SEQUENCE 0.0000 0.0000 0.0000 0.0000 0.0000
LNG TRAPPED IN PIPE 0.0000 0.0000 0.0000 0.0000 0.0000
LOSS OF BUNKER
VEHICLE POWER 0.0000 0.0000 0.0000 0.0000 0.0000
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Table F.21: Unweighted Matrix 3 (Likelihood-Decision Maker 2)

ENVIRONMENTAL HAZARDS HUMAN HAZARDS
EXTREME SHIP / UNAUTHORIZED
ELECTRICAL WEATHER TRUCK SIMULTANOUS  TRAFFICIN

EQUIPMENTS CONDITIONS MOVEMENT OPERATIONS SECURITY ZONE ~ AWARENESS FATIGUE TRAINING

FIRE ON PIER /
BUNKER VESSEL
ALTERNATIVES FIRE ON SHIP
LNG LEAKS

NG LEAKS
BREAKAWAY
COUPLING
CONNECTION DISCONNECTION 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000

HAZARDS DRY COUPLING
DISCONNECTION 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000

MISHANDLING 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000

ELECTRICAL

EQUIPMENTS 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
EXTREME

WEATHER

CONDITIONS 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000

ENVIRONMENTAL SHIP / TRUCK
HAZARDS MOVEMENT 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000

SIMULTANOUS
OPERATIONS 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000

UNAUTHORIZED
TRAFFICIN
SECURITY ZONE 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
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Table F.22: Unweighted Matrix 4 (Likelihood-Decision Maker 2)

AWARENESS | 00761 00000  0.0000 0.0000  0.0000

HUMAN HAZARDS ~ FATIGUE 0.0000 00000  0.0000 0.0000 0.0000  0.0000
TRAINING 09239° 00000  0.0000 0.0000  0.0000  0.0000
FAILURE OF AUXILIARY
SYSTEMS 0.0000 00000 00000  0.0000 00000 00000  0.0000  0.0000
FAILURE OF
COMMUNICATION OR
ESD 0.0000 00000 00000 00000 00000 00000  0.0000  0.0000
HOSE RUPTURE 0.0000 00000 00000 00000 00000 00000  0.0000  0.0000
INAPPROPRIATE

OPERATIONAL  COOLING OF BUNKER
HAZARDS LINE 0.0000 00000 00000 00000 00000 00000  0.0000  0.0000

INAPPROPRIATE
INERTING OF HOSE OR
BUNKER LINE 0.0000 00000 00000 00000 00000 00000  0.0000  0.0000
INCORRECT SEQUENCE 0.0000 00000 00000 00000 00000 00000  0.0000  0.0000
LNG TRAPPED IN PIPE 0.0000 00000 00000 00000 00000 00000  0.0000  0.0000
LOSS OF BUNKER
VEHICLE POWER 0.0000 00000 00000  0.0000 00000 00000  0.0000  0.0000
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Table F.23: Unweighted Matrix 5 (Likelihood-Decision Maker 2)

OPERATIONAL HAZARDS
FAILURE INAPPROPRIATE LOSS OF
OF FAILURE OF INAPPROPRIATE  INERTING OF LNG BUNKER
AUXILIARY COMMUNICATION ~ HOSE COOLING OF HOSE OR INCORRECT ~ TRAPPED  VEHICLE
SYSTEMS  OR ESD RUPTURE  BUNKER LINE BUNKER LINE SEQUENCE INPIPE  POWER
FIRE ON PIER /
BUNKER VESSEL
ALTERNATIVES FIRE ON SHIP
LNG LEAKS
NG LEAKS
BREAKAWAY
COUPLING
CONNECTION  DISCONNECTION 0.0000 0.0000  0.0000 0.0000 0.0000 0.0000 0.0000
HAZARDS DRY COUPLING
DISCONNECTION 0.0000 0.0000  0.0000 0.0000 0.0000 0.0000  0.0000  0.0000
MISHANDLING 0.0000 0.0000  0.0000 0.0000 0.0000 0.0000  0.0000  0.0000
ELECTRICAL
EQUIPMENTS 0.0000 0.0000  0.0000 0.0000 0.0000 0.0000  0.0000  0.0000
EXTREME
WEATHER
CONDITIONS 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
ENVIRONMENTAL  SHIP / TRUCK
HAZARDS MOVEMENT 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
SIMULTANOUS
OPERATIONS 0.0000 0.0000  0.0000 0.0000 0.0000 0.0000  0.0000  0.0000
UNAUTHORIZED
TRAFFIC IN
SECURITY ZONE 0.0000 0.0000  0.0000 0.0000 0.0000 0.0000  0.0000  0.0000
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Table F.24: Unweighted Matrix 6 (Likelihood-Decision Maker 2)

AWARENESS 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000

HUMAN HAZARDS FATIGUE 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
TRAINING 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
FAILURE OF AUXILIARY
SYSTEMS 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
FAILURE OF
COMMUNICATION OR
ESD 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
HOSE RUPTURE 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
INAPPROPRIATE

OPERATIONAL COOLING OF BUNKER
HAZARDS LINE 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000

INAPPROPRIATE
INERTING OF HOSE OR
BUNKER LINE 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
INCORRECT SEQUENCE 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
LNG TRAPPED IN PIPE 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
LOSS OF BUNKER
VEHICLE POWER 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
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Table F.25: Normalized Weighted Matrix 1 (Likelihood-Decision Maker 2)

ALTERNATIVES CONNECTION HAZARDS
FIRE ON PIER BREAKAWAY
/ BUNKER FIRE ON LNG COUPLING DRY COUPLING
VESSEL SHIP LEAKS NG LEAKS  DISCONNECTION DISCONNECTION MISHANDLING
FIRE ON PIER / BUNKER
VESSEL 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
ALTERNATIVES FIRE ON SHIP 0.0000 0.0000 0.0000 0.0000 0.0655 0.0655 0.1312
LNG LEAKS 0.0315 0.0315 0.0000 0.1388 0.2056 0.1589 0.4118
NG LEAKS 0.3823 0.3823 0.0000 0.0000 0.1589 0.2056 0.3181
BREAKAWAY COUPLING
DISCONNECTION 0.0000 0.0000 0.0000 0.0253 0.0000 0.0000 0.0000
CONNECTION
HAZARDS DRY COUPLING
DISCONNECTION 0.0000 0.0000 0.0294 0.0000 0.0000 0.0000 0.0000
MISHANDLING 0.0000 0.0000 0.3570 0.3074 0.0000 0.0000 0.0000
ELECTRICAL
EQUIPMENTS 0.3125 0.2931 0.0000 0.0000 0.0000 0.0000 0.0000
EXTREME WEATHER
CONDITIONS 0.0000 0.0000 0.0000 0.0983 0.0000 0.0434 0.0000
ENVIRONMENTAL  SHIP/ TRUCK
HAZARDS MOVEMENT 0.0000 0.0000 0.2283 0.0983 0.5700 0.5266 0.0000
SIMULTANOUS
OPERATIONS 0.0380 0.2931 0.0000 0.0000 0.0000 0.0000 0.0000
UNAUTHORIZED TRAFFIC
IN SECURITY ZONE 0.2357 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
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Table F.26: Normalized Weighted Matrix 2 (Likelihood-Decision Maker 2)

AWARENESS 0.0000 0.0000 0.0110 0.0106 0.0000 0.0000 0.0277

HUMAN HAZARDS  FATIGUE 0.0000 0.0000 0.0225 0.0138 0.0000 0.0000 0.0628
TRAINING 0.0000 0.0000 0.0020 0.0061 0.0000 0.0000 0.0484
FAILURE OF AUXILIARY
SYSTEMS 0.0000 0.0000 0.1531 0.0000 0.0000 0.0000 0.0000
FAILURE OF
COMMUNICATION OR
ESD 0.0000 0.0000 0.0000 0.0859 0.0000 0.0000 0.0000
HOSE RUPTURE 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
INAPPROPRIATE

OPERATIONAL COOLING OF BUNKER
HAZARDS LINE 0.0000 0.0000 0.0000 0.0044 0.0000 0.0000 0.0000

INAPPROPRIATE
INERTING OF HOSE OR

BUNKER LINE 0.0000 0.0000 0.0000 0.0973 0.0000 0.0000 0.0000
INCORRECT SEQUENCE 0.0000 0.0000 0.1968 0.0387 0.0000 0.0000 0.0000
LNG TRAPPED IN PIPE 0.0000 0.0000 0.0000 0.0703 0.0000 0.0000 0.0000
LOSS OF BUNKER

VEHICLE POWER 0.0000 0.0000 0.0000 0.0047 0.0000 0.0000 0.0000
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Table F.27: Normalized Weighted Matrix 3 (Likelihood-Decision Maker 2)

ENVIRONMENTAL HAZARDS

HUMAN HAZARDS

ALTERNATIVES

CONNECTION
HAZARDS

ENVIRONMENTAL
HAZARDS

FIRE ON PIER /
BUNKER VESSEL

FIRE ON SHIP
LNG LEAKS
NG LEAKS

BREAKAWAY
COUPLING
DISCONNECTION

DRY COUPLING
DISCONNECTION

MISHANDLING

ELECTRICAL
EQUIPMENTS
EXTREME
WEATHER
CONDITIONS

SHIP / TRUCK
MOVEMENT
SIMULTANOUS
OPERATIONS

UNAUTHORIZED
TRAFFICIN
SECURITY ZONE

ELECTRICAL
EQUIPMENTS

0.1598
0.2071
0.0704
0.0627

0.0000

0.0000
0.0000

0.0000

0.0000

0.0000

0.0000

0.0000

EXTREME
WEATHER
CONDITIONS

0.0731
0.0731

0.4831
0.3707

0.0000

0.0000
0.0000

0.0000

0.0000

0.0000

0.0000

0.0000

SHIP /
TRUCK
MOVEMENT

0.0071
0.0071

0.0471
0.0361

0.0000

0.0000
0.0000

0.0000

0.9026

0.0000

0.0000

0.0000

SIMULTANOUS
OPERATIONS

0.1598
0.2071

0.0704
0.0627

0.0000

0.0000
0.0000

0.0000

0.0000

0.0000

0.0000

0.0000

UNAUTHORIZED
TRAFFICIN
SECURITY ZONE

0.1876
0.1835

0.0634
0.0655

0.0000

0.0000
0.0000

0.0000

0.0000

0.0000

0.0000

0.0000

AWARENESS
0.0365
0.0365

0.2416
0.1853

0.0000

0.0000
0.0000

0.0000

0.0000

0.0000

0.0000

0.0000

FATIGUE
0.0731
0.0731

0.4831
0.3707

0.0000

0.0000
0.0000

0.0000

0.0000

0.0000

0.0000

0.0000

TRAINING
0.1448
0.1448

0.3717
0.3388

0.0000

0.0000
0.0000

0.0000

0.0000

0.0000

0.0000

0.0000
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Table F.28: Normalized Weighted Matrix 4 (Likelihood-Decision Maker 2)

AWARENESS 0.0381 0.0000 0.0000 0.0381 0.0381 0.0000 0.0000 0.0000

HUMAN HAZARDS  FATIGUE 0.0000 0.0000 0.0000 0.0000 0.0000 0.5000 0.0000 0.0000
TRAINING 0.4619 0.0000 0.0000 0.4619 0.4619 0.0000 0.0000 0.0000
FAILURE OF AUXILIARY
SYSTEMS 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
FAILURE OF
COMMUNICATION OR
ESD 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
HOSE RUPTURE 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
INAPPROPRIATE

OPERATIONAL COOLING OF BUNKER
HAZARDS LINE 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000

INAPPROPRIATE
INERTING OF HOSE OR
BUNKER LINE 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
INCORRECT SEQUENCE 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
LNG TRAPPED IN PIPE 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
LOSS OF BUNKER
VEHICLE POWER 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
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Table F.29: Normalized Weighted Matrix 5 (Likelihood-Decision Maker 2)

OPERATIONAL HAZARDS
FAILURE INAPPROPRIATE LOSS OF
OF FAILURE OF INAPPROPRIATE  INERTING OF LNG BUNKER
AUXILIARY ~ COMMUNICATION ~ HOSE COOLING OF HOSE OR INCORRECT  TRAPPED  VEHICLE
SYSTEMS ~ ORESD RUPTURE BUNKERLINE ~ BUNKERLINE ~ SEQUENCE INPIPE  POWER
FIRE ON PIER /
BUNKER VESSEL 0.1745 0.0000  0.0000 0.0000 0.0000 0.0000  0.0000  0.0000
ALTERNATIVES FIRE ON SHIP 0.1968 0.0590  0.0000 0.2655 0.0385 00818 00114  0.1523
LNG LEAKS 0.3283 0002  0.1691 0.3673 0.1208 02567  0.0201  0.4782
NG LEAKS 0.3004 0.0933  0.1368 0.3673 0.0933 01983  0.0293  0.3695
BREAKAWAY
COUPLING
CONNECTION  DISCONNECTION 0.0000 0.0000  0.0000 0.0000 0.0000 0.0000  0.6210  0.0000
HAZARDS DRY COUPLING
DISCONNECTION 0.0000 0.0000  0.0000 0.0000 0.0000 0.0000  0.0000  0.0000
MISHANDLING 0.0000 0.0000  0.0000 0.0000 0.0000 0.0000  0.0000  0.0000
ELECTRICAL
EQUIPMENTS 0.0000 0.0000  0.0000 0.0000 0.0000 0.0000  0.0000  0.0000
EXTREME
WEATHER
CONDITIONS 0.0000 0.0000  0.0000 0.0000 0.0000 0.0000  0.0105  0.0000
ENVIRONMENTAL ~ SHIP / TRUCK
HAZARDS MOVEMENT 0.0000 0.0000  0.6941 0.0000 0.0000 0.0000  0.1275  0.0000
SIMULTANOUS
OPERATIONS 0.0000 0.0000  0.0000 0.0000 0.0000 0.0000  0.0000  0.0000
UNAUTHORIZED
TRAFFIC IN
SECURITY ZONE 0.0000 0.0000  0.0000 0.0000 0.0000 0.0000  0.0000  0.0000
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Table F.30: Normalized Weighted Matrix 6 (Likelihood-Decision Maker 2)

HUMAN HAZARDS

OPERATIONAL
HAZARDS

AWARENESS

FATIGUE

TRAINING

FAILURE OF AUXILIARY
SYSTEMS

FAILURE OF
COMMUNICATION OR
ESD

HOSE RUPTURE
INAPPROPRIATE

COOLING OF BUNKER
LINE

INAPPROPRIATE
INERTING OF HOSE OR
BUNKER LINE

INCORRECT SEQUENCE
LNG TRAPPED IN PIPE

LOSS OF BUNKER
VEHICLE POWER

0.0000

0.0000

0.0000

0.0000

0.0000
0.0000

0.0000

0.0000
0.0000
0.0000

0.0000

0.0000

0.0000

0.0000

0.0000

0.0000
0.0000

0.0000

0.0000
0.0000
0.0000

0.7475

0.0000

0.0000

0.0000

0.0000

0.0000
0.0000

0.0000

0.0000
0.0000
0.0000

0.0000

0.0000

0.0000

0.0000

0.0000

0.0000
0.0000

0.0000

0.0000
0.0000
0.0000

0.0000

0.0000

0.0000

0.0000

0.5338

0.0000
0.0000

0.0000

0.0000
0.0000
0.2137

0.0000

0.0925

0.2094

0.1613

0.0000

0.0000
0.0000

0.0000

0.0000
0.0000
0.0000

0.0000

0.0000

0.0000

0.0000

0.0000

0.0000
0.0000

0.0137

0.0000
0.0000
0.0000

0.1664

0.0000

0.0000

0.0000

0.0000

0.0000
0.0000

0.0000

0.0000
0.0000
0.0000

0.0000
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Table F.31: 32th Power of Limit Matrix 1 (Likelihood-Decision Maker 2)

ALTERNATIVES CONNECTION HAZARDS
FIRE ON
PIER / BREAKAWAY
BUNKER  FIRE ON LNG NG COUPLING DRY COUPLING
VESSEL SHIP LEAKS LEAKS ~ DISCONNECTION DISCONNECTION MISHANDLING
FIRE ON PIER /
BUNKER VESSEL 0.0293  0.0293  0.0293  0.0293 0.0293 0.0293 0.0293
ALTERNATIVES FIRE ON SHIP 0.0564 0.0564  0.0564  0.0564 0.0564 0.0564 0.0564
LNG LEAKS 0.1892  0.1892  0.1892  0.1892 0.1892 0.1892 0.1892
NG LEAKS 0.1641 0.1641 0.1641  0.1641 0.1641 0.1641 0.1641
BREAKAWAY
COUPLING
CONNECTION DISCONNECTION 0.0134 0.0134 0.0134 0.0134 0.0134 0.0134 0.0134
HAZARDS DRY COUPLING
DISCONNECTION 0.0056 0.0056 0.0056  0.0056 0.0056 0.0056 0.0056
MISHANDLING 0.1180 0.1180 0.1180 0.1180 0.1180 0.1180 0.1180
ELECTRICAL
EQUIPMENTS 0.0257 0.0257 0.0257  0.0257 0.0257 0.0257 0.0257
EXTREME
WEATHER
CONDITIONS 0.0813  0.0813  0.0813  0.0813 0.0813 0.0813 0.0813
ENVIRONMENTAL SHIP / TRUCK
HAZARDS MOVEMENT 0.0718 0.0718 0.0718 0.0718 0.0718 0.0718 0.0718
SIMULTANOUS
OPERATIONS 0.0176  0.0176 0.0176  0.0176 0.0176 0.0176 0.0176
UNAUTHORIZED
TRAFFIC IN
SECURITY ZONE 0.0069 0.0069 0.0069  0.0069 0.0069 0.0069 0.0069
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Table F.32: 32th Power of Limit Matrix 2 (Likelihood-Decision Maker 2)

AWARENESS 0.0130 0.0130 0.0130 0.0130 0.0130 0.0130 0.0130
HUMAN FATIGUE 0.0296 0.0296 0.0296 0.0296 0.0296 0.0296 0.0296
HAZARDS
TRAINING 0.0373 0.0373 0.0373 0.0373 0.0373 0.0373 0.0373
FAILURE OF
AUXILIARY
SYSTEMS 0.0375 0.0375 0.0375 0.0375 0.0375 0.0375 0.0375
FAILURE OF
COMMUNICATION
OR ESD 0.0141 0.0141 0.0141 0.0141 0.0141 0.0141 0.0141
HOSE RUPTURE 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
INAPPROPRIATE
COOLING OF
OPERATIONAL  gyNKER LINE 0.0009 0.0009 0.0009 0.0009 0.0009 0.0009 0.0009
HAZARDS INAPPROPRIATE
INERTING OF
HOSE OR BUNKER
LINE 0.0160 0.0160 0.0160 0.0160 0.0160 0.0160 0.0160
INCORRECT
SEQUENCE 0.0436 0.0436 0.0436 0.0436 0.0436 0.0436 0.0436
LNG TRAPPED IN
PIPE 0.0149 0.0149 0.0149 0.0149 0.0149 0.0149 0.0149
LOSS OF BUNKER
VEHICLE POWER 0.0138 0.0138 0.0138 0.0138 0.0138 0.0138 0.0138
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Table F.33: 32th Power of Limit Matrix 3 (Likelihood-Decision Maker 2)

ENVIRONMENTAL HAZARDS

HUMAN HAZARDS

ALTERNATIVES

CONNECTION
HAZARDS

ENVIRONMENTAL
HAZARDS

FIRE ON PIER /
BUNKER VESSEL
FIRE ON SHIP
LNG LEAKS
NG LEAKS

BREAKAWAY
COUPLING
DISCONNECTION

DRY COUPLING
DISCONNECTION

MISHANDLING

ELECTRICAL
EQUIPMENTS
EXTREME
WEATHER
CONDITIONS
SHIP / TRUCK
MOVEMENT
SIMULTANOUS
OPERATIONS

UNAUTHORIZED
TRAFFIC IN
SECURITY ZONE

ELECTRICAL
EQUIPMENTS

0.0293
0.0564
0.1892
0.1641

0.0134

0.0056
0.1180

0.0257

0.0813

0.0718

0.0176

0.0069

EXTREME
WEATHER
CONDITIONS

0.0293
0.0564

0.1892
0.1641

0.0134

0.0056
0.1180

0.0257

0.0813

0.0718

0.0176

0.0069

SHIP /
TRUCK
MOVEMENT

0.0293
0.0564

0.1892
0.1641

0.0134

0.0056
0.1180

0.0257

0.0813

0.0718

0.0176

0.0069

SIMULTANOUS
OPERATIONS

0.0293
0.0564

0.1892
0.1641

0.0134

0.0056
0.1180

0.0257

0.0813

0.0718

0.0176

0.0069

UNAUTHORIZED
TRAFFICIN
SECURITY ZONE

0.0293
0.0564

0.1892
0.1641

0.0134

0.0056
0.1180

0.0257

0.0813

0.0718

0.0176

0.0069

AWARENESS
0.0293
0.0564

0.1892
0.1641

0.0134

0.0056
0.1180

0.0257

0.0813

0.0718

0.0176

0.0069

FATIGUE
0.0293
0.0564

0.1892
0.1641

0.0134

0.0056
0.1180

0.0257

0.0813

0.0718

0.0176

0.0069

TRAINING
0.0293
0.0564

0.1892
0.1641

0.0134

0.0056
0.1180

0.0257

0.0813

0.0718

0.0176

0.0069
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Table F.34: 32th Power of Limit Matrix 4 (Likelihood-Decision Maker 2)

HUMAN
HAZARDS

OPERATIONAL
HAZARDS

AWARENESS
FATIGUE

TRAINING
FAILURE OF
AUXILIARY
SYSTEMS

FAILURE OF
COMMUNICATION
OR ESD

HOSE RUPTURE

INAPPROPRIATE
COOLING OF
BUNKER LINE
INAPPROPRIATE
INERTING OF
HOSE OR BUNKER
LINE
INCORRECT
SEQUENCE

LNG TRAPPED IN
PIPE

LOSS OF BUNKER
VEHICLE POWER

0.0130
0.0296

0.0373

0.0375

0.0141
0.0000

0.0009

0.0160

0.0436

0.0149

0.0138

0.0130
0.0296

0.0373

0.0375

0.0141
0.0000

0.0009

0.0160

0.0436

0.0149

0.0138

0.0130
0.0296

0.0373

0.0375

0.0141
0.0000

0.0009

0.0160

0.0436

0.0149

0.0138

0.0130
0.0296

0.0373

0.0375

0.0141
0.0000

0.0009

0.0160

0.0436

0.0149

0.0138

0.0130
0.0296

0.0373

0.0375

0.0141
0.0000

0.0009

0.0160

0.0436

0.0149

0.0138

0.0130
0.0296

0.0373

0.0375

0.0141
0.0000

0.0009

0.0160

0.0436

0.0149

0.0138

0.0130
0.0296

0.0373

0.0375

0.0141
0.0000

0.0009

0.0160

0.0436

0.0149

0.0138

0.0130
0.0296

0.0373

0.0375

0.0141
0.0000

0.0009

0.0160

0.0436

0.0149

0.0138
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Table F.35: 32th Power of Limit Matrix 5 (Likelihood-Decision Maker 2)

OPERATIONAL HAZARDS
FAILURE INAPPROPRIATE LOSS OF
OF FAILURE OF INAPPROPRIATE  INERTING OF LNG BUNKER
AUXILIARY COMMUNICATION ~ HOSE COOLING OF HOSE OR INCORRECT ~ TRAPPED  VEHICLE
SYSTEMS  ORESD RUPTURE  BUNKER LINE BUNKER LINE SEQUENCE INPIPE  POWER
FIRE ON PIER /
BUNKER VESSEL 0.0293 0.0293  0.0293 0.0293 0.0293 0.0293  0.0293  0.0293
ALTERNATIVES FIRE ON SHIP 0.0564 0.0564  0.0564 0.0564 0.0564 0.0564  0.0564  0.0564
LNG LEAKS 0.1892 0.1892  0.1892 0.1892 0.1892 0.1892  0.1892  0.1892
NG LEAKS 0.1641 0.1641  0.1641 0.1641 0.1641 0.1641  0.1641  0.1641
BREAKAWAY
COUPLING
CONNECTION  DISCONNECTION 0.0134 0.0134  0.0134 0.0134 0.0134 0.0134  0.0134  0.0134
HAZARDS DRY COUPLING
DISCONNECTION 0.0056 0.0056  0.0056 0.0056 0.0056 0.0056  0.0056  0.0056
MISHANDLING 0.1180 0.1180  0.1180 0.1180 0.1180 0.1180  0.1180  0.1180
ELECTRICAL
EQUIPMENTS 0.0257 0.0257  0.0257 0.0257 0.0257 0.0257  0.0257  0.0257
EXTREME
WEATHER
CONDITIONS 0.0813 0.0813  0.0813 0.0813 0.0813 0.0813  0.0813  0.0813
ENVIRONMENTAL ~ SHIP / TRUCK
HAZARDS MOVEMENT 0.0718 0.0718  0.0718 0.0718 0.0718 0.0718  0.0718  0.0718
SIMULTANOUS
OPERATIONS 0.0176 0.0176  0.0176 0.0176 0.0176 0.0176  0.0176  0.0176
UNAUTHORIZED
TRAFFIC IN
SECURITY ZONE 0.0069 0.0069  0.0069 0.0069 0.0069 0.0069  0.0069  0.0069
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Table F.36: 32th Power of Limit Matrix 6 (Likelihood-Decision Maker 2)

HUMAN
HAZARDS

OPERATIONAL
HAZARDS

AWARENESS
FATIGUE

TRAINING
FAILURE OF
AUXILIARY
SYSTEMS

FAILURE OF
COMMUNICATION
OR ESD

HOSE RUPTURE

INAPPROPRIATE
COOLING OF
BUNKER LINE
INAPPROPRIATE
INERTING OF
HOSE OR BUNKER
LINE
INCORRECT
SEQUENCE

LNG TRAPPED IN
PIPE

LOSS OF BUNKER
VEHICLE POWER

0.0130
0.0296

0.0373

0.0375

0.0141
0.0000

0.0009

0.0160

0.0436

0.0149

0.0138

0.0130
0.0296

0.0373

0.0375

0.0141
0.0000

0.0009

0.0160

0.0436

0.0149

0.0138

0.0130
0.0296

0.0373

0.0375

0.0141
0.0000

0.0009

0.0160

0.0436

0.0149

0.0138

0.0130
0.0296

0.0373

0.0375

0.0141
0.0000

0.0009

0.0160

0.0436

0.0149

0.0138

0.0130
0.0296

0.0373

0.0375

0.0141
0.0000

0.0009

0.0160

0.0436

0.0149

0.0138

0.0130
0.0296

0.0373

0.0375

0.0141
0.0000

0.0009

0.0160

0.0436

0.0149

0.0138

0.0130
0.0296

0.0373

0.0375

0.0141
0.0000

0.0009

0.0160

0.0436

0.0149

0.0138

0.0130
0.0296

0.0373

0.0375

0.0141
0.0000

0.0009

0.0160

0.0436

0.0149

0.0138
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Table F.37: Unweighted Matrix 1 (Consequence-Decision Maker 1)

ALTERNATIVES CONNECTION HAZARDS
FIRE ON
PIER / BREAKAWAY
BUNKER  FIREON LNG COUPLING DRY COUPLING
VESSEL SHIP LEAKS NG LEAKS  DISCONNECTION DISCONNECTION MISHANDLING
FIRE ON PIER / BUNKER
VESSEL 0.0000 0.0000 0.0000 0.0000
ALTERNATIVES FIRE ON SHIP 0.0000 0.0000 0.0000 0.0000
LNG LEAKS 0.0000
NG LEAKS 0.0000
BREAKAWAY COUPLING
DISCONNECTION 0.0000 0.0000
CONNECTION
HAZARDS DRY COUPLING
DISCONNECTION 0.0000
MISHANDLING 0.0000
ELECTRICAL
EQUIPMENTS 0.0000
EXTREME WEATHER
CONDITIONS 0.0000
SHIP / TRUCK
ENVIRONMENTAL
HAZARDS MOVEMENT 0.0000

SIMULTANOUS
OPERATIONS 0.0000
UNAUTHORIZED TRAFFIC
IN SECURITY ZONE 0.0000
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Table F.38: Unweighted Matrix 2 (Consequence-Decision Maker 1)

AWARENESS 0.0000 0.0000 0.0000 0.0000

HUMAN HAZARDS FATIGUE 0.0000 0.0000 0.0000 0.0000
TRAINING 0.0000 0.0000 0.0000 0.0000
FAILURE OF AUXILIARY
SYSTEMS 0.0000 0.0000 0.0000 0.0000 0.0000
FAILURE OF
COMMUNICATION OR
ESD 0.0000 0.0000 0.0000 0.0000 0.0000
HOSE RUPTURE 0.0000 0.0000 0.0000 0.0000 0.0000
INAPPROPRIATE

OPERATIONAL COOLING OF BUNKER
HAZARDS LINE 0.0000 0.0000 0.0000 0.0000 0.0000

INAPPROPRIATE
INERTING OF HOSE OR
BUNKER LINE 0.0000 0.0000 0.0000 0.0000 0.0000
INCORRECT SEQUENCE 0.0000 0.0000 0.0000 0.0000 0.0000
LNG TRAPPED IN PIPE 0.0000 0.0000 0.0000 0.0000 0.0000
LOSS OF BUNKER
VEHICLE POWER 0.0000 0.0000 0.0000 0.0000 0.0000

197



Table F.39: Unweighted Matrix 3 (Consequence-Decision Maker 1)

ENVIRONMENTAL HAZARDS HUMAN HAZARDS
EXTREME SHIP / UNAUTHORIZED
ELECTRICAL WEATHER TRUCK SIMULTANOUS  TRAFFICIN

EQUIPMENTS CONDITIONS MOVEMENT OPERATIONS SECURITY ZONE ~ AWARENESS FATIGUE TRAINING

FIRE ON PIER /
BUNKER VESSEL
ALTERNATIVES FIRE ON SHIP
LNG LEAKS

NG LEAKS
BREAKAWAY
COUPLING
CONNECTION DISCONNECTION 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000

HAZARDS DRY COUPLING
DISCONNECTION 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000

MISHANDLING 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000

ELECTRICAL

EQUIPMENTS 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
EXTREME

WEATHER

CONDITIONS 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000

ENVIRONMENTAL SHIP / TRUCK
HAZARDS MOVEMENT 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000

SIMULTANOUS
OPERATIONS 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000

UNAUTHORIZED
TRAFFICIN
SECURITY ZONE 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
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Table F.40: Unweighted Matrix 4 (Consequence-Decision Maker 1)

AWARENESS 02858 0.0000  0.0000 0.0000  0.0000

HUMAN HAZARDS ~ FATIGUE 0.0000 0.0000  0.0000 0.0000 0.0000  0.0000
TRAINING . 07142 0.0000  0.0000 0.0000  0.0000  0.0000
FAILURE OF AUXILIARY
SYSTEMS 0.0000 0.0000 00000 00000 00000 00000 00000  0.0000
FAILURE OF
COMMUNICATION OR
ESD 0.0000 0.0000 00000 00000 00000 00000  0.0000  0.0000
HOSE RUPTURE 0.0000 0.0000 00000 00000 00000 00000  0.0000  0.0000
INAPPROPRIATE

OPERATIONAL  COOLING OF BUNKER
HAZARDS LINE 0.0000 0.0000 00000 00000 00000 00000  0.0000  0.0000

INAPPROPRIATE
INERTING OF HOSE OR
BUNKER LINE 0.0000 0.0000 00000 00000 00000 00000 00000  0.0000
INCORRECT SEQUENCE 0.0000 0.0000 00000 00000 00000 00000 00000  0.0000
LNG TRAPPED IN PIPE 0.0000 0.0000 00000 00000 00000 00000 00000  0.0000
LOSS OF BUNKER
VEHICLE POWER 0.0000 0.0000 00000 00000  0.0000  0.0000  0.0000  0.0000
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Table F.41: Unweighted Matrix 5 (Consequence-Decision Maker 1)

OPERATIONAL HAZARDS
FAILURE INAPPROPRIATE LOSS OF
OF FAILURE OF INAPPROPRIATE  INERTING OF LNG BUNKER
AUXILIARY COMMUNICATION  HOSE COOLING OF HOSE OR INCORRECT ~ TRAPPED  VEHICLE
SYSTEMS  ORESD RUPTURE  BUNKER LINE BUNKER LINE SEQUENCE INPIPE  POWER
FIRE ON PIER /
BUNKER VESSEL
ALTERNATIVES FIRE ON SHIP
LNG LEAKS
NG LEAKS
BREAKAWAY
COUPLING
CONNECTION  DISCONNECTION 0.0000 0.0000  0.0000 0.0000 0.0000 0.0000 0.0000
HAZARDS DRY COUPLING
DISCONNECTION 0.0000 0.0000  0.0000 0.0000 0.0000 0.0000  0.0000  0.0000
MISHANDLING 0.0000 0.0000  0.0000 0.0000 0.0000 0.0000  0.0000  0.0000
ELECTRICAL
EQUIPMENTS 0.0000 0.0000  0.0000 0.0000 0.0000 0.0000  0.0000  0.0000
EXTREME
WEATHER
CONDITIONS 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
ENVIRONMENTAL  SHIP / TRUCK
HAZARDS MOVEMENT 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
SIMULTANOUS
OPERATIONS 0.0000 0.0000  0.0000 0.0000 0.0000 0.0000  0.0000  0.0000
UNAUTHORIZED
TRAFFIC IN
SECURITY ZONE 0.0000 0.0000  0.0000 0.0000 0.0000 0.0000  0.0000  0.0000
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Table F.42: Unweighted Matrix 6 (Consequence-Decision Maker 1)

HUMAN HAZARDS

OPERATIONAL
HAZARDS

AWARENESS

FATIGUE

TRAINING

FAILURE OF AUXILIARY
SYSTEMS

FAILURE OF
COMMUNICATION OR
ESD

HOSE RUPTURE
INAPPROPRIATE
COOLING OF BUNKER
LINE

INAPPROPRIATE
INERTING OF HOSE OR
BUNKER LINE
INCORRECT SEQUENCE
LNG TRAPPED IN PIPE
LOSS OF BUNKER
VEHICLE POWER

0.0000

0.0000

0.0000

0.0000

0.0000
0.0000

0.0000

0.0000
0.0000
0.0000

0.0000

0.0000
0.0000
0.0000

0.0000

0.0000
0.0000

0.0000

0.0000
0.0000
0.0000

0.0000

0.0000

0.0000

0.0000

0.0000
0.0000

0.0000

0.0000
0.0000
0.0000

0.0000

0.0000

0.0000

0.0000

0.0000

0.0000
0.0000

0.0000

0.0000
0.0000
0.0000

0.0000

0.0000
0.0000

0.0000

0.0000
0.0000

0.0000

0.0000
0.0000

0.0000

0.0000
0.0000
0.0000

0.0000
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0.0000
0.0000
0.0000

0.0000

0.0000
0.0000

0.0000
0.0000
0.0000

0.0000

0.0000

0.0000

0.0000

0.0000
0.0000

0.0000

0.0000
0.0000
0.0000

0.0000



Table F.43: Normalized Weighted Matrix 1 (Consequence-Decision Maker 1)

ALTERNATIVES CONNECTION HAZARDS
FIRE ON PIER BREAKAWAY
/ BUNKER FIRE ON LNG COUPLING DRY COUPLING
VESSEL SHIP LEAKS NG LEAKS  DISCONNECTION DISCONNECTION MISHANDLING
FIRE ON PIER / BUNKER
VESSEL 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
ALTERNATIVES FIRE ON SHIP 0.0000 0.0000 0.0000 0.0000 0.0601 0.0302 0.0783
LNG LEAKS 0.3635 0.3635 0.0000 0.2087 0.1887 0.1954 0.2459
NG LEAKS 0.1455 0.1455 0.0000 0.0000 0.1458 0.1691 0.1900
BREAKAWAY COUPLING
DISCONNECTION 0.0000 0.0000 0.0000 0.1860 0.0000 0.0000 0.0000
CONNECTION
HAZARDS DRY COUPLING
DISCONNECTION 0.0000 0.0000 0.1089 0.0000 0.0000 0.0000 0.0000
MISHANDLING 0.0000 0.0000 0.1455 0.0153 0.0000 0.0000 0.0000
ELECTRICAL
EQUIPMENTS 0.3118 0.3507 0.0000 0.0000 0.0000 0.0000 0.0000
EXTREME WEATHER
CONDITIONS 0.0000 0.0000 0.0194 0.0153 0.1730 0.1730 0.0000
ENVIRONMENTAL SHIP / TRUCK
HAZARDS MOVEMENT 0.0000 0.0000 0.2351 0.1860 0.4323 0.4323 0.0000
SIMULTANOUS
OPERATIONS 0.1515 0.1403 0.0000 0.0000 0.0000 0.0000 0.0000
UNAUTHORIZED TRAFFIC
IN SECURITY ZONE 0.0277 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
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Table F.44: Normalized Weighted Matrix 2 (Consequence-Decision Maker 1)

AWARENESS 0.0000 0.0000 0.0508 0.0402 0.0000 0.0000 0.1499

HUMAN HAZARDS FATIGUE 0.0000 0.0000 0.0886 0.0701 0.0000 0.0000 0.0274

TRAINING 0.0000 0.0000 0.1150 0.0910 0.0000 0.0000 0.3084

FAILURE OF AUXILIARY SYSTEMS 0.0000 0.0000 0.0000 0.0282 0.0000 0.0000 0.0000

FAILURE OF COMMUNICATION OR ESD 0.0000 0.0000 0.0000 0.0036 0.0000 0.0000 0.0000

HOSE RUPTURE 0.0000 0.0000 0.1760 0.0000 0.0000 0.0000 0.0000

OPERATIONAL NAPPROPRIATE COOLING OF BUNKER LINE 0.0000 0.0000 0.0000 0.0362 0.0000 0.0000 0.0000

HAZARDS

INAPPROPRIATE INERTING OF HOSE OR

BUNKER LINE 0.0000 0.0000 0.0000 0.0326 0.0000 0.0000 0.0000

INCORRECT SEQUENCE 0.0000 0.0000 0.0606 0.0381 0.0000 0.0000 0.0000

LNG TRAPPED IN PIPE 0.0000 0.0000 0.0000 0.0308 0.0000 0.0000 0.0000

LOSS OF BUNKER VEHICLE POWER 0.0000 0.0000 0.0000 0.0177 0.0000 0.0000 0.0000
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Table F.45: Normalized Weighted Matrix 3 (Consequence-Decision Maker 1)

ENVIRONMENTAL HAZARDS

HUMAN HAZARDS

ALTERNATIVES

CONNECTION
HAZARDS

ENVIRONMENTAL
HAZARDS

FIRE ON PIER /
BUNKER VESSEL
FIRE ON SHIP
LNG LEAKS
NG LEAKS
BREAKAWAY
COUPLING
DISCONNECTION
DRY COUPLING
DISCONNECTION
MISHANDLING
ELECTRICAL
EQUIPMENTS
EXTREME WEATHER
CONDITIONS
SHIP / TRUCK
MOVEMENT
SIMULTANOUS
OPERATIONS

UNAUTHORIZED
TRAFFIC IN SECURITY
ZONE

ELECTRICAL
EQUIPMENTS

0.1183
0.1754
0.0064
0.0064

0.0000

0.0000
0.0000

0.0000

0.0000

0.0000

0.0000

0.0000

EXTREME
WEATHER
CONDITIONS

0.0442
0.0442
0.4778
0.4338

0.0000

0.0000
0.0000

0.0000

0.0000

0.0000

0.0000

0.0000

SHIP /
TRUCK
MOVEMENT

0.0074
0.0074

0.0795
0.0722

0.0000

0.0000
0.0000

0.0000

0.8335

0.0000

0.0000

0.0000

SIMULTANOUS
OPERATIONS

0.0837
0.0909

0.0659
0.0659

0.0000

0.0000
0.0000

0.0000

0.0000

0.0000

0.0000

0.0000

UNAUTHORIZED
TRAFFIC IN
SECURITY ZONE

0.0909
0.0837

0.0659
0.0659

0.0000

0.0000
0.0000

0.0000

0.0000

0.0000

0.0000

0.0000

AWARENESS
0.0882
0.0882

0.1820
0.1417

0.0000

0.0000
0.0000

0.0000

0.0000

0.0000

0.0000

0.0000

FATIGUE
0.1764
0.1764

0.3639
0.2833

0.0000

0.0000
0.0000

0.0000

0.0000

0.0000

0.0000

0.0000

TRAINING
0.1764
0.1764

0.3639
0.2833

0.0000

0.0000
0.0000

0.0000

0.0000

0.0000

0.0000

0.0000
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Table F.46: Normalized Weighted Matrix 4 (Consequence-Decision Maker 1)

HUMAN HAZARDS

OPERATIONAL
HAZARDS

AWARENESS

FATIGUE

TRAINING

FAILURE OF AUXILIARY
SYSTEMS

FAILURE OF
COMMUNICATION OR
ESD

HOSE RUPTURE
INAPPROPRIATE

COOLING OF BUNKER
LINE

INAPPROPRIATE
INERTING OF HOSE OR
BUNKER LINE

INCORRECT SEQUENCE
LNG TRAPPED IN PIPE

LOSS OF BUNKER
VEHICLE POWER

0.1982

0.0000

0.4953

0.0000

0.0000
0.0000

0.0000

0.0000
0.0000
0.0000

0.0000

0.0000

0.0000

0.0000

0.0000

0.0000
0.0000

0.0000

0.0000
0.0000
0.0000

0.0000

0.0000

0.0000

0.0000

0.0000

0.0000
0.0000

0.0000

0.0000
0.0000
0.0000

0.0000

0.1982

0.0000

0.4953

0.0000

0.0000
0.0000

0.0000

0.0000
0.0000
0.0000

0.0000

0.1982

0.0000

0.4953

0.0000

0.0000
0.0000

0.0000

0.0000
0.0000
0.0000

0.0000

0.0000

0.5000

0.0000

0.0000

0.0000
0.0000

0.0000

0.0000
0.0000
0.0000

0.0000

0.0000

0.0000

0.0000

0.0000

0.0000
0.0000

0.0000

0.0000
0.0000
0.0000

0.0000

0.0000

0.0000

0.0000

0.0000

0.0000
0.0000

0.0000

0.0000
0.0000
0.0000

0.0000
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Table F.47: Normalized Weighted Matrix 5 (Consequence-Decision Maker 1)

OPERATIONAL HAZARDS
FAILURE INAPPROPRIATE LOSS OF
OF INAPPROPRIATE  INERTING OF LNG BUNKER
AUXILIARY  COMMUNICATION ~ HOSE COOLING OF HOSE OR INCORRECT ~ TRAPPED  VEHICLE
SYSTEMS RUPTURE BUNKERLINE ~ BUNKERLINE ~ SEQUENCE INPIPE  POWER
FIRE ON PIER /
BUNKER VESSEL 0.1448 0.0763  0.0000 0.0000 0.0000 0.0000  0.0101  0.3363
ALTERNATIVES FIRE ON SHIP 0.1448 0.0763  0.0664 0.1523 0.0803 00775  0.0375  0.2301
LNG LEAKS 0.3717 0.1959  0.2291 0.4782 0.2521 02434  0.0415  0.1042
NG LEAKS 0.3388 0.1786  0.2135 0.3695 0.1948 01881  0.0415  0.3294
BREAKAWAY
COUPLING
CONNECTION  DISCONNECTION 0.0000 0.0000  0.0000 0.0000 0.0000 0.0000  0.6261  0.0000
HAZARDS DRY COUPLING
DISCONNECTION 0.0000 0.0000  0.0000 0.0000 0.0000 0.0000  0.0000  0.0000
MISHANDLING 0.0000 0.0000  0.0000 0.0000 0.0000 0.0000  0.0000  0.0000
ELECTRICAL
EQUIPMENTS 0.0000 0.0000  0.0000 0.0000 0.0000 0.0000  0.0000  0.0000
EXTREME
WEATHER
CONDITIONS 0.0000 0.0000  0.1403 0.0000 0.0000 0.0000  0.0900  0.0000
ENVIRONMENTAL ~ SHIP / TRUCK
HAZARDS MOVEMENT 0.0000 0.0000  0.3507 0.0000 0.0000 0.0000  0.0360  0.0000
SIMULTANOUS
OPERATIONS 0.0000 0.0000  0.0000 0.0000 0.0000 0.0000  0.0000  0.0000
UNAUTHORIZED
TRAFFIC IN
SECURITY ZONE 0.0000 0.0000  0.0000 0.0000 0.0000 0.0000  0.0000  0.0000
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Table F.48: Normalized Weighted Matrix 6 (Consequence-Decision Maker 1)

HUMAN HAZARDS

OPERATIONAL
HAZARDS

AWARENESS

FATIGUE

TRAINING

FAILURE OF AUXILIARY
SYSTEMS

FAILURE OF
COMMUNICATION OR
ESD

HOSE RUPTURE
INAPPROPRIATE

COOLING OF BUNKER
LINE

INAPPROPRIATE
INERTING OF HOSE OR
BUNKER LINE

INCORRECT SEQUENCE
LNG TRAPPED IN PIPE

LOSS OF BUNKER
VEHICLE POWER

0.0000

0.0000

0.0000

0.0000

0.0000
0.0000

0.0000

0.0000
0.0000
0.0000

0.0000

0.0000

0.0000

0.0000

0.0000

0.0000
0.0000

0.0000

0.0000
0.0000
0.0000

0.4728

0.0000

0.0000

0.0000

0.0000

0.0000
0.0000

0.0000

0.0000
0.0000
0.0000

0.0000

0.0000

0.0000

0.0000

0.0000

0.0000
0.0000

0.0000

0.0000
0.0000
0.0000

0.0000

0.0000

0.0000

0.0000

0.1351

0.0000
0.0000

0.0000

0.0000
0.0000
0.3377

0.0000

0.0899

0.0937

0.3074

0.0000

0.0000
0.0000

0.0000

0.0000
0.0000
0.0000

0.0000

0.0000

0.0000

0.0000

0.0000

0.0000
0.0000

0.0837

0.0000
0.0000
0.0000

0.0335

0.0000

0.0000

0.0000

0.0000

0.0000
0.0000

0.0000

0.0000
0.0000
0.0000

0.0000
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Table F.49: 32th Power of Limit Matrix 1 (Consequence-Decision Maker 1)

ALTERNATIVES CONNECTION HAZARDS
FIRE ON
PIER / BREAKAWAY
BUNKER FIRE ON LNG COUPLING DRY COUPLING
VESSEL SHIP LEAKS NG LEAKS ~ DISCONNECTION DISCONNECTION MISHANDLING
FIRE ON PIER / BUNKER
VESSEL 0.0352 0.0352 0.0352 0.0352 0.0352 0.0352 0.0352
ALTERNATIVES FIRE ON SHIP 0.0467 0.0467 0.0467 0.0467 0.0467 0.0467 0.0467
LNG LEAKS 0.2071 0.2071 0.2071 0.2071 0.2071 0.2071 0.2071
NG LEAKS 0.1383 0.1383 0.1383 0.1383 0.1383 0.1383 0.1383
BREAKAWAY COUPLING
DISCONNECTION 0.0293 0.0293 0.0293 0.0293 0.0293 0.0293 0.0293
CONNECTION
HAZARDS DRY COUPLING
DISCONNECTION 0.0226 0.0226 0.0226 0.0226 0.0226 0.0226 0.0226
MISHANDLING 0.0323 0.0323 0.0323 0.0323 0.0323 0.0323 0.0323
ELECTRICAL
EQUIPMENTS 0.0274 0.0274 0.0274 0.0274 0.0274 0.0274 0.0274
EXTREME WEATHER
CONDITIONS 0.1123 0.1123 0.1123 0.1123 0.1123 0.1123 0.1123
SHIP / TRUCK
ENVIRONMENTAL ) eMENT 0.1098 0.1098 0.1098 0.1098 0.1098 0.1098 0.1098
HAZARDS
SIMULTANOUS
OPERATIONS 0.0119 0.0119 0.0119 0.0119 0.0119 0.0119 0.0119
UNAUTHORIZED TRAFFIC
IN SECURITY ZONE 0.0010 0.0010 0.0010 0.0010 0.0010 0.0010 0.0010
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Table F.50: 32th Power of Limit Matrix 2 (Consequence-Decision Maker 1)

AWARENESS 0.0305 0.0305 0.0305 0.0305 0.0305 0.0305 0.0305

HUMAN HAZARDS  FATIGUE 0.0459 0.0459 0.0459 0.0459 0.0459 0.0459 0.0459
TRAINING 0.0718 0.0718 0.0718 0.0718 0.0718 0.0718 0.0718
FAILURE OF AUXILIARY
SYSTEMS 0.0045 0.0045 0.0045 0.0045 0.0045 0.0045 0.0045
FAILURE OF
COMMUNICATION OR
ESD 0.0005 0.0005 0.0005 0.0005 0.0005 0.0005 0.0005
HOSE RUPTURE 0.0365 0.0365 0.0365 0.0365 0.0365 0.0365 0.0365
INAPPROPRIATE

OPERATIONAL COOLING OF BUNKER
HAZARDS LINE 0.0055 0.0055 0.0055 0.0055 0.0055 0.0055 0.0055

INAPPROPRIATE
INERTING OF HOSE OR
BUNKER LINE 0.0045 0.0045 0.0045 0.0045 0.0045 0.0045 0.0045
INCORRECT SEQUENCE 0.0178 0.0178 0.0178 0.0178 0.0178 0.0178 0.0178
LNG TRAPPED IN PIPE 0.0058 0.0058 0.0058 0.0058 0.0058 0.0058 0.0058
LOSS OF BUNKER
VEHICLE POWER 0.0029 0.0029 0.0029 0.0029 0.0029 0.0029 0.0029
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Table F.51: 32th Power of Limit Matrix 3 (Consequence-Decision Maker 1)

ENVIRONMENTAL HAZARDS

HUMAN HAZARDS

ALTERNATIVES

CONNECTION
HAZARDS

ENVIRONMENTAL
HAZARDS

FIRE ON PIER /
BUNKER VESSEL
FIRE ON SHIP
LNG LEAKS
NG LEAKS

BREAKAWAY
COUPLING
DISCONNECTION

DRY COUPLING
DISCONNECTION

MISHANDLING

ELECTRICAL
EQUIPMENTS
EXTREME
WEATHER
CONDITIONS
SHIP / TRUCK
MOVEMENT
SIMULTANOUS
OPERATIONS

UNAUTHORIZED
TRAFFIC IN
SECURITY ZONE

ELECTRICAL
EQUIPMENTS

0.0352
0.0467
0.2071
0.1383

0.0293

0.0226
0.0323

0.0274

0.1123

0.1098

0.0119

0.0010

EXTREME
WEATHER
CONDITIONS

0.0352
0.0467

0.2071
0.1383

0.0293

0.0226
0.0323

0.0274

0.1123

0.1098

0.0119

0.0010

SHIP /
TRUCK
MOVEMENT

0.0352
0.0467

0.2071
0.1383

0.0293

0.0226
0.0323

0.0274

0.1123

0.1098

0.0119

0.0010

SIMULTANOUS
OPERATIONS

0.0352
0.0467

0.2071
0.1383

0.0293

0.0226
0.0323

0.0274

0.1123

0.1098

0.0119

0.0010

UNAUTHORIZED
TRAFFICIN
SECURITY ZONE

0.0352
0.0467

0.2071
0.1383

0.0293

0.0226
0.0323

0.0274

0.1123

0.1098

0.0119

0.0010

AWARENESS
0.0352
0.0467

0.2071
0.1383

0.0293

0.0226
0.0323

0.0274

0.1123

0.1098

0.0119

0.0010

FATIGUE
0.0352
0.0467

0.2071
0.1383

0.0293

0.0226
0.0323

0.0274

0.1123

0.1098

0.0119

0.0010

TRAINING
0.0352
0.0467

0.2071
0.1383

0.0293

0.0226
0.0323

0.0274

0.1123

0.1098

0.0119

0.0010
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Table F.52: 32th Power of Limit Matrix 4 (Consequence-Decision Maker 1)

HUMAN HAZARDS

OPERATIONAL
HAZARDS

AWARENESS
FATIGUE

TRAINING

FAILURE OF AUXILIARY
SYSTEMS

FAILURE OF
COMMUNICATION OR
ESD

HOSE RUPTURE

INAPPROPRIATE
COOLING OF BUNKER
LINE

INAPPROPRIATE

INERTING OF HOSE OR
BUNKER LINE

INCORRECT SEQUENCE
LNG TRAPPED IN PIPE

LOSS OF BUNKER
VEHICLE POWER

0.0305
0.0459

0.0718

0.0045

0.0005
0.0365

0.0055

0.0045
0.0178
0.0058

0.0029

0.0305
0.0459

0.0718

0.0045

0.0005
0.0365

0.0055

0.0045
0.0178
0.0058

0.0029

0.0305
0.0459

0.0718

0.0045

0.0005
0.0365

0.0055

0.0045
0.0178
0.0058

0.0029

0.0305
0.0459

0.0718

0.0045

0.0005
0.0365

0.0055

0.0045
0.0178
0.0058

0.0029

0.0305
0.0459

0.0718

0.0045

0.0005
0.0365

0.0055

0.0045
0.0178
0.0058

0.0029

0.0305
0.0459

0.0718

0.0045

0.0005
0.0365

0.0055

0.0045
0.0178
0.0058

0.0029

0.0305
0.0459

0.0718

0.0045

0.0005
0.0365

0.0055

0.0045
0.0178
0.0058

0.0029

0.0305
0.0459

0.0718

0.0045

0.0005
0.0365

0.0055

0.0045
0.0178
0.0058

0.0029
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Table F.53: 32th Power of Limit Matrix 5 (Consequence-Decision Maker 1)

OPERATIONAL HAZARDS
FAILURE INAPPROPRIATE LOSS OF
OF INAPPROPRIATE  INERTING OF LNG BUNKER
AUXILIARY COMMUNICATION HOSE COOLING OF HOSE OR INCORRECT TRAPPED VEHICLE
SYSTEMS RUPTURE  BUNKER LINE BUNKER LINE SEQUENCE  IN PIPE POWER
FIRE ON PIER /
BUNKER VESSEL 0.0352 0.0352 0.0352 0.0352 0.0352 0.0352 0.0352  0.0352
ALTERNATIVES FIRE ON SHIP 0.0467 0.0467 0.0467 0.0467 0.0467 0.0467 0.0467  0.0467
LNG LEAKS 0.2071 0.2071 0.2071 0.2071 0.2071 0.2071 0.2071  0.2071
NG LEAKS 0.1383 0.1383 0.1383 0.1383 0.1383 0.1383 0.1383  0.1383
BREAKAWAY
COUPLING
CONNECTION DISCONNECTION 0.0293 0.0293 0.0293 0.0293 0.0293 0.0293 0.0293  0.0293
HAZARDS DRY COUPLING
DISCONNECTION 0.0226 0.0226 0.0226 0.0226 0.0226 0.0226 0.0226  0.0226
MISHANDLING 0.0323 0.0323 0.0323 0.0323 0.0323 0.0323 0.0323  0.0323
ELECTRICAL
EQUIPMENTS 0.0274 0.0274 0.0274 0.0274 0.0274 0.0274 0.0274  0.0274
EXTREME
WEATHER
CONDITIONS 0.1123 0.1123 0.1123 0.1123 0.1123 0.1123 0.1123  0.1123
ENVIRONMENTAL SHIP / TRUCK
HAZARDS MOVEMENT 0.1098 0.1098 0.1098 0.1098 0.1098 0.1098 0.1098  0.1098
SIMULTANOUS
OPERATIONS 0.0119 0.0119 0.0119 0.0119 0.0119 0.0119 0.0119  0.0119
UNAUTHORIZED
TRAFFIC IN
SECURITY ZONE 0.0010 0.0010 0.0010 0.0010 0.0010 0.0010 0.0010  0.0010
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Table F.54: 32th Power of Limit Matrix 6 (Consequence-Decision Maker 1)

HUMAN HAZARDS

OPERATIONAL
HAZARDS

AWARENESS
FATIGUE

TRAINING

FAILURE OF AUXILIARY
SYSTEMS

FAILURE OF
COMMUNICATION OR
ESD

HOSE RUPTURE

INAPPROPRIATE
COOLING OF BUNKER
LINE

INAPPROPRIATE

INERTING OF HOSE OR
BUNKER LINE

INCORRECT SEQUENCE
LNG TRAPPED IN PIPE

LOSS OF BUNKER
VEHICLE POWER

0.0305
0.0459

0.0718

0.0045

0.0005
0.0365

0.0055

0.0045
0.0178
0.0058

0.0029

0.0305
0.0459

0.0718

0.0045

0.0005
0.0365

0.0055

0.0045
0.0178
0.0058

0.0029

0.0305
0.0459

0.0718

0.0045

0.0005
0.0365

0.0055

0.0045
0.0178
0.0058

0.0029

0.0305
0.0459

0.0718

0.0045

0.0005
0.0365

0.0055

0.0045
0.0178
0.0058

0.0029

0.0305
0.0459

0.0718

0.0045

0.0005
0.0365

0.0055

0.0045
0.0178
0.0058

0.0029

0.0305
0.0459

0.0718

0.0045

0.0005
0.0365

0.0055

0.0045
0.0178
0.0058

0.0029

0.0305
0.0459

0.0718

0.0045

0.0005
0.0365

0.0055

0.0045
0.0178
0.0058

0.0029

0.0305
0.0459

0.0718

0.0045

0.0005
0.0365

0.0055

0.0045
0.0178
0.0058

0.0029
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Table F.55: Unweighted Matrix 1 (Likelihood-Decision Maker 1)

ALTERNATIVES CONNECTION HAZARDS
FIRE ON
PIER / BREAKAWAY
BUNKER  FIREON LNG COUPLING DRY COUPLING
VESSEL SHIP LEAKS NG LEAKS  DISCONNECTION DISCONNECTION MISHANDLING
FIRE ON PIER / BUNKER
VESSEL 0.0000 0.0000 0.0000 0.0000
ALTERNATIVES FIRE ON SHIP 0.0000 0.0000 0.0000 0.0000
LNG LEAKS 0.0000
NG LEAKS 0.0000
BREAKAWAY COUPLING
DISCONNECTION 0.0000 0.0000
CONNECTION
HAZARDS DRY COUPLING
DISCONNECTION 0.0000
MISHANDLING 0.0000
ELECTRICAL
EQUIPMENTS 0.0000
EXTREME WEATHER
CONDITIONS 0.0000
SHIP / TRUCK
ENVIRONMENTAL
HAZARDS MOVEMENT 0.0000

SIMULTANOUS
OPERATIONS 0.0000
UNAUTHORIZED TRAFFIC
IN SECURITY ZONE 0.0000
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Table F.56: Unweighted Matrix 2 (Likelihood-Decision Maker 1)

AWARENESS 0.0000 0.0000 0.0000 0.0000

HUMAN HAZARDS FATIGUE 0.0000 0.0000 0.0000 0.0000
TRAINING 0.0000 0.0000 0.0000 0.0000
FAILURE OF AUXILIARY
SYSTEMS 0.0000 0.0000 0.0000 0.0000 0.0000
FAILURE OF
COMMUNICATION OR
ESD 0.0000 0.0000 0.0000 0.0000 0.0000
HOSE RUPTURE 0.0000 0.0000 0.0000 0.0000 0.0000
INAPPROPRIATE

OPERATIONAL COOLING OF BUNKER
HAZARDS LINE 0.0000 0.0000 0.0000 0.0000 0.0000

INAPPROPRIATE
INERTING OF HOSE OR
BUNKER LINE 0.0000 0.0000 0.0000 0.0000 0.0000
INCORRECT SEQUENCE 0.0000 0.0000 0.0000 0.0000 0.0000
LNG TRAPPED IN PIPE 0.0000 0.0000 0.0000 0.0000 0.0000
LOSS OF BUNKER
VEHICLE POWER 0.0000 0.0000 0.0000 0.0000 0.0000
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Table F.57: Unweighted Matrix 3 (Likelihood-Decision Maker 1)

ENVIRONMENTAL HAZARDS HUMAN HAZARDS
EXTREME SHIP / UNAUTHORIZED
ELECTRICAL WEATHER TRUCK SIMULTANOUS  TRAFFICIN

EQUIPMENTS CONDITIONS MOVEMENT OPERATIONS SECURITY ZONE ~ AWARENESS FATIGUE TRAINING

FIRE ON PIER /
BUNKER VESSEL
ALTERNATIVES FIRE ON SHIP
LNG LEAKS
NG LEAKS
BREAKAWAY
COUPLING
CONNECTION DISCONNECTION 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
HAZARDS DRY COUPLING
DISCONNECTION 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000

MISHANDLING 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000

ELECTRICAL
EQUIPMENTS 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
EXTREME
WEATHER
CONDITIONS 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
ENVIRONMENTAL SHIP / TRUCK
HAZARDS MOVEMENT 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
SIMULTANOUS
OPERATIONS 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000

UNAUTHORIZED
TRAFFIC IN
SECURITY ZONE 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
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Table F.58: Unweighted Matrix 4 (Likelihood-Decision Maker 1)

AWARENESS 00761 0.0000  0.0000

HUMAN HAZARDS  FATIGUE 0.0000 0.0000  0.0000
TRAINING 09239 0.0000  0.0000
FAILURE OF AUXILIARY

0.0000 0.0000
0.0000 0.0000
0.0000 0.0000 0.0000

0.0000

SYSTEMS 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
FAILURE OF
COMMUNICATION OR
ESD 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
HOSE RUPTURE 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
INAPPROPRIATE
OPERATIONAL COOLING OF BUNKER

HAZARDS LINE 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
INAPPROPRIATE
INERTING OF HOSE OR
BUNKER LINE 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
INCORRECT SEQUENCE 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
LNG TRAPPED IN PIPE 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
LOSS OF BUNKER
VEHICLE POWER 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
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Table F.59: Unweighted Matrix 5 (Likelihood-Decision Maker 1)

OPERATIONAL HAZARDS
FAILURE INAPPROPRIATE LOSS OF
OF FAILURE OF INAPPROPRIATE  INERTING OF LNG BUNKER
AUXILIARY ~ COMMUNICATION ~ HOSE COOLING OF HOSE OR INCORRECT ~ TRAPPED  VEHICLE
SYSTEMS  OR ESD RUPTURE  BUNKER LINE BUNKER LINE SEQUENCE  INPIPE  POWER
FIRE ON PIER /
BUNKER VESSEL
ALTERNATIVES FIRE ON SHIP
LNG LEAKS
NG LEAKS
BREAKAWAY
COUPLING
CONNECTION  DISCONNECTION 0.0000 0.0000  0.0000 0.0000 0.0000 0.0000 0.0000
HAZARDS DRY COUPLING
DISCONNECTION 0.0000 0.0000  0.0000 0.0000 0.0000 0.0000  0.0000  0.0000
MISHANDLING 0.0000 0.0000  0.0000 0.0000 0.0000 0.0000  0.0000  0.0000
ELECTRICAL
EQUIPMENTS 0.0000 0.0000  0.0000 0.0000 0.0000 0.0000  0.0000  0.0000
EXTREME
WEATHER
CONDITIONS 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
ENVIRONMENTAL  SHIP / TRUCK
HAZARDS MOVEMENT 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
SIMULTANOUS
OPERATIONS 0.0000 0.0000  0.0000 0.0000 0.0000 0.0000  0.0000  0.0000
UNAUTHORIZED
TRAFFIC IN
SECURITY ZONE 0.0000 0.0000  0.0000 0.0000 0.0000 0.0000  0.0000  0.0000
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Table F.60: Unweighted Matrix 6 (Likelihood-Decision Maker 1)

AWARENESS 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000

HUMAN HAZARDS FATIGUE 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
TRAINING 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
FAILURE OF AUXILIARY
SYSTEMS 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
FAILURE OF
COMMUNICATION OR
ESD 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
HOSE RUPTURE 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
INAPPROPRIATE

OPERATIONAL COOLING OF BUNKER
HAZARDS LINE 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000

INAPPROPRIATE
INERTING OF HOSE OR
BUNKER LINE 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
INCORRECT SEQUENCE 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
LNG TRAPPED IN PIPE 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
LOSS OF BUNKER
VEHICLE POWER 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
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Table F.61: Normalized Weighted Matrix 1 (Likelihood-Decision Maker 1)

ALTERNATIVES CONNECTION HAZARDS
FIRE ON
PIER / BREAKAWAY
BUNKER  FIRE ON LNG NG COUPLING DRY COUPLING
VESSEL SHIP LEAKS LEAKS  DISCONNECTION DISCONNECTION MISHANDLING
FIRE ON PIER /
BUNKER VESSEL 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
ALTERNATIVES FIRE ON SHIP 0.0000 0.0000 0.0000 0.0000 0.0555 0.0555 0.0934
LNG LEAKS 0.0435 0.0435 0.0000 0.2069 0.2316 0.1481 0.2909
NG LEAKS 0.5284 0.5284 0.0000 0.0000 0.1481 0.2316 0.2512
BREAKAWAY
COUPLING
CONNECTION DISCONNECTION 0.0000 0.0000 0.0000 0.0168 0.0000 0.0000 0.0000
HAZARDS DRY COUPLING
DISCONNECTION 0.0000 0.0000 0.0212 0.0000 0.0000 0.0000 0.0000
MISHANDLING 0.0000 0.0000 0.2574 0.2042 0.0000 0.0000 0.0000
ELECTRICAL
EQUIPMENTS 0.2281 0.2140 0.0000 0.0000 0.0000 0.0000 0.0000
EXTREME
WEATHER
CONDITIONS 0.0000 0.0000 0.0000 0.0774 0.0000 0.0430 0.0000
ENVIRONMENTAL  SHIP / TRUCK
HAZARDS MOVEMENT 0.0000 0.0000 0.1952 0.0774 0.5648 0.5218 0.0000
SIMULTANOUS
OPERATIONS 0.0278 0.2140 0.0000 0.0000 0.0000 0.0000 0.0000
UNAUTHORIZED
TRAFFIC IN
SECURITY ZONE 0.1721 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
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Table F.62: Normalized Weighted Matrix 2 (Likelihood-Decision Maker 1)

W AWARENESS 0.0000 0.0000 0.1027 0.0706 0.0000 0.0000 0.0728
HazarDs  FATIGUE 0.0000 0.0000 0.1362 0.0916 0.0000 0.0000 0.1647

TRAINING 0.0000 0.0000 0.0166 0.0405 0.0000 0.0000 0.1269
FAILURE OF
AUXILIARY
SYSTEMS 0.0000 0.0000 0.1088 0.0519 0.0000 0.0000 0.0000
FAILURE OF
COMMUNICATION
OR ESD 0.0000 0.0000 0.0000 0.0331 0.0000 0.0000 0.0000
HOSE RUPTURE 0.0000 0.0000 0.0176 0.0000 0.0000 0.0000 0.0000
INAPPROPRIATE
COOLING OF

OPERATIONAL g yNKER LINE 0.0000 0.0000 0.0000 0.0184 0.0000 0.0000 0.0000

HAZARDS INAPPROPRIATE

INERTING OF
HOSE OR BUNKER
LINE 0.0000 0.0000 0.0000 0.0190 0.0000 0.0000 0.0000
INCORRECT
SEQUENCE 0.0000 0.0000 0.1443 0.0477 0.0000 0.0000 0.0000
LNG TRAPPED IN
PIPE 0.0000 0.0000 0.0000 0.0086 0.0000 0.0000 0.0000
LOSS OF BUNKER
VEHICLE POWER 0.0000 0.0000 0.0000 0.0359 0.0000 0.0000 0.0000
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Table F.63: Normalized Weighted Matrix 3 (Likelihood-Decision Maker 1)

ENVIRONMENTAL HAZARDS

HUMAN HAZARDS

ALTERNATIVES

CONNECTION
HAZARDS

ENVIRONMENTAL
HAZARDS

FIRE ON PIER /
BUNKER VESSEL
FIRE ON SHIP
LNG LEAKS
NG LEAKS

BREAKAWAY
COUPLING
DISCONNECTION

DRY COUPLING
DISCONNECTION

MISHANDLING

ELECTRICAL
EQUIPMENTS

EXTREME
WEATHER
CONDITIONS

SHIP / TRUCK
MOVEMENT

SIMULTANOUS
OPERATIONS
UNAUTHORIZED
TRAFFIC IN
SECURITY ZONE

ELECTRICAL
EQUIPMENTS

0.1296
0.1407
0.1021
0.1021

0.0000

0.0000

0.0000

0.0000

0.0000

0.0000

0.0000

0.0000

EXTREME
WEATHER
CONDITIONS

0.0442
0.0442

0.4778
0.4338

0.0000

0.0000

0.0000

0.0000

0.0000

0.0000

0.0000

0.0000

SHIP /
TRUCK
MOVEMENT

0.0122
0.0122

0.1324
0.1202

0.0000

0.0000

0.0000

0.0000

0.7228

0.0000

0.0000

0.0000

SIMULTANOUS
OPERATIONS

0.1344
0.1727

0.0837
0.0837

0.0000

0.0000

0.0000

0.0000

0.0000

0.0000

0.0000

0.0000

UNAUTHORIZED
TRAFFICIN
SECURITY ZONE

0.1727
0.1344

0.0837
0.0837

0.0000

0.0000

0.0000

0.0000

0.0000

0.0000

0.0000

0.0000

AWARENESS
0.0365
0.0365

0.2416
0.1853

0.0000

0.0000

0.0000

0.0000

0.0000

0.0000

0.0000

0.0000

FATIGUE
0.0731
0.0731

0.4831
0.3707

0.0000

0.0000

0.0000

0.0000

0.0000

0.0000

0.0000

0.0000

TRAINING
0.0731
0.0731

0.4831
0.3707

0.0000

0.0000

0.0000

0.0000

0.0000

0.0000

0.0000

0.0000

222



Table F.64: Normalized Weighted Matrix 4 (Likelihood-Decision Maker 1)

HUMAN
HAZARDS

OPERATIONAL
HAZARDS

AWARENESS
FATIGUE
TRAINING

FAILURE OF
AUXILIARY
SYSTEMS

FAILURE OF
COMMUNICATION
ORESD

HOSE RUPTURE

INAPPROPRIATE
COOLING OF
BUNKER LINE

INAPPROPRIATE
INERTING OF
HOSE OR BUNKER
LINE

INCORRECT
SEQUENCE

LNG TRAPPED IN
PIPE

LOSS OF BUNKER
VEHICLE POWER

0.0400
0.0000
0.4856

0.0000

0.0000

0.0000

0.0000

0.0000

0.0000

0.0000

0.0000

0.0000
0.0000
0.0000

0.0000

0.0000

0.0000

0.0000

0.0000

0.0000

0.0000

0.0000

0.0000
0.0000
0.0000

0.0000

0.0000

0.0000

0.0000

0.0000

0.0000

0.0000

0.0000

0.0400
0.0000
0.4856

0.0000

0.0000

0.0000

0.0000

0.0000

0.0000

0.0000

0.0000

0.0400
0.0000
0.4856

0.0000

0.0000

0.0000

0.0000

0.0000

0.0000

0.0000

0.0000

0.0000
0.5000
0.0000

0.0000

0.0000

0.0000

0.0000

0.0000

0.0000

0.0000

0.0000

0.0000
0.0000
0.0000

0.0000

0.0000

0.0000

0.0000

0.0000

0.0000

0.0000

0.0000

0.0000
0.0000
0.0000

0.0000

0.0000

0.0000

0.0000

0.0000

0.0000

0.0000

0.0000
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Table F.65: Normalized Weighted Matrix 5 (Likelihood-Decision Maker 1)

OPERATIONAL HAZARDS
FAILURE INAPPROPRIATE LOSS OF
OF FAILURE OF INAPPROPRIATE  INERTING OF LNG BUNKER
AUXILIARY COMMUNICATION  HOSE COOLING OF HOSE OR INCORRECT TRAPPED  VEHICLE
SYSTEMS  OR ESD RUPTURE BUNKERLINE  BUNKERLINE  SEQUENCE INPIPE  POWER
FIRE ON PIER /
BUNKER VESSEL 0.0917 0.0437  0.0239 0.0000 0.0000 0.0000  0.0000  0.0000
ALTERNATIVES FIRE ON SHIP 0.2630 0.1253  0.0239 0.1711 0.1018 01157  0.0445  0.2137
LNG LEAKS 0.3226 0.1537  0.2586 0.4145 0.1647 02384  0.0275  0.4406
NG LEAKS 0.3226 01537  0.2348 0.4145 0.2099 01871  0.0568  0.3457
BREAKAWAY
COUPLING
CONNECTION  DISCONNECTION 0.0000 0.0000  0.0000 0.0000 0.0000 0.0000  0.6204  0.0000
HAZARDS DRY COUPLING
DISCONNECTION 0.0000 0.0000  0.0000 0.0000 0.0000 0.0000  0.0000  0.0000
MISHANDLING 0.0000 0.0000  0.0000 0.0000 0.0000 0.0000  0.0000  0.0000
ELECTRICAL
EQUIPMENTS 0.0000 0.0000  0.0000 0.0000 0.0000 0.0000  0.0000  0.0000
EXTREME
WEATHER
CONDITIONS 0.0000 0.0000  0.0000 0.0000 0.0000 00000  0.0083  0.0000
ENVIRONMENTAL g0/
HAZARDS MOVEMENT 0.0000 0.0000  0.4588 0.0000 0.0000 00000  0.1009  0.0000
SIMULTANOUS
OPERATIONS 0.0000 0.0000  0.0000 0.0000 0.0000 0.0000  0.0000  0.0000
UNAUTHORIZED
TRAFFIC IN
SECURITY ZONE 0.0000 0.0000  0.0000 0.0000 0.0000 0.0000  0.0000  0.0000
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Table F.66: Normalized Weighted Matrix 6 (Likelihood-Decision Maker 1)

HUMAN
HAZARDS

OPERATIONAL
HAZARDS

AWARENESS
FATIGUE
TRAINING

FAILURE OF
AUXILIARY
SYSTEMS

FAILURE OF
COMMUNICATION
ORESD

HOSE RUPTURE

INAPPROPRIATE
COOLING OF
BUNKER LINE

INAPPROPRIATE
INERTING OF
HOSE OR BUNKER
LINE

INCORRECT
SEQUENCE

LNG TRAPPED IN
PIPE

LOSS OF BUNKER
VEHICLE POWER

0.0000
0.0000
0.0000

0.0000

0.0000

0.0000

0.0000

0.0000

0.0000

0.0000

0.0000

0.0000
0.0000
0.0000

0.0000

0.0000

0.0000

0.0000

0.0000

0.0000

0.0000

0.5236

0.0000
0.0000
0.0000

0.0000

0.0000

0.0000

0.0000

0.0000

0.0000

0.0000

0.0000

0.0000
0.0000
0.0000

0.0000

0.0000

0.0000

0.0000

0.0000

0.0000

0.0000

0.0000

0.0000
0.0000
0.0000

0.3740

0.0000

0.0000

0.0000

0.0000

0.0000

0.1497

0.0000

0.0000
0.0716
0.3871

0.0000

0.0000

0.0000

0.0000

0.0000

0.0000

0.0000

0.0000

0.0000
0.0000
0.0000

0.0000

0.0000

0.0000

0.0108

0.0000

0.0000

0.0000

0.1308

0.0000
0.0000
0.0000

0.0000

0.0000

0.0000

0.0000

0.0000

0.0000

0.0000

0.0000
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Table F.67: 32th Power of Limit Matrix 1 (Likelihood-Decision Maker 1)

ALTERNATIVES

CONNECTION
HAZARDS

ENVIRONMENTAL
HAZARDS

FIRE ON PIER / BUNKER
VESSEL
FIRE ON SHIP

LNG LEAKS

NG LEAKS
BREAKAWAY COUPLING
DISCONNECTION
DRY COUPLING
DISCONNECTION
MISHANDLING
ELECTRICAL
EQUIPMENTS
EXTREME WEATHER
CONDITIONS
SHIP / TRUCK
MOVEMENT
SIMULTANOUS
OPERATIONS
UNAUTHORIZED TRAFFIC
IN SECURITY ZONE

FIRE ON
PIER /
BUNKER
VESSEL

0.0225
0.0461
0.2141
0.1820
0.0044

0.0045
0.0923

0.0150

0.0596

0.0627

0.0105

0.0039

ALTERNATIVES
FIRE ON LNG
SHIP LEAKS
0.0225 0.0225
0.0461 0.0461
0.2141 0.2141
0.1820 0.1820
0.0044 0.0044
0.0045 0.0045
0.0923 0.0923
0.0150 0.0150
0.0596 0.0596
0.0627 0.0627
0.0105 0.0105
0.0039 0.0039

NG LEAKS
0.0225
0.0461
0.2141
0.1820
0.0044

0.0045
0.0923

0.0150

0.0596

0.0627

0.0105

0.0039

BREAKAWAY
COUPLING
DISCONNECTION

0.0225
0.0461
0.2141
0.1820
0.0044

0.0045
0.0923

0.0150

0.0596

0.0627

0.0105

0.0039

CONNECTION HAZARDS

DRY COUPLING

DISCONNECTION

0.0225

0.0461

0.2141

0.1820

0.0044

0.0045
0.0923

0.0150

0.0596

0.0627

0.0105

0.0039

MISHANDLING
0.0225
0.0461
0.2141
0.1820
0.0044

0.0045
0.0923

0.0150

0.0596

0.0627

0.0105

0.0039
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Table F.68: 32th Power of Limit Matrix 2 (Likelihood-Decision Maker 1)

AWARENESS 0.0427 0.0427 0.0427 0.0427 0.0427 0.0427 0.0427

HUMAN HAZARDS  FATIGUE 0.0852 0.0852 0.0852 0.0852 0.0852 0.0852 0.0852
TRAINING 0.0522 0.0522 0.0522 0.0522 0.0522 0.0522 0.0522
FAILURE OF AUXILIARY
SYSTEMS 0.0340 0.0340 0.0340 0.0340 0.0340 0.0340 0.0340
FAILURE OF
COMMUNICATION OR
ESD 0.0060 0.0060 0.0060 0.0060 0.0060 0.0060 0.0060
HOSE RUPTURE 0.0038 0.0038 0.0038 0.0038 0.0038 0.0038 0.0038
INAPPROPRIATE

OPERATIONAL COOLING OF BUNKER
HAZARDS LINE 0.0034 0.0034 0.0034 0.0034 0.0034 0.0034 0.0034

INAPPROPRIATE
INERTING OF HOSE OR
BUNKER LINE 0.0035 0.0035 0.0035 0.0035 0.0035 0.0035 0.0035
INCORRECT SEQUENCE 0.0396 0.0396 0.0396 0.0396 0.0396 0.0396 0.0396
LNG TRAPPED IN PIPE 0.0021 0.0021 0.0021 0.0021 0.0021 0.0021 0.0021
LOSS OF BUNKER
VEHICLE POWER 0.0100 0.0100 0.0100 0.0100 0.0100 0.0100 0.0100
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Table F.69: 32th Power of Limit Matrix 3 (Likelihood-Decision Maker 1)

ENVIRONMENTAL HAZARDS

HUMAN HAZARDS

ALTERNATIVES

CONNECTION
HAZARDS

ENVIRONMENTAL
HAZARDS

FIRE ON PIER /
BUNKER VESSEL
FIRE ON SHIP
LNG LEAKS
NG LEAKS
BREAKAWAY
COUPLING
DISCONNECTION
DRY COUPLING
DISCONNECTION
MISHANDLING
ELECTRICAL
EQUIPMENTS
EXTREME WEATHER
CONDITIONS
SHIP / TRUCK
MOVEMENT
SIMULTANOUS
OPERATIONS

UNAUTHORIZED
TRAFFIC IN SECURITY
ZONE

ELECTRICAL
EQUIPMENTS

0.0225
0.0461
0.2141
0.1820

0.0044

0.0045
0.0923

0.0150

0.0596

0.0627

0.0105

0.0039

EXTREME
WEATHER
CONDITIONS

0.0225
0.0461

0.2141
0.1820

0.0044

0.0045
0.0923

0.0150

0.0596

0.0627

0.0105

0.0039

SHIP / TRUCK
MOVEMENT

0.0225
0.0461

0.2141
0.1820

0.0044

0.0045
0.0923

0.0150

0.0596

0.0627

0.0105

0.0039

SIMULTANOUS
OPERATIONS

0.0225
0.0461

0.2141
0.1820

0.0044

0.0045
0.0923

0.0150

0.0596

0.0627

0.0105

0.0039

UNAUTHORIZED
TRAFFIC IN
SECURITY ZONE

0.0225
0.0461

0.2141
0.1820

0.0044

0.0045
0.0923

0.0150

0.0596

0.0627

0.0105

0.0039

AWARENESS
0.0225
0.0461

0.2141
0.1820

0.0044

0.0045
0.0923

0.0150

0.0596

0.0627

0.0105

0.0039

FATIGUE
0.0225
0.0461

0.2141
0.1820

0.0044

0.0045
0.0923

0.0150

0.0596

0.0627

0.0105

0.0039

TRAINING
0.0225
0.0461

0.2141
0.1820

0.0044

0.0045
0.0923

0.0150

0.0596

0.0627

0.0105

0.0039
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Table F.70: 32th Power of Limit Matrix 4 (Likelihood-Decision Maker 1)

AWARENESS 0.0427 0.0427 0.0427 0.0427 0.0427 0.0427 0.0427 0.0427

HUMAN HAZARDS  FATIGUE 0.0852 0.0852 0.0852 0.0852 0.0852 0.0852 0.0852 0.0852
TRAINING 0.0522 0.0522 0.0522 0.0522 0.0522 0.0522 0.0522 0.0522
FAILURE OF AUXILIARY
SYSTEMS 0.0340 0.0340 0.0340 0.0340 0.0340 0.0340 0.0340 0.0340
FAILURE OF
COMMUNICATION OR
ESD 0.0060 0.0060 0.0060 0.0060 0.0060 0.0060 0.0060 0.0060
HOSE RUPTURE 0.0038 0.0038 0.0038 0.0038 0.0038 0.0038 0.0038 0.0038
INAPPROPRIATE

OPERATIONAL COOLING OF BUNKER
HAZARDS LINE 0.0034 0.0034 0.0034 0.0034 0.0034 0.0034 0.0034 0.0034

INAPPROPRIATE
INERTING OF HOSE OR
BUNKER LINE 0.0035 0.0035 0.0035 0.0035 0.0035 0.0035 0.0035 0.0035
INCORRECT SEQUENCE 0.0396 0.0396 0.0396 0.0396 0.0396 0.0396 0.0396 0.0396
LNG TRAPPED IN PIPE 0.0021 0.0021 0.0021 0.0021 0.0021 0.0021 0.0021 0.0021
LOSS OF BUNKER
VEHICLE POWER 0.0100 0.0100 0.0100 0.0100 0.0100 0.0100 0.0100 0.0100
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Table F.71: 32th Power of Limit Matrix 5 (Likelihood-Decision Maker 1)

OPERATIONAL HAZARDS
FAILURE INAPPROPRIATE LOSS OF
OF FAILURE OF INAPPROPRIATE  INERTING OF LNG BUNKER
AUXILIARY COMMUNICATION HOSE COOLING OF HOSE OR INCORRECT TRAPPED VEHICLE
SYSTEMS  ORESD RUPTURE  BUNKER LINE BUNKER LINE SEQUENCE  IN PIPE POWER
FIRE ON PIER /
BUNKER VESSEL 0.0225 0.0225 0.0225 0.0225 0.0225 0.0225 0.0225  0.0225
ALTERNATIVES FIRE ON SHIP 0.0461 0.0461 0.0461 0.0461 0.0461 0.0461 0.0461  0.0461
LNG LEAKS 0.2141 0.2141 0.2141 0.2141 0.2141 0.2141 0.2141  0.2141
NG LEAKS 0.1820 0.1820 0.1820 0.1820 0.1820 0.1820 0.1820  0.1820
BREAKAWAY
COUPLING
CONNECTION DISCONNECTION 0.0044 0.0044 0.0044 0.0044 0.0044 0.0044 0.0044  0.0044
HAZARDS DRY COUPLING
DISCONNECTION 0.0045 0.0045 0.0045 0.0045 0.0045 0.0045 0.0045  0.0045
MISHANDLING 0.0923 0.0923 0.0923 0.0923 0.0923 0.0923 0.0923  0.0923
ELECTRICAL
EQUIPMENTS 0.0150 0.0150 0.0150 0.0150 0.0150 0.0150 0.0150  0.0150
EXTREME
WEATHER
CONDITIONS 0.0596 0.0596 0.0596 0.0596 0.0596 0.0596 0.0596  0.0596
ENVIRONMENTAL SHIP / TRUCK
HAZARDS MOVEMENT 0.0627 0.0627 0.0627 0.0627 0.0627 0.0627 0.0627  0.0627
SIMULTANOUS
OPERATIONS 0.0105 0.0105 0.0105 0.0105 0.0105 0.0105 0.0105  0.0105
UNAUTHORIZED
TRAFFIC IN
SECURITY ZONE 0.0039 0.0039 0.0039 0.0039 0.0039 0.0039 0.0039  0.0039
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Table F.72: 32th Power of Limit Matrix 6 (Likelihood-Decision Maker 1)

HUMAN HAZARDS

OPERATIONAL
HAZARDS

AWARENESS
FATIGUE

TRAINING

FAILURE OF AUXILIARY
SYSTEMS

FAILURE OF
COMMUNICATION OR
ESD

HOSE RUPTURE

INAPPROPRIATE
COOLING OF BUNKER
LINE

INAPPROPRIATE

INERTING OF HOSE OR
BUNKER LINE

INCORRECT SEQUENCE
LNG TRAPPED IN PIPE

LOSS OF BUNKER
VEHICLE POWER

0.0427
0.0852

0.0522

0.0340

0.0060
0.0038

0.0034

0.0035
0.0396
0.0021

0.0100

0.0427
0.0852

0.0522

0.0340

0.0060
0.0038

0.0034

0.0035
0.0396
0.0021

0.0100

0.0427
0.0852

0.0522

0.0340

0.0060
0.0038

0.0034

0.0035
0.0396
0.0021

0.0100

0.0427
0.0852

0.0522

0.0340

0.0060
0.0038

0.0034

0.0035
0.0396
0.0021

0.0100

0.0427
0.0852

0.0522

0.0340

0.0060
0.0038

0.0034

0.0035
0.0396
0.0021

0.0100

0.0427
0.0852

0.0522

0.0340

0.0060
0.0038

0.0034

0.0035
0.0396
0.0021

0.0100

0.0427
0.0852

0.0522

0.0340

0.0060
0.0038

0.0034

0.0035
0.0396
0.0021

0.0100

0.0427
0.0852

0.0522

0.0340

0.0060
0.0038

0.0034

0.0035
0.0396
0.0021

0.0100
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APPENDICES G SUPERDECISIONS ANP MODEL

In order to verify results, Superdecisions Software version 2.6.0-RC1 used. Model of

the structure is presented in below figures; A to C.

| Goal -|ox|
Goal
r } _I
| Model -3 %]
1.Consequences 2 Likelihood
Subnet

Subnet

Figure G.A Main model structure
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]| OPERATIONAL HAZARDS i =[]
FAILURE OF AUXILTARY SYSTEMS(N2, AIR) l LNG TRAPPED IN PIPE l
| CONNECTION HAZARDS -l
FAILURE OF COMMUNICATION OR ESD l HOSE RUPTURE l INCORRECT SEQUENCE l MISHANDLING I BREAKAWAY COUPLING DISCONNECTION

INAPPROPRIATE COOLING OF BUNKER LINE I LOSS OF BUNKER VEHICLE POWER l DRY COUPLING DISCONNECTION I

INAPPROPRIATE INERTING OF HOSE OR BUNKER LINE |

- < m ] + O

al Alternatives -lofx

PIREONFIERIUNKERVESSEL' NGLEJ\KSI

L] ENVIRONMENTAL HAZARDS I I
_I FIREONSHIP | LNGLEAKS
«

ELECTRICAL EQUIPMENTS l EXTREME WEATHER CONDITIONS I

SHIP / TRUCK MOVEMENT I SIMULTANOUS OPERATIONS I

UNAUTHORIZED TRAFFIC IN SECURITY ZONE I

OPERATIONAL HAZARDS

FAILURE OF AUXILIARY SYSTEMS(N2, Al]()l

FAILURE OF COMMUNICATION OR ESDI HOSE RU]’I'UR.EI INCORRECT SEQU'ENCEJ

INAPPROPRIATE COOLING OF BUNKER LINE I I LOSS OF BUNKER VEHICLE POWER I

INAPPROPRIATE INERTING OF HOSE OR BUNKER LINE I

4 cowscrovwews

| MISHANDLING I BREAKAWAY COUPLING DISCONNECTION

DRY COUPLING DISCONNECTION I -

4 i, ] »

—

Ll Altematives =[O %

}'IREONPIER.BUNKERVESSELI NGI_EAKSI

FIRE ON SHIPI I.NGLEAKSI
Il

UNAUTHORIZED TRAFFIC IN SECURITY ZONE I

Figure G.C Likelihood sub-model

Comparison results for ANP with Eigen vectors for Decision maker 2 Consequences

sub-model is presented below.
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Alternatives

FIRE ON PIER f BUNKER WESSEL 0. 041862
FIRE ON SHIP 0.049726
LMNG LEAKS 0.278322
NG LEAKS 0.115504
CONNECTION HAZARDS
BREAKAWAY COUPLING DISCONMECTION 0.012232
DRY COUPLING DISCONNECTION 0. 060575
MISHANDLING 0.023327
ENVIROMMENTAL HAZARDS
ELECTRICAL EQUIPMENTS 0.021453
EXTREME WEATHER CONDITIONS 0.093364
SHIP / TRUCK MOVEMENT
SIMULTANOUS OPERATIONS 0.014387
UNMAUTHORIZED TRAFFIC IM SECURITY ZOME 0. 003606
HUMAN HAZARDS
AWARENESS 0.014615
FATIGUE 0.090293
TRAINING 0.022019
OPERATIONAL HAZARDS
FAILURE OF AUXILIARY SYSTEMS(NZ, AIR) 0.005346
FAILURE ©OF COMMUNICATION OR ESD 0.003972
HOSE RUPTURE 0.039111
INAPPROPRIATE COOLING OF BUNKER LIME 0.001470
INAPPROPRIATE IMERTIMNG OF HOSE OR BUNKER LINE 0.007284
INCORRECT SEQUENCE 0.020461
LNG TRAPPED IN PIPE 0.004232
LOS55 OF BUNKER VEHICLE POWER 0.002149
Similarly results for Decision maker 2 Likelihood sub-model are;
Alternatives
FIRE ON PIER f BEUNKER WESSEL 0.029575
FIRE ON SHIP 0.042549
LNG LEAKS 0.222763
NG LEAKS 0.133315
CONMNECTION HAZARDS
BREAKAWAY COUPLING DISCOMNMECTION 0.010737
DRY COUPLING DISCONNECTION 0.012501
MISHAMDLING 0.135351
ENVIRONMENTAL HAZARDS
ELECTRICAL EQUIPMENTS 0.024162
EXTREME WEATHER CONDITIONS 0.062371
SHIP f TRUCK MOVEMENT 0.055261
SIMULTANOUS OPERATIONS 0.013971
UNAUTHORIZED TRAFFIC IMN SECURITY ZOME 0.004925
HUMAN HAZARDS
AWARENESS 0.012038
FATIGUE 0.05277
TRAINING 0.034533
OPERATIONAL HAZARDS
FAILURE OF AUXILIARY SYSTEMS{N2, AIR) 0.036957
FAILURE OF COMMUNICATION OR ESD p.Oll?E?
HOSE RUPTURE 0.004425
IMAPPROPRIATE COOLING OF BUNKER LINE 0.001995
IMNAPPROPRIATE INERTING OF HOSE OR BUNKER LINE 0.017875
INCORRECT SEQUENCE 0.056267
LNG TRAPPED IN PIPE 0.0093259
LOSS OF BUNKER VEHICLE POWER 0.014561

Results for Decision maker 1 Consequences and Likelihood respectively are

presented below.

235



Alternatives
FIRE OMN PIER / BUNKER WVESSEL
FIRE OM SHIP
LNG LEAKS
NG LEAKS
CONNECTION HAZARDS
BREAKAWAY COUPLING DISCONNECTION
DRY COUPLING DISCONNECTION
MISHANDLING
ENVIRONMENTAL HAZARDS
ELECTRICAL EQUIPMENTS
EXTREME WEATHER CONDITIONS
SHIF / TRUCK MOVEMENT
SIMULTANOUS OPERATIONS
UMAUTHORIZED TRAFFIC IN SECURITY ZOME
HUMAN HAZARDS
AWARENESS
FATIGUE
TRAINING
OPERATIONAL HAZARDS
FATLURE OF AUXILIARY SYSTEMS(MN2, AIR)
FAILURE OF COMMUNICATION OR ESD
HOSE RUPTURE
IMNAPPROPRIATE COOLING OF BUNKER LINE
INAPPROPRIATE INERTING OF HOSE OR BUNKER LINE
INCORRECT SEQUENCE
LNG TRAPPED IN PIPE
LOSS OF BUNKER VEHICLE POWER

Alternatives
FIRE ON PIER / BUNKER VESSEL
FIRE OM SHIP
LNG LEAKS
NG LEAKS
CONNECTION HAZARDS
BREAKAWAY COUPLING DISCONNECTION
DRY COUPLING DISCONMECTION
MISHANDLING
ENVIRONMENTAL HAZARDS
ELECTRICAL EQUIPMENTS
EXTREME WEATHER CONDITIONS
SHIP / TRUCK MOVEMENT
SIMULTANOUS OPERATIONS
UNAUTHORIZED TRAFFIC IN SECURITY ZONE
HUMAN HAZARDS
AWARENESS
FATIGUE
TRAINING
OPERATIONAL HAZARDS
FAILURE OF AUXILIARY SYSTEMS(NZ, AIR)
FATLURE OF COMMUNICATION OR ESD
HOSE RUPTURE
INAPPROPRIATE COOLING OF BUMKER LIME
INAPPROPRIATE INERTING OF HOSE OR BUNKER LINE
INCORRECT SEQUENCE
LNG TRAPPED IN PIPE
LOSS OF BUNKER VEHICLE POWER
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APPENDICES H EXCEL VBA CODES

Three methods used to solve this network model;

e ANP solved using Logarithmic Least Square Method in Excel
e Fuzzy — ANP solved using Chang’s Method in Excel
e ANP solved using Superdecision Software which uses Eigen Values for

calculation

Study of Saaty and Vargas (1984) named “Comparison of Eigen Values,
Logarithmic Least Squares and Least Squares methods in estimating ratios” proved
that Eigen Values is the best method to deal with inconsistency. In this study it has
been tried to identify the difference between these methods in case of low

inconsistency values.

Two modules and VBA codes on worksheets created to perform calculations. Code
included worksheets are marked in below figure.
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=-%% VBAProject (RESULT_ANP_QUESTIONATRE -CON...)
-2 Microsoft Excel Objects
Sheet10 (LIMIT MATRIX 2 LIKELIHOCD)
Sheet1l (LIMIT MATRIX 4 LIKELIHOCD)
Sheet12 (LIMIT MATRIX & LIKELIHOCD)
Sheet13 (LIMIT MATRIX 16 LIKELIHOOD)
Sheet14 (LIMIT MATRIX 32 LIKELIHOOD)
Sheet15 (FUZZY-ANP)
Sheet16 (Unweighted Matrix FUZZY)
Sheet17 (Weighted Matrix FUZZY)
Sheet18 {norWeighted Matrix FUZZY)
Sheet19 (LIMIT MATRIX 2 FUZZY)
Sheet20 (LIMIT MATRIX 4 FUZZY)
Sheet21 (LIMIT MATRIX & FUZZY)
Sheet22 (LIMIT MATRIX 16 FIUZZY)
Sheet23 (LIMIT MATRIX 32 FUZZY)
Sheet24 (MAIN CLUSTERS)
Sheet25 (MAIN NODES)
Sheet26 (COMPARE-RESULTS)
B8] Sheet3 (Sheet3)
Sheets (CONSEQUENCES - CORRECTED)
= @ Sheet? (Unweighted Matrix LIKELIHOOD)
.. ] Sheetd (Weighted Matrix LIKELIHOOD)
@ Sheetd (norWeighted Matrix LIKELIHOOD)
3% ] ThisWorkbook
-5 Modules
Loyd® Modulel

Figure H.A: Worksheet and Modules include code

Module 1 includes below three functions; LLSM — Logarithmic Least Square
Method, FUZZY and CHANG.

Function LLSM(a)

Dim matrix(2)

myrow = ActiveCell.Row
mycol = ActiveCell.Column

ncol = a.Columns.Count
nrow = a.Rows.Count
b=1

matrix (1) = 0

For i = 1 To ncal

b=Db % (a.Cell=s(l, i).Value)
Next 1

matrix(l) = (& ~ (1 / ncol))

LLSM = matrix (1)

ange (Cells (myrow, mycol)).Formula = LLSM

Range (Cells (myrow + 1, mycol), Cells(myrow + 1, mycol + neool)) . .FillDown

End Function
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Function FUZZY (a)
Dim ilk, son, uzunluk As Integer

myrow = ActiveCell.Row
nycol = ActiwveCell.Column

ncol = a.Columns.Count

nrow = a.Rows.Count

Dim wector (150)

Dim matrix f(3, 150)

Dim 5(3, 150)

Dim W(150, 150)

Dim Minimoam({150)

Dim W(150) ' W=W'/=zigma (d' (&i))
' d' (Ri)=minV (5i>=5k)

For j = 1 To nrow

ilk deger = 0
orta deger = 0
son_deger = 0

toplam ilk deger = 0
toplam orta deger = 0
toplam son deger = 0

For i = 1 To ncol

ilk InStr{l, a.Cell=(j, i)}.Value, ",") 'position of first commal
son = InStr(ilk + 1, a.Cell=s({j, 1i).Value, ","}) 'position of second comma
uzunluk = Len{a.Cell=(3j, 1))

ilk deger = Lefr(a.Cell=s(j, 1).Value, ilk - 1) 'value of first fuzzy number

'value of last fuzzy number

son_deger = Right (a.Cell=(j, 1i).Value, uzunluk - son)
'value of =second fuzzy number
orta_deger = Mid(a.Cells(j, 1}.Value, 1lk + 1, (uzunluk - (ilk + (uzunluk - son + 1})})

toplam ilk deger = ilk deger + toplam ilk deger
toplam son_deger = son_deger + toplam son deger
toplam orta_deger = orta_deger + toplam orta_deger

Mext i

matrix £(1, j) = voplam ilk deger
matrix £(2, j) = vtoplam orta deger
matrix f£(3, J) = toplam son deger

sutun_toplam ilk = toplam ilk deger + sutun toplam ilk

sutun_toplam son = toplam son deger + sutun toplam son
sutun_toplam orta = toplam orta_deger + sutun toplam orta

HNext 3j

vector(l) = 1 / sutun_toplam son

vector(2) = 1 / sutun toplam orta

vector(3) = 1 / sutun toplam ilk

For j = 1 To nrow '"For each row calculates (1,m,u)
'S{a,b): a fuzzy triangle (3 conditions lower, mid, upper), b number of rows
5(1, J) = matrix f(l, j} * vector(l)
5(2, J) = matrix f(2, j} * vector(2)
5(3, J) = matrix f(3, j} * vector(3)

HNext 3j

toplam minimum = 0
For j = 1 To nrow
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Minimum(j) = 100 'First wvalue for finding minimum
For i = 1 To nrow
If i = j Then
GoTo =on
Else: Vi(3j, 1) = Chang(s(i, 3}, 5(2, J), 513, 3}, 5(1, 1), 32, 1}, 5(3, 1))
End If

If Minimum(j} > V(j, i)} Then
Minimam{j) = V{j, 1)
End If

s0m:
Hext 1

toplam minimum = Minimum(j) + toplam minimuam
Hext J

FUZZY_STR = Hull
For § = 1 To nrow

W(j) = Minimum(3j) / toplam minimum
FUZZY STR = FUZZY STR & ", " & W(J)
Hext J
uzunluk = Len(FUZZY STR)|

FUZZY = Right (FUZZY STR, uzunluk - 1)
'getting rid of the comma at the beginning

End Function
Function Chang (12, mZ, uZ, 11, ml, ul)

If mZ2 > ml Then
condition = 1

ElseIf 11 >= uZ Then
conditcion = 2

Else: condition = 3
End If

Select Case condition 'Chang's method

Case 1

Chang = 1 'if mZ2>ml

Casze 2

Chang = 0 'if 11>uZ

Case 3 'otherwise

Chang = {11 - w2} / ((m2 - uw2) - (ml - 11})
End Select

End Function
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In worksheet named “Fuzzy-Anp” below listed code activates when user double
clicks on the screen. This code separates the single fuzzy values into I, m and u
values.

Frivate Sub Worksheet_BeforeDoubleClick(ByVal Target As Range, Cancel As Boolean)
kolon = ActiveSheet.Range ("K" & Rows.Count) .End (x1Up) .Row 'find the last row used in K colum
For col = 1 To kolon
41 = Cells(col, 11).Value
If &1 <> "" Then
n = Len(&l}) - Len(Replace(&l, ", ", ""))
ilk = 0
sayac = 0
uzunluk = Len(&l)
For i =1 Ton+ 1
ilk = InStr(l + 1ilk, &1, ™, ") 'pozition of first comma
'son = InStr(ilk + 1, a.Cells(J, i).Value, ",") 'position of second comma
If i =n+ 1 Then
ilk deger = Mid(Al, sayac + 1, wuzunluk) 'value of first fuzzy numberuzunluk
Else
ilk deger = Mid(Al, sayac + 1, ilk - sayac - 1) 'value of first fuzzy number

End If

sayac = ilk
Cells(col + 1 - 1, 12) = ilk deger

Hext i
End If
Hext col
End Sub
Similarly worksheet named “Consequences-corrected” also includes a code that
again actives when user double clicks on the page. This code gets data calculated

by LLSM command, calculates consistency index and weight vector.
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Briwvate Sub Worksheet_BeforeDouhleClicﬂ(EyVal Target L= Range, Cancel A= Boolean)
kolon = RctiwveSheet.Range ("L" & Rows.Count) .End(x1Up) .Row 'find the last row used in K colum

For col = 1 To kolon
sayac = 0

41 = Cells(col, 12).Value
If A1 <> "" Then
Az =Rl

While B2 <> ""
A2 = Cells|col + sayac, 12).Value

savac = savac + 1 'number of non empty cells in group
Wend

sayac = sayac — 1

=ayacl = =zavac

r2 = Range (Cell=(col, 12), Cells(col + =zayac - 1, 12)) 'll=m result

r2 = Application.WorksheetFunction.Transpose (r2)

toplam = Q0

For i = 0 To sayac - 1

rl = Range (Cells(col + i, 3), Cells(col + i, 2 + sayac))
carpim = Application.WorksheetFunction.SumProduct (rl, r2)
A3 = Cells(col + 1, 12)

bolum = carpim / A3

Cells{col + i, 13) = bolum
toplam = toplam + bolum
Next 1

lamda mean = toplam / savac
Select Case sayac

Case 1
ri =1

.12
.24
.32

.41

xl
w
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M
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Case 11
ri = 1.51
Case 12
ri = 1.48
Case 13
ri = 1.56
Case 14
ri = 1.57

End Select

Cells{col + 1 +# 1, 13).Interior.ColorIndex =
ci = (lamda mean - savac) / l=zayac - 1)
conzistency ratio = ci fori

If conszistency ratio > 0.1 Then

Cells{col + 1 + 1, 13).Interior.ColorIndex
End If

Cell={col + i + 1, 13) = consistency ratio

I
[=]

Il
W
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col = col + sayac

End If
Hext col

End Sub
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APPENDICES | CALCULATION OF DECISION MAKERS’ RANKS

Network structure created for decision maker ranks is shown in Figure 3.L. Based
on this network model below pairwise comparisons performed.

Table I.1: Pairwise comparisons for decision makers’ ranks

Logarithmic
Least
AlM Experience Theoretical Knowledge Squares Weight
Experience 1 3 1.7320508 0.75
Theoretical Knowledge 0.333333333 1 0.5773503 0.25
2.3094011
Logarithmic
Decision maker Least
EXPERIENCE 1 Decision maker 2 Squares Weight
Decision maker 1 1 0.2 0.4472136 0.166667
Decision maker 2 5 1 2.236068  0.833333
2.6832816
Logarithmic
THEORETICAL Decision maker Least
KNOWLEDGE 1 Decision maker 2 Squares Weight
Decision maker 1 1 3 1.7320508 0.75
Decision maker 2 0.333333333 1 0.5773503 0.25
2.3094011
Logarithmic
Least
DECISION MAKER 1 Experience Theoretical Knowledge Squares Weight
Experience 1 0.2 0.4472136 0.166667
Theoretical Knowledge 5 1 2.236068 0.833333
2.6832816
Logarithmic
Least
DECISION MAKER 2 Experience Theoretical Knowledge Squares Weight
Experience 1 3 1.7320508 0.75
Theoretical Knowledge 0.333333333 1 0.5773503 0.25
2.3094011
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From above comparison weights below presented super matrix is generated.

Table I.2: Super Matrix

THEORETICAL DECISION DECISION
AIM EXPERIENCE KNOWLEDGE MAKER 1 MAKER 2
AlM 0 0 0 0 0
EXPERIENCE 0.75 0 0 0.166666667 0.75
THEORETICAL
KNOWLEDGE 0.25 0 0 0.833333333 0.25
DECISION
MAKER 1 0 0.16666667 0.75 0 0
DECISION
MAKER 2 0 0.83333333 0.25 0 0

32th power of the super matrix is the limit matrix where weights are constant.

Table 1.3: Limit Matrix

THEORETICAL DECISION DECISION
32th power AlM EXPERIENCE = KNOWLEDGE MAKER 1 MAKER 2
AIM 0 0 0 0 0
EXPERIENCE 0 0.47377882  0.473599066 0 0
THEORETICAL
KNOWLEDGE 0 0.52622118  0.526400934 0 0
DECISION
MAKER 1 0.473599 0 0 0.473778816 0.473599066
DECISION
MAKER 2 0.526401 0 0 0.526221184 0.526400934

According to the limit matrix ranks of decision makers are shown below. Results
show that based on the model the ranks of decision makers are very close to the
each other.

Table 1.4: Decision Maker Ranks

DECISION MAKER 1 0.473599
DECISION MAKER 2 0.526401
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