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Preface

“Studium Ad Prosperandum - The Will to Succeed”

fnonygmous, quoted in Peal and Kgnnedy (2000)

This research proved to be a three-year suffering process “dancing” with loneliness,
reading and cooking. Yet, it can be compared to a ship (knowledge) voyaging under the
command of the author (skipper) with the assistance of the available bibliography, software
and hardware (crew) so that the destination (degree) is reached on time, although the seas
that had been encountered were not always calm. The outcome can be characterized similar
to Jacques-Yves Cousteau’s experience “ever since that magical moment when my eyes opened under
the sea I have been unable to see, think or live as I had done before. My body floated weightlessly throngh
space, the water took possession of my skin, the clear outlines of marine creatures had something almost

provocative, and economy of movement acquired moral significance’

Above all, the reader is invited to join the author and enjoy that voyage!

George Ad. Psarros

Glasgow, April 2008
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Abstract

The proposed study had been performed behind the premise of proposing a
methodology for estimating the current operational risk of bulk carriers. Hence, a high level
risk assessment has been conducted for evaluating the safety performance of dry bulk
cargo transportation. This included the preparatory step for setting the problem’s boundary
limits, hazard identification for the prioritization of causes and effects, risk analysis for the
quantification of risks and risk evaluation for assessing the significance and the
acceptability of the estimated risk. The relevant aspects that are taken into account consist
ot the vessel’s function (carriage of payload), operational phase (ocean transit), external
(weather conditions, routeing) and internal (cargoes) influences, accident category
(foundering) and the risk associated with crew (fatalities) and property (loss of vessel and
cargo). Apparently, many factors were competing for attracting attention, and therefore,

the Pareto principle was applied for narrowing the analysis where corrosion was identified
as a main situation of causing harm. The attached uncertainty in the aforementioned
operational domain is dealt with the Bayesian Networks technology and concurrently the
construed prioritization to corrosion is verified by the developed risk model. The estimated
risk was found As Low As Reasonably Practicable and the potential of improvement 1is
considered by addressing preventive (design) and mitigating (operational) measures.
Furthermore, their effectiveness as action implementing risk management decision is
llustrated by employing Life Cycle Cost Analysis, a decision making technique for

exploiting difterent investment opportunities.
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Glossary

#*

Accident: a sudden unintended departure from normal operating conditions in which
some degree of harm is caused (HSE 2002a).

Consequence (Index): the probability of expected effects (i.e. number of deaths) of
an event occurring (HSE 2002a).

Cost — benefit assessment: a technique for comparing the costs and benefits of a
measure, usually in financial terms (HSE 2002a).

Cost effectiveness analysis: the approach for justifying that the determined amount
of risk reduction can be in the acceptable region (IMO 2002b, 2007b).

Event: a non — specific term used to describe any incident, accident, failure case or
outcome as appropriate and thus an occurrence of a particular set of circumstances
(HSE 2002a, Aven 2003).

Failure: a condition when a system fails to perform its intended function (HSE 2002a).
Failure case: representation in a risk assessment of the range of possible accidents
which might occur in reality (HSE 2002a).

Frequency: the number of occurrences of an event per unit time usually expressed as
No/year (HSE 2002a).

Harm: the adverse impact of accidents, such as sickness, injuries, deaths, damage to
property, degradation of the environment, or interruption of business (HSE 2002a).
Hazard: a situation with a potential for causing harm (HSE 2002a).

Hazardous activity: an industrial process, such as dry bulk cargo transportation, with

inherent hazards (HSE 2002a).

Incident: a relatively minor accident, i.e. unintended departures from normal operating

conditions in which little or no harm was caused (HSE 2002a).
Likelihood (Index): the probability of an event occurring (HSE 2002a).
Observable quantity: quantty expressing a state of the “world”, 1.e. a quanuty of the

physical reality or nature, that is unknown at the time of the analysis but will, if the

_'xv_
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system being analysed 1s actually implemented, take some value in the future, and
possibly become known (Aven 2003).

# Probability: the chance (uncertainty measure) of an event occurring in specific
circumstances and 1s a (dimensionless) number between 0 and 1 (HSE 2002a, Aven
2003)".

¥  Quality: the freedom from deficiencies and thus “fitness to use” i.e., the users of a
product or service should be able to count on it for what they needed or wanted to do
with it (Juran 2000a).

¥ Risk (Index): the potential for realization of unwanted, negative outcomes of an event
and thus uncertainty of the performance of a system (the “world”), quantified by
probabilities of observable quantities (Rowe 1988, Aven 2003). Mathematically can be
expressed as the combination® of likelthood and consequence of hazards being realised,
.e. the chance of a specific event occurring within a specific period (HSE 2002a).

#® Risk analysis: the quantification of risks without making judgements about their
significance and thus is a systematic use of information to identify sources and assign

risk values. This involves identifying hazards and estimating their frequencies and

consequences, so that the results can be presented as risks (HSE 2002a, Aven 2003).
# Risk assessment: a means of making a systematic evaluation of the nsk from

hazardous activities (qualitative or quantitative) and making a rational evaluation of
their significance 1n order to provide input to a decision making process. Thus, the

overall process ot risk analysis and risk evaluation (HSE 2002a, Aven 2003).

3

Risk control: the actions implementing risk management decisions (Aven 2003).

3

Risk control measure: a means of controlling a single element of risk and thus

providing risk reduction (IMO 2002b, 2007b, Aven 2003).

¥  Risk control option: a combination of risk control measures and therefore action
implementing risk management decisions (IMO 2002b, 2007b, Aven 2003).

#® Risk (acceptance) criteria: standards to help evaluate the significance of risk results.

They relate quanttative risk estimates to qualitative value judgements about the

significance of the risks (HSE 2002a).

' The most widely accepted definition of probability had been formalized by Kolmogorov’s classic
Foundations of the Theory of Probability (1933) where it is stated that probability i1s a positive normalized
measure over a field of “possible worlds™ or “possible states of nature” (Bedford and Cooke 2004).

? Risk = Likelihood X Consequence

~XV1-
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*

Risk evaluation: assessing the significance (and sometimes the acceptability) of the
esttimated risks and thus is a process of comparing risk against given risk criteria to
determine the significance of the risk. It may use also cost — benefit assessment of
possible risk reduction measures to show whether the risks are as low as reasonably
practicable (HSE 2002a, Aven 2003).

Risk management: the making of decisions concerning the risk, the subsequent
implementation of the decisions in the safety management system and thus coordinated

activities to direct and control an organization with regard to risk (HSE 2002a, Aven

2003).

Risk model: a model of uncertainties related to the prediction of performance (usually
negative outcome) of an operating system (Nilsen and Aven 2003).

Risk reduction: actions taken to reduce risk (Aven 2003).

Safety (Index): the quality of a system that allows the system to function under
predetermined conditions with an acceptable minimum of accidental loss (Roland and
Moriarty 1990). Mathematically (in terms of probability) can be expressed as the
complement/absence of risk (HSE 2002a).

Safety management: a systematic control of worker performance, machine
pertormance and physical environment and hence both prevention and correction of
unsate conditions and circumstances (Heinrich et al. 1980).

Safety management system: the set of arrangements in place to manage the safety of
a hazardous activity (HSE 2002a).

Source: thing or activity with a potential for consequence (Aven 2003). In the current
study concept is hazard or hazardous activity.

System: a composite of people, procedures and equipment that are integrated to

pertorm a specific operational task or function within a specific environment (Roland

and Moriarty 1990).

Uncertainty: lack ot knowledge about the performance of a system (the “world”) and

observable quantities (Aven 2003).
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Introduction

“How safe is safe enough?”

{Inonygmous

BCs are cargo ships designed primarily for the transportation of solid bulk cargoes,
L.e. cargoes generally uniform in compositon which are loaded directly into the cargo space
without any intermediate form of containment. The advantage of carrying such cargoes in
bulk is that packaging costs can be greatly reduced and loading and unloading operations
can be speeded up. These vessels can be characterized as the “workhorses” of maritime
commerce since commodities such as ores, coal, minerals, grains — usually located on
different continents; are transported effectively by sea. As demand increased and
shipbuilding technology advanced, BCs tended to become bigger in size and carrying
capacity, for the reason that such trades require a sufficient volume of cargo suitable for
bulk handling and hence justify a shipping operation tailored to the producer’s and
consumer’s needs. Yet for their importance to the modern industrial society, are among the
most anonymous of ships and when they sink; which they did during the early 1980s and
1990s, they do so unnoticed by the world at large due to little unsightly pollution.

However, this outlook seemed to be challenged since the elevated casualty records
accompanted with the loss of human life, which typically affected the entire crew when
BCs suddenly disappeared without trace (i.e. M/V Derbyshire), has been witnessed with
dismay. The resulting development was so dramatic and unexpected that BCs have gained
notoriety in merchant shipping, whereas in the event of an accident, with very few

exceptions, everybody stands to lose. Although seafarers are often the chief victims of
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maritime accidents, a broader range is covered i.e. shipowner, cargo owner, charterer,
classification societies, country of registration, international regulatory bodies, shipyards
and repair facilities, insurance companies, port authorities, coastguards, among others.
Thus, as a matter of priority, after care for human safety, is ot doing anything that can be
achieved to avoid BC wrecks occurring and keep tleets shipshape.

Because shipping is such a global industry, it is generally accepted that safety and
other issues (polluton from vessels, security) have to be dealt with at an international level.
The organization chiefly responsible for maritime safety has been IMO and ditterent
treatics have been developed concerning the safety of life at sea, the prevention of
collisions, the improvement of radio communications at sea, load lines and tonnage
matters, prevention of pollution, water ballast management, the training and certification ot
seafarers, the creation of an international system for search and rescue and other matters.
The most important of all the adopted Conventions is SOLAS, where the referred
regulations are based on the premise that all possible technical, organizational, operational
and human aspects should be considered. With regard to BCs, attention is concentrated on
construction (SOLAS Chapter II), life — saving appliances (SOLAS Chapter 11I),
navigational aids (SOLAS Chapters IV and V), carriage of cargoes (SOLAS Chapter V1),
management issues (SOLAS Chapter IX), enhancing their inspection and survey regimes
(SOLAS Chapter XI-1) and additional measures covering survivability and structural
requirements (SOLAS Chapter XII). The great deal of SOLAS’ existing text is that its
provisions are backed by a number of Codes (i.e. BC Code, BLU Code, ISM Code, ISPS
Code, among others) which can be amended much more easily than the Convention itself.

The actons taken by IMO undoubtedly helped to solve many of the problems
associated with BC safety (cargo shift, loss of stability, structural degradation) and their
impact was (and still is) beneficial since today the majority of BCs has been trading on
worldwide safely with the number of sunk bulk carriers being reduced dramatically. It is
recognized that many of the adopted measures have been formulated in the wake of
serious accidents, whilst truth being universal, under political expediency and pressure from
environmental groups and particularly from the media to act decisively with the advocated
tendency of reverting to the previous condition. From one point of view it is legitimate, but
on the other hand, instead of solely responding to disasters (or waiting to occur) it would

be more logical to try to prevent them from happening in the first place. Therefore, planned
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action in anticipation of potential events or circumstances that could have negative ettects
on operational safety, which may eventually lead to accidents, 1s considered necessary. To
this end, the causal factors influencing BC safe operations need to be identified at an early
stage for establishing the areas of concern and contributing to the eradication of failure
implications. The latter 1s of paramount importance, since the benetit of investing in safety
improvements would be realised and any new measures are ensured to be kept updated in a

rattional manner.

Notwithstanding the above, with technology advancements and customer
expectations for better service, proof quality, increased competitiveness moving faster than
knowledge can be assimilated and experience gained, there might be a widely held concern
that BC operational performance does not reflect practice evolution and remains hindered
to tradition. Due to the significant economic issues involved, the perception of close
monitoring and implementadon — especially for the ageing fleet — without adhering
prescription to anyone should be reinforced. Hence, the task that needs to be tfaced is
determining the linkage between measures and performance. Of course, this can be
achieved by deciding upon a target level where performance can be measured with the
utilization of appropriate tools and processes and be compared to acceptable criteria if the
target is reached or exceeded. Broadly speaking, the observation of performance appears to
be attractive in decision — making, simple because it can be supported and sometimes be
explained by science. Thus, the success of regulatory art is facilitated by careful analysis and
interpretation of performance observations with the input being organized around of what
needs to be done.

Traditionally, the decision — making process has been governed by the habit to
uncover the causes of failures or accidents and concurrently to adopt measures that will
either reduce the occurrence or mitigate the outcome of such circumstances in the future.
Having 1n mind the difficulty of identifying root causes of accidents, it 1s with no surprise
concetvable that the causes might never be ascertained precisely due to the weakness of

treating a collection of individual and unconnected sources. Instead, it is suggested to
recognise all the relevant sources by observing the operation of BCs and afterwards
consider the possible failure cases that could occur. In this respect, input and output of the
whole procedure can be addressed uniformly, avoiding any criticism from the various

parties involved in shipping. Though, the key aspect that needs to be stressed is the
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interface of qualitative and quantitative assessment, with the first aiming at drawing a draft
picture of the encountered situation and the second one at verifying where action should
be taken, assisted by the construction of suitable models. The extracted information from
past records 1s vital ingredient for quantifying current or future trends and determining
causal chains of events. However, a better understanding of this approach is provided
through the subsequent chapters, as the introductory pages intended on fostering some

thoughts with regard to the decision — making process.
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2 Specification of the thesis

“Things don’t just happen, you have to make them happen”

Procter & Gamblg

2.1 Preamble

In this chapter the basic incentives are unfolded of conducting the current research

and also a picture 1s drawn of the thesis’ structure.

2.2 Aim and Objectives

In connection with what was pointed out in the previous chapter, BC operational
safety needs to be maintained and enhanced at a measurable level by adopting an integrated
and holistic approach in which risk assessment and decision — making are linked, so that
safety is treated as an objective rather than a constraint and optimum solutions can be
attained. 17 is the purpose of this research to advance a methodological understanding of that approach and

to venify its potential and practicality by applying it to the dry bulk cargo transport. In this context, the

objectives of the proposed research could be underlied as follows:

M Develop a systematic and documented framework for ORM.

Provide a rational decision support tool where the factors influencing the safe

operation of a BC can be identified at an early stage.

Establish and priontize the areas of concern to prevent undesirable events.
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M Construct suitable risk models for assessing the performance of dry bulk cargo
transportation.

Propose a methodology for estimating/predicting the operational safety ot BCs.
Implement the complete risk assessment process.

Comment upon the gained knowledge through the entailed discussion.

N A N

Recommend possible improvements in the decision — making process.

2.3. Thesis’ structure

The conducted research can be separated in five stages as illustrated at Figure 2.1,
starting with Chapters 3 and 4 aimed at providing firstly the state — of the — art review In

the current ORM of BCs, a documented procedure to arrive at decisions that provide
desirable and achievable controls to manage their (operational) safety and secondly a
selective literature review in the area of risk assessment which can be briefly described as a
process for evaluating the safety of a system. The associated terminology is addressed,
whilst the available tools for performing a risk assessment are outlined. Additionally, the
utilization of the BNs technology in the graphical representation of the whole process is
discussed. Furthermore, the elaboration of RSM for approximating risk and LCCA in the
CBA are outlined. The purpose of Chapter 5 is to set up the informed basis (problem
definition) upon which that approach will be formulated and be addressed in measuring the
operational safety of BCs.

The aim of Chapter 6is to address the hazards associated with the dry bulk cargo
transportation in relation to the problem under consideration and information retrieved
from existing HAZID studies. The safety performance of BCs is influenced by hazardous
substances onboard such as corrosive cargoes while weather conditions, routeing and the
company’s management with regard to the commercial pressure represent external hazards.
It 1s generally accepted that safe BC operational practices can be affected by the
management infrastructure and decision — making onboard and ashore.

In Chapter 7, a probabilistic model 1s developed for estimating the operational risk
of dry bulk transport. The DOOBN technology is used to model the uncertainties of the
aforementioned operational domain. A methodology is proposed for estimating the current

risk level of dry bulk cargo transportation and concurrently measuring its safety. It is
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asserted that HAZID (qualitative assessment) and risk analysis (quantitative assessment) are
viewed as a means of making a systematic evaluation of the risk from hazardous activittes,

Le. the ocean transportation of dry bulk cargoes, and making a rational evaluation of their

significance (prioritization).

Chapter 4
Chapter 3 Chapter 5

Preparation

Chapter 6 Chapter 7

Prioritization

Chapter 8
ﬁRisk Management

Figure 2.1. Stages of the conducted research

Finally, in Chapter 8, the BN developed as a high level risk model is extended to
an ID where different design (passive) and operational (active) measures addressing
corrosion are evaluated as an action implementing risk management decision. Additionally,
their effectiveness as an option for accident prevention and mitigation is demonstrated by
employing LCCA in the whole process. The “kernel” of this thesis 1s Chapter 9, targeted at
presenting and providing a framework for ORM in a sense that 1s explained how the
different steps fit together and is generic enough to constitute an ORM tool for
consideration by other vessel types. Chapter 10 is offered for leaving aside any arisen
doubts, whilst the tindings ot the conducted research are presented in Chapter 11. All the

details of the performed calculations and reviews are included in the Appendices.
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3 Critical Review

“The uncertainty of the consequences, which is controlling for behaviour, is

understood to be that existing in the mind of the chooser. Of course, such subjective

uncertainty or risk may very well stem from observations on the external world”

Kenngth J. Arrow

3.1 Preamble

This chapter aims at providing the state — of the — art review in the current ORM
of BCs. The purpose behjnd the conduct of risk management is to arrive at decisions that
provide desirable and achievable controls to manage the (operational) safety of dry bulk sea
transport. Additionally, the utilization of the BNs technology in the graphical
representation of the whole process is discussed, whilst the concept of RSM in risk analysis
1s introduced for quantifying the operational risk. Finally, the adoption of a probabilistic

approach for CBA of proposed options is discussed.
3.2 Introduction

The role of risk management has been extended to many business areas of the
modern industrial community including health, safety, environment, finance, marketing,
politics, engineeting and although their apparent differences, the applied philosophy is
essenttally the same. Generally, it 1s used as a powerful tool which encompasses the

implementation of cost — eftective controls or contingency plans embedded in the ongoing
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operations of an organization with the intent of minimising its costs, timescales and

liabilities (RAE 2003).

ORM of BCs

3.3

Broadly speaking, risk management within the dry cargo industry is traditionally
associated with the prospect of helping to avoid or control the economic disbenefits that
result from shortages in the flow of goods and services. In this sense, shipowners are
considered as asset holders who want to maximise return and minimise loss from their
operations (transport chain/customer, management choices, insurance issues), subject to
unforeseen changes emanating from fluctuations in freight rates, bunker prices, the price of

the vessels or even the level of interest and exchange rates (Aury 2007, Kavussanos 2002,
Nomikos and Alizadeh 2002, Attikouris 2003). Bearing in mind that the ORM in the
current study is viewed from an engineering perspective, it can be described as the making
ot decisions concerning the systematic control of worker/employee and machine/
equipment performance, physical environment and the implementation of the decisions in
the set of arrangements in place to manage the safety of a hazardous activity, i.e. dry cargo
sea transport. Thus, it includes the coordinated activities to direct and control (both
prevention and correction) an organizaton with regard to unsafe conditions and
circumstances (HSE 2002a, Heinrich et al. 1980, Aven 2003).

Obviously, the task that needs to be faced is the minimisation of decisions that
could have negative effects on operational safety, which may eventually lead to accidents
and the assurance that every action affecting safety is based on a rational understanding of
Its consequences. This is expected to be reflected through the ISM Code which was
developed by IMO to provide the maritime community with an internationally recognized
standard for the safe management and operation of ships and for pollution prevention and
was incorporated into SOLAS Ch. IX (IMO 2002a, 2004a). It is stated that a proper SMS
should be adopted — although not described in detail how this can be accomplished — with
clearly defined roles, responsibilities and practical operational procedures in order to IMO
2002a):

e Provide safe practices in operating ships and a safe working environment,

e Establish safeguards against all identified risks,

- 10 --
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® Improve the satety management skills of the personnel aboard and ashore
continuously, including preparation for emergencies related both to safety and
environmental protection.

In fact, the development and implementation of a documented SMS is a trial in risk
management where attention i1s drawn to the need for changed attitudes towards safety
management, 1.¢. learning trom past mistakes and understanding how the external world
responses to make past mistakes less likely to occur in future. It is pointed out that the
dratting or amendment of written procedures involves looking at the organization’s
acuvities and operations, identitying what could go wrong and deciding what should be
done to try to prevent it (before the problem appears). These documented procedures are
the means by which the controls are applied, provide evidence of the decision — making
process and have to be reviewed regularly in light of experience (audits, routine reporting).
Thus, the aim is to move towards a culture of se/f — regulation where the targets for safety
performance are set by those who are directly affected by the implications of failure (IACS
20044, Kristiansen 2005).

These 1ssues have been discussed in Parker (1999), Tallack (1999) and Bailey (1999)
but lack of a formal justification which was dismissed due to their many years of sea service
and it was so obvious for them. No analytical work has been carried out yet in the
literature for the dry bulk sector, but one would expect similarity with the ottshore

industry (Figure 3.1).

RISK ASSESSMENT PROCESS

Figure 3.1. The cycle of ORM

Source: Reproduced and edited from Aven and Vinnem (2007)

=3 =
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As shown, ORM 1s an iterative task consisting of sequential steps with integral and core

part the risk assessment process which is covered in the subsequent chapter.

3.4 Risk Analysis

Although fault trees and event trees are considered standard risk analysis
techniques which are engaged for constructing and quantfying a risk model due to their
logical representation either of the many initiating events that lead to the single top event
(FTA) or only one initiating event that leads to many possible outcomes (ETA), when are
applied to a complex system, their clarity and efficiency are lost as all events are assumed to
be independent and fall into simple failure or working states (i.e. human error, adverse
weather) (HSE 2002a). In this sense, BNs can be used at any stage of risk analysis and both
fault and event trees may be readily substituted by a BN in a logical tree analysis (Figures
3.2.b, 3.3.b) since their formulation is more generic and their basic inference techniques
may be used for representing the states of a system, its elements and the environment
being analysed (Faber 2006, Bobbio et al. 2001, Bedford and Cooke 2004, Bearfield and
Marsh 2005). By way of reference, BNs were developed during the last two decades as a
decision support tool originally targeted for purposes of artificial intelligence engineering
(Jensen 1996, 2001, Pearl 1988), but only in recent years their usage has been expanded to
marine safety applications (Friis — Hansen 2000, Norway 2005, Guarin and Drennan 2005,
Denmark and Norway 2006, Eleye — Datubo et al. 2006, Vinnem 2007, Wang and
Trbojevic 2007), whilst the utilization of BN in the risk reduction measures (RCO’s) of
FSA 1s proposed by Japan (2006a). In spite of these achievements, their integration in
the whole process has not been tested yet.

BNs are considered to be very powerful for modelling dependences in a domain
containing uncertainty integrated on the relationships between causes and effects. This
uncertainty can be due to imperfect understanding of the domain, incomplete knowledge
of the state of the domain at the tme where a given task is to be performed, randomness in
the mechanisms governing the behaviour of the domain, or a combination of these. The
model’s performance in diagnostics can be increased as BNs are prepared to perform new

calculations (learning) when particular information (evidence) is achieved and consequently

—-12 -
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the diagnosis can be checked in how sensitive might be to minor changes (sensitivity
analysis). Since systems are often composed of collections of identical or almost identical
components, tepetitive patterns are frequently contained (i.e. commonly occurring
solutions or problem types) which in BNs are network fragments (objects) and with this

notion multple identical instances are constructed easily (Jensen 1996, Koller and Pfeffer

1997, Neapolitan 2004).
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Figure 3.2. Transforming a fanlt tree into BN
Source: Bobbio et al. (2001)
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Figure 3.3. Transforming an event tree into BN
Source: Bearfield and Marsh (2005)

Also, a simple or static BN can be extended to a dynamic BN by including multiple
instances (time slices) of the static one, hence not only the current situation is formalised
but temporal sequences are modelled, i.e. the past is concerned and the future is predicted
(Neapolitan 2004, Sanghai et al. 2005). Additionally, bearing in mind the difficulties

involved in making decisions between different alternatives, this problem is overcome by
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IDs which are BNs augmented with utilites and decisions (Jensen 2001, Neapolitan 2004),
thus the whole risk management process might be represented in a graph! In Gomez et al.
(2004) the widespread use of 1Ds 1s mentioned. It needs to be stressed that despite IDs
are mentioned in HSE (2002a) and IMO (2002b, 2007b) as modelling techniques for

HAZID, are not commonly preferred in risk assessment.
Notwithstanding the above, through the causal graph modelling (BN), a framework
1s provided for accomplishing the most important goals of risk analysis without changing
the model. These include (Cox 2002):
= Representing and consolidating causal knowledge about how changes in some variables are
hypothesized to propagate along possible paths and change the probability distribution
of outcomes.

* Testing and refining whether the causal hypotheses and modecls are consistent with
available data.

" Learning possible cansal patterns from data where the statistical associations are identified.

" Infernng probable true exposure — effect relation from observations with errors and
missing data.

*  Estimating ettects of unobserved variables.

*  Predicting probable consequences of decisions and optimiging decisions with the usage of
influence diagrams.

*  Attributing risks/allocating blames for undesired outcomes (or exposures) to their
possible contributing causes.

Based on the developed model from risk analysis, it would be appropriate to

establish a general function Y so that for some observable quantities X,, X,, X;,..., X,

can be written ¥ = f(X,, X,, X,,..., X, ), as an approximation to risk. One approach of

approximating this function is the application of RSM where an experimental design
process 1s performed to select sets of input parameters for use in the quantification of risk

(Modarres 2006). RSM comprises a group of statistical techniques for empirical model

building and model exploitation. A response variable Y is related to the levels of a number

of input variables by careful design and analysis of experiments by quantifying the risk

model for the selected observable quanuties. A variety of possible designs exists i.e.

blocked, factorial, nested or response sutface, but the latter one is preferred with the
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objective to provide empirical maps (contour diagrams) illustrative of how factors under

the experimenter’s control intfluence the response (Hunter et al. 2000). The RSM CCD:

?=p0+iﬂjxj+zz,6uxjxj+zk‘,ﬁj,jxj.‘ +& (3.1)

jmi i<j jml

was chosen for its reasonable robustness against missing values, ability to estimate second
order effects and thus contribute to the approximation of the current risk level whilst a
reasonable distribution of data points is required through the region of interest. Of course
a competitor of CCD 1s the three level factorial design for any estimation that curvature in
the response function is concerned. However, it needs to be emphasized that the latter
design 1s not the most efficient way to model a quadratic relationship since with the CCD
the size and complexity of the model is kept low. Furthermore, the CCD consists of a two
level factorial design augmented with centre points (an excellent way to obtain indication of

curvature) and axial runs for the quadratic interactions (Box and Draper 1987, Myers and

Montgomery 1995, Montgomery 2005).

3.5 CBA of proposed solutions

The flexibility of each solution (option) concerning its alternatives also at the CBA,
can be evaluated by performing LCCA where the decision maker is allowed to select the
optimum solution. The basic theory behind using an economic evaluation technique such
as LCCA is that all the impacts of the proposed option(s) can be accounted for and
converted to their monetary value so that any comparison between them or their
alternatives can be made directly. The negative impacts are considered costs and the
positive impacts are considered benefits, which might be calculated as the treduction of

negative 1mpacts:

M
I Zimpact,.
NPV = PV, — PV, = Initial impact +3° -L(I-:’-_T- (3.2)
t=f)
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The LCCA can be defined as the total cost associated to one activity performed over one

fixed horizon 7T, Its calculation can be executed concerning projects, investments and
whatever activity needs to be analyzed over one defined time horizon to assess its
etfectiveness. LCCA 1i1s typically referred to machineries and equipments taking into
account their cost of acquisition, operation, maintenance, conversion, and/or
decommission aiming at their lifecycle economic evaluation. It can be either a mere
assessment of lifecycle performances or a deciston — making instrument, and, depending on
the field of application, the emphasis in a LCCA calculation process can be put on different
aspects of the investment. The principle of LCCA calculation is the same as the NPV
calculation, which consists in discounting cash flows with rate r over the time horizon ot
one investment. While NPV is typically used as a decision — making tool for strategic
decisions and business planning, LCCA techniques normally aim at taking a wide range of
technical data into account with big emphasis, in particular, on operation and maintenance.
What 1s more, the LCCA calculation takes only cost figures into account so that the least
negative or maximum positive NPV is the decision criteria when comparing alternative
production solutions (Fabrycky and Blanchard 1991, Boussabaine and Kirkham 2004).
Most of the LCCA input parameters are inherently uncertain, such as the discount
rate r that should be employed to convert costs occurring at different points in time to a
common time frame, the analysis period T}, over which the options are to be evaluated, the
timing of future rehabilitation (maintenance) activities that will take place in each of the life
cycle options. Therefore, it is generally recommended that the probabilistic approach
should be adopted. The deterministic approach uses point estimates for all input variables
tor the model, whereas the probabilistic approach uses probability distributions for all

unsure variables and therefore treats the inherent uncertainty in the model (Boussabaine

and Kirkham 2004, Osman 2005, Ozbay et al. 2003). In this sense, Monte Carlo simulation
1s applied, where values for each parameter in the model are randomly selected, based on

the probability of that value occurring for the specific parameter. Then, the system’s or
model’s response 1s obtained and its value is recorded. The sequence is performed many

times. Each repetiton will result in a value for the system response, and these responses
will be used to construct the probability distribution of the final outcome. The number of
iterations in Monte Carlo simulation depends on the required level of accuracy and the

available computing power. The larger the number of iterations, the better the result, until

- 16 --



Georve <ld. Psarros — Operational Risk Management of Bulke Carriers Critical Retiew

the simulation starts to converge and any additional iteration does not aftect the final
distribution (Modarres 2000). It should be pointed out that in the conducted CBA (UK
2002a, Japan 2002d, Norway 2005, Denmark and Norway 2000), the deterministic

approach has been used and therefore the parameter uncertainty was excluded.

3.6 Conclusions

The role of risk management in shipping operations has become increasingly
important in recent years since it is related to the continuous improvement of satety. It 1s
also regarded as a systematic and documented task where the implementation of cost —
effective controls 1s justified through the risk assessment process. Moreover, through the
graphical representation of the whole process with the BNs technique will be attempted to
consider uncertainty into the model development in a consistent fashion. In addition, a
close approximation to the operational risk will achieved through the RSM whereas the

probabilistic approach for CBA will be employed for dealing with the parameters’

uncertaintles.
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Risk Assessment:
Approaches and elements

“The sciences do not try to explain, they hardly even try to interpret, they mainly

make models. By a model is meant a mathematical construct, which, with the
addition of certain verbal interpretations, describes observed phenomena. The
justification of such a mathematical construct is solely and precisely that it is

expected to work”

John Von Negumann

4.1 Preamble

The purpose of this chapter is to provide a selective literature review in the area of

risk assessment which can be briefly described as a process for evaluating the safety of a

system. The associated terminology is addressed, whilst the available tools for conducting a

risk assessment are outlined.

4.2 Introduction

The notion of misk 1s trequently referred in a variety of ways in everyday speech
since is generally felt to be understood and applied to different professional disciplines i.e.
insurance, engineering, finance, science, medicine, politics, yet it can be admitted that its

nature is multidimensional, has many subjective interpretations (Waring and Glendon
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1998) and lacks trom a tormal definition. However, tor the current study the detinition
given by Rowe (1988) in conjunction with that stated by Aven (2003) 1s preterred, hence:
“the potential for realigation of unwanted, negative ontcomes of an event and thus uncertainty (lack of
knowledge) in the performance of a system, quantified by probabilitzes”. In this respect, mathematically
can be expressed as the product of the probabilities of an occurring event and expected
effects being realised by hagards — conditions or activities that can cause injury or death,
damage or deterioration to or loss of equipment or property, or environmental impact

(Roland and Moriarty 1990, Bahr 1997, HSE 2002a). By way ot reterence, the term “system”
is used to represent a “Compasite of people, procedures and equipment that are integrated to perform a

specific operational task or function within a specific environment” (Roland and Morarty 1990).

4.3 The risk assessment process

It has been accepted that the purpose behind almost any risk assessment is to
support some form of decision — making on safety matters. Decisions may be needed on
tssues such as: whether or not an activity should be permitted; whether measures are
necessary to reduce its risks; which of various options should be selected and in final
concept how much should be invested in enhancing the safety of an installation (HSE
2002a). The term safety is used to determine “the quality of a system that allows the system fo
Junction under predetermined conditions with an acceptable minimum of accidental loss” (Roland and
Moriarty 1990), whilst a formal definition of qualityis given by Juran (2000a), the freedom
trom deficiencies and thus “fitmess to use” i.e., the users of a product or service should be
able to count on it for what they needed or wanted to do with it. To this end,
mathematically — in terms of probability, safety can be expressed as the
complement/absence of risk (HSE 2002a).

The risk assessment process 1s applied in order to make a systematic evaluaton of
the risk level trom any industnal process, for instance the dry bulk cargo sea transport
(qualitative/quantitative) and the trial of various risk reduction measures. Given the
complexity of real world applicattons, 1t is not possible to create a simple flowchart with
branches defining a suitable approach for risk assessment whilst a generalised format has

been attempted through Figure 4.1. In fact, an excellent review for offshore applications
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which can be extended to the marine industry is provided trom ABS (2000) and HSE

(2002a) and can be summarized as follows including other necessary sources:

» Preparatory step (problem definition) where the goals for conducting the study are
addressed including type of activity/system and targeted event loss, boundaries and
limitations are established, the required knowledge and availability ot resources, which
approach will be selected (gualitative: risk matrix ranking method for the assignment ot
frequency and consequence indices — guantitative: model development or both), the
different stakeholders being involved and the risk acceptance criteria.

» Hazard identification (HAZID) and associated scenarios are prioritized by risk level
specific to the problem under review. The appropriate technique is chosen depending
on the available resources and scope, i.e. Hagard Review if the widespread experience
and understanding exists, FMECA/FMEA for identifying the faillure modes of a
mechanical or electrical system (narrowly focussed detailed analysis), What If Analysis 1t
the assessment is performed on a proposed activity (less detailed analysis) or HAZOP
for installation under operation. It should be noted that the first two can be performed
by a single analyst, while for the latter a brainstorming session is needed. Furthermore,
a HAZID is usually a qualitative exercise based on expert judgement involving a group
of specialists (professionals with knowledge and experience), since few individuals have
knowledge on all hazards and more can be stimulated through group interactions. The
results are coded in the format of a Hagard Register, a table where all the hazards that
have been identified together with representative causes, effects, safeguards and
numerical (usually) frequency and consequence indices for each are recorded.

» Risk analysis is considered to be a tool for the quantification of risks without making
judgements about their significance and thus a systematic use of information to identify
sources and assign risk values. The estimation of frequencies and consequences
(probability values) can be achieved by developing a model of uncertainties (lack of
knowledge) related to the prediction of performance (usually negative outcome) of an
operating system (Aven 2003, Nilsen and Aven 2003). FTA (logical representation of
the many events and component failures that may combine to cause one critical event
using Boolean symbols — Figure 3.2.a) and E1.4 (logical representation usually in

paired branches of the various events that may follow from an initiating event using
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decision trees — Figure 3.3.a) are included as standard modelling techniques for
frequency and consequence assessment.

» Risk evaluation is used for assessing the significance (and sometimes the acceptability)
ot the estimated risks by comparing them against given risk criteria to determine their
significance. The risk acceptance criteria related to loss of life are divided into (2) single
statistics representing risk: Individual nisk — the risk experienced by crew members onboard
the vessel or Activity specific period mortality rate (Societal Risk: PLL) — the risk
experienced by the whole crew exposed to the targeted event loss and (i) frequency vs.
consequence lines (Societal Risk) — I'-N diagram, which 1s a continuous graph representing
the cumulative distribution of multiple fatality events in a logarithmic scale (Bedford
and Cooke 2004). Depending on the outcome, a range of risk reduction measures
(RCOs) tocusing on potential risk areas (prioritization) is applied by reviewing risk
analysis in order to show whether the risks are ALARP (ALARP Principle). CBA may
be adapted for comparing the costs and benefits of a measure, usually in financial
terms.

As stated by ISSC (2000, 2003), the awareness of risk assessment applied in the
decision — making process has increased rapidly over the recent years and since a large
number of well established techniques exist; for more information on applying a particular
method or tool or their combination, the cited references should be consulted (Table 4.1).
It a risk assessment is conducted in the context of developing or evaluating rules and
regulations within the marine industry, the process is addressed as F$A4 (IMO 2002b,
2007b); whereas if it is applied for showing the compliance of individual offshore
installations, is denoted as QRA (Vinnem 2007). Of course, as a golden rule for any
successful risk assessment is envisaged to perform the minimum level of analysis necessary
to provide information that is just adequate for decision — making, i.e. begin at as a high
(general) level as practical and proceed with detailed evaluations in areas where the analysts

will be benefited without abusing inappropriately time and resources (ABS 2000).

-2



(,eorve ~

ld. Psarros — Operational Risk Management of Bulk Carriers Risk Assessment: Approaches, elements and trends

|
- ’ -
QUALITATIVE TECHNIQUES QUANTITATIVE TECHNIQUES
]
| ' N
5 FREQUENCY ASSESSMENT ;
1 1
'. | Model ! Estimate | i
: Causes - ; .| Likelhihoods i ' |
s : ;
Hazad || 7 i e Al A Estumate
[dentification Vo "““”“_“""““"'“""'"""'“”""": Probabilities e
; CONSEQUENCE ASSESSMENT i
: — | E
. Model | I Estmate | | o
| Effects | Impacts | |
: . i ' =
....................... '_....--.._-_-_-_____-_--___J =
R I 8 = Al N kL I E iElL B
_ —— |
‘ - -2
l -
S | . _
Qualitative ranking | Quantified benefits and costs
; of risk-reduction alternatives =
Example Risk Matrix o
-
i
g A i ﬁ
»~ el A .
t-ln:" ' ¥
Low L
h'-;- A '
. P S
boe] A ' { \ . . '
- \ - l_',- Risk evaluation =
:‘f_ ’ - x.
. |

Figure 4.1. A generalized Risk Assessment process
Source: Reproduced and edited from ABS (2000)

B



—— vN —

(S00Z) uasuensy|

ﬁ dunjew — UOISIA(] E\%E SSOI0)) SSOUIANIIIID — 1SOD IO
(92002 “9200T) OWI & VOPN/AVDss019) e 10§ S1PU]

JUDWISSISSEE 3[J2UIQ — 1SO")

(S002) Te 32 3uolys ‘(ez00z) ASH Jupjew — UOISII(J STy [E32100G /TenpIaipu]

BIIDI1ID 20UBIAIIDE jSTY

(uvonednnu 10 /pue vonuaadid) Juswuisse AnquIY

(92002 ‘92002) ONI suondo 3o AydIeIaTH SIINSEIW UONINPAIT NSTY

(reonAeue /[eouidwa) spPpow UONENWIG

(Q/00Z ‘9z0027) ONI JUdWISSAsse 2duanbasuon)
(L00g) wauuIA (9007) $23¥PON. | juswssasse 2ouanbasuor) 2 Luanbai
(0002) SADD “(S00T) uasuensIy

(¥00T) 200D X pI03pag
(9661) Ad[UaH 2 CloWEBWINY|
(0661) Aaeo] 2 puroy

SISA[BUY 221, JU2AT]

JUdWSSasse dduanbasuon) 29 Louanbai,]

sisA[euy 29911 Ineg sisAfeuy sy
JudwWIssasse Aouanboi,g sisA[eue 10112 /Qpiqenas uewny

Juawssasse Aouanboai,g SISA[EUE [EDNSNEIQ

(L661) 3yed “(1007) 2SOA

(VOAWA/ VAN StsAeuy (Aeonin)) 109335 PUE 9pow In[ie,
IST3YD) JT IBY X\ PRATIINIG

SISA[EUE PI[IEIOP PISSNI0J A[MOITEN]

(L00Z) wauuIA “(G)O7) U2SUEDSITY]
(L661) yeg
(9661) Ad[UaH 2 OloWEWNY|

(0661) ArEO 2 pur[oy sisAjeue 1daou0d pue Apras Apiqisea,]

T wwepn | poijwononda

SISA[EUE PI[IEIdP PIssnd0j A

UONEINUIPT pIezey

SISA[EUE PI[IBIaP Passnd0] A

JUUSSISS | YSTY] Jo sonbrugaay puv spusuars piavpuris “1'vy IV )

SPUIL] PUD SJUIUI? ‘SIGIV0IGTT/ SJUIUSSISST YSTY] SANUD) YING [0 JUIUITOUDIN YSTY] [PUOYDLIG() — SOLIDS] P~ 204007)



George Ad. Psarros — Operational Risk Management of Bulk Carriers Risk Assessment: Approaches, elements and trends

4.4 Conclusions

It can be construed that risk assessment is a well developed field which can be used
as the prime instrument in order to describe a rational, transparent and systematic sk —

informed approach for safety assessment.

.
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5 Bulk Carrier safety

“In a structured subject, it is known what is known, what is unknown, what people
. )

have already tried and doesn’t lead anywhere. There you have to work on a problem

which is known to be a problem, otherwise you get lost. But a problem which is

known to be a problem must be hard; otherwise it would already have been solved”
Heiz-Otto Peitgden

5.1 Preamble

BCs can be characterized as the “workhorses” of maritime commerce since a high
percentage of world trade is transported by sea. Their losses during the early 1990s caused
the marine industry to initiate operational measures for improving their safety. Although
today the number of sunk BCs has been reduced dramatically, in order to establish the
areas of concern and try to prevent the failure implications from the first place, their safety
needs to be maintained and enhanced at a measurable level by adopting an integrated and
holistic approach in which risk assessment and decision — making are linked. It is the

purpose of this chapter to set up the informed basis upon which that approach will be

formulated and be addressed in the dry bulk transport.

5.2 Origins and development of dry bulk shipping

The modern dry bulk shipping industry can be tracked back to the coal trade

between the north of England and London which started in the 17 century. Until mid —
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nineteenth century the standard cargo vessel was a wooden sailing collier brig. In the 1840s,
however, the shipbuilders were spurred into a burst of innovation by introducing steam
colliers, which were independent of weather and with much greater carrying capacity could
make many more round trips than a sailing vessel. During the latter half of 19" century and
the early years of 20 century, a large fleet of iron — hulled and screw — propelled “tramp”
steamers known as freight vessels or tweendeckers; was grown up for carrying shiploads in
unit and packaged form. The traditional “tramp” steamer lasted until the 1950s but it could
not compete with the larger BCs (up to 20,000 DWT) which were entering into service that
time. Whilst in 1960 only about one — quarter of bulk cargoes i.e. any commodity whose
homogeneous physical character lends itself to bulk handling and transport such as coal,
iron ore, grain, bauxite/alumina, phosphate rock (major bulks), industrial and agricultural
materials (minor bulks) were carried in bulk; the situation was transformed by 1980 at
which time, almost all bulk cargoes were transported by bulkers of up to 200,000 DWT or
over. Today, BCs transport a high percentage of world trade (Figure 5.1) and apparently
each of the major and other bulk trades followed its own distinctive growth pattern during
the last three and half decades (Figure 5.2) (Stopford 2009).

Although the BC was developed for exploiting economies of scale, yet the size of
the crew required did not increase greatly and fuel costs also rose relatively slowly, since
speed i1s not vital. In this respect, it represents the tailored transport operation by sea in
large consignments in order to reduce the unit cost, cargo handling time and the stockpiles
held by importer/exporter. This can be achieved through the standard design which has
been crystallized into a single hull ship with a double bottom, large cargo holds with
hopper and topside tanks covered by hatches (Figure 5.3). Main features of this
configuration include the self — trimming of cargoes for eliminating the danger of cargo
movement, ensuring that cargo settles during voyage and contributing to convenience 1in
collecting the cargoes on discharge, holds clear of any obstruction so that to facilitate rapid
cargo handling, five to about nine holds depending on the vessel’s size for incorporating
the transport of different parcels and ballasting/de — ballasting of the vessel can be
performed without interrupting the cargo operations. The engine room, navigating bridge

and accommodation areas are nearly always located at the stern of the vessel (Rogers et al.

1997, Isbester 1993).
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Major bulks Minor bulks

10.95%

34.53%

8.95%

25.97%

M Iron ore: 792 million tons
B Coal: 789 million tons

0 Grain (wheat, corn, barley, soybeans, sorghum, oats, rye and millet): 302 million tons
B Bauxite and alumina: 82 million tons

B Rock phosphate: 31.5 million tons

8 Steel and Forest products: 446 million tons

U Pig iron, scrap, iron, manganese ore, salt, cement: 334 million tons

O Sugar, rice, tapioca and meals (oilseeds, soy and oil cakes), fertilizers (phosphates, potash, sulphur and urea): 273 million tons

Figure 5.1. Quantities of major and minor bulkes being transported during 2007
Source: UNCTAD (2008)
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Figure 5.2. Historic growth tonnage movement of each commodity
Source: UNCTAD (2008)
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Figure 5.3. Iypical midship section (symmetrical) of a BC

5.3 Appearance of the problem

Despite the fact that the cargoes being transported by BCs — particularly the five
major bulks — are the building blocks from which the modern industrial society is
constructed, yet are among the most anonymous of ships. In essence, 1t 18 generally claimed
that when they sink; which they did too often in the early 1990s — for instance, over the
time pertod 1990 to 1992, thirty two losses were reported with the consequent death ot
321 crew members (Appendix B) — they usually do so unnoticed by the world at large, far
away from the television cameras and leaving little unsightly pollution to wortry the
environmentalists. An aspect of great concern was that the vessels which were being lost
were disappearing without trace and in some cases it appeared that a critical situation was
developed so rapidly, that there was insufficient ime for distress call or even evacuation. It
was recognized that many of the vessels lost — usually at their twilight of operational life —
had become vicums of speculative buying and selling on the second hand market and it

became increasingly apparent that factors related to their operation were in evidence and a
potential major problem could exist (Ferguson 1993, West P&I 1994, IMO 1999, ABS
2002, GL 2004, RINA 2002).

- 30 --



George ./1d. Psarros — Operational Risk Management of Bulke Carriers Bulk Carrier safety

5.4 Dealing with the problem

In recent years, the number of lost BCs has caused understandable concern for
issuing safety initiatives urgently, accompanied with a greater sense of hability within the
marine industry. In the wake of these events, the operational measures that have been
introduced (BLU Code; SOLAS Ch. VI — B Reg. 7, ESP; SOLAS Ch. XI - 1, Reg. 2, ISM
Code; SOLAS Ch. IX, PSC; SOLAS Ch. I, Part B) IMO 2004a), the International Load
Lines Conventon (IMO 2005c¢) in an attempt to identify and correct the encountered
situation; are aimed at mutigating the consequences of an accident rather than prevention in
contrast to rational decision — making. As an exception, consideration can be given to
SOLAS Ch. IX, Reg. 3.1 (IMO 2004a) where attention i1s concentrated on internal
management and organization for safety, with the company and vessel personnel being

encouraged to set the targets for (satety) performance.

It needs to be recognized that the majority of current regulations are indeed
implemented following the “re — active approach”, thus a great deal of experience and best
practice is represented which cannot be disregarded since the majority of ships has been
trading on safely for many years. However, although tangible evidence of compliance is
provided (prescription), there is therefore potential concern that with the increasing market
demand for better service, proof quality and increased competitiveness moving faster than
the gained experience, the provisions of regulations will not be updated to meet the new
expectations, so that in time their original goal — the reassurance of a reasonable and
acceptable safety level with regard to human life, property and the environment — 1s
forgotten (Vassalos 2005). This can be illustrated by considering the traditional dectsion —
making process which is focused primarily on the consequences of accidents resulting from
failures made in relation to safety and the adopted measures — usually in the aftermath ot
accidents — intended on either reducing the occurrence or mitigating the outcome of such
circumstances in the future. Furthermore, it is widely accepted that the root causes of
accidents might never be uncovered precisely due to the many complex sources involved.
It would be more reasonable though, to identfy all the relevant sources by analysing

performance observations and concurrently consider the possible failure cases that could

occur (Kristtansen 2005, Mikelis 2005).
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In the course of improving BC operational safety, planned action in anticipation of
potential events or circumstances that could have negatve ettects on their performance,
which may eventually lead to accidents, is considered necessary. In doing so, the factors
that affect BC safe operation can be identified and prioritized at an early stage tor
establishing the areas of concern and contributing to the eradication of failure implications.
Hence, by adopting an integrated and holistic approach in which risk assessment and
decision — making are linked, for instance ORM, the rationale of decision — making is
encompassed through performance observations, so that safety can be treated as a lifecycle
issue and optimal solutions can be attained. Furthermore, the particular solution 1s open to
differing approaches, innovation, flexible enough for continuous improvement, without
adhering the prescriptive approach to anyone. It is therefore implied, that the resulting
solutions are linked to decision — making through the modelling ot pertinent fatlure cases
in terms of ensuing probability and associated consequences for the early identfication of

the factors that may adversely affect safety. Similar trends have been expressed by other

research works using the terms “risk — based design”, “pro — active” or “safety level”

>

approach (Vassalos 1999, 2005, Psarafus 2006, Japan 2006b, Denmark et al. 2006, IMO
2007a).

Notwithstanding the above, the recognition of the need for a fair balance and
protection between the various interests and positions of those who will be affected by any
changes to the regulatory regime is important. Since the stakcholders (parties investing in
shipping) are either exposed to risk or incur cost — benefit from the shipping enterprise, the
final recommendations for decision — making are entitled to redress any imbalance between
those who impose risk and those who carry disproportionate risk in relation to the return
they receive i.e. those imposing — voluntarily or not — risks on others should be expected to
pay for that privilege (UK 2004). Although this could be a prescriptive approach, the safety
of dry bulk cargo transportation shall be measured since a significant financial risk is
carried by the industry. To this end, through ORM it would be ensured that the underlying
risks are addressed in a manner which is cost and safety — effective and agreed by the
stakeholders affected (ALARP Principle) in parallel with what commented by Vassalos
(1999, 2005) and RINA (2001).
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TABLE 5.1. Example of stakeholders accompanied with their balance concept and the principal ones
highlighted

Receives benefits 4| Imposes risks Carries risks

k Choice of vessel

._
Operator/manager | Running

Stakeholder*

[.oss of vessel

Owner/charterer

- __specifications

Pays for pasgage

Cargo owner

Administrat
costs, emple

Flag State

-

g

L~ 1]

‘control, dredgi
| levels

Port of call infrast

Coast State

Insurer

Operating COSEE™ ¥ '} Lack of du¢™mDieg C
| _ », diligence reputation

Designer/constructor Materials/labour m Zili I
vy |

R

Classification societies

o
B
o M
ﬁ

* It is well respected and understood that the safety of the vessel lies with the owner, operator and her crew

Source’ Kristiansen (2005), Starling and Riding (1998)

3.5 Defining the problem

Whether transport is between a coal mine and the power station, an iron ore
mining area and the blast furnace, a chemical plant and the fertlizer wholesaler or a crop
field and the flour mill; the BC can be characterized as part of a logistics chain that
facilitates transportation of raw materials from their sources (origin) to processing plants
(destination), usually located on different continents. Thus, the prime operational goal i1s
accomplished by the safe, fast, economic and environmental friendly carriage of payload
within the parameters defined by the owner/charterer, typically arriving on time under
instructions related to fuel consumption. Bearing in mind this and the issues noted

previously, it is clearly envisaged that BC performance expectations can be very demanding
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and 1n order that owners are ensured to know the commitments they are taking on, the
current (operational) safety level of dry bulk cargo transportation should be determined in a
holistic high level manner.

As a starting point preceding the detailed application of the “rsk — informed”
approach; it 1s suggested to consider the relevant type of vessel, her systems, functions and
operations, external/internal influences, accident category and the risks associated with
consequences such as injuries/fatalives, environmental impact, damage to the vessel or
port facilities, commercial impact (Starling and Riding 1998, Japan 2002a, Kristiansen 2005,
IMO 2002b, 2007b). It needs to be stressed that the previous characteristics should
theretore be defined to be precise and relevant to the problem in question, broken down to
an appropriate level of detail with artful simplicity and expressed in consistent terms of
dimensions natural to the scope of the study.

In this respect, the tollowing ‘picture’ for preparing the study is galvanized upon
which the ORM can be applied. The study 1s conducted by considering new — building
handysize (10,000~39,999 DWT), bhandymax (40,000~59,999 DWT), panamax
(60,000~79,999 DWT) and capesize (80,000+ DWT) single side skin BCs’. For
claritication purposes, BC of single side skin construction means a BC in which a cargo hold is
bounded by the side shell IMO 2004a — SOLAS Ch. XII, Reg. 1.2), with BC meaning a
ship which is constructed generally with single deck, top-side tanks and hopper side tanks
in cargo spaces, and is intended primarily to carry dry cargo in bulk, and includes such
types as ore carriers and combination carriers (IMO 2004a — SOLAS Ch. IX, Reg. 1.0).
Furthermore, the term dry cargo in bulk 1.e. solid bulk cargo, is referred to any material, other
than liquid or gas, consisting ot a combination of particles, granules or any larger pieces ot

material, generally uniform 1n composition, which is loaded directly into the cargo spaces
of a ship without any intermediate form of containment (IMO 2004a — SOLAS Ch. XII,
Reg. 1.4).

* The reasons for preferring single side skin vessels are addressed in Guarin and Vassalos (2004) where it was
concluded that “the introduction of double side skin would certainly improve maintenance of the
inner skin, but it would also exacerbate problems of inspection, maintenance and repairs of the
internal spaces. It is a case of reducing a risk and creating another and therefore it is uncertain
whether there will be a risk reduction at all”. In other words, ships should be maintenance friendly and

not a challenge to maintain.
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The considered aspects focus on the carriage of payload (vessel’s function) during
ocean transit (operational phase — loaded and ballast passage) interacting with the
operational and management infrastructure (vessel’s systems). These systems are related to
the outer environmental context such as financial (freight market) and commercial realities
(charterers) , which is governed by pressures and influences of all parties (stakeholders)
interested In shipping (Table 5.I) and each of these 1s dynamically aftected by the others
(Kristtansen 2005, HORSCTCI 1995a, 1995b). Moreover, the defined tunction is fulfilled
by ensuring the safe carriage of payload (performance). Obviously, the transported cargoes
are internal influences, while since the majority of foundering/disappearance casualties
(accident category) occurred during bad weather (Appendix B), external influences on the
vessel such as weather conditions and routeing are also included. In connection with the
previously noted issues, the risks associated with consequences to human life (crew
fatalities) will be evaluated through a quantitative model and concurrently be compared
with the acceptance criteria proposed by Skjong et al. (2007). The environmental risk is not
considered since an oil pollution incident with a BC is very remote (oil spills due to

bunkering are not counted) and the financial risk will not be dealt with.

5.6 Conclusions

This chapter wished to contribute to the understanding of applying a risk — informed
approach for measuring the operational safety of BCs and respectfully, the boundary limits

of performing the study were addressed.
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Identification and
Screening of Hazards

“If hazards are dealt with one at a time, many must be neglected. The instinctive

response to this problem is to deal with problems in order of importance.
Unfortunately, the information needed to establish priorities is not available; the

collection of such data might itself swamp the system”

Baruch Fischhoff, Paul Slovie and darah lsichtgnstein

6.1 Preamble

The aim of this chapter is to address the hazards associated with the dry bulk
cargo transportaton in relation to the problem under consideration and information

retrieved from existing HAZID studies. The safety performance of BCs is influenced by

hazardous substances onboard such as corrosive cargoes while weather conditions and the

company’s management with regard to the commercial pressure represent external hazards.

6.2 Introduction

The operattonal profile of a2 BC can be grouped into three mission segments:
provision ot transportaton (loaded/unloaded passage), port operations (loading/
discharging) and planning of service life (maintenance, inspection, lay — up). The first two
arc 1dentified as operations during which the majority of accidents occur, while the last one

is considered to be the miussion where deficiencies allow the causes of BC casualties to go
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uncorrected (Van Roon 2001). Since the BC can be identified as part of a logistics chain
that facilitates transportatton of raw materials from their sources to processing plants,
usually located on ditterent continents, the prime operational goal 1s accomplished by the
safe, fast and economic carriage of payload within the parameters defined by the
owner/charterer, typically arriving on time under instructions related to fuel consumption.
In this context, each action affecting safety is based on understanding the relation between

causes and effects and an attempt will be made through a qualitative risk assessment (HSE

2002a).

6.3 Hazard Review

The purpose of a qualitative risk assessment is the identification of hazards and
associated scenarios prioritized by risk level specific to the problem under review. The
essence of a hazard is that it has a potential for causing harm to human life, impact in the

environment and property loss, regardless of how likely or unlikely such an occurrence

might be. Generally speaking, the term "hazard” is used for the combination ot a physical
situation with particular circumstances that might lead to harm, 1e. the ocean
transportation of dry bulk cargoes. Since the study is carried out by a single analyst and
existing experience from a wide range of sources is being used, the hazard review is
preferred, which is a qualitative review to identify the hazards that are present and to gain
qualitative understanding of their significance. To this end, the addressed issues are existing
HAZID studies, previous experience/accidents (Appendices B and C), hazardous
influences and Regulations, Guidelines and Codes of Practice (IMO 2004a), that should be
complied with (HSE 2002a).

According to Packard (1985) the dry bulk cargoes are grouped into 8 families as
follows: ferrous ores — FE (iron, chrome, manganese, nickel ore, — ore concentrates), coal
— CO (coke, petcoke, anthracite, steam coal), cement — CE (clinker, cement), mineral —
MI (alumina, bauxite, copper, zinc and lead concentrates, sands, salt), agricultural and
food products — AF (wheat, corn, barley, maize, soybean meal (SBM), sugar, tapioca),
fertiliser and chemicals — FC (sulphur, rock phosphates, soda ash, muriate of potash, di

— ammonium phosphate, urea), metal — ME (steel products, copper cathodes, pig iron,
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direct reduced iron (DRI), iron pellets, scrap metal), eimber — TT (logs, sawn timber, wood
— pulp). The main hazards associated with transported cargoes are liquetaction (FE and MI
concentrates), cargo shift (AF, ME, TI), structural damage due to improper distribution
(FE, ME, high density MI), chemical hazards due to corrosion and fire/explosion (CO, FC,
scrap metal and DRI, MI, SBM), health hazards due to dust, poisoning and asphyxiation
(CO, CE, FC, scrap metal) (Swadi 2005, IMO 2005a, Rankin 2002, Rogers et al. 1997,
Sewell 1999, Sparks 2003, Isbester 1993, House 2005). Bearing in mind that 60.7 % of the

cargoes being transported are raw materials (Figure 5.1), hazards related to the problem
under review are corrosive, aggressive and high dense cargoes such as coal, sulphur, iron

ore, ore concentrates (i.e. chalcopyrite — CuFeS,) the trequent changes of which, torm a

"deadly cocktail” for the vessel’s structure. Thus, liquefaction, cargo shift, fire/explosion

and health hazards are not considered to be related to the problem. It should be mentioned
that the capability to manage port operations (i.e. compliance with the agreed loading plan,
finding the correct sequence of loading relative to the location of the load — loader chute,
spout or grab, part/multi — port loading segregation (Isbester 1993, IMO 1998, 2005b,
TACS 1998) is typified by commercial realities.

Although the safe operaton of ships is required under SOLAS Ch. IX with
adopting ISM Code and the implementation of an SMS, the habit to cut corners for
commercial expediency is not removed either from the management/shipowning company
or the charterers. The creation of the SMS is not described in detail, but it is stated that
some areas of measures (responsibility and authority, supply of resources and supportt,
procedures for checking competence and operational readiness, training, shipboard
operations?, minimum standards of the maintenance system’) have to be addressed
through the company’s safety management objectives and it is assumed that through the
company’s SMS compliance with regulations, codes, procedures, practices, routines should
be ensured (IMO 2004a, 2002a). In this sense, ISM Code is considered to be a se/f —
reguiation culture, in which regulations go beyond the setting of externally imposed
compliance criteria (prescriptive regulations) and safety 1s organised and managed by those
who are directly affected by the implications of failure, meaning the company and vessel’s

crew (Kristtansen 2005). Consequently, this freedom is enjoyed by shipowners in

1 For instance the preparation of holds described in Isbester (1993) and the hold cleaning guidance prepared

by UK P&l (2005).
5 For instance the guide to managing maintenance prepared by IACS (2001b).
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determining ditferent vessel operating policies (T'able 6.I), depicting maximum (ceiling)
and minimum (floor) levels of expenditure in relation to “good” and “common” (or

average) practice within the shipping industry (OECD 1996). To this end, through the
standard or minimum level, the compliance with basic standards of safe operation is
cnsured, while below this level a margin of substandard operation is identified within which
a shipowner is able to operate a vessel not subject to detection by one or a number of
regulatory authorities (flag states and classification societies acting on thetr behalt, port
states) or the imposition of penalties which effectively reduce the margin. Unfortunately,
the owners who operate their vessels at the last two levels of expenditure are far too
difficult to be detected for the simple reason that they know pertectly how to survive. It
should be stressed that this attitude is governed by the freight market’s volatility because

substandard charterers can find sufficiently low — quality ships to meet their requirements

(OECD 1996, 2001)

TABLE 6.1. [ essel operating levels

evel of maximum expenditure (influenced by financial revenue, earning  potential
f the vessel in the freight market and financial costs of owner)

Ceiling

Good Practice igh level of expenditure adopted by minority of shipowners

Common Practice Average level of expenditure adopted by majonty ot shipowners

inimum level of expenditure to ensure owner’s compliance with basic standards o
safe

Standard Practice

argin of substandard operation within which the shipowner is able to operate a
Shaded Area essel subject to non — detecion by regulatory authorities (tlag states 'a.nd
lassification societies acting on behalf of flag states, port states) or the imposition
f penalties which effectively reduce the margin

Floor

the vessel “operational™)

Source: OECD (1996)

The sate operation of the vessel(s) is determined through the company’s SMS, thus,
it can be squeezed by charter party restrictions on the choice of route. Fundamentally, the

choice is laid down by the shortest, the fastest and the simplest way (Alderton 2004). The
shortest way is known as the great circle route and appears on the Mercator chart (the
standard navigational chart) as a curved line. In the northern hemisphere, i.e. on a2 North
Atlantic passage, the curve takes the vessel into higher latitudes than necessary (or the

Aleutian route for North Pacific), and possibly in winter into worse weather than the vessel
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might be expected to encounter if she was kept further south, consensus, the shortest way
may not be the quickest. Thus, a longer route might be accepted in preference to a shorter
more hazardous route. Least — time, weather or optimum routeing is a relatively modern
technique and 1s only as good as the accuracy of long — term weather forecasts. According
to Alderton (2004), savings of up to 14 hours can be claimed on a North Atlantic crossing,
but tar more important than this is the reduction in damage to the hull, engine and cargo
and perhaps the major use of weather routeing services s in settling disputes after the
voyage has been completed. Safer use of Weather Routeing Services can be achieved by
increased dialogue between vessels’ masters and their weather routeing service providers
and through a continuous review of the information that is provided by them (IMO
2002¢). The simplest route is chosen for the ease of navigation. One of the reasons why
mandatory routeing in the English Channel was introduced was that the majority of ships
preferred coming along the English rather than the French coast. Hence, this led to heavy
congestion and high collision risk in the region. Because of this, mandatory ships’ routeing
In converging areas of the world was introduced (IMO 2003), but if routeing measures can

be extended to oceans is far too difficult to be determined since the master has (or
supposed to have) the freedom to choose the appropriate ocean route as defined by
SOLAS Ch. V Reg. 34/3 (IMO 2004a).

Although rough weather management is not outlined at the IMO Guidelines for
voyage planning (IMO 2000), it is acknowledged that safe speed and necessary speed
alterations en route having regard to the proximity of navigational hazards along the
intended route or track should be maintained, so that the safety of life at sea 1s ensured.
When the weather is bad it would not be reasonable the vessel to be expected to keep her
tull speed and even if she had sufficient power eligible for all weathers, she would suffer
considerable damage. One of the most fundamental obligations of an owner is that the
vessel's seaworthiness is ensured, meaning that the vessel has the fitness to withstand the

expected hazards of the contemplated voyage laden with cargo® (Hill 2003). From the
revicwed references (Rogers et al. 1997, Sparks 2003, Hill 2003, BIMCO n.d.) not all

charters mentioned about weather conditions (i.e. in the paramount clause “"Deviation” it

was rarely stated that the vessel will be “on — hire” when altering course due to severe

6 The “unofficial” concept of “cargo worthiness” is also included which reflects the fitness of the vessel in
those parts which have direct reterence to and direct contact with cargo, i.e. the holds being clean and
generally fit to receive the chartered cargo (Hill 2003).
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weather) and also 1n some cases the master had to comply with the charterers’ weather
routeing service. There was no clause or sub — clause exclusively about weather conditions
determining the monitoring ot the vessel’s performance, for instance time should not count
when the wind speed exceeds say, Beaufort force 5. It should be born in mind that due to
strict commercial confidendality 1t is not possible to have actual contracts and view how

the arrangements are performed.

6.4 Setting and identifying priorities

Having in mind the aforementioned issues and the information retrieved from
existing HAZID studies (Guarin and Vassalos 2004, UK 2001a, b, ¢, Republic of Korea
2001, IACS 20014, Japan 2002b), the hazard register in Appendix A is constructed, where
the causal factors are grouped into the following categories (HORSCTCI 1995b) bearing in
mind the highlighted stakeholders from Table 5.1 (first three lines i.e. owner/charterer,

operator/manager and crew):

e Human/Crew (H), it is acknowledged as the most common cause for every

incident/accident.

® Management/Ownership (M), it is accepted to be important while the age of the
vessel does not seem to be that significant as long as she is well maintained. Hence,

maintenance comes within this category since it is 2 Management aspect.

o Financial (Market) (F), if the market conditions were improved, this would not
necessarily get rid of the bad operators since it is statistically proven that treight rates
tend to rise concurrently with world trade and as world trade increases, there is a
requirement for more tonnage capacity, including regrettably those of the bad operator.

® Commercial realities (Charterers) (C), although it is believed that they have to
operate In a very competitive environment, quality and compliance should be
maintained.

A total of 54 causal factors related to internal hazards (cargoes) and external (weather) are

identified and categorized depending on their effect in Table 6.1I1. It is remarkable that all

hazards are related to the management and operational infrastructure (software issues)

which influence hardware issues (structural integrity) and furthermore in most cases is
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difficult to distinguish them in one category. It is evident that the effect of
corrosive/abrasive cargoes has bigger influence in an incident’s progression,
compared to those of passage planning, decision making, mechanical damage and

alternate /block loading respectively. However, this influence (highlighted green) needs

to be proved by the ranking of hazards and relevant scenarios as will be shown in the

subsequent paragraphs.

TABLE 6.11. Causal factors’ categorization depending on their effect

Internal Hazards (Cargoes)
B [Cucgon [
| HM | 3
| omc | 4
[ M |1
L F___§ 1|

G

Chemical Hazards — corrosive/abrasive cargoes

™~

I

SUBTOTAL
TOTAL (INTERNAL)

¢
o

External Hazards (Weather)

Category
H, M, C
M, C, F
H,

M, C

<

[nadequate passage planning, no response on changing weather/sea conditions

Weather
SUBTOTAL

=
1]

H,M,C
H, M
M, C

Uninformed decisions onboard and ashore

ety

SUBTOTAL

. v

M,C,F |
M, C

Problem of alternate/block loading is not appreciated e

SUBTOTAL

TOTAL (EXTERNAL)

GRAND TOTAL
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6.4.1 Broad Analysis

The IMO FSA Guidelines are followed for the hazard ranking and the relevant risk
matrix (Appendix A) is advised (IMO 2002b, 2007b), where the levels to each of the
combinations of probability of occurrence (likelihood) and consequence of events are
assigned and measured on a logarithmic scale’. It should be noted that since all causal
factors are mutually dependent of each other, it 1s necessary to establish a priority level
based on their likelihood/severity perspective and the possibility of finding effective risk
reduction measures (RCOs). In this respect, the “top cases” are recognized in Figure 6.1,
where the dashed — dotted line is added for the easiness of identification and their

numbering is determined in Appendix A.
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Severity of consequence (Index)

Figure 6.1. Risk area priority level for the identified cansal factors

7 Risk = Probability X Consequence = log(Risk) = log(Probability) +log(Consequence) or Risk Index (RI) =
Likelihood Index (LI) + Severity Index (SI) (IMO 2002b, 2007b)
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As illustrated, 12 ot 54 causal factors are prioritized based on their high likelihood
and high severity level as follows:
T'he three major cansal factors related to corrosive/ abrasive cargoes are:
»  High loading rates — reduced No of shiftings/pours
»  Corrosive nature of cargo
»  Commercial pressure — requirement to retain bilge water on board to conserve
deadweight where draught survey is used to check cargo weight at discharge port
T'hree major cansal factors related to passage planning are identified:

»  Encountering heavy weather in condition of loading high density cargo

»  Inappropriate speed, heading and draft

»  Failure of ship operator to modify speed/heading in line with weather condition
T'he four magor cansal factors in relation to mechanical damage:

»  Corrosive nature of seawater used for hold cleaning

»  Working of ship structure — cargo movement

»  Corrosive nature of cargo

»  Cargo gear (crabs, wires) striking structure
Two major causal factors identified in relation to alternate/ block loading:

»  The “split load” scenario is more complicated than usual homogeneous load

scenarto

»  Vessel/cargo/terminal suitability and compatibility is not taken into consideration

by charter (restricted air draught, inability of ship loader to reach all holds).

6.4.2  Narrow Analysis

Apparently, many possible factors are competing for attention; hence a valuable aid
used to establish priorities is the Pareto diagram (Pareto principle) which may simply be
described as a bar chart that ranks related contributors to the total effect in decreasing
occurrence frequency accompanied with their cumulative percent of total effect. According
to this principle, 1s stated that in any population that contributes to 2 common effect, 2

relative few of the contributors — the vital few (20%) — account for the bulk of the effect
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(80%) (Juran 2000b, Dhillon 2007). The application of Pareto principle is shown in Figure

6.2, where corrosion 1s selected and identified as the main contributor (causal factors 39, 33,

34, 38).
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Causal factor

28 Likelihood (Index) =#=Cumulative

Figure 6.2. Pareto diagram for the 12 identified causal factors

6.5 Next stage preparation

In connection with the previously mentioned issues, the risk can be controlled
(minimised) by reducing either the likelihood (frequency) which is associated with
preventive (passive, built — in, design) measures or the consequences of an effect which are
associated with mitigating (active, operational) measures, or both. Bearing in mind that
software and hardware issues cannot be isolated, it needs to be emphasized that by

reducing either the likelihood or the consequence of effects alone will not suffice, making

also necessary to address the preventive and mitigating nature of RCMs during the vessel’s
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lifecycle. However, it should be stressed that the previous prioritization precedes the risk
analysis (following Chapter) where the causal factors are investigated in more detail. It
should be also pointed out that the aim of a qualitative risk assessment (HAZID) is to
prioritise the causal factors in order to provide guidance where attention needs to be given
when constructing the risk model. Hence, only the 12 causal factors will be included in the
model with the purpose to identify the area(s) where action (risk reduction measures)

needs to be taken.

6.6 Conclusions

Sate bulk carrier operational practices can be affected by the management
infrastructure and decision — making onboard and ashore. It is required shipowners and
charterers to co — operate and ensure that vessels’ masters are provided with sufficient
information to identify the potential hazards of the carried cargoes i.e. corrosion, vessels

are operated In a sate manner and the commercial pressure on masters and terminal

operators should be removed.
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7 Risk Analysis

“The only certainty in life is death; uncertainty lies in when and how death occurs,

and whether it is final”

William §. Rowe

7.1 Preamble

The aim of the current chapter is to develop a probabilistic model for estimating
the uncertainty of the dry bulk transportation. The DOOBNSs technology is used to model
the uncertainties of the aforementioned operational domain. A methodology 1s proposed

tor estimating the current risk level of dry bulk cargo transport and concurrently measuring

its safety with the use ot RSM CCD.

7.2 Introduction

Risk analysis ts considered to be more appropriate in identifying the factors that
may adversely attect satety and a good understanding is provided of the mechanisms of
accidents and the role of safeguards in terminating accident sequences. Hence, the
undetlying causes and progression of the most important scenarios (previous chapter) are
identified by a quantitaive model involving simultaneous examination of their likelihood

and consequences (IMO 2002b, 2007b, HSE 2002a). The developed risk model

incorporates the most important contributors (including stakeholders) involved in 2
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foundering scenario and quantifies the risk level to life and property during the dry bulk
cargo transportation using the BN technology. This model may be used as a tool where the
tactors intluencing the safe operation of a ship can be identified at an early stage and for
establishing the areas of concern to prevent undesirable events (safety performance

prediction).

7.3 BNs background
(Jensen 1996, 2001, Pearl 1988, Koller and Pfeffer
1997, Neapolitan 2004, Sanghai et al. 2005)

A BN (Figure 7.1(a)) (a.k.a. Bayes Net, Causal Probabilistic Network, Bayesian
Beliet Network or simple Belief Network) is a probability model expressed in graphical
terms, enabling the use of statistically acceptable and mathematically rigorous techniques —

such as Bayes’ theorem® — for reasoning under uncertainty. Through a BN the joint

probability distribution of a set of variables {Z P A d} is encoded as a DAG’ and a set of

CPTs. Each vanable 1s corresponded to a node and the table associated with it allows to
compute the probability of a state of the variable given the state of its parents
(unconditional or marginal probability distribution). The set of parents of Z, denoted
Pa(Z), 1s the set of nodes with an arc to Z; in the graph where each edge 1s interpreted as
causal relatonship and not flow of information. The assertion that each node is
conditionally independent of its non — descendants given its parents is encoded through
the network’s structure (Markov Condition). So, the joint probability of an arbitrary event Z

=(<£,,..., £, can then be computed as:

P(F|Z)P(Z)
P(F)

or conditional) probability distribution, P(F/Z) the likelihood of the data and P(Z) thc prior probability

distnbution, P(F) the unconditional probability distribution, was originally developed by Thomas Bayes

(published in 1763), is called Bayes’ theorem and so that is explained the denomination “Bayesian

Nerworks”

? A directed graph is acyclic if there is no directed path Z; =+« — Z, subject to Z; = Z,

8 Given two events Z and F, the formula P(Z | F )= , where P(Z [ F) the posterior (yoint
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d
P(Z)=]]|P(Z |Pa(Z,)) (7.1)

i=]

:e
—
N
¥

N
—

Parent Descendant (child)

Inference

() static (b) dynamuc

Figure 7.1. .4 simple network for the random variable Z,

DBNs (Figure 7.1(b)) are an extension of BNs for modelling dynamic systems. In
a DBN, the state at ime #is represented by a set of random variables Z, = (Z,,,..., Z, ).
The state at time #1s dependent on the states at previous time steps. Typically it is assumed

that each state only depends on the immediately preceding state (Markor Condition) and

thus, the transition distribution P_(Z,,,|Z, ) needs to be represented. This can be done

with ttme — slice tragments and since for all 7 each Z, (parents and descendants) has the
same space, the vectors z,,,, and z,, both represent values from the same set of spaces.

Hence, 2 DBN 1is defined as a network containing the variables that constitute the T

random vectors consisting of:

(a) the DAG composed of the DAG Gjand for 0 <t ST —1 the DAG G evaluated

at ¢ ; and

(b) the tollowing joint probability distribution:

T-1
P(Z,)=Py(Z,)[]P.(2,,1Z,) (7.2)
{ =f)

An object — oriented probabilistic graphical model can be defined as a network (i.e.

BN) that, in addition to the usual nodes instance nodes are contained and the fundamental
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unit is an object. An object represents either a node (i.e. a variable) or an instantiation of a
network class (called an instance node). An instance node is an abstraction of a network
fragment into a single unit. The OOBNs’ modelling is based on the decomposition of the
global network into hierarchical levels. This representation method allows to decentralise

and to structure the knowledge within BNs of reduced size. Two organizational hierarchies
are provided in OOBN:Ss, the part — of hierarchy corresponding to the inclusion of one object
within another (iconization — no hidden variables within a probabilistic interface) and the s
— a hierarchy over classes. Noting that iconization is fitted naturally into the 5 — a brerarchy, a
network class 1s 2 named and self — contained representation of a network fragment with a

set of interface and hidden nodes (Figure 7.2).

Z
]

Figure 7.2. A4 simplified network class where Z, are hidden nodes included in BN_Class

7.4 Modelling risk through the BN

The current model has been developed behind the thought that an accident can be
viewed as a process where contributing and interacting factors of operational,
environmental and technological aspects constitute its causal network. Furthermore, the
system’s frequent behaviour (i.e. dry bulk cargo transportation) is considered to be at risk
when through that causal influence, an enumeration process is generated resulting to
various consequences (i.e. loss of life/property). This can be expressed mathematically by
the equation: Risk = Likelthood X Consequence, whereas the first part represents
uncertainty in the system’s operational profile (variability of transported cargoes, trade
routes and weather conditions) and the second part is the interaction between causes and
effects (accident statistics, investigation reports) as shown in Figure 7.3.

All three indices are defined as objects and the nodes’ states of Likelihood and

Consequence Indices are named according to the IMO risk matrix (IMO 2002b, 2007b).
The Likelihood Index is consisted of N =2 x{] ,...,6} DBNs depending on the time slice
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for transported cargoes and trade routes and concurrently the market structure (financial) 1s

represented (Figure 7.4). This index is related to the frequency of an accident as defined at

the IMO Guidelines on FSA (IMO 2002b, 2007b) and it can be calculated as:

Likelihood := No of acadents_x 1,000 vessels (7.3)

Fleef population

The Consequence Index is related to the severity of an accident determined by the number
of injuries or fatalities for each incident as defined at the IMO Guidelines on FSA (IMO
2002b, 2007b) and 1t can be calculated as:

N e ‘o
o of injuries / fatalities % 1,000 vessels (7.4)

Consequence := -
Fleel population

The basis for constructing this OOBN is provided through the information found at Japan
(2002¢), whereas the fault tree has been converted into a BN augmented with the operating
and shore management levels (see § E.5 and C.3 respectively, with the latter one being
important for understanding the development of this network). The Risk Index is
interpreted as the potential for realization of unwanted, negative outcomes of an event
(vessel en voyage) and thus uncertainty of the performance of a system (vessel) (Rowe
1988, Aven 2003). Therefore, it should be associated with all the possible negauve
outcomes, l.e. low likelthood/consequence, low likelihood — high consequence, high
likelihood — low consequence and high likelihood — high consequence. It can be
represented by considering four levels of the IMO Risk Matrix (IMO 2002b, IMO 2007b):

t( Lo
Risk :=()| .. [{Likelihood, Consequece) (7-5)
High

n=j

Input data for completing the conditional or marginal probability tables was
achieved from accident statistics (Appendix B), casualty information (Appendix C), actual
voyage data (Appendix D), Port State Control detention lists (Appendix E) and wave
statistics (Hogben et al. 1986), whilst for any unavailable data, the hazard register
(Appendix A) was advised. The software used for developing the model is the HUGIN
tool (Hugin Expert A/S 2006) and beating in mind that the BN can be extended to an ID

.53 __



George Ad. Psarros — Operational Risk Management of Bulk Carriers Risk Analysis

(which cannot contain continuous nodes), the network is discrete. It should be mentioned
that the nodes in Figures 7.3 and 7.4 are only illustrative and not the ones used in the

actual model which has a higher level of detail and are enclosed in Appendix E.

—_— - e

- - _— I —

Figure 7.3. Overview of the BN modelling with the rectangular lines indicating objects

— - = — —_—

|
|
-

Figure 7.4. Example of likelibood index: for three time slices with the rectangular lines indicating objects

It needs to be stressed that the lack of information and knowledge is driven by the
fact of how much resources are or might be available to the analyst to obtain it. In this
sense, data is transformed into knowledge by the usage of probabilities whilst for any
unknowns the estimation is based on subjective interpretations of probability. Hence, the

cargo changes are assumed to follow the Poisson process meaning that there is a random
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occurrence of states during an extended window of observation as a function of time
which in this case 1s one (1) year (Evans et al. 2000, Bury 1999). The cargo ratio is given by

the formula found in Gardiner and Melchers (2003) and is assumed to follow the Poisson

distribution:

time with (cargo family )

(Cargo Ratio ), =
age of vessel

(7.6)

Whereas the / stands for the 8 cargo families according to Packard (1985), i.e terrous ores,
coal, cement, minerals, agricultural and food products, fertiliser and chemicals, metals and
timber. The route ratto given by the formula by Gardiner and Melchers (2003) and 1s

assumed to follow the Poisson distribution, whilst for simplifying the analysis, the trade

routes are grouped into 14 families (including in — bound and out — bound directions, see §

E.3.3):

time in (route family )
age of vessel

( Route Ratio ) = (7.7)

For the weather modelling, the significant wave height measurements (annual — all
directions) from Hogben et al. (1986) are transformed into the Beaufort scale of wind

(UKHO 2004), through the Rayleigh distribution (Rawson and Tupper 2001). The

distribution parameters were determined according to the technique described in Vose
(2001). In an attempt to estimate the distribution of different operating levels, port state
control detention lists (Paris MOU 2005, Tokyo MOU 2005, USCG PSC 2005, Vina del
Mar 2005, Indian Ocean MOU 2005, Black Sea MOU 2005) were used. Cases with only
one deficiency were classified as standard and the rest poor, whereas for the ceiling, good
and common and practice, shaded area and floor conditional to the shore management, the

Pareto Principle (Dhillon 2007) was applied. By way of reference, the frequencies were

estimated by the equation:

No of det entions

Frequency = ——m—M@—
1 7 2005 fleet population

(7.8)

Fore more details the reader should be referred to § E.5.20 and E.5.21 of Appendix E.
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FE. Verifying the previous prioritization

Before proceeding to the results, some missing points need to be cleared out. From
the screening of hazards, corrosion (internal hazards — cargoes) and turn — around times

(external hazards — weather) were identified as main situations for causing harm and
concurrently corrosion was qualitatively prioritized (see § 6.4.2). Furthermore, The
output from § 6.4 (Setting and identifying priorities) is used in combination with

appropriate techniques (BNs technology, see § 7.4) for constructing a quantitative model
where the causes and consequences of the most important situations are investigated in
detail. This allows attention to be focused upon high risk areas and to identify and evaluate
the factors which influence the level of risk. Consequently, by running the BN (Hugin
Expert A/S 2000), i.e. the program calculates automatically equations (7.1) and (7.2), the
following probability (risk) values are obtained and presented at Table 7.1. Again, it should
be noted that these values are defined by Rowe (1988) and Aven (2003) as the potential for
realization of unwanted, negative outcomes of an event and thus uncertainty in the
performance of a system quantified by probabilities. Hence, given that an accident has
occurred, the Table 7.1 values quantify the probability of possible hazards. It is far from
obvious that corrosion wastage is identified as an area which needs to be addressed
further, without meaning that fatigue (other factor — cracks/dents) is insignificant, but this

boundary is set for the current study.

TABLE 7.1. Prioritization of high risk areas

nfluence arca
—

Apparently, the low values of weather routine failure are due to the fact that

weather routeing had been introduced as an RCO (UK 2002b), work had been already

done and no further actions are required (IMO 2002c). Furthermore, parameters with
regards to the transit performance (seakeeping and seaworthiness) such as assignment of

freeboard (vertical distance from the upper edge of the deck line to the upper edge ot the
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related load line), design of hatchways, hatchcovers and deck openings to withstand green
seas loading including provisions against flooding due to water on deck (weather and water
tightness), minimum bow height and reserve buoyancy of the fore end structure and

protection of the crew (satisfactory means for the passage of crew on

deck/accommodation) have been ensured through the revised Load Lines Convention
(IMO 2005c). Moreover, any other regulatory attempt could be addressed through the

definition of charter — party arrangements, but this is beyond the scope of the current

research.

1.6 Sensitivity analysis of the risk index

By running the BN, the nominal values of the states of the Risk Index (Rl,,,,) were
obtained and are shown at Table 7.I1. Recalling the essence of risk, the meaning of the

five states is to what extent the risk can be avoided or not in conjunction with that given at
the IMO Risk matrix used for the initial ranking of hazards IMO 2002b, 2007b). More

specifically, it is shown that the majority of dry bulk transport operational risk 1s
ALARP.

TABLE 7.11. Risk Index nominal values

Vessel size

Risk Index state

Panamax

26.62
23.31
20.00
16.71
13.39

Capesize

25.24
22.62
20.00

17.39
14.77

26.28
23.14
20.00

16.87
13.73

26.34
23.17
20.00

16.84
13.67

Intolerable
ALARP High
ALARP Medium
ALARP Low
Negligible

The distinction of ALARP area within three categories is for determining the effectiveness
of risk reduction measures, since through the dry bulk shipping is entailed such a low level

of residual risk whilst benefits are also brought that contribute to lowering the background

level of (intolerable) risks. The residual risks are not unduly high and are kept ALARP by
ascertaining whether further or new control measures need to be introduced to take into

account changes over time such as new knowledge about the risks or the availability of new

techniques for reducing or eliminating risks (HSE 2001). As it has been demonstrated that
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the majority of vessels lies within the ALLARP area (Skjong et al. 2007), it could be argued
that for the current risk level of for instance capesize vessels, there is rougly 25%
probability of something going wrong (uncertainty) during transit, 60% is ALARP and the
remaining 15% 1s acceptable. Of course, no risk is acceptable, but the bebeficial importance
of dry bulk transport 1s justified since the majority of risk is within the ALARP area.

Betore going any further and in order to check how reliable these values might be,
their sensitivity will be investigated by changing critical parameters. As shown from Figure

7.3, a critical parameter is the loss of the ship, with the probability of structural failure

being a tangible indicator (see § E.5.2). Hence, the probabilites of structural failure are
compared with those calculated at Guarin and Vassalos (2004) from the structural reliabality
assessment during the lifetime of single hull vessels given the effects of ESP and SOLAS
Ch. XII (Appendix B) and are presented at Table 7.II1. It should be pointed out that the
first three records describe the probability of structural failure during a foundering

scenario, whilst the other records are defined in the same way as in Table 7.11.

TABLE 7.111. Probabilities of structural fatlure and their influence at risk index

Vessel size

Reliability Assessment
0.6009
0.5314
0.6257

Bayesian Network
0.6339
0.6674
0.7036

Ca ® esize
Panamax

Handymax

Risk Index state

Vessel si1ze

Handymax

Capesize Panamax

R R AR )
Intolerable 25.12 0.48 26.22 1.51 26.05 1.11

ALARP High
ALARP Medium
ALARP Low
Negligible

22.56
20.0

17.44
14.88

0.27 23.02
20.00
16.98

13.96

2311 0.65
20.00
16.89

13.79

0.86

-0.29
-0.75

-0.84
-2.12

-1.08
-2.99

=
2
&
>
=
e ™
&
S

Although the probability of structural failure is overestimated by the BN, the level
of influence to the index is shown at Table 7.III. It is obvious that although with the
probability calculated by the reliability assessment the extent of avoidable risk is slightly

L4

increased, it 1s better to “ert” from the side of unavoidable risk. Moreover, the risk

__58 --



George Ad. Psarros — Operational Risk Management of Bulk Carriers Rusk “lnalysis

difference ranges between 0.3 ~ 3.0 % which can be considered reasonable based on the

assumption that it 1s better to “err”’ from the side of unavoidable risk.

7.7 Current risk estimation

Based on the developed model, it would be appropriate to establish a general
function Y (refined risk) so that for some observable quantites X,,X,,X;,..,A, can be

writtenY = f( X,, X,, X;,..., X ), where in the current study n = 2 reflects the vessel’s

age and DW'T respectively. This function is considered necessary for the CEA calculations.

As shown eatlier, since some risk is unavoidable and is generally related to the negative

outcomes of an event, this potential needs to be quantfied and calibrated (bench —
marking) by weighting factors which will be determined by input (evidence) from accident
investigation reports as outlined at Appendix C. Therefore, from the known narrations ot

accidents, evidence was put to each of the BN’s nodes and the results are recorded at

Table 7.IV. Furthermore, by applying multivariate regression of the five risk states with

response the covariance, it is easy to estimate the current risk Y:

‘RI. (7.9)

RI,,  .-RI.—RI

Nom i Nom i

Cov[RI_;,m , RI ]

Hence, the weighting factors are calculated (Appendix G) and their values are as tollows:

Risk Index state (RI) Weighting factor (w,)
1. Intolerable . 0.0008

2. ALARP High - 0.7525
3. ALARP Medium : N/A
4. ALARP Low : 0.1853

5. Negligible : 0.0614
Finally, the “refined” values:

Risk,, , =RI,-w,+RI, - w,+RI,-w,+RI-w; (7.10)

are presented at Table 7.1V together with the five risk states and the equivalent covariance

from the nominal values for each investigated accident. From the same table it is observed
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that the refined risk (residual) is marginally reduced compared to the intolerable risk,

explaining the effects of the ALARP region as commented by HSE (2001).
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Figure 7.5. CCD for the refined risk

As mentioned at § 3.4, the function ¥ = f(X,, X,, X,,..., X, ) can be estimated

by applying RSM CCD experiments for the cases at Table 7.IV. Thus, a two — factor (k =
2), five — level CCD was used (Montgomery 2005) and is comprised of 12 points (runs).

The orthogonal CCD (a unique class of designs that minimize the variance of the

regression coefficients B, ), is made up of a n s =4 point two — level full factorial 2*=

design augmented with n_, =4 centre points with an additional axial block consisting of

n, = 2 points per factor at a distance:

x

S ——— 2 4
(\/;’ +2-n,+n,, - 2"’) 5

a=|————“74 | =121] (711)
4

from the design centre (Figure 7.5).
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Although the levels in design factors are inaccurate (# £1.414) the result will not
be seriously affected by not achieving the desired factor levels exactly (Montgomery 2005).
Details ot the CCD are enclosed at Appendix G. The analysis was carried out on the

coded data sets so that the magnitude of the model coefficients is directly comparable. The

coding was as follows:

o+ E
gi_glmz i min
X =q- ————=% (7.12)

i
gi {.run

2

where & are the natural vanables. Therefore, the fitted model is:

Y =21.53-0.06-X,-0.52-X,-0.14-X? -0.27-X? -0.21- X, - X, (7.13)

Bringing in mind the essence of safety and applying the same methodology, the fitted

(complement) model i1s:

Ycam =78.47+0.06-X1 +0'52.X2 +0_14_X}2 +0-27'X22 +0'21'X; 'X2 (714)

The ordinary R® is close to the adjusted R* (Appendix G) and hence both linear and
quadratic terms contribute significantly to the model.

By plotting the contours (Figure 7.6) and the response surface (Figure 7.7) the
system’s performance can be characterized and is noted that is more sensitive as the age
Increases (as expected). It is observed that when the vessels enter service, there 1s 19.5 %o
uncertainty ot something that might go wrong which is tncreased up to 21.5 % untl thelr
20 — year anniversary while is decreased afterwards (in accordance with § B.6.5 and B.6.8).

It 1s also revealed that the esumated current safety level of bulk carriers 1s around 80 %

with the minimum appearing between the ages of 17 — 19 years. The acceptability or not of
these values can be defined by determining the current levels of individual and societal
risk"" (F — N diagram). It is obvious (Figure 7.8) that the current risk level for capesize,
panamax and handymax vessels is ALARP Low while for handysize vessels and all bulk

carriers 1s ALARP High. It 1s remarkable that the current individual risk (Figure 7.9) 1s
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below the target value. The question that arises here i.e. how safe is safe enough, will be
attempted to be answered at the subsequent Chapter since the aim of this chapter was just
to assign a risk value. Speaking coarsely, from the screening of hazards and risk analysis,

corrosion was prioritized as main situation for causing harm and the evaluation of

measures for controlling it will be investigated in the following Chapter.

DWT ('000 MT)

Age (years)

Figure 7.6. Contour plots for the refined risk

'0"The reader should be referred to § B.6.12 (Appendix B) for more information.
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Figure 7.8. F-IN diagram of BC current risk level

ikl -



George Ad. Psarros — Ogratz'aﬂa/ Risk M anagement of Bulk Carriers Risk Analysis

1.2E-03 ‘

1.0E-03 e eeeeeeeeeeeeeeeeee——————————————————————————
8.0E-04
- B Current
> -
T=u —Tolerable - Intole rable
_E 6.0E-04 e Tarpot
- == Ne¢gligible - Tolerable
~
=
—_
4.0E-04
20E-04

Handysize Handymax Panamax Capesize All bulk carmiers

Figure 7.9. Current individual risk (annual) for BC crew members

7.8 Conclusions

It can be accepted that risk analysis is one of the most crucial steps of a risk
assessment, since is viewed as a means of making a systematic evaluation of the risk from
hazardous activities (l.e. ocean transportation of dry bulk cargoes) and making a rational
evaluation of their significance in order to provide input to a decision — making process
(measures against corrosion). The BN approach is considered to be successful for dealing
with the uncertainties and weaknesses of FTA and ETA. Through the introduction of the
vessel’s risk (safety) index was attempted to construct suitable risk models in order to
provide a rational decision support tool for assessing the uncertainty in the system’s

performance (dry bulk cargo transportation) and consequently the operational risk was

found to be ALARP.
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The elusive art of risk
control

“Risks are conceptually uncontrollable; one can never know whether one is doing

enough to prevent a hazard from occurring. Even after a hazard has occurred, one is
still left with the question of how much more action would have been necessary to
have prevented it, and whether such action would have been with the bounds of

reasonable behaviour”

Jerome R. Ravetz

8.1 Preamble

The BN developed as a high level risk model is extended to an ID where different
design (passive) and operattonal (active) measures addressing corrosion are evaluated as an
action implementing risk management decision. Moreover, their effectiveness as an option

for accident prevention is illustrated by employing LCCA in the nisk assessment process.

8.2 Introduction

Through nisk assessment, a structured basis is provided for any analyst to identity
hazards and to ensure that the risks have been reduced to appropriate levels in a cost —
ettecttve manner. It has been accepted that the purpose behind almost any risk assessment

is to support some form of decision — making on safety matters. Decisions may be needed

on 1ssues such as (HSE 2002a):
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1. Whether or not an activity should be permitted.

2. Whether measures are necessary to reduce its risks.

3. Which ot vanous options, involving different combinations of safety and expenditure,
should be selected.

4. How much should be invested in enhancing the safety of an installation.

In fact, to answer questions such as these, it needs to be decided when the activity or the

installation is safe enongh, 1.e. there is a willingness to live with risk(s) so as to secure certain

benefits and in the confidence that it is/they are being properly controlled (HSE 2002a). In

this respect, ORM can be used as a tool to evaluate the costs and benefits of decisions

regarding options to reduce those risks. In particular, the proposed solutions focus on the

high risk areas identified in Chapter 7 (Risk analysis) and CBA aims at identifying benetits

and costs associated with implementing the various identified options.

8.3 Managing and enhancing BC safety

By general consensus, the proposed solutions (RCOs) need to be effective, practical
and comprised of the following stages (IMO 2002b, 2007b):
A.1. Focusing on risk areas needing control.
A.2. Identitying potential RCMs.
A.3. Evaluaung the effectiveness of the RCMs in reducing risk by re — evaluating the
quantitative assessment (Risk Analysis).
A.4. Grouping RCMs into practical regulatory options.
In general, RCMs should be aimed at one or more of the following (IMO 2002b, 2007b):
B.1. Reducing the frequency of failures through better design, procedures, organizational
polices, training.
B.2. Mitigating the etfect of failures, in order to prevent accidents.
B.3. Alleviating the circumstances in which failures may occur.
B.4. Miugating the consequences ot accidents.
New RCMs can be identifted by engaging appropriate techniques such as risk attributes and
developing causal chains, where the latter have been already included when developing the

risk model. The prime purpose of attributes 1s to facilitate a structured thought process to
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understand how an RCM works, how it is applied and how it would operate. By way of

reference, the attributes can be categorized as (IMO 2002b, 2007b):

e  Passive where there 1s no action required to deliver the RCM, whilst active where

the rnisk control 1s provided by the action of safety equipment or operators.

¢ FEngineering where safety features are included (either built in or added on) within
a design, whilst procedural where the operators are relied upon to control the risk

by behaving in accordance with defined procedures.

o Preventive where the probability of the event is reduced, whilst mitigating where
the severity of the outcome of the event or subsequent events 1s reduced.

As stated previously, corrosion wastage'' needs to be addressed further (A.1) and
potential RCMs together with their attributes are identified at Table 8.I (A.2). Mote

precisely, these attributes aim at the establishment of adequate corrosion allowance where
extensive steel renewals will not be deemed necessary before specified time intervals. The
latter 1s addressed explicitly through ESP (SOLAS Ch. XI — 1, Reg. 2) and ISM Code
(SOLAS Ch. IX) (IMO 2004a, IMO 2002a). For illustrative purposes, in Figure 8.1 the use
of the BN is shown for estimating the effect of RCMs (A.3).

A noteworthy comment can be the fact that the RCMs are applied to the
Consequence Index Object only. From a first point of view, it could be argued that
emphasis has been placed on reducing the consequences, whereas this paradox cannot be
justified since through the Consequence Index (OOBN), the accident’s (foundering) causal
network is tepresented. Furthermore, the Likelihood Index (OOBN) is developed in a
sense that the Market structure of dry bulk cargo transportation can be described and
although two — tier market proposals already exist (Tamvakis and Thanopoulou 2000), the
financial risk will not be dealt with. Moreover, any attempt for proposing trade
discrimination will be opponent to common sense as this would impose the introduction of

age limits and hence a race could be induced to build the cheapest and shortest life vessels

(Donaldson of Lymington 1994).

' The reader should be reterred to Appendix F for information regarding corrosion and its modelling.
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TABLE 8.1. Attribute assignment to the RCMs regarding corrosion wastage

Risk Control Option: Corrosion Margin
Risk Control Measure

Attribute

Corrosion addition Enhanced replacement programme

Passive
Active
Engineering
Procedural

Preventive

Mitigating

Figure 8.1. Usage of ID to estimate the effect of RCMs

8.3.1  Future risk prediction

The eftectiveness of the RCMs is quantified by re — evaluating Risk Analysis
(previous Chapter) and concurrently the results are presented at Table 8.II (prediction of
future risk level). Since the original OOBN (consequence index) is augmented with

decision nodes; the resulting model (Risk Index OOBN) is called an ID. The two — factor,
five — level CCD was used (details are enclosed at Appendix G) and is shown at Figure
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8.2, whereas for any comments regarding the RSM, the previous Chapter should be
referred to. Again, in Table 8.II, the risk index values for each investigated accident are
recorded by running the ID this time, since the decision nodes have been added as

proposed risk reduction measures. Additionally, the nominal values of risk index together

with the weighting factors from the multivariate analysis are recorded.

-1.5 -1 0.5 0 0.5 1 1.5
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+ <04
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] . 0.6
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== Factorial points W Center points (4) =®— Axial points

Figure 8.2. CCD for the refined risk (prediction of future risk level)

Bringing in mind what was mentioned in the previous Chapter, the fitted models

for the refined risk and safety index are respectively:
Y=17.72-0.13-X,-1.17-X,-0.45-X} -0.54- X} -0.34-X - X, 9:4)

Ycom=8228+0.13-X,+1.17-X,+0.45-X; +0.54-X; +0.34- X, - X, (8.2)
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By plotung the contours (Figure 8.3) and the response surface (Figure 8.4) the
system’s performance could be characterized as similar as the one without the RCMs. It
can be observed that when the vessels enter service, there would be 17.5 % uncertainty
(19.5 % betore) of something that might go wrong which would be increased up to 18 %
(21.5 % before) untl their 20 — year anniversary, decreasing afterwards. It is also revealed
that the predicted future safety level of BCs would be around 82 % (80 % before) with the
minimum appearing between the ages of 17 — 19 years. Apparently, the improvements after
the proposed solution will be introduced are obvious (B.1 — B.4). The current risk level was
identified to be ALARP Low for capesize, panamax and handymax whilst for handysize
vessels and all bulk carriers was ALARP High. From Figures 8.5 and 8.6 can be seen that
the future nisk level for handysize vessels and all bulk carriers would still be ALARP High,
but slightly decreased whereas for the other types would be ALARP Low with minot
decreases, whilst the individual risk would be tolerable and slightly decreased. This
downward trend is illustrated cleatly at Figure 8.7 for the PLL. Despite the fact that the
risk level would be slightly reduced, the importance of introducing the proposed solution is
associated with maintaining the tolerability level of risks. Hence, the two proposed RCMs

can be ettectuvely grouped into regulatory option (adequate corrosion margin) regarding

protection against corrosion (A.4).

8.3.2  Decision — making

Technical standards are issued by IMQO, classification societies, national authorities
(flag administrations) and industry bodies but the adoption is agreed through IMO. It is

expected that the performance of any vessel will be underpinned under the compliance of

existing and new regulations which the latter are justified through risk assessment and the

risks are ensured to be ALARP (HSE 2002a). Obviously, the purpose of ORM is to
contribute to soluttons that might affect the routine operations by using an integrated and

holistic approach where risk assessment and decision — making are linked. Hence, by

adopting that risk — informed approach, performance observations are included in the risk

assessment as a basis for attaining optimal solutions whilst safety is treated as an objective

and not as a constraint (see § 5.4).
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20
Age (years)

Figure 8.3. Contour plots for the refined risk (future prediction)

8
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Figure 8.4. Response surface of safety index: (future prediction)
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Figure 8.7. Effect of the proposed RCO in PL.L

Taking into consideration the previously mentioned matters, it is clearly envisaged
that the current operational safety level of BCs needs to be maintained or even improved,
implying that risks associated with their operations are tolerable and ALARP. Through the
risk assessment, was determined that the predicted safety level not only is maintained
ALARP, but 1s improved also. Since the risk has been evaluated; the risk assessment 1s
completed, but in order to answer the question how safe is safe enough, i.e. does it worth to
turn corrosion margin into regulatory option, will be demonstrated by the CBA.

Benefits and costs associated with the implementation of the previously defined
solution are identified and compared through the CBA. The purpose of CBA 1s to show
whether the benefits of an option outweigh its costs, thus indicate whether it is appropriate
to be implemented (IMO 2002b, 2007b, Mathiesen 1997). However, a definitive decision
cannot be provided because factors other than costs and risks may be relevant (HSE
2002a), though a useful guide is provided. The direct effect of risk reduction associated

with the implementation of the proposed solution is accounted for in the CEA. There are

R
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currently two measures of CEA 1n use within the context of risk management: (1) the Gross

CAF and (ii) the Net CAF, which are defined in the following way (IMO 2002b, 2007b):

Gross CAF = AC (8.3)
AR

Net CAF =4¢-48 (8.4)
AR

where:
AC: is the cost per ship of the proposed solution(s).

AB: is the economic benefit per ship resulting from the implementation ot the proposed

solution(s).
AR: is the (total) risk reduction per ship, in terms of the number of fatalities/injuries

averted, accident prevention, implied by the proposed solution(s). For the current

study, the following equation exists:

0

t { DWT
AR = I4f(X,, X, )dDWT}Jt (8.5)
0
with Af(X, X,) the risk index difference defined by the CCD.
In principle, all applicable costs over the whole life cycle of the proposed solution(s) should
be accounted for, i.e. initial, operating, training, inspection, certification, decommissioning.

Concurrently, all benefits that apply should be taken into consideration, i.e. reduction In

fatalities/injuries, environmental damage as well as increase in average vessel’s life,

operating margins (IMO 2002b, 2007b).
The ID previously developed is extended with the utility node (Figure 8.8)

considering four difterent alternatives (newbuilding vessels):

» Alternative A: 0.5 mm increase.
» Alternative B: 1.0 mm increase.
» Alternative C: 1.5 mm increase.

» Alternative D: 2.0 mm increase.
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Figure 8.8. Usage of ID to estimate the effect of RCM alternatives

The evaluation of the four alternatives is performed using LCCA with the NPV as the final
indicator whereas the resulting Gross CAF is used for filling the ID’s CPTs. Only the
differential costs that are anticipated are included in the analysis whilst operating (excluding
repairs and maintenance) and voyage costs '~ are assumed to be equal for all alternatives and
accordingly are excluded. The probabilistic approach is preferred by employing Monte
Carlo simulation which is also extended to perform sensitivity analysis for different

inflation environments, i.e. the proportionate rate of change in the general price level, as
opposed to the proportionate increase in a specific price.

Most cost — related items (Gratsos and Zachariadis 2005, Leseth et al. 1994, Japan
2002d, UK 2002a, Guarin and Vassalos 2004) are usually a speculative estimate of the costs

or benefits anticipated throughout the vessel’s life — cycle. Thus, this uncertainty is

12

Operating costs @ manning, stores and lubricants, repairs and maintenance, insurance, administration
Voyage costs . fuel and diesel olil, port fees

Source: Stopford (2009)
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considered appropriate to be modelled using the triangular distribution as manifested by
Osman (2005) and Back et al. (2000), since values for the least, greatest and most likely
costs are rather easy to be estimated. Based on information by Gratsos and Zachariadis

(2005) incorporated with results from Appendix F, the steel renewals and increased

lightship are assumed to follow lognormal distribution (positve values) whilst the reduced
off — hire tme s modelled by Weibull distribution (Evans et al. 2000, Bury 1999).
Furthermore, the vanability in the vessel’s life and the percent change in the value of the
dollar per period of time (discounting) are considered by using the normal distribution in
consistency with Greece (2005) and Ozbay et al. (2003) respectively. Details of the LCCA
parameters and their corresponding statistical distributions are provided in Table 8.I11.
Exactly what (cost) components should be included in the LCCA exercise is not the subject
of total agreement and it 1s probable very valid that opinions should differ. However, the

list that is developed needs to be adequate to identify the potential interaction and trade —

off between the alternatives.

TABLE 8.1I11. Statistical distributions and parameters for LCCA variables

Category Variable Distribution
Environment — related Reduction ratio (5% Inflation) Normal (0.048, 0.012%)

Normal
Normal

Reducton ratio (10% Inflation)
Reduction ratio (15% Inflation)
Vessel’s litetime (years) Normal
Reduced off — hire ume A (days) Weibull
Reduced off — hire time B (days) Weibull
Reduced off — hire time C (days) Weibull
educed off — hire time D (days) Weibull
Recycle (scrap) value (USD/¢t) Triangular
Initial construction (USD/t) Trangular
Rehabilitation activities!? (USD/t) Triangular (2500, 5000, 8500)
Handysize loss of income (USD/d/t Tnangular (7200, 8450, 13000)
Handymax loss of income (USD/d/t Triangular 9300, 10888, 16750)
anamax loss of income (USD/d/t) (10400, 13000, 20000)
Capesize loss of income (USD/d/t (17500, 27625, 42500)
Handysize benefit light (USD/d/¢) (11232, 14040, 21622)
Handysize benefit hea SD/d/¢t) (7488, 9360, 14415)
Handymax benefit light (USD/d/t (17760, 22200, 34188)

(0.091, 0.0162)
(0.1304, 0.0222)
(27, 49
(92, 183)

(92, 457)
(274, 639)
365, 822)
(110, 190, 390)
(1500, 2250, 3000)

Performance — related

Cost — related

u

Trangular

U

Triangular

lar

—
3,
=

Triangular

I!
’E.

1> Periodic maintenance every 5 years including survey (Special Survey ~ SS) and repair costs (Loseth et al.
1994).
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TABLE 8.11II (continued). Statistical distributions and parameters | . CCA variables

| Punamax bonchulghe (USD/d/g | Trangular | (22597, 28290, 23490
| anumax boneh heavy (USD/d/g_|_ Trangalar | (11296, 14120, 21745) _
| Copesiee bench gt (USD/d/y | Trangular | (57920, 72900, 111496
| Capesize beneli hewvy (USD/4/y_|_ Tramgolar
— [ Fandysec ncromed ghohip B | Togommal | 03,255
| Handysize increased Lightship C (¢
T [Handysic moremsed Lighthip D (0| Lognommal | (2325809
[ Fiandymas imcrewed Lighohip A () | Logrommal | (86.215)
TRES
Handymax increased Lightship C (t) M (250, 6.40°)
Handymax increased Lightship D (t) Lognormal (341, 8.53%)

ormal (196, 4.90°)
(308, 7.70°)
(419, 10.48%)

Panamax increased Lightship A (t
Panamax increased Lightship B (t)

3

Panamax increased Lightship C (t)

_Lognormal _
31, 1328)
AENEE
(475, 10659
(635, 15959
Capesize increased Lightship D (t) (851, 21.28%)
Handysize rehabilitation A/3SS (24, 1.20%)
Handysize rehabilitation A /4SS Lognormal (110, 5.50%)
Handysize rehabilitation A/5SS (184, 9.20%)
Handysize rehabilitation B/3SS Lognormal (16, 0.80°)
Handysize rehabilitation B/4SS (71, 3.55%)
Handysize rehabilitation B/5SS (117, 5.85%)
Handysize rehabilitation C/3SS (10, 0.507)
Handysize rehabilitation C/4SS (46, 2.30%
Handysize rehabilitation C/588 (76, 3.80-)
Handysize rehabilitation D/3SS Lognormal (5, 0.25°)
Handysize rehabilitadon D /4SS Lognormal (23, 1.159)
andysize rehabilitation D /5SS Lognormal (38, 1.90?)
andymax rehabilitation A/3SS Lognormal (37, 1.85%

andymax rehabilitadon A /4SS
andymax rehabilitacon A /5SS
andymax rehabilitaton B/3SS
andymax rehabilitation B/4SS
andymax rehabilitation B/5SS
Handymax rehabilitaton C/3SS
Handymax rehabilitaton C/4SS
Handymax rehabilitadon C/5SS
andymax rehabilitation ID/38S Log
Handymax rehabilitation D /4SS

(169, 8.45%)
(282, 14.102)
(24, 1.207)
(108, 5.409)
(180, 9.007)
(15, 0.75
(70, 3.502)
(116, 5.802)
(8, 0.40%)
(35, 1.759)

Lognormal

INAN
I;Iolt;og I;i
NEIELELELE
=N §-N -5 E-N B3 B

Lognorm

&
i |3
=y B2

a

Lognormal
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TABLE 8.I11 (continued). Statistical distributions and parameters L CCA variables

Vanable

Handymax rehabilitation D /58S
Panamax rehabilitaton A/3SS
Panamax rehabilitation A /4SS
Panamax rehabilitation A /5SS
Panamax rehabilitation B/3SS
Panamax rehabilitation B/ 4SS
Panamax rehabilitation B /58S
Panamax rehabilitanon C/3SS
Panamax rehabilitation C /4SS _

Parameters
(58, 2.902)
(44, 2.207)

(204, 10.202)
(340, 17.002)
(28, 1.402)
(130, 6.509)
(217, 10.852)
(18, 0.909
(84, 4.20%)

Distribution

Lognormal

Category
Function — related
Lognormal
Lognormal
Lognormal
Lognormal
Lognormal
Lognormal

Lognormal

Capesize rehabilitadon C/58S
Capesize rehabilitation D/ 3S8S
Capesize rehabilitation D/4SS
Capesize rehabilitation D /5SS

3
S
2
=

(280, 14.002)
(18, 0.902)
(84, 4.209)
(140, 7.00%)

-

1E
=5 55

Panamax rehabilitation C/5S$ (140, 7.00?)
Panamax rehabilitaton D/3SS (9, 0.45%)
(42,2105
70,3509
Lognorma (88, 440
Cognommal (408, 20409
—Capesize rchabiliaion A/555__|_Lognormal | (680, 34,009
___Capesize rehabilitation B/3SS | Lognormal _ (56, 2.807
(260, 13.009
[ Capesize rehabilitation B/555__| _ Lognorma (434, 21705
Cognorma 36, 1.80)
Cognorma (168,840
___Capesize rehabilitation C/588
___ Capesize rehabilitation D/38S
___Capesize rehabilitation D/4SS
| Capesize rehabilitation D/5SS

Monte Carlo simulation 1s used to generate the distribution of possible PVs.
Samples are taken from the input variable distributions and the corresponding NPV that 1s
functuon of these variables is evaluated. The process is repeated for 500,000 iterations and
the resulting values are used to obtain the density and cumulative distributions of AR, PV,
NPV, Gross and Net CAF (Appendix G). In Figure 8.9 the NPV density functions are
illustrated for different inflation environments per alternative and vessel’s type. Although
the mean value of NPV 1s increased by adding more corrosion margin, a wider distribution
yields a riskier alternative in comparison to a narrower distribution. Sometimes decision —
makers prefer less risky projects even if the mean of the NPV is less than the rskier

alternatives. From Appendix F has been proved that alternatives A and B seem to be

adequate in comparison to alternatives C and D, hence more evidence is needed for

deriving correct dectsion between A and B.
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Since the probabilistic approach can also be extended to perform the sensitivity
analysis, with this type of analysis any anticipated variation can be identified. The discount
rate (in relation with the inflation environment) employed in the LCCA 1s one of the most
sensitive parameters and has a great effect on the final outcome. A lower discount rate
would favour projects that have larger capital investments; and conversely higher discount
rates would favour projects that have higher future costs. Intuitively, it 1s believed that the
future could be expected with 5% inflation, the past could be approximated with 10%
inflation whilst the 15% inflation is considered as an extreme scenario for exploring
investment opportunities. By plotting the NPV cumulative probability distribution of all
altcrnatives on the same graph (Figure 8.10) the comparison can be interpreted directly. It
ts obvious that the probability of alternative A having a larger NPV than alternatve B is
less than 10% tor handysize, handymax and panamax vessels whereas in the case of
capesize 1s more than 20%. From this peculiar observation the decision — maker is driven
to undertake additional result exploitation. The uncertainty in the expected profit return
can be expressed by the NPV COV (Figure 8.11, 15% inflation curve) where it is shown
that maximum 1s appeared by considering alternative B for handysize, handymax and
panamax vessels whilst alternative C for capesize vessels. Thus, it is asserted that the

corrosion margins depend on the vessel’s type and should be addressed for each type

separately.
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In Table 8.1V the results of CEA are presented where it is demonstrated that due

to a very small reduction of saved lives (except handysize vessels), the Gross CAF (total)

values are high, which indicates that as a measure for averting fatalities and accident

prevention, increased corrosion margins are not effective. Furthermore, from the ID

derived Gross CAF values (fatality aversion); only the alternative B for handysize vessels is
below 6 million USD as proposed by Skjong et al. (2007). Controversially, the Net CAF

values (Appendix G) are negative which indicate that the benefits in monetary units are

higher than the costs associated with the proposed solution. However, it should be

considered that these high values are due to the fact that the proposed solution has a low
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risk reduction potential AR (IMO 2007b) whilst from Figure 8.5 the effectiveness is
apparent for the handysize vessels which are in the ALARP high region. Hence, although it
is expected that increased corrosion margins to contribute positively in preventing
accidents, it is demonstrated that they are not cost-effective if they are implemented as an

RCO. It needs to be stressed that the impact of CEA indices is crucial when more options

are examined, whereas for the current study the scope has been to apply the methodology.
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Figure 8.11. NPV COV” per alternative and vessel type considering different inflation rates
(99%0 confidence limits)
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TABLE 8.1V. Descriptive results of CEA (Mean values for 5% inflation and 99% confidence limits)

[Vessel type | No of ives saved | AR | GrossCAF (Tom)[S107 | _GrossCAF (ID) 5107 _
Al s [A[ s
Handysize 18 0.040 Bﬂ e -._________]
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8.4 Conclusions

The purpose of this chapter was to demonstrate an example of how the
qualitative prioritization discussed at Chapter 6; in conjunction with the quantitative results
estimated in Chapter 7 can be fed up in a decision — making process for preventing
corrosion before becoming a problem. It is implied that the comprehensive and structured
risk management should always be based on “common sense” being supported by the
framework of suitable techniques such as BNs and LCCA. Therefore, it was shown that

increased corrosion margins are not cost-effective if they are implemented as an RCO.
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9

Operational Risk

Management Methodology

“Our goal is to be a quality organization and do a quality job which means that we

will be proud of our work and our products for years to come”

Pigital €quipment Corporation

9.1 Preamble

This chapter 1s aimed at presenting and providing a framework for ORM in a
sense that i1s explained how the different steps fit together and is generic enough to

constitute an ORM tool for consideration by other vessel types.

9.2 Introduction

It has been accepted that the purpose of ORM is to ensure that adequate
measures are taken to protect people, the environment and property from situations with a

potential for causing harm of the activites being undertaken. The analysis of risks, costs

and benetits i1s necessary for effective ORM, particularly within the complicated nature of
shipping, but although the needed information for decision — making is provided, it cannot
manage the risks by itself. The risks can be controlled by actions and therefore actions
informed by analysis are the cornerstone of effective safety management. In this respect, it

is emphasized that the controls are applied in order to prevent incidents/accidents from

occurring rather just re — acting to specific events when they occur. Hence, a unifying
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structure should be developed as a self — evaluation resource that will encourage and guide

the voluntary use of ORM by the many disparate parties involved in shipping.

9.3 A comprehensive tool for ORM

There are several important risk — related terms that are used throughout this part
and the definitions are provided in the Glossary on the preliminary pages of this thesis. It
ts therefore implied that the reader should note the key distinctions between hagard
(inherent situations/properties) and sk (likelihood and consequence) and between risk
assessment (systematic and scientific process) and risk management (decision — making and
action). In the context of this chapter, the underlying structure of an ORM methodology ts
meant to be flexible so that it can be adapted and be applied by various parties in a wide
variety of situations. It is also recognized that this tool would not compel a mandatory way
of thinking but rather a stepwise approach where the parties who choose to use it, will need
to tailor it to their individual circumstances and specific applications for achteving cost —
effective risk controls beyond the regulations. Hence, this generic ORM approach is
comprehensive and integrative in nature, but not necessarily detailed, indicating that can be
applied broadly to serve as the foundation for an organization’s overall ORM programme.
Alternatively, it can be applied in a more focused way to guide an ORM exercise and the
implementation 1s targeted at a single or multiple source.

In Figure 9.1 a generic and stepwise approach for ORM is portrayed. Even
though consisting of many boxes and arrows, the flowchart is a substantial simplification of
reality, especially with respect to all the possible interconnections and feedback loops
among the steps. The approach can be applied generally to a wide range of risk
management problems and be adapted in whole or in part and used by a shipowner,
charterer, aboard and ashore personnel, consignee, classification society, regulator, or other
involved party. This generic methodology is intended to serve as a model of a logical and
sequential procedure for addressing risk issues effectively. While presented in the tigure
and being discussed below as a sequence of discrete steps, feedback, monitoring and
iteration are critical throughout the procedure. Typically, analyses begin at a high level and

through iteration grow into more complex and realistic forms as needed. The information
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gained in one iteration feeds into successive iterations, which should enhance the outcome
and by monitoring it, the effictency of ORM will be improved through the possible
reviews. It should be mentioned that ORM can have at least two valuable products; the

identification of critical areas either demanding greater attention and control or those

where additional controls may not be necessary.

Define Problem

[dentify Hazards
(Qualitative Assessment)

Analyse Risks
(Quantitative Assessment)

Calculate Calculate
Likelihood Consequences

Estimate Risk Level (Current)

Evaluate Risks

Risk Perception (ALARP)

deudoidde se uonejuowndoO(]

MIIASI pUR SULIOHUOW “YOreQPI]

Treat risks
Predict Risk Level (Future)

Figure 9.1. Generic ORM methodology
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Before an ORM task is commenced, it is necessary to establish its context (defzning
the problems), which basically means deciding up the input from appropriate parties,
considering the roles and responsibilities of the stakeholders involved, the goals —
recognition of what is tried to be achieved — and limitations of the ORM initiative. The
following specific issues need to be addressed:

Type of vessel 1.e. merchant, passenger, naval

Vessel’s systems i.e. organizational, management, technical, human, accommodation and
hotel service, detence

Vessel’s functions i.e. carriage of payload, power and propulsion, structural integrity,
manoeuvrability, stability

Vessel’s performance 1.e. safety, speed, fuel efficiency, comfort, seakeeping

Operational phase i.c. loading, discharging, bunkering, en voyage, entering port, during
combat

Accident category 1.e. foundering, fire, explosion, grounding, collision

Internal influences i.e. cargo, combusuble materials

External influences 1.e. weather, routeing, competition, commercial pressure

Furthermore, the procedure should be applied with full consideration of the risks
related to human life, environment and property which emanate from sudden and
unintended departures of the normal operational phases. It is endorsed to decide the
criteria against which risks are to be evaluated from the beginning. Criteria may be affected
by internal/external perceptions and legal requirements, so it is imperative that appropriate
acceptance criteria be determined at the outset (i.e. IMO). As more iterations of the ORM
procedure are performed, these criteria may be further developed and refined subsequently
as new risks realised and particular analysis techniques are chosen in order to correspond to
the expertenced risks.

After having understood thoroughly the problem, the aim is to generate a
comprehensive list ot events which might affect the referred operatuonal phase (bagard
identification). These are then considered in more detail to provide information on causes,
scenanos, their areas of impact and existing safeguards. It is generally a qualitauve
assessment in the form of numerical scales to describe the magnitude of potential
consequences and the likelihood that those consequences will occur. The results of the

initial screening activity are recorded in the format of a table where the produced
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prioritization guides the person/team charged with the ORM task. For the tools and
techniques used to identity hazards, Table 4.1 should be consulted.

Consequently, the objectives of risk analysis are to separate the minor from the
major risks and provide data to assist in the evaluation and treatment of risks (iteration).
The consideration of the sources of risk, affecting factors, their consequences and the
likelihood that those consequences may occur is involved. Risk is analysed by combining
estimates of consequences and likelihood in the context of existing control measures. In
the quantitative assessment numerical values are determined (current risk estimation) for
both consequences and likelthood using information from a variety of sources (past
records, industry practice and experience, published literature, economic, engineering or
other models). Consequences may be estimated by modelling the outcomes of an event or
set of events, or by extrapolation from experimental studies or past data. Likelihood is
usually expressed as either frequency or exposure. Since some of the estimates made in the

quantitative assessment are imprecise, a sensitivity analysis should be carried out to test the

ettect of changes in assumptions and resources. Again, the reader should be referred to
Table 4.1 tor the available techniques and tools.

The comparison of the risk level found during the analysis with previously
established criteria 1s involved through risk evaluation. If the resulting risks fall into the low
(ALARP) or acceptable region they may be accepted with minimal further treatment
(dectsion — making). Low and accepted risks should be monitored and periodically reviewed
to ensure they remain acceptable. If risks are unacceptable, they should be treated (decssion —
making) using one or more of the considered options (RAE 2003):

a. Avoid the risk by deciding not to proceed with the activity likely to generate risk.
b. Reduce the likelihood of the occurrence (prevention).
c. Reduce the consequences (mitigation).

d. Transfer the risk to another party being capable to deal with it.

e. Retain the risk if nothing can be done.
It is pointed out that reduction of consequence and likelihood may be referred to as risk
control which involves regulations, procedures and practices or physical changes.

The proposed options should be assessed on the basis of the extent of risk
reduction (the risks are analysed again for future prediction) and any additional benefits

created, taking into account the established acceptance criteria. A number of options may
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be considered and applied either individually or in combination where the most appropriate
1s selected by balancing the cost of implementing it against the benefits derived from it. In
general, the adverse impact of risks should be made ALARP and decisions be based on
common sense although sometimes may not be justifiable on strictly economic grounds.
Of course, ORM 1s not a static task. Risks and the effectiveness of control measures
(Table 4.I) need to be monitored to ensure changing circumstances do not alter the
organization’s daily operations. Essentially, through ongoing reviews 1s ensured that the
ORM remains relevant and the suitability of the adopted options is checked.

As illustrated by the vertical arrow in Figure 9.1, the need tor appropriate
documentation runs throughout the ORM. Data analyses, techniques, results, decisions and
other key 1nputs to and outputs from the ORM should be documented in a way that the
organization will be benetfited in the tuture. Documentation should have a clear purpose,

need not be burdensome or bureaucratic, and a consistent record of the conducted

activities should be maintained for future ORM efforts.

9.4 Conclusions

In this chapter a framework has been put forward for identifying and measuring
the threats during the operational phase of any vessel and a solution has been proposed ot
how to handle the question of ORM. It was also targeted at enhancing the reader’s

understanding and providing a full realisation of the generic methodology which could be

adapted to specitic organizations and applications.
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Discussion — Proposals
for further research

“Although it is impossible to determine with certainty how an event shall happen

yet it may be determined mathematical, what likelihood or degree of probability
there is for its happening or failing; and this is all that is intended by a calculation,
[...] except that there be made an infinite number of repetitions, and then one with

another will always bring it to the same thing as the calculation makes it”

William €merson

10.1 Preamble

[t is probable very valid that opinions and approaches around the areas of risk
management and assessment would differ among the scientific community. However, some

key points are addressed below and are supported by the cited references.

10.2 Discussion

Although this research started with the intention to answer the question ‘for how
Jong BCs should trade worldwide”, it was realised that the solution has been already provided by
[ACS (2005), where the decision is left to the shipowner; thus age limits would not be the
objective of any self — regulatory attempt. Moreover, from the derived voyage data
(Appendix D) is evident that shipowners operate their vessels with concern since they

have gained the experience of performing that job excellently.
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10.2.1 Qualitative assessment

[t needs to be stressed that HAZID is usually a qualitative exercise based primarily
on expert judgement. Most HAZID techniques involve a group of experts (i.e. HAZOP,
tor installation under operation), since few individuals have expertise on all hazards and
group 1nteractions are more likely to stimulate consideration of hazards that even well —
informed individuals might overlook. By all means, it was on the authot’s best etfort to be

as creative as possible.

10.2.2 Quantitative assessment

With regard to the developed model in Chapter 7, it could be argued that the
domain is modelled in a macroscopic and not in a microscopic scale, but considering the
fact that models regarding the structural degradation of ships due to corrosion already exist
(Appendix F), the aim was to model the activity (i.e. from A to B). The uncertainty in its
performance 1s estimated by taking into account not only the past history (infrequent
occurrences — accident statistics) but also usual operating conditions and the vessel’s
management regime. In addition, risk is confronted as a whole, a “collective construct”
(Douglas and Wildavsky 1983), in a sense that its perception is substantiated from the
organizational culture and sustained by the different business strategies. Moreover, safety 1s
a dynamic product of learning from error over time, whereas the idealized, complete and
integrated system for coping with the potential of an accident is (Morone and Woodhouse
1988):

1. Conservatively protection against the possible hazard.

2. Prioritized testing and monitoring of experience in order to reduce uncertainty.

3. As uncertainty ts reduced and more is learned about the nature of risk, the original
precautions are revised and strengthened if new risks are discovered or if appear to
be worse than initially feared. It needs to be stressed that if the risks are found to
be at an acceptable level, this does not mean that the initial precautions are
weakened but appropriate actions are deemed necessary for maintaining that

situation.
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In this manner, risk assessment is a structured and systematic process aimed at
enhancing maritime safety by estimating this uncertainty. As in the case of artificial
intelligence, the decision support system (BN) is used in order to model the domain of
uncertainty and thus support the analysts without replacing them. To this end, ORM
methodology is viewed as an interactive tool aimed at aiding decision — making where the

recommendations are based on common sense.

10.2.3 Risk Assessment

The results of a risk assessment are inevitably uncertain due to the attached lack
of knowledge (HSE 2002a), thus this problem has been attempted to be solved by
employing appropriate techniques such as BNs and LCCA. Yet, the analyst’s degree of
belief is reflected by the quoted probabilities where the uncertainty is inherently included.
However, there is a widely held concern about the reliability of conducting a risk
assessment covering safety matters and existing experience might have caused a loss ot
confidence on the actions implemented by risk management. In real — life facts, the stylized
results of any model or technique are difficult to be believed since uncertainty is scary and
human perception regularly seeks shelter from unpleasant surprises (Bernstein 1998). Yet, it
needs to be understood that empirical models of probabilities don’t kill; by contrast, the
assumption that everything has been dealt with certainty is dangerous (Tsaraklis and
Papazoglou 2001). Furthermore, with regard to the “Garbage In, Garbage Out - GIGO™
principle (Bernstein 1998), the rationality mandated by risk management has been ignored
by analysts who entered the consultancy market and resorted dodges to violate its rigid
constraints (Waring and Glendon 1998). This rational logic can be considered as the tirst
stage in the evolution of maritime safety regime and the creation of self — regulation
culture where each player is responsible for the actions taken to improve safety and
deemed relatively trust — worthy to conduct their own audits or inspections subject to
verification by a governmental organization, rather than seeing them imposed trom

external prescriptive parties (Knstiansen 2005).
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10.2.4 Decision — making

In a nutshell, the approach to safety regulations is manifested by the systematic
identification of important hazards, risks or patterns of non — compliance whereas risk
analysis and risk control are considered as a problem — solving strategy for focusing on the
most important areas without being limited to the prospect of turning down less significant
problems. It 1s envisaged that this risk — informed practice involves and requires
understanding of all aspects of risks, knowledge of a wide spectrum of the intluencing
tactors to risks and selection of appropriate methods for organizing the tools around the
work rather than picking areas to fit the tools (Sparrow 2000). In this sense, ORM would
provide guidance for accomplishing this goal by establishing and adapting the oversight of
continuous satety performance improvement, summed up in the common phrase “the
way we do things around here” (Krause 1997). Of course, it is expected that rule —
making procedures are a result of negotiation processes navigating on a landscape of
conflicting and shifting interests for establishing consensus. Though, one of the central
challenges ot regulatory art would be overemphasizing customer satisfaction — especially
when regulated industry 1s viewed as the customer — leading those to the feeling that are
entitled to be pleased by violating compliance. On the other extreme, when regulations are
applied to areas that do not belong and are allocated with inflexibility (prescription),
although the industry will not be opposed to these hands of protection, it would be merely
frustrated at their lack of rationality and the feeling of a culture of punishment might have been
created. It needs to be pointed out that besides the good organization/planning ot
prevention programmes, accidents will still happen since human behaviour will not be

transtormed, however this cannot be interpreted as regulatory deficiency but as a feedback

for changing responses and priorities (Sparrow 2000).

Notwithstanding the above, from the governmental organization side, a structured
framework needs to be supplied which should above all ensure that the self — regulation
does not only obey the rule of the strongest (Blind 2004). It is believed that this optimal
solution can be achieved through IMO’s regulations. Furthermore, across service sectors
(i.e. marine industry), standards are analyzed in the context of quality and are defined as
customer expectations stated in a way that service quality is improved, thus uncertainty is

reduced (Berry et al. 1992). Therefore, quality standards are more likely for technologies
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with a risk potential for the customers or the environment in general, because they are a
sign for the safety reputation of the service. Taking into account this incentive, professional
eroups define minimum levels, and then there is a tendency to set the levels higher upon

common agreement (harmonization) in order to achieve the desirable, effective and

efficient protection of interests. It is pointed out that technical standards, particularly their
drafts, contain information about the state — of — the — art technology and additionally — it
publicly accessible — a good basis for innovation. Apparently, this elaboration falls into self
— regulation and can attain legally binding status if they are referred concretely in the
regulative framework, i.e. incorporation into SOLAS. To this end, as a recommendation,
the all — purpose clause (blanket clause) method can be used for the legal provision of
addressing corrosion margins for handysize, handymax, panamax and capsize BCs
respectively, which is the observation of “generally acknowledged rules of technology”, the

consideration of the “status of science and technology” and application of the “best

available techniques” (Blind 2004).

10.3  Thesis’ limited scope of work

Although corrosion was prioritised as a main situation of causing harm, from the
CEA it was seen that increased corrosion margins were not cost-effective. Thus, as it can
be observed from Table 7.1, fatigue (cracks, dents) and weather routeing need to be
investigated further with the potental of identifying possible risk reducton measures
aiming at reducing the estimated risk. In addition, the effects of green water and damage
during cargo operations need to be investigated in view of the operational risk management
methodology described in the previous chapter. The critical issue of course in every risk
assessment study is the establishment of suitable risk acceptance criteria where fturther
research efforts are needed for such topic. It would be interesting also to perform the same
approach for other accident categories (fire or explosions, collisions, groundings, contacts),
since from Figure B.7, Appendix B, it is evident that navigation related accidents
(collisions, groundings and contacts) represent also high percentage of bulk carrier losses.

Furthermore, a more comprehensive study is deemed necessary by including all the

involved stakeholders in dry bulk shipping (Table 5.I) and of course including other
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elements of nisk such as environmental (bunker spills, lost cargo), financial (market
structure) or business (flow of services). Hence, in an attempt of addressing the whole risk

picture, the cooperation of difterent disciplines is considered more appropriate, which is a

challenge, since i1t has never been done before.

10.4  Proposals for further research

An important aspect of the conducted research was the determination and
quantification of the current operational safety level of BCs. Yet, what needs to be
investigated 1s the acceptability and tolerability of the quoted number which 1s a difticult
subject; addressing also political implications. Of course, this study can be considered as a
“drop in the ocean” and therefore it would be interesting (as mentioned earlier) the
proposed approach to be applied in the less significant areas (i.e. fatigue, weather routeing)

that have been identified. Furthermore, the areas of concern should be monitored through

time so that the denived decisions can be updated continuously.
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11 Conclusions

“Der Herr Gott wiirfelt nicht - God does not play dice”

Albegrt €instein

The performed study wished to contribute to the understanding of ORM and a
framework has been put forward for identifying and measuring the threats during the
operational phase of any vessel, 1.e. BC and a solution has been proposed of how to handle
the question of ORM. Its role in shipping operations has become increasingly important in
recent years since 1t is related to the continuous improvement of safety (operational safety
of BCs). It 1s also regarded as a systematic and documented task where the implementation
ot cost — effective controls is justified through the risk assessment process. It was
construed that risk assessment 1s a well developed field which can be used as the prime
instrument 1n order to describe a rational, transparent and systematic risk — informed
approach for safety assessment. During the process, a technique was proposed for
estimating/predicting the operational safety of BCs. Moreover, through the graphical
representation of the whole process with the BNs technology, the attached uncertainty was
considered into the model development in a consistent fashion. In essence, the BN
approach was proved to be successful for dealing with the uncertainties and weaknesses of
FYA and ETA. Through the introduction of the vessel’s risk (safety) index was attempted
to construct suitable risk models in order to provide a rational decision support tool tor
assessing the uncertainty in the system’s performance (dry bulk cargo transportation) and
consequently the operational nisk was found to be ALARP. Furthermore, the factors

influencing the safety performance of BCs can be identified at an early stage and
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consequently the areas of concern can be established in order to prevent accidents from
happening in the first place. This uncertainty is influenced by the organizational and
management infrastructure where it is therefore required that all the affected stakeholders
co — operate to identify and understand the potental hazards (i.e. corrosion was identified
qualitatively as a main situadon of causing harm and its prioritization was verified
quantitatively) in order to ensure the safe operation of the vessel. The performed risk
assessment was extended into a risk management procedure since different design (passive)
and operational (active) measures addressing corrosion were evaluated as an option for
accident prevention and mitigation. Furthermore, it has been demonstrated that decisions
should always be based on common sense and supported by the framework of suitable
tools such as BNs and LCCA which are recommended to be used with greater awareness 1n
decision — making. Finally, it was asserted that corrosion margins cannot be effectively
implemented as a regulatory option. Of course, the conducted ORM is not a static but a

dynamic task instead, where through future reviews will be ensured that the recommended

options can be kept updated 1n a rational manner.

In conclusion, the following can be underlied:
5 The current operational risk was estimated and predicted with the RSM CCD and
was found to be within the ALARP region.

[0 Through the BN a suitable risk model was constructed for identifying priorities

between the causes and effects.

H5 The whole risk assessment process was represented graphically with the ID.
b The CBA was performed by employing LCCA.
o The CEA was conducted through the ID.

Fo It was asserted that increased corrosion margins are not cost-effective RCO.

1 A methodology was developed for how to conduct an ORM procedure.
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2 Reterences

“Knowledge is not so much like a building, eventually to be finished, but more like a

many - sided conversation in which being ultimately right or wrong is not at issue.
What matters is that the conversation continue with new definitions and solutions

and terms made deep enough to hold the meanings being tried”

Mary Pouglas and Hdaron Wildavsky
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