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Abstract

In this paper, we present the relationship between an oil spill-assessing approach, namely the event-decision network (EDN) and the
formal safety assessment (FSA) of the International Maritime Organization (IMO). We focus on various points at which the Network
incorporates basic features of the FSA in order to formulate a state-of-the-art, original strategic tool. In keeping with a safety—friendly
effort, we developed the EDN, which implements a scenario-driven, generic tree framework. Moreover, the IMO, under the umbrella of
decision-making, has introduced FSA, which is a systematic methodology for enhanced maritime safety by using risk and cost/benefit criteria.
It is of interest to describe the introduced spill-scenario analysis/simulation and to pinpoint its interconnections with the aforementioned
official instrument. Among other things, the goal of such a task is the enhancement of marine safety and the subsequent protection of seas
from oil spills.
© 2003 Elsevier B.V. All rights reserved.
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1. Introduction accessible to everyone. The sight of seabirds afloat in oil,
along with the accompanying “endless discussions about the

In the last three or four decades, much has been writtenmillions of tax dollars spent in clean-up operations” have
about oil marine pollution and the many dangers deriving reached practically every individual in the countries inflicted,
from it. For many years, the seas all over the world have Barker[1]. As shown inTable 1 however, more than 70% of
been viewed as the main dumping site for oil products the oil that ends up in the sea emanates from sources other
and residuals, resulting in numerous threats to the marinethan maritime transport, such as land-based activities and
environment. Oceans have been mistreated by all playersindustrial wastes, Ventiko?]. Nevertheless, much of the
involved and from all possible angles. Oil pollution from recent attention is focused on oil marine transport, mainly
vessels has often been in the spotlight of the mass mediadue to its cargo potential and the various possible conse-
and public opinion in the aftermath of accidents. quences.

Extensive changes to the international regulatory regime  The framework of oil cleanup operations is similar to that
resulting from the grounding of tHexxon Valde£1989), the followed in numerous other applications and is divided into
Erika spill (1999), and th@restigespill (2002) have recently  three hierarchical levels: the strategic, the tactical, and the
influenced public opinion. Modern technologies (television, operational, Antony3]. The event-decision network (EDN)
satellites, the internet, etc.) have rendered oil spill imagery belongs to the category of strategic tools that support and

justify the decision-making process. It incorporates all ex-

Abbreviations: IMO, International Maritime Organization; UNEP, isting knowledge ar!d experience, using the form of multlple
United Nations Environment Programme; ITOPF, International Tanker @ggregated scenarios and event-driven flows. In this man-
Owners Pollution Federation; FSA, formal safety assessment; HRA, hu- ner, it can reveal a generic picture of local oil pollution and
man reliability analysis; RID, regulatory impact diagram; EDN, event- host a qualitative/quantitative analysis, covering the spec-
decision network; EPC, error producing condition(s); HE, human error(s); tr,um of causes and consequences ascribed to oil spills. The
HEP, human error probability EDN attempts to fill the gap between data acquisition and
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fax: +30-210-7721408. strategic planning with a safety—friendly and original tree
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The International Maritime Organization (IMO) is the Table 1
body responsible for dealing with all issues concerning “Sources” of oil poliution into the sea
the maritime community on a worldwide scale. Its pri- Recorded “sources”
mary duty is to secure—through numerous regulations and

Distribution (%)

T . . Industrial waste, urban runoffs, etc. 60.7
initiatives—the best possible level of marine safety for all Refineries/terminals 12
stakeholders by reducing fatalities, injuries, oil spills, etc. Natural sources 10.3
The development of the Formal Safety Assessment (FSA) Tanker operations 6.6
methodology is part of this effort. It consists of a number Tanker accidents 4.7
f pre-determined tasks, which formulate and elaborate all O’ ShiPPing 14.4
orp ! Offshore production 21

necessary steps for the successful conclusion of the spe-
cific method. Recommendations resulting from a FSA can '°@
be used at all hierarchical levels and to cover an adequate
range of cognitive topics for IMQ4]. 3. Oil pollution from vessdls
This paper is structured as followSection Zontains def-
initions of selected marine safety tern®ection 3presents Qil spills from ship accidents and ship operations re-
oil pollution statistics in order to draw a realistic picture ¢t significant components of oil marine pollution. Possi-
of the amount of oil pollution generated by marine vessels. pjo “soyrces” of this specific category of oil pollution are
Section 4provides an introduction to the EDN and the FSA  (anker accidents, tanker operations, other shipping (includ-
is k_)nefly described |rSect|or_1 5 Section 6outlines the key ing non-tanker accidents and operations, and dry-docking)
points of the EDN andsection 7closes the paper with @ 414 in some cases, refineries/termin@sble 1presents the
discussion on the findings. estimated contribution of recorded “sources” of oil pollu-
tion into the sea, United Nations Environment Programme
(UNEP)[5].
Table 1proves that, despite the publicity given to olil
The development of safety-oriented methodologies, e.g., tanker accidents, it is the land-based activities (including
FSA, is generally characterized by the implementation industry, sewage, tourism, and dumping) that contribute
of commonly used terms. The following definitions were the most to sea pollution from oil. Actually, estimations
selected in the broad context of marine safety, IN4D, can be made for the quantities of oil that are finally con-

100

2. Basic terminology

Ventikos[2].

veyed into the sea from these “sources”. An acceptable

Hazard
Initiating event

Error-producing condition

Human error

Human error recove ry

Human error consequence

Human reliability

Incident
Accident

Accident category

Consequence
Frequency

Risk
Individual/societal risk
Risk assessment
Risk control measure
Fault tree

Event tree

A potential to threaten human life, health, property, or the environment

The first of a sequence of events leading to a hazardous situation or an accident

Factors that can have a negative effect on human performance

A departure from acceptable or desirable practice on the part of an individual or group of
individuals that can result in unacceptable or undesirable results

The potential for the error to be recovered, either by the individual or by another person,
before the undesired consequences occur

The undesired consequences of human error

The probability that a person: (1) correctly performs some system-required activity in a
required time period (if time is a limiting factor) and (2) performs no extraneous activity that
can degrade the system
An unintended event that can lead to an undesirable outcome such as an accident
An unintended event involving fatality, injury, ship loss or damage, other property loss or
damage, or environmental damage

A designation of accidents reported in statistical tables according to their nature, e.g., fire,
collision, etc

The outcome of an accident

The number of occurrences per unit time (e.g., per year)
The combination of the frequency and the severity of the consequence (traditional approach)
The risk to an individual in isolation/the risk to society of a major accident.

The identification of the distribution of risk

A means of controlling single elements of risk

A logic diagram showing the causal relationship between events that occur and can lead to the
occurrence of a higher level event

A logic diagram used to analyze the effects of an accident, a failure, or an unintended event
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range of values varies from 1,700,000 to 8,800,000tons 4. The EDN: introduction and structural features
per year, with a value of about 2,500,000tons of oil per )
year (with 1,480,000 tons coming from land spills) the most ~ AS already mentioned, the EDN has been developed to
common one in several relative studies, UN[SP, Clark support the survey of oil pollution from a strategic perspec-
[6]. tive, based on a generic event/scenario anal)_/sis_. Th_is sys-
As long as maritime traffic takes place, oil spill accidents €M can present a broad qualitative and quantitative view of
will occur. Moreover, a spill response plan should not fo- Vessel-generated oil pollution in each area under examina-
cus exclusively either on operational pollution or on pollu- tion. Its main goal is to integrate all recorded polluting in-
tion generated by accidents. Such a plan must provide for acidents/accidents in a pre-formatted structure that covers all
combined spill countermeasures plan, capable of protectingP0Ssible versions and variations of spill appearance and reac-
the marine environment. Its implementation should there- tions. This means that, instead of the network being adjusted

fore yield to the most efficient solution, taking into account for the properties and features of each accident, it is the in-
all existing situations. cidents themselves that enrich EDN'’s pre-determined paths
Table 2depicts the distribution of causal factors (opera- througharOR'ANDnode-oriented framework. This way, the
tions and accidents) for spills from oil tankers, International €ntire process is based on general and easily accessible data
Tanker Owners Pollution Federation (ITOPF]. It is ap- about sea pollution. Th_e basic stages of_EDl\! are equ_lval_ent
parent from the table that most tanker spills result from rou- t0 the nodes of a generic tree approach, in a risk contribution
tine operations, which normally occur either in ports or at oil tree-like template (a combination of an event and fault tree
terminals. The majority of these operational spills are small, @PProach). More specifically, these stages are related to:
with some 92% of them generating quantities less than 7tons, the classification and regression of all recorded causes and
each. On the other hand, accidents (such as collisions and events of accidents;
groundings) usually turn into much larger oil spills, with o the existence of human actions that influence the
about 20% of them involving quantities more than 700tons  error-producing conditions and the evolution of an event
of oil each, ITOPH7]. chain.
It must also be noted that important steps towards oil , . .
pollution mitigation have been recorded over time as a | e EDN consists of the following basic stages wAND
result of the implementation of stricter regulations and Vertical connections, Ventikdg], Ventikos et al[8]:
modern technologies. For example, the number of tanker (1) initial course of actions (initiating event);
spills of more than 700tons has declined from an average (lII) field of actions;
of 24.1 spills per year for 1970-1979, to an average of (Ill) monitoring—performance and proactive process for

8.8 spills per year for 1980-1989, and 7.3 spills per year unwanted results;

for 1990-1999, ITOPH7]. The same reduction tendency (V) main causes [including the category of human error
has been noted for operational oil spillage. In particular, (HE), causal analysis in a fault tree template];

oil pollution from tanker operations has decreased from (V) direct causes [refers to error producing condition(s)
700,000tons of oil in 1981 to about 158,000tons in 1989 (EPQC), causal analysis in a fault tree template];

(mainly due to cargo-specific systems and segregated bal- (VI) type of vessel involved;
last tanks). For the same time period, the oil pollution from (VII) occurrence of problem—overcoming the first physi-

dry-docking has been reduced from 30,000 to 4,000 tons, cal barrier (including consequences of human error
Clark[6]. and accident categories);
Table 2
Causal distribution of spills for oil tankers (1974-2000).
<7tons 7-700tons >700tons Total
Operations
Loading/discharging 2763 297 17 3077
Bunkering 541 25 0 566
Other operations 1165 47 0 1212
Accidents
Collisions 159 246 86 491
Groundings 221 196 106 523
Hull failures 561 77 43 681
Fires/explosions 149 16 19 184
Other/unknown 2217 163 35 2415

Total 7776 1067 306 9149
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(VIII) extent of problem—amount of leakage (quantitative loaded tankers, tankers in ballast, passenger vessels, cargo

aspect in an event tree template); vessels, or other types of vessels.
(IX) initial monitoring and limitation of problem-pollution; Occurrence of problem—overcoming the first physical
(X) assessed targets (combining individual risk and soci- barrier: This stage presents the combination of the recorded
etal risk approaches); problem along with the way oil containment failed. There-
(XI) coordinated control—counter-pollution actions (risk fore, EDN provides either for grounding/stranding—nhull
control measures); rupture; collision/ramming—nhull rupture; explosion/fire—
(XI1) outcome—consequences of EDN (quantitative aspect hull rupture; hull failure—hull rupture; other—hull rupture;
in an event tree template). intentional discharge; tank overflow—Ieakage; bunkering

system malfunction—leakage; or oil loading/unloading
system malfunction—leakage.

Extent of problem—amount of leakadéis stage covers
the amount of spilled oil. The Event Decision Network uses
the categories of less than 149, 150-2999, and more than
3000tons in order to classify the size of oil spills in a flexible
manner, Devanney and Stew§si.

' Initial monitoring and limitation of problem—pollution

As is shown in the 12-step list, EDN attempts to pro-
vide for all possible variations that could be encountered
throughout the entire extent of an oil spill chain; i.e., from
its starting point to its consequences.

Initial course of actions This stage represents the ini-
tial order or action of the event sequence. Its disjunctive
branches can be movement, maneuvering, ship operations

or port operations. This is a N -
. X . purely qualitative stage of the Event Decision
Field of actions This stage refers to the type or the Network (EDN). It is assumed that necessary actions (e.g.,

gctlvmes of areas where oil spills occur. Its options pro- SOPEP, spill monitoring and tracking, etc.) are normally
vide for open sea, sheltered waters, ports and roads, or

“activities”, e.g., bunkering area, etc carried out.

Monioring —perormance and proactive procesis o O 8 BG N IRIR SIS L
sEtg?\le ;;fe(;:?);)a(fstg2Ztergta;rgcgzzgtsatgriv?g:{j tfr:)? B:aci?orreniisng er of d.isjuncti.ve branches. These are urban/touri;t areas,
operations on board vessels either fail or are not followed, coastal industrial zones, sensitive areas, commercial areas,
at a rate of 100%. angonoorE?nStgg acrgrizr-ol counter pollution actiang his

Main causesThis stage indicates the_ main c_:ategorles of is the substantial reference of EDN to approach the
causes that lead to the occurrence of ol pollution from mar- anti-pollution actions. It refers to non-controllable—non-
|t!me|transportdEl?N prowdef;thl;-} posrs]|b|ll'$/ofmult':!ple.andfpersistem pollution; controllable—persistent pollution;
simultaneous deployment of its branches, if a combination o - S '
main causes is dgte)cl:teﬁjg. 1shows the layout of this struc- zg::cg?;r;)tllea:]tileaziLsrllstent pollution; or controllable—
ture with all its pre-determine@Roptions. These are human Otf)tcome—csnsequeﬁces of netwditiis is the terminal
facto_rs_, vessels (e.g., ma_\in enging problem): environmentalnode (leaf) of EDN. It incorporates an enhanced cleanup
coB(_:imons, or Oﬂ_]l_?]r. (not mclulclled n thiprewouls groups). f cost figure that can describe the dynamics at play for

i |rﬁ|ct causes dlt? stag.e-. allocates the actuz causles O each developed pollution flow. So EDN anticipates with
ol spi sgengr?te | yrgantwkr:e tbransp;]ort p|>roced uresh. tf\,/lop- an event-tree structure for a monetary outcome of up to
tions are strictly i atfe to.]f ° pranch se ethe ﬁ‘tF © Mel €10,000, betweere 10,001 and 750,000, o finally, more
ﬁauses stage. Therefore, ! the cause of the PO ution '.St Cthan €750,000 (in 2001 prices). Indicatively, the corre-

uman factor, then the options expected at this _st_ep will be sponding monetary “result” for an aggregated pollution
different from the ones that emerge when the spill is related L

L i scenario is given b¥q. (1)

to ship failure. It includes numerous types of causes, such as
underestimation, lack of skills, training issues, negligence, .
etc. for the human factor; hull failure, Eeazlectrical ang egngine i€l = Z [active length[km]
problems, etc. for the vessel; adverse (weather) conditions, o
visibility, etc. for environmental conditions; and port equip- > unitary clean up cos€[/km]] 1)
ment, act of war, etc. for other causes.

Type of vesselThis is the stage at which the EDN inte- wherei is the category index for the shore types affected
grates the type of ship involved in oil leakage. It includes in a developed pollution flow andctive lengthis the

Main Causes

Human F. | | Vessel | |Envir0nmental C.| | Other

Fig. 1. Layout of the provided disjunctive options for main causes.
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respective calculated coast length, according to their strand-or functions, etc.). The FSA consists of the following steps,
ing attributes. IMO [4], Karidis and Vasilako$10]:
In closing, it is briefly noted that the EDN provides a . e )
- . . . identification of hazards;
sophisticated approach—called pollution potential—to the > risk assessment:
risk assessment of each pollution fldi&qg. (2) depicts this ’ '

tree-modulated way, which is based on Bayesian theory, in - risk contro! options; ]
4. cost benefit assessment; and

order to describe elegantly the significance of each group . : . .

. . . ; ; 5. recommendations for decision-making.
event sequence leading to oil marine pollution, Ventildls
Ventikos et al[8]. Before initiating the actual detailed application of FSA,

an introductory implementation of the method is suggested,

e.g., for the corresponding vessel type or hazard category, in
P.P.= {(PMC/fa) x Y poc; X Y SVix Y par, order to ensure that all necessary aspects are incorporated. A
i k l generic pre-model should therefore be developed to describe

AT. AT >1 the functions and features that are common among the re-

x Z (POT X outcome{ 1 AT <1 ) } x (2 viewed players. This generic approach should not be viewed
- " as an analysis targeting an individual vessel/procedure, but
rather as a collection of systems (organizational, manage-
ment, operational, human, electronic, and hardware) to iden-

tify the target functions.

At this point it must be noted that the human element
is one of the most important contributory aspects both to
cause (up to 50% for tankers and 80% for the ensemble of
the commercial fleet) and avoidance of accidents, IM[D

n

Pollution potential P.P.) is given under the form of an ex-
pected value revealing the risk of structured flows, where
p is probability, MC is main cause, fa is field of actions,
DC is direct causes, SV is joint study of EDN stages 7
and 8, AT is assessed targets, and OT is outcome. More-
over, this formula overcomes the traditional definition of

risk and it handles all flows with risk a_ve_rsion derived Ventikos and Psaraftid 1]. Hence, human issues are being
from the power at the outcome stage.. This is based on thesystematically treated within the FSA framework, associat-
number of assessed targets affected in the context of eacl?ng them directly with the occurrence of accidents and their
flow. primal causes.
The most appropriate technique for incorporating the hu-
man factor is Human Reliability Analysis (HRA), which
5. IMO’s formal safety assessment (FSA): introduction consists of the following stages, IM[3]:

and structural features identification of key tasks;

. analysis of key tasks;
identification of human error (HE);
. analysis of HE; and

quantification of human reliability.

FSA is a structured and systematic methodology aimed
at enhancing maritime safety (protection of life, the marine
environment, and property) by using risk and cost/benefit
criteria, IMO [4]. It can be used to help in the evaluat-
ing new or existing safety regulations, improved practices, HRA was originally developed and implemented for the
etc. This can be done by achieving a balance betweennuclear industry. The application of this methodology in
various technical, operational, and cost issues, includ- other industries, such as the maritime one where the human
ing subjects such as the human element and innovativeelement is more likely to influence the system performance,
technologies. requires that all techniques used should be suitably adapted.

Through FSA, decision-makers will be able to apprehend HRA can be performed on a qualitative or quantitative basis
the effect of proposed regulatory or procedural changes independing on the FSA'’s level of detail and its broad scope.
terms of benefits (e.g., expected reduction of fatalities or pol- If a quantitative analysis (including expert judgment) is in
lution) and of related costs incurred for the industry either order, then human error probability (HEP) can be derived to
as a whole or for individual parties. Thus, FSA is regarded fit into relative system-models, such as fault or event trees.
as necessary for proposals that may have far-reaching impli- FSA step 1—identification of hazardsO [4]: The pur-
cations in terms of societal or marine community practices. pose of step 1 is to identify hazards and consequently gen-
A corresponding study may also be useful in case there iserate a prioritized list of hazards. The approaches used for
an acknowledged need for risk reduction and the required hazard identification implement both creative and analytical
changes are unpredictable. techniques (e.g., expert judgment, HRA, statistical analysis,

The process begins with defining the problem along with etc.). The hazards should be screened and prioritized in or-
its respective boundary conditions or constraints. This task der to discard possible scenarios of minor significance using
should be consistent with operational experience and currentvarious ranking methods, e.qg., risk matrix.
requirements and it should take into account all standing FSA step 2—risk assessmefi¥lO [4]: The purpose
aspects (e.g., ship and accident category, onboard systemsf step 2 is to identify risk distribution and assess the

AW e
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respective factors that influence risk level. This is achieved IMO [4]. Hence, EDN with its 12-node tree-proposal pro-
by implementing risk contribution trees and by developing motes event/fault tree solutions, in the context of proactive
regulatory impact diagrams (RIDs) that link the regulatory reactions and countermeasures to oil spills from maritime
and policy regime to the event chain. transport. It operates under the umbrella of an original
FSA step 3—risk control option®10 [4]: The purpose of  scenario-causal chain, in terms of a generic event/fault tree,
step 3 is to propose efficient and feasible risk control options Ventikos [2], Ventikos et al.[8]. “Scenarios are typically
regarding the level of aggregated risk, frequency, outcomethe sequence of events from the initiating event up to the
severity, and uncertainty of pollution accidents. This can be consequence, through the intermediate stages of the sce-
done either by relating how a measure can alleviate risk (risk nario development”, IMO4]. This way, EDN is able to
attributes), or by tracking where in the “initiating event to cover the whole range of causes of ship-generated pollution
failure” sequence, risk control can be inducted. (e.g., determine its multi-level causes) and, at the same
FSA step 4—cost benefit assessmién® [4]: The pur- time, retain its basic descriptive, relational, and analytical
pose of step 4 is to identify benefits (reductions in fatali- characteristics.
ties, oil pollution, etc.) and costs (including training, new  The EDN also performs as a sub-base for ranking of the
technologies, etc.) associated with the introduction of risk identified hazards. The implementation of the specific tree
control options from step 3. The key point of step 4 is the approach creates the necessary conditions for their appro-
estimation of cost effectiveness for each option in terms of priate screening. This effort uses either risk matrices (sug-
net cost per unitary risk reduction. gested for individual risk), or frequency towards number of
FSA step 5—recommendations for decision-mgk@ undesirable consequences diagrams (suggested for societal
[4]: The purpose of step 5 is to make recommendations for risk) in order to reach its aim, Ventikdg], IMO [4].
the decision-making bodies (e.g., IMO) aimed at keeping EDN comprises critical features of FSA’s step 2, “risk
risk as low as reasonably practicable (ALARP). assessment”. The calculation of pollution potential for each
developed flow is a substantial analysis of risk. The specific
risk formula is in a position to evaluate the significance
6. The EDN in the critical context of FSA’'s guidelines: of the recorded pollution paths pointing to a comparative
framework and attributes framework. Stages IV, V, VII, VIII, optionally X, and XII
of EDN formulate a quantifiable structure, following the
The principal aim of the efficient development of the EDN outline and context of FSA’s risk contribution trees, Ven-
was to follow the outline of corresponding intentions and tikos [2], Ventikos et al[8]. Thus, it demonstrates oil spill
initiatives from IMO. As a result, a comprehensive view on causal combinations, probing the progress of spill events
the matter indicates the direct incorporation of various FSA and their consequences through pre-determined event/fault
features in its structure and choices. This section presentdree choices. EDN can also support, in the high level sense,
a key sample of these points of relevance focusing on the FSA’s component, RID. Stages IV and V can actually be a
pollution-oriented functionality of EDN. gualitative part of a RID, a modeling route for the multi-fold
The framework of the EDN initially refers to the generic influence framework of an event. Apart from the two afore-
model introduced at the preliminary phase of FSA. More mentioned stages (direct and organizational), this FSA in-
specifically, its pre-determined options predict the ship’s strument needs a regulatory and a policy level to conclude
“hardware” (e.g., electrical system), the ship’s “software” its structure. RID perceives risk profile as a dependant of
(e.g., crew), the management infrastructure and personnehuman factor, organizational aspects, market hardware, and
(e.g., maintenance, fleet operations, etc.), and the outer envitegulations, allowing one to achieve a complete picture of
ronmental context (e.g., weather conditions). These systemshe specific problem, IMQ4].
are dynamically affected by each other, IM@). In the context of FSA’s step 3, “risk control options”,
The EDN can embody the above four components, mainly EDN presents interesting features. Its cumulative scenario
in stages 1V, V, and VI exploiting accident causes (human identity provides for certain structural points at which risk
factor, weather, etc.) and vessel type/condition (e.g., loadedcontrol measures can be introduced in various ways. All the
tanker, passenger, etc.). The original risk approach of EDN stages of EDN, except the terminal one (leaf), are therefore
(pollution potential) takes into account these components developed as nodes of controllable interference for prevent-
through selected stages and their branches (e.g., lack of training oil spills or mitigating their consequences. Possible con-
ing, visibility, etc.), in exploratory statistical terms (expected trol options can include training, technological innovations,
values), Ventikog2], Ventikos et al[8]. communication aspects, emergency procedures, continuous
The EDN deals with numerous aspects of FSA’s step maintenance schedules, etc., Ventikds
1, “identification of hazards”. In particular, the structure Supplementary to the above, it must be noted that the
of the specific approach belongs to the standard spectrumhuman element is carefully integrated into EDN branches,
of techniques (fault and event trees, hazard operability ande.g., its causal stages IV and V. Therefore in the outline
failure mode, and effect analysis) relating to a coarse anal-of HRA, this methodology can produce—through its quan-
ysis of causes and outcomes for all accident categories,titative approach—numerous Human Error Probabilities
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: Generic Pre-Model :
-------------------- ;IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII‘III‘
A 4

Hazard Identification

v

Risk Assessment

v

Risk Control Options

v

Cost Benefit Assessment

Task Analysis, Human
Factor

Tree Analysis, Pollution
Potential, Risk Causes,
Event sequence

Intervention Points,
Causal Chain, Updated
Factors

Formal Safety Assessment (FSA)
Event Decision Network (EDN)

Sub-base: through
¢ pollution flow analysis

Recommendations

Fig. 2. Relevance feature diagram for EDN and FSA.

(HEPs) indicating human involvement in oil spill occur- ronment. Many initiatives have been taken and even more
rence and spreading. Moreover, several of EDN’s stagesregulations have been implemented aiming at the IMO
(I, 1, v, V, 1X, and XI) take into account the recorded Proclamation for Clean Seas. As result, there has been
diversification of human conduct. This is done by accepting a significant reduction in oil spillage generated by ships
multiple human-related causes in one pollution path, inter- and relative “sources”. However, certain vessel types (e.g.,
preting the initial order with relative criteria, or combining tankers) are still important pollution players, mainly due to
anti-pollution operations with human efficiency, Ventikos their potential for massive and catastrophic spills.
[2], Ventikos et al[8]. The IMO is the body responsible for handling all aspects
The up-to-date EDN does not incorporate separate fea-of safe shipping on a worldwide scale, including protection
tures of the remaining two steps of FSA. Even so, it can still of seas from oil pollution. FSA is actually its effort to cod-
support various aspects of the decision-making process onisify all marine safety issues in a systematic manner. On the
sues concerning oil spillage from maritime transport, mostly other hand, the EDN represents a structured method for a
through its structured pollution flows. Hence, it can pinpoint complete strategic approach—through tree scenario devel-
its hazards, formulate accurate risk assessment schemes, armpment under conditions of uncertainty—to matters of oil
introduce possible control measures in order to assist in thepollution from ships. Thus, EDN has adopted certain FSA
strategic planning for oil spills generated by ships. attributes and techniques in order to produce a fully com-
Fig. 2 depicts the recorded basic overlaps between FSA patible process in keeping with IMO directives.
(including HRA) and EDN. More specifically, it shows the One of the key features of EDN is the extensive cov-
aforementioned points, where EDN can be considered ei-erage that it provides of cumulative local spill paths. Its
ther as an application, an extension, or even a supplemenjpre-determined framework is planned to incorporate all
tary procedure related to the five basic steps of FSA. It is possible variations from the initiating event up to the con-
noted that EDN'’s structural and methodological conforma- sequences of an oil spill. This is one of the main advantages
tion to FSA standards forms for the first time (to the best of the specific methodology, since it is in a position to
knowledge of the authors of this paper) an outline for a re- describe and take into account all dynamics at play. For
spective pollution-oriented survey on the strategic level of instance, EDN integrates all three levels of task analysis:
oil spill prevention/confrontationFig. 2 therefore explores  the high level that describes a broad overview of main func-
schematically the correspondence of EDN (on the right; tions, the detailed level that deepens in the aforementioned
human-related attributes are presented in italics) with FSA’s task, and the extended level that focuses on understanding
structure shown on the left of the figure. its rationale, e.g., the decisions/actions that are taken.
Moreover, EDN provides for an event-oriented risk as-
sessment that can realistically simulate all selected aspects
7. Discussion that lead to oil spillage from maritime transport. In this ap-
proach, EDN manages to integrate human factors into its
Oil pollution from maritime transport is a continuous structure as part of an advanced survey related to causal anal-
and unpredictable threat to the quality of the marine envi- ysis for oil pollution from ships. The incorporation of “local
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activities” and the capability of assigning responsibilities to  [3] R.N. Antony, Planning and Control Systems: a Framework for Anal-
shore personnel are examples of this qualitative approach. . |y|\7cs> ';'_";”’f’gdlB“i'rt‘ESSHSChOO'Elcamb;'dged’ '“:"Av 1?(?55} oA
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corporate all spill events in a defined area formulating cu- [6] R.B. Clark, in: R.B. Clark (Ed.), Marine Pollution, 3rd edition,
mulative pollution flows and depicting the local pollution Clarendon Press, Oxford, 1992, pp. 28-166.

patterns. In this way, it will contribute along with other sim- [7] ITOPF, Accidental Tanker Qil Spill Statistics, ITOPF, London, UK,

: ; . 2001.
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