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Document Control Sheet

Title: Hazld of Tanker Operations

Abstract

Formal Safety Assessment (FSA) is a process theideraeloped for IMO decision making. This
process is defined in IMO documents MSC/Circ. 1888 MSC 83/Inf.2.

As initial step to the FSA on crude oil tankerstréport presents results of a Hazard identificatio
phase. In this phase a review of incidents anddaots that happened in the past (review of liteeatu
and accident data) was performed, and a Failureel|dgiffect and Criticality Analysis was conducte
to identify hazards that may be expected in theréut
The outcome is a ranked list of hazards for varfgheses of operation of tankers of PANAMAX size
and above. The hazard list is the result a twokdenard identification (Hazld) meeting. The Hazldsw
attended by experts from tanker operators, pitmesultant companies, universities and a clastidicg
society. The hazard list is focused on high-impecards that may yield a loss of watertight intggri
(LOWI).

This work represents a fundamental input to riskdysis, as the subsequent step of the Formal Safé
Assessment (FSA) for oil tankers, which is the fofisubsequent SAFEDOR tasks.

a

Bty

Summary Report:

Introduction

The initial step of a Formal Safety Assessment (F&Mhsists of reviewing of existing data and
expertise in order to identify the most relevargdrds that are to be addressed in more detaikin th
subsequent steps of the FSA process. This repeséepts the review of data and statistics on tanker,
accidents and a high-level hazard identificationcimde oil tankers from PANAMAX to ULCC size.
The core result is a list of hazards and assocetedarios — prioritized by identified risk leveihat
should be in focus of more thorough analysis irsegbent phases of the FSA, as well as a descrip
of causes and effects of recorded hazards.

State of the Art
In the work presented here, well-established hainatification and evaluation techniques are aubl
(data analysis, Pareto-Analysis and Failure ModelsEdfects Analysis). The analysis is based on th
FSA process that is defined in IMO documents MSE/C023 and MSC 83/Inf.2. The data analysis
makes use of work performed by the National Tedinumiversity of Athens Ship Design Laborator
the POP&C project, DNV and GL.

State of the Market
Within SAFEDOR high-level FSAs were carried out éouise ships (SP4.1), RoPax vessels (SP4.2
LNG tankers (SP4.3), container vessels (SP4.4urihér FSA on dangerous goods onboard open {
container ships (SP4.8) is currently being produced

Value added to SAFEDOR
This work provides the basis for subsequent stefsnithe FSA on oil tankers, particularly for thek
analysis to be performed in work package 4.7.2.

Achievements

In this work insights gained from accident date. (after-the-event) analysis are combined with
findings of a (pro-active) hazard identificatiorhélresult provides a solid foundation for furthteps
of the high-level FSA on crude oil tankers.

tion

~

O_\/
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Not achieved
Analysis of maintenance operations is restrictesketected tasks that experts judged to be mogtatrit

Input from other Deliverables
In the course of the data analysis results by NTRIA- are used that will be published as part of the
task 4.7.2 deliverable.

How the results relate to the overall goals of SAHEOR
Results of this work serve as the input for théofetup tasks of the FSA on crude oil tankers within
SAFEDOR SP 4.7.

Work carried out by Approved by

Karsten Loer, Rainer Hamann (GL) Uwe Langbecker (GL)

- name of internal reviewer -

with contributions from:
Alpha Marine Services Ltd., DNV, NTUA

- signature of internal reviewer and date of accep&anc

Rolf Skjong (DNV)

- name of external reviewer (WP-leader)-

- signature of external reviewer and date of accepanc
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1 Introduction

1.1 Concretization of Task Description

This document summarises the hazard identificdtitazld) that was performed as initial step of the
Formal Safety Assessment (FSA) on oil tankers.

The Hazld provides the ground for follow-up stefpar preparation of the Hazld a review of tanker
operations is performed, accident data is analgséedaccident statistics that were provided by
SAFEDOR partners are reviewed. The aim of this piithe work is to provide background information,
to illustrate the current status, and to resthietgubsequent analysis to a suitable focus.

Within this first step of the FSA the scope is be tdentification of high-level hazards that pdmimore
general potential construction and operational lerols. A comprehensive and detailed hazard analysis
for particular vessels and systems is out of tlopac

The following results shall be provided:

a definition of the scope of the analysis (accid@tegories, risk types, etc.)

a basic analysis of accident statistics

a list of hazards and associated scenarios grdmpedk type including descriptions of causes
and effects for each identified hazard

for each hazard an estimation of the potential eighressed in terms of frequency and
consequences

a list of hazards with high risk levels which irbsequent steps of the FSA can be subject of a
more detailed analysis

These results will be used in SAFEDOR task 4.7.2 laasis for building a risk model to describe the
safety level of current large tankers in general @andentify risk control options.

1.2 Related SAFEDOR Tasks

The hazard identification described in this docutmkgiines the focus of the follow-up activitiestie
FSA of oil tankers; which comprise a risk analysésk 4.7.2), a cost-benefit analysis (task 4.3ri) the
preparation of material for submission to IMO (tdsk.4).

Within SAFEDOR, high-level FSAs have already beerfgrmed for cruise ships (SP 4.1), RoPax
vessels (SP 4.2), LNG tankers (SP 4.3) and comtalnps (SP 4.4). Work on an FSA on dangerous
goods onboard open top container ships (SP 4iB)isogress.

The application of risk-based methods in the dearghapproval of ship systems is the subject o4.SP
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1.3 Background information on world tanker fleet and t&ker operations

Its role as a prime resource for production of gpend goods renders crude oil an important comiyodi
of world-wide trade (Figure 1). Despite intenseesgsh activities on the exploitation of alternative
energy sources, it is expected that the volumel afamsport will double by the year 2030, cf. RigL2.

Usa
Canada

Mexico

5. & Cent. America
Europe & Eurasia
Middlle East

Africa
W #sis Pacific

Figure 1: Major oil trade movements 2006 — Tradevfl worldwide (million tonnes) [1].

[ OECD Morth America [ | OECD Europe [ | Transition economies [l QECD Pacific
[ Latin Amarica [ Africa [ Middle East I Developing Asia

B} et trade 2002 Net trade 2030

Figure 2: Major net interregional oil trade flows2002 and expectations for 2030 [11] (million
barrels per day).
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Today, about two thirds of the world’s oil tradegluding both crude oils and refined products, is
transported by tankers [45]; representing 30% efititernational trade goods (Figure 3). Oil tankard
product tankers represent a third of the world tmant fleet (Figure 4) and due to the increasingatem
for oil their number can be expected to grow.
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Figure 3: Development of international seabornédray types of cargo groups [43].
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Figure 4: World fleet by principal types of vessd3].
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The crude oil tanker fleet-at-risk has continuowgigwn since 1986 (Figure 5) [32]. This growth is
attributed to the increasing numbers of all tardtasses but ULCC tankérsvhich has decreased from
more than seventy to eleven vessels. Currently, MBRX tankers represent the largest share of crude
oil tankers, followed by VLCC and SUEZMAX tankeline out of the eleven ULCC tankers are
younger than five years, with another four ULCOnigeexpected to be delivered between 2008 and 2010.

Compared to VLCC and ULCC tankers, PANAMAX, AFRAMAathd SUEZMAX tankers operate in
coastal areas more frequently where consequendgesidént and accidents with oil spill can be quite
high. Consequently, a lot of effort is been pubimproving

ship design and

ship operation and management.

On the design side, regulations considering coosweliaspects include the accelerated phase-out of

single hull tankers by 2015 [34]. It can be noteattcompared to other ship types, today’s tariket fs
relatively young (Figure 6).

800

—— PANAMAX
oo —A— AFRAMAX A
—¥— SUEZMAX
—=-VILCC /
600 N —¢uLce
—VLCC & ULCC

500 ~

400 +

300 4

100 A
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1980 1982 1984 1986 1988 1990 1992 1994 1996 1998 2000 2002 2004 2006

Figure 5: Development of crude oil tanker fleetiak by ship type (derived from [32]).

On the operational side, efforts in reducing thember of accidents include national and internationa
regulations, such as the ISM-Code (Internation&tgaManagement Code), the STCW-Code
(International Convention on Standards of Traini@grtification and Watch keeping for Seafarerss, th
Seafarers’ Hours of Work and the Manning of Ships¥&ntion by the International Labour Organisation
(ILO) and the United States Oil Pollution Act (ORA8).

Further operational requirements are imposed gnaberators by charterers, for instance to adlwere t
recommended practices such as TMSA (Tanker Managesne Self-Assessment) by the Oil Companies

2 For a definition of tanker types, see section13.1.
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International Marine Forum (OCIMF). Recently, th@f&C project presented a study on “The
Influence of Regulations on the Safety Record efAframax Tankers” in which the impact of some key
regulations which prevent accidents taking place iwaestigated [2]. The study concludes that despit
increase of the tanker fleet on average the nuwmh@ported accidents has decreased. Moreovenit ¢
be observed that the number of accidents of afspggie decreased significantly after regulations
industrial restrictions have been introduced thatamed at addressing these accident types.
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------- Tankers
60 1 . . Bulkers ,
. /
< 50 General Cargo ,
S Container
©
S 40 Others
©
o 30
[
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Figure 6: Age distribution of the world merchamdt, by types of vessels (derived from [43]).

As sketched above it is expected that the volunl efansported by tanker will increase furthethe
future and so will the world tanker fleet. Everhié probability of accidents may not increase it
world tanker fleet, the number of accidents maydase. This may yield a higher attention of théetgc
to oil transport by tanker. In order to increase shfety of oil transport several measures werednted
already. Notwithstanding, by application of proraetrisk-based methods new measures may be
identified to control the risk of oil transport kgnker.

With the aim of constantly improving the level affsty through construction and operation of future
ships even further, the International Maritime Grigation developed Formal Safety Assessment (FSA)
as a tool for rule-making. The application of FSAthodology to tankers is the subject of this repad
subsequent reports in SAFEDOR project SP 4.7.

1.4 Structure of the this report

This report is structured as follows. A brief irdraction to the FSA process is provided in section 2
The scope of the analysis is developed in section 3

In preparation for the hazard identification, aecitddata were reviewed and analysed (section 4).
The hazard analysis that is presented in sectiandresults of this work that form the focus & th
quantitative risk analysis are concluded in sedfion
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2 Formal Safety Assessment

2.1 Overview

In April 2002, IMO published “Guidelines for formahfety assessment (FSA) for use in IMO rule
making process”; [14], [15]. The purpose of thisdgline is to introduce a process which provides
objective indicators for the rule making procedse FSA process (see Figure 1) consists of fousstep
which constitute a risk assessnigmbcess:

Step 1: Hazard Identification

Step 2:  Risk Assessment with scenario definitistingation of frequencies
and consequences, risk summation and risk evatuatio

Step 3: Identification and analysis of risk contr@asures and options.

Step 4:  Cost benefit assessment

The focus of this report is on the preparatoryp€ieéand on step 1. Steps 2 through 4 will be cedday
tasks 4.7.2 and 4.7.3 of SAFEDOR work package 4.7.

Definition of Goals, Systems, Operationp PreparatoryStep 0

Hazard Identification
v

Scenario Definition
|

v v
Cause and Consequence
Frequency Analysig Analysis Step 2
| I
v

Risk Summation

Risk
Controlled?2

Options to mitigate
Consequences

Cost/benefit Assessment Step 4

-
A 4

Options to decrease
Frequencies

Reporting

Figure 7: Flow chart of the Formal Safety Assesdmencess based on MSC/Circ. 1023
(2002, annotations in italics added)

% For a more extensive introduction to risk assessinethe Maritime industry, see [30].
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2.2 State-of-the-Art

Since FSA has been introduced by IMO, a numbeiS# Btudies have been executed to investigate,
amongst others:
construction details: e.g. watertight integritytloé¢ fore end of bulk carriers [19], life-saving
appliances for bulk carriers [20]
specific design solutions, such as high speedscfa®
operation modes: e.g. navigation on cruise shipk [24], e.g. helicopter landing areas [22],

At present, two FSAs were submitted to IMO thatesymtically investigate the risk for a generic ship
type; one is focused in LNG carriers [25] [26], ttber is focused on container vessels [27], [28].

2.3 Hazard Identification

The purpose of a Hazld is to identify, evaluate gark relevant hazards. For this, a group of espert
faced with the following questions regarding thgeabor system under consideratidhat may go
wrong? How often? How severe?

In order to prepare for this analysis, in the sgbsat sections the following tasks are performed:
- clarify of the scope of investigation,
describe the system under consideration includmgbaries and limitations,
collect and evaluate statistic casualty data,
a technigue for hazard identification is explainedether with a definition of common tables for
estimation of frequency and severity of the idémtithazards.
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3 Problems definition

In this section we define the scope of the analigigp types and operations), relevant accident
categories, and relevant risk types.

3.1 Scope and boundaries

3.1.1 Ship sizes and ship types
This analysis covers crude oil tankers of the feifg types:

PANAMAX (60.000 dwt — 79.999 dwt)
AFRAMAX (80,000 dwt -119,999 dwt)
SUEZMAX (120,000 dwt -199,999 dwt)

Very Large Crude Carriers (VLCC; 200,000 dwt -32m @wt)
Ultra-Large Crude Carriers (ULCC; more than 320,004a)

This focus was chosen for the following reasons:

the majority (about 80 %) of crude oil transpornpesformed by ships of these classes.

many of the hazards are considered to be indepentidre tanker size.

in general, the quality of the available accidemtarts is better for these classes.

operational processes are specified in detail anulotl vary too much in this set of tanker types.

The different ship types that are distinguishetloyd’'s Register Fairplay, which on behalf of IMO
assigns IMO ship numbers, is shown in Figure 8lokahg this classification tankers are a subgroofps
cargo-carrying ships. Within the group of tankdps are classified in subgroups “liquefied gas”,
“chemical”, “oil” and “other liquids”. These grouiself consist of further subclasses. The trartsgior
crude oil and oil products is performed by shipthef sub-classes “chemical/products tankers”, thhut
tankers”, “crude oil tankers”, “crude oil/oil prodis” “product tankers” and “unspecified tankers”
(defined in Table 1). With respect to their desigperation as well as safety-aspects these classes

regarded as a homogeneous group.

Table 1: Definition of tanker subtypes (LRFP Stal€%)

Chemical/Products Tanke| A chemical tanker additionally capable of the Gage of clean
petroleum productsAQ2B2TR)

Shuttle Tanker A tanker for the bulk carriage of crude oil spegfly for
operation between offshore terminals and refinertetypically
fitted with bow loading facilities.A13A2TS)

Crude Oil Tanker A tanker for the bulk carriage of crude oA18A2TV)
Crude/Qil Products Tanke| A tanker for the bulk carriage of crude oil butcater carriage
of refined oil productsA13A2TW)

Products Tanker A tanker for the bulk carriage of refined petroleproducts,
either clean or dirtyA13B2TP)
Tanker (unspecified) A tanker whose cargo is unspecified §B2TU)

Document Id. SAFEDOR-D-04.07.01-2007-12-06-GL-TaRk&ID-rev-1.2 page 13 of 79



Date 2007-12-06

Hazld of Tanker Operations
D4.7.1

Chemicall
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Hauefed Gas Chemical Tanker Product (unspecified) Ottt
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Figure 8: Lloyd’s Register Fairplay StatCode cl@sation of ship types.

In order to focus the hazard identification (satt), the systems and processes that were analesed
investigated in combination with the location whtrey are performed.

Figure 9 shows the different hazardous zones difimetankers. The specification and description of
these zones is provided in Table 2. The potertiah&zard decreases from zone 0 to zone 2. Forafach
these zones different requirements exist regartieglesign, equipment and operation.

Varies with
different
ships

VAPOUR SAFE VAPOUR DANGEROLUS

e ——

Figure 9: General hazardous zones of a tanker [9].
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Generally, for a tanker hazardous zones of normefaiion are defined, which are designated aswstlo

Table 2: Characterisation of hazardous zones afleer

Zone 0: Continuous presence of vapours for long periods, imterior of cargo tanks, in
piping etc.

Zone 1: Occasional presence of vapours, e.g. the immediatearound Zone 0 such as in
pump rooms, cofferdams, open deck above tank desk3m fore and aft up to a
height of 2.4 m, as well as a 3 m spherical radrasind low gas escape openings
and within 6 m radius of a vertical cylinder of umited height above high gas
escape outlets.

Zone 2: Vapours present rarely and only for short perieds.,, areas surrounding Zones 1
and 0, areas in which explosive mixtures may oémua short period in the event
of faults or special working conditions.

3.1.2 Operations

In the Hazld (section 5) four operations are regiéwhat in the course of review of accident dateewe
determined to be particularly relevant. These psesg, which were selected on the basis of thetsesiul
the data analysis (section 4) are described ifoll@ving sections:

cargo operations (Loading/unloading operationsesati
ship-to-ship transfer (STS)

operations in coastal and restricted waters
maintenance activities

The processes are used to provide the thread iddhkl sessions.

3.1.2.1 Cargo operations

Cargo operations consist of loading and dischargpeyations in harbours. Due to special boundary
conditions ship-to-ship transfer is considered separate section below (section 3.1.2.2).

Loading operations

The tasks to be performed during loading are dsvisl (see also Figure 10):
1. Docking (approach and secure ship in a safe manner)
2. Hook up
Planning of loading sequence and de-ballasting
Consultation with terminal representative (loadingster) => ship shore safety checklist
Connecting hoses/loading arms by shore personnel
i. Check tank venting system / start inert gas system
ii. Opening valves — starting from closest to sournk ta double-check
3. Start of pumps (on-shore) pumps (low rate)
4. Permission from terminal operator for full rate
5. Inparallel:
5 a) Steady transfer, Survey of tank filling (sete ...)
Stern trim
Rate of 5 to 10% of net deadweight per hour
Supervision of:
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i. tank levels
ii. unloading rate
iii. mooring lines
iv. manifold connections
v. weather conditions (wind, thunderstorms)
vi. performance of inert gas system
5 b) Discharging of ballast water
6. Topping off, Stop pumps when maximum storage cap&reached
Towards end gradually decrease pump volume
Stop (at latest) when 98% is reached

7. Measuring of tank levels and temperature by sunveypocargo documents
8. Disconnect

9. Departure

Loading

4
‘ Docking ‘ ‘ Permission full rate ‘
v ' ¥
‘ Discharging ballast ‘ ‘ Steady transfer ‘
I |
v
v
‘ Topping off
Hook up $
‘ Measuring tank levels ‘
v
‘ Disconnect ‘
AL A 4
Start pumps ‘ Departure ‘
I

Figure 10: Steps of Loading process

Discharging (in harbour)
The tasks to be performed during discharging afellsvs (see also Figure 11):

1. Docking (approach and secure ship in a safe faghion
2. Hook-up
Consultation w. terminal representative: ship shsafety checklist
Planning unloading sequence (incl. ballasting a@i\g
Cargo measurement and sampling
Connecting hoses/loading arms by shore personnel
i. Opening valves — starting from closest to sournk& ta double-check
ii. Check tank venting system / start inert gas system
3. Potential equalisation
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Start of pumps (ship pumps low rate)
Permission from terminal operator for full rate
In parallel:
6 a) Steady transfer:
Rate of 5 to 10% of net deadweight per hour
Supervision of
i. tank levels
ii. unloading rate
lii. mooring lines
iv. manifold connections
v. weather conditions (wind, thunderstorms)
vi. performance of inert gas system
Towards end gradually decrease pump volume
6 b) Taking in ballast (new tankers only)
Crude Oil Washing
Stripping of tanks (stern trim)
Tank inspection by surveyor => dry certificate
0. Disconnect
1. Departure

o gk

RR©oN

Unloading

v

D4.7.1

Permission full rate

Docking ‘

v

L

Taking ballast

‘ ‘ Steady transfer

—» Hook up l

‘ Stripping of Tanks

|

‘ Tank inspection

"™

'

‘ Disconnect

v !

Start pumps ‘ Departure

| I
Figure 11: Steps of Discharging process

3.1.2.2 Ship-to-ship transfer

The ship-to-ship transfer (STS) process is comgrige¢he loading/unloading process, but taking @lisc
the open sea or a bay, rather than in harbour.s&iple scenario of ship-to-ship transfer is a rendas
between a VLCC and a smaller vessel, e.g. an AFRXNBEXker, to discharge some oil to the latter for
follow-up transport to ports that may not be acitésgo the VLCC. A common procedure is that during
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the rendezvous the VLCC makes constant speed ahieagmaller vessel approaches the larger vessel,
which is equipped with sufficient fenders, fromrbtzard side. Ships are moored and transfer is prdpa
During transfer both vessels make constant speeadal$ TS is usually conducted in designated areas
and permission by authorities is required befoeedperation can be conducted.

The STS-process is composed of the following stigleowing [35], see also Figure 12):

1. Preparation of STS
Checking conditions and requirements such as smppatibility, authority approval,
transfer area, weather conditions and quality asser
Safety
i. General safety aspects such as hazard identificaigk assessment and
prevention of human (personnel) fatigue
ii. Safety drills
iii. Check-lists
iv. Action in case of infringement of safety
v. Safety during cargo transfer such as smoking, nagbts, earths on electrical
switchboards, operation of diesel engines and tsihip-to-ship electric
current, use of communication equipment, use araghs accumulation,
electric storms, usage of galley stoves, readiagfige fighting, accommodation
openings and unauthorised crafts.
vi. Safe watchkeeping
vii. Helicopter operations
Communications between the ships
Operational preparation before manoeuvring reggrthie ships and navigational signals
2. Manoeuvring and mooring: manoeuvring depends oséhexted ship-to-ship transfer (under
power, anchoring)
3. Procedures alongside
Pre-transfer procedures: establishing good comratioit
Definition of responsible personnel
Planning of cargo transfer
i. Quantity of transferred cargo
ii. Sequence of grades
iii. Details of cargo transfer such as number of pumpspaessure
iv. Crude oil washing procedure
v. Initial and maximum topping off rates
vi. Normal stopping and emergency shutdown
vii. Emergency and spill containment procedures
viii. Critical stages of the operation
ix. Material safety data sheet
Cargo transfer
i. Positioning personnel
ii. Begin transfer on slow rate
iii. Supervision of transfer
iv. Special attention to static accumulator cargo
v. Ballast water management
Operations after completion of cargo transfer
i. Drain of all hoses
ii. Securely blank of hoses and manifolds
iii. Inform authorities
4. Unmooring
Procedures
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Checks
Unberthing

Responsible for loading activities/IGS are 1stasfi(or loading officer) and 1st lead engineer (ps)n
In case of hazard the responsibility lies with pusperator and nautical officer.

With respect to pollution the most relevant incidestegories are:

collisions; as consequence of failures during apghiar departure

non-accidental structural damage; as consequerfadwt in (de-)ballasting operations or bad
maintenance

oil-spill as consequence of faulty operations @lth this is not strictly related to LOWI)

Loading/
Un-loading

v
Procedures Alongside

STS ‘ After completion

Preparation ‘ Cargo transfer

‘ Operational ‘

Planing cargo
transfer

‘ Communication ‘

Responsibilities

‘ Safety ‘
Establishing
‘ General communication
v
Unmooring
v :
Manoeuvring and mooring ‘ Unberthing ‘
‘ Checks ‘
‘ Procedures ‘

|
Figure 12: Steps of Ship-to-ship transfer process

3.1.2.3 Operations in coastal and restricted waters

No particular process was defined for operationsomstal and restricted waters. Of main concermewer
interactions of crew and pilots, as well as techlnicoblems leading to loss of steering or loss of
propulsion when operating in coastal areas/tratigaration schemes, rivers, as well as operation in
harbours, approach to berth and mooring at begbally, the reaction time in case of an accident is
rather short, due to the short distance to coasetisas high traffic density.
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3.1.24 Maintenance tasks

No particular process was defined for maintenamegaiions. Focus of the hazard identification idion
works and works in potentially dangerous atmospHhsreause data analysis in section 4 reveals tloat a
of accidents occur in the course of hot works, wa&kiere casualties.

3.2 Relevant accident categories

Casualty reports in the accident database ardfidasas serious or non-serious. Within this FSA th
prime interest is on Serious Incidents, which irAERare characterised by one of the following
situations [31]:

serious structural or machinery damage likely sultein a vessel being declared a constructive
total loss;

structural or machinery damage rendering a vesssaworthy or requiring extensive repairs
disablement or breakdown, resulting in a vesselirey assistance of salvors or the
abandonment of the voyage or a vessel being takieof gervice for a reasonable period,;

any other incident resulting in damage consideegihss enough to prevent a vessel from
continuing in service.

Hence, a serious event is a breakdown resultitigeirship being towed or requiring assistance from
ashore; flooding of any compartment; or structurachanical or electrical damage requiring repairs
before the ship can continue trading. All otherrdseare considerambn-seriousin case of dotal loss

the ship ceases to exist after a casualty, eithetalit being irrecoverable (actual total lossyloe to it
being subsequently broken up (constructive tots)loThe latter occurs when the cost of repair doul
exceed the insured value of the ship.

Even if these accident severity descriptions armiméocused on property aspects, they are also
important with respect to safety and environmeat.ifstance, a tanker with severe structural dansge
likely to spill oil.

A reported casualty is also assigned a categonnass responsible for the initial failure, also edll
initiating event These categories are defined in the followindgtab

The focus is on high-level hazards that may resuhe loss of watertight integrity (LOWI). LOWI is
defined as the loss of structural integrity; legdio a loss or reduction of buoyancy and a loss or
reduction of cargo handling capability. LOWI isefitly linked with a potential of harm to the
environment due to oil pollution and indirectly viharm to crew [37]. Thus, LOWI is related to thekr
categories “human safety” and “environmental séfety

* Strictly speaking the third consequence categeggonomic loss”, is not in the focus of IMO actiei; but it is
applied indirectly in the course of Cost-Benefitalysis.
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In the accident classification scheme that is UsedRFP eight accident categories are distinguished

Table 3: Definition of initiating events.

Initiating event Definition

Collision Striking or being struck by another ship, regarslieswhether under way,
anchored or moored. This category does not inchtriléng under water
wrecks.

Contact Striking or being struck by any fixed or floatingject, but not a ship or the sea

bottom. This category includes striking drillingsiplatforms, regardless of
whether in fixed position or in tow.

Wrecked/Stranded Includes ships reported hard and fast for an aptecperiod of time and cases
reported hitting or touching sea bottom. This catgdncludes

entanglement on under water objects like wrecks.

Fire/Explosion Accidents where the fire and/or explosion is theahevent reported (except
where first event is hull/machinery failure leadiodfire/explosion)
Hull/Machinery | Structural failure, holes, cracks, that can resuhe ingress of water and/or loss
of strength and/or stability.

Machinery or equipment damage or failure whichasattributable to any of the
other seven categories. Examples are lost ruddeutad propeller.

Foundered Includes ships which sank as a result of heavyhesatessel springing

leaks, breaking in two, and not as a result ofotier categories.

Miscellaneous Includes ships which have been lost or damagedhyhioc want of
sufficient information, or for other reasons, canioe classified.
War loss/Hostilities Encompasses damage or other incidents occasiosip®by hostile acts.

With the exception of classes “War loss/hostilitiasd “Miscellaneous” these accident categories are
considered relevant in the focus of this FSA.

3.3 Relevant risk types
Within this study, the following risk types are swtered relevant:

risk to people, i.e. to crew members, pilot andbar personnel
risk to environment, i.e. to shores, sea, and qr@ds, air

The consideration of following risks is excludedrfr this study:

risk to property, i.e. to cargo and ship

risk to third party property other than cargo, e@mages to shore-site buildings, installations,
cranes in port, bridges, waterways, etc.

occupational accidents, i.e. events affecting teaavithout damaging the ship (e.g. falls, falling
overboard, asphyxiation, electrocution, being #ttog moving objects, falling objects, mooring
ropes and waves etc.)

risk to other ships, e.g. struck ship during cals

loss of business by interruption of service or imbass of the operating company
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The scope that was outlined in this chapter casubemarised as follows (Table 4):

Table 4: Summary of scope

14
—
=

In Scope Out of Scope
Ship type & |generic crude oil tankers of sizes Other types of tankers (esp. OBOs, Bitume
design AFRAMAX, SUEZMAX, VLCC, and [tankers) specific designs, trades,
ULCC port environments, waterways
Accident Loss of watertight integrity (LOWI) andminor damage of vessel or equipment, crew
severities loss of life only injuries
Life cycle Ship-to-ship transfer, construction, docking,
phases (loading and unloading), operation in pfrepair, inspection, dismantling
restricted and coastal waters,
open seas transit,
maintenance (partly)
Risk types human life (crew), human life (3rd party)
environment occupational accidents
security
loss of property
Accident Collision, contact, grounded, fire, \War loss, hostilities, piracy, miscellaneous
categories explosion, non-accidental structural  [(unless LOWI-relevant)

failure, machinery
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4 Data collection

As preparatory step accident data are reviewethéopurpose of defining the focus of the analysth w
respect to systems and operations (i.e. procebsdsyere found to be contributors to frequent and/
severe accidents in the past, and therefore st@utthnsidered in the course of the analysis. Tédtee
of these analyses also provide important inputifersubsequent steps of the FSA process, particular
the quantitative analysis.

Accident databases can provide insights in thergéperformance of the maritime industry. In
particular, the review of such data can point tecffic areas that may benefit most from improversent
The data presented here are an extract of anahaewere performed on the databases by Lloyd’s
Register Fairplay (LRFP), Lloyds Marine Intelligendnit (LMIU) and Clarkson’s. Analyses of this data
are reviewed with two interests in mind:

1. Starting points are analyses performed by collesigfi¢he Ship design Laboratory at the
National Technical University of Athens (NTUA-SDWjthin and beyond the POP&C projéct
([6],[371,[38], [39],[40],[41]), see section 4.2h&se analyses give detailed insights in accident
causes.

2. The second focus is on the consequences that weeeienced from accident. For this purpose
generic FSAs on single hull and double hull tankeesreviewed that were performed by Det
Norske Veritas (DNV, [4],[5]), see section 4.3.

Findings of these works are compared against neastt LRFP fleet and casualty data. While the tesul
of POP&C and DNV are not directly comparable — sabjo the different scopes of these studies (cf.
section 4.1) — both studies yield insights thatwsed to focus the Hazld with respect to accidgreg,

ship systems and operations to be reviewed.

4.1 Data sources

The predominant source of data is LRFP for theopet990-2003 (“post-90”). The data sets used by
POP&C, NTUA-SDL and DNV differ in the following way(Table 5):

POP&C work is focused on AFRAMAX tanker size; iceat work performed by the NTUA-
SDL the focus of this work was broadened to taskers SUEZMAX to ULCC (analysis of
accident records for PANAMAX vessels is in progras8iTUA-SDL).

DNV work also includes product and PANAMAX tankers.

DNV reports focus on incidents that occurred aferintroduction of OPA-90 (Oil Pollution
Act); POP&C work and subsequent work performed ByJXR-SDL also include data for the
period 1978 to 1990 (“pre-90"), i.e. prior to OPA:9

with respect to SUEZMAX and V/ULCC data, in theléov-up work to POP&C performed by
NTUA-SDL the dataset that originally was based Mill® was cross-checked and
complemented by fleet-at-risk data for from Clarksalatabase

while in DNV work the LRFP accident categories applied, in the work by POP&C and
NTUA-SDL a revised categorisation was developedTable 6).

® http://www.pop-c.org/
® http://www.lloydsmiu.com/
" http://www.clarksons.co.uk/
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Table 5: Summary of differences of data basis énrdviewed sources.
Organisation | Period Tanker Accident categories
covered categories
LRFP 1978 — 2007 | PANAMAX, “Collision”, “Contact”, “Foundering”,
AFRAMAX, “Wrecked/Stranded”, “Fire/Explosion”,
SUEZMAX, “Hull/Machinery”, “Miscellaneous”, “War
VLCC, ULCC | loss/Hostilities”
DNV 1990-2003 PANAMAX, Same as LRFP
(“post-90) AFRAMAX,
SUEZMAX,
VLCC, ULCC
POP&C 1978-2003 AFRAMAX “Collision”, “Contact”, “Grounding”,
(“pre-90” and “Fire”, “Explosion”, “Non-Accidental
“post-907) Structural Failure”, “Failure of Hull Fittings”,
“Machinery Failure”
NTUA-SDL | 1978-2003 SUEZMAX, Same as POP&C
(“pre-90” and | VLCC, ULCC
“post-907)
*Note that size classes in the cited DNV reporéesdefined differently from the nomenclature that |s
used throughout this report. The size classesaiDtiV reports are defined as:
PRODUCT: 40,000 dwt; PANAMAX: 80,000 dwt; SUEZMAX50,000 dwt; VLCC: 280,000 dwt.

Work in POP&C is focused on incidents that may leakbss of watertight integrity LOWI. The LRFP
classification is considered insufficient for tmeplementation of a rational risk-based methodol&dy
for evaluation of potential to lead to LOWI. Theved, accident data was organised into the follovgirg
accident categories, following a detailed reviev.BFP database entries with respednitiating events

“Collision” (between ships)

“Contact” (of ship with a fixed installation or bb&ting object)

“Grounding”

“Non-accidental structural damage” (leading to LQWI

“Fire”

- “Explosion”

The mapping between LRFP and POP&C categoriesfilass (Table 6):

Table 6: Mapping between accident categories ugdtdP&C and DNV,

LRFP-category POP&C-category
(as also used by DNV)
“Collision” “Collision”
“Contact” “Contact”
“Wrecked/Stranded” “Grounding”
“Fire/Explosion” “Fire”
“Explosion”
“Hull/Machinery”, “Non-Accidental Structural Failurg”
“Foundering” (NASF)
Failure of Hull Fittings*
Machinery Failure*
“Miscellaneous” *
“War loss/Hostilities” *

* If LOWI-relevant, accounted for in appropriatesudting event categorie§or further information
regarding the POP&C database, see [16].
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In addition to these works, an analysis of recdRER fleet and casualty data was performed by Gihy wi
the aim of providing data also for the most redesitory. This analysis is restricted to crude ailkers of
size 60.000 dwt and higher (i.e. PANAMAX, AFRAMASUEZMAX, VLCC and ULCC). The most
common types of vessels in this class are revieimetie terminology of LRFP StatCode5 these are
“chemical/products”, “shuttle tankers”, “crude tahkers”, “crude/oil products tankers”, “products
tanker” and “tankers (unspecified)” (for a defiaiti see Table 1 on page 13). Due to significant
differences in construction other types of oil tarskare out of scope. Apart from the inclusion of
PANAMAX tankers, this selection of ship types cadles with the selection used in [37]-[41].

In the subsequent sections the analyses performibe iPOP&C project, follow-up work by NTUA-
SDL, and by DNV on generic FSAs on single hull (3}l double hull (DH) tanketare reviewed with
the purpose of extracting findings on (see sectidnl.2 for a summary):

accident causes and recorded frequencies
ultimate consequences of the recorded accidents (@gpect to human and environment)
contributing factors, location and environment

4.2 Review of accident causes

In the POP&C project accident data were analysedFRAMAX tankers [37]. NTUA-SDL conducted
additional work for larger vessels [6] for crudétoansport. This data makes it possible to idgritie
most frequent initiating events and contributingtéas that are summarised below,.

4.2.1 Classification of accidents by initiating events

In the following the percentage and frequency @uoences and the severity of each accident categor
are considered.

Percentage and frequencies of accident causes:

From POP&C and NTUA-SDL analyses it can be derived the largest fractions of crude oil tanker
accidents can be attributed to collisions, grougslicontacts and non-accidental structural failures
However, the ranking of these initiating eventseinm of percentages of accidents is different farhe
tanker class (cf. Table 7)

Table 7: Percentages of most frequent initiatingnéy of accidents with
LOWI outcome (derived from [6], period 1978-2003).
Initiating event AFRAMAX SUEZMAX V/ULCC

No. % No. % No. %
Collision 232 29 135 30 150 26
Contact 125 16 55 13 60 11
Grounding 194 25 70 16 71 13
NASF 120 15 105 24 161 28
Other categories 118 15 74 17 125 22
Total 789 100 | 439 100 567 100

8 In the DNV analysis, depending on the accideregmaty, ships with double side or double-bottom hudl
allocated to either of these classes.
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The distribution of accidents with respect to aitiating events is shown in Figure 13.

Table 8: Frequencies of LOWI accidents, includioigltlosses [6]
(accidents per shipyear, period 1978-2003).
Initiating event AFRAMAX SUEZMAX V/ULCC
Collision 2.57E-03 3.05E-03 1.56E-03
Contact 1.63E-03 1.16E-03 7.04E-04
Grounding 3.69E-03 3.63E-03 1.95E-03
Fire 1.97E-03 1.89E-03 1.80E-03
Explosion 1.72E-03 1.89E-03 1.88E-03
NASF 2.15E-03 2.90E-03 2.58E-03
total 1.27E-02 1.45e-02 1.05e-02
Fleet-at-risk (shipyears 11,652 6,896 12,790

Development of accident rates over time

For the studied period (1978-2003), the rates oidents causing pollution were reduced in the “P@st
interval (i.e. during 1991-2003), compared to tReg*90” interval (i.e. during 1978-1990), see Tdhle
However, the authors of [6] note “that [in the csrupf a confidence analysis] in some cases, the 95%
confidence intervals with respect to the noted ayewvalues are quite wide”; so for future assessnen
the data in Table 9 should be treated with caution.

Table 9: Average accident rates [6]

AFRAMAX SUEZMAX V/ULCC
Rates per shipyear Pre-90 Post-90 Pre-90 Post-90 Pre-90 Post-90
All accidents 1.11E-01 3.72E-02 9.95E-02 3.31E-02 6.04E-02 2.70E-02

Accidents with serious
consequences & total losses| 2.27E-02 7.18E-03 2.19E-02 8.36E-03 1.37E-02 8.50E-03

Accidents leading to pollutior] 6.45E-03 4.29E-03 6.43E-03 2.46E-03 3.99E-03 2.13E-03
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a) AFRAMAX

Distribution of AFRAMAX incident types
(period 1978-2003; LOWI relevant; 789 incidents in  total)

Non-Accidental
Structural Failure;
120; 15%

| Collision; 232; 29%
Explosion; 39; 5%

Fire; 79; 10%

Grounding; 194; Contact; 125; 16%

25%

b) SUEZMAX

Distribution of SUEZMAX incident types
(period 1978-2003; LOWI relevant; 439 incidents in total)

Non-Accidental
Structural Failure;
105; 24%

Collision; 135; 30%

Explosion; 26; 6%

Fire; 48; 11% Contact; 55; 13%

Grounding; 70; 16%

¢) VIULCC

Distribution of VLCC-ULCC incident types
(period 1978-2003; LOWI relevant; 567 incidents in  total)

Non-Accidental
Structural Failure;

161; 28% Collision; 150; 26%

Explosion; 44; 8% Contact; 60; 11%

Fire; 81; 14% Grounding; 71; 13%

Figure 13: Distribution of incident types for tamk#asses [6], [37]
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Severity of accidents
While accident categories fire and explosion regmea comparably small fraction in terms of frequen
together with grounding they form the accident gatis that have the largest share of serious mésp
irrespective the vessel size (Figure 14 and Fig&jeFor instanceHgure 15, 50 % of all explosions
have a serious outcome, whereas for contacts &g bf the accidents are considered serious.

Comparison of incident numbers by accident category
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No. of incidents

AFRA |SUEZ |V-ULCCAFRA |SUEZ |V-ULCQAFRA |[SUEZ |V-ULCCAFRA |SUEZ |V-ULCQAFRA |SUEZ |[V-ULCGAFRA |SUEZ |V-ULCQ
Coll Coll Coll | Contct | Contct | Contct | Grnd | Grnd | Grnd Fire Fire Fire Expl Expl Expl | NASD | NASD | NASD
‘I severe 30 22 21 19 8 9 45 25 26 24 13 23 21 13 25 25 20 32
‘D non-severe | 202 113 129 106 a7 51 149 45 45 55 35 58 18 13 19 95 85 129
Accident category

Figure 14: Incident numbers by accident categayesty and ship type (derived from [6]).

% of incidents in each category

“|AFRA
Coll

Comparison of severity percentage by accident categ

SUEZ
Coll

V-ULCQ
Coll

AFRA
Contct

SUEZ
Contct

V-ULCQ
Contct

AFRA
Gmd

SUEZ
Grnd

V-uLcqg
Grnd

AFRA
Fire

SUEZ
Fire

ory and ship type

V-ULCQ
Fire

AFRA
Expl

SUEZ
Expl

V-ULCQ
Expl

AFRA
NASD

SUEZ
NASD

V-ULCQ
NASD

@ severe 13%

Onon-severe | 87%

16%
84%

14%
86%

15%
85%

15%
85%

15%
85%

23%
7%

36%
64%

37%
63%

30%
70%

27%
73%

28%
72%

54%
46%

50%
50%

57%
43%

21%
79%

19%
81%

20%
80%
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In their study of LRFP records of AFRAMAX tankercidents Papanikolacet al.[37]found that the
origin of firesin 83 % of the accidents was in the aft area efvéssel.

The origin ofexplosionawvas:
in 62% in the ship’s Aft Area
in 24% in the Cargo / Slop Tanks
in 11% on Deck and
in 3% in ship’s Ballast Tanks / Void Spaces.

The accident rates for each accident categorydapend on the operating conditions; for AFRAMAX
tankers it can be found that (Table 10):
most accidents happened when the vessels wenegsaiiiroute
a high percentage of fire and explosion accideapplned when the vessel was under repair
a high percentage of the contact accidents occwhélé the vessel was manoeuvring

Table 10: Operating condition at time of accid&#][
Sailing

Under Dis- En- Anchor [Ballasti|Bunker Maneou Under
% repair [Berth [Port |charging |route [ing ng ing Loading|vring Towed|Mooring |construction
NASF 0 3 il g 75 0 4 0 5 il 3 ]
Collision 1 (§ 0 g 63| 5 0 1 1 1] 2 Y ()]
Contact ( | | 48 0 0 0 0 36 3 3 0
Grounding ( ] ] L 90 4 0 0 0 q ] ( 0
Fire 26 11 0 1 45] 0 0 2| g ( ( 1 y
Explosion 33 0 7| 10 43| 7 0 0 [0 ( ( (
Note: This data covers AFRAMAX tanker only; anadysf data for SUEZMAX and V/ULCC is pending.

Development of severity (in terms of oil spill) ovetime

With respect to environmental severities, accidantslving V/ULCC tankers on average result in the
largest oil spills — which is obvious because trasethe largest tankers. This holds for both ptiee90
period as well as the post-90 period. However, @mpn of these periods shows that SUEZMAX and
V/ULCC significantly improved in the post-90 perjashile the oil spill rates for AFRAMAX tankers
increased in the same period of time (Table 11)s parformance is mainly attributed to loss of the
vessels “Braer” and “Prestige”. In how far theseidents really dominate the statistics will be ified in
the quantitative analysis.

Table 11: Spill tonne rates per ship year [6]

Tanker size 1978-2003 | Pre-90 Post-90

AFRAMAX* 31.16 27.52 34.81
SUEZMAX 59.34 78.8 39.88
V/ULCC 114.17 143.86 84.48

* AFRAMAX accidents in post-90 period dominatedtiao accidents (“Braer”: 88214t spilt and “Prestig@7,000t spilt)

A more detailed picture can be obtained by lookihthe development of outcomes of accidents in each
accident category (Table 12):

the oil spill rates in collision accidents was sgly reduced for AFRAMAX and V/ULCC
tankers in the post-90 period, but for SUEZMAX théduction was much more moderate.

spillage of oil in contact accidents was reducedfbtanker classes; no spillage was recorded for

SUEZMAX tankers in the post-90 period at all.
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for grounding accidents in the post-90 period pillage was almost eliminated for V/ULCC
(which used to have the rates per ship year iptee@0 period). For SUEZMAX the spill tonne
rate was almost cut by half. However, for AFRAMAKe rate almost quadrupled.

oil spill rates for fire accidents are negligibte AFRAMAX and SUEZMAX, but almost remain
constantly high (around 30%) for V/ULCC with a shddcrease in the post-90 period.

oil spill rates in explosion accidents almost vaeis for AFRAMAX and SUEZMAX, but
doubled for V/ULCC.

oil spill rates in NASF accidents almost vanishedSUEZMAX and larger tankers, but for
AFRAMAX tankers the rates increased from 0.24 t@®18nnes per year in the post-90 period
(which again may be attributed to the accident8rakr and Prestige).

Table 12: Spill tonne rates per ship year, pergmate[6]
Tanker size | 1078-2003 |Pre-90 | Post-90
Collision Accidents
AFRAMAX 2.15 4.23 0.07
SUEZMAX 23.59 27.11 20.07
V/ULCC 25.64 43.62 7.66
Contact Accidents
AFRAMAX 0.81 1.57 0.04
SUEZMAX 1.69 3.39 0
V/ULCC 0.78 1.18 0.38
Grounding Accidents
AFRAMAX 13.07 5.28 20.86
SUEZMAX 27.39 34.97 19.81
V/ULCC 18.74 37.25 0.24
Fire Accidents
AFRAMAX 0.06 0.13 0
SUEZMAX 0 0 0
V/ULCC 30.77 32.42 29.12
Explosion Accidents
AFRAMAX 8.16 16.07 0.25
SUEZMAX 2.74 5.48 0
V/ULCC 34.23 21.4 47.06
Non-Accidental Structural Failures
AFRAMAX 6.92 0.24 13.6
SUEZMAX 3.92 7.85 0
V/ULCC 4.01 7.99 0.02

4.2.2 Selected contributing factors

Several contributing factors were reviewed fordeeits and accidents involving AFRAMAX tankers in
[38] and [41]; evaluation of these factors for SWEXX and larger tankers is work in progress in
SAFEDOR task 4.7.2 [7] With respect to LOWI, in addition to fire and éogion, of particular interest
are: environmental influences at the time of thedent, such as location and weather situatiowedls
as operational conditions at the time of the acatide

° Partial results of this work were kindly made &afale by colleagues for preparation of this report.
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Location of incident

With respect to locations of recorded incidentsait be stated that (Table 14):
most collisions occurred in or nearby ports oroastal or restricted waters; for V/ULCC (which
due to size constraints cannot access some of weses) a quarter of the collisions accidents
happened at open sea/in archipelagos.
most contacts occurred in or nearby ports; for AMBX also in coastal or restricted waters.
a large percentage of groundings occurred in cbasstastricted waters. While rivers or canals
are a prime location for AFRAMAX and SUEZMAX grounds, more than a third of V/ULCC
groundings happened at open seas and archipel@goSUEZMAX and larger tankers the third
major location for groundings happened in or negdoys.
a large percentage of fires occurred at port, aagfgoor port approach. The largest percentage of
SUEZMAX fires occurred at shipyards/in drydock. R6fRAMAX and V/ULCCs a significant
percentage of fires occurred at open sea.
similarly, for all tankers many explosions occureggort, anchorage or port approach. Yet, for
AFRAMAX and V/ULCCs the largest percentage of egmbos occurred at open sea. A large
percentage of SUEZMAX fires occurred at shipyarddfiy-dock.
most non-accidental structural failures occurredpen sea or in or nearby ports. For
AFRAMAX and SUEZMAX a quarter or more accidentsoafeppened in or nearby ports or in
costal/restricted waters, respectively.

Operational contributing factors identified for non-accidental structural failure

The main factors that were listed for AFRAMAX tankevith respect to non-accidental structural falur
are:

excessive loading (66 %)

structural degradation (17 %)

poor design/construction (17 %)
These causes must be considered to be (at leastjocwing factors to these accidents.

Weather effect determined

It was determined that in AFRAMAX accidents weathvis a significant contributing factor,
predominantly for events of non-accidental struatttailure (38.8 %, see Table 13). In the remaining
accident classes, only in a small percentage @scagather was reported as a contributing facttreto
accident.

Table 13: Influence of weather for each inciderident type

Collision | Contact | Grounding | Structural | Fire Explosions
Failure
6.4 % 24 % 8.3% 38.8 % 25% 0 %
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Table 14: Location of vessel at time of the incideecident [7]
Collision, % AFRAMAX | SUEZMAX | V/IULCC
Port, Anchorage, Berth, Port Approach 40 37 36
Coastal or restricted waters 36 51 36
Open Sea, Archipelagos 13 8 24
Rivers, Canals, Inland waters 10 4 4
Shipyards, Dry-dock 1 0 0
100 100 100
Contact, % AFRAMAX | SUEZMAX | V/ULCC
Port, Anchorage, Berth, Port Approach 53 65 70
Coastal or restricted waters 23 19 19
Open Sea, Archipelagos 7 2 4
Rivers, Canals, Inland waters 13 10 0
Shipyards, Dry-dock 4 4 7
100 100 100
Grounding, % AFRAMAX | SUEZMAX | V/ULCC
Port, Anchorage, Berth, Port Approach 17 26 20
Coastal or restricted waters 33 42 36
Open Sea, Archipelagos 1 9 34
Rivers, Canals, Inland waters 49 23 10
Shipyards, Dry-dock 0 0 0
100 100 100
Fire, % AFRAMAX | SUEZMAX | V/IULCC
Port, Anchorage, Berth, Port Approach 49 29 36
Coastal or restricted waters 11 18 12
Open Sea, Archipelagos 23 16 32
Rivers, Canals, Inland waters 2 0 2
Shipyards, Dry-dock 15 38 17
100 100 100
Explosion, % AFRAMAX | SUEZMAX | V/IULCC
Port, Anchorage, Berth, Port Approach 38 44 23
Coastal or restricted waters 5 16 12
Open Sea, Archipelagos 40 12 51
Rivers, Canals, Inland waters 3 0 2
Shipyards, Dry-dock 14 28 12
100 100 100
NASF, % AFRAMAX | SUEZMAX | V/IULCC
Port, Anchorage, Berth, Port Approach 28 19 15
Coastal or restricted waters 3 25 9
Open Sea, Archipelagos 68 57 76
Rivers, Canals, Inland waters 1 0 0
Shipyards, Dry-dock 0 0 0
100 100 100
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4.3 Accident consequences

In order to obtain a more detailed picture of aenidconsequences, in the following section DNV repo
on generic FSAs for single and double hull tankeesdiscussed, with respect to safety, environrhenta
consequences and property in terms of monetarg'tost

DNV conducted generic FSAs on single hull (SH) dodble hull (DH) tankers [4], [5]. Depending on

the accident category, ships with double side abtiebottom hull are allocated to either of thelssses.
For instance, with respect to grounding eventsbtiobiottom vessels are considered to be similar to
double-hull vessels, etc. This is a differencehtdlassification applied by NTUA and POP&C work.
Focus of the assessments are accidents in th@@ageriod which involved tankers for oil includitte
sizes product tankers (40000 dwt), Panamax (80@@)) 8uezmax (150000 wt) and VLCC (280000dwt).
This classification is also different from the NTW#d POP&C work, which has to be taken into account
when comparing these studies.

4.3.1 Frequencies of consequences

Annual frequencies were elicited in relation toleatthe LRFP accident categories and separately fo
each type of consequences:

human: Fatalities
environment: Oil spill
property: damage costs

The work on property costs is quoted here for neagd completeness; as discussed in the problem
definition (section 3) property-related consequerare out of scope for the Tanker-FSA in
SAFEDOR 4.7. Likewise, DNV estimations with respcbccupational accidents are only considered
for completeness reasons here.

Despite the differences in the dataset that walysexd (fleet size NTUA-SDL (post-90): 20556 ship
years; fleet size DNV: 22261 ship yedtsin general accident frequencies determined by Dl the
same order of magnitude as those determined iNTh$A-SDL work. However, the results that are
reproduced here provide insights in the effectimgle hulls and double hulls.

Annual frequencies of fatalities

LRFP records contain only those fatalities thatenmused by ship accidents. As from operational
experience they are known to represent a largéidraof fatalities, DNV additionally also estimated
frequencies of occupational accidents, i.e. evaffiésting the crew without damaging the ship (s,
falling overboard, asphyxiation, electrocution,rtgestruck by moving objects, falling objects, maogri
ropes and waves etc.) [5]. Annual frequencies tallifees (Table 15) are dominated by occupational
accidents. The largest contribution to the annoeident frequency is fire/explosion, which for dimgnd
double hull tankers likewise accounts for 50% ofathlities.

Taking occupational accidents in consideration:
For SH, on average one fatality is expected forye88 ship years, or for every 2500 person years
(assuming a crew of 30 per ship).

19 A quantitative breakdown of how monetary valuesdiovironmental costs and costs for human life vaeréved
is not provided in the cited reports.

1 The source of these differences is not furthelyaed in this report, because it is out of the scopthe Hazld
preparation.
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For DH, on average one fatality is expected forg\®5 ship years, or for every 3125 person years.

With respect to the accidents that are recordedRifP these frequencies are roughly cut in halves, i
approximately 50% of all fatalities are assumebéda result of occupational accidents:

For SH, on average one fatality is expected forye¥66 ship years, or for every 5000 person years.
For DH, on average one fatality is expected forg285 ship years, or for every 8300 person years.

Table 15: Annual frequencies of fatalities (pepsyear and person year)
Data source: DNV reports [4] and [5].
Single Hull Double Hull
Fatalities / Fatalities / Fatalities / Fatalities /

Accident Type ship year person year ship year person year
Collision 2.6E-03 8.6E-05 1.3E-03 4.5E-05
Contact
Fire/explosiof? 3.1E-03 1.0E-04 1.8E-03 6.1E-05
Hull/Machinery/Equipmerif 3.0E-04 1.0E-05 1.8E-04 6.0E-06
Wrecked/Stranded 8.9E-05 3.0E-06 4.5E-05 1.5E-06
Total (excl. occup. accidents) 6.1E-03 2.0E-04 3.3E-03 1.1E-04
Occupational accidents 6.00E-03 2.00E-04 6.00E-03 2.00E-04
Total (incl. occup. accidents) 1.2E-02 4.0E-04 9.3E-03 3.1E-04

Annual frequency and quantity of oil spill

With respect to oil spill the most frequent accidestegory for single hull tankers is “Hull / Maaobkry /
Equipment” (44 % of all accidents); for DH the hegihannual oil spill frequency is for collisions3 (%o
of all accidents).

The most severe consequences are caused by wistckedéd and collision (in accordance with the
NTUA findings Figure 14andFigure 15. While the quantity of oil spilt is assumed tothe same for DH
as for SH tankers, in total the frequency of oill$pr SH tankers is nearly 3 times the frequetitgt was
determined for DH tankers.

For SH tankers the typical return period for oillsps 235 years, and the average spill size B0ABnNS,
whereas for DH tankers the typical return periaddibspills is 666 years, and the average spuk $6
5900 tons.

12 pistinction of fire and explosion cases (as wadquared in the POP&C database) was not possible fhosrdata.
13 bistinction of hull damages from accident categtmyll/machinery/equipment” was not possible fronsttata.

Document Id. SAFEDOR-D-04.07.01-2007-12-06-GL-TaRk&ID-rev-1.2 page 34 of 79



Date 2007-12-06

Hazld of Tanker Operations
D4.7.1

Table 16: Annual frequency and quantity of oil kpér hull type and accident category.
Data source: DNV reports [4] and [5].
single hull
Spill Quantity

Frequency of spill Average spill size| (tons per ship
Accident Type (per ship year) (tons) year)
Collision 4.1E-04 10,000 4.1
Contact 9.0E-04 1,100 1.0
NASD
Fire/explosior?
Hull/Machinery/Equipmerif 1.8E-03 150 0.3
War/loss/hostilities
Wrecked/Stranded 9.4E-04 28,000 26.4
Miscellaneous 2.2E-04 300 0.1
Total 4.3E-03 7,500 32

double hull
Spill Quantity

Frequency of spill Average spill size| (tons per ship
Accident Type (per ship year) (tons) year)
Collision 6.0E-04 10,000 6.0
Contact 3.0E-04 1,100 0.3
NASD Negl. 43,000 Negl.
Fire/explosiof? Negl. 8,600 Negl.
Hull/Machinery/Equipmerif 3.6E-04 150 0.05
War/loss/hostilities 1.2E-04 150 0.02
Wrecked/Stranded 9.5E-05 28,000 2.6
Miscellaneous 7.2E-05 1,400 0.1
Total 1.5E-03 5,900 9.0

Annual property damage frequency

The highest property damage frequency for bothaB#DH tankers is Hull/Machinery/Equipment

(43 % for SH and 30 % for DH) and Collision (22 &i and 30 % for DH).

For SH tankers the return period for non-seriogglents is 29 years, for serious accidents 74 \araats
for total loss 2000 years. In comparison, for DRkexrs the return period for non-serious incidestsli
years, for serious accidents 120 years. No tosslde of DH tankers were recorded in 1990-2003.
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Table 17: Annual property damage frequency pertigpkk and degree of severity.

Data source: DNV reports [4] and [5]

Single Hull
Non Serious | Serious Casualty

Accident Type Incident (excl. Total loss) Total Loss | All Incidents
Collision 7.9E-03 2.1E-03 9.9E-03
Contact 3.9E-03 9.8E-04 4.9E-03
Foundering

Fire/explosiof? 1.9E-03 1.6E-03 1.4E-04 3.6E-03
Hull/Machinery/Equipmerif 1.5E-02 6.6E-03 2.2E-02
War/loss/hostilities 1.4E-04 1.4E-04
Wrecked/Stranded 4.9E-03 2.2E-03 3.4E-04 7.4E-03
Miscellaneous 7.2E-04 7.2E-05 7.9E-04
Total 3.5E-02 1.4E-02 4.9E-04 4.9E-02

Double Hull
Non Serious | Serious Casualty

Accident Type Incident (excl. Total loss) Total Loss | All Incidents
Collision 6.3E-03 2.3E-03 8.6E-03
Contact 2.5E-03 6.0E-04 3.1E-03
Foundering

Fire/explosion? 6.0E-04 4.8E-04 1.2E-03
Hull/Machinery/Equipmerif 6.2E-03 2.3E-03 8.5E-03
War/loss/hostilities 1.2E-04 1.2E-04
Wrecked/Stranded 3.7E-03 2.6E-03 6.5E-03
Miscellaneous 2.4E-04 2.4E-04
Total 2.0E-02 8.3E-03| Non occurred 2.8E-02

4.3.2 Influence of hull design

The FSA reports by DNV make it possible to dravitfar conclusions with respect to hull design.
Analysis of data on statistical total annual c¢$emle 18) for single hull and double hull tankefs
different sizes yields the following findings:
The highest accident costs for SH tankers are

environmental costs (62 %), followed by

property costs (31 %) and

human cost (7 %);

For DH tankers the highest costs are
property costs (48 %),
environmental costs (39 %) and
human costs (11 %).

So it may be concluded that the introduction ofdbable hull has the expected effect on environaient
protection and to a smaller extent also on safety.
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The most significant types of accidents in termsasits (with respect to the selected accident o=y
causing LOWI) for SH are:

“wrecked/stranded” (51%);

“fire/explosion” (17%);

“hull/machinery/equipment” (15%)

Compared to these, the most significant types cflaats in terms of costs (with respect to thectete
accident categories causing LOWI) for DH are:

“fire/explosion” (33 %);

“collision” (28 %);

“wrecked/stranded” (24 %)

The annual environmental costs are 4.2 times hifglieé®H tankers than for DH tankers
The annual property costs and annual human castk. atimes higher for SH tankers than for DH
tankers.

Flndlngs from [4] with respect to comparison of &ghinst DH include:
ratio (Annual Frequency for Oil Spill) of oil spibouble Hull / Single Hull = 0.425
ratio (Average outflow over all scenarios for aagivaccident) of oil spill Double Hull / Single
Hull = 0.42
the most common accident origin for both typesaokers (regardless size) is navigation
(SH: 60 %; DH: 70 %)
origins for accidents with fatalities:
DH tankers: Only a single fatality recorded: teisbattack
SH tankers: 76 fatalities recorded: 50% Fire/Explosind 40 % collision accidents

Although data on double hull accidents is currehihited, from these findings one might draw the

conclusion that, particularly with respect to cansences of accidents, double hull design is beiaéfiz
single hull design. This is in line with findingé related studies, such as [41].
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Table 18: Statistical annual accident costs fotavikers of different sizes*
Data source: DNV reports [4] and [5].
Human Cost ($ per
shipyear)
Accident type Single Hull Double Hull
Product | Panmx | Suez VLCC |Product |Panmx |Suez VLCC
Collision 7,900 8,200] 8,200 8,200 4,300 4,300 4,300 4,300
Contact 0 0 0 0 0 0 0 0
Fire/explosiofY 10,000, 10,000 10,000, 10,0000 6,200 6,200] 6,200 6,200
Hull/Machinery/Equipmenrf 880 310 910 910 540 540 540 540
Wrecked/Stranded 270 280 280 280 150 150 150 150
Total 19,050 18,790 19,390 19,390 11,190 11,190; 11,190 11,190
Environmental costs ($ per shipyear)
Accident type Single Hull Double Hull
Product | Panmx | Suez VLCC | Product |Panmx |Suez VLCC
Collision 7,000] 11,000 16,000, 23,000/ 10,000 15,000 23,000 33,000
Contact 6,500 9,900] 14,000 21,000 2,200 3,300 4,800 6,900
Fire/explosio? 0 0 0 0 0 0 0 0
Hull/Machinery/Equipmerif 4,000f 6,100, 8,900] 13,000 810 1,200] 1,800 2,600
Wrecked/Stranded 65,000 98,000] 140,000 210,000 6,500 9,900 14,000 21,000
Total 82,500 125,000 178,900 267,000 19,510 29,400 43,600 63,500
Property damage cost ($ per shipyear)
Accident type Single Hull Double Hull
Product | Panmx | Suez VLCC | Product |Panmx |Suez VLCC
Collision 6,400 8,600] 12,0000 17,000, 6,600 9,000 12,000, 18,000
Contact 1,500 2,000 3,000 4,600 890 1,300 1,800 2,800
Fire/explosiofY 7,900 11,000, 15,000f 22,000f 2,800, 3,700 5,200| 7,800
Hull/Machinery/Equipmerif 19,000, 26,000 36,0000 53,0000 7,000 9,400] 13,000 19,000
Wrecked/Stranded 11,000 15,000, 21,000 31,000f 10,000] 14,000 19,000 28,000
Total 45,800 62,600 87,000 127,600 27,290 37,400 51,0001 75,600
Total cost ($ per shipyear)
Accident type Single Hull Double Hull
Product | Panmx | Suez VLCC | Product | Panmx |Suez VLCC
Collision 21,300, 27,800 36,200 48,200 20,900, 28,300, 39,300/ 59,200
Contact 8,000/ 11,900, 17,000 25,600 3,090 4,600 6,600 9,700
Fire/explosiofY 17,900, 21,000, 25,000, 32,0000 9,000f 9,900, 11,400 14,000
Hull/Machinery/Equipmerf | 23,880 32,410, 45,810, 66,910, 8,350, 11,140 15,340, 22,140
Wrecked/Stranded 76,270 113,280 161,280 241,280 16,650, 24,050, 33,150 49,150
Total 147,350 206,390 285,290 413,990 57,990 77,990 105,790 154,190
*Again, note the difference in size definitions dse DNV reports:
PRODUCT: 40,000 dwt; PANAMAX: 80,000 dwt; SUEZMAX50,000 dwt; VLCC: 280,000 dwt

Document Id. SAFEDOR-D-04.07.01-2007-12-06-GL-TaRk&ID-rev-1.2 page 38 of 79



Date 2007-12-06

Hazld of Tanker Operations
D4.7.1

In this context it should be noted that the clepreosts per ton of oil spilt cannot be determined
generally, as they depend on numerous factorsjding [48]:

type of oil, physical

biological and economic characteristics of spitidbon
weather and sea conditions

amount spilled an rate of spillage

time of the year

effectiveness of cleanup

For instance, Figure 16 shows the costs (in tefmslame of oil removed at the different stageshef
clean-up) of using low technology methods to clidenshoreline [42].
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Figure 16: Cleanup cost using low technology slieatleaning techniques at various stages.

It should be considered that the positive effeat thas observed for the introduction of double dth

respect to environmental costs can be influencetldan-up costs and consequently might be lower tha
shown by the results above.
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4.4 Summary of data collection
4.4.1 Findings

441.1 Review of data sources

Statistics provided by POP&C/NTUA-SDL and DNV weexiewed in order to determine critical
processes and settings that should be reviewdrtiodurse of the Hazld. Before the findings are
summarised, possible effects that may have besydinted by the use of different statistical sourses
briefly discussed.

Effects of reviewed time periods

The statistics performed by POP&C/NTUA-SDL and DNwesent average values over longer time
periods (“pre-90” and “post-90”, respectively). €atally, within these periods statistically relava
changes may have occurred, for instance, certpgstgf accidents may have accumulated in a certain
region of the intervals, or tendencies start toettgy towards the end of an interval. From the aldd
data this is not detectable.

Effect of using different data sources

In order to review the effects of the use of déf@rdata sources, the fleet-at-risks data thatsed in the
works performed by NTUA-SDL (based on LMIU and ®leson databases) were compared to the fleet-
at-risk represented by LRFP. The same ship typdeethical/products”, “shuttle tankers”, “crude oil
tankers”, “crude/oil products tankers”, “producasker” and “tankers (unspecified)”), ship sizes
(PANAMAX to ULCC) and period (i.e. ships that wekeel laid from 1 January 1990) was used. Figure
17 illustrates that, while the same tendenciesbeanbserved, for some years ship numbers vary by up
10 %. Notwithstanding, over the whole period 19802 the effect is determined to be lower than 10 %
and thus can be regarded as small.
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Figure 17: Comparison between fleet-at-risk datavided by NTUA and LRFP.

Due to use of different ship size classes, a simaparison of LRFP data with DNV data was not
possible.

Effects of using different levels of granularity fo determination of fleet-at-risk data

A similar effect can be found with respect to thermlarity of calculating the fleet-at-risk numhbers
The fleet-at-risk numbers can be determined omé#sés of operating months (e.g. a vessel that akaesnt
into service on 1 September of a year contribuibdyg @.25 ship years to the fleet-at-risk of thaagjeor
operating years (e.g. a vessel that was takersertoce at any time of a year contributes a fulp stear
to the fleet-at-risk value of that year).

Figure 18 illustrates that, for the post-90 peraod the given fleet, for LRFP by annual counting th
fleet-at-risk is increased by 5 %, compared to migntounting. This effect will increase if shortene
intervals are considered or if a significant numbieships delivered at the end of a year. It iseexgd
that a similar order of magnitude can be foundtirendatabases, too. Determination of fleet-at-oisk
the basis of years is found in the majority of literature. Because as it has a reducing effeeoordent
frequencies that are derived from per annum datduture work this finding should be taken into
consideration and monthly calculations should kelus
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Figure 18: Comparison between fleet-at-risk dateutated per year and per month.

4.4.1.2 Accident causes, consequences and contributing facs

The prime interest of this step of the FSA is tdrads hazards that may cause or contribute toexusid
that result in loss of life and/or serious enviremtal damage.

The most frequent accident categories found by NHZE\

collision
non-accidental structural failure
grounding

The most severe outcomes with respect to humatyshteresult of (see Table 18 on page 38):
fire/explosion
contact/grounding

collision

As far as environmental damage is concerned, addily a frequent and costly initiating event of
accidents is:

non-accidental structural failure
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Environmental and operational influences

The aft area of the ship (i.e. machinery spacdkygand accommodation) most often is the oridin o
fires (83 % of the accidents) and explosions (6@f%e accidents). Additionally, explosions often
occurred in Cargo / Slop Tanks (24 % of the caged)on Deck (11 % of the cases).

Fires and explosions most frequently occur whervéssel is sailing en-route or under repair, aeg th
mostly originate either from cargo or fuel tanksjrothe aft of the vessel (i.e. machinery spacenp
room, galley). This suggests looking at tank clegrand inert gas operations during loading/unlogdin
as well as looking at maintenance activities.

Collisions, contacts and groundings most frequentlyur when the vessel is operating in or nearltspo
in coastal areas and in restricted waters. Thigestg looking at navigational operations in these
environments.

Additionally, a large amount of collisions that olve V/ULCC vessels happen at open sea. A process
that is often performed on these vessels is shihip transfer.

Finally, the majority of non-accidental structufalures happen at open sea, as well as in or yerntts
or in coastal waters. This suggests investigatiagihg/unloading processes, as well as operations i
coastal areas and restricted waters.

4.4.2 Fleet-at-risk

On the basis of the discussion of available datigces, we conclude that LRFP data shall be used as
foundation for subsequent analysis. Amongst otbasans this decision considers the fact that LRFP i
the official instance that manages the IMO ship bers. The data selection shall be set to include:
crude oil tankers
of ship types (StatCode5):
0 “Chemical/Products Tanker” (A12B2TR)
“Shuttle Tanker” (A13A2TS)
“Crude Oil Tanker” (A13A2TV)
“Crude/Qil Products Tanker” (A13A2TW)
“Products Tanker” (A13B2TP)
“Tanker” (unspecified) (A13B2TU)
with a deadweight of 60,000 dwt and larger,
which were keel laid on or after 1 January 1990;
using a fleet-at-risk size that is determined anldhsis of monthly service times.

O O O0OO0Oo

For this selection the size of the fleet-at-riskh®wn in Figure 19.
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VLCC & ULCC; 7424,07 PANAMAX; 4053,84

AFRAMAX; 9458,78

SUEZMAX; 4843,53

Figure 19: Crude oil tanker fleet-at-risk for thdessted choice of ships (post-90, monthly evalugtio
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5 Hazard analysis

In the previous sections statistical data is disedgo identify the main hazardous processes/opesat
and areas of tankers from historical experiences @halysis provides a identification of high-level
hazards that may lead to accidents, but have ratssarily been experienced so far. From the given
tanker classes, PANAMAX. AFRAMAX, SUEZMAX, VLSS andlLCC are selected for this Hazld. The
main operating processes concerning cargo handimgdescribed (section 3.1.2) and form the basia fo
structured hazard identification process. This pathe Hazld was performed in expert sessions by
means of Failure Modes, Effects and Criticality Asés (FMECA). This method is briefly described in
the subsequent section.

The task of the FMECA is the detection of hazarusaranking of these hazards to select the mshn ri
contributors to be investigated in the course efghantitative analysis.

5.1 Focus of the FMECA

Focus is put on operations of large crude oil tesikiéis the opinion of the experts that a revigithe
following four operation should cover the majoritfiyhazards:

Loading/unloading operations; including tank clegnand crude oil washing(COW)
Ship-to-ship transfer (STS) at open sea

Operations in coastal and restricted waters, imctudavigation under pilotage
Maintenance tasks

PR

These operations are lined out in section 3.1.2.

5.2 Method of work

5.2.1 General approach

A Failure Modes, Effects and Criticality Analysiasvperformed for the identification of hazards that
may occur during the operations listed above. Tadyais was performed in two separate FMECA
sessions held in Athens on 26 and 27 June 2007.

Session 1. a) Loading/Unloading
b) Ship-to-ship transfer
Session 2: c) Operations in coastal and restrivtgdrs

d) Maintenance tasks

5.2.2 Failure Modes, Effects and Criticality Analysis

Failure Mode Effects and Ciriticality Analysis (FMECsee [3]) is a method in which a group of experts
examine potential failures in products or processethe course of the analysis connections between
causes and consequences of identified hazardéic@redeand presented in a standardised format.

The basic process is to establish a descriptidheo$teps and tasks of a system or process, arldis
consequences if a task fails. In a further stegé#récipants evaluate the consequences with respec
two criteria; frequency of occurrence and sevasftgonsequence. Here, severity was ranked separatel
for human life and environmental damage. In ordegrisure that experts make their judgements on a
common scale, frequencies and consequences indexdeined (see Annex Il for definitions):
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frequency index, FI {1..8}
severity index, Sl {1..5}

These indices relate to a logarithmic scale, sothiarisk index Rl is calculated by addition: RI=5lI
The risk index is used to prioritize all potenfiailures with the ultimate goal to decide upon @utsi
leading to a risk reduction, usually by either r@dg the frequency, by reducing severity and / or
improving controls for detecting the failure. Tlaing was performed in the same group setting
immediately after the hazard identification phagigh the aim of reaching expert consensus on the
assigned frequencies and consequences.

5.2.3 Rating schema

The scales of valuation that are shown in Annexdte used in the course of the FMECA to ensure that
experts base their judgements on common scalesh&assessment of the severity class, in thesessca
natural descriptions were given for safety impimas, environment and property-related implicatiohs
IMO is concerned predominantly with aspects relaelduman safety and environment, the property-
related implications were not considered furthérgcope definition in section 3).

Hazards were evaluated using pre-defined frequandyseverity scales (cf. Annex Il). A hazard is
considered to be serious if the risk index RI>=@/anthe severity is catastrophic (SI=4).

Whenever hull type was considered relevant witpeesto the frequency or severity evaluation, hdear
were reviewed separately for single-hull (SH) andlde hull (DH) constructions.

Severity (SI)

1 2 3 4 5
Fl Freguency Minor | Significant Severe Catastrophic | Disastrous
8 Very frequent 9 10 11 12 13
7 Frequent 8 9 10 11 12
6 Probable 7 8 9 10 11
5 Reasonably Probable 6 7 8 9 10
4 Unlikely 5 6 7 8 9
3 Remote 4 5 6 7 8
2 Very remote 3 4 5 6 7
1 Extremely remote 2 3 4 5 6

Figure 20: Risk matrix
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experience:
ID. | Name Affiliation Background Ex- |Role
perience
[years]
1 | Batistatos, Nikolaos | Alpha Marine Services litd vAlaArchitect & Marine Engineer] 10 expert
2 | Daskalakis, Capt. European Maritime Pilots | Master Mariner, 36 expert
Themistoklis Association, Vice- Chief pilot in Piraeus port authority
President areas in Attica Prefecture
3 | Dausendschon, Kay | GL Mechanical Engineer 5 recorder
4 | Eliopoulou, Eleftherig NTUA Naval Architect & Miae Engineer 5 observer
5 | Ellinikiotis, Nikolaos | Euronav Shipping Masteri(@nd product tankers) 34 expert
6 | Hamann, Rainer GL Mech.Eng., safety analyst 13 facilitator/
recorder
7 | Hatzigrigoris, Stavrog Kristen Navigation Inc / | General Manager 28 expert
Maran Gas Maritime Inc. | Naval Architect & Marine Enginee
8 | lordanidis, Antonios | Alpha Marine Services LttNaval Architect & Marine Engineerf 23 expert
9 | Kodovas, Ch. NTUA Naval Architect & Marine Engare 1 observer
10 | Loer, Karsten GL Safety Engineer 9 facilitator/
recorder
11 | Lyras, Dimitris Director of Lyras ShippingEngineer >20 | expert
Ltd., member of
Intertanko's Information
Technology Committee,
Advisor to the Board of
Directors for Ulysses
Systems
12 | Maroussis, Capt. Alpha Marine Services Ltd Master Mariner 37 expert
Anastassios
13 | Moustaka, Despina Kristen Navigation Inc /| Analyst / Programmer; 10 expert
Maran Gas Maritime Inc. | ISM ISO Manager
14 | Papanikolaou, A.D. NTUA Professor Naval Archite&dviarine Engineer 34 observer
15 | Touliatos, Petros Kristen Navigation Inc. Safefficer, Operations Dept., 25 expert
Marine Superintendent
16 | Tsichlis, Philip Alpha Marine Services LidNaval Architect & Marine Engineer 6 expert

5.3 FMECA evaluation

For the purpose of this FSA, a high-level analygss performed. Hazards were identified with respect
safety (effect on human life) and the environm€&otus was on hazards that may yield a LOWI,
therefore consequences of the identified hazaresage high. In the following sections the top-level
hazards are listed that were identified for eacthefreviewed operations.

It should be noted that the aim was a high-lewsd aissessment, not an in-depth review of technical
details. Consequently, the findings are of moreeg@imature as within the given setting a moreikbeta
categorisation for most hazards was not possilole.rifore detailed results, analyses need to be
performed on a more restricted focus. For instaresilts of a “medium-level” FMEA on tanker
operations that was performed by GL are illustratefinnex V.
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5.3.1 Top-ranked hazards for loading and unloading at beth

The descriptions of the cargo operations giverestisn 3.1.2.1 were used for guidance. Expertseagre
that most of the high-level hazards are relevanbfith settings, so most hazards were only disdusse
once and for each process only the hazards that exetusive to that process were reviewed. As
guidance the following process descriptions weezlus

Top-ranked hazards with respect to human life

The highest risk index assigned to loading/unloadliazards with respect to safety implications is 6.

Table 19: Top-ranked hazards for loading/unloaaitigt. human safety.

Risk | Failure | Description
index | mode ID
6 L2.1 Multiple fatalities during cargo operations as asexuence of an
explosion caused by ship movements after mooringskibecause
another vessel is passing with high speed induided.might yield a large
number (30) of fatalities aboard the vessel andrasH T his type of
accident was experienced once.

6 L2.2 Fatalities due to fire/explosion after a breacmahifolds or pipelines
caused by drift of vessel during single point mogroperation due to
communications problem or pilot fatigue.

6 L2.9 One or more fatalities caused by explosion in puogm due to
overheating of machinery and failure of protectumipment

6 L2.19 Fatality caused by explosion due to IGS failurdrtyicrude-oil washing.

5 L2.15 Multiple fatalities in engine room due to an exjboscaused by crude oil
being lead to the expansion tank and getting irtastrwith a heating coil
(SI=4)

5 L2.17 Multiple fatalities in engine room caused by explasof flammable gas

atmosphere that gets into boiler(S1=4)

Top-ranked hazards with respect to environmental denage

The highest risk index assigned to loading/unloadliazards with respect to environmental damage is 6
Top-ranked hazards are (Table 20):
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Table 20: Top-ranked hazards for loading/unloadvgt. environmental damage

Risk | Failure Description
index | mode ID
6 L2.1 Major pollution during cargo operations as a congsege of an

explosion caused by ship movements after mooringskibecause
another vessel is passing with high speed induideid.type of accident
was experienced once in the last 25 years.

6 L2.2 Major pollution due to fire/explosion after a braaaf manifolds or
pipelines caused by drift of vessel during singlexpmooring
operation due to communications problem or piltigfee.

6 L2.3 Major pollution caused by breach of a cargo tank uPV getting

(SH) stuck during ballasting (for double-hull vessel&® FI=1, hazard
L2.4)

6 L2.7 Major pollution caused by collapse of a tank duéatiure of the IGS

(SH) pressure monitoring system (for double-hull vesdels3, hazard ID
L2.8)

5 L2.17 Major pollution by engine room explosion of flamnalgas atmospherge
that gets into boiler (SI=4)

5 L2.5 (SH) | Significant pollution due to foundering caused Infpalanced loading or

L2.6 (DH) | wrong loading sequence (SI=4)

5.3.2 Top-ranked hazards for ship-to-ship transfer

With respect to pollution the most relevant incidesiegories are:

collisions; as consequence of failures during apgiiar departure

non-accidental structural damage; as consequerfadwt in (de-)ballasting operations or bad
maintenance

oil-spill as consequence of faulty operations @lih this is not strictly related to LOWI)

For STS, mainly hazards that are related to préiparand departure were considered. It was judigad t
cargo operations are comparable to loading/uniggalifberth (cf. section 5.3.1), so the related ggec
steps were not addressed in detail here.

The highest risk index that was assigned with retsjoesafety and environmental risk is 6.
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Top-ranked hazards with respect to human life

The top-ranked hazards that were identified for 8aBsfer with respect to human life are listed atble

22

Table 21: Top-ranked hazards for ship-to-ship fiems.r.t. human safety.

Risk
index

Failure
mode ID

Description

6

S1.1

Fatality or multiple severe injuries as consequegi@collision during the
preparation of the STS; it was argued that 90 %uoh collisions are
caused by poor planning, poor communications, pgaroeuvring, or
weather conditions, while the remaining 10 % angesed by machinery
failure.

S2.1

Fatality or multiple severe injuries as consequeaxicecollision or contact
during mooring

S3.2

Several fatalities during transfer phase, as aemprence of an explosion
that is ignited by electrostatics and in absence \@pour emission contrg
system (VECS) connection. The experts judged tiegdending on the

time of the day, between 3 persons (night-time) mpdrsons (daytime)

D

may become affected.

Top-ranked hazards with respect to environmental demage

The two main hazards identified for STS operatiwiih respect to damage to the environment occur
during STS preparation and mooring, i.e. priordoyo operations:

Table 22: Top-ranked hazards for ship-to-ship fiems.r.t. environmental damage

Risk | Failure | Description

index | mode ID

6 S1.2 Major oil pollution due to damage to bunker tanksig preparation of
STS as consequence of a collision during the patiparof the STS. It
was argued that 90 % of such collisions are cabgembor planning, poor
communications, poor manoeuvring, or weather candit while the
remaining 10 % are caused by machinery failure.

6 S2.1 Major oil pollution due to hull damage as conseaaeof a collision or
contact during mooring; for double-hull tankers dae will most likely
be restricted to bunker tanks, so both, frequendysgverity will be lower,
(RI=4; hazard ID S2.2)

5.3.3 Top-ranked hazards for operations in coastal and rstricted waters

No particular process was defined for operatiorsoizstal and restricted waters. Of main concerre wer
interactions of crew and pilots, as well as tecainpcoblems leading to loss of steering or loss of
propulsion when operating in coastal areas/tra#jgaration schemes, rivers, as well as operation in
harbours, approach to berth and mooring at berth.
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According to the expert group, the most common fizthat are experienced originate from either
difficulties in crew-pilot interaction or “technicproblems”.
All difficulties that were judged to be caused myfan interactions were ultimately assigned the gene
failure cause class “communications”. Frequentlyazienced problems of this class include:
- language problems,

a lack of time to complete the master-pilot-integgideally 5-10 min) resulting in an incomplete

transfer of the required knowledge between theadagind pilot ("broken process"),

insufficient preparation of pilot, as well as

the bridge-team having difficulties to implemeniopinstructions for operational reasons.
Part|C|pants of the FMECA expressed that, ideatlygvoid such problems the contact between vegsel a
pilots should be established 1-2 days in advanaetitBvas acknowledged that this is not always
possible/being done.

The second generic class of failure causes coadusds of technical equipment (such as machinery,
steering gear, etc.). Details on technical aspetsovered in the analysis of navigational tagks o
loading/unloading operations (Section 5.3.1).

In the course of the frequency and consequenceah@h of hazards, the expert group agrees on the
following boundary conditions:

70% of all grounding events are caused by navigatitailures and 30% by system failures.
50 % of all navigational failures are caused by gnmication and 50% by exceptional
conditions (bad weather, pilot exchange, trainiwagyng NAV aids, improper assessment of
conditions).

the group further agrees that no fatalities coad#@used directly by a low or high energy
grounding event.

the total number of grounding accidents was estithed be 10-20 per year for a fleet size of
approx. 1,500 tankers (i.e. 6.6E-3 to 1.3E-2 whsgctlightly higher than the statistical frequency
of AFRAMAX and SUEZMAX groundings: 3.69E-3, cf. Tiai8, on p.26)

of these are 5-10 leading to pollution, while @pi$ on board in 3 to 4 of these occasions.
Thus the frequency was calculated as FI=3

in addition to these, the number of accidents cayaifire is once every five to six years.

With these agreements in mind, the ranked hazstslih the subsequent paragraphs are obtained. The
highest risk index that was assigned with resgesafety and environmental risk is 7 (i.e. freqyenc
index 3 and severity index 4).

In the following, for each hazard the assigned il #or reference the unique hazard ID is given.
Whenever appropriate, further clarifying information Sl and FI are provided.
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Top-ranked hazards with respect to human life

The top-ranked hazards that were identified fostalaperations with respect to human life aredish
Table 23.

Table 23: Top-ranked hazards for coastal operations human safety.

Risk | Failure mode| Description

index | ID

7 N1.17 (SH) | Fatalities due to fire/explosion as a consequeheecommunications
N1.18 (DH) | problem leading to a collision.

6 N1.23 (SH) | Fatalities due to fire/explosion as a consequeheet@chnical
N1.24 (DH) | problem leading to a collision.

6 N1.15 (SH) | Single fatality or multiple severe injuries duehigh-energy impact as
N1.16 (DH) | a consequence of a communications problem leadiagebllision.

6 N1.7 (SH) Fatalities due to fire/explosion as a consequeheecommunications
N1.12 (DH) | problem leading to a grounding event

6 N1.8 (SH) Fatalities due to fire/explosion as a consequehesechnical
N1.9 (DH) problem leading to a grounding event.

6 N1.29 (SH) | Fatalities due to fire/explosion as a consequehaecommunications
N1.30 (DH) | problem leading to contact.

6 N1.35 (SH) | Fatalities due to fire/explosion as a consequeheet@chnical
N1.36 (DH) | problem leading to contact.

Top-ranked hazards with respect to environmental denage

All top-ranked hazards with respect to environmlectasequences were judged to lead to major
pollution (SI=4):
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Table 24: Top-ranked hazards for coastal operationt environmental damage..
Risk | Failure mode| Description
index | ID
7 N1.17 (SH) | Major pollution due to fire/explosion as a conseyugeof a
communications problem leading to a collision. g&rhull only)
7 N1.15 (SH) | Major pollution due to high-energy impact as a esuence of a
communications problem leading to a collision. g&rhull only)
7 N1.13 (SH) | Major pollution due to low-energy impact as a cajusnce of a
communications problem leading to a collision. g&erhull only)
7 N1.2 Major pollution due to high-energy grounding (siglull) as a
consequence of a communications problem.
7 N1.1 Major pollution due to low-energy grounding (singlll) as a
conseqguence of a communications problem
7 N1.5 (SH) Major pollution due to high-energy grounding asoasequence of a
N1.6 (DH) technical problem.
7 N1.3 (SH) Major pollution due to low-energy grounding as aseguence of a
N1.4 (DH) technical problem.
6 N1.18 (DH) | Major pollution due to fire/explosion as a consevugeof a
communications problem leading to a collision.
6 N1.23 (SH) | Major pollution due to fire/explosion as a conseyueof a technical
N1.24 (DH) | problem leading to a collision.
6 N1.21 (SH) | Major pollution due to fire/explosion as a conseteeof a high-
N1.22 (DH) | energy collision due to a technical problem.
6 N1.19 (SH) | Major pollution due to fire/explosion as a conseygeof a low-
N1.20 (DH) | energy collision due to a technical problem.
6 N1.7 (SH) Major pollution due to fire/explosion as a conseyueof a grounding
event as a consequence of a communications problem
(for DH: RI=5; SI=3, hazard ID N1.12)
6 N1.8 (SH) Major pollution due to fire/explosion as a conseyueof a grounding
N1.9 (DH) event due to a technical problem.
6 N1.29 (SH) | Major pollution due to fire/explosion as a conseyueof a contact
due to a communications problem
(for DH: RI=5; SI=3; hazard ID=N1.30)
6 N1.25 (SH) | Major pollution due to low-energy contact as a @spugence of a
communications problem (for DH: RI= 4; SI=2, hazHdd\1.26)
6 N1.27 (SH) | Major pollution due to high-energy contact as aseguence of a
communications problem (for DH: RI=4; SI=2, hazdbd\1.28)
6 N1.33 (SH) | Major pollution due to high-energy contact as asemuence of a
N1.34 (DH) | technical problem.
6 N1.31 (SH) | Major pollution due to low-energy contact as a @sjuence of a
N1.32 (DH) | technical problem.

Summary of findings:
- All hazards yield major pollution (as the focusidetately was set to identify hazards that can
result in LOWI!)
Top-ranked hazards w.r.t. environmental damage lmaver risk index (and severity index) for
double hull.
The hull type does not have an impact on judgermgrisk to human life.
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5.3.4 Top-ranked hazards for maintenance tasks

The team argued that, beyond STS (section 5.8.@)nbst prominent processes with respect to cargo
handling were judged to be loading/unloading athbdrhus, only selected maintenance were discussed
without following a particular process. Emphasiswgat on fire/explosion and non-accidental strutur
failure.

Maintenance tasks were only partially covered @RMECA. Due to time constraints it was not planned
to look into this process in detail. These resoitthis analysis are not considered complete, areiy
may serve as input for planning a more detailedyarsafocusing on machinery-related tasks.

Focus was on hazards relating to safety aspecfs Maintenance work in ballast condition (cargoki®n
empty) and loaded conditions (ballast tanks empgre distinguished.

For maintenance operations in ballast conditiorféHewing hazards were identified.

The highest risk index that was assigned in 8 {ghadso the highest risk index assigned anywhethea
analysis.

Top-ranked hazards with respect to human life

The top-ranked hazards that were identified formagiance tasks with respect to human life aredliste
Table 25.

Table 25: Top-ranked hazards for maintenance taskis human safety

Risk | Failure | Description
index | mode ID
8 M1.1 Multiple fatalities as consequence of a tank explogluring weld repairs
caused by a high concentration of hydrocarbongairesufficient tank
cleaning and insufficient ventilation

7 M1.4 Fatalities as a consequence of an explosion dweid repairs of pipes
caused by insufficient cleaning of pipes

6 M1.2 Fatalities as a consequence of fire/explosion jacaht cargo tank causeg
by sparks or induction currents and insufficienSIG

6 M1.3 Fatality or severe injuries due to falling as assruence of insufficient

lighting or insufficient ventilation

The latter hazard applies also to maintenance waddaded condition:
fatality or severe injuries due to falling as a smuence of insufficient lighting or insufficient
ventilation (RI=6, hazard ID=M1.7)
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Top-ranked hazards with respect to environmental demage

Environmental hazards were not looked at specifichle to time constraints. The environmental

influences of all but one identified safety-relatezards are considered low. For maintenance opesat
in loaded condition the only critical hazard thatswdentified is ():

Table 26: Top-ranked hazards for maintenance task environmental damage
Risk | Failure | Description
index | mode ID

5 M1.5 Significant pollution after structural failure iraltast tank due to impropef
design or improper execution of the repair

It can be argued that this is a general hazardhwikioot restricted to repairs.
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6 Conclusions

Its role as a prime resource for production of gnend goods renders crude oil an important comtyodi
of world-wide trade. Despite intense research #dies/on the exploitation of alternative energyreas,
it is expected that the volume of oil transport wduble within the next decades. Today, aboutttvimls
of the world’s oil trade (crude oil and refined guets) is transported by tanker.

Safety and environmental protection aspects ofenidransport are essential for the societal piegee
of transport by tankers. The IMO has in the pasdtwi in the future define the basic requiremefiais
ship safety and environmental protection, taking oonsideration the cost-effectiveness of these
requirements.

The process defined for the evaluation of shiptgafed environmental protection, as well as for the
determination of risk control measures is FormdétyaAssessment. Within this process risk analgsis
cost-benefit analysis are applied.

In SAFEDOR SP 4.7 an FSA is performed with focusde oil tanker operations. The aim of this task
was to prepare the foundation for this FSA by mtimg the following information:
1. A definition of the scope of the analysis (accidesiegories, risk types, etc.)
2. Areview of accident statistics in order to idepiirocesses and associated hazards that lead to
accidents in the past.
3. Identification and ranking of a list of hazardsttheay lead to hazards in these processes in the
future.
The high risk hazards of this list should be sufdi@enore detailed analyses in subsequent steps, in
particular during the quantitative analysis of B&®A.

The focus was set to cover crude oil tankers aégyiChemical/Products Tanker”, “Shuttle Tanker”,
“Crude Oil Tanker”, “Crude/Oil Products Tanker”,rgd@lucts Tanker” and “Tanker (unspecified)”, which
have a deadweight of 60,000 dwt and larger, andiwiere keel laid on or after 1 January 1990. These
tanker types are selected because they form a remogs group with respect to the operational
boundary conditions, and because they represetiaitidoone of world-wide crude oil transport (more
than 80 % of crude oil transported by sea is cafpiethese tankers). In order to reflect the presen
situation of tanker design, and to limit the inthge of older accident events that are not relefzant
today’s state-of-the art, the time interval in fe@f this analysis is restricted to the period 19007. For
this interval casualty data are analysed, basquliblications, to determine the major areas of conce

The most frequent accident categories found fadhvessels are Collision, Non-accidental structural
failure and Grounding. The most severe outcomds reipect to human safety are the result of
Fire/explosion, Contact, Grounding and Collision.

Based on considerations of environmental and dpegdtconditions at the time such accidents odtr,
team of analysts agreed to focus on the followipgrational scenarios:

operation in restricted waters

loading/unloading at berth

ship-to-ship transfer (only STS-specific steps ttmbeyond Loading/Unloading)
maintenance (selected tasks only)

In the hazard identification these operations vegraysed in two hazard identification sessions with

participation of experts of relevant backgrounds/ét architects, marine engineers, masters, pilots,
mechanical engineers, safety engineers, safetyeosii ISM-experts, fleet managers).
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In total 81 hazards were identified which are distied over the operational phases as shown ireTabl
27. The highest risk index that was assigned was 8.

Table 27: Number of identified hazards
Scenario No. of hazards
Navigation 36
Loading/Unloading | 30
STS 8
Maintenance 7
total 81

The top-ranked hazards with respect to human léeew
Explosion during loading/unloading in harbour aftevoring breaks because vessel passing with

high speed

fire/explosion after collision due to communicasgeroblem during navigation
Fire/explosion after breach of manifolds/pipelicasised by drift of vessel during SP mooring

(communications problem or pilot fatigue)

Fire/explosion during loading/unloading due toded/absence of vapour emission control system

Fire/explosion during weld repairs due to insuéfiti cleaning of pipes

The top-ranked hazards with respect to environnhelataage were:
- explosion during loading/unloading in harbour aftevoring breaks because vessel passing with

high speed

loss of cargo after high-energy impact due to huomanmunications problem leading to a

collision

loss of cargo after high-energy impact due to teairmommunications problem leading to a

collision

breach of cargo tank due to stuck pressure valveglballasting
damaged bunker tanks due to collision during pregpar of STS

Risk models that will be developed in the coursthefquantitative analysis will cover this scopéhwi
respect to ship types, operations and accidengaaés and should be applicable to quantify attléeese

top-ranked hazards.

With the results that are summarised in this dedibke the foundation for the development of the
quantitative risk model (to be developed in stagé the FSA process) is provided.
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Annexes

The standard 7 x 4 Risk Matrix contained in the IFA®A Guidelines [14] was extended to a 8 x 5 Risk
Matrix by using the frequency index in Table 28 #imel severity index in Table 29. The extended
versions of these tables provide a higher grartyland take into account the size of the vesséls T
matrix was also by SAFEDOR sub-project for the maglof identified hazards for RoPax vessels [46].

Annex |: Abbreviations and Definitions

Abbreviations

cow Crude Oil Washing

FME(C)A  Failure Modes, Effects (and Criticality) Alysis

IGS Inert Gas System

ILO International Labour Organisation

LMIU Lloyds Marine Intelligence Unit

LOWI Loss of Watertight Integrity

LRFP Lloyd's Register Fairplay

NASF Non-Accidental Structural Failure (accident
category used by POP&C and NTUA)

NTUA National Technical University of Athens

NTUA-SDL Ship design Laboratory at NTUA

OCIMF Oil Companies International Marine Forum

OPA-90 Oil Pollution Act 1990 (by U.S Environmental
Protection Agency)

POP&C Pollution Prevention and Control

SOLAS Safety of Life at Sea

STCW Standards for Training, Certification and
Watchkeeping

TMSA Tanker Management and Self Assessment

VECS Vapour Emission Control System
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The following definitions are used (from [15] ar&¥]):

Accident
Accident category

Accident scenario
Consequence
Frequency
Generic model
Hazard

Incident

Initiating event
Loss Of Watertight
Integrity (LOWI)

Pre-90
Post-90
Risk

Document Id. SAFEDOR-D-04.07.01-2007-12-06-GL-TaRk&ID-rev-1.2

An unintended event involving fatality, injury, phibss or damage,

other property loss or damage, or environmentaladgmn

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

A sequence of events from the initiating eventrie of the final stages.
The outcome of an accident.

The number of occurrences per unit time (e.g. pary

A set of functions common to all ships or areasanmmdbnsideration.

A potential to threaten human life, health, propertthe environment.
An unintended event that involves no or minor logswith the potential
for loss under different circumstances.

The first of a sequence of events leading to ardazs situation or
accident.

LOWI is defined as the loss of structural integrigading to a loss or
reduction of buoyancy and a loss or reduction oja@dandling capability.
LOWI is directly linked with a potential of harm the environment due to
oil pollution and indirectly with harm to crew [37]

Time interval 1978-1989 (i.e. prior to the introtion of OPA-90)

Time interval 1990 to present (i.e. after the idtration of OPA-90)

The combination of the frequency and the sevefith® consequence.
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Annex Il: FI/SI Scales of evaluation
FI/SI scales
Table 28: Frequency Index (FI)
Fl | Frequency Definition F (per
ship year)
8 | Very frequent Likely to happen once or twice a week on one ship 100
7 Frequent Likely to occur once per month on one ship 10
6 Probable Likely to occur once per year on one ship 1
5 Reasonably probablg Likely to occur once per year in a fleet of 10 ship 0.1
i.e. likely to occur a few times during the shipfe
Unlikely Likely to occur once per year in a fleet of 100pshi 0.01
Remote Likely to occur once per year in a fleet of 1,00ps, 0.001
i.e. likely to occur in the total life of severairslar ships
2 | Very remote Likely to occur once per year in a fleet of 10,30@ps 0.0001
1 Extremely remote Likely to occur once in the lifetime (20 years)aoivorld 0.00001
fleet of 5,000 ships
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Table 29: Severity Index (SI)

Human safet

Property Related

Environment relatedPOP&C]

—_ N

Sl | Severity Description Equiv. Effect on ship Other
fatalities monetary
losses*
1 Single or minor 0.01 Local equipment damage
Minor injuries ) (Repair on board possible, downtime negligible) | US$ Non significant spill up to a fey
Small increase in operational duties { Slight modifications of permissible operation cdiwis. | 30,000 | barrels of pollution to sea
crew Moderate degradation in handling characteristics.
2 Multiple or severe non-severe ship damage
S 0.1 . ,
injuries (port stay required, downtime 1 day)
Signifi o . . . . __ _ US$ A few tonnes of pollution to
cant Slg_nlflcant increase in operational _ Slgnl_fl_cant m0d|f|caft|on of per_r_n|33|ble operation 300,000 | sea. Situation is manageable
duties of crew, but shall not be outsiq conditions; not outside capability of competenticre
their capability. Significant degradation in handling characteristics
: ey [o | severe amage
in'uri(pas (yard repair required, downtime < 1 week) US$ Significant pollution demandin
Severe J - - - 3 urgent measures for the contrg
g&?g:g?“csrécvcrgﬁié? ?epaesrc?:llgglayl »4 Marginal operation conditions. Essential need for | | .. | of the situation and / or the
expected to cope with them without outside assistance. o _ o cleaning of affected areas
A i Dangerous degradation in handling characteristics
4 Major pollution with difficult
Catas . " . . . LSS control of situation and / or
. Multiple fatalities 10 total loss (of, e.g. a medium size merchant ship) | 30 ., .
trophic million difficult cleaning to affected
areas
5 Uncontrolled pollution
Disastrous I LIl Ol 100 Total loss (of, e.g. a large merchant ship) gOSO$ VOMERTENH) CHIDEE O [EEPIETEs
fatalities €9 9 P million long-term disruption of the

ecosystem
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Complete list of identified hazards (FMECA sheets)

A.2.1 FMECA results for process “Loading/Unloading”

FMECA table “Loading/unloading” (ranked by RI) (pdr2)

Title: Tanker HAZID Athens 2007-06-26/27

Proje SAFEDOR 4.7.1
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ct:
Proc Loading & Unloading Date: 2007-06-26
£s9;
ID | Function| Failure Failure Failure FI Consequen RI RI Remarks
Mode Effects Causes (Human) | (Env.)
Description
immediate | ultimate Hum [ Env.|Hum | Env.
an an
1.0 Docking (approach and secure ship in a safe fashion)
L1.1  |approach contact SH injuries manoeuvring 2 3 1 3 3 B|approach at too high speed
(low energy) pollution failures wrong angle
"hurman error”
penetration of one tank, tugs and supporting ships in
vicinity
L1.2 SH injuries engine failure 2 3 1 ) &)
pollution (system)
L1.3 SH injuries steering failure 2 3 1 3 3 B
pollution (system)
L1.4 SH injuries tuy boat support 2 3 1 3 3 B|technical tug boat failure
pollution failure
L1a SH injuries communications’ 2 3 1 ) &) Blincludes operational tug boat failure
pollution moating failure
L1.6 DH: breach of |injuries manoeuvring 2 3 1 2 3 5|t keep freq. here)
outer hull pollution failures frequency expected to be lower for same
conseguences
L.7 DH: breach of |injuries engine failure 2 3 1 2 3 5}
outer hull pollution (system)
L1.5 DH: breach of |injuries steering failure 2 3 1 2 3 5]
outer hull pollution (system)
L9 DH: breach of |injuries tug boat support 2 3 1 2 &) &)
outer hull pollution failure
L1.10 DH: breach of |injuries communications/ | 2 3 1 2 3 5}
outer hull pollution maooring failure
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Next page: FMECA table “Loading/Unloading” (rankey RI) (part 2/2)

Document Id. SAFEDOR-D-04.07.01-2007-12-06-GL-TaRk&ID-rev-1.2 page 66 of 79



Date 2007-12-06

Hazld of Tanker Operations
D4.7.1

Document Id. SAFEDOR-D-04.07.01-2007-12-06-GL-TaRk&ID-rev-1.2 page 67 of 79



Date 2007-12-06

Hazld of Tanker Operations
D4.7.1

A.2.2 FMECA results for process “Ship-to-ship trafes”

FMECA table “STS” (ranked by RI) (part 1/2)
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FMECA table “STS” (ranked by RI) (part 2/2)
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A.2.3 FMECA results for process “Navigation”

FMECA table “Navigation” (ranked by RI) (part 1/3)
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FMECA table “Navigation” (ranked by RI) (part 2/3)
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FMECA table “Navigation” (ranked by RI) (part 3/3)
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A.2.4 FMECA results for selected maintenance tasks

FMECA table “Maintenance” (ranked by RI) (part 1/1)
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Annex IV: Additional findings of a Tanker Hazld by GL

The subsequent sections summarize exemplary findiogh an FMECA described in [10]. The analysis
was performed by GL in the context of an analysigtie tanker management and self assessment

process and provides more detailed hazards asecknubd in a high-level Hazld. These results mayp al
inform the construction of the risk model in subsett SAFEDOR tasks. In the FMECA six operations

were investigated in more detail:
loading at berth
discharging at berth
de-ballasting
sea voyage in ballast condition
sea voyage in loaded condition

The results of the analysis are summarised indt@xfing sections. The complete FMECA sheets with

detailed results are attached as appendix to tligrdent.

The Assessment of risk allocated to the identifiadards was carried out by using the Frequency and
Severity Category Tables as shown in appendixHé additive calculation of the risk index yields a
range from 2 (“negligible”) to 11 (“intolerable”ll risk values that were determined in the cowkthe

analysis are in the range of 3to 7.

7.1 Loading at berth

The loading process was decomposed into the faligwieps:

Development of a loading plan
Tank cleaning
Berthing
Loading
a. Tank inspection
b. Hoses connection
c. Commencement of loading
d. Monitoring (pressure, loading rate, ullages)
e. Completion of loading
f. Disconnecting of hoses
5. Deballasting (parallel to the loading)

PR
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The highest risk with respect to human fatalitiesassigned to the following failure modes:

Risk Failure- Description

Index mode ID

(Human)

7 1.2.6 Fatalities due to insufficient gas-free@phere when entering cargo
tanks during tank cleaning

6 1.2.1 Fatalities due to explosive atmospheranik tluring tank cleaning.

6 135 Injuries or fatalities due to breaking oomg handling of ropes during
mooring.

6 151 Injuries due to failing hose connectionthim course of the connection
process.

6 15.2 Injuries due to movement of loading armeexiing allowance.

6 1.6.7 Fatalities due to rupture of hoses or limken loading of cargo
commences.

6 1.6.8 Injuries or fatalities in the aftermathstructural damage due to
insufficient tank venting.

The highest risk with respect to environmental dgenaas assigned to the failure modes:

Risk Index | Failure- Description

(environment)| mode 1D

6 1.3.2 Pollution due to disconnecting of hosel®ahg ship movements due to
use of inadequate ropes.

6 1.3.3 Pollution due to improper handling of theaming system.

6 134 Pollution due to disconnecting of hosel®ahg ship movements due to
failure of ropes.

6 1.6.5 Pollution due to overfilling of tank

6 1.6.7 Pollution due to leakage or rupture of Basdines

6 1.7.1 Pollution in the course of disconnectingessurised pipe.

The highest risk with respect to damage of prop@esgsel and harbour installations) was assignékto

failure modes:

Risk Failure- Description

Index mode ID

(property)

7 111 A decreased flash-point caused by a moagjoes due to incorrect
stowage.

6 1.2.1 An explosive atmosphere created in theseoof tank cleaning

6 1.6.2 Contamination of cargo due to an incoriiaetup.

6 1.6.5 Severe damage to the ship structure dae twerfilling of a tank.

6 1.6.7 Fire and/or explosion due to a leakageipture of hoses or lines.

6 1.6.9 Overstressing of structure due to wrorigdilsequence.

6 1.6.9 Extreme trimming with grounding/touchingtbe due to wrong filling
sequence.
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7.2 Discharging at berth

For the discharging process the following stepsevaistinguished:

1. Development of a discharging plan
2. Berthing
3. Discharging

~ooooTw

Cargo inspection

Hoses connection
Commencement of unloading
Monitoring

Completion of unloading
Disconnecting hoses

The highest risk with respect to human fatalitieswassigned to the following failure modes:

Risk Failure- Description

Index mode ID

(human)

6 1.25 Fatalities due to breaking or wrong hamgdéhropes during mooring.

6 1.25 Injuries due to breaking or wrong handbfigopes during mooring.

6 1.3.1 Fatalities due to fire/explosion causedklkage in pump room.

6 1.3.3 Fatalities due to explosion caused by ficsehtly inert cargo tank
atmosphere.

6 134 Fatalities due to explosion caused by tatilapse due to vacuum that

builds up following stuck venting system.
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The highest risk with respect to environmental dgenaas assigned to the failure modes:

Risk Index | Failure- Description

(environment)| mode 1D

6 1.2.2 Pollution due to disconnecting of hose®fahg ship movements due to
use of inadequate ropes.

6 1.2.3 Pollution due to improper handling of theamng system.

6 124 Pollution due to disconnecting of hosel®ahg ship movements due to
failure of ropes.

6 1.3.1 Pollution due to fire/explosion causeddakhge in pump room.

6 133 Pollution due to explosion caused by ineiffitly inert cargo tank
atmosphere.

6 134 Pollution due to explosion caused by tailapse due to vacuum that
builds up following stuck venting system.

The highest risk with respect to damage of prop@esgsel and harbour installations) was assignékto

failure modes:

Risk Failure- Description

Index mode ID

(property)

7 134 Damage due to explosion caused by tan&ms#l due to vacuum that
builds up following stuck venting system.

6 134 Loss of ship due to explosion caused bly tatlapse due to vacuum that
builds up following stuck venting system.

6 13.1 Loss of ship due to fire/explosion causgtebkage in pump room.

6 1.3.3 Loss of ship due to explosion caused hyfiilcgently inert cargo tank
atmosphere.

7.3 De-ballasting

The highest risk with respect to environmental dgenaas assigned to the failure modes:

Risk Index | Failure- Description

(environment)| mode ID

7 1.1 Pollution due to dirty ballast water that weleen in.

6 11 Pollution due to ballast water that was getiuboecause of cracks or leak
in the cargo tank

The highest risk with respect to damage of prop@esgsel and harbour installations) was assignékto

failure modes:
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Risk Failure- Description

Index mode ID

(property)

6 1.2 Excessive trim due to inadequate ballastwatmagement, possibly
leading to touching ground.

7.4 Sea voyage in ballast condition

During a sea voyage in ballast condition the follaytasks were investigated:

ballast water exchange

tank cleaning

gas

-freeing

The highest risk with respect to human fatalitiesassigned to the failure modes:

Risk Failure- Description

Index mode ID

(human)

7 1.3.3 Fatalities due to insufficient gas-free@phere while entering cargo
tanks during gas freeing.

6 121 Fatalities due to explosions caused byosi atmosphere in cargo tan
during tank cleaning.

The highest risk with respect to environmental dgenaas assigned to the failure modes:

Risk Index | Failure- Description
(environment)| mode ID
7 1.2.4 Discharge of oily water during tank clegnitue to allowing insufficient

time for separation combined with ballast water ifwing system
malfunction
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The highest risk with respect to damage of prop@esgsel and harbour installations) was assignékto

failure modes:

Risk Failure- Description

Index mode ID

(property)

6 1.1.2 Reduced stability due to sloshing causefildeysurfaces subject to
inadequate ballast water exchange management.

7.5 Seavoyage in loaded condition

The highest risk with respect to human fatalitiesassigned to the failure modes:

Risk Failure- Description

Index mode ID

(human)

6 1.1 Injuries due to small fires or explosionssealiby sparks created in an
oxygen-rich atmosphere due to stresses during weattiuced ship
movements.

6 11 Fatalities due to larger fires or explosioagsed by sparks created in an
oxygen-rich atmosphere due to stresses during weattiuced ship
movements.

6 1.3 Loss of life following foundering due to stture failure.

The highest risk with respect to environmental dgenaas assigned to the failure modes:

Risk Index | Failure- Description

(environment)| mode ID

6 1.1 Pollution due to larger fires or explosioasised by sparks created in an
oxygen-rich atmosphere due to stresses during weattduced ship
movements.

6 1.3 Pollution following foundering due to struatdailure.

The highest risk with respect to damage of prop@mtgsel and harbour installations) was assignéteto

failure modes:

Risk Failure- Description

Index mode ID

(property)

7 1.3 Loss of ship due to structure failure causethtigue.

6 1.3 Loss of ship following foundering due to sture failure.

6 11 Loss of ship due to larger fires or explosioaused by sparks created in
an oxygen-rich atmosphere due to stresses duriatheeinduced ship
movements.
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