
 
 
 
 
 

HazId of Tanker Operations 
D 4.7.1 

Document Id. SAFEDOR-D-04.07.01-2007-12-06-GL-TankerHAZID–rev-1.2 

� � � � � � � � � � � � � �
 

       

 

page 1 of 79 

 
 
 
 

 
 
 
 

 
 
 
 

 
 
 
 
 
 

 

                                                      
1  

dissemination level 
PU Public 
PP Restricted to Programme Participants (including Commission Services) 
RE Restricted to a group specified by the Consortium (including Commission 

Services) 
CO Confidential, only for members of the consortium (including Commission 

Services) 
 

HazId of Tanker Operations 
D 4.7.1 

Document Id. SAFEDOR-D-04.07.01-2007-12-06-GL-TankerHAZID–rev-1.2 

Due date of Deliverable:  2007-10-31 

Actual Submission Date:  2007-12-06 

Karsten Loer and Rainer Hamann (GL)  GL 
-document author-  -organization name of lead contractor for this deliverable- 

Rolf Skjong  final 
-document approved by-  -revision type- 

2007-12-06   PP1 

-date of last update-  -distribution level- 

Project co-funded by the European Commission within the Sixths Framework Programme (2002-2006) 

Project No.: IP-516278 
Project 
Acronym: 

SAFEDOR 

Project Title: Design, Operation and Regulation for Safety 
 
Instrument: Integrated Project 
Thematic 
Priority: 

Sustainable Surface Transport 

 



�������  

HazId of Tanker Operations 
D 4.7.1 

Document Id. SAFEDOR-D-04.07.01-2007-12-06-GL-TankerHAZID–rev-1.2 

Date 2007-12-06 

page 2 of 79 

Disclaimer 

The information contained in this report is subject to change without notice and should not be construed as a commitment by 
any members of the SAFEDOR Consortium or the authors. In the event of any software or algorithms being described in this 
report, the SAFEDOR Consortium assumes no responsibility for the use or inability to use any of its software or algorithms.  
The information is provided without any warranty of any kind and the SAFEDOR Consortium expressly disclaims all implied 
warranties, including but not limited to the implied warranties of merchantability and fitness for a particular use. 
 
(c) COPYRIGHT 2005 The SAFEDOR Consortium 
 
This document may be copied and reproduced without written permission from the SAFEDOR Consortium. Acknowledgement 
of the authors of the document shall be clearly referenced. 
 
All rights reserved.  

 

Document History 

Document ID. Date Description 

SAFEDOR-D-04.07.01-2007-10-22-GL-TankerHAZID–rev-
earlyDRAFT.doc 

2007-10-22 Early draft, documenting HazId findings 
and structure of the report. For comments 
by work package participants. 

SAFEDOR-D-04.07.01-2007-11-30-GL-TankerHAZID–rev-
1.doc 

2007-11-30 Final draft for submission to internal and 
external reviewers. 

SAFEDOR-D-04.07.01-2007-12-06-GL-TankerHAZID–rev-
1.2.doc 

2007-12-06 Final version, including changes proposed 
by internal and external reviewers. 

 



�������  

HazId of Tanker Operations 
D 4.7.1 

Document Id. SAFEDOR-D-04.07.01-2007-12-06-GL-TankerHAZID–rev-1.2 

Date 2007-12-06 

page 3 of 79 

Document Control Sheet 

 
Title: HazId of Tanker Operations 

Abstract 
Formal Safety Assessment (FSA) is a process that was developed for IMO decision making. This 
process is defined in IMO documents MSC/Circ. 1023 and MSC 83/Inf.2. 
As initial step to the FSA on crude oil tankers this report presents results of a Hazard identification 
phase. In this phase a review of incidents and accidents that happened in the past (review of literature 
and accident data) was performed, and a Failure Modes, Effect and Criticality Analysis was conducted 
to identify hazards that may be expected in the future. 
The outcome is a ranked list of hazards for various phases of operation of tankers of PANAMAX size 
and above. The hazard list is the result a two-day hazard identification (HazId) meeting. The HazId was 
attended by experts from tanker operators, pilots, consultant companies, universities and a classification 
society. The hazard list is focused on high-impact hazards that may yield a loss of watertight integrity 
(LOWI). 
This work represents a fundamental input to risk analysis, as the subsequent step of the Formal Safety 
Assessment (FSA) for oil tankers, which is the focus of subsequent SAFEDOR tasks. 
 

Summary Report: 
 
Introduction 
The initial step of a Formal Safety Assessment (FSA) consists of reviewing of existing data and 
expertise in order to identify the most relevant hazards that are to be addressed in more detail in the 
subsequent steps of the FSA process. This report presents the review of data and statistics on tanker 
accidents and a high-level hazard identification for crude oil tankers from PANAMAX to ULCC size. 
The core result is a list of hazards and associated scenarios – prioritized by identified risk level – that 
should be in focus of more thorough analysis in subsequent phases of the FSA; as well as a description 
of causes and effects of recorded hazards. 
 
State of the Art 
In the work presented here, well-established hazard identification and evaluation techniques are applied 
(data analysis, Pareto-Analysis and Failure Modes and Effects Analysis). The analysis is based on the 
FSA process that is defined in IMO documents MSC/Circ.1023 and MSC 83/Inf.2. The data analysis 
makes use of work performed by the National Technical University of Athens Ship Design Laboratory, 
the POP&C project, DNV and GL. 
 
State of the Market 
Within SAFEDOR high-level FSAs were carried out for cruise ships (SP4.1), RoPax vessels (SP4.2), 
LNG tankers (SP4.3), container vessels (SP4.4). A further FSA on dangerous goods onboard open top 
container ships (SP4.8) is currently being produced. 
 
Value added to SAFEDOR 
This work provides the basis for subsequent steps within the FSA on oil tankers, particularly for the risk 
analysis to be performed in work package 4.7.2. 
 
Achievements 
In this work insights gained from accident data (i.e. after-the-event) analysis are combined with 
findings of a (pro-active) hazard identification. The result provides a solid foundation for further steps 
of the high-level FSA on crude oil tankers. 
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Not achieved 
Analysis of maintenance operations is restricted to selected tasks that experts judged to be most critical. 
 
Input from other Deliverables 
In the course of the data analysis results by NTUA-SDL are used that will be published as part of the 
task 4.7.2 deliverable. 
 
How the results relate to the overall goals of SAFEDOR 
Results of this work serve as the input for the follow-up tasks of the FSA on crude oil tankers within 
SAFEDOR SP 4.7. 
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1 Introduction  

1.1 Concretization of Task Description 

This document summarises the hazard identification (HazId) that was performed as initial step of the 
Formal Safety Assessment (FSA) on oil tankers. 
 
The HazId provides the ground for follow-up steps. For preparation of the HazId a review of tanker 
operations is performed, accident data is analysed and accident statistics that were provided by 
SAFEDOR partners are reviewed. The aim of this part of the work is to provide background information, 
to illustrate the current status, and to restrict the subsequent analysis to a suitable focus. 
 
Within this first step of the FSA the scope is on the identification of high-level hazards that point to more 
general potential construction and operational problems. A comprehensive and detailed hazard analysis 
for particular vessels and systems is out of the scope. 
 
The following results shall be provided: 
 

·  a definition of the scope of the analysis (accident categories, risk types, etc.) 
·  a basic analysis of accident statistics 
·  a list of hazards and associated scenarios grouped by risk type including descriptions of causes 

and effects for each identified hazard 
·  for each hazard an estimation of the potential risk expressed in terms of frequency and 

consequences 
·  a list of hazards with high risk levels which in subsequent steps of the FSA can be subject of a 

more detailed analysis 
 
These results will be used in SAFEDOR task 4.7.2 as a basis for building a risk model to describe the 
safety level of current large tankers in general and to identify risk control options. 
 

1.2 Related SAFEDOR Tasks 

The hazard identification described in this document defines the focus of the follow-up activities in the 
FSA of oil tankers; which comprise a risk analysis (task 4.7.2), a cost-benefit analysis (task 4.7.3) and the 
preparation of material for submission to IMO (task 4.7.4). 
 
Within SAFEDOR, high-level FSAs have already been performed for cruise ships (SP 4.1), RoPax 
vessels (SP 4.2), LNG tankers (SP 4.3) and container ships (SP 4.4). Work on an FSA on dangerous 
goods onboard open top container ships (SP 4.8) is in progress. 
 
The application of risk-based methods in the design and approval of ship systems is the subject of SP 4.5. 
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1.3 Background information on world tanker fleet and tanker operations 

Its role as a prime resource for production of energy and goods renders crude oil an important commodity 
of world-wide trade (Figure 1). Despite intense research activities on the exploitation of alternative 
energy sources, it is expected that the volume of oil transport will double by the year 2030, cf. Figure 2.  

 
 

Figure 1: Major oil trade movements 2006 – Trade flows worldwide (million tonnes) [1]. 
 
 

 
Figure 2: Major net interregional oil trade flows in 2002 and expectations for 2030 [11] (million 
barrels per day). 
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Today, about two thirds of the world’s oil trade, including both crude oils and refined products, is 
transported by tankers [45]; representing 30% of the international trade goods (Figure 3). Oil tankers and 
product tankers represent a third of the world merchant fleet (Figure 4) and due to the increasing demand 
for oil their number can be expected to grow. 
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Figure 3: Development of international seaborne trade by types of cargo groups [43]. 

 
 

 
Figure 4: World fleet by principal types of vessels [43]. 
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The crude oil tanker fleet-at-risk has continuously grown since 1986 (Figure 5) [32]. This growth is 
attributed to the increasing numbers of all tanker classes but ULCC tankers2; which has decreased from 
more than seventy to eleven vessels. Currently, AFRAMAX tankers represent the largest share of crude 
oil tankers, followed by VLCC and SUEZMAX tankers. Nine out of the eleven ULCC tankers are 
younger than five years, with another four ULCC being expected to be delivered between 2008 and 2010. 
 
Compared to VLCC and ULCC tankers, PANAMAX, AFRAMAX and SUEZMAX tankers operate in 
coastal areas more frequently where consequences of incident and accidents with oil spill can be quite 
high. Consequently, a lot of effort is been put into improving 

·  ship design and 
·  ship operation and management. 

 
On the design side, regulations considering constructive aspects include the accelerated phase-out of 
single hull tankers by 2015 [34]. It can be noted that, compared to other ship types, today’s tanker fleet is 
relatively young (Figure 6). 
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Figure 5: Development of crude oil tanker fleet-at-risk by ship type (derived from [32]). 
 
 
On the operational side, efforts in reducing the number of accidents include national and international 
regulations, such as the ISM-Code (International Safety Management Code), the STCW-Code 
(International Convention on Standards of Training, Certification and Watch keeping for Seafarers), the 
Seafarers’ Hours of Work and the Manning of Ships Convention by the International Labour Organisation 
(ILO) and the United States Oil Pollution Act (OPA 90). 
Further operational requirements are imposed on ship operators by charterers, for instance to adhere to 
recommended practices such as TMSA (Tanker Management and Self-Assessment) by the Oil Companies 

                                                      
2 For a definition of tanker types, see section 3.1.1. 
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International Marine Forum (OCIMF). Recently, the POP&C project  presented a study on “The 
Influence of Regulations on the Safety Record of the Aframax Tankers” in which the impact of some key 
regulations which prevent accidents taking place was investigated [2]. The study concludes that despite an 
increase of the tanker fleet on average the number of reported accidents has decreased. Moreover, it can 
be observed that the number of accidents of a specific type decreased significantly after regulations or 
industrial restrictions have been introduced that are aimed at addressing these accident types. 
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Figure 6: Age distribution of the world merchant fleet, by types of vessels (derived from [43]). 

 
As sketched above it is expected that the volume of oil transported by tanker will increase further in the 
future and so will the world tanker fleet. Even if the probability of accidents may not increase with the 
world tanker fleet, the number of accidents may increase. This may yield a higher attention of the society 
to oil transport by tanker. In order to increase the safety of oil transport several measures were introduced 
already. Notwithstanding, by application of pro-active risk-based methods new measures may be 
identified to control the risk of oil transport by tanker. 
 
With the aim of constantly improving the level of safety through construction and operation of future 
ships even further, the International Maritime Organization developed Formal Safety Assessment (FSA) 
as a tool for rule-making. The application of FSA methodology to tankers is the subject of this report and 
subsequent reports in SAFEDOR project SP 4.7. 
 

1.4 Structure of the this report 

This report is structured as follows. A brief introduction 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, accident data were reviewed and analysed (section 4). 
The hazard analysis that is presented in section 5, and results of this work that form the focus of the 
quantitative risk analysis are concluded in section 6. 

�  20 
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2 Formal Safety Assessment 

2.1 Overview 

In April 2002, IMO published “Guidelines for formal safety assessment (FSA) for use in IMO rule 
making process”; [14], [15]. The purpose of this guideline is to introduce a process which provides 
objective indicators for the rule making process. The FSA process (see Figure 1) consists of four steps 
which constitute a risk assessment3 process: 
 

Step 1: Hazard Identification 
Step 2: Risk Assessment with scenario definition, estimation of frequencies 

and consequences, risk summation and risk evaluation 
Step 3: Identification and analysis of risk control measures and options. 
Step 4: Cost benefit assessment 

 
The focus of this report is on the preparatory “step 0” and on step 1. Steps 2 through 4 will be covered by 
tasks 4.7.2 and 4.7.3 of SAFEDOR work package 4.7. 
 

Step 4

Step 3

Step 2

Step 1

Definition of Goals, Systems, Operations

Hazard Identification

Cause and
Frequency Analysis

Consequence
Analysis

Risk Summation

Risk
Controlled?

Options to decrease
Frequencies

Options to mitigate
Consequences

Cost/benefit Assessment

Reporting

nono

yes

Scenario Definition

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

 

                                                      
3 For a more extensive introduction to risk assessment in the Maritime industry, see [30]. 

Preparatory “Step 0” 
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2.2 State-of-the-Art 

Since FSA has been introduced by IMO, a number of FSA studies have been executed to investigate, 
amongst others: 

·  construction details: e.g. watertight integrity of the fore end of bulk carriers [19], life-saving 
appliances for bulk carriers [20] 

·  specific design solutions, such as high speed crafts [23] 
·  operation modes: e.g. navigation on cruise ships [21], [24], e.g. helicopter landing areas [22],  

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

2.3 Hazard Identification 

The purpose of a HazId is to identify, evaluate and rank relevant hazards. For this, a group of experts is 
faced with the following questions regarding the object or system under consideration: What may go 
wrong? How often? How severe? 
 
In order to prepare for this analysis, in the subsequent sections the following tasks are performed: 

·  clarify of the scope of investigation, 
·  describe the system under consideration including boundaries and limitations, 
·  collect and evaluate statistic casualty data, 
·  a technique for hazard identification is explained, together with a definition of common tables for 

estimation of frequency and severity of the identified hazards. 
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3 Problems definition 

In this section we define the scope of the analysis (ship 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 following 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 -320,000 dwt) 
·  Ultra-Large Crude Carriers (ULCC; more than 320,000 dwt) 

 
This focus was chosen for the following reasons: 
 

·  the majority (about 80 %) of crude oil transport is performed by ships of these classes. 
·  many of the hazards are considered to be independent of the tanker size. 
·  in general, the quality of the available accident reports is better for these classes. 
·  operational processes are specified in detail and do not vary too much in this set of tanker types. 

 
The different ship types that are distinguished in Lloyd’s Register Fairplay, which on behalf of IMO 
assigns IMO ship numbers, is shown in Figure 8. Following this classification tankers are a subgroups of 
cargo-carrying ships. Within the group of tankers ships are classified in subgroups “liquefied gas”, 
“chemical”, “oil” and “other liquids”. These groups itself consist of further subclasses. The transport of 
crude oil and oil products is performed by ships of the sub-classes “chemical/products tankers”, “shuttle 
tankers”, “crude oil tankers”, “crude oil/oil products” “product tankers” and “unspecified tankers” 
(defined in Table 1). With respect to their design, operation as well as safety-aspects these classes are 
regarded as a homogeneous group. 
 
 

Table 1: Definition of tanker subtypes (LRFP StatCode5) 

Chemical/Products Tanker A chemical tanker additionally capable of the carriage of clean 
petroleum products (A12B2TR) 

Shuttle Tanker A tanker for the bulk carriage of crude oil specifically for 
operation between offshore terminals and refineries. Is typically 
fitted with bow loading facilities. (A13A2TS) 

Crude Oil Tanker A tanker for the bulk carriage of crude oil. (A13A2TV) 
Crude/Oil Products Tanker A tanker for the bulk carriage of crude oil but also for carriage 

of refined oil products (A13A2TW) 
Products Tanker A tanker for the bulk carriage of refined petroleum products, 

either clean or dirty (A13B2TP) 
Tanker (unspecified) A tanker whose cargo is unspecified (A13B2TU)  
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Figure 8: Lloyd’s Register Fairplay StatCode classification of ship types. 
 
 
In order to focus the hazard identification (section 5), the systems and processes that were analysed were 
investigated in combination with the location where they are performed. 
Figure 9 shows the different hazardous zones defined for tankers. The specification and description of 
these zones is provided in Table 2. The potential for hazard decreases from zone 0 to zone 2. For each of 
these zones different requirements exist regarding the design, equipment and operation. 
 
 

 
Figure 9: General hazardous zones of a tanker [9]. 
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Generally, for a tanker hazardous zones of normal operation are defined, which are designated as follows: 
 

Table 2: Characterisation of hazardous zones of a tanker 

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

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

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

 

 

3.1.2 Operations 

In the HazId (section 5) four operations are reviewed that in the course of review of accident data were 
determined to be particularly relevant. These processes, which were selected on the basis of the results of 
the data analysis (section 4) are described in the following sections: 
 

·  cargo operations (Loading/unloading operations at berth) 
·  ship-to-ship transfer (STS) 
·  operations in coastal and restricted waters 
·  maintenance activities 

 
The processes are used to provide the thread in the HazId sessions. 

3.1.2.1 Cargo operations 
Cargo operations consist of loading and discharging operations in harbours. Due to special boundary 
conditions ship-to-ship transfer is considered in a separate section below (section 3.1.2.2). 
 
Loading operations 
 
The tasks to be performed during loading are as follows (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 (loading master) => 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 source tank –  double-check 

3. Start of pumps (on-shore) pumps (low rate) 
4. Permission from terminal operator for full rate 
5. In parallel : 

5 a) Steady transfer, Survey of tank filling (sequence, …) 
·  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 capacity is reached 

·  Towards end gradually decrease pump volume 
·  Stop (at latest) when 98% is reached 

7. Measuring of tank levels and temperature by surveyor => cargo documents 
8. Disconnect 
9. Departure 

Loading

Harbour

Docking

Disconnect

Topping off

Steady transfer

Hook up

Departure

Connecting 
loading arms

Check tank 
venting

Start inert 
gas 

Opening 
valves

Start pumps

Permission full rate

Stern 
trimming

Super-
vision

Discharging ballast

Decrease pump 
volume

Stop at latest 
98% level

Measuring tank levels

Planing of 
loading sequence

Consultion 
Terminal 

Representative

 
Figure 10: Steps of Loading process 

 

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

1. Docking (approach and secure ship in a safe fashion) 
2. Hook-up 

·  Consultation w. terminal representative: ship shore safety checklist  
·  Planning unloading sequence (incl. ballasting and COW) 
·  Cargo measurement and sampling 
·  Connecting hoses/loading arms by shore personnel 

i. Opening valves – starting from closest to source tank –  double-check 
ii. Check tank venting system / start inert gas system 

3. Potential equalisation 
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4. Start of pumps (ship pumps low rate) 
5. Permission from terminal operator for full rate 
6. In parallel:  

6 a)  Steady transfer: 
·  Rate of 5 to 10% of net deadweight per hour 
·  Supervision of 

i. tank levels 
ii. unloading rate 
iii.  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) 

7. Crude Oil Washing 
8. Stripping of tanks (stern trim) 
9. Tank inspection by surveyor => dry certificate 
10. Disconnect 
11. Departure 

 

Unloading

Harbour

Docking

Disconnect

COW

Steady transfer

Hook up

Departure

Connecting 
loading arms

Check tank 
venting

Start inert 
gas 

Opening 
valves

Start pumps

Permission full rate
Super-
vision

Taking ballast

Stripping of Tanks
Planing of 
unloading 
sequence

Consultion 
Terminal 

Representative

Cargo 
measurement

Tank inspection

 
Figure 11: Steps of Discharging process 

 

3.1.2.2 Ship-to-ship transfer 
 
The ship-to-ship transfer (STS) process is comprised of the loading/unloading process, but taking place in 
the open sea or a bay, rather than in harbour. A possible scenario of ship-to-ship transfer is a rendezvous 
between a VLCC and a smaller vessel, e.g. an AFRAMAX tanker, to discharge some oil to the latter for 
follow-up transport to ports that may not be accessible to the VLCC. A common procedure is that during 
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the rendezvous the VLCC makes constant speed ahead. The smaller vessel approaches the larger vessel, 
which is equipped with sufficient fenders, from starboard side. Ships are moored and transfer is prepared. 
During transfer both vessels make constant speed ahead. STS is usually conducted in designated areas 
and permission by authorities is required before the operation can be conducted. 
 
The STS-process is composed of the following steps (following [35], see also Figure 12): 
 

1. Preparation of STS 
·  Checking conditions and requirements such as ship compatibility, authority approval, 

transfer area, weather conditions and quality assurance 
·  Safety 

i. General safety aspects such as hazard identification, risk 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, naked lights, earths on electrical 

switchboards, operation of diesel engines and boilers, ship-to-ship electric 
current, use of communication equipment, use of radar, gas accumulation, 
electric storms, usage of galley stoves, readiness of fire fighting, accommodation 
openings and unauthorised crafts. 

vi. Safe watchkeeping 
vii.  Helicopter operations 

·  Communications between the ships 
·  Operational preparation before manoeuvring regarding the ships and navigational signals 

2. Manoeuvring and mooring: manoeuvring depends on the selected ship-to-ship transfer (under 
power, anchoring) 

3. Procedures alongside 
·  Pre-transfer procedures: establishing good communication 
·  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 pumps and pressure 
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 1st officer (or loading officer) and 1st lead engineer (pumps). 
In case of hazard the responsibility lies with pump operator and nautical officer. 
 
With respect to pollution the most relevant incident categories are: 
 

·  collisions; as consequence of failures during approach or departure 
·  non-accidental structural damage; as consequence of failure in (de-)ballasting operations or bad 

maintenance 
·  oil-spill as consequence of faulty operations (although this is not strictly related to LOWI) 
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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 operations in coastal and restricted waters. Of main concern were 
interactions of crew and pilots, as well as technical problems leading to loss of steering or loss of 
propulsion when operating in coastal areas/traffic separation schemes, rivers, as well as operation in 
harbours, approach to berth and mooring at berth. Usually, the reaction time in case of an accident is 
rather short, due to the short distance to coast as well as high traffic density. 
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3.1.2.4 Maintenance tasks 
No particular process was defined for maintenance operations. Focus of the hazard identification is on hot 
works and works in potentially dangerous atmosphere, because data analysis in section 4 reveals that a lot 
of accidents occur in the course of hot works, with severe casualties. 
 

3.2 Relevant accident categories 

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

·  serious structural or machinery damage likely to result in a vessel being declared a constructive 
total loss; 

·  structural or machinery damage rendering a vessel unseaworthy or requiring extensive repairs 
·  disablement or breakdown, resulting in a vessel requiring assistance of salvors or the 

abandonment of the voyage or a vessel being taken out of service for a reasonable period; 
·  any other incident resulting in damage considered serious enough to prevent a vessel from 

continuing in service. 
 
Hence, a serious event is a breakdown resulting in the ship being towed or requiring assistance from 
ashore; flooding of any compartment; or structural, mechanical or electrical damage requiring repairs 
before the ship can continue trading. All other events are considered non-serious. In case of a total loss, 
the ship ceases to exist after a casualty, either due to it being irrecoverable (actual total loss) or due to it 
being subsequently broken up (constructive total loss). The latter occurs when the cost of repair would 
exceed the insured value of the ship. 
Even if these accident severity descriptions are mainly focused on property aspects, they are also 
important with respect to safety and environment. For instance, a tanker with severe structural damage is 
likely to spill oil. 
 
A reported casualty is also assigned a category assumed responsible for the initial failure, also called 
initiating event. These categories are defined in the following table. 
 
The focus is on high-level hazards that may result in the loss of watertight integrity (LOWI). LOWI is 
defined as the loss of structural integrity; leading to a loss or reduction of buoyancy and a loss or 
reduction of cargo handling capability. LOWI is directly linked with a potential of harm to the 
environment due to oil pollution and indirectly with harm to crew [37]. Thus, LOWI is related to the risk 
categories “human safety” and “environmental safety” 4. 
 

                                                      
4 Strictly speaking the third consequence category, “economic loss”, is not in the focus of IMO activities; but it is 
applied indirectly in the course of Cost-Benefit Analysis. 
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In the accident classification scheme that is used by LRFP eight accident categories are distinguished: 
 
Table 3: Definition of initiating events. 
 

Initiating event Definition 
Collision Striking or being struck by another ship, regardless of whether under way, 

anchored or moored. This category does not include striking under water 
wrecks. 

Contact Striking or being struck by any fixed or floating object, but not a ship or the sea 
bottom. This category includes striking drilling rigs/platforms, regardless of 
whether in fixed position or in tow. 

Wrecked/Stranded Includes ships reported hard and fast for an appreciable period of time and cases 
reported hitting or touching sea bottom. This category includes 
entanglement on under water objects like wrecks. 

Fire/Explosion Accidents where the fire and/or explosion is the initial event reported (except 
where first event is hull/machinery failure leading to fire/explosion) 

Hull/Machinery Structural failure, holes, cracks, that can result in the ingress of water and/or loss 
of strength and/or stability. 
Machinery or equipment damage or failure which is not attributable to any of the 
other seven categories. Examples are lost rudder or fouled propeller. 

Foundered Includes ships which sank as a result of heavy weather, vessel springing 
leaks, breaking in two, and not as a result of the other categories. 

Miscellaneous Includes ships which have been lost or damaged which, for want of 
sufficient information, or for other reasons, cannot be classified. 

War loss/Hostilities Encompasses damage or other incidents occasioned to ships by hostile acts.  

 
With the exception of classes “War loss/hostilities” and “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 considered relevant: 
 

·  risk to people, i.e. to crew members, pilot and harbour personnel 
·  risk to environment, i.e. to shores, sea, and port areas, air 

 
The consideration of following risks is excluded from this study: 
 

·  risk to property, i.e. to cargo and ship 
·  risk to third party property other than cargo, e.g. damages to shore-site buildings, installations, 

cranes in port, bridges, waterways, etc. 
·  occupational accidents, i.e. events affecting the crew without damaging the ship (e.g. falls, falling 

overboard, asphyxiation, electrocution, being struck by moving objects, falling objects, mooring 
ropes and waves etc.) 

·  risk to other ships, e.g. struck ship during collision. 
·  loss of business by interruption of service or image loss of the operating company 
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3.4 Summary 

The scope that was outlined in this chapter can be summarised as follows (Table 4): 
 
Table 4: Summary of scope 
 

  In Scope Out of Scope 

Ship type & 
design 

generic crude oil tankers of sizes 
AFRAMAX, SUEZMAX, VLCC, and 
ULCC 

Other types of tankers (esp. OBOs, Bitumen 
tankers) specific designs, trades,  
port environments, waterways 

Accident 
severities 

Loss of watertight integrity (LOWI) and 
loss of life only 

minor damage of vessel or equipment, crew 
injuries 

Life cycle 
phases 

Ship-to-ship transfer, 
(loading and unloading), operation in port, 
restricted and coastal waters, 
open seas transit,  
maintenance (partly) 

construction, docking, 
repair, inspection, dismantling 

Risk types human life (crew), 
environment 

human life (3rd party) 
occupational accidents  
security 
loss of property  

Accident 
categories 

Collision, contact, grounded, fire, 
explosion, non-accidental structural 
failure, machinery 

War loss, hostilities, piracy, miscellaneous 
(unless LOWI-relevant) 
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4 Data collection 

As preparatory step accident data are reviewed for the purpose of defining the focus of the analysis with 
respect to systems and operations (i.e. processes) that were found to be contributors to frequent and/or 
severe accidents in the past, and therefore should be considered in the course of the analysis. The results 
of these analyses also provide important input for the subsequent steps of the FSA process, particularly 
the quantitative analysis. 
 
Accident databases can provide insights in the general performance of the maritime industry. In 
particular, the review of such data can point to specific areas that may benefit most from improvements. 
The data presented here are an extract of analyses that were performed on the databases by Lloyd’s 
Register Fairplay (LRFP), Lloyds Marine Intelligence Unit (LMIU) and Clarkson’s. Analyses of this data 
are reviewed with two interests in mind: 
 

1. Starting points are analyses performed by colleagues of the Ship design Laboratory at the 
National Technical University of Athens (NTUA-SDL) within and beyond the POP&C project5 
([6],[37],[38], [39],[40],[41]), see section 4.2. These analyses give detailed insights in accident 
causes. 

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

 
Findings of these works are compared against most recent LRFP fleet and casualty data. While the results 
of POP&C and DNV are not directly comparable – subject to the different scopes of these studies (cf. 
section 4.1) – both studies yield insights that are used to focus the HazId with respect to accident types, 
ship systems and operations to be reviewed. 

4.1 Data sources 

The predominant source of data is LRFP for the period 1990-2003 (“post-90”). The data sets used by 
POP&C, NTUA-SDL and DNV differ in the following ways (Table 5): 
 

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

·  DNV work also includes product and PANAMAX tankers. 
·  DNV reports focus on incidents that occurred after the introduction of OPA-90 (Oil Pollution 

Act); POP&C work and subsequent work performed by NTUA-SDL also include data for the 
period 1978 to 1990 (“pre-90”), i.e. prior to OPA-90. 

·  with respect to SUEZMAX and V/ULCC data, in the follow-up work to POP&C performed by 
NTUA-SDL the dataset that originally was based on LMIU 6 was cross-checked and 
complemented by fleet-at-risk data for from Clarkson’s database7. 

·  while in DNV work the LRFP accident categories are applied, in the work by POP&C and 
NTUA-SDL a revised categorisation was developed (cf. Table 6). 

                                                      
5 http://www.pop-c.org/ 
6 http://www.lloydsmiu.com/ 
7 http://www.clarksons.co.uk/ 
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Table 5: Summary of differences of data basis in the reviewed sources. 
 

Organisation Period 
covered 

Tanker 
categories 

Accident categories 

LRFP 1978 – 2007 PANAMAX, 
AFRAMAX, 
SUEZMAX, 
VLCC, ULCC 

“Collision”, “Contact”, “Foundering”, 
“Wrecked/Stranded”, “Fire/Explosion”, 
“Hull/Machinery”, “Miscellaneous”, “War 
loss/Hostilities” 

DNV 1990-2003 
(“post-90”) 

PANAMAX, 
AFRAMAX, 
SUEZMAX, 
VLCC, ULCC 

Same as LRFP 

POP&C 1978-2003 
(“pre-90” and 
“post-90”) 

AFRAMAX “Collision“, “Contact”, “Grounding”,  
“Fire”, “Explosion”, “Non-Accidental 
Structural Failure”, “Failure of Hull Fittings”, 
“Machinery Failure” 

NTUA-SDL 1978-2003 
(“pre-90” and 
“post-90”) 

SUEZMAX, 
VLCC, ULCC 

Same as POP&C 

*Note that size classes in the cited DNV reports are defined differently from the nomenclature that is 
used throughout this report. The size classes in the DNV reports are defined as: 
PRODUCT: 40,000 dwt; PANAMAX: 80,000 dwt; SUEZMAX: 150,000 dwt; VLCC: 280,000 dwt. 

 
Work in POP&C is focused on incidents that may lead to loss of watertight integrity LOWI. The LRFP 
classification is considered insufficient for the implementation of a rational risk-based methodology [6] 
for evaluation of potential to lead to LOWI. Therefore, accident data was organised into the following six 
accident categories, following a detailed review of LRFP database entries with respect to initiating events: 

·  “Collision” (between ships) 
·  “Contact” (of ship with a fixed installation or a floating object) 
·  “Grounding” 
·  “Non-accidental structural damage” (leading to LOWI) 
·  “Fire” 
·  “Explosion” 

The mapping between LRFP and POP&C categories is as follows (Table 6): 
 

Table 6: Mapping between accident categories used by POP&C and DNV. 
 

LRFP-category 
(as also used by DNV) 

POP&C-category 

“Collision” “Collision“ 
“Contact” “Contact” 
“Wrecked/Stranded” “Grounding” 
“Fire/Explosion” “Fire” 
 “Explosion” 
“Hull/Machinery”, 
“Foundering” 

“Non-Accidental Structural Failure” 
 (NASF) 
Failure of Hull Fittings* 
Machinery Failure* 

“Miscellaneous” * 
“War loss/Hostilities” * 

* If LOWI-relevant, accounted for in appropriate resulting event categories. For further information 
regarding the POP&C database, see [16]. 
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In addition to these works, an analysis of recent LRFP fleet and casualty data was performed by GL, with 
the aim of providing data also for the most recent history. This analysis is restricted to crude oil tankers of 
size 60.000 dwt and higher (i.e. PANAMAX, AFRAMAX, SUEZMAX, VLCC and ULCC). The most 
common types of vessels in this class are reviewed; in the terminology of LRFP StatCode5 these are 
“chemical/products”, “shuttle tankers”, “crude oil tankers”, “crude/oil products tankers”, “products 
tanker” and “tankers (unspecified)” (for a definition, see Table 1 on page 13). Due to significant 
differences in construction other types of oil tankers are out of scope. Apart from the inclusion of 
PANAMAX tankers, this selection of ship types coincides with the selection used in [37]-[41]. 
 
In the subsequent sections the analyses performed in the POP&C project, follow-up work by NTUA-
SDL, and by DNV on generic FSAs on single hull (SH) and double hull (DH) tankers8 are reviewed with 
the purpose of extracting findings on (see section 4.4.1.2 for a summary): 
 

·  accident causes and recorded frequencies 
·  ultimate consequences of the recorded accidents (with respect to human and environment) 
·  contributing factors, location and environment 

 

4.2 Review of accident causes 

In the POP&C project accident data were analysed for AFRAMAX tankers [37]. NTUA-SDL conducted 
additional work for larger vessels [6] for crude oil transport. This data makes it possible to identify the 
most frequent initiating events and contributing factors that are summarised below,. 

4.2.1 Classification of accidents by initiating events 
In the following the percentage and frequency of occurrences and the severity of each accident category 
are considered. 
 
Percentage and frequencies of accident causes: 
 
From POP&C and NTUA-SDL analyses it can be derived that the largest fractions of crude oil tanker 
accidents can be attributed to collisions, groundings, contacts and non-accidental structural failures. 
However, the ranking of these initiating events in term of percentages of accidents is different for each 
tanker class (cf. Table 7) 
 

Table 7: Percentages of most frequent initiating events 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 accident category, ships with double side or double-bottom hull are 
allocated to either of these classes. 
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The distribution of accidents with respect to all initiating events is shown in Figure 13. 
 

Table 8: Frequencies of LOWI accidents, including total losses [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 of accidents causing pollution were reduced in the “Post-90” 
interval (i.e. during 1991-2003), compared to the “Pre-90” interval (i.e. during 1978-1990), see Table 9. 
However, the authors of [6] note “that [in the course of a confidence analysis] in some cases, the 95% 
confidence intervals with respect to the noted average values are quite wide”; so for future assessments 
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 pollution 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%

Explosion; 39; 5%

Fire; 79; 10%

Grounding; 194; 
25%

Contact; 125; 16%

Collision; 232; 29%

 
b) SUEZMAX 

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

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

Collision; 150; 26%

Contact; 60; 11%
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Figure 13: Distribution of incident types for tanker classes [6], [37]  
 



�������  

HazId of Tanker Operations 
D 4.7.1 

Document Id. SAFEDOR-D-04.07.01-2007-12-06-GL-TankerHAZID–rev-1.2 

Date 2007-12-06 

page 28 of 79 

Severity of accidents 
While accident categories fire and explosion represent a comparably small fraction in terms of frequency, 
together with grounding they form the accident categories that have the largest share of serious outcomes, 
irrespective the vessel size (Figure 14 and Figure 15). For instance (Figure 15), 50 % of all explosions 
have a serious outcome, whereas for contacts only 15 % of the accidents are considered serious. 
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Figure 14: Incident numbers by accident category, severity and ship type (derived from [6]). 
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Figure 15: Percentage of severe/non-severe incidents by accident category and ship type (derived from [6]). 
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In their study of LRFP records of AFRAMAX tanker incidents Papanikolaou et al. [37]found that the 
origin of fires in 83 % of the accidents was in the aft area of the vessel. 
 
The origin of explosions was: 

·  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 category also depend on the operating conditions; for AFRAMAX 
tankers it can be found that (Table 10): 

·  most accidents happened when the vessels were sailing en-route 
·  a high percentage of fire and explosion accidents happened when the vessel was under repair 
·  a high percentage of the contact accidents occurred while the vessel was manoeuvring  

 
Table 10: Operating condition at time of accident [38]. 

%
Under 
repair Berth Port

Dis-
charging

Sailing 
En-
route

Anchor
ing

Ballasti
ng

Bunker
ing Loading

Maneou
vring Towed Mooring

Under 
construction

NASF 0 3 1 9 75 0 4 0 5 1 1 1 0
Collision 1 6 0 8 63 5 0 1 1 11 2 2 0
Contact 0 8 1 1 48 0 0 0 0 36 3 3 0
Grounding 0 2 2 1 90 4 0 0 0 0 1 0 0
Fire 26 11 0 7 45 0 0 2 0 0 0 7 2
Explosion 33 0 7 10 43 7 0 0 0 0 0 0 0 
Note: This data covers AFRAMAX tanker only; analysis of data for SUEZMAX and V/ULCC is pending. 

 
 
Development of severity (in terms of oil spill) over time 
 
With respect to environmental severities, accidents involving V/ULCC tankers on average result in the 
largest oil spills – which is obvious because these are the largest tankers. This holds for both, the pre-90 
period as well as the post-90 period. However, comparison of these periods shows that SUEZMAX and 
V/ULCC significantly improved in the post-90 period, while the oil spill rates for AFRAMAX tankers 
increased in the same period of time (Table 11). This performance is mainly attributed to loss of the 
vessels “Braer” and “Prestige”. In how far these accidents really dominate the statistics will be clarified 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 dominated by two accidents (“Braer”: 88214t spilt and “Prestige”: 77,000t spilt) 

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

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

·  spillage of oil in contact accidents was reduced for all tanker 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 oil spillage was almost eliminated for V/ULCC 
(which used to have the rates per ship year in the pre-90 period). For SUEZMAX the spill tonne 
rate was almost cut by half. However, for AFRAMAX, the rate almost quadrupled. 

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

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

·  oil spill rates in NASF accidents almost vanished for SUEZMAX and larger tankers, but for 
AFRAMAX tankers the rates increased from 0.24 to 13.6 tonnes per year in the post-90 period 
(which again may be attributed to the accidents of Braer and Prestige). 

 
Table 12: Spill tonne rates per ship year, per category [6] 

Tanker size 1978-2003 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 for incidents and accidents involving AFRAMAX tankers in 
[38] and [41]; evaluation of these factors for SUEZMAX and larger tankers is work in progress in 
SAFEDOR task 4.7.2 [7]9. With respect to LOWI, in addition to fire and explosion, of particular interest 
are: environmental influences at the time of the accident, such as location and weather situation, as well 
as operational conditions at the time of the accident. 

                                                      
9 Partial results of this work were kindly made available by colleagues for preparation of this report. 
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Location of incident 
 
With respect to locations of recorded incidents it can be stated that (Table 14): 

·  most collisions occurred in or nearby ports or in coastal or restricted waters; for V/ULCC (which 
due to size constraints cannot access some of these waters) a quarter of the collisions accidents 
happened at open sea/in archipelagos. 

·  most contacts occurred in or nearby ports; for AFRAMAX also in coastal or restricted waters. 
·  a large percentage of groundings occurred in coastal or restricted waters. While rivers or canals 

are a prime location for AFRAMAX and SUEZMAX groundings, more than a third of V/ULCC 
groundings happened at open seas and archipelagos. For SUEZMAX and larger tankers the third 
major location for groundings happened in or nearby ports. 

·  a large percentage of fires occurred at port, anchorage or port approach. The largest percentage of 
SUEZMAX fires occurred at shipyards/in drydock. For AFRAMAX and V/ULCCs a significant 
percentage of fires occurred at open sea. 

·  similarly, for all tankers many explosions occurred at port, anchorage or port approach. Yet, for 
AFRAMAX and V/ULCCs the largest percentage of explosions occurred at open sea. A large 
percentage of SUEZMAX fires occurred at shipyards/in dry-dock. 

·  most non-accidental structural failures occurred in open sea or in or nearby ports. For 
AFRAMAX and SUEZMAX a quarter or more accidents also happened 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 tankers with respect to non-accidental structural failure 
are: 

·  excessive loading (66 %) 
·  structural degradation (17 %) 
·  poor design/construction (17 %) 

These causes must be considered to be (at least) contributing factors to these accidents. 
 
Weather effect determined 
 
It was determined that in AFRAMAX accidents weather was a significant contributing factor, 
predominantly for events of non-accidental structural failure (38.8 %, see Table 13). In the remaining 
accident classes, only in a small percentage of cases weather was reported as a contributing factor to the 
accident. 
 

Table 13: Influence of weather for each incident/accident type 

Collision Contact Grounding Structural 
Failure 

Fire Explosions 

6.4 % 2.4 % 8.3 % 38.8 % 2.5 % 0 %  
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Table 14: Location of vessel at time of the incident/accident [7] 

Collision, % AFRAMAX SUEZMAX V/ULCC 

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/ULCC 
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/ULCC 
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/ULCC 
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 accident consequences, in the following section DNV reports 
on generic FSAs for single and double hull tankers are discussed, with respect to safety, environmental 
consequences and property in terms of monetary costs10. 
 
DNV conducted generic FSAs on single hull (SH) and double hull (DH) tankers [4], [5]. Depending on 
the accident category, ships with double side or double-bottom hull are allocated to either of these classes. 
For instance, with respect to grounding events, double bottom vessels are considered to be similar to 
double-hull vessels, etc. This is a difference to the classification applied by NTUA and POP&C work. 
Focus of the assessments are accidents in the post-90 period which involved tankers for oil including the 
sizes product tankers (40000 dwt), Panamax (80000 dwt), Suezmax (150000 wt) and VLCC (280000dwt). 
This classification is also different from the NTUA and 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 to each of the LRFP accident categories and separately for 
each type of consequences: 
 

·  human: Fatalities 
·  environment: Oil spill 
·  property: damage costs 

 
The work on property costs is quoted here for reasons of completeness; as discussed in the problem 
definition (section 3) property-related consequences are out of scope for the Tanker-FSA in 
SAFEDOR 4.7. Likewise, DNV estimations with respect to occupational accidents are only considered 
for completeness reasons here. 
 
Despite the differences in the dataset that was analysed (fleet size NTUA-SDL (post-90): 20556 ship 
years; fleet size DNV: 22261 ship years)11, in general accident frequencies determined by DNV lie in the 
same order of magnitude as those determined in the NTUA-SDL work. However, the results that are 
reproduced here provide insights in the effect of single hulls and double hulls. 
 
Annual frequencies of fatalities 
 
LRFP records contain only those fatalities that were caused by ship accidents. As from operational 
experience they are known to represent a large fraction of fatalities, DNV additionally also estimated 
frequencies of occupational accidents, i.e. events affecting the crew without damaging the ship (e.g. falls, 
falling overboard, asphyxiation, electrocution, being struck by moving objects, falling objects, mooring 
ropes and waves etc.) [5]. Annual frequencies of fatalities (Table 15) are dominated by occupational 
accidents. The largest contribution to the annual accident frequency is fire/explosion, which for single and 
double hull tankers likewise accounts for 50% of all fatalities. 
 
Taking occupational accidents in consideration: 
For SH, on average one fatality is expected for every 83 ship years, or for every 2500 person years 
(assuming a crew of 30 per ship). 

                                                      
10 A quantitative breakdown of how monetary values for environmental costs and costs for human life were derived 
is not provided in the cited reports. 
11 The source of these differences is not further analysed in this report, because it is out of the scope of the HazId 
preparation. 
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For DH, on average one fatality is expected for every 105 ship years, or for every 3125 person years. 
 
With respect to the accidents that are recorded in LRFP these frequencies are roughly cut in halves, i.e. 
approximately 50% of all fatalities are assumed to be a result of occupational accidents: 
For SH, on average one fatality is expected for every 166 ship years, or for every 5000 person years. 
For DH, on average one fatality is expected for every 285 ship years, or for every 8300 person years. 
 

Table 15: Annual frequencies of fatalities (per ship year and person year) 

Data source: DNV reports [4] and [5]. 
  Single Hull Double Hull 

Accident Type 
Fatalities / 
ship year 

Fatalities / 
person year 

Fatalities / 
ship year 

Fatalities / 
person year 

Collision 2.6E-03 8.6E-05 1.3E-03 4.5E-05 
Contact         
Fire/explosion12 3.1E-03 1.0E-04 1.8E-03 6.1E-05 
Hull/Machinery/Equipment13 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 accident category for single hull tankers is “Hull / Machinery / 
Equipment” (44 % of all accidents); for DH the highest annual oil spill frequency is for collisions (43 % 
of all accidents).  
The most severe consequences are caused by wrecked/stranded and collision (in accordance with the 
NTUA findings Figure 14 and Figure 15). While the quantity of oil spilt is assumed to be the same for DH 
as for SH tankers, in total the frequency of oil spill for SH tankers is nearly 3 times the frequency that was 
determined for DH tankers. 
 
For SH tankers the typical return period for oil spills is 235 years, and the average spill size is 7500 tons, 
whereas for DH tankers the typical return period for oil spills is 666 years, and the average spill size is 
5900 tons. 
 

                                                      
12 Distinction of fire and explosion cases (as was performed in the POP&C database) was not possible from this data. 
13 Distinction of hull damages from accident category “hull/machinery/equipment” was not possible from this data. 
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Table 16: Annual frequency and quantity of oil spill per hull type and accident category. 

Data source: DNV reports [4] and [5]. 
  single hull 

Accident Type 
Frequency of spill 
(per ship year) 

Average spill size 
(tons) 

Spill Quantity 
(tons per ship 
year) 

Collision 4.1E-04 10,000 4.1 
Contact 9.0E-04 1,100 1.0 
NASD       
Fire/explosion12       
Hull/Machinery/Equipment13 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 

Accident Type 
Frequency of spill 
(per ship year) 

Average spill size 
(tons) 

Spill Quantity 
(tons per ship 
year) 

Collision 6.0E-04 10,000 6.0 
Contact 3.0E-04 1,100 0.3 
NASD Negl. 43,000 Negl. 
Fire/explosion12 Negl. 8,600 Negl. 
Hull/Machinery/Equipment13 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 both, SH and DH tankers is Hull/Machinery/Equipment 
(43 % for SH and 30 % for DH) and Collision (22 for SH and 30 % for DH). 
 
For SH tankers the return period for non-serious incidents is 29 years, for serious accidents 74 years and 
for total loss 2000 years. In comparison, for DH tankers the return period for non-serious incidents is 51 
years, for serious accidents 120 years. No total losses of DH tankers were recorded in 1990-2003. 
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Table 17: Annual property damage frequency per hull type and degree of severity. 

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

Accident Type 
Non Serious 
Incident 

Serious Casualty 
(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/explosion12 1.9E-03 1.6E-03 1.4E-04 3.6E-03 
Hull/Machinery/Equipment13 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 

Accident Type 
Non Serious 
Incident 

Serious Casualty 
(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/explosion12 6.0E-04 4.8E-04  1.2E-03 
Hull/Machinery/Equipment13 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 draw further conclusions with respect to hull design. 
Analysis of data on statistical total annual costs (Table 18) for single hull and double hull tankers of 
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 of the double hull has the expected effect on environmental 
protection and to a smaller extent also on safety. 
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The most significant types of accidents in terms of costs (with respect to the selected accident categories 
causing LOWI) for SH are: 

·  “wrecked/stranded” (51%); 
·  “fire/explosion” (17%); 
·  “hull/machinery/equipment” (15%) 

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

·  “fire/explosion” (33 %); 
·  “collision” (28 %); 
·  “wrecked/stranded” (24 %) 

 
The annual environmental costs are 4.2 times higher for SH tankers than for DH tankers 
The annual property costs and annual human costs are 1.7 times higher for SH tankers than for DH 
tankers. 
 
Findings from [4] with respect to comparison of SH against DH include: 

·  ratio (Annual Frequency for Oil Spill) of oil spill Double Hull / Single Hull = 0.425 
·  ratio (Average outflow over all scenarios for a given accident) of oil spill Double Hull / Single 

Hull = 0.42 
·  the most common accident origin for both types of tankers (regardless size) is navigation 

(SH: 60 %; DH: 70 %) 
·  origins for accidents with fatalities: 

·  DH tankers: Only a single fatality recorded: terrorist attack 
·  SH tankers: 76 fatalities recorded: 50% Fire/Explosion and 40 % collision accidents 

 
Although data on double hull accidents is currently limited, from these findings one might draw the 
conclusion that, particularly with respect to consequences of accidents, double hull design is beneficial to 
single hull design. This is in line with findings of related studies, such as [41]. 
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Table 18: Statistical annual accident costs for oil tankers 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/explosion12 10,000 10,000 10,000 10,000 6,200 6,200 6,200 6,200 
Hull/Machinery/Equipment13 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/explosion12 0 0 0 0 0 0 0 0 
Hull/Machinery/Equipment13 4,000 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 12,000 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/explosion12 7,900 11,000 15,000 22,000 2,800 3,700 5,200 7,800 
Hull/Machinery/Equipment13 19,000 26,000 36,000 53,000 7,000 9,400 13,000 19,000 
Wrecked/Stranded 11,000 15,000 21,000 31,000 10,000 14,000 19,000 28,000 

Total 45,800 62,600 87,000 127,600 27,290 37,400 51,000 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/explosion12 17,900 21,000 25,000 32,000 9,000 9,900 11,400 14,000 
Hull/Machinery/Equipment13 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 used in DNV reports: 
PRODUCT: 40,000 dwt; PANAMAX: 80,000 dwt; SUEZMAX: 150,000 dwt; VLCC: 280,000 dwt 
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In this context it should be noted that the clean-up costs per ton of oil spilt cannot be determined 
generally, as they depend on numerous factors, including [48]: 
 

·  type of oil, physical 
·  biological and economic characteristics of spill location 
·  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 terms of volume of oil removed at the different stages of the 
clean-up) of using low technology methods to clean the shoreline [42]. 
 

 
Figure 16: Cleanup cost using low technology shoreline cleaning techniques at various stages. 

 
 
It should be considered that the positive effect that was observed for the introduction of double hull with 
respect to environmental costs can be influenced by clean-up costs and consequently might be lower than 
shown by the results above. 
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4.4 Summary of data collection 

4.4.1 Findings 

4.4.1.1 Review of data sources 
 
Statistics provided by POP&C/NTUA-SDL and DNV were reviewed in order to determine critical 
processes and settings that should be reviewed in the course of the HazId. Before the findings are 
summarised, possible effects that may have been introduced by the use of different statistical sources is 
briefly discussed. 
 
Effects of reviewed time periods 
 
The statistics performed by POP&C/NTUA-SDL and DNV, present average values over longer time 
periods (“pre-90” and “post-90”, respectively). Potentially, within these periods statistically relevant 
changes may have occurred, for instance, certain types of accidents may have accumulated in a certain 
region of the intervals, or tendencies start to develop towards the end of an interval. From the available 
data this is not detectable. 
 
Effect of using different data sources 
 
In order to review the effects of the use of different data sources, the fleet-at-risks data that are used in the 
works performed by NTUA-SDL (based on LMIU and Clarkeson databases) were compared to the fleet-
at-risk represented by LRFP. The same ship types (“chemical/products”, “shuttle tankers”, “crude oil 
tankers”, “crude/oil products tankers”, “products tanker” and “tankers (unspecified)”), ship sizes 
(PANAMAX to ULCC) and period (i.e. ships that were keel laid from 1 January 1990) was used. Figure 
17 illustrates that, while the same tendencies can be observed, for some years ship numbers vary by up to 
10 %. Notwithstanding, over the whole period 1980-2003 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 data provided by NTUA and LRFP.  
 
Due to use of different ship size classes, a similar comparison of LRFP data with DNV data was not 
possible. 
 
Effects of using different levels of granularity for determination of fleet-at-risk data 
 
A similar effect can be found with respect to the granularity of calculating the fleet-at-risk numbers. 
The fleet-at-risk numbers can be determined on the basis of operating months (e.g. a vessel that was taken 
into service on 1 September of a year contributes only 0.25 ship years to the fleet-at-risk of that year) or 
operating years (e.g. a vessel that was taken into service at any time of a year contributes a full ship year 
to the fleet-at-risk value of that year). 
Figure 18 illustrates that, for the post-90 period and the given fleet, for LRFP by annual counting the 
fleet-at-risk is increased by 5 %, compared to monthly counting. This effect will increase if shorter time 
intervals are considered or if a significant number of ships delivered at the end of a year. It is expected 
that a similar order of magnitude can be found in other databases, too. Determination of fleet-at-risk on 
the basis of years is found in the majority of the literature. Because as it has a reducing effect on accident 
frequencies that are derived from per annum data, for future work this finding should be taken into 
consideration and monthly calculations should be used. 
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Figure 18: Comparison between fleet-at-risk data calculated per year and per month.  
 

4.4.1.2 Accident causes, consequences and contributing factors 
 
The prime interest of this step of the FSA is to address hazards that may cause or contribute to accidents 
that result in loss of life and/or serious environmental damage. 
 
The most frequent accident categories found by NTUA are: 
 

·  collision 
·  non-accidental structural failure 
·  grounding 

 
The most severe outcomes with respect to human safety the result of (see Table 18 on page 38): 
 

·  fire/explosion 
·  contact/grounding 
·  collision 

 
As far as environmental damage is concerned, additionally 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 spaces, galley, and accommodation) most often is the origin of 
fires (83 % of the accidents) and explosions (62 % of the accidents). Additionally, explosions often 
occurred in Cargo / Slop Tanks (24 % of the cases) and on Deck (11 % of the cases). 
 
Fires and explosions most frequently occur when the vessel is sailing en-route or under repair, and they 
mostly originate either from cargo or fuel tanks, or in the aft of the vessel (i.e. machinery space, pump 
room, galley). This suggests looking at tank cleaning and inert gas operations during loading/unloading, 
as well as looking at maintenance activities. 
 
Collisions, contacts and groundings most frequently occur when the vessel is operating in or nearby ports, 
in coastal areas and in restricted waters. This suggests looking at navigational operations in these 
environments. 
Additionally, a large amount of collisions that involve V/ULCC vessels happen at open sea. A process 
that is often performed on these vessels is ship-to-ship transfer. 
 
Finally, the majority of non-accidental structural failures happen at open sea, as well as in or nearby ports 
or in coastal waters. This suggests investigating loading/unloading processes, as well as operations in 
coastal areas and restricted waters. 
 

4.4.2 Fleet-at-risk 
 
On the basis of the discussion of available data sources, we conclude that LRFP data shall be used as 
foundation for subsequent analysis. Amongst other reasons this decision considers the fact that LRFP is 
the official instance that manages the IMO ship numbers. The data selection shall be set to include: 

·  crude oil tankers 
·  of ship types (StatCode5): 

o “Chemical/Products Tanker” (A12B2TR) 
o “Shuttle Tanker” (A13A2TS) 
o “Crude Oil Tanker” (A13A2TV) 
o “Crude/Oil Products Tanker” (A13A2TW) 
o “Products Tanker” (A13B2TP) 
o “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 on the basis of monthly service times. 

 
For this selection the size of the fleet-at-risk is shown in Figure 19. 
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PANAMAX; 4053,84

AFRAMAX; 9458,78

SUEZMAX; 4843,53

VLCC & ULCC; 7424,07

 
Figure 19: Crude oil tanker fleet-at-risk for the selected choice of ships (post-90, monthly evaluation). 
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5 Hazard analysis 

In the previous sections statistical data is discussed to identify the main hazardous processes/operations 
and areas of tankers from historical experience. This analysis provides a identification of high-level 
hazards that may lead to accidents, but have not necessarily been experienced so far. From the given 
tanker classes, PANAMAX. AFRAMAX, SUEZMAX, VLSS and ULCC are selected for this HazId. The 
main operating processes concerning cargo handling are described (section 3.1.2) and form the basis for a 
structured hazard identification process. This part of the HazId was performed in expert sessions by 
means of Failure Modes, Effects and Criticality Analysis (FMECA). This method is briefly described in 
the subsequent section. 
The task of the FMECA is the detection of hazards and a ranking of these hazards to select the main risk 
contributors to be investigated in the course of the quantitative analysis. 

5.1 Focus of the FMECA 

Focus is put on operations of large crude oil tankers. It is the opinion of the experts that a review of the 
following four operation should cover the majority of hazards: 
 

1. Loading/unloading operations; including tank cleaning and crude oil washing(COW) 
2. Ship-to-ship transfer (STS) at open sea 
3. Operations in coastal and restricted waters, including navigation under pilotage 
4. Maintenance tasks 

 
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 Analysis was performed for the identification of hazards that 
may occur during the operations listed above. The analysis 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 restricted waters 

d) Maintenance tasks 
 

5.2.2 Failure Modes, Effects and Criticality Analysis 
Failure Mode Effects and Criticality Analysis (FMECA, see [3]) is a method in which a group of experts 
examine potential failures in products or processes. In the course of the analysis connections between 
causes and consequences of identified hazards are elicited and presented in a standardised format. 
The basic process is to establish a description of the steps and tasks of a system or process, and list the 
consequences if a task fails. In a further step the participants evaluate the consequences with respect to 
two criteria; frequency of occurrence and severity of consequence. Here, severity was ranked separately 
for human life and environmental damage. In order to ensure that experts make their judgements on a 
common scale, frequencies and consequences index were defined (see Annex II for definitions): 
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·  frequency index, FI �  {1..8} 
·  severity index,  SI �  {1..5} 

 
These indices relate to a logarithmic scale, so that the risk index RI is calculated by addition: RI=FI+SI 
The risk index is used to prioritize all potential failures with the ultimate goal to decide upon actions 
leading to a risk reduction, usually by either reducing the frequency, by reducing severity and / or 
improving controls for detecting the failure. The rating was performed in the same group setting 
immediately after the hazard identification phase, with 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 Annex II were used in the course of the FMECA to ensure that 
experts base their judgements on common scales. For the assessment of the severity class, in these scales 
natural descriptions were given for safety implications, environment and property-related implications. As 
IMO is concerned predominantly with aspects related to human safety and environment, the property-
related implications were not considered further (cf. scope definition in section 3). 
 
Hazards were evaluated using pre-defined frequency and severity scales (cf. Annex II). A hazard is 
considered to be serious if the risk index RI>=6 and/or the severity is catastrophic (SI=4). 
 
Whenever hull type was considered relevant with respect to the frequency or severity evaluation, hazards 
were reviewed separately for single-hull (SH) and double hull (DH) constructions. 

 
 

 
  Severity (SI) 
  1 2 3 4 5 

FI Frequency 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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5.2.4 HazId Team 

The following table lists participants in the FMECA sessions with their professional background and 

experience: 

ID. Name Affiliation Background Ex-
perience 
[years] 

Role 

1 Batistatos, Nikolaos Alpha Marine Services Ltd Naval Architect & Marine Engineer 10 expert 
2 Daskalakis, Capt. 

Themistoklis 
European Maritime Pilots 
Association, Vice-
President 

Master Mariner, 
Chief pilot in Piraeus port authority 
areas in Attica Prefecture 

36 expert 

3 Dausendschön, Kay GL Mechanical Engineer 5 recorder 
4 Eliopoulou, Eleftheria NTUA Naval Architect & Marine Engineer 5 observer 
5 Ellinikiotis, Nikolaos Euronav Shipping Master (Oil and product tankers) 34 expert 
6 Hamann, Rainer GL Mech.Eng., safety analyst 13 facilitator/ 

recorder 
7 Hatzigrigoris, Stavros Kristen Navigation Inc / 

Maran Gas Maritime Inc. 
General Manager 
Naval Architect & Marine Engineer 

28 expert 

8 Iordanidis, Antonios Alpha Marine Services Ltd. Naval Architect & Marine Engineer 23 expert 
9 Kodovas, Ch. NTUA Naval Architect & Marine Engineer 1 observer 
10 Loer, Karsten GL Safety Engineer 9 facilitator/ 

recorder 
11 Lyras, Dimitris Director of Lyras Shipping 

Ltd., member of 
Intertanko's Information 
Technology Committee, 
Advisor to the Board of 
Directors for Ulysses 
Systems 

Engineer >20 expert 

12 Maroussis, Capt. 
Anastassios 

Alpha Marine Services Ltd Master Mariner 37 expert 

13 Moustaka, Despina Kristen Navigation Inc / 
Maran Gas Maritime Inc. 

Analyst / Programmer; 
ISM ISO Manager 

10 expert 

14 Papanikolaou, A.D. NTUA Professor Naval Architect & Marine Engineer 34 observer 
15 Touliatos, Petros Kristen Navigation Inc. Safety Officer, Operations Dept., 

Marine Superintendent 
25 expert 

16 Tsichlis, Philip Alpha Marine Services Ltd. Naval Architect & Marine Engineer 6 expert 
 

5.3 FMECA evaluation 

For the purpose of this FSA, a high-level analysis was performed. Hazards were identified with respect to 
safety (effect on human life) and the environment. Focus was on hazards that may yield a LOWI, 
therefore consequences of the identified hazards average high. In the following sections the top-level 
hazards are listed that were identified for each of the reviewed operations. 
 
It should be noted that the aim was a high-level risk assessment, not an in-depth review of technical 
details. Consequently, the findings are of more general nature as within the given setting a more detailed 
categorisation for most hazards was not possible. For  more detailed results, analyses need to be 
performed on a more restricted focus. For instance, results of a “medium-level” FMEA on tanker 
operations that was performed by GL are illustrated in Annex IV. 
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5.3.1 Top-ranked hazards for loading and unloading at berth 

The descriptions of the cargo operations given in section 3.1.2.1 were used for guidance. Experts agreed 
that most of the high-level hazards are relevant for both settings, so most hazards were only discussed 
once and for each process only the hazards that were exclusive to that process were reviewed. As 
guidance the following process descriptions were used. 
 
Top-ranked hazards with respect to human life 
 
The highest risk index assigned to loading/unloading hazards with respect to safety implications is 6. 
 

Table 19: Top-ranked hazards for loading/unloading w.r.t. human safety. 

Risk 
index 

Failure 
mode ID 

Description 

6 L2.1 Multiple fatalities during cargo operations as a consequence of an 
explosion caused by ship movements after moorings break because 
another vessel is passing with high speed induced. This might yield a large 
number (30) of fatalities aboard the vessel and ashore. This type of 
accident was experienced once. 

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

6 L2.9 One or more fatalities caused by explosion in pump room due to 
overheating of machinery and failure of protecting equipment 

6 L2.19 Fatality caused by explosion due to IGS failure during crude-oil washing. 
5 L2.15 Multiple fatalities in engine room due to an explosion caused by crude oil 

being lead to the expansion tank and getting in contact with a heating coil 
(SI=4) 

5 L2.17 Multiple fatalities in engine room caused by explosion of flammable gas 
atmosphere that gets into boiler(SI=4)  

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

Risk 
index 

Failure 
mode ID 

Description 

6 L2.1 Major pollution during cargo operations as a consequence of an 
explosion caused by ship movements after moorings break because 
another vessel is passing with high speed induced. This type of accident 
was experienced once in the last 25 years. 

6 L2.2 Major pollution due to fire/explosion after a breach of manifolds or 
pipelines caused by drift of vessel during single point mooring 
operation due to communications problem or pilot fatigue. 

6 
(SH) 

L2.3 Major pollution caused by breach of a cargo tank due to PV getting 
stuck during ballasting (for double-hull vessels: RI=5, FI=1, hazard 
L2.4) 

6 
(SH) 

L2.7 Major pollution caused by collapse of a tank due to failure of the IGS 
pressure monitoring system (for double-hull vessels: RI=3, hazard ID 
L2.8) 

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

5 L2.5 (SH) 
L2.6 (DH) 

Significant pollution due to foundering caused by unbalanced loading or 
wrong loading sequence (SI=4)  

 
 

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

 
With respect to pollution the most relevant incident categories are: 
 

·  collisions; as consequence of failures during approach or departure 
·  non-accidental structural damage; as consequence of failure in (de-)ballasting operations or bad 

maintenance 
·  oil-spill as consequence of faulty operations (although this is not strictly related to LOWI) 

 
 
For STS, mainly hazards that are related to preparation and departure were considered. It was judged that 
cargo operations are comparable to loading/unloading at berth (cf. section 5.3.1), so the related process 
steps were not addressed in detail here. 
 
The highest risk index that was assigned with respect to safety 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 STS transfer with respect to human life are listed in Table 
22 
 

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

Risk 
index 

Failure 
mode ID 

Description 

6 S1.1 Fatality or multiple severe injuries as consequence of a collision during the 
preparation of the STS; it was argued that 90 % of such collisions are 
caused by poor planning, poor communications, poor manoeuvring, or 
weather conditions, while the remaining 10 % are caused by machinery 
failure. 

6 S2.1 Fatality or multiple severe injuries as consequence of a collision or contact 
during mooring 

6 S3.2 Several fatalities during transfer phase, as a consequence of an explosion 
that is ignited by electrostatics and in absence of a vapour emission control 
system (VECS) connection. The experts judged that, depending on the 
time of the day, between 3 persons (night-time) and 5 persons (daytime) 
may become affected.  

 
 
 
Top-ranked hazards with respect to environmental damage 
 
The two main hazards identified for STS operations with respect to damage to the environment occur 
during STS preparation and mooring, i.e. prior to cargo operations: 
 

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

Risk 
index 

Failure 
mode ID 

Description 

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

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

 
 
 

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

No particular process was defined for operations in coastal and restricted waters. Of main concern were 
interactions of crew and pilots, as well as technical problems leading to loss of steering or loss of 
propulsion when operating in coastal areas/traffic separation 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 hazards that are experienced originate from either 
difficulties in crew-pilot interaction or “technical problems”. 
All difficulties that were judged to be caused by human interactions were ultimately assigned the generic 
failure cause class “communications”. Frequently experienced problems of this class include: 

·  language problems, 
·  a lack of time to complete the master-pilot-interface (ideally 5-10 min) resulting in an incomplete 

transfer of the required knowledge between the captain and pilot ("broken process"), 
·  insufficient preparation of pilot, as well as 
·  the bridge-team having difficulties to implement pilot instructions for operational reasons. 

Participants of the FMECA expressed that, ideally, to avoid such problems the contact between vessel and 
pilots should be established 1-2 days in advance. But it was acknowledged that this is not always 
possible/being done. 
 
The second generic class of failure causes covers failures of technical equipment (such as machinery, 
steering gear, etc.). Details on technical aspects are covered in the analysis of navigational tasks of 
loading/unloading operations (Section 5.3.1). 
 
In the course of the frequency and consequence evaluation of hazards, the expert group agrees on the 
following boundary conditions: 
 

·  70% of all grounding events are caused by navigational failures and 30% by system failures. 
·  50 % of all navigational failures are caused by communication and 50% by exceptional 

conditions (bad weather, pilot exchange, training, wrong NAV aids, improper assessment of 
conditions). 

·  the group further agrees that no fatalities could be caused directly by a low or high energy 
grounding event. 

·  the total number of grounding accidents was estimated to be 10-20 per year for a fleet size of 
approx. 1,500 tankers (i.e. 6.6E-3 to 1.3E-2 which is slightly higher than the statistical frequency 
of AFRAMAX and SUEZMAX groundings: 3.69E-3, cf. Table 8, on p.26) 

·  of these are 5-10 leading to pollution, while a pilot is 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 causing a fire is once every five to six years. 
 
With these agreements in mind, the ranked hazard lists in the subsequent paragraphs are obtained. The 
highest risk index that was assigned with respect to safety and environmental risk is 7 (i.e. frequency 
index 3 and severity index 4). 
 
In the following, for each hazard the assigned RI and for reference the unique hazard ID is given. 
Whenever appropriate, further clarifying information on SI and FI are provided. 
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Top-ranked hazards with respect to human life 

The top-ranked hazards that were identified for coastal operations with respect to human life are listed in 

Table 23. 

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

Risk 
index 

Failure mode 
ID 

Description 

7 N1.17 (SH) 
N1.18 (DH) 

Fatalities due to fire/explosion as a consequence of a communications 
problem leading to a collision. 

6 N1.23 (SH) 
N1.24 (DH) 

Fatalities due to fire/explosion as a consequence of a technical 
problem leading to a collision. 

6 N1.15 (SH) 
N1.16 (DH) 

Single fatality or multiple severe injuries due to high-energy impact as 
a consequence of a communications problem leading to a collision. 

6 N1.7 (SH) 
N1.12 (DH) 

Fatalities due to fire/explosion as a consequence of a communications 
problem leading to a grounding event 

6 N1.8 (SH) 
N1.9 (DH) 

Fatalities due to fire/explosion as a consequence of a technical 
problem leading to a grounding event. 

6 N1.29 (SH) 
N1.30 (DH) 

Fatalities due to fire/explosion as a consequence of a communications 
problem leading to contact. 

6 N1.35 (SH) 
N1.36 (DH) 

Fatalities due to fire/explosion as a consequence of a technical 
problem leading to contact.  

 
 
 
Top-ranked hazards with respect to environmental damage 
 
All top-ranked hazards with respect to environmental consequences were judged to lead to major 
pollution (SI=4): 
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Table 24: Top-ranked hazards for coastal operations w.r.t. environmental damage.. 

Risk 
index 

Failure mode 
ID 

Description 

7 N1.17 (SH) Major pollution due to fire/explosion as a consequence of a 
communications problem leading to a collision. (single hull only) 

7 N1.15 (SH) Major pollution due to high-energy impact as a consequence of a 
communications problem leading to a collision. (single hull only) 

7 N1.13 (SH) Major pollution due to low-energy impact as a consequence of a 
communications problem leading to a collision. (single hull only) 

7 N1.2 Major pollution due to high-energy grounding (single hull) as a 
consequence of a communications problem. 

7 N1.1 Major pollution due to low-energy grounding (single hull) as a 
consequence of a communications problem 

7 N1.5 (SH) 
N1.6 (DH) 

Major pollution due to high-energy grounding as a consequence of a 
technical problem. 

7 N1.3 (SH) 
N1.4 (DH) 

Major pollution due to low-energy grounding as a consequence of a 
technical problem. 

6 N1.18 (DH ) Major pollution due to fire/explosion as a consequence of a 
communications problem leading to a collision.     

6 N1.23 (SH) 
N1.24 (DH) 

Major pollution due to fire/explosion as a consequence of a technical 
problem leading to a collision.  

6 N1.21 (SH) 
N1.22 (DH) 

Major pollution due to fire/explosion as a consequence of a high-
energy collision due to a technical problem.  

6 N1.19 (SH) 
N1.20 (DH) 

Major pollution due to fire/explosion as a consequence of a low-
energy collision due to a technical problem.  

6 N1.7 (SH) Major pollution due to fire/explosion as a consequence of a grounding 
event as a consequence of a communications problem 
(for DH: RI=5; SI=3, hazard ID N1.12) 

6 N1.8 (SH) 
N1.9 (DH) 

Major pollution due to fire/explosion as a consequence of a grounding 
event due to a technical problem.  

6 N1.29 (SH) Major pollution due to fire/explosion as a consequence of 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 consequence of a 
communications problem (for DH: RI= 4; SI=2, hazard ID N1.26) 

6 N1.27 (SH) Major pollution due to high-energy contact as a consequence of a 
communications problem (for DH: RI=4; SI=2, hazard ID N1.28) 

6 N1.33 (SH) 
N1.34 (DH) 

Major pollution due to high-energy contact as a consequence of a 
technical problem.  

6 N1.31 (SH) 
N1.32 (DH) 

Major pollution due to low-energy contact as a consequence of a 
technical problem.   

 
 
Summary of findings: 

·  All hazards yield major pollution (as the focus deliberately was set to identify hazards that can 
result in LOWI!) 

·  Top-ranked hazards w.r.t. environmental damage have lower risk index (and severity index) for 
double hull. 

·  The hull type does not have an impact on judgement of risk to human life. 
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5.3.4 Top-ranked hazards for maintenance tasks 

The team argued that, beyond STS (section 5.3.2), the most prominent processes with respect to cargo 
handling were judged to be loading/unloading at berth. Thus, only selected maintenance were discussed 
without following a particular process. Emphasis was put on fire/explosion and non-accidental structural 
failure. 
 
Maintenance tasks were only partially covered in the FMECA. Due to time constraints it was not planned 
to look into this process in detail. These results of this analysis are not considered complete, but merely 
may serve as input for planning a more detailed analysis focusing on machinery-related tasks. 
 
Focus was on hazards relating to safety aspects only. Maintenance work in ballast condition (cargo-tanks 
empty) and loaded conditions (ballast tanks empty) were distinguished. 
 
For maintenance operations in ballast condition the following hazards were identified. 
 
The highest risk index that was assigned in 8 (this is also the highest risk index assigned anywhere in the 
analysis. 
 
Top-ranked hazards with respect to human life 
 
The top-ranked hazards that were identified for maintenance tasks with respect to human life are listed in 
Table 25. 
 

Table 25: Top-ranked hazards for maintenance tasks w.r.t. human safety 

Risk 
index 

Failure 
mode ID 

Description 

8 M1.1 Multiple fatalities as consequence of a tank explosion during weld repairs 
caused by a high concentration of hydrocarbons due to insufficient tank 
cleaning and insufficient ventilation 

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

6 M1.2 Fatalities as a consequence of fire/explosion in adjacent cargo tank caused 
by sparks or induction currents and insufficient IGS 

6 M1.3 Fatality or severe injuries due to falling as a consequence of insufficient 
lighting or insufficient ventilation  

 
 
The latter hazard applies also to maintenance work in loaded condition: 

·  fatality or severe injuries due to falling as a consequence of insufficient lighting or insufficient 
ventilation (RI=6, hazard ID=M1.7) 
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Top-ranked hazards with respect to environmental damage 
 
Environmental hazards were not looked at specifically due to time constraints. The environmental 
influences of all but one identified safety-related hazards are considered low. For maintenance operations 
in loaded condition the only critical hazard that was identified is ():  
 

Table 26: Top-ranked hazards for maintenance task w.r.t. environmental damage 

Risk 
index 

Failure 
mode ID 

Description 

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

 
It can be argued that this is a general hazard which is not restricted to repairs. 
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6 Conclusions 

Its role as a prime resource for production of energy and goods renders crude oil an important commodity 
of world-wide trade. Despite intense research activities on the exploitation of alternative energy sources, 
it is expected that the volume of oil transport will double within the next decades. Today, about two thirds 
of the world’s oil trade (crude oil and refined products) is transported by tanker. 
Safety and environmental protection aspects of crude oil transport are essential for the societal acceptance 
of transport by tankers. The IMO has in the past and will in the future define the basic requirements for 
ship safety and environmental protection, taking into consideration the cost-effectiveness of these 
requirements. 
The process defined for the evaluation of ship safety and environmental protection, as well as for the 
determination of risk control measures is Formal Safety Assessment. Within this process risk analysis and 
cost-benefit analysis are applied. 
 
In SAFEDOR SP 4.7 an FSA is performed with focus on crude oil tanker operations. The aim of this task 
was to prepare the foundation for this FSA by providing the following information: 

1. A definition of the scope of the analysis (accident categories, risk types, etc.) 
2. A review of accident statistics in order to identify processes and associated hazards that lead to 

accidents in the past. 
3. Identification and ranking of a list of hazards that may lead to hazards in these processes in the 

future. 
The high risk hazards of this list should be subject to more detailed analyses in subsequent steps, in 
particular during the quantitative analysis of the FSA. 
 
The focus was set to cover crude oil tankers of types “Chemical/Products Tanker”, “Shuttle Tanker”, 
“Crude Oil Tanker”, “Crude/Oil Products Tanker”, “Products Tanker” and “Tanker (unspecified)”, which 
have a deadweight of 60,000 dwt and larger, and which were keel laid on or after 1 January 1990. These 
tanker types are selected because they form a homogeneous group with respect to the operational 
boundary conditions, and because they represent the backbone of world-wide crude oil transport (more 
than 80 % of crude oil transported by sea is carried by these tankers). In order to reflect the present 
situation of tanker design, and to limit the influence of older accident events that are not relevant for 
today’s state-of-the art, the time interval in focus of this analysis is restricted to the period 1990-2007. For 
this interval casualty data are analysed, based on publications, to determine the major areas of concern. 
 
The most frequent accident categories found for these vessels are Collision, Non-accidental structural 
failure and Grounding. The most severe outcomes with respect to human safety are the result of 
Fire/explosion, Contact, Grounding and Collision. 
 
Based on considerations of environmental and operational conditions at the time such accidents occur, the 
team of analysts agreed to focus on the following operational scenarios: 
 

·  operation in restricted waters 
·  loading/unloading at berth 
·  ship-to-ship transfer (only STS-specific steps that go beyond Loading/Unloading) 
·  maintenance (selected tasks only) 

 
In the hazard identification these operations were analysed in two hazard identification sessions with 
participation of experts of relevant backgrounds (naval architects, marine engineers, masters, pilots, 
mechanical engineers, safety engineers, safety officers, ISM-experts, fleet managers). 
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In total 81 hazards were identified which are distributed over the operational phases as shown in Table 
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 life were: 

·  Explosion during loading/unloading in harbour after mooring breaks because vessel passing with 
high speed 

·  fire/explosion after collision due to communications problem during navigation 
·  Fire/explosion after breach of manifolds/pipelines caused by drift of vessel during SP mooring 

(communications problem or pilot fatigue) 
·  Fire/explosion during loading/unloading due to failure/absence of vapour emission control system 
·  Fire/explosion during weld repairs due to insufficient cleaning of pipes 

 
The top-ranked hazards with respect to environmental damage were: 

·  explosion during loading/unloading in harbour after mooring breaks because vessel passing with 
high speed 

·  loss of cargo after high-energy impact due to human communications problem leading to a 
collision 

·  loss of cargo after high-energy impact due to technical communications problem leading to a 
collision 

·  breach of cargo tank due to stuck pressure valve during ballasting 
·  damaged bunker tanks due to collision during preparation of STS 

 
Risk models that will be developed in the course of the quantitative analysis will cover this scope with 
respect to ship types, operations and accident categories and should be applicable to quantify at least these 
top-ranked hazards. 
With the results that are summarised in this deliverable the foundation for the development of the 
quantitative risk model (to be developed in stage 2 of the FSA process) is provided. 
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Annexes 

The standard 7 × 4 Risk Matrix contained in the IMO FSA Guidelines [14]  was extended to a 8 × 5 Risk 
Matrix by using the frequency index in Table 28 and the severity index in Table 29. The extended 
versions of these tables provide a higher granularity and take into account the size of the vessels. This 
matrix was also by SAFEDOR sub-project for the ranking of identified hazards for RoPax vessels [46]. 
 

Annex I: Abbreviations and Definitions 

Abbreviations 
COW Crude Oil Washing 
FME(C)A Failure Modes, Effects (and Criticality) Analysis 
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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Definitions 

The following definitions are used (from [15] and [37]): 
Accident An unintended event involving fatality, injury, ship loss or damage, 

other property loss or damage, or environmental damage. 
Accident category A designation of accidents reported in statistical tables according to their 

nature, e.g. fire, collision, grounding, etc. 
Accident scenario A sequence of events from the initiating event to one of the final stages. 
Consequence The outcome of an accident. 
Frequency The number of occurrences per unit time (e.g. per year). 
Generic model A set of functions common to all ships or areas under consideration. 
Hazard A potential to threaten human life, health, property or the environment. 
Incident An unintended event that involves no or minor loss but with the potential 

for loss under different circumstances. 
Initiating event The first of a sequence of events leading to a hazardous situation or 

accident. 
Loss Of Watertight 
Integrity (LOWI) 

LOWI is defined as the loss of structural integrity; leading to a loss or 
reduction of buoyancy and a loss or reduction of cargo handling capability. 
LOWI is directly linked with a potential of harm to the environment due to 
oil pollution and indirectly with harm to crew [37]. 

Pre-90 Time interval 1978-1989 (i.e. prior to the introduction of OPA-90) 
Post-90 Time interval 1990 to present (i.e. after the introduction of OPA-90) 
Risk The combination of the frequency and the severity of the consequence. 
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Annex II: FI/SI Scales of evaluation 

FI/SI scales 
 
Table 28: Frequency Index (FI) 

FI 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 probable Likely to occur once per year in a fleet of 10 ships,  
i.e. likely to occur a few times during the ship’s life 

0.1 

4 Unlikely Likely to occur once per year in a fleet of 100 ships 0.01 

3 Remote Likely to occur once per year in a fleet of 1,000 ships,  
i.e. likely to occur in the total life of several similar ships 

0.001 

2 Very remote Likely to occur once per year in a fleet of 10,000 ships 0.0001 

1 Extremely remote Likely to occur once in the lifetime (20 years) of a world 
fleet of 5,000 ships 

0.00001 
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Table 29: Severity Index (SI) 
  Human safety Property Related Environment related [POP&C]  

SI Severity Description Equiv. 
fatalities 

Effect on ship Other 
monetary 
losses* 

 

Single or minor 
injuries 0.01 Local equipment damage 

(Repair on board possible, downtime negligible) 
1 

Minor 
Small increase in operational duties of 
crew 

Slight modifications of permissible operation conditions. 
Moderate degradation in handling characteristics. 

US$ 
30,000  

Non significant spill up to a few 
barrels of pollution to sea 

Multiple or severe 
injuries 0.1 non-severe ship damage 

(port stay required, downtime 1 day) 
2 

Signifi 
cant Significant increase in operational 

duties of crew, but shall not be outside 
their capability. 

Significant modification of permissible operation 
conditions; not outside capability of competent crew. 
Significant degradation in handling characteristics. 

US$ 
300,000  

A few tonnes of pollution to 
sea. Situation is manageable 

Single fatality or 
multiple severe 
injuries 

1 Severe damage 
(yard repair required, downtime < 1 week) 

3 

Severe  Dangerous increase in operational 
duties of crew. Cannot reasonably be 
expected to cope with them without 
external assistance. 

Marginal operation conditions. Essential need for 
outside assistance. 
Dangerous degradation in handling characteristics. 

US$ 
3  
million  

Significant pollution demanding 
urgent measures for the control 
of the situation and / or the 
cleaning of affected areas 

4 
Catas 
trophic 

Multiple fatalities 10 total loss (of, e.g. a medium size merchant ship) 
US$ 
30  
million  

Major pollution with difficult 
control of situation and / or 
difficult cleaning to affected 
areas 

5 

Disastrous 
Large number of 
fatalities 100 Total loss (of, e.g. a large merchant ship) 

US$ 
300 
million 

Uncontrolled pollution 
long-term effect on recipients 
long-term disruption of the 
ecosystem  



�������  

HazId of Tanker Operations 
D 4.7.1 

Document Id. SAFEDOR-D-04.07.01-2007-12-06-GL-TankerHAZID–rev-1.2 

Date 2007-12-06 

page 65 of 79 

 

Annex III: FMECA sheets 

Complete list of identified hazards (FMECA sheets) 
 
 

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

FMECA table “Loading/unloading” (ranked by RI) (part 1/2) 
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Next page: FMECA table “Loading/Unloading” (ranked by RI) (part 2/2) 
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A.2.2 FMECA results for process “Ship-to-ship transfer” 

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) 
 

 



�������  

HazId of Tanker Operations 
D 4.7.1 

Document Id. SAFEDOR-D-04.07.01-2007-12-06-GL-TankerHAZID–rev-1.2 

Date 2007-12-06 

page 73 of 79 

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 HazId by GL 

The subsequent sections summarize exemplary findings from an FMECA described in [10]. The analysis 

was performed by GL in the context of an analysis for the tanker management and self assessment 

process and provides more detailed hazards as can be found in a high-level HazId. These results may also 

inform the construction of the risk model in subsequent 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 in the following sections. The complete FMECA sheets with 

detailed results are attached as appendix to this document. 

The Assessment of risk allocated to the identified hazards was carried out by using the Frequency and 

Severity Category Tables as shown in appendix II. The additive calculation of the risk index yields a 

range from 2 (“negligible”) to 11 (“intolerable”). All risk values that were determined in the course of the 

analysis are in the range of 3 to 7. 

7.1 Loading at berth 

The loading process was decomposed into the following steps: 

1. Development of a loading plan 
2. Tank cleaning 
3. Berthing 
4. 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) 
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The highest risk with respect to human fatalities was assigned to the following failure modes: 

Risk 
Index 
(Human) 

Failure-
mode ID 

Description 

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

6 1.2.1 Fatalities due to explosive atmosphere in tank during tank cleaning. 
6 1.3.5 Injuries or fatalities due to breaking or wrong handling of ropes during 

mooring. 
6 1.5.1 Injuries due to failing hose connections in the course of the connection 

process. 
6 1.5.2 Injuries due to movement of loading arm exceeding allowance. 
6 1.6.7 Fatalities due to rupture of hoses or lines when loading of cargo 

commences. 
6 1.6.8 Injuries or fatalities in the aftermath of structural damage due to 

insufficient tank venting. 

 

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

Risk Index 
(environment) 

Failure-
mode ID 

Description 

6 1.3.2 Pollution due to disconnecting of hoses following ship movements due to 
use of inadequate ropes. 

6 1.3.3 Pollution due to improper handling of the mooring system. 
6 1.3.4 Pollution due to disconnecting of hoses following 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 hoses or lines 
6 1.7.1 Pollution in the course of disconnecting a pressurised pipe. 
 

The highest risk with respect to damage of property (vessel and harbour installations) was assigned to the 

failure modes: 

Risk 
Index 
(property) 

Failure-
mode ID 

Description 

7 1.1.1 A decreased flash-point caused by a mix of cargoes due to incorrect 
stowage. 

6 1.2.1 An explosive atmosphere created in the course of tank cleaning 
6 1.6.2 Contamination of cargo due to an incorrect line-up. 
6 1.6.5 Severe damage to the ship structure due to an overfilling of a tank. 
6 1.6.7 Fire and/or explosion due to a leakage or rupture of hoses or lines. 
6 1.6.9 Overstressing of structure due to wrong filling sequence. 
6 1.6.9 Extreme trimming with grounding/touching bottom due to wrong filling 

sequence. 
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7.2 Discharging at berth 

For the discharging process the following steps were distinguished: 

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

a. Cargo inspection 
b. Hoses connection 
c. Commencement of unloading 
d. Monitoring 
e. Completion of unloading 
f. Disconnecting hoses 

 

The highest risk with respect to human fatalities was assigned to the following failure modes: 

Risk 
Index 
(human) 

Failure-
mode ID 

Description 

6 1.2.5 Fatalities due to breaking or wrong handling of ropes during mooring. 
6 1.2.5 Injuries due to breaking or wrong handling of ropes during mooring. 
6 1.3.1 Fatalities due to fire/explosion caused by leakage in pump room. 
6 1.3.3 Fatalities due to explosion caused by insufficiently inert cargo tank 

atmosphere. 
6 1.3.4 Fatalities due to explosion caused by tank collapse due to vacuum that 

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

Risk Index 
(environment) 

Failure-
mode ID 

Description 

6 1.2.2 Pollution due to disconnecting of hoses following ship movements due to 
use of inadequate ropes. 

6 1.2.3 Pollution due to improper handling of the mooring system. 
6 1.2.4 Pollution due to disconnecting of hoses following ship movements due to 

failure of ropes. 
6 1.3.1 Pollution due to fire/explosion caused by leakage in pump room. 
6 1.3.3 Pollution due to explosion caused by insufficiently inert cargo tank 

atmosphere. 
6 1.3.4 Pollution due to explosion caused by tank collapse due to vacuum that 

builds up following stuck venting system. 
 

The highest risk with respect to damage of property (vessel and harbour installations) was assigned to the 

failure modes: 

Risk 
Index 
(property) 

Failure-
mode ID 

Description 

7 1.3.4 Damage due to explosion caused by tank collapse due to vacuum that 
builds up following stuck venting system. 

6 1.3.4 Loss of ship due to explosion caused by tank collapse due to vacuum that 
builds up following stuck venting system. 

6 1.3.1 Loss of ship due to fire/explosion caused by leakage in pump room. 
6 1.3.3 Loss of ship due to explosion caused by insufficiently inert cargo tank 

atmosphere. 
 

7.3 De-ballasting 

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

Risk Index 
(environment) 

Failure-
mode ID 

Description 

7 1.1 Pollution due to dirty ballast water that was taken in. 
6 1.1 Pollution due to ballast water that was polluted because of cracks or leaks 

in the cargo tank 
 

The highest risk with respect to damage of property (vessel and harbour installations) was assigned to the 

failure modes: 
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Risk 
Index 
(property) 

Failure-
mode ID 

Description 

6 1.2 Excessive trim due to inadequate ballast water management, possibly 
leading to touching ground. 

 

7.4 Sea voyage in ballast condition 

During a sea voyage in ballast condition the following tasks were investigated: 

·  ballast water exchange 

·  tank cleaning 

·  gas-freeing 

The highest risk with respect to human fatalities was assigned to the failure modes: 

Risk 
Index 
(human) 

Failure-
mode ID 

Description 

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

6 1.2.1 Fatalities due to explosions caused by explosive atmosphere in cargo tank 
during tank cleaning. 

 

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

Risk Index 
(environment) 

Failure-
mode ID 

Description 

7 1.2.4 Discharge of oily water during tank cleaning due to allowing insufficient 
time for separation combined with ballast water monitoring system 
malfunction 
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The highest risk with respect to damage of property (vessel and harbour installations) was assigned to the 

failure modes: 

Risk 
Index 
(property) 

Failure-
mode ID 

Description 

6 1.1.2 Reduced stability due to sloshing caused by free surfaces subject to 
inadequate ballast water exchange management. 

 

7.5 Sea voyage in loaded condition 

The highest risk with respect to human fatalities was assigned to the failure modes: 

Risk 
Index 
(human) 

Failure-
mode ID 

Description 

6 1.1 Injuries due to small fires or explosions caused by sparks created in an 
oxygen-rich atmosphere due to stresses during weather-induced ship 
movements. 

6 1.1 Fatalities due to larger fires or explosions caused by sparks created in an 
oxygen-rich atmosphere due to stresses during weather-induced ship 
movements. 

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

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

Risk Index 
(environment) 

Failure-
mode ID 

Description 

6 1.1 Pollution due to larger fires or explosions caused by sparks created in an 
oxygen-rich atmosphere due to stresses during weather-induced ship 
movements. 

6 1.3 Pollution following foundering due to structure failure. 
 

The highest risk with respect to damage of property (vessel and harbour installations) was assigned to the 

failure modes: 

Risk 
Index 
(property) 

Failure-
mode ID 

Description 

7 1.3 Loss of ship due to structure failure caused by fatigue. 
6 1.3 Loss of ship following foundering due to structure failure. 
6 1.1 Loss of ship due to larger fires or explosions caused by sparks created in 

an oxygen-rich atmosphere due to stresses during weather-induced ship 
movements. 

 


