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1 Abstract 

 

 

 

 

This deliverable begins by examining common maritime accident types in the Arctic through the 
data in the SEDNA Arctic accident database. Based on this data and in consultation with project 
partners and the advisory board, three accident categories were selected and five specific 
accident occurrences typical of these categories, with detailed accident investigation reports, 
were identified. The three accident categories selected were: ice damage, grounding, and ship 
collision during ice operations. 

After reviewing three different types of accident causation modelling methods: simple linear 
models, complex linear models, and complex non-linear models, one causation modelling 
method from each category was selected and used to examine the causes and consequences 
of one of the five accidents cases, namely the grounding of the Clipper Adventurer. The results 
from these three accident causation models were reviewed and the Time Sequence Model was 
chosen as the model to use for analysis of the other four accident cases.  

Based on the summaries of events and Time Sequence Models of the five accidents, three 
scenarios were developed that can be run in a ship simulator. The grounding of the Nanny, the 
collision between Mesabi Miner and Hollyhock, and the sinking of the Explorer were the 
accidents selected to be developed into ship simulator scenarios. These scenarios will be used 
by other project partners to test seafarer training and new technologies for improving the safety 
of maritime activity in the Arctic.  

By following this research methodology, three scenarios that represent the particular challenges 
of the maritime Arctic have been developed. These were based on qualitative and quantitative 
analysis of accident types and specific accident cases. It is hoped that the developed scenarios 
will help in carrying out objective, repeatable tests of new operational procedures, crew training, 
and ship-based technologies leading to safer maritime operations in the Arctic region. 
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2 Introduction 

 

2.1 Background 

The prospects of extracting mineral and hydrocarbon reserves from the Arctic as well as the 
potential for shorter shipping routes between Europe and Asia has proven an attractive 
proposition in recent years. Due to these opportunities along with improving environmental 
conditions and retreating ice due to a warming climate there has been increasing maritime 
activity in the Arctic region in recent years. Despite these improving conditions, the region still 
holds many challenges for ship operators and with increasing activity comes an increased risk 
of accidents occuring.  

The purpose of this deliverable is to examine the types of historical maritime accidents in the 
Arctic and examine the underlying causes. Finally, typical accident scenarios are proposed that 
can be implemented in a ship simulator to aid in the testing of new technology and training of 
seafarers. 

 

2.2 Aim 

 

The aim of this report is to identify, analyse, and define common Arctic accident scenarios in 
such a way that they can be implemented in a ship simulator. This will allow for the evaluation of 
new training and technology for the avoidance of maritime accidents in the Arctic, in a scenario 
representative of those that commonly occur. 

 

2.3 Objectives 

 

There are four objectives of this report which support the achievement of the aim: 

1. Identify common types of maritime accidents occurring in the Arctic. 

2. Identify specific occurrences of the most common accident types. 

3. Develop accident causation models for each of these specific accident occurrences. 

4. Define scenarios from the accident causation models for each of the selected accident types. 
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2.4 Links to other SEDNA work 

 

2.4.1 D2.1 – Arctic Risk-Based Design Framework 

The Arctic maritime accident database and the aggregation of accident details developed in 
D2.1 fed in to this work and provided a sound basis on which to base the accident causation 
analysis. D2.1 also presented a classification of accidents which was used in this deliverable to 
identify accident types suitable for causation modelling. 

2.4.2 D2.4 – Safe Arctic Bridge 

The Safe Arctic Bridge concepts being developed in D2.4 will be demonstrated in ST5.1.1. The 
scenarios developed in this work will be used to test and demonstrate the effectiveness of the 
Safe Arctic Bridge designs in challenging situations typical of the Arctic region.  

2.4.3 D3.6 – Arctic Navigation & Communications 

The work on Arctic navigation & communications highlighted several shortcomings of the 
current navigation and communications systems present in the Arctic region. This fed in to the 
work on identifying suitable accidents. The findings of D3.6 were also corroborated by the 
findings of the accident causation models and examination of the Arctic maritime accident 
database. 

2.4.4 D3.7 – SEDNA Arctic Bridge Operating Procedures Manual 

Although operational considerations were not a focus of this work, the scenarios produced can 
be used to test the procedures developed in D3.7. The accident causation modelling presented 
here demonstrates the need for improved operational procedures and so the scenarios 
produced will be a valid test of any new operating procedures. 

2.4.5 D5.1 – SEDNA impact demonstration 

This work presents realistic scenarios of challenges typical of the Arctic region based on 
objective analysis. These scenarios can be used in the future to demonstrate the impact and 
effectiveness of several other work packages and deliverables within a maritime simulation 
environment. 

2.4.6 D5.4 – Future research roadmap 

Setting future research direction requires understanding the current shortcomings and 
challenges facing the Arctic maritime community. The overview and analysis of Arctic accidents 
in this deliverable will provide possible directions for future research which can be explored 
further in the future research road mapping phase. 
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3 Accident database 

 

The basis of this report is the data contained in the SEDNA Arctic Accident and Incident 
Database (AAID) which is a database containing information on maritime accidents and 
incidents in the Arctic. The database was compiled by the SEDNA project using data from 
primary and secondary sources from countries including Norway, Canada, and Russia. The 
database is described in more detail in (Bergstrom, et al., 2019).  

The AAID, contains information on 3,362 accidents and incidents involving ships over 500 GT 
which are categorised according to the event types presented in Table 2. For this report, we 
have only considered accidents, not incidents, and only those that occurred within the last 10 
years. 

 

Table 2 - Accident event classification scheme for the AAID. 

Category Description 

Ship-ice 

interaction 

Accidental events resulting in 

structural damage due to ship-ice 

interaction. 

Technical failure  Technical failure resulting in loss of 

manoeuvrability/ seaworthiness. 

Occupational 

accident 

On-board work related accidents. 

Grounding Impact by the ship on the seabed.  

Beset in ice Surrounding of a vessel by ice such 

that it cannot move. 

Heavy weather Accidental events caused by a 

heavy weather related event such as 

a shift of cargo, flooding, breaching 

of hatches, or loss of 

manoeuvrability. 

Collision Collision between two ships or 

between a ship and a stationary 

object. 

Fire and 

explosion 

An unintended fire or explosion 

occurring on or in the vessel. 

Miscellaneous Any events that do not fit into 

another category. 

 

The top five categories of accident over the last ten years, as shown in Figure 1 are: 
occupational, grounding, collision, fire & explosion, and ice damage. A geographical overview of 
the accident type locations is shown in Figure 2. As this report is focussed on developing 
scenarios of challenging Arctic conditions for running in a ship simulator, the focus was kept to 
those categories most suitable for this task. This excluded the fire and explosion category, and 
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the occupational accident category as these would be too challenging to implement in a 
simulator. Some of these accident categories are more typical of the conditions in the Arctic 
than others, in particular, ice damage, collisions, and groundings are all highly typical of the 
challenges reported in this region. Each of these categories is discussed in more detail here. 

 

Figure 1 - Number of Arctic maritime accidents of different categories since 2009. 

 

Figure 2- Map of SEDNA AAID accident types and locations (Bergstrom, et al., 2019) 

 

0

50

100

150

200

250

N
u

m
b

er
 o

f 
ac

ci
d

en
ts



SEDNA D4.2 

 This project has received funding from the European Union’s Horizon 2020 research 
and innovation programme under Grant Agreement number: 723526 

Groundings are a particular issue in the Arctic for two main reasons: poor survey quality and 
coverage, and difficulties with navigation, these have been highlighted in another SEDNA 
deliverable D3.6 (Lynch, 2018). The former of these is due to the challenges of carrying out 
detailed bathymetric surveys in the harsh climate and short ice-free season, whilst historically 
low shipping traffic in the region has provided little incentive to improve the situation. The 
problem is, in some places, so severe that charted depths are from old hand measurements. 
The issue of a lack of accurate charts is complicated by the fact that navigation in the High 
North has several unique challenges. Marker buoys are not common in many areas due to the 
cost and difficulty of laying and maintaining them, and again due to historically low ship traffic. 
Magnetic compasses can become unreliable in the high latitudes, and satellite positioning 
systems such as GPS and GLONASS have had issues with coverage in the region. These 
issues can combine to create a situation where at times the crew may not know where unknown 
shoals are, and also not know where the known shoals are in relation to the ship. The chart in 
Figure 3 shows subcategories of grounding accidents indicating that weather played a major 
role in many of the accidents, but that most of the accidents were due to an unknown cause. 

 

Figure 3 - Plot showing the number of Arctic maritime accident events in different grounding 
subcategories. 

 

Ice damage is, of course, something more common in the Polar regions, particularly in the Arctic 
where rising temperatures are causing the ice to become more mobile, and where the complex 
coastal geometry can create chokepoints which can rapidly become clogged with ice. In the 
SEDNA accident database, this category is further divided into subcategories according to the 
ice type or damage mechanism that was involved, with Figure 4 showing the number of 
occurrences of each subcategory.  
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Figure 4 - Plot showing number of Arctic maritime accident events in different ice damage 
categories. 

Due to a combination of factors including increasing levels of ship traffic, challenging weather 
conditions, and space constraints, collisions have become an increasing problem in the Arctic 
region. Figure 5 shows a plot of the number of collisions categorised by cause or type. This 
shows that the most common type of collision is that which occurs through collision with another 
vessel in ice free water. This may be particularly due to narrow navigation channels or areas of 
high activity such as around oil terminals. The second type of collision is of greater interest, this 
type of accident occurs during ice operations which are usually ice breaker escort, ice breaker 
operations to free vessels beset in ice, or towing operations in ice. Icebreaker convoy 
operations have previously been identified as one of the most hazardous operations in ice 
infested water, and convoy collisions are one of the highest risk events (Goerlandt, Montewka, 
Zhang, & Kujala, 2017). 

 

Figure 5 - Plot of number of Arctic maritime accidents in the different collision categories. 
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3.1 Selected accidents 

The reasoning for the types of accidents to be investigated has been outlined above. However, 
finding detailed accident reports that provide sufficient information for a causation model to be 
constructed was not straightforward due to several factors. The absolute number of accidents is 
relatively low in the time period and region of interest, meaning there are not many specific 
accident occurrences to choose from. Most of the accidents that do occur are not investigated in 
depth, as this is a time consuming process and is often reserved for the events that result in 
loss of life or significant environmental damage. Of those accidents that are investigated, few of 
the reports are publicly available and those that are available may be in a local language and 
not English, making searching databases challenging. Furthermore, since there is not always a 
standard authority responsible for carrying out investigations. For example, sometimes it is the 
flag state and sometimes it is the state whose waters the accident occurred in. Therefore, there 
is no single central repository of accident investigation reports. 

Where possible accidents in the Arctic have been identified for full accident analysis. Where this 
has not been possible the pool of accidents considered for use in the causation modelling has 
been extended to the Antarctic and other ice-infested regions. 

Having reviewed several accidents of the types of interest, the accidents selected for causation 
modelling are shown in Table 3. 

 

 

Table 3 - Selected accidents for causation modelling 

Ship involved Category Subcategory Accident 
location 

Accident 
investigation report 
source 

Clipper Adventurer Grounding Grounding due to 
inaccurate sea charts 

Canadian Arctic Transportation Safety 
Board of Canada 

Nanny Grounding Other Canadian Arctic Transportation Safety 
Board of Canada 

Explorer Ice damage Collision with ice 
formation 

Antarctic Liberian Bureau of 
Maritime Affairs 

Saputi Ice damage Collision with bergy bits 
& growlers 

Canadian Arctic Transportation Safety 
Board of Canada 

Mesabi Miner & 
Hollyhock 

Collision Collision during ice 
operations 

Great Lakes, 
USA 

US National 
Transportation Safety 
Board 
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4 Accident causation modelling methods 

 

An accident occurs when a short, sudden and unexpected event results in an undesirable 
outcome, often causing injury to persons or damage to property. It is therefore essential to 
understand the root causes of accidents that occur to manage risks in future operations. A 
common approach to understanding the causes and consequences of accidents is accident 
causation modelling. Although a large number of accident causation modelling methods exist, 
they are commonly categorised into three types: Sequential Linear Models,  Complex Linear 
Models, and Complex Non-linear Models. 

As is the case with any model, each of these accident causation models have inherent 
assumptions and simplifications. Sequential linear models adopt the idea that accidents are the 
result of a series of events or circumstances that occur sequentially, eventually resulting in an 
accident. According to this view of accident causation, by removing one component in the series 
of events, the accident could be avoided. Complex linear models are similar in the sense that 
they assume that unsafe acts and latent hazard conditions in systems contribute to a linear 
sequence of events lead to accidents. These models assume that accidents can be avoided by 
implementing barriers and defences that stop the hazards and acts becoming a full-blown 
accident. The Complex Non-Linear Models are the most recently developed of these three 
accident causation model categories. These models propose that accidents in a real-world 
environment are non-linear in that they result from non-linear interaction between multiple 
factors. The complex interaction of these factors needs to be understood in order to prevent 
accidents from happening. A brief review of common methods from each of these three 
categories follows. 

4.1 Sequential linear models 

This category of models represents the series of events that must occur in a specific order for 
an accident to develop. 

4.1.1 Heinrich’s Domino Effect Model 

This model is based on the assumption that the series of events must occur in a fixed order for 
the accidents to happen. The model is composed of five factors that occur sequentially in order 
for an accident to occur, the final domino in the model is the injury resulting from an accident. 
The name refers to a metaphor of dominoes knocking one another over in a cascading fashion. 
The five dominoes or factors in Heinrich’s model are: 

 Social environment. 

 Fault of person. 

 Unsafe acts, mechanical and physical hazards. 

 Accident. 

 Injury. 

 
An accident only occurs when one of factors fall which will have a knock-on effect and 
eventually resulting in an accident, this is shown in Figure 6. 
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Figure 6 - Domino Model of Accident Causation (Modified from Heinrich, 1931) (Safety Institute of 
Australia Ltd, 2012) 

 

Based on the model, accidents can be prevented by removing one of the factors which stops 
the knock-on effect. Heinrich suggested the main factor in the accident sequence is unsafe acts 
and mechanical or physical hazards and by removing this factor made the following factors 
ineffective. The model focus on human factor which is the cause of most accidents.  

4.1.2 Bird and Germain’s Loss Causation Model 

This model is similar to, and developed from, the Domino Model. There are five factors linked to 
each other in a linear sequence, however the factors differ from Heinrich’s model, an illustration 
of a Loss Causation Model is shown in Error! Reference source not found.. 

The five factors of this model begin with a lack of control, this refers to some deficiency in the 
risk control often due to inadequate standards or standards not being adhered to. Basic causes 
refers to personal factors such as a lack of understanding or ability, and job factors such as 
inadequate working standards, design, maintenance or equipment which might enable people to 
engage in substandard practices. Emerging from these factors a substandard act or condition 
can arise, referred to as the immediate cause resulting in an accident which ultimately results in 
a loss –damage to either property, people or process. During accident analysis using this 
method, the events are reviewed in reverse, starting from the loss and working back to identify 
the lack of control which set the events in motion. 

 

 

  

Figure 7- Loss causation model (Safety Institute of Australia Ltd, 2012) 
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4.2 Complex linear models 

These models encourage thinking about accidents as causal series of events in a similar way to 
the sequential linear models, but they consider more factors and barriers. 

4.2.1 Viner’s Energy-damage Model 

The idea of the model is that “Damage (injury) is a result of an incident energy whose intensity 
at the point of contact with the recipient exceeds the damage threshold of the recipient” (Viner, 
1991). In the model, hazard is a source of potential damaging energy and hazard control 
mechanism is used control the energy; if there is a failure of the hazard control mechanism, a 
loss of control over the energy occurs and results in injury or damage. The space transfer 
mechanism are the ways in which the energy and recipient come together assuming they are 
initially separate from each other.  

 

4.2.2 Time Sequence Model 

The Time Sequence Model emphasises the sequential development of accidents as no accident 
occurs in an instant and there is always a lead-up to the point at which things go wrong and 
then a development of the consequences.  

The first time zone also called preconditions, is where the factors that lead to an accident first 
arise. These can be either enabling conditions or enabling circumstances. Enabling conditions 
act over the long term and are a chronic deficiency in an organisation or system. Examples of 
enabling conditions may be a lack of inspection and monitoring of equipment condition, or a 
culture of risk taking within the organisation, equally it could be a smooth deck surface that does 
not provide enough grip for workers to walk safely on. Conversely, enabling circumstances are 
those factors which are short term, or fluctuate with time. This includes factors such as weather 
conditions, an oil spill that someone may slip on, or a high ship speed that leads to a loss of 
control. Using an accident involving a car skidding and crashing on an icy road as an example. 
Enabling conditions in this case may be wear to the car tyres reducing grip, and the driver 
having a lack of training in skid control. Enabling circumstances would be the weather and the 
ice on the road. It could also include factors such as driver fatigue. 

Figure 8 - Viner's energy damage model (Safety Institute of Australia Ltd, 2012) 
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The second time zone is where the occurrence happens. The accident occurrence begins when 
a mechanism is initiated. This mechanism, if not corrected or controlled leads to an accident 
event, which ultimately has an outcome. Continuing the example of the car driving on icy roads; 
in time zone one the mechanism begins as the car starts to skid, an event in this example could 
be the car skidding to such an extent that the driver loses their ability to control the direction and 
speed, and the outcome of this accident could the car striking a fixed object and the kinetic 
energy of the car being transferred to the structure of the car and the fixed object. In the second 
time zone of the model it is possible to prevent the accident from happening by active controls. 
These halt the mechanism and prevent the event and outcome from occurring. Continuing with 
the car example, an active control once the car starts to skid could be for the driver to use their 
skill to regain grip and reduce speed, or to steer the skidding vehicle clear of obstacles that 
would cause a collision. 

The third and final time zone is made up of the consequences of the accident. This consists of 
the damage, injury, or loss that unfolds from the outcome of the occurrence. Again, using the 
car example, once the car has crashed, the consequences may include such things as the 
driver suffering whiplash, damage to the car bodywork, a fuel leakage causing environmental 
pollution, loss to other drivers if the crash causes traffic, and financial loss to the insurer or 
driver due to the cost of repairs.  

 

 

Figure 9 - Time sequence model (Safety Institute of Australia Ltd, 2012) 
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4.2.3 James Reason’s Model 

Reason’s Model is an example of a system model which examine the failure within the system 
rather than focussing on the human component of failure. The Swiss Cheese Model is one of 
the most common models of this type and it addresses two kinds of errors, active and latent 
errors. Active errors are those where the effect is felt almost immediately whereas latent errors 
tend to lie dormant in the system largely undetected until, combined with other factors, cause an 
accident to occur.  

 

The developer of this model proposed that accidents do not necessarily occur because of 
individual errors (active errors), but are also due to the systemic organisational factors (latent 
conditions) within the organisation. The Swiss Cheese model is only one component of a more 
complex model, Reason’s Model of Systems Safety. Reason’s Model of System Safety takes a 
system approach rather than focussing solely on individual human error and it concentrates on 
hazards, defences and losses within a system.  

  

Figure 10 - The Swiss cheese model (Safety Institute of Australia Ltd, 2012) 

Figure 11 - Reason's model of system safety (Walker & Bills, 2008) 
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4.3 Complex non-linear models 

With current technology, many systems are closely linked and highly complex with unfavourable 
outcomes possible if tight tolerances are breached. The complex relationship between 
components in these systems means that accident causation cannot be analysed using linear 
models, and a more sophisticated modelling approach must be used. One such model is the 
Functional Resonance Accident Model (FRAM) which was conceived by Erik Hollnagel in 2004, 
it is typically used to identify risks in dynamic systems (Hollnagel & Goteman, The Functional 
Resonance Accident Model, 2004). 

4.3.1 Erik Hollnagel’s Functional Resonance Analysis Method(FRAM) 

The FRAM model is a method that allows analysis of complex sociotechnical systems. One of 
the major features of this model is that, rather than seeing accidents as the result of linear 
causality using cause and effect reasoning, it provides a way to describe outcomes using the 
idea of resonance arising from variability in everyday performance. This stems from the idea 
that success and failure are closely interlinked. Due to humans making approximate 
adjustments to systems in order to control their outputs, the sequence of events leading to a 
successful outcome can be the same as a sequence of events leading to failure. The difference 
in these outcomes is caused by the variability in the system and the approximate adjustments 
rather than the events themselves. This variability, particularly in complex systems, can also 
lead to emergent behaviour. By this, it is meant that when variability occurs in two or more 
functions, the consequence can be unpredictable and disproportionate in magnitude.   

In order to investigate accidents using this method, a model is built in four steps (Hollnagel E. , 
2018).  

1. Identify and describe important system functions and characterise them using six 
basic aspects (input, output, precondition, resource, time and control). 

2. Characterise potential variability of the functions.  

3. Determine the possibility of functional resonance on couplings between functions 
given their variability. 

4. Recommend ways to monitor and manage variability, damping that which leads to 
undesirable results, and enhancing that which leads to desirable results. 

 

Figure 12 - An illustration of the FRAM model (Safety Institute of Australia Ltd, 2012) 
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Table 4-Characteristic, Strengths and Weaknesses of Accident Causation Model 

 

Model Characteristics Strengths Weaknesses 

Domino Effect 
(Safety Institute of Australia Ltd, 2012) (Sabet, 
Aadal, jamshidi, & Rad, 2013) (Lehto & Salvendy, 
1991) (Storbakken, 2002) 

Cumulative effect 
Linked in a linear 
fashion 
Only occurs when one of 
factors fall 

Simplicity 
Easy to understand 
Focus on human factor 
which is the cause of 
most accidents 

Focus on blaming individual 
Not considering the failure within 
the organisation and management 
Focus on single cause when there 
may be multiple causes 
One-dimension sequence whereas 
accidents are usually multifactorial 

Loss Causation Model 
(Safety Institute of Australia Ltd, 2012) (Bird & 
Germain, 2007) (Lehto & Salvendy, 1991) 
(Storbakken, 2002) 

Similar to Domino Effect 
Linked in a linear 
fashion 
Only occur when one of 
factors fall 
Identify the relationship 
of the causes and 
effects of accident loss 
with the management 

Simplicity 
Easy to understand 
Identify the influence of 
management error 
Identify loss could be 
property, efficiency of 
process or production 
damage, not just injuries 
Focus on human factor 
which is the cause of 
most accidents 

Focus on single cause when there 
may be multiple causes 
One-dimension sequence whereas 
accidents are usually multifactorial 

Energy-damage Model 
(Safety Institute of Australia Ltd, 2012) (Viner, 1991) 
(Lehto & Salvendy, 1991) 

Define hazard as energy 
Signified accidents 
caused by undesired 
various energy transfer 
from a source to a 
recipient 
Identify there is 
threshold of energy 
build-up  
Linear model 

Focus on human factor 
which is often the cause 
of most accidents 
Analyse the accident 
process  
Identifies multiple 
causes 
Motivate designers and 
decision-makers to 
address safety during 
design phase 

Complex 
Need to set up an argument tree 
mapping 
One-dimension sequence where 
accidents are usually multifactorial 

Time Sequence Model 
(Safety Institute of Australia Ltd, 2012) (Lehto & 
Salvendy, 1991) (Brooke, Brooke, Else, & Leggett, 
2005) 

Arrange on a sequential 
timeline  
Display the actions 
before, during and after 
the incident 
Linear model 
 

Simplicity 
Easy to understand 
Showcase the flow of 
event 
Breakdown into three 
distinct time zones 
Display action to control 
damage 
 

Ignores the fact that the causation 
factors may occur simultaneously  
One-dimension sequence where 
accidents are usually multifactorial 

Reason’s Model (Safety Institute of Australia Ltd, 
2012) (Walker & Bills, 2008) 

Focus on the system 
failure 
Understand the 
complexity of accidents 

Relatively simple 
Focus on the 
organisational condition 
and human factors, 
rather than individual 
errors 
More comprehensive 
model that “Swiss 
Cheese” model 

Technical problems are not 
specifically dealt with  
Does not fully explain the 
complexity and dynamic nature of 
accident development. 

FRAM 
(Safety Institute of Australia Ltd, 2012) (Hollnagel & 
Goteman, The Functional Resonance Accident 
Model, 2004) (Grant, Salmon, Stevens, Goode, & 
Read, 2018) (Hollnagel E. , An Application of the 
Functional Resonance Analysis Method (FRAM) to 
Risk Assessment of Organisational Change, 2013) 
(Hollnagel E. , FRAM: The Functional Resonance 
Analysis Method-A Brief Guide on How to Use the 
FRAM, 2018) 

Focus on essential 
system functions 
Understand the 
complexity of accidents 
Using the theory of 
resonance arising  

Develops an 
understanding of 
mechanisms of socio-
technical systems. 
Does not decompose a 
system into 
components, hence a 
more comprehensive 
view 
FRAM guides and 
controls the analysis, 
doesn’t automate it 

Time consuming. 
The analyst must have an in depth 
understanding of the operations of 
the system. 
Provides clues where to focus, but 
does not offer a clear answer.  
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4.4 Discussion 

 

Based on this review of accident causation modelling methods, one method from each of the 
categories was chosen and a single accident case was investigated with each of these selected 
methods. This case was Clipper Adventurer which is presented in the next section and the 
methods chosen to investigate it were the loss causation model, time sequence model, and 
FRAM. Based on the results of this, it was decided that the time sequence model gave the most 
useful results for the purposes of this activity.  

Bearing in mind the ultimate aim is to produce scenarios to be run in a simulator, and this requires 
a linear series of events that lead up to an accident, the time sequence model clearly provides 
this. Therefore, the parts of the model to be used in the simulator are the preconditions, or at least 
those of the preconditions that can reasonably be implemented in a simulator, the initiation of the 
event mechanism, and sometimes the event itself, depending on the case in question. 
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5 Case Study 1: Clipper Adventurer Grounding 

5.1 Vessel Particulars 

 

Table 5 – Vessel particulars for Clipper Adventurer. 

 

Name Clipper Adventurer 
Type Passenger ship 

Gross Tonnage 4376 

Length 90.91m 

Draught 
Forward: 4.5m 

Aft: 4.6m 

Number of Passengers 128 

Number of Crew 69 

Built 1975 
 

 

 

 

Figure 13 - Clipper Adventurer (Transportation Safety Board of Canada, 2012) 
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5.2 Summary of events 

14/8/2010 – Clipper Adventurer embarked 129 passengers and departed Kangerlussuaq, 
Greenland for Kugluktuk, Nunavut. Journey was scheduled for 2 weeks and proceeded as 
normal in well surveyed areas up to day 13 according to the route shown in Figure 14. 

 

Figure 14 - Clipper Adventurer Arctic itinerary for 2010 before the addition of Port Epsworth 
(Transportation Safety Board of Canada, 2012) 

27/8/2010 – The vessel stopped at Port Epsworth and was scheduled to arrive at Kugluktuk at 
08.00 on the morning of the 28th August. The bridge team prepared courses from Port Epsworth 
to Kugluktuk using Canadian Hydrographic Service chart No. 7777. Two possible routes to 
Kugluktuk from Port Epsworth were planned and are shown in Figure 15 along with the third 
alternative not considered which was to return along the same route they had taken previously. 
Route A was selected.  

17.00 - The vessel got underway from Port Epsworth – 3 hours ahead of schedule. 
During this time the water depth was being inspected using an echo sounder and the 
chief officer monitored the vessel’s progress using parallel indexing on the starboard 
radar. The forward looking sonar was not working and therefore not in use. Once clear of 
Port Epsworth, the vessel was placed on autopilot at a speed of 13.9 knots on a course 
of 300 degrees gyro. This route followed a single line of soundings.  

After leaving Port Epsworth the chief officer noted a depth of 66m in an area where the 
chart indicated 40m depth. At 1832 Clipper Adventurer ran aground on a shoal in 
position 67°58.2’ N and 112°40.3’ W. The vessel listed 5 degrees to port. The chief 
officer stopped the main engines and closed all watertight doors from the bridge. 
Emergency procedures were carried out by the crew including sounding tanks and 
lowering lifeboats. During this procedure, it was discovered that 7 tanks and 
compartments were breached. 

18.53 – The master attempted to contact Marine Communications and Traffic Services 
(MCTS) Inuvik but was unsuccessful.  

18.55 – The master contacted the company’s Designated Person Ashore (DPA). 
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19.03 – The master contacted the Northern Canada Vessel Traffic Services Zone 
(NORDREG) Iqaluit by marine telex to report that they had run aground. NORDREG 
informed MCTS Inuvik of this. 

19.10 – All passengers were mustered to the main lounge. 

19.15 – Joint Rescue Co-ordination Centre (JRCC) Trenton was informed of the 
grounding and initiated an Enhanced Group Calling SafetyNet broadcast at a 200 mile 
radius from the Clipper Adventurer.  

19.32 – CCGS Amundsen headed towards the grounding site from Lady Franklin Point.  

28/8/2010 00.55 – Master transferred ballast and fuel in preparation for a refloat attempt. 

 02.05 – Engines were operated astern and bow thruster run to attempt to back off from 
the shoal. This was unsuccessful. 

09.30 – A second attempt was made to back off from the shoal, this time using the bow 
anchors in addition to the engines. This was also unsuccessful. 

29/8/2010 10.00 – CCGS Amundsen arrived at the scene of the accident. Amundsen conducted 
surveys of the area and the passengers were transferred from the Clipper Adventurer to the 
Amundsen but all crew members remained on board the Clipper Adventurer. The rescued 
passengers were transferred to Kugluktuk . 

31/8/2010 – CCGS Sir Wilfrid Laurier arrived on the scene to assist with pollution control. 

Figure 15 - Route options from Port Epsworth to Kugluktuk (Transportation 

Safety Board of Canada, 2012) 
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1/9/2010 – Dive team and salvage company arrive on site. They discovered that in total 13 
compartments and tanks were damaged, not 7 as originally thought.  

3/9/2010 – 11/9/2010 – Several unsuccessful attempts were made to refloat the vessel involving 
the use of roller bags and three tugs. The Clipper Adventurer sustained further damage during 
these attempts and bad weather that occurred during this time and non-essential personnel 
were transferred to the CCGS Sir Wilfrid Laurier. 

11/9/2010 – 14/9/2010 – The vessel sustained further damage due to adverse weather. 

14/9/2010 – A fourth tug was engaged and using all four tugs, the Clipper Adventurer broke free 
from the bottom and was towed to Port Epsworth. 

19.04 – Clipper Adventurer anchored safely at Port Epsworth. 

17/9/2010 – Clipper Adventurer was towed to Cambridge Bay. 

18/9/2010 – Clipper Adventurer arrived at Cambridge Bay for inspections by the Classification 
Society and temporary repairs.  

25/9/2010 - 28/9/2010 – Vessel transited to Pond Inlet under escort. 

7/10/2010 – 12/10/2010 – Vessel transited to Nuuk, Greenland under escort where further 
temporary repairs were carried out. After this, the vessel transited to Iceland and eventually 
Gdansk, Poland where permanent repairs were carried out. 
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5.3 Loss Causation Model 

Loss 
Direct Losses:  

 13 compartments/tanks were ruptured (ballast water and fuel tanks). 

 Deflection of the hull affected the functionality of the propulsion system 

 Lost time as vessel could not be refloated and was stuck on the shoal for 25 days.  

 Passengers onboard could no longer continue with their journey and needed to transfer off the 

vessel. 

 Minor pollution due to the breaching of the fuel tanks 

Indirect Losses: 
 Unfavourable press that affected the consumers’ confidence in the safety of the company and 

vessel, hence the vessel has subsequently been renamed.  

 Around C$500,000 of pollution cost (CBC, 2017). 

 Insurance cost. 

 Claim costs from passengers. 

 Salvage cost. 

 Repair cost, with the repair completed by 27 October 2010. (Lloyd's List Intelligence, 2018) 

 Lost time due to repairing. 

 
Incident 

 Contacted with the shoal in position 67°58.2’ N and 112°40.3’ W 

 List 5° to port 

 
Immediate causes 
Substandard Act: 

 Travelling at full sea speed of 13.9 knots in a poorly charted area, which would only give the crew 

48 second of warning if the forward-looking sonar was operating. The vessel could have travelled 

at 6 knots and still managed to reach Kugluktuk on schedule. 

Substandard condition: 
 Forward looking sonar was out of service which deprived the crew of an additional source of 

important information when transiting in a single line of sounding. 

 Using the single line of sounding made in 1965 survey which used less reliable technology.  

 Inadequate chart onboard for route planning, i.e. no chart correction was available despite of 

CCGS Sir Wilfrid Laurier discovered the shoal that Clipper Adventurer grounded on.  

 During voyage planning, the bridge team didn’t use the ICS Bridge Procedure Guide as a 

guideline, therefore Notices to Shipping (NOTSHIP) were not applied during the voyage planning 

process. 

 
Basic causes 
Personal factors: 

 The master had at least 35 years of polar navigation experience, but this was his first voyage to 

Port Epworth.  

 The chief officer had 4 seasons of experience in the Canadian Arctic and had been working with 

this master for 3 years on other cruises.  

Job factors:  
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 Forward looking sonar was not operational which was first discovered in the spring of 2010 during 

a dry docking. The crews did not use the vessel’s portable echo-sounder equipped inflatables to 

precede the vessel, which was used previously in other unsurveyed area in Arctic and Antarctica 

as a risk mitigation method.   

 The crew relied on the echo-sounder to examine the accuracy of the chart which only offers the 

depth beneath the vessel, but not ahead.  

 Port Epworth was not in the original itinerary, it was not until a month before the voyage that the 

voyage was planned. This left little time for the bridge team to verify it and collect the full 

information required. 

 
Lack of control  

 The Quality, Safety and Environmental Protection (QSEP) program was not complied with. The 

voyage planning did not use the voyage planning appraisal form from the ICS Bridge Procedure 

which stated that waters north of 60° N are not well surveyed and should refer to NOTSHIPs. It 

was the master’s responsibility to ensure the QSEP program was enforced. 

 QSEP did not identify all risks that the vessel would encounter in poorly charted areas or place 

certain guidelines for operating in the Arctic, i.e. ensuring that the voyage plan was revised by the 

management company; the forward looking sonar was operable; the portable echo-sounders 

were required; the speed when operating in poorly charted areas; and NOTSHIPs were obtained. 

 The company did not use the safety management system (SMS) to full effect, the SMS is used to 

manage risk proactively through identifying, assessing and analysing the risks. However, it did 

not provide guidance for the crew to mitigate the risks relating to the inoperative forward-looking 

sonar and guaranteeing the crew had access to NOTSHIPs. 

 NOTSHIPs were no longer broadcast, the vessel could obtain it by specific request to Marine 

Communications and Traffic Services (MCTS) or downloading it from Canadian Coast Guard 

(CCG) website which was troublesome in an area with unreliable internet connections. 

 Forward looking sonar is an important equipment when navigating in uncharted water and 

automatically alert the bridge teams if obstacle is detected ahead, but it is not mandatory 

according to the Canadian Regulations and IMO Guidelines for Ships Operating in Polar Water. 

 Canadian Hydrographic Service (CHS) did not issue Position Approximate (PA) and Position 

Doubtful (PD) chart corrections, depriving the bridge team from one source of critical information.  

Figure 16-Loss Causation Model of Clipper Adventurer 
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5.4 Time Sequence Model 

 

Zone 1 – Preconditions 

 Enabling conditions: 

o The forward-looking sonar had been out of operation since the spring of 2010 when it 

was damaged during dry docking.  

o The area was not extensively surveyed and there was a complex system for 

communicating chart corrections in the Canadian Arctic waters which meant not all 

reported shoals were issued as chart corrections but rather, lower priority NOTSHIPs. 

The Canadian Hydrographic Service had not issued a chart correction for the shoal.  

 Enabling circumstances: 

o Voyage planning was carried out without complying with the company’s QSEP and ICS 

Bridge Procedures Guide meaning NOTSHIPs weren’t factored into the process. This 

resulted in the crew not being aware of the shoal near to their route, despite it being 

reported in a NOTSHIP. 

o The vessel was transiting at 13.9 knots along a route with only a single line of soundings. 

Zone 2 – Occurrence 

Mechanism 

 Travelling at a high speed in a poorly surveyed area with reduced sonar capability. 

Event 

 Deviating from the line of soundings, whilst in close proximity to an unknown shoal. 

Outcome 

 Ran aground on a shoal in position 67°58.2’ N, 112°40.3’ W. 

Zone 3 – Consequence 

 The hull was penetrated, and the ship brought to a complete stop. 

 Water entered through the hull penetrations. 

 The vessel lost some stability and listed 5° to port. 

 Minor fuel pollution from damaged tanks. 

 Several weeks in the shipyard was required to carry out repairs which were completed on 27th 

October. 

 5 refloat attempts before the vessel was finally refloated on 14 September, incurring significant 

cost. 

 Damage control: 

o All watertight doors were closed and main engines were stopped as active control. 

o Tanks were sounded to check for holes and lifeboats were lowered in preparation to 

evacuate.  

o Dive team confirmed 13 breached compartments and tanks. 

o 128 passengers were transferred to CCG’s icebreaker, resulting in loss of their planned 

holiday. 
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5.5 Functional Resonance Analysis Model (FRAM) 

 
Figure 17-FRAM of Clipper Adventurer's Operations 

For more information on the functions, please refer to Appendix A - FRAM Report of Clipper Adventurer.
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6 Case study 2: Nanny grounding 

6.1 Vessel particulars 

 

 

Figure 18 – Nanny (Transportation Safety Board of Canada, 2014) 

 

Table 6 - Vessel particulars for Nanny. 

Name Nanny 

IMO Number 833250 

Flag Canada 

Type Oil & chemical tanker 

Gross tonnage 6544 

Length 110.6 m 

Draft at time of 
occurrence 

Forward: 4.6 m 
Aft: 4.6 m 

Propulsion 1 diesel engine (4050 kW) driving a 
controllable pitch propeller. Bow 
thruster (450 kW), stern thruster (450 
kW). 

Cargo Diesel fuel (2893 m3) 

Crew 14 

Built 1993 

Navigational 
equipment 

On the bridge: 2 radars stations, 2 
ECS, 2 GPS, 2 manually operated 
searchlights. 
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6.2 Summary of events 

 

A chart of the route and point at which Nanny ran aground is shown in Figure 19. 

25/10/2012 13.00 – Departed Baker Lake to Lewisporte, Newfoundland and 
Labrador to carry out fuel operations. 

16.00 – Anchored 1.8nm north of Ice Breaker Islet waiting for high tide in 
Chesterfield Narrows so that it had sufficient water to pass through. The sister 
vessel, Dorsch, was already anchored on the charted route 0.5 nm southwest of 
Nanny. 

22.00 – The OOW on Nanny weighed anchor. The vessel navigated south of the 
charted route to pass the Dorsch, with the Master at the con. At this point, both 
searchlights were frozen in place. The port one facing forward and the starboard 
one facing aft. It was planned to use these to sight the Twist Point range beacon 
which is an unlit beacon marking a safe approach to Chesterfield Narrows. 

22.27 – Nanny was 0.1 nm southeast of the charted route and was passing the 
Dorsch.  

22.29 – The master altered course towards 180°T and was proceeding parallel to 
the charted course but off by about 0.05nm. This is shown in Figure 19. 

22.38 – The master altered course towards 146°T, parallel to the charted course 
but off now by approximately 0.12nm. The vessel’s speed decreased from 7.9 to 
5.6 knots. 

22.42 – The master ordered the helmsman to make an alteration to port to bring 
the vessel on to the 079°T course line to Chesterfield Narrows. The propeller 
pitch was reduced, causing speed to fall to 3.6 knots.   

22.44 – Nanny was now 0.09nm north of the 079°T charted course line on a 
heading of 082°T. Propeller pitch was increased and thrusters used to steady the 
vessel onto the 079°T heading.  

22.45 – The heading had swung back to starboard and was now 098.7°T. Speed 
was now 5.1 knots. The master manoeuvred the vessel back to port, towards 
079°T. Whilst this manoeuvring was taking place to get on the right course, the 
bridge team realised that the Twist Point range beacons had not been sighted. At 
this point a shudder was felt through the vessel. 

The OOW checked the radar and advised the master that they were 0.07nm to 
Ice Breaker Islet. The required safe distance from this islet is 1nm.  At this point 
the vessel was on a heading of 0.76.2°T and travelling at 4.5 knots. The master 
manoeuvred the vessel’s heading back to starboard towards 079°T.  
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22.47 – Nanny runs aground at position 63°59.6’ N, 094°18.4’ W with a heading 
of 079.4°T and approximately 0.05 nm north of the charted course. 

The master tried to refloat the vessel twice by reversing the main propulsion 
along with using thruster and rudder. During the second refloat attempt, the main 
breaker for the bow thruster tripped and a fire alarm sounded in the bow thruster 
room.  

03.00 – The shore manager and Northern Canada Vessel Traffic Services 
(NORDREG) were advised that Nanny was aground.  

26/10/2012 12.00 – The Dorsch unsuccessfully attempted to tow Nanny off the shoal 
at high tide.  

27/10/2012 07.05 – With the help of a 35 knot north-westerly wind, Nanny came off 
the shoal. 

28/10/2012 – After receiving clearance from Class Society and Transport Canada, 
Nanny transferred its cargo of fuel to the Alsterstern and departed for St John’s for 
inspection and repairs. After inspection, the damage present totalled: indented hull 
plating in the bow thruster compartment and machinery space, and the forepeak 
ballast tank. Port and starboard ballast tanks numbers 1 to 5 and starboard ballast 
tank number 6 was also indented. Ballast tank number 2C was holed. The bow 
thruster sustained damage to the blades, gears, shaft seal, electric motor, and free-
end cover.  
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Figure 19 - Route and accident location of Nanny (Transportation 

Safety Board of Canada, 2014) 
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6.3 Time Sequence Model 

Zone 1- Precondition 

 Enabling conditions: 

o The Twist Point range beacons were unlit and so not visible at night. 

o The arrangement of the ECS displays positioned in such a way that it was 

difficult for bridge officer stationed on the port side to sight. 

o Lack of bridge resource management and fatigue management training for the 

crew. 

 Enabling circumstances: 

o The route overlay feature in the radar was disabled. 

o It was night as they were approaching the unlit beacons marking the safe route. 

o Port and starboard searchlights were frozen in place meaning they could not be 

used to sight the unlit beacons. 

o It was only the second passage the OOW had made at night. 

o Several members of the crew were fatigued. 

Zone 2-Occurrence 

Mechanism 
 Charted course was deviated from in an area that posed serious navigational challenges.  

Event  
 Whilst efforts were being focussed on the thrusters and steering to help the vessel get 

back on course, they had come dangerously close to shallow water in the vicinity of Ice 

Breaker Islet. 

Outcome 
 Vessel ran aground in position 63°59.6’ N, 094°18.4’ W. It was completely immobilised 

despite attempts to back off the shoal. 

Zone 3-Consequence 

 Indented hull plating in the bow thruster compartment and machinery space, and the 

forepeak ballast tank.  

 Port and starboard ballast tanks numbers 1 to 5 and starboard ballast tank number 6 was 

also indented.  

 Ballast tank number 2C was holed.  

 The bow thruster sustained damage to the blades, gears, shaft seal, electric motor, and 

free-end cover.  

 Several ships spent many hours assisting the grounded vessel resulting in financial loss. 

 The Alsterstern was required to assist Nanny and take on the cargo of fuel, incurring 

further costs. 

 Nanny was out of service for several weeks whilst repairs were being carried out resulting 

in loss of earnings.  
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7 Case study 3: Saputi ice collision 

7.1 Vessel Particulars 

 

Table 7 - Vessel particulars for Saputi 

Name Saputi 

IMO Number 8516809 

Flag Canada 

Type Fishing vessel – factory freezer stern 
trawler 

Gross tonnage 2634 

Length 67.1 m 

Breadth 13 m 

Class 1A1 ICE-1C Stern Trawler 

Draft at time of 
occurrence 

Forward: 4.7 m 
Aft: 7.1 m 

Propulsion 1 diesel engine (3043 kW) driving 1 
controllable pitch propeller. One bow 
thruster. 

Cargo 306 tonnes of packaged frozen fish 

Crew 30 

Built 1987 

Lengthened 2012 

Navigational 
equipment 

3cm radar, 10cm radar, thermal imaging 
camera for ice detection (not operational) 

Fishing gear 2 trawls (used simultaneously) 

Fishing speed Trawl deployment: 4.9 – 5.4 knots 
Towing speed: 2.9 – 3.1 knots 

 

Figure 20 - Saputi (Transportation Safety Board of Canada, 2017) 



SEDNA D4.2 

 This project has received funding from the European Union’s Horizon 2020 
research and innovation programme under Grant Agreement number: 723526 

 

 

7.2 Summary of events 

29/1/2016 – Saputi departed Bay Roberts, Newfoundland and Labrador heading 
northeast to fish in shrimp fishing area 6. 

5/2/2016 – Headed to Davis Strait to fish turbot in NAFO Division 0B. 

7/2/2016 – Arrived at the fishing area east of Baffin Island to fish turbot along the ice 
edge. 

21/2/2016 18.30 –  The master was by himself on the bridge when he began to shoot the 
trawls.  

19.30 – The master identified a piece of ice 3nm away to port at which point he 
turned to port to remain on his intended course, with a plan to leave the ice to the 
vessel’s starboard. 

19.35 – Vessel was turning to port to pass the ice at position 62°34’N and 
059°06’W. The trawls being towed caused the vessel to heel more than normal 
during the turn and whilst this manoeuvre was being performed the vessel was 
lifted by a swell. As the swell subsided, the ship lurched towards the ice piece 
and contacted it at a point below the waterline. The Master heard a loud noise 
but was not concerned and continued to tow the trawls. 

20.30 – The high bilge alarm sounded in the cargo hold. At this point the 
engineer on watch informed the master that the vessel was taking on water in the 
cargo hold. Recovery of the trawls was immediately initiated. 

21.00 – The master informed the fleet manager that the vessel was taking on 
water in the cargo hold. The engineer on watch transferred fuel to the port tank 
so the vessel would list and bring the damaged area out of the water. 

21.33 – The master advised NORDREG of the situation. 

23.05 – Danish naval vessel HDMS Knud Rasmussen departed Greenland to 
provide assistance, with an 18hr ETA. The crew attempted to slow water ingress 
from the inside of the cargo hold where a 1.5m long, 1cm wide crack was 
identified. They used a sheet of rubber, piece of wood, and a metal plate as a 
patch with a hydraulic bottle jack used to press the patch against the inside of the 
crack. 
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22/2/2016 01.20 – The vessel was now located 140 nm east of Baffin Island and 220 nm 
southwest of Nuuk, Greenland. As the ice conditions around Baffin Island were bad, the 
master went northeast towards Nuuk. 

02.51 – Joint Rescue Coordination Centre (JRCC) Halifax was advised that the 
pumps in the vessel could not keep up with the volume of intake water and more 
pumps were requested. 

08.30 – A Hercules aircraft delivered 4 gasoline powered pumps. At this point the 
vessel had developed a 25° list to port. 

11.18 – Pump strainer became clogged with debris from the cargo hold. The 
gasoline pumps also create fumes making the compartment challenging to work 
in. 

12.19 – With the pumps operating at full capacity, the water level went down and 

the list reduced to between 10° and 15°. 

14.00 – HDMS Knud Rasmussen came along side Saputi and transferred 3 crew 
to assess the situation. Expansion spray foam and rags were used to block gaps 
around the temporary hull patches to slow water intake.  

Figure 21 - Saputi course and accident location (Transportation 

Safety Board of Canada, 2017) 
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23/2/2016 05.55 – With the situation worsening significantly, water ingress increasing, 
and the cargo now sloshing around and blocking the pumps, the master and the team 
leader of the HDMS Knud Rasmussen agreed that the pumping operations were not 
able to control the ingress of water. They decided to make the flooded compartments 
watertight to prevent the flooding from spreading. 

07.00 – All non-essential crew were intended to be evacuated to the Knud 
Rasmussen by Zodiac but the Zodiac became damaged and only 4 crew were 
successfully evacuated. An attempt to evacuate the crew by helicopter from 
Nuuk also failed due to the aircraft experiencing icing. 

17.50 – Weather conditions worsened and Saputi began to heel and had also 
developed a 45 degree list to port. After travelling through severe weather and 
the crew taking several actions to stabilise the list, the Saputi arrived at the fjord 
leading to Nuuk just before 18.00. 

24/2/2016 00.23 – Saputi arrived and was secured at Nuuk. 
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7.3 Time Sequence Model 

Zone 1 – Preconditions 

 Enabling conditions: 

o No formal procedure for identifying ice types, this was done based on individual 

experience and judgement. 

o No damage control plan. 

o Lower subdivision requirements for fishing vessels. 

 Enabling circumstances: 

o The thermal imaging camera was not operational, reducing the amount of 

information available to the crew. 

o In an area with floating first year ice pieces, with some pieces being composed of 

a multiyear ice core covered with first year ice, making them seem less 

dangerous than they were. 

o A trawl was being towed affecting the handling of the vessel. 

Zone 2 – Occurrence 

Mechanism 
 The vessel turned to pass the ice piece with about 5m of room.  

 Tension on the trawl lines caused reduced manoeuvrability and excessive heeling during 

turns. 

Event 
 As the vessel turned, due to tension on the trawls she heeled more than usual to port, at 

this point a swell lifted her, as the swell subsided, the vessel lurched toward the ice piece. 

Outcome 
 Saputi impacted the ice piece. 

 The hull cracked causing uncontrolled flooding of the cargo hold. 

 Zone 3 – Consequence 

 Fishing operations had to be halted, resulting in loss of revenue. 

 Flooding of the cargo hold making up over half of the length of the vessel. 

 Spoiling of the cargo, resulting in loss of revenue. 

 Search and rescue mission incurred significant costs. 

 Vessel was out of service for three and a half months whilst repairs were carried out 

resulting in lost revenue and costs incurred to insurers or owners. 
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8 Case study 4: Explorer ice collision 

8.1 Vessel particulars 

  Table 8 - Vessel particulars for Explorer. 

 

Figure 22 - Explorer (Commissioner of Maritime Affairs of Liberia, 2009) 

 

 

Figure 23 - Overview of Explorer's planned route (Commissioner of Maritime Affairs of 
Liberia, 2009) 

Name Explorer 

IMO number  6924959 

Flag Liberia 

Class 1A1 ICE-A 

Length 76.2 m 

Beam 14 m 

Draft 4.3 m 

Gross tonnage 2,398 

Cruising speed 13 knots 

Built 1969 
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8.2  Summary of events 

11/11/2007 – The Explorer was berthed in Ushuaia, Argentina with 54 crew and 100 
passengers on board. 

18.00 – Command of the vessel was handed over to a new master. 

18.55 – Pre-departure emergency drill held. 

21.00 – Vessel departed Ushuaia for the Falkland Islands. 

14/11/2007 – Explorer departed the Falklands and was at sea for the following 2 days 
with nothing of note occurring. 

17/11/2007 – 21/11/2007 – The Explorer anchored at various harbours in South Georgia 
for sightseeing until the 19th and was then at sea until the 21st. 

22/11/2007 20.00 – The safety officer relieved the chief officer to stand his regular 
watch. At this time the vessel was making about 11 knots.  

21.25 – Safety officer sees an ice field in the distance but was not sure of its 
extent. 

21.46 – The sun sets and searchlights were used to illuminate the ice field. Ship 
speed was reduced to 5 knots and the master arrived back on the bridge to take 
control of the vessel in preparation for entering the ice field. The extent of the ice 
field is shown in Figure 24. 

22.00 – The Explorer entered an ice field of varying ice concentrations and types. 
A passenger noted that the speed was higher than they had previously 
experienced on other ships when transiting ice fields. 

00.02 – The vessel struck a large ice ridge bringing it to a complete stop. 

00.02 – Master rams the ice ridge to try to make headway through it. Almost 
immediately, water began entering passenger cabins. 

00.05 – Passenger cabin 312 alarm activated. Oiler notes flooding in the 
Separator room. The location of the flooding is shown in Figure 25. 

00.10 – Two of the fitters leave their cabins to assist with damage control on 300 
level. The oiler reports the water level in the Separator room was rising rapidly 
and was instructed by the Third Assistant Engineer to close the watertight doors 
between the Separator room and Generator room. 
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Figure 24 - Rough extent of ice field and ship's track (Commissioner of Maritime Affairs of 
Liberia, 2009) 

 

Figure 25 - Location of flooding on 300 Level (Commissioner of Maritime Affairs of Liberia, 
2009) 
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00.12 – General emergency alarm activated. 

00.20 – Passengers evacuated to Lecture Hall. 

00.35 – Distress call and communication with two nearby vessels who started 
making their way to the Explorer’s position. 

02.15 – Power blackout and the pumps being used to control the flooding failed. 

02.35 – Order made to abandon ship, at this point the vessel is listing to 
starboard by 15-18 degrees. There was general chaos whilst loading lifeboats 
and safety procedures were not followed for checking the presence of all 
passengers and launching lifeboats safely. Seven Zodiacs were also launched 
and were used to tow the lifeboats. 

23/11/2007 06.25 – Nordnorge and Endeavour arrived on the scene and began boarding 
passengers from the lifeboats. All passengers were taken aboard Nordnorge. 

Nordnorge docked at Presidente Frei Base of the Chilean Air Force and the passengers 
were then taken to Punta Arenas by C130 before being repatriated. 

 

 

  



SEDNA D4.2 

 This project has received funding from the European Union’s Horizon 2020 
research and innovation programme under Grant Agreement number: 723526 

 

 

8.3 Time Sequence Model 

Zone 1 – Preconditions 

 Enabling conditions: 

o The vessel was travelling in an ice field of varied ice types and thicknesses. 

o The master and some of the crew had little experience of operating this vessel. 

 Enabling circumstances: 

o A less experienced officer was in charge of the vessel whilst navigating through 

the ice field. 

o It was night time and the ice was illuminated only with spotlights resulting in 

reduced visibility. 

o Speed was reportedly higher than normal for the conditions. 

o Varying ice conditions which made it difficult to judge the strength and thickness 

of the ice field. 

o Failure to reduce speed. 

Zone 2 – Occurrence 

Mechanisms 
 Ship sailed at high speed through an ice field of varying types and thicknesses. 

Event 
 Collision with ice ridge which halted the vessel’s progress. 

Outcome 
 The ice penetrated the hull below the waterline at approximately the 300 deck level. 

Zone 3 – Consequence 

 Water flooded the 300 deck and levels below this deck including the machinery space. 

 Flooding caused loss of electric and engine power. 

 Ship was evacuated. 

 Passengers lost the majority of their belongings which they could not take with them onto 

the lifeboats. 

 Passengers suffer from injury, cold, and distress whilst waiting in the lifeboats for rescue. 

 Two ships as well as the Chilean Coastguard are diverted to provide assistance. 

 Eventual capsize and sinking of the Explorer. 

 Sewage tanks leaked causing environmental pollution.  
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9 Case study 5: Mesabi Miner and Hollyhock collision 

9.1 Vessel particulars 

Table 9 - Vessel particulars for Mesabi Miner and Hollyhock 

Name Mesabi Miner Hollyhock 

Flag United States United States 

Type Bulk Carrier Coastguard vessel 

Length 306 m 69 m 

Beam 32 m 14 m 

Draft 8.84 m 4 m 

Tonnage  34,728 gross tons 2,000 gross tons 

Propulsion 2 x Pielstick 8,000 hp 
engines 
2 x controllable pitch 
propellers 

2 x Caterpillar 3,100 hp 
diesel engines 
1 x controllable pitch 
propeller 

 

 
Figure 26 - Bulk carrier Mesabi Miner (National Transportation Safety Board, 2014)

 
Figure 27 - US Coast Guard Cutter Hollyhock (National Transportation Safety Board, 2014) 
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9.2 Summary of events 

 

An overall view of the course sailed by the Mesabi Miner up to the point of the collision is 
shown in Figure 28. 

31/12/2013 – The Mesabi Miner loaded 49,000 tons of taconite pellets at Two Harbors, 
Minnesota and then departed bound for Gary, Indiana to offload at the U.S. Steel docks. 
The Mesabi Miner crossed Lake Superior and then became beset in ice several times. 

3/1/2014 - The vessel became beset in ice about 6 miles east of White Shoal Light. It 
remained at this location with five other vessels awaiting ice breaker escort. 

07.09 – The USCG vessel Hollyhock made its way from St Ignace to escort the beset 
vessels. Once Hollyhock arrived it freed the Mesabi Miner and one other vessel that 
were beset in ice and began a convoy along with the other four vessels. The Officer 
of the Deck (OOD) of the Hollyhock informed the following vessels that they should 
remain 1000 yards behind the Hollyhock and they intended to lead the convoy at 8-
10 knots. 

10.25 – The Hollyhock’s commanding officer and executive officer departed the 
navigation bridge and the qualified OOD assumed control of the vessel and 
responsibility for the junior officer under training. 

10.39 – The Hollyhock entered an area of thicker ice with several brash ice piles 
present and speed reduced to 3.4 knots.  The Mesabi Miner was informed of this 
speed reduction by radio and the crew brought both main engines to the neutral 
position. The Hollyhock increased throttle to full power and achieved a forward speed 
of 5.5 knots. The Hollyhock came into contact with ice that brought the vessel to a 
complete stop. The OOD radioed the Mesabi Miner to tell them they were beset in 
ice but the Mesabi Miner did not reply. The third officer of the Mesabi Miner alerted 
the master to the fact that the Hollyhock had stopped and the master of the Mesabi 
Miner put both engines full astern. 

The commanding officer and executive officer of the Hollyhock returned to the bridge 
after noticing the reduction in speed and the commanding officer issued a command 
to back and ram the ice patch. The Mesabi Miner were informed of this plan by radio. 

Due to the Mesabi Miner’s proximity it was not possible to achieve sufficient speed to 
allow the Hollyhock to break through the ice patch. At this point the Mesabi Miner 
had closed to 465 yards astern of the Hollyhock and was travelling at 7.1 knots. The 
commanding officer of the Hollyhock determined a collision was imminent and 
ordered left full rudder and to sound the collision alarm. 

10.42 – The bow of the Mesabi Miner made contact with the stern of the Hollyhock at 
a speed of just under 2 knots. The force of the collision drove the Hollyhock through 
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the ice ridge and it came to rest approximately 300 yards off the port bow of the 
Mesabi Miner. 

 

Figure 28 - Excerpt from chart 14902 showing the Straits of Mackinac area and the site of 
the collision on Lake Michigan, about 5 miles west of White Shoal Light (National 

Transportation Safety Board, 2014) 
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9.3 Time Sequence Model 

 

Zone 1 - Preconditions  

 Enabling conditions: 

o The amber light on the Hollyhock that is used to indicate that the vessel is going 

astern was routinely not used during the escort. 

o The Coastguard navigation team decided to deviate from several operational risk 

mitigation measures in a meeting prior to the operations. They did not ask for 

vessel particulars, stopping distance and turning radius of each vessel in the 

convoy. 

o Emergency manoeuvring information was not passed on to the crews of the 

convoy vessels, including the expectation that, in the event of an emergency, the 

Hollyhock would turn to starboard and the first convoy vessel would turn to port. 

 Enabling circumstances: 

o The most experienced officers left the bridge in the time period leading up to the 

accident leaving the qualified OOD in charge whilst also supervising a junior 

officer undergoing training. 

o After the Hollyhock started losing speed due to entering thicker brash ice, the 

Mesabi Miner did not reduce it’s speed to match that of Hollyhock resulting in a 

reduced gap between the vessels. 

o Some radio calls from Hollyhock to Mesabi Miner went unanswered resulting in 

uncertainty as to whether they were received and understood. The crew of 

Mesabi Miner claim they did not hear the radio calls saying that the lead vessel 

was stuck. 

o It was not possible for thicker areas of ice to be identified before they became a 

problem and caused the lead vessel to become beset. 

Zone 2 – Occurrence 

Mechanisms 
 The lead vessel entered into thicker ice, reducing its speed.  

 Hollyhock radioed Mesabi Miner to tell them to reduce speed but the transmission was 

not heard by the crew of Mesabi Miner. 

Event 
 USCG vessel Hollyhock struck an ice ridge and came to a complete stop. 

 Lead vessel did not have sufficient propulsive power to overcome the strength of the ice 

ridge. The following vessel had too much momentum to stop, even with engines put full 

astern. 

Outcome 
 The bow of Mesabi Miner struck the stern of Hollyhock at a speed of just under 2 knots. 
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Zone 3 – Consequence 

 Hollyhock – structural damage to framing and plating in several areas, hull perforated in 

two areas above the waterline. Damage estimated at $244,145. Hollyhock was out of 

service and unable to provide icebreaking support for several weeks whilst repairs carried 

out. 

 Mesabi Miner – structural damage to framing and plating in several areas, a 12 inch 

crack above the waterline. Damage estimated at $250,000.  
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10   Scenarios 

 

These scenarios describe some aspects of the accidents analysed in the earlier 
sections. They are provided in order to allow a ship simulator to reproduce the general 
conditions present in the discussed accidents, however, they do not necessarily 
reproduce the root causes of the accidents themselves. As has been discussed, many 
accidents are caused by human error, poor maintenance, and other factors that cannot 
be replicated in a simulator. Therefore the scenarios developed have been limited to 
weather and environmental conditions, vessel particulars to allow for handling and 
performance characteristics to be simulated, operational conditions such as speed and 
loading conditions, route taken, and a generic sequence of important events for each 
accident type. Some of the events and conditions leading up to the accident are taken 
from the preconditions of the time sequence models, in particular the enabling 
circumstances of the preconditions. It is not possible to simulate levels of human skill, 
fatigue, or organisational shortcomings and it is not expected that human errors will be 
deliberately repeated so aspects such as these have not been included.  

It is also true that some of the accidents are more relevant to this exercise than others or 
more easily set up in the simulator, for this reason one accident of each type has been 
selected. For the grounding case, the Nanny scenario has been selected as the 
navigation at night with an unlit range beacon and narrow entry to Chesterfield Narrows 
at night after having to pass the Dorsch is more complex than the alternative grounding 
case. For the ice collision, the Explorer scenario has been selected as it is more relevant 
than the Saputi collision where an earlier turn could have avoided the event. For the 
collision scenario, only one suitable convoy collision was identified due to a lack of 
detailed accident reports and so the Mesabi Miner case is used. 
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10.1 Scenario 1 – Nanny grounding  

 

Table 10 – Scenario 1 vessel particulars 

 

Name of Vessel Nanny 

Type Oil and Chemical Tanker 

IMO Number 9051399 

DWT 9176 tons 

Length overall 116 m 

Beam overall 19 m 

Draught 4.6 m 

Cargo Diesel Fuel (2893m3) 

Crew 14 

Built 1993 

 

Table 11 - Scenario 1 environmental conditions and general circumstances. 

 

Date 25/10/2012 

Location Chesterfield Narrows, Nunavut, Canada 

Apparent sunrise (local 
time) 

12.19 

Sunset (local time) 21.00 

Nautical twilight 22.48, 10.31. 

General weather 
conditions 

15 knot wind from NW, overcast, good 
visibility. 

Ice conditions No ice present. 

Tide High water at Norton Island (2.5 nm east of 
Ice Breaker Islet) – 20.38 then 09.12. Slack 
water is 2-2.5 hours after high water on 
Norton Island. 

Miscellaneous Both searchlights frozen in place, port light 
facing forward, starboard light facing aft. 
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22.00 Starting at the anchored position of 1.8nm north of Ice Breaker Islet, weigh anchor 
and navigate past the Dorsch which is anchored approximately 0.5nm southwest of the 
starting position. Make use of radar to determine distances from various landmarks in 
order to plot the vessel position. Speed approximately 7.9 knots. 

Approximately 22.27. Now passing the Dorsch. Once passed the Dorsch make use of 
range beacons on Bertrand Point to line up for the approach south to the entrance of 
Chesterfield Narrows on a bearing of 180°. See the planned route in  for approximate 
course.  

Approximately 22.38. Reduce speed to approximately 5.6 knots and turn to port to enter 
Chesterfield Narrows on a bearing of 146°. 

Approximately 22.42. Make an alteration to port to bring the vessel onto the 079° 
bearing. Keep watch for the Twist Point range beacon and remain a minimum of 0.1 nm 
off of Ice Breaker Islet.  

Once passed Ice Breaker Islet turn to starboard on a bearing of 110.5° and continue on 
through Chesterfield Narrows.  
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10.2 Scenario 2 – Mesabi Miner and Hollyhock collision 

 

Table 12 - Scenario 2 vessel particulars. 

 

Name Mesabi Miner Hollyhock 

Flag United States United States 

Type Bulk Carrier Coastguard vessel 

Length 306 m 69 m 

Beam 32 m 14 m 

Draft 8.84 m 4 m 

Tonnage  34,728 gross tons 2,000 gross tons 

Propulsion 2 x Pielstick 8,000 hp 
engines 

2 x controllable pitch 
propellers 

2 x Caterpillar 3,100 hp 
diesel engines 

1 x controllable pitch 
propeller 

 

Table 13 - Scenario 2 environmental conditions and general circumstances. 

 

Date 5/1/2014 

Location Straits of Mackinac, Michigan, United 
States 

General weather 
conditions 

Winds: north-northwest 10.5 knots, 
overcast, good visibility, daylight. 

Ice conditions 1ft thick ice cover, travelling in a previously 
broken track, refrozen with 6-8 inch brash 
ice. 

Temperature -11°C 

Tide Not relevant. 
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Approximately 10.25. Travelling in convoy behind an ice breaker at 8-10 knots, 
maintaining a distance of approximately 900-1100 metres astern the lead vessel. 

Approximately 10.40. Entering an area with thicker ice and several brash ice piles. The 
lead vessel speed reduces to 3.4 knots. Following vessel speed is approximately 8.4 
knots and the gap between vessels closes to approximately 870 metres. 

Approximately 10.42. Lead vessel increases throttle and achieves a speed of 5.5 knots. 

Approximately 10.45. Lead vessel comes into contact with an ice ridge bringing it to a 
complete stop. Following vessel still travelling at approximately 8.4 knots. Lead vessel 
backs off and attempts to ram through the ice ridge but makes no headway. 
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10.3 Scenario 3 – Explorer ice collision 

 

Table 14 - Scenario 3 vessel particulars. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Table 15 - Scenario 3 environmental conditions and general circumstances. 

 

Date 22/11/2007 

Location Bransfield Strait, South Shetland Islands 

General weather 
conditions 

Wind: west 24 knots, night time, spotlights 
illuminating ice field in front. 

Ice conditions First year ice pieces, some icebergs in the 
far distance. 

Tide Not relevant. 

 

 

 

 

 

Name Explorer 

IMO number  6924959 

Flag Liberia 

Class 1A1 ICE-A 

Length 76.2 m 

Beam 14 m 

Draft 4.3 m 

Gross tonnage 2,398 

Cruising speed 13 knots 

Propulsion 
system 

Controllable pitch propeller, 
unknown engine size. 

Built 1969 
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Approximately 21.25. An ice field is visible in the distance but the extent of it is not 
known. Speed is approximately 11 knots. 

Approximately 21.46. The sun sets, spotlights are turned on to illuminate the ice field. 
Speed is reduced to 5 knots. 

Approximately 22.00. The vessel is entering the ice field, the extents and shape of which 
is shown in Figure 24 The ice field is made up of pieces of first year ice and the 
helmsman is navigating through the gaps to avoid the larger pieces. 

Approximately 00.02. The vessel strikes an ice ridge which brings it to a complete stop. 
The helmsman backs off and attempts to ram through the ridge. 
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11  Conclusions 

 

This work presented a methodical progression from examining types of maritime 
accidents occurring in the Arctic, to identifying specific cases which present typical 
features of the types of challenges that seafarers face in the region, to finally developing 
scenarios that embody these features, can be run in a ship simulator, and ultimately 
improve the safety of maritime operations in the Arctic.  

Examining the SEDNA Arctic accident database and subsequently searching for 
accident investigation reports highlighted that there is a deficiency in the reporting of 
maritime accidents in the Arctic. There is a clear need for a standardised approach to 
reporting, classification and investigation of accidents involving ships and a need for a 
publicly accessible, common database for the flag and port states to submit reports to.  

On the surface of it, according to the SEDNA Arctic accident database categorisation, 
many of the accidents do not occur for reasons specific to the Arctic. For example, the 
fire and explosion category of accidents seem at odds with the cold environment that is 
typical of the region. However, accident types apparently unrelated to the Arctic, like 
explosions could be caused by the effects of the Arctic environment, for example, cold 
temperatures could freeze pipes, pumps, or valves and lead to a failure of some system 
subsequently causing explosion. Some of the most obvious Arctic challenges have been 
addressed in this report but there is future work to be done on investigating the other 
accident categories that make up a significant proportion of the total accidents.  

The accident causation modelling methods used in this project were sufficient for the 
task of developing scenarios for ship simulators. However, a possible future direction for 
this work could be to use methods such as fault tree analysis and event tree analysis to 
produce detailed, formal representations of the chain of events leading to the accidents. 
The feasibility of this is of course limited by the detail available in the accident reports, 
which has been found to be highly variable, and further highlights the need for a 
structured approach to accident reporting and investigation for the Arctic region. 

The results of the accident causation models showed that many of the accidents 
investigated in this project were at least partially caused by human error. Several of the 
operations in the examined accident cases relied heavily on individual human 
experience, accumulated knowledge and individual judgement. For example, judging ice 
types, safe speeds when transiting through ice infested waters, and safe thicknesses of 
ice ridges. These types of human factors could not be incorporated into the scenarios 
developed but the aim is that the technology and processes being developed in the 
SEDNA project will provide operators with an improved situational awareness to help 
avoid these types of human errors. 
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13 Appendix A - FRAM Report of Clipper Adventurer 

Name of function To Make a Voyage Plan 

Description According to IMO, a voyage plan should be completed by all 
vessels 

Aspect Description of Aspect 

Input Navigation in Inadequately Surveyed Areas 

Weather Report 

Ice Report 

Output Selected Route 

Arrive to Sights & Destination on time 

Transport Passenger Safely 

Precondition Good Vessel Intact Stability 

Good Vessel Structure 

Resource Bridge Team 

Control NOTSHIPS 

Schedule of the Voyage 

Captain 

QSEP 

Guidelines on Voyage Planning for Passenger 

Name of function To Chart Route 
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Aspect Description of Aspect 

Input Selected Route 

Output Charted Route 

Resource Bridge Team 

Updated Chart 

Name of function To Plot Position of Vessel 

Aspect Description of Aspect 

Input Working Navigation Equipment 

Output Position of the Vessel 

Resource Bridge Team 

Updated Chart 

Name of function To Propel Vessel 

Aspect Description of Aspect 

Output Propulsion 

Resource Engineering Team 

Working Propulsion System 

Name of function To Monitor Navigation Equipment 

Aspect Description of Aspect 

Output Position of the Vessel 
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Resource Working Navigation Equipment 

Name of function To Plot Position of Vessel 

Aspect Description of Aspect 

Input Working Navigation Equipment 

Output Position of the Vessel 

Resource Bridge Team 

Updated Chart 

Name of function To Propel Vessel 

Aspect Description of Aspect 

Output Propulsion 

Resource Engineering Team 

Working Propulsion System 

  

  

  

Name of function To Monitor Navigation Equipment 

Aspect Description of Aspect 

Output Position of the Vessel 

Resource Working Navigation Equipment 
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Name of function To Manoeuvre Vessel 

Aspect Description of Aspect 

Input Charted Route 

Output Arrive to Kugluktuk, Nunavut 

Precondition Propulsion 

Resource Bridge Team 

Captain 

Working Navigation Equipment 

Working Propulsion System 

Updated Chart 

Control Position of the Vessel 

Name of function To Ensure the Chart is Update 

Aspect Description of Aspect 

Input NOTSHIPS 

Output Updated Chart 

Resource Bridge Team 

Good Connection with Others 

Control Guidelines on Voyage Planning for Passenger 

Name of function To Recruit Capable Crews 
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Aspect Description of Aspect 

Output Bridge Team 

Captain 

Engineering Team 

Precondition Adequate Training 

Name of function To Maintain Working Equipment 

Aspect Description of Aspect 

Input Winterisation 

Adequate Equipment 

Output Working Navigation Equipment 

Working Propulsion System 

Working Communication Equipment 

Resource Bridge Team 

Engineering Team 

Control Maintenance Policies 

Name of function To Follow Guidelines & Regulations 

Description Guidelines and Regulations Set by government bodies and 
company 

Aspect Description of Aspect 

Output Maintenance Policies 
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QSEP 

Guidelines on Voyage Planning for Passenger 

Good Vessel Intact Stability 

Good Vessel Structure 

Winterisation 

Good Vessel Damage Stability 

Adequate Equipment 

Emergency Procedures 

Adequate Training 

Good Seakeeping 

  

Name of function To Arrive to Kugluktuk on Schedule 

Aspect Description of Aspect 

Input Arrive to Kugluktuk, Nunavut 

Output Transport Passenger Safely 

Name of function To Plan the Arctic Cruise 

Aspect Description of Aspect 

Output Schedule of the Voyage 

Navigation in Inadequately Surveyed Areas 
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Sights and Final Destination 

Name of function To Please Passenger Onboard 

Aspect Description of Aspect 

Input Sights and Final Destination 

Output Good Reputation 

Precondition Transport Passenger Safely 

Arrive to Sights & Destination on time 

Good Seakeeping 

Good Vessel Intact Stability 

Good Vessel Structure 

Good Vessel Damage Stability 

Safety of the Passenger 

Name of function To Communicate with Others 

Description Internet Connections and Communication with Authority 

Aspect Description of Aspect 

Output Good Connection with Others 

NOTSHIPS 

Weather Report 

Ice Report 
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Resource Working Communication Equipment 

Name of function To Control Damage 

Aspect Description of Aspect 

Output Safety of the Passenger 

Precondition Good Vessel Damage Stability 

 Good Connection with Others 

Resource Captain 

 Bridge Team 

 Engineering Team 

 Working Communication Equipment 

Control Emergency Procedures 

 

 

 

 


