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Executive summary  

The overarching objective of the SEDNA programme is to develop an innovative and integrated risk-

based approach to safe Arctic navigation, ship design and operation, to enable European maritime 

interests to confidently fully embrace the Arctic’s significant and growing shipping opportunities, while 

safeguarding its natural environment. In relation to safe Arctic Navigation and ship design, one of the 

primary proposed outputs of the SEDNA programme, is the design and development of a Safe Arctic 

Bridge concept, with a purpose of completing a “human-centric” innovation process, which merges 

contemporary human factor concepts, design practice methods and competence with versatile 

software engineering.  

WP 3 sets out address Safe Arctic Navigation, by developing the following: 

 Arctic Voyage Optimization Systems,  

 Accurate and dynamic Arctic weather and sea ice forecasting products,  

 Comprehensive Arctic Navigation assistance.  

D3.5 – “Codified Arctic Knowledge Navigation base”, contributes to achieving these objectives, by 

addressing a number of Safe Arctic Navigation considerations which are specific to Task 3.3 – “Safe 

Arctic Navigation Assistance”, while also linking in with efforts completed elsewhere throughout the 

programme. This report sets out, in end-user terms, where those end-users are Maritime 

Professionals, key considerations in relation to ensuring that vessels can safely navigate and operate 

within Polar/Arctic/Ice affected regions. By providing a consolidation of findings, methods, best 

practices and guidelines from industry validated knowledge sources, the SEDNA programme and 

indeed end-users can access a bank of comprehensive knowledge in which the focus is specifically on 

completing Safe Arctic Navigation.  

One of the key requirements for SEDNA programme objectives to be achieved, is that of industry 

engagement in order to ensure that any design concepts or developed methods/practices, are in line 

with industry requirements regardless of the context. This report addresses such engagement, by 

presenting a codified knowledge source, which outlines “real world” end-user considerations, which 

were developed through interactions with Ice Navigation experts, field trip observations, and 

continuous engagement with the relevant expertise within the SEDNA programme. Such engagements 

have ensured that the captured and presented knowledge is relevant both in industry and SEDNA 

programme effort terms. 
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1. Introduction 

This report has been completed to meet the requirements of D3.5 – “Codified Arctic Knowledge 

Navigation base” due in M12.  

The report has been designed with a view of providing a consolidation and codification of Arctic 

navigational knowledge, presenting the following: 

 The methodologies and rationales for approach selection in relation in to primary and 

secondary research efforts 

 A detailed research review, focusing on the following Arctic navigation considerations: 

o An outline of archival knowledge , providing a brief historical overview for the purpose 

of presenting context and macro-environmental drivers 

o An in-depth review of Polar/Arctic/Ice specific weather in the context of navigation 

o An in-depth review and presentation of Polar/Arctic/Ice navigation practices, drawn 

from industry validated publications, training guidelines, regulatory frameworks 

o An in-depth review and presentation of Polar/Arctic/Ice Ship handling considerations, 

drawn from industry validated publications, training guidelines, regulatory 

frameworks 

 The findings from on-site interviews completed on board Swedish and Finnish Ice Breakers 

 Ice breaker navigational and operational scenarios, which have been developed based on 

observations and interactions with industry experts completed during field trip efforts 

throughout the deliverable period 

 A summary findings section, outlining key design and Safe Arctic Navigation considerations 

1.1 Report Scope 

This report is the result of efforts completed by the Halpin Research centre at NMCI, with inputs from 

various partners in relation to focal points and methodology selection. The following SEDNA tasks and 

sub tasks have been incorporated: 

  Task 3.3 Safe Arctic Navigation Assistance (NMCI): 

o ST 3.3.1: Expert Knowledge Acquisition and Codification (NMCI) focusing on: 
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 Arctic Expert Knowledge elicitation and codification 

 Inform Safe Arctic Bridge Design efforts 

 A detailed research review 

 On-site interviews with Ice Breaker navigators 

 An identification and presentation of industry best practices through the 

detailed research review and scenario development. This effort has been 

significantly addressed throughout the scenario development aspects, as 

such knowledge not only presents how operations are complete, but also the 

information, rationales and decision making components of such tasks.  

1.2 Relationship with other SEDNA Efforts  

1.2.1 T 2.3 – The Safe Arctic Bridge (AHO) 

This task sets out to progress beyond the demands of the Polar Code and the e-navigation concept in 

terms of user friendly harmonised systems for safe Arctic navigation by appropriating emerging 

Augmented Reality (AR) technology driven for Arctic situational awareness and decision support. The 

purpose is to conduct a human centred innovation process merging state of the art human factors, 

design practice methods and competence with agile software engineering. The in-depth research 

review and the use of scenario development methods in D3.5, designed to link end-user operational 

knowledge with design architecture requirements with a specific emphasis on “human-centric” 

considerations, provides the necessary link and contribution to this effort. 

1.2.2 T 3.1 – Arctic Weather and Sea Ice Forecasting (MET) 

This task sets out identify the Arctic forecasting requirements from a range of industry partners and 

adapt accordingly the type and format of the existing forecasting products. An emphasis is also placed 

on further developing and verifying the forecasting capabilities to increase value. D3.5 contributes to 

this effort firstly by providing key contextual industry best practice guides outlined within the research 

review. The on-site interview section outlines findings in relation to specific queries which were 

provided by the relevant SEDNA partner. Finally, the Ice Breaker scenario section, outlines the “real-

world” environment and operations in which weather and sea ice forecasting tools will be employed.  

1.2.3 T 3.2 – Safe Arctic Voyage Optimisation System (CHAL) 

This task sets out to develop a weather routing system that considers a ship’s operation safety, ice 

condition avoidance, expected time of arrival, structural integrity and severe motion response in harsh 
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environment. These efforts will then be fed into the efforts in relation to the design of the safe Arctic 

bridge system. Similarly to T3.1, D3.5 contributes to this effort by providing key contextual industry 

best practice guides outlined within the research review. The on-site interview section outlines 

findings in relation to specific queries which were provided by the relevant SEDNA partner. Finally, the 

Ice Breaker scenario section, outlines the “real-world” environment and operations in which voyage 

optimisation/planning methods are employed. 

1.2.4 WP 4 Integrated Safe Arctic Knowledge Bade (UoS) 

WP 4 sets out to develop an integrated Safer Arctic Shipping Knowledge Base in SEDNA. It specifically 

focusses on the design and implementation of intelligent open big data processing services which can 

be invoked for critical decision-support and lead to achieving advanced safer shipping intelligence 

towards safer shipping in arctic environmental conditions. An example of specific contributions by 

D3.5 efforts, are in relation to the continued and upcoming work on T4.2 – Safe Shipping Intelligence 

(UCL). The scenario building for the “real world” testing of the Safe Arctic Bridge, is an area in which 

the research review and Ice Breaker Scenario development aspects of D3.5 can make a direct 

significant contribution.  
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2. Codified Arctic Knowledge Research Methodology 

This section outlines the methodological approaches used throughout this effort, while also outlining 

the rationales and process for selection. The archival knowledge section briefly discusses the focal 

points within this effort, and rationales for completing this review in the manner in which it was 

conducted. The contemporary arctic knowledge piece presents the discussed headings and their 

rationale for selection, in this case Polar Weather in the context of navigation, Polar Navigation and 

Polar Ship Handling. The primary research efforts section briefly outlines the methods used 

throughout this deliverable, in this case on-site interviews and a field trip on board an Ice Breaker 

while at sea. With regards the interviews, a rationale is presented in terms of how focal points were 

developed, using efforts from the desk top study and inputs from SEDNA programme partners in order 

to inform efforts elsewhere e.g. bridge design, Arctic Weather and sea ice forecasting, and Voyage 

Planning Optimisation.  Finally, the field trip section presents the methodologies and rationales used 

for selecting the presented Polar/Ice Navigation scenarios within this deliverable, while also discussing 

the rationales for selecting the data collection methodology, which in this case was a “Layered 

Scenario Mapping Approach”. 

2.1 Archival Arctic Knowledge 

The archival knowledge piece, sets out to review and present a very brief snapshot of 

historical/archival knowledge of Polar/Ice Navigation. Although initially a main focal point of this 

effort, discussions with industry experts suggested that a focus on reviewing and presenting 

contemporary navigation considerations would add significantly more value in this instance, as such 

historical methods would have been completed during an era which pre-date the current maritime 

transport seascape. The absence of maritime transport norms associated with contemporary 

navigation considerations such as international best practices, global regulatory bodies, 

standardisation in training and safety consideration, and significant technological advances, would 

limit the relevance and applicability of such efforts in this context, particularly as one of the primary 

objectives of this deliverable is to inform the bridge design process. The “exploratory” nature of 

historic Arctic navigation, would suggest that such efforts we completed with the objective of 

discovering new routes through visual observations and data collection. Also, informal discussions 

with an archivist from the Newfoundland National Archive suggested that the quality of the historical 

data was unlikely to garner any findings which could potentially contribute to any significant industry 

relevance in the context of Safe Arctic Navigation within the current maritime landscape. It was further 

suggested that given the nature and quality of archived data, that for any review to produce findings 

which could potentially deliver any significant scientific relevance, this would take a considerable 
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amount of time which would be beyond the scope of a programme such as SEDNA. The detailed 

research review effort, has therefore been placed on capturing contemporary Arctic navigation 

knowledge, with the archival review focusing on presenting a brief snapshot of a range of archival 

knowledge considerations, as a way of providing additional contextual depth, particularly with regards 

to extreme conditions associated with navigating within these extreme environments, while also 

briefly outlining various historical geopolitical drivers and developments.  

2.2 Contemporary Arctic Knowledge  

The contemporary arctic knowledge piece sets to investigate and present findings from a review of 

literature, with a focus of polar/ice navigation practices/considerations, from a range of well 

recognised industry sources, guidelines and regulations. The outlined information presents findings in 

relation to the “polar” perspective as opposed to specific “artic” considerations. As outlined within 

the literature and industry regulatory guidelines in which the emphasis is very much “polar” 1  as 

opposed to “pole specific”, the methods, practices and considerations for Arctic, are in the majority 

of cases relevant within the Arctic, as the focus is very much on transiting Ice affected areas. Having 

reviewed the sources and engaged with industry experts, it was suggested that polar/ice navigation is 

primarily concerned with three broad overall considerations as follows: 

 Polar Weather in the context of navigation 

 Polar Navigation 

 Polar Ship Handling 

Using secondary research methods, an in-depth review and analysis was complete of a number of 

publications with a view of fulfilling the following primary functions: 

 Presenting a review of contemporary Arctic Navigation/Knowledge considerations, which 

consolidates and presents industry best practice guides from a broad range of sources within 

a single document. 

 Inform the primary research method efforts as follows: 

o Provide direction and focus for on-site interviews with experience Ice Breaker 

professionals. Such preparation provided generic focus and appropriate headings in 

order to develop suitable questionnaires and discussion points with expert Ice 

Navigators. 

o Assisted the field research preparation process, in providing observers with a brief 

theoretical overview of Ice Navigation and Ice Breaker practices and processes. Such 

                                                
1 IMO International Code for Ships Operating in Polar Waters (Polar Code) 
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analysis also contributed to the development of appropriate research/data collection 

templates.   

In addition to informing primary research efforts, completing this review also provide an opportunity 

to critically determine the relevance of proposed practices outlined within industry publications, while 

also presenting opportunities which will pave the way for future efforts within this task. 

2.3 Primary Research Efforts 

The primary research efforts of this task, will consist of site visits and field trips on board ice breaking 

vessels from the Swedish and Finnish Maritime Administration, while also reviewing results from a 

field trip on board a Norwegian Coast Guard vessel to be completed by participants from the Oslo 

School of Architecture and Design.  

2.3.1 On-Site Interviews 

In preparation for completing the on-site interviews, a review was complete of Arctic/Ice Navigation 

considerations outlined within industry based publications and informal discussions with industry 

experts. Such reviews provided the interviewers with research focal points specific to Deck Officer 

Navigation considerations. 

Another factor to consider in preparing for this effort, was linking this research with highlighted areas 

throughout the remainder of the SEDNA programme. As outlined within the SEDNA GA 2  (Grant 

Agreement), this effort should also inform the following additional tasks within the programme: 

 Safe Arctic Bridge Design Processes 

 Arctic Weather and Sea Ice Forecasting – Specifically in relation to information presentation 

considerations 

 Safe Arctic Voyage Optimisation Systems: – Specifically in relation to information presentation 

considerations 

Having completed the outlined review of navigation publications, and discussed research focal points 

with partners responsible for Safe Arctic Bridge Design Processes, Arctic Weather and Sea Ice 

Forecasting, Safe Arctic Voyage Optimisation Systems, the questionnaire outlined in appendix A was 

developed for use during the interviews, with additional notes for the research team placed in 

appendix B.  

Within this task, two on-site interviews were completed as follows: 

                                                
2 Task 3.3 Description – SEDNA Consortium Grant Agreement 
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 Site visit on board the Atle, a Swedish Ice Breaker with research partners from Halpin and 

Chalmers University 

 Site visit on board the Nordica, a Finnish Ice Breaker with research partners from Aalto 

University 

Brief overview of the interview findings were distributed to SEDNA programme partners, with a view 

of informing their current research efforts, and providing future focus for the field trip on board the 

Ice Breaker. 

2.3.2 Ice Breaker Field Research 

The main overall goal of this effort, is to inform the bridge design process and indeed any other 

potential end-user related efforts, in presenting the methods and processes used by expert Ice 

Navigators when operating in Ice affected regions. Having discussed this effort with the relevant 

programme partners, and reviewed similar previous efforts in the context of Bridge Design/Human 

Factor related work, it was determined that the most appropriate mechanism for capturing, codifying, 

and presenting the Arctic Knowledge, was that of the use of an end-user scenario type method. Such 

methods would entail the systematic identification of tasks, relevant equipment and resources used 

during specific Arctic/Ice Navigation scenarios, and capturing and presenting the knowledge in a 

manner which could suitably inform the necessary programme efforts in relation to bridge design. 

It was therefore determined that two primary considerations needed to be addressed as follows: 

1. Scenario Selection 

2. Selecting an appropriate analysis template/methodology 

Firstly, in terms of scenario selection, the desk study efforts highlighted a number of navigation and 

operational scenarios, which would entail Arctic/Ice specific tasks. Further to this, extensive 

consultations were completed with SEDNA partners from AHO and Chalmers University, in which it 

was determined that the following operational and navigation scenarios should be prioritised in this 

instance: 

 

 Ice Breaking Assistance operations – Assisting vessels beset within the Ice 

 Ice escort operations 

 Multiple Vessel Ice escort operations 

 Ice towing operations 

 Coastal Navigation 

 Pilotage operations – Entering/Exiting Port 
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 Anchoring operations 

 Flight Operations 

Following on from this, discussions were held with SMEs (subject matter experts) on board Ice 

Breakers during the on-site interviews in order to gain expert perspective on the proposed scenarios. 

It was determined that with the exception of anchoring operations, that all of the proposed scenario 

focal points were relevant and possible to observe. The SMEs outlined that due to the complications 

of anchoring in ice affected areas such as those presented within the polar navigation section3, vessels 

will never proceed to anchor within these regions. It was also suggested that although flight 

operations were always a possibility, that such scenarios are extremely rare since the advent of 

satellite technologies for vessel tracking and ice forecasting. The focus was therefore placed on 

planning for observing the following proposed scenarios:  

 

 Ice Breaking Assistance operations – Assisting vessels beset within the Ice 

 Ice escort operations 

 Multiple Vessel Ice escort operations 

 Ice towing operations 

 Coastal Navigation 

 Pilotage operations – Entering/Exiting Port 

 Anchoring operations 

 Flight Operations 

When completing the field work itself, certain amendments were made to proposed scenario list. 

Firstly, the lack of regular flight operations highlighted by the SMEs prior to proceeding on the field 

trip resulted in such operations not being observed, which in turn resulted in scenario development 

in this context being impossible to complete. There was however an additional scenario which came 

to light as a result of what was described as an “unusual” scenario by the bridge team of the Ice 

Breaker. When completing ice assistance operations, a cargo vessel arrived within the area 12 hours 

ahead of schedule resulting in a berth not being available. Ice conditions on scene would impede the 

vessel anchoring or remaining underway at slow speed overnight while waiting for the berth to 

become available. It was therefore suggested that the best way to proceed was to place the vessel in 

an area of ice which was thick enough to maintain the vessel’s position, however the forces at play 

were as such that the vessel would not experience damage. The scenario labelled “ice mooring” was 

                                                
3 Para 4.2.2.2.1.4 Anchoring Polar Navigation Section 
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therefore observed and added to the list of developed scenarios, resulting in the final list being as 

follows: 

 Ice Breaking Assistance operations – Assisting vessels beset within the Ice 

 Ice escort operations 

 Multiple Vessel Ice escort operations 

 Ice towing operations 

 Coastal Navigation 

 Pilotage operations – Entering/Exiting Port 

 Ice Mooring operations 

2.3.3 Scenario Analysis Methodology  

The overarching theme cited throughout the SEDNA programme of work in relation to Safe Arctic 

Bridge design efforts, is that of developing a “human-centric” design perspective, with a view of 

developing design concepts which are specific and suited to Arctic/Polar/Ice Navigation4. The SEDNA 

GA also cites examples from Polar code, in which industry regulatory bodies such as the IMO highlight 

the need for “harmonized and user-friendly bridge design”, suggesting a willingness and indeed 

requirement set by industry for such designs to not only be fit for purpose in terms of the physical 

environment, but effective end-user interface. Additionally, published work completed separate to 

the SEDNA programme, highlights the need to include the human element into the design process5. 

Further to this, it is suggested that as class rules and regulations are the primary means used to 

mitigate against human error within a design and construction perspective, that failing to consider the 

human element within this context is likely to result in ineffective design and construction elements. 

From a classification perspective, Lloyds Register6 extensively cite the need for incorporating the 

human element into the design process, further citing the following essential principles of “Human-

Centred Design”: 

 Clear and explicit understanding of users, tasks and environments  

 The involvement of users throughout design and development  

 Iteration  

 Designing for the user experience  

 User centred evaluation  

                                                
4 Section 1.3.1: SEDNA Concept Safe Arctic Bridge – SEDNA Consortium Grant Agreement 
5 Walker, O (2011) The Human Element Competency Required for Design Appraisal, Human Factors in Ship 
Design Operations 
6 Para 2.3 The Human-Centred Approach – best practice in ship and equipment design, Lloyds Register Marine 
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 Multi- disciplinary skills and perspectives  

The need for incorporating the human element therefore required an analysis methodology, which 

not only captured the task function aspects of an end-user scenario, but also the human interaction 

factors which could be effectively captured, layered and used to feed directly into the bridge design 

efforts of the SEDNA programme. Having extensively liaised with project partners from AHO and 

Chalmers University, and having reviewed a number of Human Factors/design/ergonomic efforts 

completed elsewhere, a decision was made to proceed with the layered scenario methodology 

approach, a methodology developed for the purpose of linking field research data with bridge design 

considerations7. As this methodology was designed to address traditional challenges associated with 

linking “real-world” data with bridge design considerations such as making sense of fragmented field 

data, sharing data amongst design teams and presenting the data in a manner which facilitates 

effective design work, it was deemed to be a suitable approach for this effort. As this effort will link in 

with the bridge design efforts elsewhere throughout the programme e.g. capture and present 

information from SMEs in the field of ice navigation and ship handling, the knowledge sharing 

attributes of this approach should facilitate effective knowledge transfer from end-users to design 

experts. Also, as the methodology was developed for the purpose of facilitating bridge design efforts, 

it provided the field research team with an industry and context specific method for gathering and 

representing data. Finally, as this methodology was designed not only to facilitate effective design in 

the context of capturing and presenting field data, but also to address the human interface aspects of 

design, it was proposed that this was a suitable approach to adopt in order to consider and capture 

the “human-centric” components of this work.  

2.4 Ethical Considerations 

In relation to research ethics, efforts have been made to ensure that participants within the primary 

research efforts have not been exploited in anyway, and to ensure that anonymity of those who took 

part in the interviews and field study observations have been protected. 

Firstly, prior to completing the field study efforts, an information letter was sent to the vessel, 

explaining the focus of the research, the voluntary nature of the study, and what will happen to the 

data once captured (Please see appendix C for an example). Prior to commencing the field study, 

permission was granted on board the vessel to complete the observations, interview the crew and 

observe Ice Breaking scenarios.  

                                                
7 Luras, S. (2016) Layered Scenario Mapping: A multidimensional mapping technique for collaborative design, 
International Journal of CoCreation, Design and Arts, 12(3), 133-150  
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When gathering the primary research data, efforts were continuously made to anonymise the 

participants, ensuring that no names or personal details were recorded or referred to within this 

report, or any other material relating to the programme effort. When outlining findings, participants 

are referred in the following sample examples: 

 Deck Officers 

 Bridge team 

 OOW (Officer of the Watch) 

 Deck Crew 

 Position on board the vessel (Master, Chief Officer, 2nd Officer etc) 

Any images taken, were done so with the consent of the participant, and efforts were made to ensure 

that participants could not be identified from the images.  

With regards data storage, all material related to this effort and the SEDNA programme, have and will 

continue to be stored on password protected institute PCs. 

2.5 Methodology Summary 

In summary, discussions with industry experts and SEDNA programme partners, have resulted in the 

primary focus of the desk study being on contemporary polar navigation practices and considerations. 

The archival knowledge section briefly outlines certain key geopolitical developments, while also 

discussing an example of indigenous arctic navigation efforts in relation to the Inuit settlements of 

North America. The contemporary arctic knowledge review approach has been prioritized based on 

the findings of reviewing a number of publications, guidance documents and regulatory bodies. It was 

determined that the three primary focal points from an end-user perspective in relation to Arctic 

Navigation was Weather/Ice, Navigation and Ship Handling. The review therefore presents a 

consolidated source of knowledge of Polar Navigation considerations which informed the primary 

research efforts, and which will inform the SEDNA programme in completing additional efforts, and in 

indeed Arctic/Ice navigation end-users. 

The primary research section has outlined the methodologies employed and the rationales for the 

selection. With regards the on-site interviews, the desk study efforts were used to identify focal points 

and knowledge gaps, while SEDNA programme partners provided input in order to ensure that these 

interviews could inform their specific programme efforts. The Scenario focal points were decided 

using inputs from the desk study, partner discussions and the operational environment in which the 

Ice Breaker operated within. Although not all scenarios were observed as a result of operational 
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restrictions8 and industry best practices9, the field study did capture significant depth in relation to 

the addressed scenarios, while also presenting knowledge from a scenario which was previously not 

identified10, and highlighted a process not previously employed by the observed industry experts.  

Finally, the scenario analysis methodology piece outlines the rationales and processes for selecting 

the “layered” approach. By using an analysis methodology, which was not only specifically developed 

for bridge design considerations, but also to link “real world” field work observation knowledge to 

architecture and design professional requirements, it is proposed that the presented methods and 

information have delivered the necessary codified arctic knowledge to inform additional efforts 

throughout the SEDNA programme, and indeed the industry as a whole. 

 

3. SEDNA Arctic Knowledge Desk Study 

3.1 Archival Arctic Knowledge 

This section sets out to present a very brief snapshot of historical/archival knowledge of Polar/Ice 

Navigation developments and considerations. Initially, an overview is provided, outlining key 

milestones within the context of Arctic exploration/navigation. The indigenous marine transport 

section provides a brief insight into the activities and drivers of arctic marine transport efforts, and in 

this case the focus has been placed on the Inuit population of North America. The areas of geographic 

significance section, briefly outlines historical milestones in relation to the discovery and development 

of the primary Arctic sea routes; North West Passage, North East Passage, and Northern Sea route. An 

emphasis is placed on efforts made to discover these areas, and some of the economic and geopolitical 

drivers which motivated these efforts.  Finally, the historical Arctic technology piece briefly outlines 

historical developments which contributed to the development of arctic ports/shipping routes 

achieving their primary overarching economic and geopolitical goal of attaining and subsequently 

maintaining “all year round” shipping. 

3.1.1 Brief Historical Overview 

The history of Arctic Navigation/transportation can be traced back as far as some of the earliest 

recordings in human history. Figure 3.1 an extract from an Arctic Council report, briefly presents key 

historical milestones within the context of Arctic exploration/navigation. Research suggests that the 

first of the arctic navigators/explorers, were more than likely indigenous people who had been born 

                                                
8 Flight operations were not observed during the field trip 
9 Para 4.2.2.2.1.4 Polar Navigation - Anchoring : Cargo vessels are advised not to anchor in Ice affected areas 
10 Ice Mooring operations 
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into and settled within these regions. It is proposed that their motivations to engage in Arctic marine 

transport was very likely to seek sources of sustenance supplies, and potential new areas for 

settlements. Advent of sail and advances in maritime navigational practices spawned an era of ocean 

exploration, which in turn resulted in arctic expeditions and exploration efforts being conducted by 

European nations eager to discover and exploit new lands and resources.  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 3.1 Arctic Exploration Milestones (Credit: AMSA 2009) 
 

3.1.2 Indigenous Arctic Marine Transport 

One of the earlier groups of people to establish themselves as proficient ice/arctic navigators, were 

that of the Inuit tribes in North America and Canada. Research published within the Climate research 
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centre11 suggests that the Inuit people had an intimate knowledge of the land and ice topography, 

currents and weather conditions for hundreds of kilometres around their areas of settlement. It is 

suggested that such knowledge was gathered and passed on from generation to generation, and 

retained locally within the Inuit population for the purpose of effective ice navigation and the locating 

of food sources. Decisions in relation to preferred routes were very much based on seasonal/climate 

conditions as opposed to traditions or desires to travel via land or water. In basic terms, during the 

summer the months, if the most efficient means to travel by water was to sail, they would avail of 

water transports means, while the thick ice formed during the winter months resulted in a need to 

travel by foot over ice. It is further suggested that during the seasonal transition periods, e.g. Spring 

and Autumn, efforts were made to travel by water, however they would not attempt to cover 

substantial distances as environmental conditions such as drifting ice from the “thaw” would more 

than likely cause catastrophic damage to their small vessels. The basic premise of Inuit Navigation was 

that of effective observation regardless of the terrain. These groups were trained using experiential 

learning methods, in which younger Inuit people accompanied their elders when seeking food sources 

and new potential settlement areas, and learned from the elder Inuit groups through a combination 

of direct teaching and observations. Additional published work completed in the area of Inuit skills12, 

suggests that their relationship with the land, hunting competencies, and navigating land waters 

during extreme weather conditions were key contributors to the long term survival of the Inuit 

population. With regards specific navigation methods, it was suggested that the Inuit population made 

use of landmarks and landscape features for the purpose of orientation and positional verification. 

Examples of such features included snow-drifts and characteristics of ice pressure ridges. Additionally, 

celestial observations were used, such as the brightness and positions of stars, while wind 

characteristics and cloud formations were used to forecast potential upcoming weather conditions, 

allowing the Inuit people to risk asses any potential passages.  

With regards the types of vessels used by the Inuit population, the two most widely used crafts were 

kayaks and Umiaks. The Inuit population have made use of the Kayak for over 2,000 years, and as 

outlined in figure 3.2, they were a single occupant water craft, comprised of wood and seal skin, and 

designed to be light weight and easy to paddle and manoeuvre within the water. They were generally 

between 4 – 7 metres in length, and capable of being used as a means of transportation both on inland 

waterways, and at sea (weather/sea conditions dependent). A layer of seal skin was placed around 

                                                
11 Pannikar et al., (2018) Ice over troubled waters: Navigating the North West Passage using Inuit knowledge 
and scientific information, Climate Research, 75, 81 – 94  
12 Pearse et al., (2011) Transmission of Environmental Knowledge and Land Skills among Inuit Men in 
Ulukhaktok, Northwest Territories, Canada, Human Ecology, 39(3), 271 – 288 
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the opening of the vessel in order to maintain watertight integrity, and to protect the occupant from 

the elements. The kayaks were effective not only for transiting on water, but also for hunting due to 

the silent nature in which they could be manoeuvred through the water.  

 
 

  
 
 
 
 
 
 
 

  
 
 
 
 
 
 Figure 3.2 Inuit Kayak (Credit: The Canadian Encyclopedia) 

 
Umiaks were a larger boat used primarily for the purpose of long distance travel. They were larger 

than Kayaks, ranging from 7 – 10 metres in length, with a breath of approximately 2.5 metres. The 

Umiaks were designed to fulfil the transportation function of moving large groups from one 

settlement to another and could carry between 10 – 15 people. These crafts were at times used while 

hunting larger sea mammals, as the larger design features provided additional stability when 

attempting to hunt and transport what they caught. As outlined in figure 3.3, similar to kayaks, the 

Umiak was a wooden framed boat, which made use of seal skin for the purpose of maintaining water 

integrity.  
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Figure 3.3 Inuit Umiak (Credit: McCord Museum) 
 

3.1.3 Areas of Geographical Significance – North West Passage 

The North West passage was the first are of geographic and strategic importance from the perspective 

of European based exploration efforts in relation to arctic exploration/navigation. Although historical 

accounts suggest that the first European Arctic explorers reached Greenland as early as 325 B.C., it is 

a group of Icelandic explorers from the 9th century that are credited with colonising Greenland, and 

making the initial efforts to explore the north east coast of North America. It was not however until 

the 1490s that European exploration efforts began to focus specifically on the identification of 

potential north western passage/route through the region of North America. The primary motivator 

for such efforts being of that similar to most exploration objectives of the time, opportunities to 

discover trade routes and more direct access to the lucrative resources of India and South East Asia. 

In terms of scale, as outlined in figure 3.4, the passage is located approximately 500 miles north of the 

Arctic Circle, and 1200 miles south of the North Pole. The route extends from east to west at a distance 

of 900 miles, however the main strategic consideration of this route for earlier traders, was the 

potential to reduce the transit distance between the Atlantic and Pacific oceans by 4,000 miles13.  

While the route offered significant strategic advantage for maritime trade in terms of distance, the 

route itself provided a treacherous passage for navigators due to ice conditions, extreme weather, 

and a lack of accurate surveying efforts. Numerous attempts were made to transit the route between 

the late 1700 – 1800 periods, however it was not until 1906 that a Norwegian explorer completed the 

first recorded successful transit, in which it took a period of three winters to complete14. The first West 

to East transit was completed in 1942 by a Canadian vessel, and was of significant historical and 

strategic importance. This was due to the fact that this was the first vessel to complete this passage 

in a single season, and the transit itself was completed in 86 days. Following this period and 

throughout the mid-1940s to late 1960s, transits within the passage became sporadic due to a shift in 

priority from trade to national security. Such a shift came as result of the Cold War efforts between 

Western and Eastern nations.  

 

                                                
13 North West Passage Trade Route – Encyclopaedia Britannica 
14 AMSA Report (2009) Captain Roald Amundsen completed the first recorded transit in 1906 
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Figure 3.4 North West Passage (Credit: Encyclopaedia Britannica) 

 
3.1.4 Northeast Passage 

Similar to motivators for discovering and transiting the North West Passage, efforts to discover 

alternative routes linking China and India with Europe via the north eastern coastline would appear to 

have been economic, with maritime traders seeking to discover opportunities for quicker trade 

routes15. Efforts to discover and transit such areas can be traced back as early as the 15th century, with 

explorers originating from countries such as the United Kingdom, Netherlands, and Russia.  Although 

several expeditions transiting such northern routes were conducted between the 17th and 18th 

century, it was not until the late 19th century that the Northeast Passage was successfully transited, 

with a Swedish Baron named Adolf Erik Nordenskjold leading a successful expedition on board the 

Vega (Figure 3.5 refers) between 1878-1879.  

                                                
15 North Eastern Passage Extract: Arctic Council Report (2009) 
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Figure 3.5 SS Vega Moored in the Ice during NEP Expedition (Credit: Northern Lights Route) 

 
Later successful expeditions/transits were completed in the latter stages of 19th century and early 20th 

century, with the first single season transit being successfully completed in 1934 on board the Russian 

icebreaker Fyodor Litke.  

As outlined in figure 3.6, the North East Passage offered similar strategic advantages to those provided 

by the North Western route, reduced distances and shorter transit times for shipping. For example, if 

a vessel sailed from the Netherlands bound for South Korea using the conventional well established 

southern routes such as the Suez Canal, the vessel would cover a distance of approximately 11,000 

nautical miles. However, by proceeding north and availing of the North East Passage, this would 

reduce the distance by 3,000 nautical miles, a significant saving in terms of distance to be covered and 

transit times.  

Similar to the North West Passage, this route was influenced and affected by geopolitical factors 

including the Second World War, and on into the mid to late 20th century with the Cold War.  
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Figure 3.6 North East Passage Distance Comparison (Credit: Wiki) 

 
3.1.5 Northern Sea Route 

The Northern Sea Route is an area of significant geographical importance located within the North 

East Passage. The route was developed during the Soviet Union era, and was established primarily to 

provide a safe, navigable route within the North Eastern Passage for the purpose of trade. Activities 

related to the development of this route can be traced back to the early 20th century, in which 

exploration and settlement was completed throughout the period ranging 1917-1923. Regular 

navigation efforts and port development occurred between the early 1950s to late 1970s, while year 

round shipping commenced in the late 1970s1617.  

As with the NWP and NEP, the NSR was significantly influenced by geopolitical and economic factors. 

The Second World War saw the use of this route by Allied Forces to contribute to resupply efforts 

within the Soviet Union, transporting 450,000 tonnes on board 120 ships throughout the period of 

                                                
16 Northern Sea Route Extract: Arctic Council Report 2009 
17 Ostreng et al., (2013) Shipping in Arctic Waters: A comparison between the North East, North West, and 
Trans Polar Passages 

 

 Conventional 

Southern 

Routes 

 NEP 



SEDNA D3.5 

 
 
29 

1942-1945. During the Cold War era, the Soviet Union invested heavily in developing navigable routes, 

key infrastructure and specialised Ice Breakers, with a view of providing year round maritime trade 

routes throughout this passage. The route was officially opened to non-Soviet Union vessels in 1991, 

which provided a significant trade boost for maritime traders wishing to avail of this route as the 

passage not only provided safe, surveyed navigable waters, but also provided a 35 – 60% reduction in 

distance for traders seeking to ship between Northern Europe, Alaska, and the Far East (Figure 3.7 

refers). 

 

   Figure 3.7 Northern Sea Route (Credit: Arctic.NOAA) 
 

3.1.6 Historical Developments in Arctic Marine Technology 

The advent of marine technology such as engines as a means of propulsion, was a significant milestone 

for Arctic Navigation. Prior to the late 19th century, oars and sails were the primary means of 

propulsion within the global fleet, and any vessels intent on proceeding north to ice affected regions 

were required to do so under sail. Up until this point, vessels were limited to trading during ice-free 
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periods during the year, with countries such as Canada, the United States, Russia and the Baltic being 

affected the most. The introduction of vessels propelled by engines facilitated the construction and 

development of purpose built vessels which could trade all year round, while also spawning the 

construction of the first purpose built ice breaking vessels. An example of such a vessel in the U.S. was 

the City Ice Boat No 1 (Figure 3.8 refers). This was a 51 metre paddle vessel constructed for the City 

of Philedelphia in 1837, and remained in operation within this region for 80 years. The vessel 

comprised of a wooden structure, and was equipped with reinforced iron covered section in order to 

provide adequate structural integrity while facilitating ice breaking operations18.  

 
  Figure 3.8 City Ice Breaker No1: Delaware River (Credit: Wiki) 

 
With regards additional Ice Affected Arctic regions such as the areas within the Baltic, efforts 

commenced in the late 19th century to develop ice breaking capabilities. Similar to U.S. and Canadian 

ports, the overarching geopolitical objective here was to achieve a trade route in which “all year 

round” shipping could be conducted. The main technological developments of this era were that of 

introducing new propulsion methods into the Ice Breaking context. Such introduction was designed 

not only provided additional engine power and manoeuvrability for Ice Breaking operations 

themselves, but also to increase the endurance and range of vessels operating within the Baltic. 

Increases in range would allow Ice Breakers to remain at sea for longer periods of time, facilitating 

regular Ice Breaker operations, while contributing to achieving safe all year shipping within an ice 

affected region. Additionally, from a socio-economic perspective, the Swedish government saw this 

                                                
18 Growth of Arctic Marine Technology – Arctic Council Report (2009) 
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as an opportunity to ensure that maritime trade routes to ice affected ports in northern Sweden could 

be serviced all year round. Unlike the larger cities, these areas were economically dependent on 

traditional bulk/raw material type industries, and would struggle to achieve growth if shipping routes 

could not be maintained all year round.  

An example of one of the earlier Ice Breakers built and deployed within the Baltic, was the Ice Breaker 

Murtaja (figure 3.9 refers), a Finnish steam powered Ice Breaker constructed in 189019. The Murtaja 

was the first purpose built Ice Breaker constructed for use in Nordic waters.  

   

 
      Figure 3.9 Murtaja – First purpose built Ice Breaker deployed in Nordic Waters (Credit:Atomos iV) 

 
 
Although the Swedish government did construct and deploy a number of Ice Breaking vessels during 

this period, they were not suitable for seagoing Ice Breaker functions, limiting their use to ports and 

harbours. It was until 1926 that the Swedish authorities constructed and deployed their first sea going 

Ice Breaker, the Atle20 (Figure 3.10 refers).  

                                                
19 History of Ice Breaking in the Gulf of Bothnia – ATOMOS IV Report 
20 The History of Nordic Ice Breaking: http://www.sjofartsverket.se/en/Maritime-services/Winter-
Navigation/The-History-of-Nordic-Icebreaking/  

 

http://www.sjofartsverket.se/en/Maritime-services/Winter-Navigation/The-History-of-Nordic-Icebreaking/
http://www.sjofartsverket.se/en/Maritime-services/Winter-Navigation/The-History-of-Nordic-Icebreaking/
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 Figure 3.10 Swedish Ice Breaker Atle 1926 (Credit: Sjofartsverket.se) 

 
 
 
With the goal of “all year shipping” being of primary concern to the Baltic countries, efforts were made 

to further develop and introduce propulsion systems to Ice Breakers which facilitated increased range, 

allowing these vessels to remain at sea for greater periods of time. The Finnish authorities constructed 

the Jääkarhu in 1926, an oil powered vessel which provided increased range in comparison to the 

steam predecessor (figure 3.11 refers). 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
                Figure 3.11 Finnish Ice Breaker Jääkarhu (Credit: Atomos IV) 
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Sometime later in 1932, the Swedish authorities constructed the world’s first diesel-electric Ice 

Breaker, the Ymer, designed to provide additional range, thus allowing increased time at sea (Figure 

3.12 refers).  

 
 
 
 
 
 
 
 
 
 
 
                     
 
 
 
 
 
 
 

Figure 3.12 Swedish Ice Breaker Ymer 1932 (Credit: Shipspotting.com) 
 
 
 
 

 
3.1.7 Archival Knowledge Summary 

This section very briefly outlines some of the historical milestones associated with Arctic 

Navigation/transportation, highlighting how efforts to explore and transit these areas can be traced 

back to some of the earliest recordings in human history, to as recent as the late 20th century. 

The review of indigenous arctic navigation considerations, in this case the Inuit population of North 

America, highlighted how such a population completed Arctic transits in challenging 

environments/conditions, without access to any of the technological advances in sail, propulsion or 

navigation used later by explorers from Western Europe. Such transits were achieved by making use 

of a broad range of local indigenous knowledge in relation to the surrounding topography and 

seasonal conditions. It is suggested that Inuit motivations for transiting such routes were to gather 

sustenance and seek out new settlement opportunities. As their motivators were not necessarily 

directly linked with waterborne transport, based on seasonal conditions, indigenous populations did 

not always avail of seagoing routes in relation to transit options. Also, the vessels in use were designed 
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for short transits, and to transport either individuals or small groups, and where therefore not 

conducive for covering the vast distances associated with the Arctic regions.  

In relation to areas of geographical significance (NWP,NEP, NSR), the primary drivers for seeking and 

developing such transit opportunities, where that of macro-economic in the form  discovering shorter 

more efficient trade routes, and geopolitical factors of controlling shipping routes, particularly during 

the cold-war era.   

Finally, in terms of historical arctic technology developments, it would appear the primary overarching 

innovation aims were in relation to achieving “all-year-round” shipping. The advent of machinery 

propulsion within the late 19th century, provided the maritime sector with vessels which had increased 

levels of manoeuvrability and power, and could therefore transit Ice affected areas with greater ease. 

Developments in relation to ice clearance/breaker type vessels, facilitated “all-year-round” shipping, 

as ports which were previously limited to trading in ice free seasons, could continue trade for the 

duration of the year as vessels were no longer restricted by seasonal considerations in terms of when 

they could access these ports.  

 

3.2 Contemporary Arctic Knowledge Review 
 

3.2.1 Polar Weather – an overview 

3.2.1.1 Introduction 

The initial focus of the navigation context, will be to present and outline Polar/Arctic/Ice weather 

considerations. As weather is an ever-present underlying factor in all aspects of navigation at sea, and 

ultimately dictates key planning and operational considerations, the Arctic Knowledge review 

addresses weather initially, as the necessary preliminary consideration prior to focusing on 

navigational practices/methods.  

In this section we provide an overview of polar weather. We focus on maritime weather characteristics 

and phenomena that in general are unique to the Polar Regions. Weather is always part of the context 

of maritime navigation. It is necessary therefore to consider polar specific weather characteristics and 

phenomena in any consideration of polar specific navigation approaches and practices.  

3.2.1.2 Coverage & Scope 

This overview covers both the Arctic and Antarctic Polar Regions with greater detail provided on Arctic 

weather. This consideration limits itself in general to the weather as experienced in the navigable 

coastal areas of both Polar Regions.  
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3.2.1.3 Approach 

The Arctic and Antarctic are two very different regions; the Arctic is a frozen ocean surrounded on all 

sides by land, the Antarctic is a rocky high altitude, very cold desert landmass. Notwithstanding distinct 

differences in weather between these markedly different regions, there are also common phenomena 

experienced in both regions arising principally from the low temperatures experienced in both. This 

section is organised in three parts; a description of Arctic specific weather, a description of Antarctic 

specific weather and a third part that describes weather phenomena common to both regions. 

3.2.1.4 Arctic Weather Overview 

Like elsewhere, the weather in the Arctic varies from day to day, from month to month and from place 

to place. The Arctic is however unique for weather and climate because of the special factors that 

influence it, with sunlight being perhaps the most important. Many think of the Arctic as a single 

uniform environment but this is far from the case. The Arctic covers a vast area of circa 33.4 million 

square kilometres, accounting for almost 13% of the Earth’s surface. There are significant variations 

in weather and climate in the Arctic depending on the geographical area. 

3.2.1.5 Arctic Climate Influences 

The Arctic consists of ocean that is largely surrounded by land. As such, the climate of much of the 

Arctic is moderated by the ocean water which can never have a temperature below −2°C. In winter 

this relatively warm water, even though covered by the polar ice pack keeps the North Pole from being 

the coldest place in the Northern Hemisphere. In summer the presence of water nearby keeps coastal 

areas from warming as much as they might otherwise do. In the Arctic near the ocean, 

a maritime climate prevails. This influence dominates the Arctic land margins i.e. those areas of 

interest to the SEDNA project. 

The unique geography of the Arctic leads to unique weather patterns that reappear in the region year 

after year. Some weather patterns are common to other regions such as High and Low pressure 

systems, others are specific to the Arctic and don’t occur at more temperate latitudes. 

The weather patterns described hereafter do not necessarily recur regularly each year. Several factors 

influence the weather patterns that emerge on any given year and changes in one, some or all of these 

influences can give rise to significant annual variability. Many forces are involved and their interplay 

is very complex but they may be summarised very briefly as a continuous struggle between the air 

mass above the Atlantic Ocean that tends to dominate at mid-latitudes (30°-60°N) and the Arctic 

continental air mass that tends to dominate further North (60°-90°N). The battleground where these 

http://en.wikipedia.org/wiki/Polar_ice_pack
http://en.wikipedia.org/wiki/North_Pole
http://en.wikipedia.org/wiki/Northern_Hemisphere
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air masses meet is called the Polar Front. The situation is further complicated by the existence and 

behaviour of major ocean currents in the area such as the North Atlantic Drift, the East Greenland 

current, the Transpolar current etc.  

3.2.1.5.1 The Polar Front 

The Polar Front plays an important role in determining the weather from mid-latitudes up to about 

70°N, though it continues to exert an influence on weather patterns even further north again. A 

dynamic, continuously moving and changing zone of transition between warm, moist air moving 

northwards and colder, denser, drier air (usually of polar origin) which is moving southwards, the polar 

front’s behaviour is complex and very important to 
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Figure 3.12 The Arctic Ocean [credit:] 

weather. The air masses separated by the polar front are sometimes considerably modified on their 

paths from their respective source regions (including the Tropics and the Arctic continent). In winter, 

the Polar Front usually extends north eastwards from the east coast of the USA all the way to Europe 

and is quite marked. In Summer it is less well-defined. Disturbances on the front (waves), sometimes 
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amplify and deepen to form the large scale low pressure systems of the middle latitudes. These lows 

often move north eastwards across the North Atlantic and pass across the southern third of the area 

we are discussing and commonly track to the NW of Ireland sweeping over Iceland, the Denmark Strait 

and the Norwegian Sea. Ahead of these low pressure centres, warm moist air is swept northwards 

while behind them colder, drier air is swept southwards. This gives the sequence of cloudy, humid 

weather with rain, followed by brighter, colder weather with showers so typical of weather in mid-

latitudes to about 70°N. 

3.2.1.5.2 Semi-Permanent and Recurrent Large Area Weather Patterns of the Arctic 

Some weather patterns recur or persist over multiple seasons and these are called semi-permanent 

because they show up in long-term averages of the Arctic weather. In the Arctic, High and Low 

pressure systems occur year round, but they tend to happen more in certain places depending on the 

time of year. Semi-permanent pressure systems have been linked to variability in temperatures and 

to sea ice conditions in the Arctic. These systems also give rise to downstream phenomena like 

prevailing winds. Here we provide a brief overview of key semi-permanent systems and introduce 

some of their downstream phenomena (other consequences of these systems are dealt with in later 

sections). 

3.2.1.5.3 The Polar High 

The Polar High is a semi-permanent high pressure system centred over the North Pole. The system is 

created by cold temperatures in the Arctic around the Pole causing air to descend. The outflow from 

the Polar High creates ultra-long waves in the atmosphere (known as Rossby waves). These waves play 

an important role in determining the path of the jet stream further south, so much so that some argue 

that the Polar High is the primary determinant of weather for regions above the middle northern 

latitudes. 

The air that flows outwards and clockwise from the centre of the Polar High is deflected westward by 

Earth’s rotation and winds called the Polar Easterlies are the result (see below).  

3.2.1.5.4 The Icelandic Low 

Another semi-permanent pressure system is the Icelandic Low. This low-pressure region, generally 

centred between Iceland and southern Greenland is most intense during the Winter and it weakens 

and splits into two centres in summer, one near the Davis Strait and the other west of Iceland.  

Other such semi-permanent pressure systems that influence Arctic weather include the Aleutian Low, 

the Azores High, the Siberian High, the Beaufort High and the North American High.  

http://en.wikipedia.org/wiki/North_pole
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3.2.1.5.5 The Polar Easterlies 

The Polar Easterlies are dry and cold prevailing winds that blow towards low-pressure areas located 

at high latitudes within the Westerlies region (an area further south toward more temperate 

latitudes). As outlined above, the air in the Polar Easterlies originate in the Polar High. While the Polar 

Easterlies are a recurrent feature of Arctic weather, they are often weak and quite irregular. 

3.2.1.5.6 The Arctic Oscillation 

The Arctic Oscillation refers to an opposing pattern of pressure between the Arctic and the northern 

middle latitudes. In general terms, if the atmospheric pressure is high in the Arctic, it tends to be low 

in the northern middle latitudes including Northern Europe. This is known as negative Arctic 

Oscillation. If atmospheric pressure is low in Northern Europe it is often high in the Arctic, known as 

positive Arctic oscillation. 

Forecasters pay attention to the Arctic Oscillation because it has an important effect on weather in 

northern locations. A negative Arctic Oscillation (high pressure in the Arctic) brings warm weather to 

high latitudes. A positive Arctic Oscillation (low pressure in the Arctic) brings ocean storms farther 

north and makes Greenland colder than average.  

3.2.1.5.7 A Recent Development; the Arctic Dipole Anomaly 

The Arctic dipole anomaly is a pressure pattern characterized by high pressure on the arctic regions of 

North America, and a low pressure on the Eurasia region. This pattern sometimes replaces the Arctic 

oscillation and the North Atlantic Oscillation. It was observed for the first time in the first decade of 

2000s and is perhaps linked to recent climate change. The Arctic dipole lets more southern winds into 

the Arctic Ocean resulting in more ice melting.  The Arctic dipole has also been linked to changes in 

arctic circulation patterns that cause drier winters in Northern Europe, but much wetter winters in 

Southern Europe and colder winters in Europe.  

3.2.1.5.8 Seasonal Changes in the Arctic 

Seasonal changes in the Arctic are more dramatic than anywhere else on Earth. In some places, the 

temperature varies by up to 50°C during the year. In Summer about 70% of the sea ice melts. Each 

year the land transitions from being completely snow covered to being covered in rich and verdant 

vegetation. Because of the Arctic’s huge area (almost 13% of the Earth’s surface), seasonal variations 

are quite different depending on the geographical area.  
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3.2.1.5.9 Polar Vortices 

A polar vortex is a persistent, large-scale low pressure system that circles the North Pole, surrounding 

the Polar High and lies in the wake of the Polar Front (where the Northern polar air meets the warmer 

tropical air to the south). These cold-core low-pressure areas strengthen in the winter and weaken in 

the summer due to their dependence on the temperature differential between the equator and the 

poles. Polar Vortices usually less than 1,000 kilometres (540 nm) in diameter. The Northern 

Hemisphere Vortex is an example of a polar vortex. It often contains two low pressure centres, one 

near Baffin Island Canada and the other over northeast Siberia.  Polar vortices are weaker during 

summer and strongest during winter. Individual vortices can persist for more than a month. 

3.2.1.5.10 Polar Lows 

Polar Lows are small, intense cyclones that are a quite frequent feature of relatively warm ice-free 

waters within Polar Regions including the Nordic Seas i.e. between Norway and Greenland. Polar lows 

occur mostly in the Norwegian and Barents Seas, with the majority being between 65°N and 75°N. 

South of Iceland and Southwest of Spitsbergen are areas where polar lows are particularly common. 

Some cases have even been observed in the North Sea. 

In the Northern Hemisphere polar lows are most common during Winter, followed by the Autumn and 

Spring seasons. The polar low season runs from October to the end of May, with most polar lows 

occurring in the months of December to March. Typically 10 to 20 fully developed polar lows are seen 

in the Norwegian and Barents Seas during the season. 

Polar lows show a very characteristic pattern and life cycle during which they produce severe weather, 

heavy precipitation (usually falling as snow) and strong surface winds. One characteristic of Polar lows 

is the local nature of conditions within the area of the low. The weather can change dramatically over 

short distances and in short spaces of time.  
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Figure 3.13 A Polar Low on 2013-12-06. “Note the extreme wind speed gradients. It is all but calm to the north-

east of the low. This is another reason that polar lows are dangerous, the insane local variations, from violent 

storm to nothing in just a few tens of kilometres” Climate & Research Scientist Erik W. Kolstad (credit:Erik W. 

Kolstad & Tom Bracegirdle) 

Polar Lows can have very localised weather conditions that can change significantly in very short 

periods of time. 

Triggered by convection, polar lows develop over water, typically westward of an old occluded regular 

low pressure system. Polar Lows tend to form when cold Arctic air flows over relatively warm open 

water. In their developing phase they can be detected from satellite imagery as a typical “comma” 

cloud feature. They can develop rapidly, reaching their maximum strength within 12 to 24 hours of 

formation. They dissipate just as quickly, lasting on average only one or two days.  

In mature stage the most prominent hallmark of a polar low are the spiral cloud bands often forming 

a clear eye at the centre of the cloud vortex suggesting an analogy with tropical cyclones. Hence, they 

are sometimes also called “Arctic hurricanes”.  Polar Lows range in size from around 100 to 500 

kilometres (54 to 270nm) in diameter. Wind speeds average 46 knots. 35-50% of the lows have storm 

force winds of 50kt or more, and the strongest recorded since 2000 had a wind speed of 70kt. 

Thunderstorms and even waterspouts are possible within the system. Heaviest snow showers and 

strongest winds are located close to the centre and winds within the eye are calm. 
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Figure 3.14 An intense conventional Low pressure system hit Norway on 2011-11-26. This was the forecast 

chart for 2011-11-27 at 0000. Note the cold air streaming south on the west side of the Low… 

 

 

Figure 3.15 This is the later analysis chart (i.e. based on observations) for the same time as the above 

forecast chart, 2011-11-27 at 0000. Note the existence of a dual feature in much the same location as the 
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storm. These features are in fact polar lows that formed as the icy cold winds blew down from the North and 

interacted with the much warmer sea surface… 

 

Figure 3.16 This is a satellite image taken at 2011-11-27 at 0300 i.e. three hours after the analysis in the 

previous picture. The Polar Low that has formed is very obvious 

Temperatures drop sharply with the passage of a Polar Low centre creating a high risk of icing on 

vessels in the area.  

3.2.1.6 Local Phenomena specific to the Arctic 

3.2.1.6.1 Dead Water 

Dead water is an effect is seen in Arctic seas that causes a ship to begin to lose speed or even stop. 

The effect occurs in places where internal waves become established at the boundaries of water layers 

with different densities and the surface layer of water has a much lower density than lower water 

layers. When this occurs rotational energy from the ship's propellers forms and maintains internal 

waves instead of propelling the vessel forward. This phenomenon is observable where glacier runoff 

flows into salt water without much mixing, such as in fjords. 

http://en.wikipedia.org/wiki/Glacier
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"When caught in dead water (the vessel) Fram appeared to be held back, as if by some mysterious force, and she did 

not always answer the helm. In calm weather, with a light cargo, Fram was capable of 6 to 7 knots. When in dead 

water she was unable to make 1.5 knots. We made loops in our course, turned sometimes right around, tried all 

sorts of antics to get clear of it, but to very little purpose." – Fridtjof Nansen (1861-1930), Norwegian Arctic Explorer  

3.2.1.6.2 Arctic Haze 

Arctic haze is an optical phenomenon. It is a visible reddish-brown springtime haze in 

the atmosphere at high latitudes in the Arctic due to air pollution. Due to limited 

amounts of snow, rain, or turbulent air to displace pollutants from the polar air mass in spring, Arctic 

haze can linger for more than a month in the northern atmosphere. 

 

Figure 3.17 Arctic Haze (credit: ESRL NOAA) 

3.2.1.7 Antarctic Weather Overview 

The Antarctic is a rocky high altitude, very cold desert landmass. The Antarctic polar climate boundary, 

- the 10°C isotherm for the warmest month - encompasses about 12% of the Earth’s surface, an area 

twice as large as that of the Arctic. It includes all of the Antarctic continent except the extreme 

northern tip of the Antarctic Peninsula. In the interior regions, extremely low temperatures, several 

months of complete darkness, fierce winds and blowing snow combine to make life virtually 

impossible. On the Antarctic Peninsula, temperatures are milder, yet snowstorms and gale force winds 

can persist for days or weeks on end. Winter temperatures are also influenced by latitude, elevation 

and by the shortage of sunlight during the Antarctic winter. In fact, the coldest temperatures are 

usually during late August before the return of the sun. Several factors combine to making Antarctica 

one of the coldest and least hospitable places on the Earth. Because Antarctica is a continent 
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surrounded by an ocean, the interior does not benefit from the moderating influence of water. With 

98% of its area covered with snow and ice, about 75% of the incoming solar radiation is reflected. The 

extreme dryness of the air causes any heat that is radiated back into the atmosphere to be lost instead 

of being absorbed by the water vapour in the atmosphere. During the winter, the size of Antarctica 

doubles as the surrounding sea water freezes, effectively blocking heat transfer from the warmer 

surrounding ocean. Antarctica has a higher average elevation than any other continent on Earth which 

results in even colder temperatures. 

 

Figure 3.18 The Antarctic Continent and surrounding Ocean [credit:] 

The Antarctic Peninsula extends much further north than the rest of the continent and is characterized 

by a warmer and wetter climate than the coastal areas, with above-freezing temperatures common. 

In many locations but especially at the northern area of the Peninsula, rain is as common as snow. Life 

is more prevalent in this area than any other region of the continent. The peninsula also experiences 

some of the continent’s strongest winds and fiercest storms however. Sustained westerlies and gales 
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can buffet the peninsula for days or even weeks on end, producing resulting in significant wind chill 

and heavy seas. 

The Drake Passage is the stretch of water between the most southerly tip of South America and the 

most northerly tip of the Antarctic Peninsula. It is one of the roughest stretches of water in the world. 

Gales blow most of the time and the Circumpolar Current is squeezed through the narrow Drakes 

Passage gap. The rate of water flow averages around 140x106 m3 of water per second. This rate of 

current in the presence of gales contributes to the particularly rough seas that are experienced in this 

area. 

3.2.1.8 Antarctic Climate Influences 

The coastal areas of the Antarctic continent are characterized by somewhat milder temperatures than 

the interior and by much higher precipitation rates, mainly occurring as snow. The ocean’s influence 

drives up coastal temperatures; in the summer they can go as high as 9-10°C. In the winter however, 

incoming solar radiation decreases, sea ice grows and albedo (diffuse reflection of solar radiation out 

of the total radiation received by a mass) increases causing cooling at the coast. With the exception 

of the Antarctic Peninsula, coastal winter temperatures can drop to -40 to -50°C. Annual mean 

temperatures on the coast range from - 15° to – 10° C. Generally near the coast annual rainfall exceeds 

200 mm, the heaviest being over 1000 mm for an area near the Bellingshausen Sea. The bulk of the 

precipitation comes from the cyclonic storms that diverge into the interior from the ocean, mainly 

during the winter. Heavy snowfalls occur when these cyclonic storms pick up moisture from the 

surrounding seas. In areas which are farther north, long periods of continual sunshine occur during 

the summer, with sunrises and sunsets occurring during much of the rest of the year. Along the coast, 

cold dense air flowing down off the ice-cap funnels through topographic channels at great speeds 

lifting snow high off the ground and reducing visibility to only a few feet. In Antarctica, as the 

temperatures decline in the fall, the continent cools rapidly. This results in large pressure differences 

at the edge of the landmass, and leads to an increase in cyclonic or storm activity. The cyclones carry 

warmer moister air from the northern latitudes into the continent, though they often do not penetrate 

very far inland. Eight or ten blizzards a year are not uncommon to coastal areas, and they bring any 

human outdoor activity to a standstill. 
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3.2.1.9 Semi-Permanent and Recurrent Large Area Weather Patterns of the Antarctic 

3.2.1.9.1 The Antarctic Convergence 

This is the region of the Southern Ocean encircling Antarctica, roughly around latitude 55° south but 

deviating from this in places, where the cold waters of the Antarctic Circumpolar Current meet and 

mingle with warmer waters to the north. This mingling creates local variations in weather, such as 

fogs, and also a concentration of marine plants and animals because of the higher than average 

nutrients. 

3.2.1.9.2 The Circumpolar Trough and Winds 

Surrounding Antarctica, between 60° and 65° south latitudes there is normally a belt of low pressure 

called the circumpolar trough and containing multiple low centres. This zone of low pressure contains 

variable winds flowing generally from west to east. In the circumpolar trough fierce storms sweep 

warm moist air from the middle latitudes toward the pole, causing clouds and precipitation. Storms 

usually last for a few days, before a brief clearing and then followed by another storm system. The 

winds in the Circumpolar Trough region are often referred to as the Roaring Forties, the Furious Fifties, 

and the Screaming Sixties. 

3.2.1.9.3 Polar Cyclonic Storms 

Polar cyclonic storms are similar to tropical cyclones. They have the same circular shape and bands of 

clouds but they strengthen faster, travel faster and carry sleet and snow. Most Antarctic storms occur 

in the winter when pressure differences are greater and the winds stronger. Polar cyclonic storm 

systems usually start in the middle latitudes and move gradually to the south bringing moisture and 

heat to the edges of the Antarctic continent. Most polar storms travel from west to east under the 

influence of the circumpolar trough, associated winds and the Coriolis Effect. Because of significant 

temperature differentials, high speed upper atmosphere winds and pressure differentials some polar 

cyclonic storms can be particularly fierce. 

3.2.1.9.4 Coastal Polar Easterlies – Antarctica’s katabatic winds 

Between the Circumpolar Trough and the Arctic continent, a narrow ring of easterly winds exists. 

These very cold winds flow off the continent and are caused by temperature inversions on the high 

interior ice plateau. Inland, extremely cold air settles close to the ground due to the force of gravity. 

This pool of dense air then flows downhill toward the coast like a river of air. Such winds are known 

as katabatic winds (katabasis is greek for descent). By the time they reach the coast these winds can 

be extremely strong and dangerous to vessels. Low-pressure systems near the Antarctic coast can 

interact with these winds to further increase their strength. Resulting wind speeds can exceed 100 
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km/h (54kts) for days at a time. Wind gusts well over 200 km/h (108kts) have been measured. The 

most famous site for these katabatic winds is also the windiest spot on Earth; Cape Dennison at 

Commonwealth Bay where convergent katabatic flow from the East Antarctic Ice Sheet results in a 

mean annual wind speed of 80km/hr (43kts). During their travel, these winds are diverted to the west 

because of the Coriolis Effect. Once these winds reach the coast and head out to sea, they quickly lose 

their power however. Consequently, conditions out to sea are often calmer and clearer than in the 

immediately vicinity of the coast and also better than in the Antarctic Circumpolar Trough region 

further north. 

3.2.1.9.5 Antarctic Land Mass High Pressure 

The continent itself is dominated by high pressure but meaningful analysis of surface pressure data is 

difficult because of the elevated nature of much of Antarctica. Around the coast more moisture is 

available and low-pressure systems have a greater influence and interact continuously with the 

Antarctic continent’s high pressure zone. Cloudy conditions are more common in the Antarctic’s 

coastal areas as a result, particularly on the Antarctic Peninsula.  

3.2.1.9.6 Storms and Antarctic Sea Ice 

Even minimal winds can slow or stop sea ice formation by agitating the sea surface. The frequency 

and strength of storms strongly influences ice formation in the Antarctic region. The edge of the pack 

ice can also influence the area of maximum storm frequency. Ice growth actually may be increased to 

the west of storm centres. 

3.2.1.10 Localised Polar Weather Phenomena 

In Polar Regions, people experience, see and hear things that they will not witness anywhere else on 

Earth. These phenomena are caused by special regional or local atmospheric conditions, for example 

regional and local temperature gradients and inversions, microscopic ice crystals suspended in the air 

that change how light and sound travel over distances, or snow and ice covered land and sea that 

impact temperatures close to the earth’s surface that impact how sound and light behave in this 

region. 

3.2.1.10.1 Temperature and Inversions 

Frequent regional or more localised air temperature inversions are common in Polar Regions. 

Inversions occur when cold air settles close to the ground, with warm air on top of it. Inversions 

separate the air into two layers, like oil and water: this tends to slow down the winds close to the 

surface and is a contributory cause to a number of phenomena that occur in Polar Regions. Many 
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localised phenomena, such as optical haze, superior mirages and sounds being audible at unusually 

long distances are the result of temperature inversions. 

3.2.1.10.2 Katabatic Winds 

Katabatic Winds (of which specific occurrences have been described earlier) are an important feature 

of local weather in many parts of both the Arctic and particularly the Antarctic. They are particularly 

frequent and severe where high ice or snow-covered land lies close to a straight coast for example as 

in East Greenland and at the Earth’s windiest spot; Cape Denison at Commonwealth Bay, Antarctica. 

At night, particularly with a clear sky, heat is radiated from the ground which cools and consequently 

cools the air immediately above it. Where the ground is sloping, gravity causes the cooler, denser air 

to slide downhill causing a localised wind that has nothing to do with the regional atmospheric 

pressure situation. These winds can be violent, reaching storm force and occur with little notice. That 

they occur at night adds an additional danger for vessel on a coast.   

3.2.1.10.3 Optical Phenomena 

The unique geographical locations of the Polar Regions, the frequency of temperature inversions and 

the presence of snow and ice are some of the causes of optical phenomena. At both the North and 

South poles, the solar wind strikes the Earth’s upper atmosphere, closer to the surface, layers of hot 

and cold air refract, or bend, light rays. Light bounces off the surfaces of clouds, water, and ice to 

create optical illusions. In this section we summarises optical phenomena you may encounter when 

navigating in Polar Regions. 

3.2.1.10.4 Aurora 

The spectacular colour displays of the aurora borealis or “Northern Lights” appear in the sky on clear, 

dark nights during periods when solar storms are active. The aurora borealis is centred around the 

geomagnetic North Pole and are most often seen above the Arctic Circle. Displays occasionally appear 

as far south as the Northern Ireland. The Aurora Australis is the southern polar region’s equivalent.  
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Figure 3.19 Credit: Hannes Grobe, Alfred Wegener Institute for Polar and Marine Research, Bremerhaven, 

Germany 

Auroras gleam like rainbows or hang like curtains, sometimes seeming to almost touch the ground. 

But the actual lights are produced 70 to 200 kilometres above the Earth's surface. The amazing colour 

displays and formations are produced by the solar wind, a stream of electrons and protons coming 

from the sun. The high-energy solar wind collides with oxygen and nitrogen atoms in the upper 

atmosphere, exciting the gases so that they give of light. Different colours of light result from different 

gases at different altitudes. Auroras most commonly appear in green, although red, yellow, and blue 

auroras occasionally appear. The solar wind that causes Aurora Borealis and Australis can also have a 

significant impact on radio communication and electronic navigation aids. 

 

 

http://commons.wikimedia.org/wiki/User:Hgrobe
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Figure 3.20 The Aurora Borealis or Northern Lights (credit The Huffington Post) 

3.2.1.10.5 Corona and Anti-Corona 

A corona appears as a ring of light that surrounds the sun or the moon, sometimes forming a luminous 

disk, or even a series of rings with the sun or moon at its centre when light is diffracted by water 

vapour. Coronas often appear blue on the inside and red on the outside. They are often seen when 

the sun or moon shines through a diffuse mist or thin clouds, as light waves from the sun or moon get 

slightly deflected around cloud droplets. 

A similar phenomenon, the anti-corona (also called a “glory”), consists of one or more coloured rings 

that appear around the shadow cast by an observer on a cloud or in fog. 

  

Figure 3.21 A corona (credit A. Padilla) and an Anti-Corona (credit: Earth Science epod.esra.edu) 

3.2.1.10.6 Sun Halos and Sun Dogs 

A halo occurs around the sun when light is refracted as it passes through ice crystals and produces a 

very well defined ring of light around the sun. This is different from a corona whose ring is created 

when light is diffracted through small droplets of liquid water in clouds. When a thin 

uniform cirrostratus cloud deck containing ice crystals covers the sky, the halo may be in the form of 

a complete circle as seen below in the middle. 

One particular type of sun halo is called a sun dog or “parhelion”. Sun dogs are luminous spots on both 

sides of the sun that occasionally occur with a halo. 
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Figure 3.22 A Sun Halo (credit: spreephoto.de) and an Arctic Sun Dog. The actual sun is just off the right hand 

edge of this image (credit: Paul Henkart) 

3.2.1.10.7 Fog Bow 

A fog bow is caused by a process similar to that causing rainbows. Unlike a rainbow however, because 

of the very small size of the water droplets a fog bow has no colours. 

 

Figure 3.23 An Arctic Fog-Bow (credit: thesun.co.uk) 

 

 

3.2.1.10.8 Water Sky 

Water sky refers to the dark appearance of the underside of a cloud layer when it is over a surface of 

open water. 
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Figure 3.24 Water Sky (credit: Esther Inglis-Arkell) 

3.2.1.10.9 Ice Blink 

Ice blink refers to a white glare seen on the underside of low clouds. An ice blink indicates the presence 

of light-reflecting ice which may be too far away to see. 

 

Figure 3.25 Ice Blink clearly visible above an iceberg (credit: Greenpeace) 

Polar mariners can use water sky and ice blink to get a rough idea of ice conditions at a distance. 

3.2.1.10.10 Mirages and Optical Illusions 

Mirages and other optical illusions occur in Polar Regions because of particular atmospheric conditions 

that bend light. Two types of mirage are generally seen in Polar Regions, a “superior mirage” and a 

“fata morgana”.  
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A superior mirage occurs when an image of an object appears above the actual object. Superior 

mirages sometimes appear because of a temperature inversion, where cold air lies close to the ground 

with warmer air above it. Since cold air is denser than warm air, it bends light towards the eyes of 

someone standing on the ground, changing how a distant object appears. Superior mirages can 

produce a few different types of images: Distant objects can appear to float high above their actual 

position, for example a boat can look like it is floating in the sky, or an object below the horizon can 

become visible. Superior mirages can also distort images so that the object appears stretched and 

elevated. 

A fata morgana is a complex mirage in which distant objects are distorted as well as elongated 

vertically. For example, a relatively flat shoreline may appear to have tall cliffs, columns, and pedestals. 

The phenomenon can also result from temperature inversions. 

  

Figure 3.26 A superior Mirage (credit: Jason Ahrns) and a Fata Morgana (credit: Colin Prior) 

Mirages can prove confounding to polar Mariners. In making decisions about where you are or what 

lies ahead, take into account information from multiple sources. While your eyes are usually your most 

trusted navigation aid in more temperate climates, in Polar Regions they can be fooled. 

3.2.1.10.11 Optical Haze 

Optical haze or “shimmer” blurs objects at a distance. Optical haze occurs in a layer of air next to the 

ground where warmer air flows up and colder air descends, creating wind patterns known as 

convective currents. The difference in how the warm and cold air refract light causes objects seen 

though the layer to blur. Optical haze occurs quite frequently in Polar Regions, often making it difficult 

to identify details in the landscape. 
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Figure 3.27 Optical Haze is apparent in the left hand side of this image (credit: redorbit.com) 

3.2.1.10.12 Whiteout 

Whiteout occurs when the sky and snow assume a uniform whiteness, making the horizon 

indistinguishable and eliminating the contrast between visible objects both near and far. The observer 

loses all sense of perspective. In whiteouts, operations become extremely hazardous. Whiteouts 

happen most frequently in the Spring and Autumn, when the sun is near the horizon. Further 

conditions necessary to the development of whiteouts are uniform snow cover and cirrostratus, 

altostratus, or stratus overcast. The sky cover is the most important factor in the development of 

whiteout conditions.  
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Figure 3.28 Whiteout. This photo was taken in the Antarctic in February 2012 (credit: Captain Dale M. Mole) 

3.2.1.10.13 Sea-Smoke 

During very cold weather a type of fog known as Sea Smoke "steam fog" occurs when very cold air 

moves over open water. It occurs only when the contrast between air and water temperatures is very 

great. This type of fog occurs most frequently over rivers, unfrozen lakes, open leads or polynyas in 

the ice. Sea Smoke serves the important purpose of indicating the presence of open water. 

 

Figure 3.29 Arctic Sea Smoke (credit: Daily Mail) 



SEDNA D3.5 

 
 
57 

3.2.1.10.14 Föhn bank 

A Föhn bank is formed by a warm contour-hugging wind (a Föhn wind) that is blowing across the land. 

As the warmer wind blows across the much cooler land, it causes snow and ice to sublime (change 

from solid directly to gas). The overall effect as seen from a distance is that the land is covered by a 

very large blanket of condensed vapor. The gross contours can be seen through the cloud layer, but 

all of the finer detail is obscured. 

 

Figure 3.30 A Föhn bank (credit CoolAntarctica.com) 

3.2.1.10.15 Noctilucent clouds 

Noctilucent clouds are clouds that form in the cold, summer mesopause at latitudes of 60 to 70 

degrees north and south and are believed to be made of ice crystals. They are seen at extremely high 

altitudes (about 50 miles) and are thus, illuminated by the sun long after it has set over the horizon. 

The terms ‘nocti’ and ‘lucent’ are derived from the Latin where they roughly translate to ‘night’ and 

‘luminous’. They appear pearly white in color and often appear very delicate in texture. 
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Figure 3.31 Noctilucent Clouds (credit earthsky.org) 

3.2.1.10.16 Acoustic Phenomena 

People sometimes report that in Polar Regions they can hear noises from much further away than 

normal. This phenomenon occurs because cold atmospheric conditions bend sound waves differently 

than the air at lower latitudes. The air near the surface tends to be colder and denser than air higher 

up, causing sound waves to tend to bend down toward the surface rather than up away from the earth 

as they do in more temperate latitudes where air temperature on average decreases with height. 

The range at which sound can be heard depends on the temperature of the air, the speed and direction 

of the wind, and the rate at which sound energy is absorbed by the earth's surface. For instance, soft 

snow absorbs sound energy very efficiently, effectively muting the transmission of sound. In contrast, 

a hard-crusted snow surface absorbs little energy and a smooth ice surface is an almost ideal reflector 

of sound. Given the right conditions, conversations can sometimes be heard up to three kilometres 

(1.6 nm) away. 

 

 

3.2.1.11 Other Phenomena 

3.2.1.11.1 Freezing Rain 
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In Polar Regions, a type precipitation called freezing rain occurs. Every drop of this rain is made of 

unfrozen water but covered by a frozen shell. When the droplets hit a solid object they break and 

leave ice shells on the ground. 

3.2.1.11.2 Ice Fog 

Ice fog forms when the humidity is close to 100% and temperatures are far below freezing. The 

suspended water which makes up ice fog can be in either super-cooled liquid or ice form. When that 

moisture-laden air touches any solid surface, the cold moisture immediately precipitates out as a layer 

of ice.  

 

Figure 3.32 Ice Fog (credit: NOAA) 

3.2.1.12 Polar Weather Lore 

We complete this section with a number of items of “polar weather lore” acquired while researching 

the subject of polar weather from a navigation perspective. Sailing into polar waters requires an 

increased level of awareness of the weather and marine surroundings. It is very good practice to 

develop the habit of observing the environment around a vessel closely. Careful observation can often 

reveal important information about likely changes in conditions, where shelter may be found or what 

conditions might be like around the next headland. 

 If the wind is blowing at your back, the lower pressure is on your left side and higher pressure 

is on your right side 

 In late spring, and during the polar summer, there is frequently a thick bank of fog over the 

edge of the pack-ice 

 Many coastal communities were originally settled because they were sheltered from the 

worst of the wind. Mariners should remember that wind and other marine conditions 
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reported from inhabited coastal sites may be significantly different from those occurring over 

open water 

 In fog, patches of whiteness can indicate the presence of ice at short range 

 Mariners who are sheltering in a bay or cove should always heed a marine forecast of heavier 

winds and waves just outside the bay. Even over short distances the sea state can change and 

mariners may unwittingly venture from a safe shelter into dangerous seas 

 Absence of sea or swell, especially in a fresh breeze, can be a reliable sign of ice to windward 

 One of the first clues to the onset of a sea breeze is the sudden dissolving of low cloud just 

offshore. This is a sign of air gently subsiding in preparation for feeding the first drift of air 

onto the shore 

 A drop in temperature of the surface of the sea, or a drop in the air temperature, can indicate 

that a ship has entered waters where ice is likely to be encountered 

 Mariners are advised to plan routes that take advantage of the stage of tide (ebb-flood) and 

to use weather forecasts along with local observations of wind and sea to avoid dangerous 

spots 

 In fog, dark areas discerned through the murk can give an indication of open water 

 A good rule of thumb in guessing the maximum gusts in an approaching thunderstorm is to 

add 15 knots to the estimated speed of the cloud; add another 10 knots if the cloud base is 

very low over the water. For example, assume a thunderstorm is moving in from the 

southwest: if the lower cloud approaches on a prevailing wind of SW 10 knots, then the 

expected first-gust speed is 25 knots, or 35 knots if the cloud base is low and black 

 A dark band of cloud at high altitude can indicate the presence of a lead giving access to open 

water further away 

 A threatening sky with increasing black clouds and rain is generally not part of a large-scale 

wind system, if it is not preceded by swell. Therefore, any wind encountered should only be 

temporary. However, increasing swell for the direction of advancing storm clouds suggests an 

approaching low with a large area of strong winds 

 A surging action in the pack-ice can indicate the presence of open water nearby 

 North westerly winds can develop very quickly in the wake of a passing storm. The winds start 

in the west and spread east, so mariners can forecast their arrival by heeding observations 

from locations upstream 

 If, when approaching ice, there is darkness on the horizon beyond a light sky, this is good 

evidence of open water or land lying beyond the ice, in some cases 75km (40 nm) or more 
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beyond the visible horizon. If dark streaks are observed in the sky, the presence of leads is 

indicated. If there are no dark streaks, a ship should steer for the place where the iceblink is 

dullest 

 Although some immature waterspouts are very small, they should be avoided because they 

can change to more violent systems without warning 

 Iceblink is increased after a fresh fall of snow, since its reflection in the sky will be whiter from 

this snow than from the ice 

 A vessel that is moving slowly or away from the prevailing wind and waves will experience far 

less icing than a vessel that is heading quickly into the wind and waves. 

 In a cloudless sky and calm weather, abnormal refraction may raise the horizon enabling an 

observer to see ice at greater distances than normally would be possible. The image of ice or 

areas of open water, or a mixture of the two, may be seen as an erect or inverted image, or 

both images may be seen at once, one above the other. In this latter case the erect image is 

the higher of the two 

 Refraction also causes “bergy” bits to appear like icebergs. Where there is open water, a dark-

blue colour will be seen towards which the ship should steer 

 Air and sea temperatures are not a reliable warning of the presence of icebergs 

 Mariners experiencing smaller waves than expected should suspect that pack ice is close by. 

Also, the sighting of marine mammals (such as seals) which seem far from shore is another 

indication that pack ice may be near 

 With a rapid shift or increase in the prevailing wind conditions, choppy white water can be 

seen over fresh water before the same conditions develop over salt water 

 Vessels operating near small islands should pay close attention to the weather forecast since 

rapid weather changes may occur and wind shifts can quickly change a sheltered coast into an 

exposed one. Add to that the complexities of many coastal effects and the conditions can 

quickly become dangerous 

 Rough seas can develop when winds blow in the opposite direction of the current, especially 

during periods of large freshwater run-off events. This can be an issue around large ice bergs 

/ glaciers / ice-laden coasts 

 Sudden changes in weather are a feature of polar weather. Be prepared and plan ahead 

 Certain weather events are difficult to forecast and their onset can be rapid. Do not assume 

you will get much advance notice of impending bad or dangerous weather in polar regions 

 Weather in polar regions is often much more severe than at more temperate latitudes 
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 The atmospheric and environmental conditions in Polar Regions lead to optical and acoustic 

phenomena not observed elsewhere that can be useful or misleading. Polar  mariners should 

be aware of these phenomena to be able to use them to advantage or to avoid being misled 

by them 

 It is critical to obtain regular weather and ice forecasts and to be able to understand them 

fully 

 There is no substitute for regular up to date forecasts from reputable sources and keeping a 

keen eye on the weather at all times 

 The ability to receive forecasts via different communications means is necessary due to issues 

with the reliability and/or availability of communications services in polar regions.
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3.2.2 Polar Navigation  

3.2.2.1 Preparations and Readiness 

As operating in ice is not deemed to be “routine” navigation, a number of additional conditions 

and states of readiness must be adopted in order to ensure that a vessel can safely transit a polar 

regions/ice affected area. Industry based21  and subject matter expert sourced publications 22 

suggest that the following additional measures should be considered: 

 

 The vessel is of the appropriate ice classification 

 Fomalised procedures and checklists must be implemented and made available within the 

vessel’s SMS (Safety Management System) 

 Propulsion and helm machinery must be in good working order 

 Aids to navigation and communication equipment must be operational and in good 

working order 

 Rudder indicators should be checked to ensure they are operational and displaying the 

correct directional information 

 The appropriate ballast and trim calculations and adjustments should be complete 

 Operational search lights which provide as near to 360 degree illumination as possible 

 Deck fixtures and equipment should be operational and in good working order as follows: 

o Winches 

o Towing hawsers 

o Fenders 

o Mooring fixtures 

 Bridge window defrosters should be available to provide unrestricted visibility  

 Bridge window tinted screens should be available for all windows 

 Additional bridge resource management practices  

 Ice navigation publications made must be made available 

                                                
21 UKHO (2015) NP100 Admiralty the Mariner’s Handbook 
22 Anwar (2015) Navigation Advanced Mates/Masters 
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 All lights and day shapes should be checked to ensure their suitability for extreme 

conditions 

3.2.2.2 Master’s Duties and Responsibilities 
The duties and responsibilities of Masters operating within Polar/Ice affected regions, is a 

consideration which is highlighted throughout a number of industry sources, guidance documents 

and regulations. The outlined responsibilities deal with two distinct areas, firstly the safe passage 

of a vessel operating within a Polar Region, and secondly reporting requirements in relation to 

ice.  

The SOLAS23  (Safety of Life at Sea) convention outlines requirements for Masters of vessels 

operating within areas in which ice has been witnessed or reported, to proceed at a moderate 

speed, particularly during hours of darkness. Efforts should also be made to alter course, resulting 

in the ice being passed well clear, and the vessel subsequently reaching open waters.  

In relation to reporting requirements, the Master of a vessel on encountering dangerous ice, is 

required to make a report to the appropriate authorities, consisting of the following information: 

 Ice Type 

 Position of the Ice in latitude and longitude 

 UTC and date of the observations 

In the event of a vessel encountering air temperatures below freezing, which are associated with 

gale force winds which may result in severe ice accumulation on vessels, the following reports are 

required to complete: 

 Air and Sea Temperatures 

 Wind speed and direction 

 Vessel’s position in latitude and longitude 

 UTC and date of observation 

The details of the appropriate warning services can be viewed within the ALRS24 (Admiralty List of 

Radio Signals), a publication legally required to be carried on board all commercial vessels.  

                                                
23 IMO (1974) Chapter V – International Convention for the Safety of Life at Sea, 1974 
24 UKHO NP 283 Admiralty List of Radio Signals Vol 3 
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3.2.2.3 Specific Ice Navigation Considerations 

3.2.2.4 Electronic Aids to Navigation 

Firstly, before considering commencing navigation in ice affected areas, end-users must ensure 

that antennas, fixtures, or fittings related to electronic aids to navigation, which are positioned in 

exposed areas, must be checked to ensure that they are free of all ice and that ultimately they 

can fulfil the task they are designed to complete. This in general terms will involve rotating free 

from obstruction for radar scanners, and the ability receive transmission for GPS units.  

3.2.2.5 Radars 

When operating radars in areas of higher latitudes, which are affected by ice, there are a number 

of generic considerations that OOWs (Officer of the Watch) should bear in mind. Firstly, it should 

be noted that ice is considered to be a poor reflector or radar EMPs, and for this and various other 

factors which are presented here, radars are not all instances the most efficient means of 

detecting ice. Regardless of the proposed potential ineffectiveness at times, given the appropriate 

weather conditions, and the application of effective radar setup considerations by an OOW, a 

radar can be extremely effective for providing early warning assistance in relation to ice 

detection25.  

One of the additional considerations cited in relation to radar effectiveness is that of sub-

refraction.  Sub-refraction is propagation anomaly generated associated with Polar Regions, can 

have the same effect on a radar EMP as that of a radio transmission. The extreme temperatures 

and moisture conditions can result in increased “refractivity”, causing the emitted pulse to veer 

vertically as travels over distance, as outlined in figure 3.33. This increased “refractivity” can result 

in reduced radar detection, as potential targets which would normally be detected by the emitted 

horizontal pulse, can escape detection as the pulse veers upwards. 

 

                                                
25MOD (1987) Chapter 15 – Admiralty Manual of Navigation Vol 1 
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  Figure 3.33 Radar Sub-refraction (Credit: A.N.T.A.) 

 
Additionally, the potential changes in landscape and topography is another factor which must be 

considered by OOWs when operating within these regions. Charts which have been developed for 

the purpose of precision maritime navigation, are an aid to navigation developed by expert 

cartographers and surveyors, making use of advanced geographical/geomatics methods and 

technology. As advanced and accurate as these methods are, they are designed to capture and 

present navigation data in relation to fixed points and do not take into account the ever changing 

characteristics of ice, particularly coastal ice. While navigating, an OOW will continuously compare 

the radar display to that of the charts for the purpose of orientation and cross-checking navigation 

and track information. The ever changing nature of ice within a coastal area, will more than likely 

result in the coastline changing shape as the ice forms throughout the season. This can cause 

difficulties for OOWs as the image they expect to observe on the radar based on what is presented 

on the chart, will invariably change due to the ice coverage, causing difficulties for OOWs 

attempting to navigate using terrestrial means.  

Industry legislative requirements state that vessels of 3,000gt26 or more are required to carry two 

types of radars as follows: 

 

1. X-Band Radar (3cm): Primarily used for precision navigation and short to medium range 

detection 

2. S-Band Radar (10cm): Primarily used to medium to long range detection 

                                                
26 IMO (1974) SOLAS Chapter V Annex 16 – Radar Equipment 
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Although the X-Band radar is designed primarily for precision navigation, it is recommended that 

any such information viewed on an X-Band radar be compared to that of an S-Band, as these 

radars are far less susceptible to clutter detection issues. 

Finally, OOWs are reminded to consider the collision regulations, specifically aspects relating to 

challenges associated with detecting small ice bergs, vessels, and similar floating objects27, while 

also bearing in mind the need to consider the prevailing conditions in determining a suitable safe 

speed28. 

In relation to specific radar ice navigation considerations, it is suggested that radars must be 

operated at “peak operational efficiency” e.g.  power outputs and detection sensitivity must be 

adjusted to the point in which maximum detection is possible, while also ensuring that the 

receiver is not “over sensitive” in detection terms, without having an impact or effect on the level 

of precision accuracy required for generic and ice/polar navigation. Operators must consider the 

adjustments settings and apply the appropriate levels based on the current prevailing weather, 

ice and sea conditions as follows29: 

 Gain - An adjustment which affects the entire radar screen and increases/decreases the 

detection sensitivity of the unit in terms of what is displayed on the screen. 

 Sea Clutter – An Adjustment which affects the sensitivity of the display unit at the centre 

of the screen e.g. the gain is supressed or increased at the centre of the screen depending 

on the adjustment applied. Sea clutter is extremely effective if dealing with detection 

interference from sea/waves at close range to the vessel, however overuse of the 

suppression can limit detectability of targets at close range. 

 Rain Clutter – An adjustment which affects the entire radar screen, and adjusts sensitivity 

by increasing/decreasing the sin amplitude distance of the EMP emitted by the radar 

transmitter. In practical terms, applying this adjustment results in a target being displayed 

as a longer or shorter unit on a 2D display plain. 

When considering how and when to apply radar detection adjustments, an OOW must also 

consider the type of ice present in which the vessel is operating within, as the characteristics of 

                                                
27 MCA (1996) Para (b) Sub Para (iv) Rule 6: International Regulations For Prevention of Collisions at Sea 
28 MCA (1996) Rule 6: International Regulations For Prevention of Collisions at Sea 
29 Bole et al., (2006) Chapter 2 – Radar and ARPA Manual for Professional Mariners 
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the ice in question, will have a direct impact on how effective a radar is at detecting them. The 

following are examples of specific ice detection radar considerations applied by deck officers 

operating within Polar Regions30: 

 

 Large Icebergs: When attempting to detect large icebergs such as those formed within 

the Northern Atlantic areas, variations will be present in relation to detectability. For 

example, as outlined in figures 3.34 and 3.35, icebergs with vertically high sides, will have 

good radar returns, as their shapes are ideal for receiving a strong return from the emitted 

EMP. Alternatively, icebergs which do not have the same vertical presence, or which have 

inclinations on the surface, are less likely to provide a good return as they are more likely 

to disperse the EMP as it makes contact with the iceberg. Materials and components will 

also play a key role in detectability, with the salt water and land fragments attached to 

the larger icebergs increasing the radar return and detectability for OOWs. If operating in 

area affected by large icebergs, it is recommended to give them a wide berth not only to 

avoid the large bergs themselves, but also to avoid any potential smaller icebergs such as 

growlers which may have broken away from the larger bergs, but remained in close 

proximity resulting in them being difficult t detect. 

 
 
 
 

 
 
 
                           Figure 3.34 Iceberg with high broad sides 

 
 
 
 
 
 
 
 

                                                
30 NMCI (2012) NaRAS – O Training Guidelines 
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                           Figure 3.35 Iceberg with inclinations on the surface area 

 

 Growlers: A type of iceberg which form as result of larger icebergs drifting into warmer 

waters, resulting in fragments melting, falling off, and forming smaller floating piece of 

ice which can be as low as 1 metre above the waterline. Although these icebergs may 

seem harmless, the mass and scale at play can cause significant damage as a growler 

which is as low as 1 metre on the water line, can be up to 20m long, and weigh over 20 

tonnes. Characteristics such as their height above the water, fresh water content and 

environmental factors such as sub-refraction, can cause a number of challenges for OOWs 

attempting to detect such ice as outlined in figure 3.36. Also, the asymmetric 

characteristics of growlers can lead to difficulties detecting these ice bergs, particularly in 

conditions in which there is a great deal of clutter. It is therefore suggested that OOWs 

maintain a constant visual and radar lookout e.g. one person should be constantly visually 

monitoring the area, while another maintains a continuous watch on the radar. In 

maintaining a radar lookout, it also recommended that OOWs continuously adjust the 

detection settings/sensitivity e.g. gain, sea and rain clutter, ensuring that the current 

settings are appropriate for the prevailing conditions.  

 
 
 
 

 

 
 
 
 

Figure 3.36 Detecting Growlers 

Growler – Iceberg with poor 
aspect and minimum height 
above the water 

Sub-refraction – Refracting the 
emitted EMP vertically 
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 Sheet ice: This is a type of ice which forms as a result of a freshly frozen sea, which will 

have a layer of snow on top, resulting in a smooth exterior surface. This surface does 

provide a reasonably good radar return in terms of initial detectability, however the 

smooth nature of the surface can provide a limited horizontal radar return, resulting in 

sheet ice appearing as a thin line on a radar. Such representation can cause OOWs 

difficulty when attempting to accurately determine the scale of the ice (Figure 3.7 refers).  

 
 
 
 
 
 
 
 
 
 

 
 
 

 Figure 3.37 Detecting Sheet Ice 

 
 

 Pack Ice: A form of ice which develops as result of sheet ice breaking up, compressing and 

freezing again. This ice can develop in a variety forms such as close and very close ice, and 

will generally manifest itself in a number of ridges and hollows. In general, pack ice 

provides a good radar return, with the track of a ship generally being distinguishable as 

this ice generally covers a large area. However, it is suggested that caution should be 

exercised when navigating with a radar in an area affected by pack ice, as pack ice close 

to land can often result in a distortion of the coastline, making orientation and precision 

navigation via terrestrial means challenging at times (Figure 3.38 refers). 

 

 
 

Good radar return from the 
edge of the ice 

Smooth surface can deflect 
EMP 
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Figure 3.38 Detecting Pack Ice 

 

 

 Ice Leads: Linear breaks within the ice that form as a result of diverging ice flows which 

can cause large sections to shear as they drift in parallel to each other. Such drift/sheering 

can result in breaks forming which can range from a number of metres to ranges in excess 

of one mile. In order for such breaks to be detectible by radar, they must be at least 0.25 

miles in width, and free of brash ice. Shadow areas caused by ridges in pack ice can often 

be mistaken for ice leads, and therefore OOWs should not be solely reliant on radars when 

attempting to positively identify leads.  

 
Through numerous observations and discussions with industry experts, the UK Hydrographic 

office has published the recommended settings outlined in table 4.1. OOWs are reminded that 

these are recommendations, and therefore continuous monitoring and adjustments should be 

made when navigating in an ice affected area. 

 
Speed Radar Pulse Range Scales Centre/Off-centre 
8 – 13 Knots 3cm X-Band 

10cm S-Band 
 

Short 
Short 

1.5 miles 
6 miles 

Off-centre 
Off-centre 

>14 Knots 3cm X-Band 
10cm S-Band 
 

Short 
Short 

3 miles 
12 miles 

Off-centre 
As required 

                                        Table 4.1 Radar Adjustments: Ice Conditions (Credit: NP100 Mariner’s Handbook) 
 

3.2.2.6 Navigating with Charts and Fixed Points 

One of the primary considerations in relation to navigating with charts, topography and fixed 

navigational marks, are the potential for variations and changes in relation to perceived position 

and appearance. Efforts in relation to surveying areas for the purpose of developing charts and 

the capturing of such information, are completed and presented in a manner which does not take 

into account any changes which may occur as a result of ice. Due to the significant variations which 

exist in relation to climate, meteorological and ice conditions, any efforts to present this 
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information in any other manner with any form of precision would be futile at best. Variations 

which may occur in relation to chart features include changes in appearance to landmarks due to 

snow/ice coverage, inlets or bays being difficult to identify due to coverage and pack ice limits 

being mistaken for coastline both visually and by radar.  

Variations may also exist in relation to the appearance of headlands and other generally 

distinguishable features in the event of an iceberg grounding in close proximity to shore. This can 

create significant challenges for OOWs in relation to navigating using terrestrial means, 

specifically positional fixing. When navigating using these means, a significant emphasis placed 

on taking compass bearings or radar ranges from fixed charted locations which are then applied 

to an IMO approved chart publication in which the vessel’s position can be presented and viewed, 

thus allowing an OOW to monitor a vessel’s safe navigation and track. Accuracy and precision in 

relation to headlands is critical in order for this concept to be effective, and any variations in 

relation to perceived positions of these points is likely to result in inaccuracy when attempting to 

determine a vessel’s position and monitoring a vessel’s track. 

Critical infrastructure such as lighthouses and beacons may be affected by snow/ice coverage, 

particularly during the hours of daylight. Such points are generally designed to be distinguishable 

by being erected in a prominent positions, and coated in conspicuous and easily identifiable 

colours. Such structures can be affected by snow coverage resulting in challenges for OOWs, 

particularly when attempting to identify these points from distance. Another potential issue in 

relation to these installations, are illumination restrictions during the hours of darkness. These 

critical infrastructures are designed to be readily identifiable during the hours of darkness by 

having specific light characteristics e.g. colours, arcs of visibility, illumination range, and some 

instances, sequences of flashing, occulting or isophase. Such snow/ice coverage can potentially 

cause restrictions to these distinguishable features, making it difficult for OOWs to positively 

identify these structures for the purpose of precision navigation. 

Similarly to lighthouses and beacons, sector lights are another form of critical infrastructure which 

may be affected by ice coverage. As outlined in figure 3.39, sector lights provides a navigational 
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information in relation to safe water and track monitoring for a recommended track/route, 

generally in an area in which there is restricted available navigable water3132.  

 
 

 
    

Figure 3.39 Sector light as represented on an Admiralty Chart 

 
Similar to aviation sector lighting, these aids to navigation provide the OOW with track 

information, with the white sector highlighting areas of safe water, while the red and green 

sectors highlighting when a vessel drifts to port or starboard of track as outlined in figure 3.40.  

 
 
 
 
 
 
 
 
 
 

Figure 3.40 Sector light as represented on an Admiralty Chart (Credit: Sealite) 

                                                
31 Section 7 - An Introduction to Coastal Navigation: A Seaman’s Guide 
32 Chapter 2 – A Seaman’s Guide to Basic Chart work  

 



SEDNA D3.5: Codified Arctic Navigation Knowledge Base 

74 

 

Snow/ice coverage can cause the displayed sectors to become distorted, resulting in the 

necessary track information not being available to the OOW to safely transit an area. Such 

“distortion” can at times not only restrict the sectors on display, but also cause the sectors to 

become deformed and inaccurate. It is therefore recommended that OOWs do not solely rely 

upon these aids, and use additional methods to cross check track information determined when 

transiting ice affected areas. Such methods may include additional terrestrial means such visual 

and radar fixing, parallel indexing, limiting danger lines and GNSS.  

3.2.2.7 Polar Charts 

If operating in area in which polar charts are required to be used, it is suggested to bear in mind 

that such projections are not as accurate as those used in lower latitudes (Mercator projections). 

Industry sources such as the UKHO suggest that polar projections were traditionally developed 

based on aerial photography and in more recent times, satellite imagery/projections. Although 

satellite imagery can capture and project areas with extreme accuracy, the absence in appropriate 

ground level controls to cross-check and benchmark projections against, would suggest that there 

is a significant absence of Polar Regions which have been surveyed with any level of modern 

accuracy. The UKHO further suggest that certain coastal or approaches to well-serviced areas such 

as ports and harbours will generally have some form of ground level control. However in the broad 

sense, charted data which is generally trusted with a certain level accuracy in lower latitudes such 

as depths, topography and other navigation information should be treated with caution when 

using polar charts.  

3.2.2.8 Navigating with Floating Navigational Aids 
The IALA (International Association of Lighthouse Authorities) are an international body 

responsible for the development of common best practices and standards in relation to aids to 

navigation33. Specific to floating navigational aids, IALA have developed and implemented a well-

established buoyage system34, comprised of the following floating aids: 

 Lateral Marks: Provide lateral directional advice 

 Cardinal Marks: Provide specific directional advice e.g. north, south, east or west 

                                                
33 IALA (2018) http://www.iala-aism.org/about-iala/ 
34 Section 6 - An Introduction to Coastal Navigation: A Seaman’s Guide 

http://www.iala-aism.org/about-iala/
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 Isolated Danger Marks: Highlight a specific danger, in which the dangers are limited to the 

immediate vicinity of the buoy 

 Safe Water Mark: Highlight an area of safe water for a vessel to proceed to, and or transit 

within 

 Special Mark: Mark and highlight a range of additional scenarios not covered by the above 

 Emergency Wreck Marker Buoy: In the event of a vessel sinking, these markers are used 

to signify any potential dangers to navigation in order to ensure further incidents do not 

occur  

Each mark has a specific and standardised characteristic, so as to ensure that it is easily 

recognisable both during the day and night. Such characteristics include specific colours, patterns, 

shapes and light characteristics.  

Within polar and indeed all affected ice regions, there is potential for these marks to be affected 

by ice and snow. Firstly, it is suggested that certain maritime administrations remove marks during 

ice seasons, and therefore any Masters or OOWS transiting to such an area should ensure to 

acquaint themselves with local notice mariners, as they may find themselves in a situation 

whereby they arrive at an area expecting to find aids to navigation which are not present.  

The most obvious potential issue in relation to these marks is ice/snow coverage concealment, 

resulting in an OOW being unable to visually detect these marks. In some instances, these marks 

may have AIS transponders35, in which case efforts can be made to “shoot up” the marks using 

bearing and range data from AIS units. Caution should always be exercised when using such data 

sources, and AIS data should always be used as a guide and not for the purpose of precision 

navigation.  

Positional accuracy is another challenge in relation to floating navigational aids when operating 

in ice affected regions. The forces generated by ice, both in terms of formation and movement, 

has the potential to cause floating marks to drift out of position or even place enough load on 

moorings which result in parting and setting the floating marks adrift. It is therefore strongly 

recommended to proceed with extreme caution when transiting an area which makes use of 

floating markers to indicate dangers or preferred/recommended transit routes.  

                                                
35 This information will be highlighted on an updated admiralty chart 
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3.2.2.9 Use of Compasses at higher latitudes 

Gyro compasses: Although gyro compasses provide directional information in relation to true 

north and south, and are not as reliant at the poles as a reference point, it is widely recognised 

that these navigational aids are accurate up to latitudes of 70 – 75 degrees north or south. When 

operating beyond 75 degrees, it is recommended that celestial observations be taken in the form 

of azimuths, in order to provide an accuracy check which is independent of electronic navigational 

aids which are not susceptible to the inaccuracies of higher latitudes. It is further recommended 

such checks be completed at least every four hours when operating within these regions. If 

operating at a latitude greater than 85 degrees north or south, the gyro compass will lose all 

directive horizontal forces, resulting in it being effectively unusable within these regions. 

Magnetic Compass: Variations in magnetism make it difficult to determine with accuracy, the 

precise latitudes in which a magnetic compass may or may not be effective, however it is widely 

accepted that a magnetic compass will not provide any directional accuracy when operating in 

close proximity to the poles. Such proposed inaccuracy is suggested to be a result of the continued 

motion of the poles, which can result in large diurnal changes in variation. It is however suggested 

that magnetic compasses can be used within the lower latitudes of Polar Regions, provided that 

the compass has been “swung” and its accuracy verified within the lower latitudes.  

3.2.2.10 GNSS (Global Navigation Satellite System) 

GNSS in broad terms, provides global coverage for the purpose of navigation, and while the 

technology is not necessarily limited by the presence of ice, if operating within the higher latitudes 

of polar region, certain limitations may apply. Similar to gyro compasses, when operating within 

higher latitudes greater than 70 – 75 degrees north or south, an OOW should treat data acquired 

via GNSS with caution as such information will be subject to inaccuracies as a result of higher 

latitude operation. Such inaccuracies occur as a result of the orbital altitude of GNSS units, 

particularly when using the mainstream systems such as GPS, GLONASS and Galileo. It is further 

suggested that such limitations vary within the individual systems, resulting in inaccuracies being 

additionally or less prevalent within certain systems in a variety of geographical areas. It is 

therefore suggested that vessels operating in higher polar latitudes, make use of GNSS units which 

can make use of a variety of GNSS to determine positional information.  
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3.2.2.11 Echo Sounders 

As with any navigational transit/passage, a vessel’s echo sounder should be operated at all times 

for the purpose of depth determination, and the detection of approaching shoal water and 

hazards. If operating in an area in which surveying has been complete, depths can be monitored 

similarly to that which is completed during routine passages e.g. indicate depth, a vessels position, 

or of the presence of drift ice. When proceeding through ice, there is a significant likelihood that 

echo sounder depth detection may be impaired as the presence of ice or excessive noise may limit 

the effectiveness of the unit. In order to attain an accurate sounding within an area, an OOW may 

be required to reduce speed or manoeuvre a vessel to an all stop, in order to minimise noise 

interference, and to use a break in the ice to acquire an accurate reading.  

3.2.2.12 Dead Reckoning 

Dead reckoning is a method of future planning/estimating a vessel’s position for a specific time 

interval, based on the vessel’s course and speed. Such practices are ideal for prolonged passages, 

in which there are relatively few course and speed alterations, and based on the vessel’s 

speed/direction, an OOW can with some accuracy estimate where it is a vessel will be relative to 

a pre-determined track. The need to complete regular course and speed alterations in ice affected 

areas, results in a vessel being required to regularly deviate from a proposed track, resulting in 

challenges when attempting to determine with any accuracy, where it is the vessel is likely to be 

at a specific time. It is therefore suggested that positional fixing frequencies be increased in order 

to accurately monitor the vessel’s position in relation to the planned track. 

The application of GNSS data into ECDIS technology, has provided a mechanism in which 

DR/estimates can be determined instantaneously, as GNSS course and speed data can determine 

a DR position immediately when a vessel alters course/speed. While this method may be suitable 

and accurate during conventional passages, the limitations previously discussed in relation to 

GNSS technology at higher latitudes make this information unreliable, and should therefore not 

be relied upon as the sole means of determining positions. It is therefore suggested that terrestrial 

and celestial means be used when applicable, in the determination of DR positions. 
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 3.2.2.13 Celestial Navigation 

This form of navigation is an extremely specialised method, which takes a significant amount of 

both direct instruction and experiential learning in order to become competent in its application. 

This section will deal with specific ice navigation/polar considerations, and for additional 

information on celestial navigation methods, please see publications3637. 

While celestial navigation if appropriately applied can be an extremely accurate and effective 

method of navigation, the potential for its application is significantly influenced by external 

factors which ultimately, cannot be influenced by end-users. Application of this method is totally 

reliant on an end-users ability to detect and visually observe celestial bodies e.g. the sun, moon, 

stars, planets etc. Such observations cannot only be complete if the necessary bodies are visually 

available to the end-user in order to complete the necessary measurements in order to acquire 

an accurate position line.  

Firstly, extensive cloud cover affects these regions for much of the navigational season, making 

regular celestial observations and precision navigation extremely challenging at times. Another 

broad external environmental consideration is that of hours of darkness/daylight within the 

higher latitudes. Due to axis in which the earth rotates (see figure 3.41) and seasonal variations 

in the earth’s proximity to the sun, the sun rises once and sets one in six months at a pole. The 

resultant factor for these regions being prolonged exposure to periods of daylight in in summer 

months, followed by prolonged periods of darkness during the winter.  

 

                                                
36 MOD (1987) Admiralty Manual of Navigation Vols 1 and 2 
37 UKHO (2015) NP100 Admiralty the Mariner’s Handbook 
37 Anwar (2015) Navigation Advanced Mates/Masters 



SEDNA D3.5: Codified Arctic Navigation Knowledge Base 

79 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
  
    
  
 
 
 
 
 
 
 
 
 

Figure 3.41 Earth’s Orbital Axis (Credit: Science Blogs) 

 
The earth’s axis impacts the visibility and altitude of all observed celestial bodies when operating 

within these regions. The moon rises once a month at a pole, while planets rise once each sidereal 

year. A planet which has a declination38 of more than 23° 27’ in the opposite hemisphere will 

never rise at a pole, as it will be either too high or too low to be observed, and outside the field 

of view of the observer as outlined in figure 3.42.  

 

                                                
38 For all intents and purposes, the latitude of a celestial body as represented on the celestial sphere 
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Figure 3.42 Earth’s Orbital Axis (Credit: Science Blogs): Celestial Bodies outside an observer’s field of view (Star with 
Declination > 23° 27’ S) 

 
The periods of prolonged daylight/darkness can also significantly impair an OOW/observer’s 

ability to take measurements from stars. Industry best practice recommends that star sights be 

taken during the periods of nautical twilight39. As the sun does not always reach this point below 

the horizon throughout the year, during the periods of prolonged daylight/darkness, celestial 

observations/measurements of stars are generally impossible.  

Atmospheric conditions at higher latitudes differ greatly, particularly at sea level, resulting in 

significant variations in altitude corrections such as refraction and dip40. The lower temperatures 

within these regions have been known to amplify refraction effects, while the presence of ice can 

distort an observer’s impression of the true horizon, further limiting the accuracy of observed 

                                                
39 Centre of the sun is 12° below the horizon, resulting in suitable conditions for celestial observations 
40 Altitude corrections which are applied to observed altitudes in order to provide true angular distance 
from the horizon, to a celestial body’s upper or lower limb 

Observer located in Northern Polar 
Region 

 

Star with Declination > 23° 27’ S  

Limit of observer’s field of 
view 
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altitude measurements. Such conditions have been known to distort altitude readings of observed 

celestial bodies as much as 2° - 5°, further limiting the potential accuracy of a calculated position 

line/fix. 

When completing conventional celestial navigation, industry best practice recommends that 

observations of celestial bodies with an observed altitude of < 5° - 10° due to measurement 

inaccuracies with sextants and a reduced angle of cut between the observed body and the horizon 

(figure 3.43 refers). However due to the earth’s orbital axis, and the position of celestial bodies in 

relative to this axis on the celestial sphere, the altitude of prominent bodies such as the sun will 

generally never exceed 23° 27’, and will for prolonged periods remain at observed altitudes no 

greater than 10°. It is therefore suggested within the ice navigation literature that observations 

at lower altitudes within these regions must simply be accepted. 

 
 
 
 
 
 
 
 
 
 

 
 
 
 
  

 Figure 3.43 Celestial Body Altitude 

 
 
Due to the discussed challenges associated with celestial navigation at higher latitudes, the 

following recommended guidelines set out by industry experts (UKHO), provide some solutions 

for OOWs as follows:  

 

 As previously stated, observations at lower altitudes within these regions must simply be 

accepted and used by OOWs. 

 

Altitude/Angular distance measured 
between celestial body and horizon 
in order to determine a position line 
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 Position lines and positional fixes from stars will provide the greatest accuracy at these 

latitudes. 

 When using transferred position line techniques, careful consideration must be given to 

the accuracy and application of dead reckoning, as accurate estimations of future 

positions when operating in ice can be extremely challenging.  

 Air temperature and atmospheric pressure corrections which can be gained from 

publications such as the nautical almanac, should be applied in order to counteract the 

extreme atmospheric conditions of Polar Regions.  

 In order to counteract the challenges associated with accurately determining the true 

horizon, a bubble sextant, or sextant with an artificial horizon set up on the ice can be 

used to address this.  

3.2.2.14 Anchoring 

The volatile and uncertain nature of ice affected waters has led to numerous sources/mariners 

strongly advising against anchoring in areas with significant ice concentration. This is due to the 

extreme force that the presence of heavy ice is likely to have on anchor cables and the vessel 

itself. Anchoring could also very possibly lead to a vessel becoming not only damaged, but also 

significantly beset within the ice. If for some reason anchoring is deemed to be unavoidable, it is 

recommended that an anchor party41be on standby to clear away anchors, with the vessel’s main 

engines ready for immediate manoeuvring. Such a state of readiness will assist a vessel in exiting 

an area should local environmental conditions change to a point in which damage is likely to be 

caused to the vessel. 

3.2.2.15 Receiving Ice Breaker Assistance 

When receiving assistance from an ice breaker, generally the Master of the Ice Breaker will be 

responsible for the operation, however this does not absolve the Master of the vessel being 

steered of their responsibilities as per the international regulations for the prevention of collisions 

at sea. Prior to commencing operations between two vessels, communications should always be 

established via external VHF, with manoeuvring considerations such as working distances and 

                                                
41 Group of specialist mariners trained to operate mooring equipment and deck fixtures 
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operating speed being agreed also. Distances will vary, however as a general rule the minimum 

distance to be maintained will be the escorted vessel’s stopping distance. This may however have 

to be reduced should the ice conditions be that the cleared ice closes quickly as the ice breaker 

passes through. Such factors will also influence the maximum range in which an escorted vessel 

should allow itself to reach while under escort. In the event of an ice breaker being required to 

tow a vessel, the working range will have to significantly reduced to a matter of metres, and the 

vessel under escort may be requested to maintain a particular while under tow. 

In an effort to provide guidelines for OOWs operating in ice affected areas, the following generic 

guidelines should be followed: 

 

 The first step is to establish a rendezvous position and ETA with the Ice Breaker. 

 A continuous watch of external VHF working channels should be maintained in order to 

ensure that OOWs receive any critical transmissions made, particularly in the event of 

immediate manoeuvres being conducted such as sudden stops or alterations of course. 

 Any transmission made between vessels should be acknowledged immediately. 

 Maintain the recommended track astern of the Ice Breaker in order to ensure that the 

vessel does not become beset within the ice. 

 Maintain the recommended speed. 

 Any vessels receiving ice breaker assistance must be equipped with significant 

illumination capabilities. 

 Towing gear and deck crew should be on standby in the event of a tow being required to 

deployed at short notice. 

 Any damage experienced by either the Ice Breaker or vessel under escort should be 

transmitted immediately. 

 OOWs should be prepared for the Ice Breaker to make an emergency stop at point during 

the operation, ensuring that they are ready to bring the vessel to an all stop or alter course 

into the ice.  
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3.2.2.16 Anatomy and Physiology Considerations – The Human Factor 

Operating within Polar Regions, no different to any harsh or indeed extreme environment, places 

additional loads on the human body in terms of physical considerations, sensory perception, and 

mental strains. The Merchant Seafarers CSWP42 (Code of Safe Working Practices) briefly deals 

seafarers operating in colder climates, suggesting that such environments can result in 

impairments such as: 

 Reduced dexterity 

 Reduced muscular strength 

 Stiffened joints 

It is further suggested that seafarers be mindful of signs/indicators that the body is experiencing 

effects of cold induced stress such as the following: 

 Persistent shivering 

 Poor coordination 

 Blue lips and fingers 

 Irrational and confused behaviour 

 Reduced mental alertness 

Another factor to consider in parallel to the suggested potential impairments are that of work rest 

intervals on board merchant vessels. The MLC (Maritime Labour Convention) 2006 is in an 

international agreement between nations, which was ratified for the purpose of developing a 

single, clear and concise instrument, with a view of setting out international standards in relation 

to terms and conditions of employment and workforce management considerations within the 

seafaring labour market 43 . The MLC regulations deal with a broad range of workforce 

management considerations, however specific to this context, these regulations clearly set out 

hours of work rest intervals for purpose of providing clear guidelines in which the responsibility is 

on the employers and employees to ensure that work rest intervals are not being exceeded44. The 

MLC sets the following guidelines for work/rest intervals: 

                                                
42 Chapter 3 Maritime and Coastguard Agency Code of Safe Working Practices for Merchant Seafarers 
2015 Edition 
43 International Labour Organisation: Maritime Labour Convention 2006 
44 Regulation 2.3 - International Labour Organisation: Maritime Labour Convention 2006 
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 Maximum hours of work shall not exceed: 

o 14 hours in any 24-hour period; and 

o 72 hours in any seven-day period; 

 Minimum hours of rest shall not be less than: 

o 10 hours in any 24-hour period; and 

o 77 hours in any seven-day period. 

 Hours of rest may be divided into no more than two periods, one of which shall be at least 

six hours in length, and the interval between consecutive periods of rest shall not exceed 

14 hours. 

With numerous sources such as accident investigation reports highlighting breaches of these work rest 

intervals as a significant causal factor, it is imperative that additional focus be placed on managing these 

intervals. While impairments such as those outlined in the CSWP should be monitored and 

immediately addressed if experienced by any seafarer, in the context of navigation, in this case 

Polar/Ice navigation, such impairments if not appropriately addressed are likely to significantly 

reduce an OOWs ability to perform within the bridge navigation environment. Symptoms such as 

irrational or confused behaviour and reduced alertness if not appropriately addressed, could 

result in a reduction in the OOWs ability in terms of decision making and information, with the 

potential to result in a serious accident or incident. One of the heavily cited methods suggested 

to prevent such impairments from developing, are that of the use of appropriate clothing. 

3.2.2.17 Protective Clothing 

As with operating in any environment within the maritime context, the CSWP highlights the need 

for making use of the appropriate protective clothing, relative to the situation/task at hand. It is 

further suggested here that the emphasis should be placed on wearing warm clothing which 

insulate body heat and protect exposed extremities, while also ensuring that such clothing is 

compatible with the any protective equipment being worn in relation to specific tasks/safety 

measure.   

Additionally, maritime sources highlight the importance of understanding the correct use of such 

clothing, particularly in relation to appropriate donning and limitations of such clothing. Such 

clothing can also significantly loose its effectiveness in the event of material becoming wet or 
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damaged, and signs of such wear and tear should be monitored for on a regular basis. The 

formation of Hoar-frost 45 , which can be almost invisible, should be checked for at regular 

intervals, and removed immediately if detected.  

Perspiration is to be avoided as the generation of additional moisture can be absorbed by clothing, 

causing them to degrade and reduce insulation qualities. In practical terms, it is recommended 

that seafarers wear a number of thin layers as opposed to heavy unbreathable clothing when 

working in areas exposed to the elements. It is also suggested when commencing work, that such 

work be commenced with the wearer “feeling cold”, and adding or removing layers as required 

throughout the duration of the work. Finally, it is recommended that gloves be worn at all times 

within these environments, even during delicate or “precise” tasks. It is suggested that skin which 

comes into direct contact with steel at a temperature of -7° C or below, will result instant 

blistering.   

3.2.2.18 Hypothermia 

Hypothermia is a medical term used to describe the point in which the human body reaches an 

abnormally low temperature, and if not treated can result in serious injury and or death. While 

sources vary in terms of suggesting what this temperature is, CSWP suggests that the body is 

technically experiencing hypothermia when bodily temperature drops to 35° C or 95° F. The 

suggested bodily temperature drop can occur as a result of numerous factors such as the 

following: 

 An individual is severely fatigued 

 Insulating properties of clothing become impaired as a result of: 

o Tearing 

o Exposure to external moisture 

o Perspiration  

 The body becomes immobilised through injury 

 Immersion in cold water 

                                                
45 Hoar-frost: Ice deposits with crystalline appearances and take the form of scales, needles, or feathers 
on surface areas. 
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One of the challenges associated with managing a hypothermia victim is that of diagnosis. Signs 

and symptoms include the following: 

 Intense feeling of cold 

 Abnormal behaviour patterns 

 Uncoordinated muscle movements which may result in stumbling 

Such signs are similar to those outlined within the CSWP in relation to bodily stress as a result of 

cold, creating challenges for seafarers when attempting to assist a potential victim.  

Treating hypothermic victims is a specialised process which should generally be completed under 

the supervision of a medical professional, however for the purpose of this section, industry 

guidelines suggest the following: 

 Moving the cremember into shelter and out of the cold external environments 

 Replacing wet clothing with dry 

 Wrapping the crewmember with blankets for insulation 

 Provision of extra heat for the body 

 If the crewmember is conscious, provide them with hot drinks/food 

Finally, should the crewmember recover from the drop in bodily heat, they should not return to 

fulfilling their roles on board until they have received a medical examination, as relapses will often 

occur.  

3.2.2.19 Frostbite 

Is a condition associated with exposure of the bodily parts (generally extremities) to extremely 

low temperatures such as those experienced within Polar Regions. When the affected bodily parts 

becomes exposed to the low temperatures, fluid present within the muscular tissue becomes 

frozen, resulting in the onset of frostbite symptoms. The initial stages are relatively painless, and 

may not be noticed until someone else observes the visual symptoms such as white patches on 

the skins, or sections of hard spots on the affected areas. The face is one of the most common 

areas to be affected, which sections such as the nose, cheek bones, chin and ears generally being 

the areas in which symptoms can manifest themselves. Minor cuts and abrasions are also ideal 

locations for the onset of frostbite.  
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The feet are another area prone to frostbite and are generally a serious area to become affected 

as the early visually symptoms may not be seen until the point in which permanent damage has 

occurred. The most common sign which people generally notice first is that of a lack feeling in the 

affected foot, signalling the onset of frostbite and the subsequent lack of circulation as the result 

of the tissue becoming frozen.  

With regards treating frostbite, the most important factor is that of early detection of signs and 

symptoms, and providing subsequent early intervention. Within areas such as the face, methods 

such as applying bodily heat from the hands will generally provide the necessary heat required to 

melt the frozen fluid. Caution should however be taken to keep areas which have been affected 

completely covered from the elements, as they will be further susceptible to additional onsets. 

With regards the feet, early action should be taken to apply heat and promote circulation in order 

to prevent long terms damage to the limbs. 

Finally, another factor to consider is that of internal frostbite, the onset of internal bodily parts 

becoming frozen as a result of panting and large masses of cold air intake in areas of extreme 

temperatures. Recommended preventive methods for internal frostbite include frequent rest 

intervals between work intervals in exposed areas and restricting breathing through the mouth 

as much as possible. 

3.2.2.20 Snow Blindness 

Snow-blindness is an acute condition which can be experienced when exposed to the prolonged 

overcast and bright conditions generally experienced within polar/ice affected regions. Signs and 

symptoms generally occur some time after exposure, and include: 

 Eyes begin to water 

 A feeling of sand in the eyes 

 Blinking becomes painful 

It is suggested that the pain can last up to 24 hours and once experienced, should be treated by 

placing the person in an area of complete darkness or keeping the eyes bandaged. 

In terms of Arctic/Ice Navigation, the potential issues associated with such a condition, given the 

significant importance with clear unobstructed vision discussed throughout the ice navigation and 

ship handling section. Also, the polar weather section makes reference to a number of optical 
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illusions/restrictions which can be experienced by Mariners within Polar Regions46. Should an 

OOW experience snow-blindness or indeed any form of visual impairment as a result of 

environmental conditions, efforts should be made to gain assistance from the ship’s Medical 

Officer. A deck officer should not return to OOW duties until they are satisfied that such visual 

impairments have been resolved.  

 

3.2.3 Polar Ship Handling 

Ship handling is a specialised area which requires substantial direct training and experiential 

learning prior to being deemed proficient and competent to safely and efficiently handle a 

vessel. The volatile uncertain and changeable nature of Polar Regions, creates additional 

challenges for professional mariners a number of which will be presented and discussed 

throughout this section. This section has been derived from reviewing a number of reputable 

industry sources, which highlight ship handling challenges and recommendations for vessels 

operating within ice affected Polar Regions47484950515253 

3.2.3.1 Generic Vessel Design Considerations 

Length: When operating within ice fields, long ships can experience difficulty when attempting 

to complete the necessary tight turns when attempting to remain within the ice-free channels 

created by ice breakers. Also, in terms of ship build considerations, it is suggested that longer 

ships tend to have long thin hulls which are relatively unbraced amidships, resulting in these 

vessels not being designed to withstand the pressure or stresses placed on them, particularly 

during turns. Due to the position of a longer vessel’s pivot point, these vessels tend to swing 

their extremities with greater lateral distances, resulting in additional forces being applied on 

these sections, which can result in damage. 

                                                
46 Para – Optical Haze, Mirrages, Optical Illusions, Ice Blink, White Out and various others 
47 Crenshaw (1975) Naval Ship Handling 
48 UKHO (2015) NP100 Admiralty the Mariner’s Handbook 
49 Anwar (2015) Navigation Advanced Mates/Masters 
50 MOD (1987) Admiralty Manual of Navigation Vol 1 
51 MOD (1987a) Admiralty Manual of Seamanship 
52 SMA (2010)Swedish Maritime Administration Winter Navigation Rules 
53 ICOS (2016) Bridge Procedures Guide 
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Size: Larger vessels with increased mass are generally a lot slower to manoeuvre and even stop 

when making headway. This can create challenges for OOWs, particularly in the event of the 

requirement of a sudden turn, or to bring the vessel to an all stop. The sudden appearance in ice 

can result in a vessel experiencing damage, as the OOW may not be able to bring the vessel to 

an all stop. 

Propellers: As commercial vessels are generally designed with protruding propellers, they can 

be extremely vulnerable to damage when operating in ice. In general terms, propellers are 

simply designed to generate thrust, and not to withstand damage. Also, due to the rotation of 

the propellers while generating the aforementioned thrust, the potential force/impact on the 

blades is significantly amplified, further increasing the risk of damage. It is suggested that single 

screw propeller vessels are less likely to experience damage than twin screw vessels. This is due 

to the centreline position of the propeller on a single screw vessel, which provides additional 

protection, as there is less of the propeller protruding from the hull. 

Power: In general terms, the greater the power output a vessel has at its disposal, the more 

ability the OOW has to manoeuvre in order to avoid ice. Vessels such as tugs and ice-breakers 

have a significant advantage over commercial vessels as they can generate maximum power at 

low speeds, making quick and immediate turns relatively easy to achieve. Modern cargo vessels 

for fuel efficiency, are generally equipped with electronically regulated control pitch propeller 

design features, making generating maximum power at slow speeds difficult to achieve. One 

option at the disposal to OOWs on commercial vessels, is to use sudden increases of helm and 

engine thrust, followed immediately by a reduction in power so as to ensure the vessel does not 

generate too much speed. While this will not provide the same level of manoeuvring power as 

that experienced on an Ice Breaker, it will provide more apparent or sudden manoeuvring 

thrust.  

Beam: Vessels with wide and narrow beams offer varying advantages/disadvantages. Firstly, a 

vessel with a narrow beam will experience less resistance while passing through an ice affected 

area than that of a wider vessel. Narrow vessels can also follow the stern of a wider vessel with 

greater ease as they are less likely to become to come into contact with ice in this case. While 

wider vessels do not experience these advantages, they do generally offer more protection to 

propellers, as generally the wider the vessel, the less exposure the propellers have to ice.  
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Rudders: As vessels operating in ice affected areas are required to be able to steer at slow 

speeds, rudders are generally positioned directly behind the propellers, so as to ensure 

maximum thrust can be applied, thus resulting in more effective steering.  

Draft: Vessels with deeper drafts tend to offer more protection to rudder and propeller fixtures, 

as the vessel’s deeper keel position will provide more protection. Vessels with shallower drafts 

can also offer benefits, in that such vessels can generally operate in closer proximity to the coast 

in areas where ice-free channels generally first appear.  

3.2.3.2 Generic Manoeuvring Considering 

It should be stated at the outset that if possible, entering should be avoided by cargo vessels, as 

they are generally not specifically designed to withstand the forces and impacts associated with 

ice, particularly ice bergs and closed ice. It is suggested that OOWs attempt to proceed around 

ice floes54, or select tracks which within ice leads, and subsequently avoid any contact/impact 

with the ice.  

Entering Ice: In the event of a vessel being required to enter ice, as outlined in figure 3.44, it is 

recommended that such entry be conducted using minimum speed and at right angles to ice 

edge.  

 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
Figure 3.44 Entering the Ice 

                                                
54 A relatively flat formation of flat sea ice, which is 20m or more in diameter 

Windward Side 

Leeward Side 

Entering the ice at right 
angles 
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Once the initial impact has been made and the vessel has entered the ice, speed should then be 

gradually increased to point where the vessel can maintain the most appropriate and safe 

track/headway, while also ensuring that speed is not reduced to the point where the vessel is 

likely to become beset in the ice. With regards the entry point itself, it is suggested that this take 

place on the leeward side of the ice. As the windward side of the ice is directly exposed to 

environmental conditions, the ice is likely to be more compact and in turn thicker and more 

difficult to break through than that of the leeward side. If the presence of pressure is apparent 

from hummocking and rafting55, it is strongly advised to avoid entry as the ice is more likely to be 

thicker at these points.  

 

Speed in Ice: Determining an appropriate speed while transiting an ice affected polar region can 

be a challenging task. If a vessel proceeds at an excessive speed, relative to the vessel’s 

characteristics and ice conditions, the OOW runs the risk of causing collision damage. Should the 

vessel proceed too slowly, or at a speed in which the necessary force is not applied to break the 

ice, the OOW runs the risk of the vessel becoming beset in the ice. Careful consideration should 

therefore be given when attempting to determine an appropriate speed, using information such 

as the vessel’s speed made good, manoeuvrability, vibrations/noise when, and continuous visual 

observations of ice and how the vessel is progressing through the ice field.  

Another factor to consider is that of transiting an area in which there is a variation of ice 

thickness/concentration. For example, if passing from an area of close pack ice, to open waters 

and then back into pack ice, it is recommended that an OOW reduce speed. If speed is not 

reduced, as the vessel clears the closed ice, although the OOW will not have adjusted the 

speed/engine controls, as there is now no ice present to cause the resistance experienced within 

the closed, resulting in an unintentional increase in speed. The increased speed may be 

inappropriate for entering closed ice, and could therefore result in collision damage should the 

speed not be adjusted upon entering clear waters.  

 

                                                
55 Pressure points within ice formations which result in the development of areas of thicker ice, which are 
to be avoided where possible by vessels 
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Manoeuvring with engines/rudders: As discussed within the characteristics section, when 

operating within ice, rudders and engines are the most vulnerable segments of a vessel, due to 

the fact that they protrude or overhang from the hull. They are also one of the most important 

fixtures to remain free from damage, as any adverse effects on these elements will result in a 

vessel being either restricted in her ability to manoeuvre, not under command, or becoming beset 

within the ice.  

If a vessel is brought to a stop by close pack ice, the rudder should be placed at amidships, while 

the engines are maintained at slow ahead. The applied headway results in the ice astern of the 

vessel being washed clear, at which point the vessel can attempt apply sternway before 

proceeding ahead.  

Another factor to consider is the presence floes passing under the bow and along the keel of the 

vessel. Speed should be reduced to a minimum in order to ensure that there is minimal ice floe 

into the propellers.  

In terms of steering/rudder use, as a general rule, substantial or violent rudder movements are to 

be avoided, as such movements may result in the stern swinging violently, and potential sudden 

impacts. This is of particular concern when operating in an areas containing drift ice. Such rudder 

movements should only be used in extreme/emergency situations, such as the vessel becoming 

beset in the ice. Additionally, too much rudder movements will ultimately result in a vessel’s 

speed decreasing further as it transits through the ice. Such speed reduction may again result in 

the vessel becoming beset in the ice.  

 

Leads: Linear cracks (figure 3.45 refers) in the ice of varying range and an occurrence further 

discussed within the navigation section, are another factor to be considered from a ship handling 

perspective. If a vessel does not have ice breaker assistance it is strongly recommended that shore 

lead within an onshore wind be avoided, due to the likelihood of the leads closing, compressing, 

and becoming closed ice. This is of significant importance in this context also, as any drift occurring 

as a result of the onshore wind will more than likely set the ice and the vessel itself onshore.  

Another factor to consider when following leads is that of general direction of the break within 

the ice. It has been suggested that OOWs can become disorientated while operating within leads, 

focusing more on following the break within the ice as opposed to monitoring the necessary track 
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information. It is therefore suggested that leads which “lead” in a direction of greater than 45 

degrees off the planned track, should not be followed.  

 

 
    Figure 3.45 Ice Leads (Credit: NSIDC) 
 
Ramming and backing: This is a method which can be employed by the OOW, in which the force 

of the weight and impact of the vessel is used to proceed ahead and “ram” the ice with a view to 

breaking floes. Once the ice has been “rammed”, the OOW then proceeds astern, backing out of 

the “rammed” area into clear ice before the vessel becomes beset in the ice. This process is 

continuously repeated, allowing the vessel to make slow headway through heavy concentrations 

of ice. Some general ship handling advice includes the following: 

 

 Propellers must be rotating ahead before any sternway can be applied through the 

broken ice. This assists in ensuring that the propellers do not come in contact with closed 

ice.  
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 External factors such as wind, current and ice pressure, will no doubt have an impact on 

this manoeuvre and should be considered from a ship handling perspective. 

 This manoeuvre should not be continued if the break in the ice does not exceed the beam 

of the vessel, and does not allow for resistance free headway/sternway. 

 This manoeuvre should be avoided with vessels of minimal or no polar ice class, as the 

impacts may have significant impacts on structural integrity.  

Hours of Darkness: From a ship handling perspective, the primary consideration in relation to 

operating during hours of darkness is that of speed, and proceeding at a speed which is 

appropriate for the prevailing circumstance and conditions.  As with any form of manoeuvring, 

ship handling during hours of darkness creates additional challenges for an OOW due to the 

difficulties in not only visually observing the vessel as it manoeuvres, but also in terms of using 

visual spatial determination/recognition competencies/skills such as depth perception, spatial 

awareness etc. It is therefore strongly recommended from numerous sources that significant 

levels of illumination provided, covering a 360 degrees perspective of the vessel. Such levels and 

arc of illumination should provide a field of view comparable those experienced during daylight 

hours, at the very minimum to the areas in close proximity to the vessel. 

 

Drift Ice: Ice fields which are comprised of thick broke floes, should were possible be avoided by 

OOWs when operating in Polar Regions. Such avoidance should be further adhered to if there is 

any indication of sea erosion on their upper surface. Such erosion can lead to additional pressure 

on the ice surface, providing additional strength to the ice flow. Floes such as this may have also 

developed underwater spurs, which can be extremely strong and may not have any significant 

reduction in mass as a result of melting affects. When operating in a Polar Region at night or 

during restricted visibility, it is strongly recommended that vessels reduce their speeds, or 

applicable stop, as the identification of ice floes can be extremely difficult throughout these 

periods.  

In practical terms, it is suggested that unless a large floe block is showing signs of rot, that no 

efforts should be made to break this ice. If such a floe simply cannot be avoided, efforts should 

be made to manoeuvre the vessel into a position whereby the stem is slowly places against the 

edge of the floe, (figure 3.46 refers) and power should be gradually applied to a point whereby 
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the floe is forced ahead and to one side away from the vessel. This in theory, should allow the 

OOW to manoeuvre past and clear of the floe. 

In the event of collision with a floe being unavoidable, the OOW should make an attempt to direct 

the vessel in such a way whereby the floe is struck squarely with the bow. Although a “square 

strike” may cause an initially harsh impact, striking the floe at angle could result in the vessel 

experiencing damage to bow plating, or in some extreme cases, could result in the vessel swinging 

violently to the point where by the stern strikes a floe and damages the rudder and or propeller. 

Such damage has the potential to result in significant risk to a vessel, as any restrictions in 

manoeuvrability, has the potential in the vessel experiencing significant damage within the ice.  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
     
 
 
 
 
 

 
 
 
 

Figure 3.46 Colliding with Drift Ice 

Ice Floe 

Strike the Ice Floe “Squarely” with the 
Stem 

The Vessel’s 
Stem 

Avoid “glancing” strikes, or at aspects such as the 
above 
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3.2.3.4 A Vessel Beset in Ice 

A vessel becoming beset in ice can in some instances be a relatively safe and non-urgent situation, 

while in others can result in immediate and even catastrophic damage. Figure 3.47 outlines an 

example of a “non-urgent” besetting. Such ranges of risk exist as a vessel beset in ice is totally at 

the mercy of the environmental conditions within the area e.g. ice composition, wind, tide etc. 

The overarching recommendation highlighted in numerous publications, is that of the essential 

need to maintain freedom of movement, as once this has been lost, it is very difficult to regain 

without ice breaker assistance. Should a vessel experience this difficulty, it is recommended that 

the OOW keeps the propeller turning, so as to ensure that it remains free from obstruction. Ice 

Breaker assistance should be requested immediately, in order to ensure that the vessel does not 

experience the more extreme dangers of being beset in ice. 

In the event of ice breaker assistance being unavailable, attempts should be made to clear the ice 

by applying full ahead on engine controls, followed by full astern in an effort to move back and 

forth and clear the ice within the immediate vicinity. Maximum rudder angles in both port and 

starboard directions should also be applied to assist with the clearance. Efforts can also be made 

to adjust the vessel’s trim and heel, by shifting ballast or cargo in order to reduce the amount of 

force applied in a particular area on the vessel.  

 

 
    Figure 3.47 Cargo Vessel Beset in Ice 
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Another option available to mariners when beset in ice is the use of the vessel’s anchors to clear 

the ice. By placing the anchors towards each beam of the vessel, by applying the necessary force 

to recover the anchors/cable, this may cause sufficient movement to facilitate the vessel clearing 

the ice. Finally, another potential option available to the crew, is the placement of an ice anchor56 

astern of the vessel as outlined in figure 3.48. Once in place, the vessel can attempt to manoeuvre 

astern by using the winches pull the vessel in the direction of the anchor, causing the ice around 

the ship to break.  

 
 
 
 

 
 
 
 

 
  
 
 

 
 Figure 3.48 Using an Ice Anchor  

3.2.3.5 Operating in Convoy 

In the event of a number of vessels simultaneously requiring ice escort assistance in order to safely 

transit an ice affected Polar Region, the ice breaker may decide to operate a convoy system. In 

completing a convoy in this context, unlike other convoy scenarios, the only workable formation 

which should be considered in ice is that of a column, as any lateral formations may result in 

numerous vessels becoming beset in the ice. In broad terms, an ice convoy entails a group of 

vessel proceeding in a straight line directly astern of an ice breaker, so as to proceed safely 

throughout an ice affected area. Figure 3.49 provides a brief visual representation of the OOWs 

perspective during such an operation. 

                                                
56 A “jury rigged” fixture consisting of ropes and weights placed in the snow/ice which can withstand the 
force of the pull from the vessel’s winch 
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Figure 3.49 Ice Convoy from the Ice Breaker OOW’s Perspective 
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As outlined in figure 3.50, depending on the number of ice breakers available, there are slight 
variations in formation when operation in convoy.  
 
 
 
 
 

 
 

Convoy operating with one Ice Breaker 
 

 
 

 
 

 
 

Convoy operating with two Ice Breakers 
 
 

 
 
 
 
 

 
 

Convoy operating with three Ice Breakers 
 

Figure 3.50 Potential Convoy Column Formations 
 

When a convoy is operating with one ice breaker, they will generally adopt a formation such as 

this outlined in figure 3.50. The Ice Breaker leads the column, typically at a range of 200 yards, 

and provides an ice free lead/track for the convoy vessels to proceed through. The lead ship will 

generally maintain a range of 200 yards astern of the Ice Breaker, and will be appointed formation 

guide. This means that the remaining convoy vessels must maintain station with the leads vessel 

being escorted, while the lead vessels maintains station with the Ice Breakers. Throughout the 

operation, Ice Breakers will be free to manoeuvre ahead at a range greater than 200 yards, if 

required to break sections of heavy ice concentrations. If operating in an area affected by 

Range 200 
Yards 

Range 200 
Yards 

Range 2000 
Yards 

Range 200 
Yards 

Range 2000 
Yards 

Range 500 
Yards 



SEDNA D3.5: Codified Arctic Navigation Knowledge Base 

101 

 

significantly heavy ice, the convoy may at times be provided to proceed to an all stop, while the 

Ice Breaker transits ahead in order to clear a channel.  

When operating with two ice breakers, as outlined in figure 3.50, the only variation applied here 

is that the lead Ice Breaker positions itself at a range of 2000 yards ahead of the second Ice Breaker 

in formation. This allows the lead vessel to perform Ice Breaking functions, while seeking out 

potential leads/safe areas to transit, without compromising the vessels in convoy. If additional Ice 

Breakers are available, they should be placed throughout the column as outlined in figure 3.50, 

providing additional ice breaking assistance and clearer waters for the vessels on transit. This 

staggered placement also ensures there is an ice breaker in relatively close proximity to vessels at 

all times, and can provide immediate assistance if required. It is suggested within the publications 

that the largest most powerful vessel should lead the column, as they will provide the necessary 

channel width for the other vessels in formation. It is also suggested that a smaller, less powerful 

vessel is at a greater risk of becoming beset in the ice, requiring Ice Breaker assistance, and holding 

up the convoy. Throughout the convoy operation, the Ice Breaker assumes the role of course 

guide, while the lead escorted ship is the convoy guide. Practically, this means that the convoy 

vessels should proceed at the same heading as the Ice Breaker, while maintaining an appropriate 

safe distance from the convoy guide. Traditional course signals transmitted during 

convoys/formations, are generally omitted in this instance as the course to be steered is the 

heading that keeps the vessel directly astern of the Ice Breaker and convoy guide, while 

proceeding through the created channel and maintaining a suitable safe distance. During course 

alterations, Ice Breakers will complete these manoeuvres in small intervals, in order to maintain 

a minimum rate of turn, thus allowing the convoy vessels to successfully follow in the wake of the 

Ice Breaker. Any sudden unnecessary course alterations could result in the convoy vessels 

swinging into ice floes, or in some cases, exiting the lead/channel and becoming beset in the ice.  

Another factor to consider throughout these operations is that of an appropriate speed. Although 

this will vary based on a number of factors such ice concentrations, weather, and vessel 

characteristics and dimensions, the following general recommendations can be used as a guide: 

 

 Open Ice: Speeds of 6 – 7 knots if it is determined that the vessels will not collide with ice 

floes. 
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 Close Pack Ice: Speeds not greater than 5 knots should be maintained 

 As a general rule, it is suggested that 8 knots can be maintained in an area with 4/10 

concentration, with speed reductions of 1 knot required for each additional 1/10 increase 

in ice concentration.  

OOWs should ensure that engines are ready for immediate manoeuvring or indeed stopping, 

should the Ice Breaker be required to come to an immediate stop. If required to stop suddenly, 

the Ice Breaker will signal and sound the appropriate signals, alerting other vessels of their intent 

to stop. In the event of a sudden stop, should the OOW determine that their vessel does not have 

the manoeuvring capabilities to proceed to an all stop, they may decide that an alteration of 

course is also required which may result in a collision with ice. OOWs should bear in mind the ice 

conditions when attempting to make this decision, as such an impact with hard ice 

concentrations, could result in the vessel bouncing off the ice and striking a vessel ahead or astern.  

In terms of maintaining station/a suitable distance, this will be determined by the ice 

concentration. For example, it is proposed that in an area which is affected by concentrations of 

7/10 or less, that convoy vessels should be able to proceed through the ice and maintain station 

with little ease. However, in areas affected by pack ice with concentrations as high as 10/10, there 

may be a need to reduce the convoy ranges to a number of metres, as the ice may close rapidly 

as the ice breaker passes through.  

3.2.3.6 Breaking a Vessel Free from the Ice 

In the event of a vessel becoming beset in the ice, should Ice Breaker assistance be available, 

efforts will be made by the ice breaker to “break” the ice in close proximity to the beset vessel, 

followed by a close quarter escort out of the affected area to open water. It is suggested that the 

most effective means to complete this process is for the Ice Breaker to pass in close proximity to 

the affected vessel, clear a channel on the leeward side of the vessel, which should provide a 

mechanism to place the vessel into the cleared channel. By clearing the leeward side of the vessel 

as outlined in figure 3.51, the force applied by the wind on the windward side of the vessel should 

in theory set the vessel into the cleared channel. The following is an example of how this may be 

conducted: 
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 The Ice Breaker passes as close as possible to the leeward side of the affected vessel on a 

converging course. 

 Pass as close as possible to the vessel’s bow and when dead ahead, swing in parallel to 

the affected vessel. 

 The beset vessel will be instructed to engage full ahead on the engines. 

 There may be a last section of ice still restricting the vessel, in which case the Ice Breaker 

will proceed and clear the remaining ice.  

 The Ice Breaker will then have engage full ahead on their engines in order to ensure that 

they remain ahead and clear of the beset vessel. 

 

 

 

 

 
 
 
 
 
 
 
 
 
 
 

 
 
 

 
 
 
 
 
 

Figure 3.51 Ice Breaker Assisting a Beset Vessel 
 
Should this not clear the vessel, the ice breaker can take up station directly ahead of the vessel 

and provide either escort or tow assistance into clearer waters. 
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In the event of an ice breaker being required to assist a vessel in convoy, a similar process will be 

complete, however the number of Ice Breakers available will generally dictate certain specifics. 

For example, if there is more than one Ice Breaker available in scenarios such as those outlined in 

figure 3.50, one vessel can remain ahead clearing the ice while another completes the clearance 

throughout the convoy. Regardless of the quantity of Ice Breakers available, in the event of a 

number of vessels becoming beset in the ice, the Ice Breaker will manoeuvre as outlined in figure 

3.52 in order to clear the vessels.  
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Figure 3.52 Ice Breaker Providing Convoy Assistance 
 

Leeward Side 

Ice Breaker 
Track 

Ice Breaker 



SEDNA D3.5: Codified Arctic Navigation Knowledge Base 

106 

 

3.2.3.7 Providing Towing Assistance 

In the event of a vessel being unable to proceed through areas affected by thick ice or heavy 

ridges, towing may be the only option available to cargo vessel in order to safely transit an area 

and reach open waters.  

Generally, towing is performed conducted by an Ice Breaker positioning itself dead ahead of a 

vessel being assisted, and proceeding directly astern until the bow of the vessel being assisted is 

placed within the “notch” of the ice breaker as outlined in figure 3.53 . 

 
 
 

 
 

 
 
 
 
 

 
  

 
 
 
 
 
 Figure 3.53 Ice Breaker Towing Assistance (Credit: SMA) 
 
The following methods will be applied when securing and conducting the tow: 

 

 Both vessels shall be prepared to connect the tow and cast off all lashings should the need 

to disconnect suddenly arise. 

 As outlined in figure 3.53, for vessels with a bulbous bow, the distance between the bulb 

and the stern of the Ice Breaker must be at least two metres. 

 When towing a vessel which has anchors which protrude from the hull, efforts must be 

made to secure anchors astern away from the Ice Breaker in order to prevent potential 

damage. 

 

Ice Breaker Stern Cargo Vessel 
Bow 

Towing “Notch” Anchors secured astern 
from the Ice Breaker 
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 As the hull of the towed vessel acts as a type of “active” rudder for the Ice Breaker, 

steering must be maintained by the towed vessel, with engines on standby for immediate 

manoeuvring.  

 When proceeding in straight lines, the towed vessel should steer as required to maintain 

masts of the towed vessel directly in line with that of the Ice Breaker as outlined in figure 

3.54.  

 

 

 
 
 
 
               
                        Figure 3.54 Ice Breaker Towing – Steering Considerations (Credit SMA) 
 

 The towed vessel’s propulsion should not be engaged unless instructed to do so by the 

Ice Breaker. 

 If the towed vessel is struggling to maintain steering, or indeed experiencing steering 

difficulties, the Ice Breaker should be contacted immediately. 

 

3.2.3.8 Contemporary Knowledge Summary 

The Polar weather piece initially presents a number of broad weather considerations in relation 

to polar navigation. Initially, polar weather influences are discussed, providing an overview of the 

factors which influence weather and environmental issues throughout the short to medium term. 

Specific Arctic weather considerations are presented, outlining factors which must be considered 

by end-users when planning to and operating within the Arctic regions. Local phenomena such as 

dead water and Arctic Haze, are environmental considerations which have the potential to 

significantly influence a vessel’s operating within these regions, and must be considered during 

the planning and operational stages of any Arctic passages. The “local polar weather phenomena” 

section, provides an outline of specific localised weather and environmental anomalies which 

end-users may experience when operating in ice affected areas. Meteorological factors such as 

 

Mast of the towed vessel Mast of the towed 
vessel 
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Inversions and Katabatic winds, can create extreme weather conditions for Mariners at a very 

localised level. The numerous optical phenomena discussed are factors which can influence a 

Mariner’s visual perception and spatial awareness when operating within these regions. Such 

visual distortions if not identified, could potentially affect a Mariner’s perception of the 

environment, and result in an accident or incident in relation to navigation. Finally, the “polar 

weather lore” piece presents a consolidation of a number of practical 

recommendations/guidelines based on the recorded observations of experts operating within 

Polar Regions.  

The Polar navigation piece, provides a review of literature, which aims to consolidate and present 

practical ice navigation practices, recommendations, and guidelines, from training publications, 

industry recommendations and regulatory requirements, within the one piece. Such 

“consolidation” will inform additional SEDNA programme efforts, while also providing a 

consolidated source of knowledge for end-users operating within these regions.  Initially, broad 

planning considerations are presented such as the recommended preparations a vessel should 

complete prior to entering ice, while also outlining the Master’s legal obligations in relation to ice 

navigation and reporting requirements. Specific ice navigation considerations are presented, in 

which a broad range of practical ice navigation considerations are outlined. Firstly, electronic aids 

to navigation are discussed, focusing on practical user recommendations and potential limitations 

of equipment such as navigation radars, the use of charts and fixed points, and the use of Polar 

Charts, floating navigational aids considerations, the use of compasses in higher latitudes, GNSS, 

and echo sounders. Practical navigational methods are outlined in the context of ice navigation 

such as dead reckoning and celestial navigation, presenting potential Ice/Polar specific challenges, 

and practical industry guidelines which can be employed to address them. Additional bridge 

watch-keeping scenarios are outlined in the form of anchoring and receiving ice breaker 

assistance, providing a consolidation of practical guidelines of practices which can be employed 

in these instances. Finally, the “human factor” element is considered, briefly outlining 

environmental factors which may influence an end-users performance when operating within 

these regions, while also presenting some of the practical and legislative safeguards put in place 

in an effort to address polar/ice specific influences.  
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Finally, the Polar Ship Handling piece, presents a number of practical industry considerations and 

guidelines for vessels operating within these areas. Initially, design factors are outlined, 

presenting how construction characters such as a vessels length, beam, propeller type and 

numerous others, can influence how a vessel “handles” when operating in Polar Regions. The 

generic manoeuvring section, presents a number of practical considerations for vessels required 

to enter the ice, while also outlining practical recommendations for vessels operating within the 

ice itself. Such practical recommendations include how best to approach the ice without 

damaging the vessel, while also highlighting the importance of selecting an appropriate speed, 

and how best to apply engines and rudders when manoeuvring. This section also present ship 

handling considerations in relations to navigational scenarios in the following contexts: A vessel 

beset in the ice, operating in convoy, breaking a vessel free from the ice, and providing towing 

assistance. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



SEDNA D3.5: Codified Arctic Navigation Knowledge Base 

110 

 

4. Primary Research Efforts: On-Site Ice Breaker Interviews 

4.1 Introduction 

This section outlines the interview findings of two on-site interviews conducted by SEDNA 

research partners in completing D3.5. As discussed within the methodology section57, the purpose 

of these interviews are to inform the both the additional primary research efforts of this 

deliverable 58 , but also to inform additional efforts to be completed throughout the SEDNA 

programme59. In determining suitable focal points, findings from the desk research efforts along 

with inputs from SEDNA partners were used to compile the questionnaires. The questionnaires 

focus on gathering information in relation to following key SEDNA programme efforts: 

 Safe Arctic Bridge Design Considerations (AHO) 

 Arctic Weather and Sea Ice Forecasting (MET) 

 Safe Artic Voyage Optimisation/Planning (Chalmers) 

 Arctic/Ice Navigation (NMCI_Halpin) 

The inputs provided by the above highlighted partners, formed the basis in which the 

questionnaires were formed with a view of informing the programme research efforts. Annex B 

outlined additional contextual information/considerations used by the research teams in order to 

gather the appropriate information.  

This section therefore presents the interview questions and responses from the following site 

visits: 

 
1. Site Visit completed in Nov 2017 on board the Atle, a Swedish Ice Breaker in the port of 

Lulea, Northern Sweden 

2. Site visit completed in Mar 2018 on board the Nordica, a Finnish Ice Breaker, completed 

during an AALTO Univeristry field trip. 

 

                                                
57 Section 3: Primary research methodology sections 
58 Section 6: Ice Breaker Scenarios 
59 Section 3: Primary research methodology sections 
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4.2 Site Visit 1: Swedish Ice Breaker – Nov 2017 
 

 
Figure 4.1 Swedish Ice Breaker Atle Alongside Lulea Port 

4.2.1 Vessel’s Particulars 

Main dimensions 
Length O.A. 104.70 m 
Beam: 23.80 m 
Draught: 8.30 m  
Air Draught: 45.40 m 
Displacement: 7,800 t 
Speed in open water: 18 Knots 
Cruising Speed: 12 Knots 

4.2.2 Bridge resource management 

4.2.2.1 Bridge Watch-keeping Resources: 

 1 x Master 

 1 x Chief Officer 

 3 x Operations Officers (Bridge Watch-keepers) 

Call Sign SBPR 
Ice Class: 1A S Ice Breaker 
Ice Breaking Capability: 1.2 m level at 3 Knots 
Machinery: 

Total HP: 25,000hp 
Main Engines: 5 x 12 cylinder Wartsila S.E.M.T 
Pielstistick 



SEDNA D3.5: Codified Arctic Navigation Knowledge Base 

112 

 

4.2.2.2 Bridge Manning: 
During Ice Breaking operations the vessel operates a two bridge watch-keeping or pilot & co-pilot 

type system. One Officer retains the “con” throughout the watch period, and is directly 

responsible to the Master for the Safety of the vessel. The second officer or “co-pilot” provides 

assistance and support in areas such as navigation, collision avoidance, communication, ice 

breaking operations and operational planning. 

4.2.2.3 Training and Development and Certificate of Competency 
All Deck Officers fulfilling a bridge watch-keeping role on board Swedish Maritime Administration 

Ice Breakers will have completed the following the training, attaining the appropriate Certificate 

of Competencies associated with their positions on board e.g. Master, Chief Officer, OOW etc: 

 

 
 

4.2.3 On-Site Interview Focus 

4.2.3.1 Task Element to be informed: T2.3 Safe Arctic Bridge (AHO) 

4.2.3.1.1 Arctic physical workplace design (Ergonomics) 

Focus: 

Any information on comfort. We envision that navigating in ice filled waters offer special 

challenges related to fatigue that may require a higher emphasis on designing for comfort. (air 

quality, temperature, seating comfort and change of working posture).  

Respondent Observations: 

The Master acknowledged the importance of workplace design, supporting the 

importance that factors such as air quality, temperature and seating play when ensuring 

that the bridge is conducive for effective watch-keeping when considering ergonomics. 

STCW Bridge Watchkeeping Training and 
the relevent COC

Swedish Maritime Administration Ice 
Breaker 12 month training programme

Work Placement on board an SMA operated 
Ice-Breaker
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Due to the nature of the Ice Navigation and operations completed on board a vessel of 

this type (primarily Ice Breaking and Maritime Safety Operations) the Master suggested 

that such factors were not always an issue as the bridge team are required to move 

between bridge stations a great deal and pilot the vessels from various conning positions, 

an option or indeed an approach which would not be available to Merchant vessels. 

One specific item highlighted by the Master, was the need to ensure that processor units 

associated with Aids to Navigation and bridge PCs be located within spaces or on decks 

which are separate to the bridge. It was suggested that locating these units on the bridge 

can have an adverse effect on room temperatures and create additional background noise 

which can affect the concentration and focus of the bridge team. 

Focus: 

When moving through ice or colliding with ice, does this lead to vibrations, shock or even violent 

motion for the crew? 

Respondent Observations: 

This was not highlighted as an issue, however given the fact that this vessel is an Ice 

Breaker and thus specifically designed to navigate within ice, there may be specific design 

features on a vessel like this, which may not be present on Merchant Navy cargo and 

passenger vessels.  

Focus: 

Are there sounds from breaking ice that need dampening or do crew members need to hear the 

environment outside?  

Respondent Observations: 

This was not highlighted as an issue, however given the fact that this vessel is an Ice Breaker 

and thus specifically designed to navigate within ice, there may be specific design features on 

a vessel like this, which may not be present on Merchant Navy cargo and passenger vessels.  

Focus: 

Specific “Line of sight” or general end user/operator viewing/vision requirements:  

 Are there any specific areas that should provide an unobstructed field of vision. (or things 

they want to see but cannot?)  
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 Research suggests that there has been a lot of accidents/collisions as a result of 

crane/deck equipment obstructing a Deck Officer’s field of view, does this need to be 

considered? 

Respondent Observations: 

As outlined previously, the primary overarching statement made by the Master and 

bridge team in relation to vision, was the need to provide unobstructed vision (360 

degrees where possible) on the bridge of any vessel navigating in areas effected by ice. It 

was suggested that visual observations completed through the naked eye continue to be 

most superior sensory input in ensuring that bridge watch-keepers make effective and 

informed decisions in relation to navigation and collision avoidance. 

Another consideration highlighted by the Master was that of height, discussing the need 

to ensure that maximum height of eye is available for bridge watch-keepers, as this will 

generally increase visual range, while also reducing the effects of visual obstructions.  

Focus: 

It is suggested that ice breakers use physical installations to pinpoint change in heading or 

measuring ice -thickness on the side of the boat. What are the physical tools used and how are 

they implemented?  

Respondent Observations: 

With regards measuring ice thickness, this vessel uses a traditional method in which a 

survey pole is positioned at the water line and juts out from the ship side perpendicular 

to the free board and is used to determine local sea ice thickness and distribution data. 

Figure 4.2 outlines an image of this fixture deployed on board the Atle.  

 
  Figure 4.2 Ice Measuring Methods – Ice Thickness Survey Pole 
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Arctic operations scenarios 

Please list typical operations in Arctic including details on what types of digital and analogue tools 

are used throughout & how they are used.  

We are interested in operational scenarios such as:  

 Rescue,  

 MOB,  

 Aft bridge operations such as crane use as well as navigation and manoeuvring.  

Please include data of the same operations on various conditions such as night time, bad weather 

etc.  

Respondent Observations: 

Operational scenarios included the following possible options: 

 Mooring operations – entering and exiting ports. 

 Anchoring operations. 

 Pilotage operations – transiting in harbours or pilotage areas in close proximity to 

potential dangers. 

 Coastal navigation – transiting in coastal water areas with reduced to proximity to 

potential dangers. 

 Sea/Ocean passages – transiting in open waters in which there is minimum risk of 

passing in close proximity to potential dangers. 

 General ice breaking operations – transiting ice affected areas with objective of 

providing “ice free” routes for vessels. 

 Ice escort operations – transiting ice affected, escorting/leading a convoy of merchant 

vessels. 

 Ice towing operations – transiting ice affected areas, while providing a towing service 

for merchant vessels facing difficulties navigating in these areas. 

 Helicopter operations 
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4.2.3.1.2 Information analysis and Task Analysis 

Focus: 

Please list all specific information required by operators and the equipment they use to get the 

information from the systems in the Arctic operations.  

The information requirements need to be sorted after frequency and importance and whether it 

needs to be permanently [constantly] available. Information requirements could include what 

they need to see outside or on the ship.  

Please outline the various tasks completed when conducting navigation & Arctic operations. 

Consider, why do you approach the task in the manner in which you do, & what forms the basis 

of your decisions. 

Respondent Observations: 

It was suggested that given the amount of time available to complete this information 

and the complexity associated with information and task analysis, that such information 

gathering was beyond the scope of this effort, and would be addressed during the later 

sea-going field trip. 

4.2.3.1.3 Equipment analysis 

Focus: 

Please list the equipment used and how it is practically applied.  

Particularly equipment of importance related to Arctic navigation and operation such as ice radars 

and weather forecasting.  

Respondent Observations: 

Navigation Aids: 

3cm X-Band Radar – A short to medium range radar used for precision navigation in 

pilotage & coastal waters, while also being used for collision avoidance functions with 

vessels using ARPA and AIS inputs to determine range, course, speed & CPA of other 

vessels. This aspect of functionality is of particular importance when used in the “convoy” 

context. The bridge team highlighted that when operating in close proximity to other 

vessels, information such as a vessel’s speed and distance are crucial to assessing and 

determining whether or not a risk of collision exists within a short period of time when 
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operating in close proximity to numerous vessels. The radar is also used for the purpose 

of short to medium range ice-detection, providing end-users with ranging & rough 

estimates of size. 

ECDIS – Electronic Chart Display Information System, used primarily for the appraisal, 

planning, execution & monitoring of a navigation passage. A vessel’s planned route can 

be determined & uploaded on to a system such as this by establishing waypoints or fixed 

points throughout a route, in which course & distance between routes can be determined 

by the end-user using manual or automated means. When executed, the progress 

throughout the planned route can be monitored via positional information/data in the 

form of GPS, inputted from the vessel’s GPS, generally in the form of determining how 

the vessel is progressing in relation to track and lateral variations (port or starboard of 

track) while also highlighting the estimated time arrival to a waypoint or destination. The 

system includes additional functions which can be used for the purpose of terrestrial 

navigation such as plotting visual & radar range position lines, while also providing a Radar 

overlay if required. The ECDIS also has inputs from the AIS which allows AIS data from 

other vessels within AIS range, to be overlaid on the chart display. 

Electronic Chart Display system – This is an electronic chart display system which is not 

ECDIS or IMO compliant & is stand alone to the ECDIS/IMO compliant systems used on 

board. The Master outlined that this was an older system which pre-dated the ECDIS 

compliant units on board, which was retained due to the additional functionality that this 

system provides, particularly in the context of operational planning & maritime safety 

management. One example given was the ability to plot safe routes which were free of 

ice, which could be downloaded & transmitted via email to merchant vessels requiring 

assistance/guidance when operating in ice affected areas.   

Global Positioning System: Furuno – An IMO approved unit which provides the end-user 

with positional and directional information in the form of Latitude and Longitude and the 

ship’s course and speed over the ground. The Unit can also be used as passage or track 

monitoring system, allowing end-users to enter pre-determined waypoints and monitor 

progress on the entered track both on terms of ETA to destination and lateral positioning 

in relation to track. The GPS inputs provided to the other Navigational Aids such as the 
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ARPA Radar, ECDIS, AIS and Gyro compass, are derived from this unit. Although this unit 

can be used to input and monitor passage/track, the bridge watch-keepers will use the 

ECDIS as their primary method for inputting and monitoring the vessels track and 

positional information.   

Gyro Compass: Anschutz – An IMO approved unit designed to be used as a directional 

reference tool, which uses the motion of the earth to determine the gyro meridian, which 

in turn, determines a true North/South line. This unit provides inputs to a number of gyro 

repeater instruments as outlined in figure 4.3, while also providing directional data inputs 

to units such as the ARPA Radars and ECDIS. 

Automatic Identification System: SAAB – An IMO approved unit, designed to transmit 

data via VHF, and provide information in relation to the vessel’s: 

 Identity – Name, Call Sign, MMSI Number 

 Type 

 Particulars 

 Position 

 Course 

 Speed 

 Navigational Status 

 Safety related matters 

The system can also automatically receive such information outlined above from other 

vessels.  

Although the system has a display, the primary means in which data on other vessels is 

observed by end-users, is via the information inputted and displayed on the ARPA Radar 

and ECDIS unit. 

4.2.3.1.4 User wants and needs 

Focus: 

In relation to the current use of the ships bridge - What works well? 
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Respondent Observations: 

It was suggested that the current level of “integration” within Aids to Navigation works well. 

The Radar, GPS and AIS inputs being inputted and displayed on the one display system e.g. 

the ECDIS provides end-users with an aid and mechanism to make more effective decisions 

in relation to collision avoidance and navigational safety. Also, placing the conning tools 

e.g. the helm, engine and thruster controls in such close proximity to these aids was 

suggested as being essential to again ensure that bridge watch-keepers can make more 

effective decisions without having to move and take their focus away from the bridge 

windows and navigational aids. Figure 4.3 outlines the layout used on board the Atle.  

  

 

Figure 4.3 OOW Conning Position 

On board this vessel, there are three conning positions: 1.) Port, 2.) Centre and 3.) 

Starboard. This provides the bridge watch-keepers with an opportunity to con the vessel 

from a position which is closest to the area of interest and provides them with a greater 

visual perspective thus allowing them to make greater informed decisions. 

The positioning of numerous VHF radio handsets at the various conning positions, ensures 

that the Deck Officers can perform their bridge watch-keeping duties with greater effect 

during instances in which voice communication is required. One customized item which 

works, but highlights a potential short coming in the design and layout of the conning 

position & communication suite, is the suspending of the VHF radio handsets. It was 

suggested that placing the handsets at shoulder/head height as outlined in figure 4.4 
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allows the bridge watch-keepers to access the handsets without having to take their visual 

focus/perspective away from the bridge window. We did discuss how the use of headsets 

could address this issue & potentially assist further, however a lack of confidence in the 

reliability of the headset technology did seem to be a concern for the Master. 

 

 

 

 

 

                               

 

Figure 4.4 VHF Handset Placement 

Focus: 

In relation to the current use of the ships bridge - What does not work well? 

Respondent Observations: 

It was suggested that on board the ice breaker vessel that although the bridge has 

extremely effective visibility, that visibility looking aft was wooded in the centre causing 

bridge watch-keepers to temporarily lose sight of vessels/objects when the ship is 

manoeuvring, which can in turn cause temporary visual/spatial disorientation   

Although not an issue for the Ice Breaker, the Master suggested that a number of 

the commercial Merchant Navy vessels that transit through Ice affected regions 

are severely restricted in their ability to effectively detect ice by visual and radar 

 

VHF Placement 
VHF Handsets are 
suspended at 
head/shoulder height here 
in close proximity to Aids to 
Navigation & Conning 
equipment. 
 
Conning Equipment 
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means, due to their construction design. A number of these vessels are 

constructed in manner in which the bridge & positioning of Radar scanners are 

limits detection ranges of other vessels/ice/navigation hazards. As outlined in 

figure 3.33 one of the key factors in determining the effective detection range of 

a Radar is that of the vertical positioning of the scanner, highlighting the need for 

consideration to be given to this design feature. The bridge height was also 

highlighted as a potential shortcoming, as the lower the construction, the lower 

the range of visibility from the bridge, while also increasing the likelihood of the 

visibility being wooded by deck and cargo arrangements such as cranes, derricks, 

gantries etc. Another factor highlighted was that of the prevalence of low lying 

sea fog within these regions, causing vessels with low design features to be 

effected more than those with taller construction designs as outlined in figure 

4.5. 

 
 

 

 

 

 

 

 

 

 

   Figure 4.5 Merchant Vessel transiting through sea fog 

 

Focus: 

In relation to the current use of the ships bridge - What would you like to see for future systems?   

Respondent Observations: 

One of the key areas highlighted here again was vision, in that of providing as near to 360 

degrees of vision as possible. The Master & bridge team could not over emphasise enough 

the importance of unobstructed vision. They also highlighted the need to be 3D in 
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approach & not just focus on convention bridge windows, but also the deck of the bridge 

particularly in spaces which are in close proximity to the bridge windows. On board ships 

with a particularly high bridge positioning, the placement of reinforced glass which would 

allow the bridge team to stand and observe below could again add to the ability of the 

bridge team to make more effective decisions in relation to collision avoidance when 

operating in close quarters to other vessels during Arctic operations.  

The use of displays whether it be AR goggles or bridge window overlays to highlight AIS 

data from other vessels in form of speed, course and distance was deemed to be an 

innovation which could add significant value to ice navigation. When operating in close 

proximity to other vessels, in ice affected areas e.g. there is a lack of available navigable 

waters, being able to determine a vessel’s course and speed quickly without having to 

refer to a Radar or ECDIS display, would significantly improve the ability of any bridge 

team to make more effective decisions, thus reducing collisions/accidents/incidents.  

Another end-user data display consideration suggested/discussed was that of the 

potential use of lighting signals to indicate whether or not a risk of collision existed with 

another vessel. This suggestions was based on methods used by aircraft such as sector 

lights or indeed a “traffic light” type system which would change colour based on the 

proximity to danger/risk of collision. The primary challenge with a system like this would 

be the development of signals/processes which do not affect the interpretations of light 

signals used in the International Regulations for the Prevention of collisions at sea1.  

 

While not an issue for the Atle, it was suggested that commercial merchant navy vessels  

operating within ice affected areas are generally lacking in two keys areas as follows: 

VHF Handsets: It was suggested that as these vessels are designed to 

predominantly operate within open waters/deep sea voyages, that VHF handsets 

are generally fitted as per minimum GMDSS requirements1 and do not take into 

account the need to be mobile when on the bridge of a merchant vessel, whilst 

piloting in an ice affected area while operating in close quarters to other vessels.  

The ice breaker vessels deal with this by placing multiple handsets throughout 
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the bridge, allowing bridge watch-keepers to communicate via VHF, while 

conning the vessel and minimising the risk of spatial disorientation. 

External Lighting: The bridge team suggested that a lack of external lighting 

fixtures in the form of search/spot lights to be a significant safety concern for 

vessels operating within ice affected areas. The team highlighted the importance 

of lighting, outlining that the use of equipment which provides significant levels 

of illumination to be key for ensuring that they not only provide an effective ice 

breaking service, but that they have sufficient vision to safely navigate these 

regions. Figure 4.6 outlines an example of the level of illumination provided by 

the lighting on board the Atle, which provides the necessary visual detection 

means of other vessels and ice. The level of illumination outlined in figure 4.6 

demonstrates how effective the lighting is on board on Swedish Maritime 

Administration Ice Breakers, allowing them to safely transit ice affected areas, 

while being in a position to detect ice from a suitable range. Figure 4.6 outlines 

the level of illumination provided when operating with commercial merchant 

navy vessels and highlights the point made by the Atle bridge team in relation to 

the lack of lighting equipment available on board these vessels. As outlined in 

figure 4.6, the lighting on board this vessel consists mainly of deck lighting, as 

opposed to specific search lights used for ice detection at range. Figures 4.7 and 

4.8, further reinforces this suggestion, outlining levels of illumination from the 

perspective of the Merchant Navy vessel. 
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  Figure 4.6 Ice Breaker Illumination: On Passage 

   

  Figure 4.7 Ice Breaker Atle escorting Merchant Navy Vessels 
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                  Figure 4.8 Merchant Navy Vessel being assisted by Atle during Ice Breaking operations 

 

Focus 

Communication 

Provide an overview of communication in the widest sense.  

What is required to communicate and how is it currently performed? (To transfer images, text, 

voice etc.) 

Consider communication needs internally, externally e.g. other vessels, land stations, satellite, 

automated communication systems etc.  

Respondent Observations: 

Verbal Interactions: As outlined previously, this vessel operates a pilot & co-pilot type 

arrangement in which there is a bridge watch-keeper who retains primary control of the 

vessel, while being supported by another watch-keeper who provides back up in the form 

of assistance/advice on the following considerations: navigation, collision avoidance, 

meteorology, ship handling, ice breaking, record keeping (ship’s log), GMDSS, & internal 

communications. Information in relation to these topics is generally gathered by 

observing navigational aids, and relaying it via verbal interactions on the bridge between 

the officers as they perform their bridge watch-keeping functions.  
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Internal Communications: During operations which are outside of normal voyage 

passages such as ice breaking or mooring, there will be a requirement to communicate 

with deck crew for the purpose of the bridge team relaying mooring or towing 

instructions, or for the deck crew to advise on information in relation to observations 

which can only be made with accuracy by the deck crew themselves. Examples of such 

information include distance information in relation to the distance between own-ship 

and that of another or the distance to an object or fixture in which a vessel intends on 

mooring to such as a quay wall or mooring buoy. This information is generally relayed via 

internal handheld VHF or UHF radios, and is critical for safe navigation and collision 

avoidance, as the bridge team are totally reliant on the deck crew to observe and advise 

with accuracy.  

Vessels such as this & commercial vessels will also have internal phone systems which can 

contact offices, messes, accommodation and areas of critical importance such as the 

bridge, engine control rooms, cargo control room and various others. Emergency 

communication equipment will also be fitted in the form of handheld radios designed to 

provide communications in the event of power failures or major emergencies (fire, 

flooding, sinking etc) and automated sound signals which signal emergencies and muster 

scenarios. 

External Communications: 

Manual Transmissions (Ship-to-Ship & Ship-to-Shore) 

The primary method used for manual ship-to-ship transmissions is that of VHF voice 

transmissions. This method will generally will be used should the need arise to 

communicate for collision avoidance purposes while on passage. Specific to Ice/Arctic 

Navigation, voice communications will be used in order to relay instructions in the 

following instances: 

 General maritime safety information broadcasts. 

 Bridge-to-bridge communications, with an Ice Breaker relaying course, speed and 

general navigation safety information for a commercial vessel operating in close 

proximity. 
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 Bridge-to-bridge communications, with an Ice Breaker relaying instructions and 

recommendations for vessels following/operating in convoy. 

 Bridge-to-bridge communications, with an Ice Breaker relaying instructions when 

completing towing operations. 

The Ice Breaker and commercial vessels will be equipped with Medium and High 

Frequency radios, capable of transmitting voice communications similar to VHF, but over 

greater distances. The advent of technologies such as satellite voice communications and 

email has seen a reduction in their usage. 

The primary satellite communication systems used within the GMDSS are: INMARSAT B, 

INMARSAT C and INMARSAT Fleet. INMARSAT B is primarily used for voice 

communications, although text data can be sent via this means. INMARSAT C and Fleet 

are primarily used for the transmission of text data such as general ship-to-ship, ship-to-

shore and Maritime Safety Information1. 

In addition to INMARSAT/GMDSS, the Atle is equipped with a commercial satellite system 

which provides access to the world wide web, while also facilitating email 

communications while the vessel is alongside and underway. The Master and Bridge Team 

suggested that this was their primary means of communicating with shore side support 

and other vessels of the Swedish Maritime Administration for general day-to-day matters. 

It was also outlined that satellite email was also used to provide Maritime Safety 

Information for vessels requiring navigation assistance/guidance, but were not in any 

danger or immediate difficulty. The bridge team will analyse satellite imagery to 

determine safe routes/passages based on the ice coverage of a particular area. The safe 

route will be plotted on the electronic chart display system and a snapshot of the route 

will be taken and emailed to a commercial merchant Navy as a JPEG or similar type 

document. 

 

IBNNEXT 

The IBN NEXT system is a GIS (Geographical Information System) and data sharing system 

designed to gather data from vessels, a network of coastal monitoring stations 

throughout the Baltic Sea and Met Ocean data, which can then be shared and viewed by 
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vessels operated by the SMA and other Baltic Maritime Administration members 

including. The system operates by collecting AIS data throughout the Baltic region which 

is gathered through an extensive network of coastal relay stations. The information is 

then displayed & shared between the various Baltic Ice Breaking Management members1 

on a GIS display on each vessel. The system is also used to share local ice & weather 

information for these state operated vessels as a means of comparing weather & ice 

forecasts with real time conditions on scene. These vessels also have access to 24hr 

satellite imagery which can be overlaid & displayed on the IBNNEXT GIS for the use of 

operational planning & for providing safety information for vessels viewed on the system 

by comparing displayed AIS data & to the Satellite imagery in an effort to determine 

whether or not commercial vessels are safe to navigate in a specific area. Although this 

platform is only available to Baltic Ice Breaking Management organization members, the 

system does provide certain open source data sharing maritime outputs which can be 

viewed by end-users in the form of an open source website1. The site provides the 

following Maritime Safety Information data: 

 AIS Traffic information  

 Port and traffic restrictions 

 Waypoint and Route data 

 Weather reporting for the Baltic Sea 

 Ice Thickness reports: Satellite imagery of an affected region which is generally 0-3 

days old 

 Ice Forecast reports: Information is published daily at 0700 UTC, providing an 

overview of the Baltic Sea, displaying ice concentration and drift. Figure 4.9 outlines 

an example of the charts which can be viewed open source. 
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   Figure 4.9 Baltice.Org Ice Forecast 

Focus 

Training while on ship - Are there any knowledge requirements the crew have while on ship?  

Respondent Observations: 

The Master and all bridge watch-keepers have completed the necessary STCW training to 

hold a watch on board and command a merchant navy vessel, attaining the relevant 

certificate competencies associated with their roles1. In addition to the mandatory STCW 

requirements, each bridge watch-keeper is required to complete an extensive training 

programme, which was designed and operated by the Swedish Maritime Administration, 
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which is targeted at developing the necessary knowledge, skills and attributes required 

to operate a vessel within ice affected areas, and specific ice breaker competencies. The 

programme is delivered via a combination of methods including classroom based work, 

simulation and real world practical training on board ice breaker vessels. On successful 

completion of the training, the bridge watch-keepers must complete a certain number of 

tasks/operations during an ice season. Once complete, candidates must then be approved 

by a board within the SMA who determine whether or not a candidate is proficient in the 

necessary ice breaker competencies and suitable to hold a watch. The Master and bridge 

team suggested that this is an intensive course which is delivered over a twelve month 

period. The programme requires not only a certain level of training or competence as per 

STCW requirements, but also experience operating and navigating in ice affected areas.  

While it was suggested that such a programme would be excessive for commercial 

merchant navy bridge watch-keepers as a number of elements such as ice breaking 

operations and procedures would not be relevant to a vessel that merely transits an ice 

affected area, the Master and bridge team did highlight an apparent lack of competence 

within bridge watch-keepers piloting and navigating commercial Merchant Navy vessels. 

It was suggested that this lack of competence was as a result of knowledge and 

experiential gaps in relation to ice navigation. It was also suggested that this lack of 

knowledge/experience/preparedness was limited to navigation, but also general day-to-

day considerations such as the harsh meteorological environment present within the 

higher latitudes and the need for additional PPE and warm clothing to protect the crew 

from these conditions.  

Focus 

Training while on ship - The AR system can in essence offer on ship training and courses in various 

formats. Does that fill a need?    

Respondent Observations: 

The use of an AR system was deemed to be potentially useful in the context of bridging 

certain knowledge/training gaps, however without any direct experience of the use of 

this equipment, this was difficult to determine with absolute certainty. It was suggested 

that their inclusion within the SMA training and development may not necessarily be 
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advantageous, as this organization allocates resources to ensuring that bridge watch-

keepers have the necessary exposure to ice/arctic conditions. For commercial Merchant 

Navy vessels, in which a bridge watch-keeper’s exposure to such conditions are while the 

vessel is trading/transporting goods, it was suggested that this could be a useful learning 

aid to simulate ice conditions and better equip bridge watch-keepers with the necessary 

knowledge and skills to successfully and safely navigate within ice affected areas.  

Focus 

Custom solutions - Have the crew adopted any special systems, processes or solutions to improve 

their ability in order to operate in Arctic waters.   

Respondent Observations: 

In order to provide the level of “continuous” monitoring required, vessels such as the 

Swedish Maritime Administration Ice Breakers have been fitted with CCTV cameras which 

are linked to displays on the bridge allowing the bridge team to observe as necessary. An 

example of these displays are outlined in figure 4.11. The displays are orientated to face 

aft in order to maintain a certain level of spatial awareness/orientation when completing 

towing operations. Although commercial Merchant Navy vessels will require to be towed 

as opposed to delivering tows, there is still scope to incorporate similar 

systems/innovations which could assist in monitoring a tow. By placing CCTV monitoring 

equipment on the forecastle of the vessel e.g. the area in which the forces will be at play 

as outlined in figure 4.10, this would potentially provide an additional monitoring source 

for bridge teams on board these vessels. Also, the experience of this researcher would 

lend support to this proposal as the wide spread use of similar concepts have been 

witnessed within the fishing  industry in which Masters use CCTV equipment to monitor 

the deployment and recovery of gear, an operation which must be monitored from the 

bridge to ensure that the vessel is conned appropriately in order to ensure that the fishing 

gear does not come under extreme forces which could result in physical damage, injuries 

and even loss of life. 
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Figure 4.10 Merchant Vessel Under Tow 

 

Another addition to assist with this monitoring is that of the placement of a “rear-view” 

mirror above the conning position as outlined in figure 4.12. This fixture is to provide the 

bridge watch-keepers to monitor what is taking place astern, in situations in which it is 

critical to maintain concentration facing ahead, in instances involving safe navigation and 

collision.  

 

 

Figure 4.11 Bridge CCTV Monitoring Displays 

Towing Hawser 
Concentration 
of forces 
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Figure 4.12 Rear View Mirror – Conning Position 

While these additions do provide essential monitoring capabilities, it was suggested that 

they could not replace visual monitoring via the human eye as the spatial orientation 

gauged from visual observations is critical to ensuring effective decision making during 

instances when there is a need to monitor areas in which direct visual monitoring cannot 

be achieved by the bridge team, which will be in close proximity to another vessel. It is 

for this reason that during operations such as towing that a member of crew will be placed 

down aft to monitor and report to the bridge via handheld radio. The Master and Bridge 

team view displays as extra and necessary inputs in order to allow them to make effective 

decisions.  

A final innovation which was suggested, but not used by the Ice Breaker, was the inclusion 

of Infrared cameras/technology for commercial shipping. It was suggested that such 

technology is not as costly as it was traditionally and had the potential to contribute a 

great deal to ice detection. The Master suggested that the technology would not only 

assist with general ice detection, but that there was scope to gain additional data from 

infrared such as ice thickness/depth/composition. With infrared or heat detection 
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technology being extremely sensitive to variations in temperature/heat, any variations 

present could be as a result of variations in the ice characteristics. This is an area in need 

of additional future research in order to provide the necessary theoretical frameworks 

and validation.  

4.2.4.1 Task Element to be informed: ST 3.1.1 Arctic END USER Requirements – Ice 

FORECASTING requirements (MET) 

The primary purpose of this section is to determine end-user requirements in relation to 7 day 

sea ice thickness & 3 month ahead sea ice extent, addressing the following areas: 

Respondent Observations: 

It was outlined at the outset that as this vessel is an Ice Breaker, that the operational 

planning realm in which this vessel resides is very much in the day-to-day or reactive type 

realm and therefore medium to long term passage planning is not a factor these end-

users must consider. Ice breaker vessels proceed as required on a reactionary basis, 

depending on where concentrations of commercial vessel activity is located in relation to 

these areas being affected by ice in order to provide assistance as required. It was 

however suggested that the ability to determine or quantify 7 day sea ice thickness would 

add value to the operational planning of an ice breaker, as it contribute to ensuring that 

Swedish Maritime Administration vessels were best placed to assist commercial 

Merchant Navy vessels which require assistance.  

With regards information concerning three months in advance, it was suggested that this 

data would not contribute to Ice Breaker operations. However as professional mariners 

with extensive experience in ice affected regions, the Master & Bridge Team did suggest 

that such data could add considerable value to passage planning for commercial vessel 

activity. It was outlined that the ability to forecast with accuracy would allow vessel 

operators to plan their routes with greater effect, as areas which must be avoided could 

be highlighted and planned for well in advance. It could also potentially provide greater 

capacity to plan and manage costs/expenditure, as routes could be planned well in 

advance with accuracy and some indication could be gained as to what level of assistance 

will be required from support vessels such as ice breakers. 



SEDNA D3.5: Codified Arctic Navigation Knowledge Base 

135 

 

 

Focus 

Are the above products currently used or needed to support and plan your operations? 

Respondent Observations: 

At present, this vessel is currently availing of satellite imagery for a 24hr period in order 

to plan and determine all operations and passages. The satellite images are linked in with 

the IBN NEXT system, which facilitates the overlaying of the satellite imagery on the GIS 

data displayed on the IBN NEXT system. This overlay allows the ice breakers to monitor 

maritime safety, as they can view the AIS data in conjunction with the satellite imagery 

and determine areas which are likely to require ice breaker intervention. This data can 

also be transmitted to commercial vessels in need of maritime safety information in 

relation to specific areas or routes. Figure 4.13 outlines an image of the satellite imagery 

display. 

 

 

Figure 4.13 Ice Forecasting Satellite Imagery 

Focus 

What are your requirements to enable using or optimizing these products (spatial 

resolution, forecast lead time, parameters, validation …)? 

Respondent Observations: 
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It is was suggested that these are areas that would have to be put to the technical 

personnel within the Swedish Maritime Administration. With regards to forecast lead 

time, the current period in use is 24 hours between ice forecast updates.  

Focus 

Which type of format would you need to integrate these products within your data management 

systems and decision-making processes? 

Respondent Observations: 

Again, it is was suggested that these are areas that would have to be put to the technical 

personnel within the Swedish Maritime Administration. 

Focus 

What are your main regions or route of interest? 

Respondent Observations: 

The main areas of interest for this vessel are the Baltic Sea, with a significant focus on the 

Gulf of Bothnia. 

4.2.5.1 Task Element to be informed: T3.2 safe Arctic voyage optimisation systems (Chalmers) 

This research sets out to develop a routing system that considers a ship’s operation safety, ice 

condition avoidance, expected time of arrival, structural integrity & severe motion responses in 

harsh environments. 

The SEDNA Voyage Planning Tool (VPT) must incorporate two factors into the existing “routing 

tools”: 1) hull/propeller integrity under ice loads; 2) ice-induced resistance.  

Our concerns can be put into two major categories:  

Focus 

4.2.5.1 Ice conditions  

Focus 

What are sources of encountered ice conditions: the ice forecasts, digital or traditional ice chart, 

onboard measurement using e.g. ice radar and/or visual observation, etc.? 

Respondent Observations: 

Encountered ice conditions are predicted majorly by the following two means:  

 Ice forecast: the Sea ice forecast is provided by Finnish Meteorological Institute 

(FMI). For public, up to 54 hours sea ice forecasting is available at FMI’s website: 
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http://ice.fmi.fi/baltic/forecast.php, inclusive of ice concentration, drift, 

thickness, etc. The sea ice forecast is however only available for the Baltic Sea. 

 Satellite imaginary: Swedish-Finnish icebreakers have access satellite imaginaries 

of Baltic Sea, to have an enhanced ice forecast at the region that they are going 

to operate in. However, to read and understand the satellite images requires 

years of experience and training, which seems unrealistic for masters of 

commercial ships. In addition, the satellite imagery used by Swedish icebreakers 

is typically not open to public. When it comes to Arctic, it will be more difficult to 

get ice imaginary due to the facts of fewer satellite coverages in the Arctic region.  

The IBNext system in use among Swedish icebreakers is an advanced winter 

navigation system that integrate the digital sea chart, ice forecast, satellite data, 

as well as ship AIS into one single platform. In other words, IBNext is an enhanced 

ECDIS system for operating in ice-infested waters. We within SEDNA target at 

developing our Arctic Voyage Planning Tool with some similar functions as IBNext 

provides, such as the electronic sea and ice charts, with additional functions of 

“ice-routing”.  

The radar currently installed onboard ATLE is by and large navigation radar, 

instead of for detecting ice. However, technically it is rather easy to use the 

onboard radar to monitor ice conditions without refitting additional devices. 

Visual observation of ice thickness has been conducted onboard ATLE.  

4.2.5.2 Ice Forecasts  
Focus 

For ice forecasts, how many days in advance are the forecasts available and how often are the 

forecasts updated?  

Respondent Observations: 

FMI provides sea ice forecasts for next 54 hours are published once a day 

(http://ice.fmi.fi/baltic/about-forecast.php).  

Focus 

How to forecast/detect multi-year ice?  

Respondent Observations: 

http://ice.fmi.fi/baltic/forecast.php
http://ice.fmi.fi/baltic/about-forecast.php
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 This was deemed not applicable due to short term operational planning completed 

by Ice Breakers  

Focus 

Ice conditions - If the ice data from satellite is the case, how accurate (solution) and how often 

(updating frequency) can be available for ashore stations?  

Respondent Observations: 

 Depends on the regions and how much one would like to pay… Again, satellite data above 

Arctic is rare compared to many other regions.  

 For SEDNA VPT, we expect MET Office provides similar ice forecast for the Arctic similar 

to those FMI forecasts for the Baltic Sea. 

4.2.5.3 Aids to Navigation  

Focus  

By what means an icebreaker receives data from ashore stations?  

Respondent Observations:  

 The IBNNext system incorporates AIS functions from shore side transmissions.  

Focus 

How the e-navigation tools such as AIS and satellite communications are utilized in Swedish 

icebreakers? Will they also useful for Arctic routes? How to get access to high-latitude satellite 

data? 

Respondent Observations: 

 See previous notations 

Focus 

How does your vessel measure the thickness of the encountered broken ice (ice floe)? 

Respondent Observations: 

 Visual observations 
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4.2.5.3 Ice Analysis Sensors  

Focus 

How good is ice-radar in detecting ice conditions like “ice thickness”, “ice concentration” and “ice 

drift”, in addition to finding icebergs? 

Respondent Observations: 

 This was deemed to be non-applicable in this instance as this vessel does not use a 

purpose built ice detection radar.  

Focus 

Is it possible to combine “on board observation” and “ice forecast” to predict local ice conditions? 

For instance, when an ice channel is just opened by an icebreaker, is it possible to predict how 

long time the channel will be kept from freezing using on board measured data in together with 

weather forecasting? 

Respondent Observations: 

 Without committing to any specifics, in theory, this should be possible according to 

discussions held with the radar fitters. 

Focus 

Ice loads & ship performance: 

Which of the following ship performance parameters are monitored on board icebreakers: ship 

speed, GPS positions, fuel log, engine output, and propeller rpm?  

Respondent Observations: 

 Yes, this is monitored, but it would appear that it is not recorded. 

 

Focus 

Are strain and vibration sensors installed in hull of any Swedish icebreakers? 

Respondent Observations: 

 Not on ATLE, but according to the Master, this is completed on board the Frej 

(Another Swedish Ice Breaker) for one of the Swedish polar expeditions.  

Focus 

Is the ice-induced resistance monitored? How to evaluate the risk of “getting stuck in ice”? 
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Respondent Observations: 

 This is not monitored on board the Atle. 

Focus 

Are any commercial hull monitoring systems “standard equipment” for icebreakers? 

Respondent Observations: 

 They are not “standard equipment” for Ice Breakers. 

Focus 

Did you record encountered ice-conditions (and maybe ship performance) for previous winter 

operations? 

Respondent Observations: 

 Not on board the ATLE, however according to the respondents, this can be made 

available onboard Frej for one of the Swedish polar expeditions.  

Focus 

If available in the market, which kind of “ice navigation system” will be preferable tools for 

icebreakers? 

Respondent Observations: 

 Although not directly addressed on board during the visit, the IBNNext system could 

potentially contribute here. 

 

 

4.2.6.1 Task Element to be informed: T3.3 Safe Arctic navigation (NMCI) 

The purpose of these questions, is to investigate current end-user practices & considerations 

under the following headings: 

4.2.6.1.1 Bridge Resource Management 

Focus 

 Record keeping60 

                                                
60 ILO Maritime Labour Convention – Standard A2.3 : http://www.ilo.org/wcmsp5/groups/public/---
ed_norm/---normes/documents/normativeinstrument/wcms_090250.pdf  

http://www.ilo.org/wcmsp5/groups/public/---ed_norm/---normes/documents/normativeinstrument/wcms_090250.pdf
http://www.ilo.org/wcmsp5/groups/public/---ed_norm/---normes/documents/normativeinstrument/wcms_090250.pdf
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 Hours of rest61 

 Drugs & alcohol policy 

Respondent Observations: 

The ILO Maritime Labour Convention regulations for hours of work and rest are adhered 

to in relation to managing bridge resources on board this vessel. Records of these hours 

of work/rest are maintained in accordance to the ILO Maritime Labour and SOLAS 

Convention, so as to provide a means for effective monitoring and ensuring that the crew 

can avail of adequate work rest intervals. Although this vessel operates a double watch-

keeper system unlike commercial Merchant Navy Commercial vessels which would 

generally man their bridges with one watch-keeper, the SMA adhere to these rules by 

employing additional watch-keepers for each vessel. These vessels are manned by the 

following: 

 Master,  

 Chief Officer 

 4 Operations Officers,  

Most commercial vessels will be manned by a: 

 Master,  

 Chief Officer  

 2 Operations Officers.  

It was suggested that the current level of manning on board commercial vessels when 

operating in ice affected areas, creates challenges for these vessels to effectively navigate 

and operate within these areas. It was suggested that manning levels should be reviewed 

for vessels required to proceed and trade in ice affected regions.   

4.2.6.1.2 Operating Procedures 

Focus 

 A review of bridge operating procedures for conducting ice navigation/operations. 

 A review of emergency procedures specific to ice navigation/operations. 

                                                
61 ILO Maritime Labour Convention – Regulation 2.3: http://www.ilo.org/wcmsp5/groups/public/---
ed_norm/---normes/documents/normativeinstrument/wcms_090250.pdf  

http://www.ilo.org/wcmsp5/groups/public/---ed_norm/---normes/documents/normativeinstrument/wcms_090250.pdf
http://www.ilo.org/wcmsp5/groups/public/---ed_norm/---normes/documents/normativeinstrument/wcms_090250.pdf
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 Discuss their relevance & suitability with the bridge team.  

 Are there regulatory gaps in which the procedures have been required to address? 

Respondent Observations: 

Due to the limited amount of time available to research team, a full review of the 

operational and emergency procedures was not possible. The Master and Bridge Watch-

keepers did however state that the SMA Ice Breakers do have specific procedures which 

are customized for operating in Ice affected areas, which they feel are fit-for-purpose in 

this context. It is intended to complete a full review of these procedures on returning to 

this vessel during ice breaking operations. 

With regards regulatory considerations, again due to the limited time available there was 

not scope to gain a significant qualitative insight from an end-user perspective. The 

Master and Bridge Team did however suggest that current regulations including the Polar 

code were extremely broad, and do not address specific bridge watch-keeping 

requirements for polar/ice affected regions. One area in which significant gap was 

suggested is that of training requirements.  

The team proposed that the current level of focus on ice navigation within STCW is not 

fit-for-purpose as the majority of commercial vessels they encounter are lacking in key 

knowledge, skills and equipment. It was suggested that mandatory training for operating 

in ice affected/polar regions should be introduced to bridge this gap. 

4.2.6.1.3 Aids to Navigation in the Context of Bridge Operations 

Focus 

 Discuss the suitability of current navigation aids to successfully & safely navigate within Arctic 

regions. 

 Investigate the accuracy of current navigation publications such as navigation charts & sailing 

directions.  

 Some of our preliminary discussions with experienced Arctic & Antarctic navigators has 

highlighted some significant gaps in terms of accuracy. This was also highlighted during the 

advisory board meeting.  
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 Similar shortfalls have been suggested with regards MET data & some of this has been 

highlighted/addressed with the questions outlined in ST 3.1.1. 

Respondent Observations: 

Due to the limited amount of time available to research team, this area was discussed 

quite briefly. It was however suggested that aids to navigation continue to lack accuracy 

within the higher latitudes, creating a number of challenges for seafarers operating within 

these regions. It was suggested that this lack of accuracy, particularly with GPS and gyro 

compasses, was a significant safety concern and one which must be addressed as the 

volume of shipping increases. 

With regards accuracy of publications and charts, similar concerns were raised here in 

relation to the lack of effective surveying within the higher latitudes. It was suggested 

that there is an acceptance when operating within these areas that there is a significant 

chance that vessels will encounter objects or hazards which have not been previously 

charted, a consideration which does not have to be taken into account when operating 

within mainstream shipping routes. 

The Master and Bridge Team suggested that there is a certain level of scepticism with 

regards the accuracy of meteorological data within these regions. Although these vessels 

avail of MET forecasting services, they are very much reliant on reports from other vessels 

operating in areas in order to compile an accurate appraisal of weather conditions.  

4.2.6.1.4 Passage Planning 

Focus 

 Discuss the passage planning process & determine any Arctic/Ice Navigation during the 

appraisal, planning, execution & monitoring process. 

 Discuss passage planning & determine any Arctic/Ice Navigation specific factors within the 

following contexts: 

o Passage planning in pilotage waters 

o Passage planning in coastal waters 

o Passage planning in ocean waters 

o Passage planning using ECDIS 
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 Discuss Arctic/Ice Navigation specific considerations for passage plan briefing. 

 Discuss Arctic/Ice Navigation specific considerations for planning anchorages & mooring 

operations. 

Respondent Observations: 

Due to the limited time available to research team, passage planning was not an area 

which was discussed with significant depth. It was however highlighted that these vessels 

do not complete passage planning in the same manner in which commercial Merchant 

Navy Vessels operate. As they do not operate on fixed routes and due to the fact that 

their destinations are constantly changing and determined/decided in a short and 

reactionary period of time, their approach to passage planning is therefore reactionary 

and short term in focus. This is an area which will receive additional focus during an ice 

breaker operations visit, in which the opportunity will be there to observe passage 

planning procedures in practice. 

4.2.6.1.5 Operating in Convoy 

Respondent Observations: 

Similarly to the importance of unobstructed vision, the topic of commercial Merchant 

Navy vessels operating in convoy was another overarching theme which was deemed to 

be of significant importance. As outlined in figure 4.49, when operating in ice affected 

regions, commercial merchant navy vessels are quite regularly required to 

operate/navigate in close proximity to other vessels, transiting routes for sustained 

periods of time. Having discussed this with the bridge team and reviewed the key 

regulatory and training documents (See footnotes 62 - 63), it was suggested that although 

the various guidance documents deal with a broad range of potential scenarios, the 

underlying theme within these sections is that of not only avoiding collisions, but also to 

avoid encounters of close proximity between vessels. The regulations makes use of 

language such as: 
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“action taken to avoid collision shall if the circumstances permit, be positive, 

made in ample time and with due regard to the observance of good seamanship” 

(See footnotes )62 

Another example of such language is as follows:  

“If there is sufficient sea-room, alteration of course alone may be the most 

effective action to avoid a close-quarters situation provided that it is made in good 

time, is substantial and does not result in another close-quarters situation” (See 

footnotes)63 

While the regulations do provide guidance for a broad range of potential scenarios, the 

use of language such as the above highlighted extracts would suggest that there is an 

overarching theme within the regulatory bodies to avoid close proximity/close quarter 

situations with other vessels. The Master and Bridge Team of the Atle lend further support 

to this observation, suggesting that STCW training focuses extensively on avoiding 

scenarios in which vessels operate or indeed pass within close proximity to one another, 

and suggest that this has the potential to create training/knowledge gaps as Deck Officers 

are generally trained to avoid the type of situations which can be encountered when 

operating within ice affected regions.  

Research team contributions 

As an STCW qualified Deck Officer who has also completed military maritime watch-

keeping training, there is potential for the existence of training/knowledge gaps within 

the commercial industry. The Watch-keeping training and experience gained by this 

researcher within the commercial sector focused very much on instilling behaviours in 

which close quarter/proximity operations/scenarios were to be avoided. It is this 

researcher’s experience that language used within the regulations such as “good 

seamanship”, from a training and development perspective, generally translates into the 

development of such behavioural attributes, as it can be interpreted that such “good 

seamanship” means manoeuvres which are significant and completed over a prolonged 

period of time, a practice which cannot be completed within ice affected regions. It is 

                                                
62 Para (a) rule 8 : International Regulations for the Prevention of Collisions at Sea 
63 Para (c) rule 8 : International Regulations for the Prevention of Collisions at Sea 



SEDNA D3.5: Codified Arctic Navigation Knowledge Base 

146 

 

proposed that these behaviours are promoted from a risk management perspective, as 

the financial, environmental and human personnel safety implications associated with 

collisions are significant. Also, given the sea room associated with ocean passages and a 

lack of scenarios in which groups of commercial vessels are required to operate 

independently, in close proximity and in the same direction, there is generally no need to 

focus on developing behaviours or attributes within Deck Officers which would equip 

them with the knowledge and skills to operate in such scenarios. It is therefore suggested 

that knowledge from military maritime watch-keeping training could play a role in 

bridging this knowledge gap. Naval vessels are quite regularly required to operate in close 

proximity to each other while proceeding in the same direction. In order to fulfil this role, 

Naval Watch-keepers receive specialised training to operate in convoy known as 

Fleetwork training. This training is not only designed to equip Deck Officers with specialist 

knowledge and skills to handle close quarter functions such as equal speed manoeuvres, 

towing, replenishment at sea operations and overtaking, but also to instil the necessary 

key behavioural elements required to function in close proximity to other vessels such as 

the confidence to operate in close quarters and the ability to make decisions in high 

pressure, maritime close quarter scenarios. Having briefly discussed this with the Master 

and Bridge Team, it was suggested that certain elements of military maritime watch-

keeping training could potentially contribute, and bridge the proposed knowledge gap. 

This is an area that will require additional research, primarily in the form of discussions 

and observations on board commercial and ice breaking vessels. Such discussions with 

commercial vessels would potentially highlight specific knowledge/training gaps which 

could be addressed when contributing to the codifying and development of a Key Arctic 

Knowledge Base, while also developing Arctic Bridge Operating Procedures. Finally, 

further research in this area would also ensure that the knowledge and procedures 

developed throughout relevant deliverables, were objective and free of any potential 

biases from this researcher.  

 

 

 



SEDNA D3.5: Codified Arctic Navigation Knowledge Base 

147 

 

4.3 Site Visit 2: Finnish Ice Breaker – Mar 2018 
 

 

Figure 4.3.1 Finnish Ice Breaker Nordica (Credit: Wiki) 

4.3.1 On-Site Interviews Vessel particulars 
 

Main dimensions 

Length O.A.  116m 
Beam: 26.0 m 
Draught: 8.40 m  
Displacement: 9,392 t 
Speed in open water: 16.5 Knots 
Cruising Speed: 11 Knots 

 

Call Sign OJAE 
Ice Class: 1A S Ice Breaker 
Ice Breaking Capability: Not gathered 
Machinery: 

Total HP: 15 MW 
Main Engines: 2 Piece Aquamaster 
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4.3.2 Bridge resource management 

4.3.2.1 Bridge Watch-keeping Resources: 

 1 x Master 

 1 x Chief Officer 

 3 x Operations Officers (Bridge Watch-keepers) 

4.3.2.2 Bridge Manning:  

During Ice Breaking operations the vessel operates a two bridge watch-keeping or pilot & co-pilot 

type system. One Officer retains the “con” throughout the watch period, and is directly 

responsible to the Master for the Safety of the vessel. The second officer or “co-pilot” provides 

assistance and support in areas such as navigation, collision avoidance, communication, ice 

breaking operations and operational planning. 

4.3.2.3 Training and Development and Certificate of Competency 

All Deck Officers fulfilling a bridge watch-keeping role on board Finnish Maritime Administration 

Ice Breakers will have completed the following the training, attaining the appropriate Certificate 

of Competencies associated with their positions on board e.g. Master, Chief Officer, OOW etc: 

 

 
 
 
 

STCW Bridge Watchkeeping Training and the 
relevent COC

Finnish Maritime Administration Ice Breaker 
12 month training programme

Work Placement on board an FMA operated 
Ice-Breaker
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4.3.3 On-Site Interview Focus 

4.3.3.1 Task Element to be informed: T2.3 Safe Arctic Bridge (AHO) 

4.3.3.1.1 Arctic physical workplace design (Ergonomics) 

Focus: 

Any information on comfort. We envision that navigating in ice filled waters offer special 

challenges related to fatigue that may require a higher emphasis on designing for comfort. (air 

quality, temperature, seating comfort and change of working posture).  

When moving through ice or colliding with ice, does this lead to vibrations, shock or even violent 

motion for the crew? 

Are there sounds from breaking ice that need dampening or do crew members need to hear the 

environment outside?  

Respondent Observations: 

 Icebreaking sounds are not that important, vibrations are important as well as 

sight. 

Focus: 

Specific “Line of sight” or general end user/operator viewing/vision requirements:  

Are there any specific areas that should provide an unobstructed field of vision. (or things they 

want to see but cannot?)  

It is suggested that ice breakers use physical installations to pinpoint change in heading or 

measuring ice -thickness on the side of the boat. What are the physical tools used and how are 

they implemented?  

Research suggests that there has been a lot of accidents/collisions as a result of crane/deck 

equipment obstructing a Deck Officer’s field of view, does this need to be considered? 

Respondent Observations: 

An unrestricted view astern is important. Thus, e.g. on-board deck equipment such as 

cranes can indeed be problematic. However, forward view is the most important. Rear-

view mirrors used, making it possible to see both forwards and backward at the same 

time. 
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4.3.3.1.2 Equipment analysis 

Focus: 

 Please list the equipment used and how it is practically applied.  

 Particularly equipment of importance related to Arctic navigation and operation such as ice 

radars and weather forecasting.  

Respondent Observations: 

 Ice Radar (an important instrument) indicate where thick ice. Searchlights 

important as well.  

 FLIR – thermal camera, could be used to identify multi-year ice (not tested yet). 

LIDAR has not been discussed (I asked about if they have considered LIDAR). 

4.3.3.1.3 User wants and needs 

Focus: 

In relation to the current use of the ships bridge - What works well? 

Respondent Observations: 

Integrated radars (multiple radars connected to the same screen) works well and is 

reliable. 

Focus: 

In relation to the current use of the ships bridge - What does not work? 

Respondent Observations: 

The depth meter (echo sounder) as well as the log (speed meter) are affected by ice 

moving along the hull. The log might also get stuck (frozen). This is problematic when 

operating in areas with significant current. The wind speed meter might also be affected 

by icing (challenge as wind speed and direction and important in icebreaking as it affects 

how the ice moves, and the presence of sea ice makes it difficult to sense the wind speed 

and direction because there are no waves). 

Focus: 

In relation to the current use of the ships bridge - What would you like to see for future systems? 

Respondent Observations: 

 A system enabling better visibility, satellite compass (available but expensive) 
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4.3.3.1.4 Communication 

Focus: 

Provide an overview of communication in the widest sense.  

What is required to communicate and how is it currently performed? (To transfer images, text, 

voice etc.) 

Respondent Observations: 

 While on open sea all communications (transfer of images, text, voice etc.) is 

satellite based. Iridium used in the high Arctic. 

4.3.3.2 Task Element to be informed: T3.2 safe Arctic voyage optimisation systems 

This research sets out to develop a routing system that considers a ship’s operation safety, ice 

condition avoidance, expected time of arrival, structural integrity & severe motion responses in 

harsh environments. 

The SEDNA Voyage Planning Tool (VPT) must incorporate two factors into the existing “routing 

tools”: 1) hull/propeller integrity under ice loads; 2) ice-induced resistance.  

Our concerns can be put into two major categories:  

4.3.3.2.1 Ice Conditions 

Focus: 

What are sources of encountered ice conditions: the ice forecasts, digital or traditional ice chart, 

on board measurement using e.g. ice radar and/or visual observation, etc.? 

Respondent Observations: 

 Traditional ice charts are still used, satellite pictures are important (the ice charts 

are largely determined based on satellite pictures 

Focus: 

For ice forecasts, how many days in advance are the forecasts available and how often are the 

forecasts updated?  

Respondent Observations: 

 Typically, they order one satellite picture per day (more frequent updates are 

possible but costs extra). 
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Focus: 

If the ice data from satellite is the case, how accurate (solution) and how often (updating 

frequency) can be available for ashore stations?  

By what means an icebreaker receives data from ashore stations?  

Respondent Observations: 

 VSAT is used on open sea but is expensive, Fleetbroadband is also used (a 

“satellite broadband service”). High frequency telex (text based) required in 

Arctic, but not really used. 

4.3.3.2.1 Aids to Navigation 

Focus: 

How the e-navigation tools such as AIS and satellite communications are utilized in Swedish 

icebreakers? Will they also useful for Arctic routes? How to get access to high-latitude satellite 

data? 

How to measure the thickness of the encountered broken ice (ice floe)? 

How to forecast/detect multi-year ice?  

How good is ice-radar in detecting ice conditions like “ice thickness”, “ice concentration” and “ice 

drift”, in addition to finding icebergs? 

Respondent Observations: 

Ice-radar can be used to determine where there is ice and where there is no ice. It can 

also be used to identify large ridges and multi-year ice (the icebreaker try always to avoid 

multi-year ice and areas with difficult ice conditions by circumnavigating).  

4.3.3.2.2 Ice Analysis Sensors 

Focus: 

Ice loads & ship performance: 

Which of the following ship performance parameters are monitored on board icebreakers: ship 

speed, GPS positions, fuel log, engine output, and propeller rpm?  

Respondent Observations: 

 There is an on board electronic logbook that records the ship speed, position, and 

bearing. Data on power usage and individual assistances are not logged.   
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Focus: 

Are strain and vibration sensors installed in hull of any Swedish icebreakers? 

Respondent Observations: 

 Ice-loading induced strains are not actively monitored. 

Focus: 

How to monitor the ice-induced resistance? How to evaluate the risk of “getting stuck in ice”? 

Respondent Observations: 

 Ice-induced resistance is not monitored. The risk of getting stuck in ice is 

determined based on experience considering the prevailing operating conditions. 

Focus: 

Are any commercial hull monitoring systems “standard equipment” for icebreakers? 

Did you record encountered ice-conditions (and maybe ship performance) for previous winter 

operations ? 

If available in the market, which kind of “ice navigation system” will be preferable tools for 

icebreakers?  

What kinds of “navigation tools” do you recommend for a commercial vessel operating in ice-

covered waters without assistance of icebreakers? 

Respondent Observations: 

Strong searchlights, sufficient ballast (while trying to minimize fuel costs, ships often fail 

to carry enough ballast resulting in insufficient mass for operation in ice, which might lead 

to a ship getting stuck in ice) 

4.3.3.3 Task Element to be informed: T3.3 Safe Arctic navigation (NMCI) 

4.3.3.3.1 Training & Development 

Focus: 

Investigate current end-user practices & considerations under the following headings: 

Level of training & certificate of competencies held by all bridge watch-keeping personnel? 

Respondent Observations: 
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 Permission to enter ports without a pilot (experience based), training as required 

by the Polar Code (an approx. 2-day long course, needed because Nordica is in 

the process of getting a Polar Ship Certificate) 

Focus: 

What specific ice navigation training have bridge watch-keepers completed? 

Respondent Observations: 

 An approved internal ice navigation course. 

4.3.3.3.2 Regulatory Considerations 

Focus: 

Broadly speaking, are there any current regulatory shortcomings/gaps which have the potential 

to cause difficulties for the industry. These gaps could be related to training, safety, equipment, 

design etc?? 

Respondent Observations: 

 The Polar Code fills some of the gaps, but does not cover the Baltic Sea. On the 

Baltic Sea there are gaps related to the required crew competence and ship 

equipment. 
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4.4 On-site Interview Summary Findings 

4.4.1 Task Element Summary: T2.3 Safe Arctic Bridge 

4.4.1.1 Safe Arctic Bridge Design Summary 

 The importance of workplace design, supporting the importance that factors such as air 

quality, temperature and seating play when ensuring that the bridge is conducive for 

effective watch-keeping when considering ergonomics was acknowledged on board the 

Atle. 

 One specific item highlighted on board the Atle, was the need to ensure that processor 

units associated with Aids to Navigation and bridge PCs be located within spaces or on 

decks which are separate to the bridge. 

 Both vessels suggested that noise, vibrations, or excessive ice breaking motion was not an 

issue for these vessels. However it was stated on board the Atle, that this may be due to 

the fact the Ice Breakers have additional design features not usually applied to Merchant 

Navy vessels. 

 Both vessels highlighted the importance of “un-restricted” views, with the Nordica placing 

a significant emphasis on the stern viewpoint. The overarching issue of importance 

highlighted by the Atle in this context was that of unobstructed vision (360 degrees where 

possible). Height of eye was highlighted, suggesting a need to provide a means of 

observing from as high a point as possible. 

 Ice thickness determination is completed using traditional means on board the Atle such 

as visual observations and ice thickness poles. 

 The following operational scenarios were outlined on board the Atle: 

o Mooring operations – entering and exiting ports. 

o Anchoring operations. 

o Pilotage operations – transiting in harbours or pilotage areas in which 

there is close proximity to potential dangers. 
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o Coastal navigation – transiting in coastal waters areas in which there is 

less to proximity to potential dangers. 

o Sea/Ocean passages – transiting in open waters in which there is 

minimum risk of passing in close proximity to potential dangers. 

o General ice breaking operations – transiting ice affected areas with 

objective of providing “ice free” routes for vessels. 

o Ice escort operations – transiting ice affected, escorting/leading a convoy 

of merchant vessels. 

o Ice towing operations – transiting ice affected areas, while providing a 

towing service for merchant vessels facing difficulties navigating in these 

areas. 

o Helicopter operations – Operating with a helicopter while underway 

4.4.1.2 Equipment Analysis Summary 

 Although specific equipment lists are provided by the Atle research team, as the Nordica 

is an IMO compliant vessel, built to an appropriate classification standard, it can be 

assumed that this vessel is equipped with the same navigational aids/equipment64. 

 The Nordica highlighted the importance of specific ice detection radar in this context, while 

the Atle made use of conventional navigation radars. 

 Both vessels highlighted the importance of search lights and the potential contributions 

that technology such as thermal imaging could make. 

 The Atle outlined that they have retained an older chart display system which pre-dates 

the IMO compliant ECDIS units fitted on board. It was suggested that was as a result of the 

limited applications and user-interfaces available on contemporary ECDIS compliant unit, 

a design feature deemed essential for ice navigation. 

                                                
64 If such equipment were absent, this vessel would be detained under port state control regulations and 
would not be at sea 
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4.4.1.3 User Wants and Needs – What works well? 

 Both vessels suggested that the current level of navigational aid integration and 

equipment placement in close proximity to conning controls works well. 

 The multiple conning positions did highlight a potential for incorporating a more effective 

communication suite between the various stations. 

4.4.1.4 User Wants and Needs – What does not work well? 

 The Atle highlighted issues in relation to visibility, suggesting that Merchant Navy vessels 

are designed to proceed in straight lines from A to B, and are often not laid out in a manner 

which is conducive for effective navigation/ship handling within an Arctic environment. 

One shortfall of particular relevance is a proposed restriction when looking aft, an issue of 

significant importance when operating in convoy. Visibility being restricted by cargo 

fixtures such as cranes and derricks, was also highlighted. 

 The Nordica highlighted localized equipment shortcomings which occur as a result of ice. 

It was suggested that echo sounders and log speed sensors are often affected by moving 

along the hull. Wind speed sensors are also affected at times as they can become frozen. 

4.4.1.5 What would you like to see in future systems? 

 Both vessels again highlighted the importance of vision, and the need to provided 

unrestricted 360 vision. 

 The Atle suggested that AR goggle technology could provide critical information for close 

proximity manoeuvring such as AIS data from other vessels, navigation data and collision 

avoidance information. 

 The Nordica suggested that the use of satellite compasses would contribute to alleviating 

short comings in navigational aids, however there is significant cost associated with 

installation. 

 The Atle suggested that Merchant Navy vessels are often not equipped appropriately in 

terms of the quantity of bridge communication sets, and suitable illumination equipment 

for night operations.  
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4.4.1.6 Communication 
 

 The Atle outlined that communication is conducted as follows: 

o Verbal interactions between bridge teams (pilot/co-pilot system) 

o Internal communications: Internal radios between crew members during certain ice 

transit operations such as mooring and towing 

o External Communication:    

 Ship to ship and ship to shore transmissions 

 Satellite equipment as per GMDSS requirements 

 IBN Next – GIS Ice planning/routing tool 

 The Nordica outlined that the transferring of images, text and voice are generally satellite 

based in open waters. Iridium phones are used in higher latitudes 

4.4.1.7 Potential training uses for AR 
 

 The Atle did suggest that AR technology could value in the context of training, particularly 

for vessels and crews who have no experience of navigating in ice affected regions. 

4.4.1.8 Customised Design Solutions 
 

 The Atle have applied to following customized bridge solutions: 

o Suspended VHF Handsets (Figure 4.4 refers) 

o The use of aft facing CCTV equipment to monitor towing operations (Figure 4.11 

refers). 

o The use of a “rearview” mirror, allowing an OOW to briefly look astern while facing 

forward (Figure 4.12 refers).  
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4.4.2 Task Element Summary: ST 3.1.1 Arctic End User Requirements – Ice Forecasting 

Requirements 

 The Atle suggested at the outset that long range (3 months ahead) was not necessarily 

essential from an operational perspective, but could however add value in terms of route 

planning in relation to Merchant Navy vessels proceeding to Ice affected regions. 

 The ability to determine or quantify Ice thickness up to 7 days, would add significant value 

in terms of operational and route planning. 

 The Atle is currently availing of Ice forecasting/thickness data via a GIS named IBNNext. 

The system is a joint venture between the Swedish and Finnish Ice Breaking efforts, and 

provides Ice Breakers within the Northern Baltic with Ice forecasting and shipping data on 

a consolidated display/system. 

 It was highlighted that any queries in relation to technical specifications, should be 

directed to technical support staff. 

 The main areas of interest of these vessels are the Gulf of Bothnia and Northern Baltic. 

4.4.3 Task Element Summary: ST 3.2 Safe Arctic End Voyage Optimisation Systems 

4.4.3.1 Ice Conditions 

 The Nordica suggested that a combination of traditional ice charts and satellite imagery 

are commonly used, while the Atle suggested a greater emphasis on satellite imagery.  

 Ice forecasts are provided by the FMI, with predicted conditions available for up to 54 

hours in advance. 

 Swedish and Finnish Ice Breakers have access to satellite imagery of the Baltic sea which is 

not available open source to commercial shipping. It was however suggested that if such 

data were to be made available to Merchant vessels, that extensive training/experience 

would be required in order to accurately interpret the images. It was suggested that 

making such imagery available for Northern Arctic regions would be challenging due to 

reduced satellite coverage in the higher latitudes. 
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 With regards end-user requirements in terms of accuracy and frequency, it was suggested 

that this would depend on the region, and financial resources available to the end-user. 

Such data may be of significant value within the latitudes further north, due to the harsher 

and unpredictable conditions experienced within those regions. An example of end-user 

frequency of use, would be the 24hr satellite imagery used by both vessels. 

 Multi-year forecasts were deemed to be non-applicable to Swedish Ice Breakers. The 

Nordica did suggest that Ice Breakers will avoid areas with multi-year ice due to the 

potential difficulties caused by such conditions when attempting navigate affected areas. 

 Ice detection radar considerations where deemed non-applicable to Swedish Ice Breakers 

as they are not used on board these vessels. The Nordica did however highlight that such 

radars can be of value, particularly when attempting to accurately determine the presence 

of ice. 

 Both vessels use voyage data recorder technology to monitor speed, GPS positions, fuel 

usage, and propeller rpm. Such recordings are recorder for the purpose of VDR 

requirements as opposed to being used to monitor this data locally on board.  

 Both vessels highlighted that ice-induced resistance is not monitored or measured on 

board. It was however highlighted on the Atle that any Swedish vessels proceeding to 

higher polar latitudes will makes use of such sensors. It was also suggested that such 

equipment would not be “standard” on board merchant vessels. 

4.4.4 Task Element Summary: T 3.3 Safe Arctic Navigation (NMCI) 

4.4.4.1 Bridge Resource Management 

 It was suggested on board the Atle that the standard manning levels for vessels operating 

within Ice affected/Polar Regions, were not conducive for consistent safe navigation. The 

additional overload placed on OOWs operating within these regions, suggests that an 

OOW requires regular support in attempting to make effective decisions in relation to 

navigation and safety. 
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4.4.4.2 Regulatory Considerations 

 Both vessels highlight an apparent lack of regulatory training, which provided learning 

opportunities which adequately prepared seafarers for operating within Ice affected 

regions. It was suggested on board the Atle that there are significant knowledge gaps 

within the Merchant Navy industry not only in relation to navigation and ship handling, 

but also in relation to personal protection considerations such as the appropriate PPE 

which should be donned within these regions and how to conduct general day-to-day tasks 

when operating within an ice affected region.  

 It was also suggested that the Polar Code although a step in the right direction in terms of 

providing some regulatory guidance/framework, was still extremely broad, what not 

specific enough for effective end-user application. 

4.4.4.3 Aids to Navigation 

 It was suggested on board the Atle that charts and publications continues to lack accuracy 

in relation to survey efforts and positional accuracy within the higher latitudes. 

 Short coming in electronic navigation aids such as compasses and GNSS continue to affect 

navigation, making precision navigation near to impossible within these regions. 

 With regards weather forecasting, there was a consistent level of skepticism amongst the 

bridge team in relation to the reliability and accuracy of the mainstream weather 

forecasting data. Although MET forecasting sources are used, the primary information 

source used is that of weather data reports from other vessels operating within their areas 

of operation. 
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5.0 Primary Research Efforts:  Ice Breaker Navigation 
and Operational Scenarios 

5.1 Operational Scenario Introduction 

This section presents the primary research findings and outputs from a field trip on board the Ice 

Breaker Atle. In completing this effort, a team of researchers from the Halpin team embarked on 

a 5 day field trip in which Ice Breaker operations were observed, and discussions were held with 

the Master and Bridge team during the completion of a number of Ice Breaker operations. The 

information gathered during this assignment has been captured and presented in manner which 

can inform the SEDNA programme and research partners, of Arctic Navigation operational 

considerations and practical applications. The scenarios can also be used to inform additional 

specific efforts such as the Safe Arctic Bridge, Sea and Ice forecasting, and Voyage optimisation.  

With regards the scenarios themselves, this section provides in-depth overview and description 

of planning and practical applications of the following Ice Breaker scenarios: 

 

 5.2.1: Coastal Navigation 

 5.2.2: Pilotage operations – Entering/Exiting Port 

 5.2.3: Ice Breaking Assistance operations – Assisting vessels beset within the Ice 

 5.2.4: Ice Breaker Escort Assistance operation 

 5.2.5: Ice Breaker Multiple Vessel Ice escort operation (Convoy assistance) 

 5.2.6: Ice Breaker towing Assistance Operations 

 5.2.7: Ice Mooring Assistance 

As outlined within the methodology section, this effort makes use of a ”layered scenario” 

methodology in order to present the specific task components of the individual scenarios, while 

also facilitating linking the knowledge acquired with the bridge design efforts being complete 

elsewhere wihtin the SEDNA programme. 
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5.2 Ice Breaker Scenarios 

5.2.1 Coastal Navigation scenario data 

Scenario 

 
Main Activity  

 
Context 

 

    
                 

 
 
 
 
 
 
 
 
 

Coastal Navigation 

Ice Breaker vessel transiting an ice affected area 

Actors Involved: 
 Officer of the watch 

 Support Officer 

 Master if required 

Position on the bridge &                                                                                                                                             
Directional Focus: 
 Starboard Conning Position 

 Forehead 

 The vessel will be on transit for a set period of time depending on the voyage duration 

 Operational situation: Coastal navigation scenario in which there are no immediate navigational/collision risks 

 Other vessels on transit may be encountered at any stage in which action may or may not need to be taken 

depending on whether or not a risk of collision exists 

 Transit area is affected by close and very close pack ice which the ice breaker will transit through en-route 
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Information Needed        Communication 
Methods  

 
 
 
 
 
 
 
 
 

Main Equipment used        Functions 
 
 
 
 
 
 
 
 
 
 
 

What Happens (Outline of the various steps & sequences of the tasks) 
 The vessel is on transit in an ice affected coastal navigation scenario. 

Passage Appraisal: 

 IBN Next GIS is referred to in order to determine ice coverage within the planned area. 

 Based on the ice coverage data, depending on the outlined ice thickness, a decision is 

made as to whether or not the vessel can safely transit an area. 

 Sea area forecasts will be referred to determine weather conditions throughout the 

duration of the passage 

 AIS data overlays on IBN Next or ECDIS will be checked to determine traffic density in 

the area of operation 

 Routes are planned and checked on an older non ECDIS compliant electronic chart 

display before being applied to ECDIS compliant unit (Additional planning functionality is 

deemed essential for planning in ice affected areas65) 

                                                
65 Section 5.4: Summary Interview Findings 

 Ownship transit data 

o Course being steered 

o Ownship speed 

o Positional information 

o LDL Data 

 Verbal communication between bridge 

team 

 External communication between ship, 

VTS and other vessels (VHF) 

 X-Band 3cm radar: LDLs, AIS inputs 

 ECDIS: AIS Inputs, GPS data 

 Helm controls (Joy Stick) 

 Engine Controls 

 Overhead displays 

 Radio equipment (External) 

 PC with GIS providing Ice Chart & AIS overlay 

 OOW has overall responsibility of 

conning, collision avoidance and 

decision making 

 Support Officer provides information as 

required 

 Master will proceed to the bridge if 

additional support is required. 
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 Notice to Mariners may be referred to as a means of determining any temporary or 

permanent changes to aids to navigation and navigational hazards 

 Sailing directions may be referred to where applicable when required to seek out local 

navigation knowledge of a specific area 

 Draught restrictions and available navigable waters 

 GMDSS requirements such as reporting a monitoring 

 Route selection and waypoints 

 Weather routing 

Passage Planning: 

 Route will be selected and planned based on the observed ice coverage data from GIS 

satellite imagery overlays 

 Distance in which charted or other features will be passed throughout the passage 

 Safe and appropriate passage speeds are determined based on the following: 

o Ice coverage 

o Meteorological conditions 

o Traffic density 

o Amount of available navigable water 

o Urgency to reach destination and nature of operations 

 Specific sailing direction recommendations will be applied to the passage/route 

 Routes will be cross checked against LDL66 (see appendix D for visual example) overlays 

displayed on 3cm radars 

 Available depth of water of water and tidal information contained in tide tables/atlases 

will be determined/applied 

 Availability of visual and radar fixing opportunities 

 The reliability of ship’s propulsion and steering systems 

 Any specific environmental protection measures 

 The following ECDIS checks are completed: 

                                                
66 Limiting Danger Line: A Coastal Navigation Method developed to provide an OOW with an instant radar 
visual appraisal of a vessel’s position relative to charted dangers 
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o The appropriate ENCs(Electronic Navigation Charts) are available for the 

proposed area 

o Previously executed passage plans for re-checked to ensure that they are still 

safe 

o Large scale ENCs are used initially to provide a route overview, while smaller 

scales are then used for precision navigation checks 

o Any previous non-applicable routes are cleared 

o Cross track distances are applied and checked for each leg 

o Safety depths and under-keel clearance will be crosschecked against radar LDL 

displays 

o ETA information is calculated and displayed 

o Vessel characteristic information such as draughts and turning radius is cross-

checked 

Passage Execution/Monitoring: 

 Ownship Track/Navigation Monitoring: 

o A constant visual lookout is maintained, monitoring for potential hazards (ice, 

charted/ uncharted nav hazards, objects with poor radar cross section/return) 

o Course being steered is monitored via gyro compass displays and GPS 

directional inputs into RADARS and ECDIS 

o Ship speed is monitored via displays on 3cm Radars and ECDIS units. Speed data 

can also be monitored via additional overhead displays. 

o Track and positional information is monitored via the following means: 

 Radar LDL displays which visually represent the vessel’s positions 

relative to predesignated areas in which sufficient navigable water is 

present 

 GPS overlay positional display information on ECDIS units 

 Terrestrial fixing means if available 

 Manoeuvring/Ship handling: 

o Auto-pilot is the primary means of steering used during coastal passages. 

o In the event of the vessel having to complete substantial alterations of 

course/manoeuvring, the OOW will switch to manual steering or engage the 

tiller override the auto-pilot and commence immediate manual manoeuvring 
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o Once course alterations are made, the following displays are observed by the 

OOW to ensure that the appropriate directional change will occur: 

 Rudder angle displays 

 Course displays 

 Transverse thrust direction 

o Ship’s speed is maintained using the engine controls and the necessary 

adjustments/settings are applied depending on the desired speed.  

o Ice conditions will determine the necessary adjustments/settings required to 

efficiently and safely manoeuvre within the ice. For example, if operating in 

close ice where there is extensive coverage, forward propellers will be engaged 

to assist in the “ice breaking” process, while flushing broken ice/sea water 

directly astern, while the thrust from the aft propellers will contribute to speed 

regulation.  

o The OOW will also monitor factors such as noise, vibration and the vessel’s 

motion to determine if speed adjustments need to be made. For example, if 

there is what is determined to be excessive noise or vibrations as the vessel 

transits through the ice, adjustments will be made such as reducing speed to 

reduce the forces being applied to hull.  

o OOWs will pay particular attention to these considerations when operating in 

areas in which ice ridges are present, as the height of the bridge makes it near 

to impossible to determine the ice dimensions/characteristics.  

 Collision Avoidance: 

o OOWs will continuously monitor traffic and floating objects such as ice and will 

use all available means to determine whether or not a risk of collision exists as 

required industry requirements67. 

o The two primary methods used during coastal passages were as follows: 

 Visual Observations: OOWs will visually observe other vessels, and will 

visually determine if a risk of a collision exists based on the other vessels 

visual relative movement (Is the vessel drawing left or right as it is 

observed relative to window frames and other bridge fixtures) Similar 

observations will be made in relation to ice. 

                                                
67 See Rule 7: International Regulations for the Prevention of Collisions at Sea 
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 Radar Observations: Risk of collision is determined based on CPA 

(Closest Point of Approach) data displayed on the 3cm radars. This data 

is determined applying ARPA software to AIS radar inputs or manual 

plots68. During routine coastal passages, OOWs would be directed to 

maintain a CPA of 1.0nm from other vessels. Should it be determined 

that the CPA of another vessel will fall within this threshold, the OOW 

will be required to increase this distance by altering course, speed or in 

some cases, both course and speed.  

o When dealing with smaller vessels which may be non AIS compliant69, radar 

detection can be a challenge. As navigational radars are designed to primarily 

detect and acquire contacts on a 2D plain, other surface contacts such as ice can 

significantly reduce the radar’s ability to effectively detect and acquire targets. 

Although OOWs will adjust detection parameters such as tuning, gain, sea 

clutter and rain, these adjustments will not always be effective. In such 

instances, visual detection and determination of risks of collision are critical to 

ensuring safe navigation.  

 Communication Monitoring: 

o External – OOWs are required by law to maintain a constant listening watch on 

emergency broadcast frequencies such as VHF Ch 1670. Additional monitoring is 

maintained on specific regional working channels as the vessel enters/exits 

certain areas. 

o In practical terms, OOWs are required to maintain a constant aural monitoring 

in the event of a distress being broadcasted or if another vessel/land station 

attempts to contact them.  

 Structural Integrity Monitoring: 

o Both OOWs are tasked with visually monitoring components of the outer hull 

for structural integrity while transiting through ice affected areas. The primary 

focus of this monitoring is on areas which are deemed to experience a 

significant proportion of the pressure while breaking ice e.g. the Fo’c’sle and 

Afterdeck. Visual observations and CCTV monitors are used to complete these 

checks.  

 

                                                
68 Automatic Ranging and Plotting Apparatus Software 
69 Vessels > 500 GT, pleasure craft, fishing: IMO SOLAS Chapter V 
70 Global Maritime Distress and Safety Requirements/SOLAS Convention 
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 Hours of Darkness: 

o Coastal passages completed during the hours of darkness involve the same 

task/functions/monitoring. As visual monitoring/detection of ice is critical to 

safe navigation, the vessel will proceed on transit with significant levels of 

illumination covering near to a 360 degree arc. Such level of illumination is 

deemed necessary due to limitations in radar detection, and the need to 

constantly visually appraise ice conditions/characteristics, and 

manoeuvre/adjust accordingly.  

 Specific Ownship Track/Navigation Task Outline: 

o A constant visual lookout is maintained, monitoring for potential hazards (ice, 

charted/ uncharted nav hazards, objects with poor radar cross section/return) 

o Course being steered is monitored via gyro compass displays and GPS 

directional inputs into RADARS and ECDIS (Appendix E refers. 

o Ship speed is monitored via displays on 3cm Radars and ECDIS units. Speed data 

can also be monitored via additional overhead displays (Appendix E refers). 

o Safe navigation track and positional information is monitored via the following 

means: 

 Radar LDL displays which visually represent the vessel’s positions 

relative to predesignated areas in which sufficient navigable water is 

present (appendix D refers). 

 GPS overlay positional display information on ECDIS units (Appendix F 

refers) 

 Terrestrial fixing means if available  
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5.2.2: Pilotage operations – Exiting/Entering Port 

Scenario 

 
Main Activity  

 
     

 
 
 
 
 
 
 
 
 

Information Needed        Communication 
Methods  

 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 

Ice Breaker Exiting Port 

Slipping and proceeding from a berth port side to 

Actors Involved: 
 Master 

 Chief Officer 

 2nd Officer 

Position on the bridge &                                                                                                                                                   
Directional Focus: 
 
 Port conning position 

 Forward, mid-section and aft 

 Mooring fixtures: 

o When mooring lines are inboard 

o Distances 

o When clear of the berth 

 Verbal communication between bridge 

team 

 Internal radio communication between 

bridge and mooring positions 

 External communication between ship, 

VTS and other vessels 
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Main Equipment used        Functions 
 
 
 
 
 
 
 
 
 
 

 
Critical Points 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 Verbal communication between bridge 

team 

 X-Band 3cm radar: LDLs, AIS inputs 

 ECDIS: AIS Inputs, GPS data 

 Helm controls (Joy Stick) 

 Engine Controls 

 Overhead displays 

 Master has overall responsibility & 

liaised with VTS with regards port 

operations 

 Chief Officer has the con 

 2nd Officer present in support role as 

required  

1. Ice Breaker slips and proceeds from the berth 

2. Pilotage routines commence in order to exit the port 

3. Course alteration in order to maintain planned track 

4. Manoeuvring to facilitate an inbound merchant vessel 

5. Encountering a merchant vessel mid-channel 

6. Course alteration in order to maintain planned track 

7. Clearing the pilotage area 
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What Happens (Outline the various steps & sequences of the tasks) 
 
Passage Appraisal: 

 IBN Next GIS is referred to in order to determine ice coverage within the planned area. 

 Based on the ice coverage data, depending on the outlined ice thickness, a decision is 

made as to whether or not the vessel can safely transit an area. 

 Sea area forecasts will be referred to determine weather conditions throughout the 

duration of the passage 

 AIS data overlays on IBN Next or ECDIS will be checked to determine traffic density in 

the area of operation 

 Routes are planned and checked on an older non ECDIS compliant electronic chart 

display before being applied to ECDIS compliant unit (Additional planning functionality is 

deemed essential for planning in ice affected areas71) 

 Notice to Mariners may be referred to as a means of determining any temporary or 

permanent changes to aids to navigation and navigational hazards 

 Sailing directions may be referred to where applicable when required to seek out local 

navigation knowledge of a specific area 

 Draught restrictions and available navigable waters 

 GMDSS requirements such as reporting a monitoring 

 Route selection and waypoints 

 Weather routing 

Generic Passage Planning: 

 Route will be selected and planned based on the observed ice coverage data from GIS 

satellite imagery overlays 

 Distance in which charted or other features will be passed throughout the passage 

 Safe and appropriate passage speeds are determined based on the following: 

o Ice coverage 

o Meteorological conditions 

o Traffic density 

o Amount of available navigable water 

                                                
71 See section 4.2.3.1.3 – ECDIS functionality limitations 
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o Urgency to reach destination and nature of operations 

 Specific sailing direction recommendations will be applied to the passage/route 

 Routes will be cross checked against LDL overlays displayed on 3cm radars 

 Available depth of water of water and tidal information contained in tide tables/atlases 

will be determined/applied 

 Availability of visual and radar fixing opportunities 

 The reliability of ship’s propulsion and steering systems 

 Any specific environmental protection measures 

 The following ECDIS checks are completed: 

o The appropriate ENCs(Electronic Navigation Charts) are available for the 

proposed area 

o Previously executed passage plans for re-checked to ensure that they are still 

safe 

o Large scale ENCs are used initially to provide a route overview, while smaller 

scales are then used for precision navigation checks 

o Any previous non-applicable routes are cleared 

o Cross track distances are applied and checked for each leg 

o Safety depths and under-keel clearance will be crosschecked against radar LDL 

displays 

o ETA information is calculated and displayed 

o Vessel characteristic information such as draughts and turning radius is cross-

checked 

Operational Planning Considerations: 

 The Master and the bridge team discuss the proposed operation and review the 

following data to determine how best to execute the operation: 

o Familiarity with the port, in terms of the level of experience currently within the 

bridge team and the number of times they have exited/entered this port.  

o Familiarity with the berth itself, and any potential manoeuvring restrictions 

imposed by the infrastructure. 

o Traffic density in the area, specifically scheduled arrivals and departures in port 
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o Environmental conditions such as wind speed and direction, ice characteristics 

(thickness, type, movement, presence of ridges)  

o Time of day 

o Sea room/availability of safe navigable waters 

 
Operational Decisions: 

 It was determined that as this departure would take place in Pitea, a port within the Bay 

Bothnia regularly used by this vessel, that this port exit would be “routine”. 

 The width of channel was in excess of 0.4nm wide, with sufficient navigable water 

available to manoeuvre from the berth. 

 There was one inbound vessel due to arrive during the operation, however this vessel 

would be passed mid channel during the departure, and not while manoeuvring away 

from the berth.  

 Wind speed and direction were light airs with excellent visibility conditions. 

 The operation was being completed during the early afternoon. 

 Closed ice contained within the port would not cause any manoeuvring restrictions.  

 The ice breaker had no manoeuvring restrictions 

Operation Execution Overview: 

 As outlined in figure 5.1 the ice breaker departs the berth from a port side to aspect. 

 Initially, mooring lines are cleared, and a combination of tensions winches, helm and 

engine manoeuvres are used to clear the berth. 

 Once clear of the berth, the Ice Breaker commences pilotage navigation, using a 

combination of terrestrial and E-Navigation means to monitor the ship’s position 

throughout the transit. 

 The Ice Breaker is required to conduct a number of course alterations while reaching 

planned waypoints throughout the passage. 

 Due to a commercial vessel entering the harbour, the Ice Breaker is required to provide 

manoeuvring room within the channel in order to facilitate the cargo vessel’s safe 

passage. 
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 The Ice Breaker proceeds to the starboard side of the channel when passing the 

merchant vessel, in order to ensure that both vessels have adequate room to 

manoeuvre and safely transit the area.  

 

 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 

 
 
 
 
 
 
 
 
 

Pitea Harbour 

Figure 5.1 Exiting Port Scenario Overview 
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General Ship handling Considerations: 

o Manual helm using joystick control is the primary means of steering used during 

ice breaking assistance operations. 

o In the event of the vessel having to complete substantial alterations of 

course/manoeuvring, the OOW will engage the tiller override or use the engine 

controls to provide immediate manoeuvring thrust. 

o Once helm adjustments are applied, the following displays are observed by the 

OOW to ensure that the appropriate directional change will occur: 

 Rudder angle displays 

 Course displays 

 Transverse thrust direction 

 Visual reference points 

o Ship’s speed is maintained using the engine controls and the necessary 

adjustments/settings are applied depending on the desired speed.  

o Ice conditions will determine the necessary adjustments/settings required to 

efficiently and safely manoeuvre within the ice. For example, if operating in 

close ice where there is extensive coverage, forward propellers will be engaged 

to assist in the “ice breaking” process, while flushing broken ice/sea water 

directly astern, while the thrust from the aft propellers will contribute to speed 

regulation.  

o The OOW will also monitor factors such as noise, vibration and the vessel’s 

motion to determine if speed adjustments need to be made. For example, if 

there is what is determined to be excessive noise or vibrations as the vessel 

transits through the ice, adjustments will be made such as reducing speed to 

reduce the forces being applied to hull.  

o OOWs will pay particular attention to these considerations when operating in 

areas in which ice ridges are present, as the height of the bridge makes it near 

to impossible to determine the ice dimensions/characteristics.  

 Collision Avoidance: 

o OOWs will continuously monitor traffic and floating objects such as ice and will 

use all available means to determine whether or not a risk of collision exists as 

required by industry standards72. The completion of Ice Breaking assistance 

                                                
72 Rule 7: International Regulations for the Prevention of Collisions at Sea 
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does not absolve the Ice Breaker of the need to maintain appropriate safe 

navigation/collision avoidance practices. 

o The two primary methods used while exiting/entering a port are as follows: 

 Visual Observations: OOWs will visually observe the vessel being directly 

assisted, using visual reference points throughout the operation to 

determine range, monitor lateral range and highlight critical points in 

which certain manoeuvres must take place. Such observations will also 

be used to visually determine if a risk of a collision exists with other 

vessels operating within the area based on the other vessels visual 

relative movement (Is the vessel drawing left or right as it is observed 

relative to window frames and other bridge fixtures) Similar 

observations will be made in relation to ice. 

 Another consideration for OOWs operating in pilotage areas which are 

in close proximity to land are that of wildlife. Although not a factor 

during this observed scenario, numerous types of deer like species, 

which live and move in large numbers, have been known to cross a 

vessel’s track while entering/exiting ports. 

 Radar Observations: The OOW uses the VRM function on the 3cm radar 

to highlight critical points in which they must commence 

manoeuvres/course alterations in order to complete ice breaking 

operations. Radars will also be used for generic collision avoidance, 

determining if a risk of collision exists based on CPA (Closest Point of 

Approach) data displayed on the 3cm radars. This data is determined 

applying ARPA software to AIS radar inputs or manual plots73. The 

completion of Ice Breaking assistance does not absolve the Ice Breaker 

of the need to maintain appropriate safe navigation/collision avoidance 

practices. 

 When dealing with smaller vessels which may be non AIS compliant74, 

radar detection can be a challenge. As navigational radars are designed 

to primarily detect and acquire contacts on a 2D plain, other surface 

contacts such as ice can significantly reduce the radar’s ability to 

effectively detect and acquire targets. Although OOWs will adjust 

detection parameters such as tuning, gain, sea clutter and rain, these 

adjustments will not always be effective. In such instances, visual 

                                                
73 Automatic Ranging and Plotting Apparatus Software 
74 Vessels > 500 GT, pleasure craft, fishing 
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detection and determination of risks of collision are critical to ensuring 

safe navigation. This challenge can be particularly prevalent in pilotage 

waters, as such vessels are far more likely to be encountered closer to 

land, than in open coastal waters.  

 Communication Monitoring: 

o External – OOWs are required by law to maintain a constant listening watch on 

emergency broadcast frequencies such as VHF Ch 1675. Additional monitoring is 

maintained on specific regional working channels as the vessel enters/exits 

certain areas. While entering and exiting ports, OOWs will maintain a close 

listening watch on port operations and vessel traffic services, as such broadcasts 

may impact on the safe navigation of the Ice Breaker. 

o In practical terms, OOWs are required to maintain a constant aural monitoring 

in the event of a distress being broadcasted or if another vessel/land station 

attempts to contact them.  

 Structural Integrity Monitoring: 

o Both OOWs are tasked with visually monitoring components of the outer hull 

for structural integrity while transiting through ice affected areas. The primary 

focus of this monitoring is on areas which are deemed to experience a 

significant proportion of the pressure while breaking ice e.g. the Fo’c’sle and 

Afterdeck. Visual observations and CCTV monitors are used to complete these 

checks.  

 Hours of Darkness: 

o Coastal passages completed during the hours of darkness involve the same 

task/functions/monitoring. As visual monitoring/detection of ice is critical to 

safe navigation, the vessel will proceed on transit with significant levels of 

illumination covering near to a 360 degree arc. Such level of illumination is 

deemed necessary due to limitations in radar detection, and the need to 

constantly visually appraise ice conditions/characteristics, and 

manoeuvre/adjust accordingly.  

    

 Specific Ownship Track/Navigation Task Outline: 

o A constant visual lookout is maintained, monitoring for potential hazards (ice, 

charted/ uncharted nav hazards, objects with poor radar cross section/return) 

                                                
75 SOLAS Convention 
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o Course being steered is monitored via gyro compass displays and GPS 

directional inputs into RADARS and ECDIS 

o Ship speed is monitored via displays on 3cm Radars and ECDIS units. Speed data 

can also be monitored via additional overhead displays. 

o Safe navigation track and positional information is monitored via the following 

means: 

 Radar LDL displays which visually represent the vessel’s positions 

relative to predesignated areas in which sufficient navigable water is 

present. While conducting pilotage during the a port exit/entry, the 

OOW and support officer will maintain a constant monitoring of these 

LDLs as the proximity and quantity of navigational hazards significantly 

increase the risk and potential likelihood of an incident occurring.  

 GPS overlay positional display information on ECDIS units 

 Terrestrial fixing means if available 

 Port Exit/Entry Manoeuvring: 

o Bridge Preparation – The following preparation is completed by the bridge 

team: 

 Equipment testing: 

 Radars 

 ECDIS 

 Echo Sounder 

 GPS  

 AIS 

 Conning equipment: Helm, engines 

 Communication, internal and external 

 Establish communication: 

 Internally with mooring stations using internal UHF radios. 

 Externally with VTS using VHF radios 

 Contact engine control room to determine status of main engines and 

request control when ready.  
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o Critical Point 1 – Slipping and Proceeding from the berth: 

 2nd Officer completes navigation brief with Master, discussing current 

tidal state weather conditions and port operations.  

 Bridge Officers complete visual checks to ensure that the vessel is clear 

to manoeuvre from the berth. 

 Chief Officer instructs mooring stations to slip mooring lines 

 Once clear, mooring stations report this to the bridge, in which case the 

vessel is clear to manoeuvre. 

 Chief Officer commences manoeuvring using inboard & outboard 

engines to complete sharp turn off the berth as follows: 

 The helm is set to port, applying the appropriate angle using the 

joystick on the helm control panel and will briefly look up to the 

overhead displays to ensure that the appropriate rudder angel 

has been set. The Chief Officer also visually ensures that the 

bow is turning in the appropriate direction.  

 Sternway is applied to the outboard (Starboard) engine and 

headway applied to the inboard (port). This results in the bow 

turning to starboard and the stern swinging to port. 

 When at a heading of approximately 45 degrees to starboard of 

the lie of the berth, the helm is set to amidships, and the 

starboard engine is stopped, thus reducing any sternway/thrust. 

 The headway is then applied on the outboard engine, resulting 

in both engines applying forward thrust, and manual helm used 

to steer the desired course. 
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 Figure 5.2 Critical Point 1 – Exiting Port Scenario 

Once clear of the berth, ice breaker 
commences pilotage to exit harbour 

Pitea Harbour 
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o Critical Point 2 – Commencing Pilotage: 

 Once the vessel has cleared the berth, the Chief Officer hands over 

control to the OOW, and pilotage operations for exiting port 

commences. 

 The following actions are completed by the OOW throughout: 

 Steering is completed using manual helm 

 Desired speed is maintained using engine controls 

 The following monitoring is completed: 

o Visual: 

 Any vessels moving in the area 

 Ice Breakers position in relation to aids to 

navigation e.g. lateral marks, cardinal marks, 

transits (Appendix H refers) 

 The movement of own ship while steering 

 Potential uncharted navigation hazards 

o Own Ship Track: 

 A constant watch is maintained on the ship’s 

heading, ensuring the correct course is being 

steered 

 The plotted ECDIS passaged is monitored, 

visually ensuring that the vessel’s GPS overlay is 

in close proximity to the planned track 

 LDLs are monitored, ensuring that the vessel 

remains within the appropriate pre-determined 

safe water areas 

 Echo sounder displays will be monitored 

ensuring that the vessel has the appropriate 

depth of water to safely transit an area. 

o Collision Avoidance: 

 A constant visual lookout is maintained, visually 

monitoring any moving traffic within the area 

and the relative motion of the vessels 

 A constant Radar lookout is maintained, using 

ARPA and AIS input to plot and determine 

whether or not risks of collision exist 
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Pitea Harbour 

Figure 5.3 Critical Point 2 – Exiting Port Scenario 

Ice Breaker Transits 
the pre-determined 
track  

Port and Starboard 
Lateral Marks Assist 
the OOW while 
monitoring track   

Port and Starboard 
Lateral Marks Assist 
the OOW while 
monitoring track   
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o Critical Point 3 – Course alteration: Throughout the passage, the ice breaker is 

required to alter course in order to ensure that the vessel remains within the 

planned track. This manoeuvre is completed as follows: 

 The OOW determines that the ice breaker is approaching the next 

waypoint outlined on the ECDIS, and must therefore alter course to 

remain within the channel/on the planned track. 

 The OOW visually checks the planned route by looking out the window, 

ensuring that the new heading will keep the vessel within the channel. 

 The LDLs are visually checked, ensuring that the new heading will keep 

the vessel within the predetermined areas of safe water. 

 The wheel over position or point in which the turn must commence is 

signalled on the ECDIS, notifying the OOW that the turn must be 

commenced. 

 The manoeuvre is completed as follows:  

o Rudder angle is adjusted via the helm joystick, while 

simultaneously checking the rudder angles overhead 

and the vessel’s bow to ensure that the ice breaker is 

turning in the appropriate direction at a suitable rate.  

o When the heading as approximately 10 – 15 degrees 

from the desired new course, the joystick will be used 

to place the helm at amidships, reducing the rate of 

turn. 

o The OOW uses the joystick to apply counter helm to 

further reduce and stop the rate of turn at the desired 

heading. 

o Throughout this manoeuvre the OOW continuously 

monitors the turn visually in relation to the buoyed 

channel, on the radar via LDLs and on the ECDIS, 

ensuring that the vessel remains within the planned 

track. 

o If the OOW determines that the vessel’s rate of turn is 

either too insufficient to make the turn, or too quick, 

the necessary helm counteractions are applied, 

“tightening” or “easing” the turn. 

 Once the ice breaker reaches the desired heading/track, routine 

pilotage continues.  
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 During this leg of the pilotage, the OOW makes use of a transit, an 

additional aid to navigation used to maintain an appropriate track.  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 

 
 
 
 
 
 

  
 

 

 

 

 

 

 

 

 

 

Ice Breaker track prior 
to course alteration  

Ice Breaker track on 
completion of course alteration  
 

Transit 
 

Figure 5.4 Critical Point 3 – Exiting Port Scenario 
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o Critical Point 4 – Manoeuvring for inbound Merchant Vessel in Channel: During 

the pilotage, an inbound merchant vessel is encountered, requiring the ice 

breaker to take action in order to facilitate safe navigation for both vessels 

(Appendix G refers). The following actions/manoeuvres occur: 

 The OOW and Support Officer, who are aurally monitoring the port 

operations VHF working channel hear the merchant vessel contact the 

VTS advising that they are making their approach to the channel. 

 Port operations hail the ice breaker on VHF advising of the inbound 

traffic, and instruct the Ice Breaker to proceed to the starboard side of 

the channel in order to provide adequate sea room. The support officer 

acknowledges the transmission and advises the OOW. 

 The OOW completes the following: 

 Reviews the ECDIS and Radar LDL information to determine the 

amount of sea room available. 

 Completes the following manoeuvres to proceed to the 

starboard side of channel: 

o Rudder angle is adjusted via the helm joystick, while 

simultaneously checking the rudder angles overhead 

and the vessel’s bow to ensure that the ice breaker is 

turning in the appropriate direction at a suitable rate.  

o When the heading is approximately 10 – 15 degrees 

from the desired new course, the joystick will be used 

to place the helm at amidships, reducing the rate of 

turn. 

o The OOW uses the joystick to apply counter helm to 

further reduce and stop the rate of turn at the desired 

heading. 

o The OOW manoeuvres on a heading approximately 45 

degrees to starboard of the planned track in order to 

reach the starboard extremity, while following the 

general direction of the channel. 

o Once the desired position is reached, the OOW reverts 

to planned heading, thus traveling in the general 

direction of the channel, while also providing adequate 

sea room for both vessels to safely transit the area. 

o Throughout this manoeuvre the OOW continuously 

monitors the turn visually in relation to the buoyed 
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channel, on the radar via LDLs and on the ECDIS, 

ensuring that the vessel remains within the planned 

track. 

o If the OOW determines that the vessel’s rate of turn is 

either too insufficient to make the turn, or too quick, 

the necessary helm counteractions are applied, 

“tightening” or “easing” the turn. 
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Figure 5.5 Critical Point 4 – Exiting Port Scenario 

45 Degree Alteration to reach 
Starboard Extremity  

 

Heading on completion 
of manoeuvre  
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o Critical Point 5 – Encountering inbound Merchant Vessel in Channel: When 

encountering the inbound merchant vessel, the following actions are 

completed: 

 The Support Officer establishes VHF communications and ensures that 

both vessels understand the action which must be taken (In this case, 

both vessels proceed to the starboard side of the channel) 

 Once this has been acknowledged by the merchant vessel, the support 

officer will advise the OOW. 

 The following monitoring is completed: 

 The OOW visually monitors the vessel’s relative motion, 

ensuring that the merchant vessel is drawing left as the OOW 

observes it through the bridge window. 

 OOW monitors the radar, ensuring that the ARPA determined 

CPA remains within 0.2nm. 

 The OOW also uses the VRM to determine and monitor the 

lateral distance. 

 A constant monitoring of the vessel’s track is maintained, 

ensuring that the radar LDLs are not encroached, while also 

visually monitoring the GPS overlay on the ECDIS. 

 Once the merchant vessel is abaft the port beam, the OOW 

manoeuvres back to the centre of the channel as follows: 

o Rudder angle is adjusted via the helm joystick, while 

simultaneously checking the rudder angles overhead 

and the vessel’s bow to ensure that the ice breaker is 

turning in the appropriate direction at a suitable rate.  

o When the heading as approximately 10 – 15 degrees 

from the desired new course, the joystick will be used 

to place the helm at amidships, reducing the rate of 

turn. 

o The OOW uses the joystick to apply counter helm to 

further reduce and stop the rate of turn at the desired 

heading. 

o The OOW manoeuvres on a heading approximately 45 

degrees to port of the planned track in order to reach 

the starboard extremity, while following the general 

direction of the channel. 
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o Once the desired position is reached, the OOW reverts 

to planned heading, in the centre of the channel. 

o Throughout this manoeuvre the OOW continuously 

monitors the turn visually in relation to the buoyed 

channel, on the radar via LDLs and on the ECDIS, 

ensuring that the vessel remains within the planned 

track. 

o If the OOW determines that the vessel’s rate of turn is 

either too insufficient to make the turn, or too quick, 

the necessary helm counteractions are applied, 

“tightening” or “easing” the turn. 
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Figure 5.6 Critical Point 5 – Exiting Port Scenario 
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o Critical Point 6 – Course alteration: Throughout the passage, the ice breaker is 

again required to alter course in order to ensure that the vessel remains within 

the planned track. This manoeuvre is completed as follows: 

 The OOW determines that the ice breaker is approaching the next 

waypoint outlined on the ECDIS, and must therefore alter course to 

remain within the channel/on the planned track. 

 The OOW visually checks the planned route by looking out the window, 

ensuring that the new heading will keep the vessel within the channel. 

 The LDLs are visually checked, ensuring that the new heading will keep 

the vessel within the predetermined areas of safe water. 

 The wheel over position or point in which the turn must commence is 

signalled on the ECDIS, notifying the OOW that the turn must be 

commenced. 

 The manoeuvre is completed as follows:  

o Rudder angle is adjusted via the helm joystick, while 

simultaneously checking the rudder angles overhead 

and the vessel’s bow to ensure that the ice breaker is 

turning in the appropriate direction at a suitable rate.  

o When the heading is approximately 10 – 15 degrees 

from the desired new course, the joystick will be used 

to place the helm at amidships, reducing the rate of 

turn. 

o The OOW uses the joystick to apply counter helm to 

further reduce and stop the rate of turn at the desired 

heading. 

o Throughout this manoeuvre the OOW continuously 

monitors the turn visually in relation to the buoyed 

channel, on the radar via LDLs and on the ECDIS, 

ensuring that the vessel remains within the planned 

track. 

o If the OOW determines that the vessel’s rate of turn is 

either too insufficient to make the turn, or too quick, 

the necessary helm counteractions are applied, 

“tightening” or “easing” the turn. 

 Once the ice breaker reaches the desired heading/track, routine 

pilotage continues.  
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Figure 5.7 Critical Point 5 – Exiting Port Scenario 
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o Critical Point 7 – Clearing the Pilotage Area: Once the ice breaker clears the 

port operations and VTS areas, the following actions are complete: 

 The support officer contacts port operations via VHF to advise that the 

vessel has exited the VTS area for the port and is proceeding on passage 

to a pre-planned destination. 

 The support officer advises the OOW when this transmission is 

acknowledged by port operations. 

 The support officer contacts the Master via internal communications, 

advising that the vessel has cleared the harbour and provides an ETA to 

the vessel’s destination. 

 The OOW engages the auto-pilot and sets a course required to maintain 

the planned track. 

 Coastal navigation practices and routines commence 
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5.2.3: Ice Breaking Assistance operations – Assisting vessels beset within the Ice 

scenario data 

Scenario 

 
Main Activity  

 
Context 

 
Actors Involved                    Position on the bridge &   

                                                                                                                                             
Directional Focus 

 
 
 
 
 
 
 
 
 

 
 
 
 
 
 

Ice Breaking Assistance operations – Assisting vessels beset within the Ice 

Ice Breaker assisting a container vessel which has become unable to manoeuvre in the sea ice 

 Master 

 Support Officer 

 Port and Starboard Conning Positions 

 Multi-directional focus throughout.  

 The Ice breaker was contacted by a container vessel which recently departed Lulea port and is on transit through the 

Bay Bothnia 

 The container vessel is not in distress, however due to the current ice conditions (very closed pack ice) the vessel has 

become beset within the ice, and is therefore unable to manoeuvre into clear water 

 They have therefore contacted the ice breaker via VHF and have requested ice breaker assistance to clear them from 

the obstruction and to provide escort assistance to clearer water  
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Information Needed        Communication 
Methods  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Main Equipment used        Functions 
 
 
 
 
 
 
 
 
 
 
 

Critical Points 

 Ice Breaker head on with container vessel at a range of 0.2 nm signifying the 

commencement of manoeuvres 

 Passing in extreme close quarter proximity to container vessel in order to break the 

closed ice 

 Container vessel abaft the Ice Breaker’s beam, signifying the moment in which the “tight 

turn” to port must be commenced 

 Container vessel abaft the Ice Breaker’s beam on a perpendicular heading, signifying the 

moment in which an additional “tight turn” to port must be commenced to parallel the 

vessel 

 Ownship transit data 

o Course being steered 

o Ownship speed 

o Positional information 

o LDL Data 

 Collision Avoidance data 

o Course and Speed of vessel being assisted 

o Range to vessel being assisted 

 Meteorological/Environmental Data: 

o Wind speed and direction 

o Ice characteristics: Coverage, thickness, set, 

drift  

 Verbal communication between bridge 

team 

 External communication between ship, 

VTS and other vessels (VHF) 

 X-Band 3cm radar: LDLs, AIS inputs 

 ECDIS: AIS Inputs, GPS data 

 Helm controls (Joy Stick) 

 Engine Controls 

 Overhead displays 

 Radio equipment (External) 

 PC with GIS providing Ice Chart & AIS overlay 

 OOW has overall responsibility of 

conning, collision avoidance and 

decision making 

 Support Officer provides information as 

required 

 Master will proceed to the bridge if 

additional support is required. 
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 Container vessel abaft the Ice Breaker’s beam, signifying the moment in which the ice 

breaker must manoeuvre into a position 0.2nm ahead of the container vessel 

 Container vessel is 0.2 nm astern of the Ice Breaker, signifying escort operations should 

commence immediately 

 
What Happens (Outline the various steps & sequences of the tasks) 

 The vessel is completing ice breaker assistance operations for a container vessel beset in the ice 

(appendix I refers) 

Passage Appraisal: 

 IBN Next GIS is referred to in order to determine ice coverage within the planned area. 

 Based on the ice coverage data, depending on the outlined ice thickness, a decision is 

made as to whether or not the vessel can safely transit an area. 

 Sea area forecasts will be referred to determine weather conditions throughout the 

duration of the passage 

 AIS data overlays on IBN Next or ECDIS will be checked to determine traffic density in 

the area of operation 

 Routes are planned and checked on an older non ECDIS compliant electronic chart 

display before being applied to ECDIS compliant unit (Additional planning functionality is 

deemed essential for planning in ice affected areas76) 

 Notice to Mariners may be referred to as a means of determining any temporary or 

permanent changes to aids to navigation and navigational hazards 

 Sailing directions may be referred to where applicable when required to seek out local 

navigation knowledge of a specific area 

 Draught restrictions and available navigable waters 

 GMDSS requirements such as reporting a monitoring 

 Route selection and waypoints 

 Weather routing 

Generic Passage Planning: 

 Route will be selected and planned based on the observed ice coverage data from GIS 

satellite imagery overlays 

 Distance in which charted or other features will be passed throughout the passage 

                                                
76 See section 6.2.3.1.3 Interview comments – ECDIS Functionality 
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 Safe and appropriate passage speeds are determined based on the following: 

o Ice coverage 

o Meteorological conditions 

o Traffic density 

o Amount of available navigable water 

o Urgency to reach destination and nature of operations 

 Specific sailing direction recommendations will be applied to the passage/route 

 Routes will be cross checked against LDL overlays displayed on 3cm radars 

 Available depth of water of water and tidal information contained in tide tables/atlases 

will be determined/applied 

 Availability of visual and radar fixing opportunities 

 The reliability of ship’s propulsion and steering systems 

 Any specific environmental protection measures 

 The following ECDIS checks are completed: 

o The appropriate ENCs(Electronic Navigation Charts) are available for the 

proposed area 

o Previously executed passage plans for re-checked to ensure that they are still 

safe 

o Large scale ENCs are used initially to provide a route overview, while smaller 

scales are then used for precision navigation checks 

o Any previous non-applicable routes are cleared 

o Cross track distances are applied and checked for each leg 

o Safety depths and under-keel clearance will be crosschecked against radar LDL 

displays 

o ETA information is calculated and displayed 

o Vessel characteristic information such as draughts and turning radius is cross-

checked 

Operational Planning Considerations: 
 The Master and the bridge team discuss the proposed operation and review the following data to 

determine how best to execute the operation: 

o The manoeuvring characteristics of the vessel being assisted 
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o Environmental conditions such as wind speed and direction, ice characteristics 

(thickness, type, movement, presence of ridges)  

o Time of day 

o The experience levels of those being assisted, and has the ice breaker provided 

similar previous assistance. If so, this would generally make the operation more 

“routine”.  

o Sea room/availability of safe navigable waters 

o Traffic density in the area 

o Any potential manoeuvring restrictions that the ice breaker may have 

 
Operational Decisions: 

 It was determined that this vessel and crew had been assisted previously, and that the 

container vessel was very manoeuvrable with no machinery or steering restrictions, 

resulting in this operation being deemed to be “routine”. 

 The vessel was positioned approximately 15 nm off shore and there was significant 

navigable water available  

 There was no other moving traffic in the area in close proximity 

 Wind speed and direction were light airs with excellent visibility conditions 

 The operation was being completed during midday  

 Although the vessel was restricted by closed ice, on visual inspections, it was 

determined that the ice concentration was more predominant to the west of the vessel, 

with some ridges present 

 The ice breaker had no manoeuvring restrictions 

Operation Execution Overview: 

 As outlined in figure 5.2.1 the ice breaker approaches from the south and proceeds at a 

speed of approximately 14 – 15 knots. 

 The ice breaker sets a course to intercept the vessel being assisted initially from a “head 

on” perspective. 

 Once an appropriate range is reached, the ice breaker will alters course to the east and 

passes up alongside at the container ship at a range of approximately 0.05 nm using the 

forehead propellers to break the ice in which the vessel is obstructed. 
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 Once astern, the ice breaker completes a “tight turn” to port, proceeding around the 

stern in order to break any ice which may be restricting the propellers/rudder of the 

container ship. 

 The ice breaker will then increase the lateral distance to 0.5nm and will proceed on a 

parallel track to the container vessel. 

 Once clear of the container vessel’s bow, the ice breaker instructs the container vessel 

to engage propulsion so as to ensure that the ice does not have an opportunity further 

impede their passage. The ice breaker will simultaneously manoeuvre into a position 

0.5nm ahead of the container vessel and commence escort operations. 

 

 

 

 

 

 

 

 

 

 

Figure 5.2.1 Ice Breaker Track Overview 

General Ship handling Considerations: 

o Manual helm using joystick control is the primary means of steering used during 

ice breaking assistance operations. 

o In the event of the vessel having to complete substantial alterations of 

course/manoeuvring, the OOW will engage the tiller override or use the engine 

controls to provide immediate manoeuvring thrust. 

o Once helm adjustments are applied, the following displays are observed by the 

OOW to ensure that the appropriate directional change will occur: 

 Rudder angle displays 

 Course displays 

 Transverse thrust direction 

 Visual reference points 

Container 
Vessel 

Ice Breaker 
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o Ship’s speed is maintained using the engine controls and the necessary 

adjustments/settings are applied depending on the desired speed.  

o Ice conditions will determine the necessary adjustments/settings required to 

efficiently and safely manoeuvre within the ice. For example, if operating in 

close ice where there is extensive coverage, forward propellers will be engaged 

to assist in the “ice breaking” process, while flushing broken ice/sea water 

directly astern, while the thrust from the aft propellers will contribute to speed 

regulation.  

o The OOW will also monitor factors such as noise, vibration and the vessel’s 

motion to determine if speed adjustments need to be made. For example, if 

there is what is determined to be excessive noise or vibrations as the vessel 

transits through the ice, adjustments will be made such as reducing speed to 

reduce the forces being applied to hull.  

o OOWs will pay particular attention to these considerations when operating in 

areas in which ice ridges are present, as the height of the bridge makes it near 

to impossible to determine the ice dimensions/characteristics.  

 Collision Avoidance: 

o OOWs will continuously monitor traffic and floating objects such as ice and will 

use all available means to determine whether or not a risk of collision exists as 

required by industry standards77. The completion of Ice Breaking assistance 

does not absolve the Ice Breaker of the need to maintain appropriate safe 

navigation/collision avoidance practices. 

o The two primary methods used during ice breaking assistance operations are as 

follows: 

 Visual Observations: OOWs will visually observe the vessel being directly 

assisted, using visual reference points throughout the operation to 

determine range, monitor lateral range and highlight critical points in 

which certain manoeuvres must take place. Such observations will also 

be used to visually determine if a risk of a collision exists with other 

vessels operating within the area based on the other vessels visual 

relative movement (Is the vessel drawing left or right as it is observed 

relative to window frames and other bridge fixtures) Similar 

observations will be made in relation to ice. 

                                                
77 Rule 7: International Regulations for the Prevention of Collisions at Sea 
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o Radar Observations: The OOW uses the VRM function on the 3cm radar to 

highlight critical points in which they must commence manoeuvres/course 

alterations in order to complete ice breaking operations. Radars will also be 

used for generic collision avoidance, determining if a risk of collision exists 

based on CPA (Closest Point of Approach) data displayed on the 3cm radars. This 

data is determined applying ARPA software to AIS radar inputs or manual 

plots78. The completion of Ice Breaking assistance does not absolve the Ice 

Breaker of the need to maintain appropriate safe navigation/collision avoidance 

practices. 

o When dealing with smaller vessels which may be non AIS compliant79, radar 

detection can be a challenge. As navigational radars are designed to primarily 

detect and acquire contacts on a 2D plain, other surface contacts such as ice can 

significantly reduce the radar’s ability to effectively detect and acquire targets. 

Although OOWs will adjust detection parameters such as tuning, gain, sea 

clutter and rain, these adjustments will not always be effective. In such 

instances, visual detection and determination of risks of collision are critical to 

ensuring safe navigation.  

 Communication Monitoring: 

o External – OOWs are required by law to maintain a constant listening watch on 

emergency broadcast frequencies such as VHF Ch 1680. Additional monitoring is 

maintained on specific regional working channels as the vessel enters/exits 

certain areas. 

o In practical terms, OOWs are required to maintain a constant aural monitoring 

in the event of a distress being broadcasted or if another vessel/land station 

attempts to contact them.  

 Structural Integrity Monitoring: 

o Both OOWs are tasked with visually monitoring components of the outer hull 

for structural integrity while transiting through ice affected areas. The primary 

focus of this monitoring is on areas which are deemed to experience a 

significant proportion of the pressure while breaking ice e.g. the Fo’c’sle and 

Afterdeck. Visual observations and CCTV monitors are used to complete these 

checks.  

                                                
78 Automatic Ranging and Plotting Apparatus Software 
79 Vessels > 500 GT, pleasure craft, fishing 
80 SOLAS Convention 
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 Hours of Darkness: 

o Coastal passages completed during the hours of darkness involve the same 

task/functions/monitoring. As visual monitoring/detection of ice is critical to 

safe navigation, the vessel will proceed on transit with significant levels of 

illumination covering near to a 360 degree arc. Such level of illumination is 

deemed necessary due to limitations in radar detection, and the need to 

constantly visually appraise ice conditions/characteristics, and 

manoeuvre/adjust accordingly.  

   

 Specific Ownship Track/Navigation Task Outline: 

o A constant visual lookout is maintained, monitoring for potential hazards (ice, 

charted/ uncharted nav hazards, objects with poor radar cross section/return) 

o Course being steered is monitored via gyro compass displays and GPS 

directional inputs into RADARS and ECDIS 

o Ship speed is monitored via displays on 3cm Radars and ECDIS units. Speed data 

can also be monitored via additional overhead displays. 

o Safe navigation track and positional information is monitored via the following 

means: 

 Radar LDL displays which visually represent the vessel’s positions 

relative to predesignated areas in which sufficient navigable water is 

present 

 GPS overlay positional display information on ECDIS units 

 Terrestrial fixing means if available 

o Close Quarter manoeuvring is completed via the following means: 

 Radar VRM is set to the desired range of 0.2 nm marking the 

distance/point in which the ice breaker will break away to the east and 

commence ice breaking passing alongside the vessel. 

 Visual observations/monitoring is complete by using following visual 

reference markers: 

 Critical Point 1: Once the bow of the container vessel can be 

viewed within the lower quadrant of a bridge window, and 

within the set VRM on the radar, the OOW will alter course to 

the east. The appropriate angle will be applied using the joystick 
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on the helm control panel and will briefly look up to the 

overhead displays to ensure that the appropriate rudder angel 

has been set. The OOW will also visually ensure that the bow is 

turning in the appropriate direction.  

 As the vessel alters course, lateral distances are 

monitored/determined primarily through visual observations, 

and once the OOW is satisfied with the visual range, the vessel’s 

course to a heading which parallels that of the container 

vessel’s track. The OOW will complete the manoeuvre by 

adjusting the rudder angle via the helm joystick, while 

simultaneously checking the rudder angles overhead and the 

vessel’s bow to ensure that the ice breaker is turning in the 

appropriate direction at a suitable rate.  

 

 

 

 

 

 

 

 

 

 

Figure 5.2.2 Ice Breaker Assistance: Critical Point 1 

 

 Critical Point 2: Lateral distances are monitored throughout the 

parallel track by visually observing the container vessel’s 

position relative to the lower quadrant of the side bridge 

window. If the OOW visually determines that the lateral 

distances are opening/closing, they will use the joystick helm 

controls to open/close the range as required.  
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Figure 5.2.3 Ice Breaker Assistance: Critical Point 2 

 

 Critical Point 3: Once the container vessel is visually “abaft a 

beam” of the port side bridge windows, the OOW will 

commence the “tight turn” to port, briefly proceeding on a 

perpendicular heading to that of the container vessel. In an 

effort to minimise the turning circle and achieve maximum 

transfer/minimum advance, the OOW uses a combination of 

helm and engines to complete the manoeuvre as follows: 

o Speed is reduced using the engine controls to reduce 

the amount of trust applied to the propellers, thus 

reducing the speed over the ground 

o Maximum port helm is applied, while simultaneously 

stopping the inboard (port main engine in this case), 

resulting in an increase of turn rate and reduction in 

track advancement. 

o In order to further reduce advance, stern thrust is then 

applied on the inboard engine, resulting in the stern 

swinging starboard, thus increasing the heading transfer 

of the bow to port.  

Container 
Vessel 

Ice Breaker 

Critical Point 2 
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o When the heading is approximately 30 – 45 degrees off 

that of a perpendicular heading, the following actions 

are completed: 

 The rudder angle is set to amidships via the 

helm control joystick 

 The inboard engine controls are placed to a 

stopped position 

 The inboard engine is set to go ahead resulting 

in heading transfer being reduced and advance 

being increased 

 Counter helm to starboard will then be applied 

to further reduce heading transfer to port. 15 

degrees of helm initially, which is eased as the 

transfer rate decreases. 

 Once the heading is perpendicular to that of the 

container ship’s, the OOW will manoeuvre in a 

similar manner to the parallel track 

manoeuvring, ensuring that the ice breaker 

passes within a range which adequately 

releases the vessel’s rudder/propeller from the 

ice, while also maintaining a safe distance 

(Appendix J refers). 

 

 

 

 

 

 

 

 

 

Figure 5.2.4 Ice Breaker Assistance: Critical Point 3 
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o Critical Point 4:Once the container vessel is once again 

visually “abaft a beam” of the port side bridge windows, 

the OOW will commence another “tight turn” to port, 

similar to that completed previously in an effort to 

proceed on a parallel track to that of the container 

vessel. 

o For this parallel track, the OOW has increased the 

lateral distance, as the ice concentration is not as 

pronounced on the western side of the vessel, negating 

the need to parallel the container vessel at an extreme 

close quarter range. 

 

 

 

 

 

 

 

Figure 5.2.5 Ice Breaker Assistance: Critical Point 4 

 

o Critical Point 5: When the container vessel’s fo’c’sle is 

visually abaft a beam of the port side bridge window, 

the OOW instructs the support officer to contact the 

container vessel and advise the bridge team to proceed 

at full ahead. This is to apply maximum power/thrust to 

the propellers in order to clear any ice which may 

subsequently forming, while also ensuring that the 

vessel is making headway and in a position to be 

escorted once the ice breaker has manoeuvred into a 

position directly ahead of them. 
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Figure 5.2.6 Ice Breaker Assistance: Critical Point 5 

 

o The OOW will simultaneously alter course to port to a 

heading 45 degrees off the parallel track of the 

container vessel in order to manoeuvre into a position 

directly ahead of them. The OOW will alter course using 

the joystick helm control, while simultaneously visually 

monitoring the turn via the observed rudder angle and 

rate of turn. 

o Critical Point 6: The OOW will monitor the range to the 

vessel visually using the pre-set VRM of 0.2 nm on the 

radar, and once the VRM comes into contact with the 

vessel, the OOW will alter course to starboard to a 

heading of a suitable course to steer. 

o The OOW then instructs the support officer to contact 

the container vessel to advise their bridge team that the 

Ice breaker is now commencing escort operations, they 

will be proceeding at full ahead, and they recommend a 

range of 0.2nm astern of the Ice Breaker be maintained 

in order to ensure that they gain the maximum benefit 

of the Ice Breaker proceeding through the ice affected 

water, while also ensuring that they do not beset in the 

ice as it will quickly close in and re-form as the vessels 

pass through. 
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Container Vessel 

Ice Breaker 
Critical Point 6 – Range 0.2 nm 

Figure 5.2.7 Ice Breaker Assistance: Critical Point 6 
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5.2.4: Ice Breaker Escort Assistance operation 

Scenario 

 
Main Activity  

 
Context 

 
Actors Involved                    Position on the bridge &   

                                                                                                                                                      
                                                    Directional Focus 

 
 
 
 
 
 
 
 
 

Functions 

 

Ice Breaker Escort Assistance Operations 

Ice Breaker providing escort assistance to a commercial merchant navy vessel in an ice affected area 
 

 OOW 

 Support Officer 

 Master – as required for planning and 

support purposes 

 Starboard Conning Positions 

 Multi-directional focus throughout.  

 The Ice breaker was contacted by a number of cargo vessels which are required to safely transit through 

the Bay Bothnia 

 The vessel is not in distress, and are currently able to manoeuvre, however due to the current ice 

conditions (closed pack ice) within the Bay, the vessels will very likely not be able to transit the area without 

experiencing difficulties 

 They have therefore contacted the ice breaker via VHF and have requested ice breaker assistance to 

provide escort assistance to clearer water.  

 OOW has overall responsibility of conning, collision avoidance and decision making 

 Support Officer provides information as required 

 Master will proceed to the bridge if additional support is required. 
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Information Needed      Communication Methods  

 
 
 
 
 
 
 
 
 
 
 
 
 

Main Equipment used  
 
 
 
 
 
 
 

 Ownship transit data 

o Course being steered 

o Ownship speed 

o Positional information 

o LDL Data 

 Collision Avoidance data 

o Course and Speed of vessel being assisted 

o Range to vessel being assisted 

 Meteorological/Environmental Data: 

o Wind speed and direction 

o Ice characteristics: Coverage, thickness, set, 

drift  

 Verbal communication between bridge team 

 External communication between ship, VTS and 

other vessels (VHF) 

 X-Band 3cm radar: LDLs, AIS inputs 

 ECDIS: AIS Inputs, GPS data 

 Helm controls (Joy Stick) 

 Engine Controls 

 Overhead displays 

 Radio equipment (External) 

 PC with GIS providing Ice Chart & AIS overlay 
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Critical Points 

 
 
What Happens (Outline the various steps & sequences of the tasks) 
Passage Appraisal: 

 IBN Next GIS is referred to in order to determine ice coverage within the planned area. 

 Based on the ice coverage data, depending on the outlined ice thickness, a decision is 

made as to whether or not the vessel can safely transit an area. 

 Sea area forecasts will be referred to determine weather conditions throughout the 

duration of the passage 

 AIS data overlays on IBN Next or ECDIS will be checked to determine traffic density in 

the area of operation 

 Routes are planned and checked on an older non ECDIS compliant electronic chart 

display before being applied to ECDIS compliant unit (Additional planning functionality is 

deemed essential for planning in ice affected areas81) 

 Notice to Mariners may be referred to as a means of determining any temporary or 

permanent changes to aids to navigation and navigational hazards 

 Sailing directions may be referred to where applicable when required to seek out local 

navigation knowledge of a specific area 

 Draught restrictions and available navigable waters 

                                                
81 Section 6.2.3.1.3 ECDIS User Functionality  

1. Ice Breaker reaches a position which is at a range of 0.2 nm from the cargo vessel’s stern, signifying the commencement 

of manoeuvres 

2. Passing in extreme close quarter proximity to the cargo vessel in order to break any closed ice which may be present 

3. Cargo vessel is visually abaft the Ice Breaker’s beam, signifying that OOW should commence altering course to 

starboard in order to commence positioning dead ahead of the cargo vessel 

4. Cargo vessel is at a range of 0.2nm abaft a beam, signifying the need to alter course to port, in order to be in a position 

directly ahead of the cargo vessel 

5. Cargo vessel is at a range of 0.5nm directly astern of the Ice Breaker, signifying the need to bring the vessel to an all 

stop and commence manoeuvring astern 

6. Cargo vessel is 0.2 nm astern of the Ice Breaker, signifying escort operations should commence immediately 

7. Ice Escort operations commence 
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 GMDSS requirements such as reporting a monitoring 

 Route selection and waypoints 

 Weather routing 

Generic Passage Planning: 

 Route will be selected and planned based on the observed ice coverage data from GIS 

satellite imagery overlays 

 Distance in which charted or other features will be passed throughout the passage 

 Safe and appropriate passage speeds are determined based on the following: 

o Ice coverage 

o Meteorological conditions 

o Traffic density 

o Amount of available navigable water 

o Urgency to reach destination and nature of operations 

 Specific sailing direction recommendations will be applied to the passage/route 

 Routes will be cross checked against LDL overlays displayed on 3cm radars 

 Available depth of water of water and tidal information contained in tide tables/atlases 

will be determined/applied 

 Availability of visual and radar fixing opportunities 

 The reliability of ship’s propulsion and steering systems 

 Any specific environmental protection measures 

 The following ECDIS checks are completed: 

o The appropriate ENCs(Electronic Navigation Charts) are available for the 

proposed area 

o Previously executed passage plans for re-checked to ensure that they are still 

safe 

o Large scale ENCs are used initially to provide a route overview, while smaller 

scales are then used for precision navigation checks 

o Any previous non-applicable routes are cleared 

o Cross track distances are applied and checked for each leg 
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o Safety depths and under-keel clearance will be crosschecked against radar LDL 

displays 

o ETA information is calculated and displayed 

o Vessel characteristic information such as draughts and turning radius is cross-

checked 

Operational Planning Considerations: 

 The Master and the bridge team discuss the proposed operation and review the 

following data to determine how best to execute the operation: 

o The manoeuvring characteristics of the vessel being assisted 

o Environmental conditions such as wind speed and direction, ice characteristics 

(thickness, type, movement, presence of ridges)  

o Time of day 

o The experience levels of those being assisted, and has the ice breaker provided 

similar previous assistance. If so, the operation is deemed as “routine”.  

o Sea room/availability of safe navigable waters 

o Traffic density in the area 

o Any potential manoeuvring restrictions that the ice breaker may have 

 
Operational Decisions: 

 It was determined that this vessel and crew had been assisted previously, and that the 

general cargo vessel was very manoeuvrable with no machinery or steering restrictions, 

resulting in this operation being deemed to be “routine”. 

 The vessel was positioned approximately 22 nm off shore and there was significant 

navigable water available. 

 There was no other moving traffic in the area in close proximity. 

 Wind speed and direction were light airs with excellent visibility conditions. 

 The operation was being completed during hours of darkness (Appendix K refers). 

 The ice breaker had no manoeuvring restrictions. 
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Operation Execution Overview: 

 As outlined in figure 5.2.8, the ice breaker approaches from the north , and proceeds at 

a speed of approximately 14 - 15 knots. 

 The ice breaker sets a course to intercept the vessel being assisted, approaching from 

the vessel’s stern. 

 Once the Ice Breaker is at an appropriate range (0.2nm in this case), the ice breaker 

alters course to port (to the south east) and passes up alongside the general cargo 

vessel’s bow at a range of approximately 0.2 nm, completing a visual inspection to 

ensure that the vessel being assisted is not obstructed within the ice 

 Once the cargo vessel is abaft abeam, the ice breaker completes an additional alteration 

of course to starboard (to the south), manoeuvring into a position dead ahead of the 

cargo vessel. 

 The ice breaker will continue to proceed ahead until it has reached a range 0.5nm, when 

it will stop engines, and will proceed astern to a position in which the cargo vessel is at a 

range of 0.2nm. 

 When approaching the desired range (0.2nm), the ice breaker instructs the lead cargo 

vessel to engage propulsion, and to proceed at full ahead.  

 The ice breaker will simultaneously engage propulsion and proceed at full ahead. The 

cargo vessel will be contacted via VHF, where it is suggested that they follow in the 

wake of the Ice Breaker and maintain a range of 0.2nm. 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 5.2.8 Ice Breaker Escort Assistance – Track Overview 

Ice Breaker Track Overview 

General Cargo 
Vessel 

Ice Breaker 
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General Ship handling Considerations: 

o Manual helm using joystick control is the primary means of steering used during 

ice breaking escort operations. 

o In the event of the vessel having to complete substantial alterations of 

course/manoeuvring, the OOW will engage the tiller override or use the engine 

controls to provide immediate manoeuvring thrust. 

o Once helm adjustments are applied, the following displays are observed by the 

OOW to ensure that the appropriate directional change will occur: 

 Rudder angle displays 

 Course displays 

 Transverse thrust direction 

 Visual reference points 

o Ship’s speed is maintained using the engine controls and the necessary 

adjustments/settings are applied depending on the desired speed.  

o Ice conditions will determine the necessary adjustments/settings required to 

efficiently and safely manoeuvre within the ice. In this case, a combination of 

forward and aft propellers are engaged throughout the scenario, to assist in the 

“ice breaking” process, and to contribute to speed regulation.  

o The OOW will also monitor factors such as noise, vibration and the vessel’s 

motion to determine if speed adjustments need to be made. For example, if 

there is what is determined to be excessive noise or vibrations as the vessel 

transits through the ice, adjustments will be made such as reducing speed to 

reduce the forces being applied to hull.  

o OOWs will pay particular attention to these considerations when operating in 

areas in which ice ridges are present, as the height of the bridge makes it near 

to impossible to determine the ice dimensions/characteristics.  

 Collision Avoidance: 

o OOWs will continuously monitor traffic and floating objects such as ice and will 

use all available means to determine whether or not a risk of collision exists as 

required by industry standards82. The completion of Ice escort assistance does 

not absolve the Ice Breaker or the vessel being assisted of the need to maintain 

appropriate safe navigation/collision avoidance practices. 

                                                
82 Rule 7: International Regulations for the Prevention of Collisions at Sea 
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o The two primary methods used during ice breaking assistance operations are as 

follows: 

 Visual Observations: OOWs will visually observe the vessel being directly 

assisted, using visual reference points throughout the operation to 

determine range, monitor lateral range and highlight critical points in 

which certain manoeuvres must take place. Such observations will also 

be used to visually determine if a risk of a collision exists with other 

vessels operating within the area based on the other vessels visual 

relative movement (Is the vessel drawing left or right as it is observed 

relative to window frames and other bridge fixtures) Similar 

observations will be made in relation to ice. 

o Radar Observations: The OOW uses the VRM function on the 3cm radar to 

highlight critical points in which they must commence manoeuvres/course 

alterations in order to complete ice breaking operations. Radars will also be 

used for generic collision avoidance, determining if a risk of collision exists 

based on CPA (Closest Point of Approach) data displayed on the 3cm radars. This 

data is determined applying ARPA software to AIS radar inputs or manual 

plots83. The completion of Ice Breaking assistance does not absolve the Ice 

Breaker of the need to maintain appropriate safe navigation/collision avoidance 

practices. 

o When dealing with smaller vessels which may be non AIS compliant84, radar 

detection can be a challenge. As navigational radars are designed to primarily 

detect and acquire contacts on a 2D plain, other surface contacts such as ice can 

significantly reduce the radar’s ability to effectively detect and acquire targets. 

Although OOWs will adjust detection parameters such as tuning, gain, sea 

clutter and rain, these adjustments will not always be effective. In such 

instances, visual detection and determination of risks of collision are critical to 

ensuring safe navigation.  

 Communication Monitoring: 

o External – OOWs are required by law to maintain a constant listening watch on 

emergency broadcast frequencies such as VHF Ch 1685. Additional monitoring is 

maintained on specific regional working channels as the vessel enters/exits 

certain areas. 

                                                
83 Automatic Ranging and Plotting Apparatus Software 
84 Vessels > 500 GT, pleasure craft, fishing 
85 SOLAS Convention 
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o In practical terms, OOWs are required to maintain a constant aural monitoring 

in the event of a distress being broadcasted or if another vessel/land station 

attempts to contact them.  

 Structural Integrity Monitoring: 

o Both OOWs are tasked with visually monitoring components of the outer hull 

for structural integrity while transiting through ice affected areas. The primary 

focus of this monitoring, is on areas which are deemed to experience a 

significant proportion of the pressure while breaking ice e.g. the Fo’c’sle and 

Afterdeck. Visual observations and CCTV monitors are used to complete these 

checks.  

 Hours of Darkness: 

o Ice escort assistance operations completed during the hours of darkness involve 

the same task/functions/monitoring. As visual monitoring/detection of ice is 

critical to safe navigation, the vessel will proceed on transit with significant 

levels of illumination covering near to a 360 degree arc. Such level of 

illumination is deemed necessary due to limitations in radar detection, and the 

need to constantly visually appraise ice conditions/characteristics, and 

manoeuvre/adjust accordingly.  

    

 Specific Ownship Track/Navigation Task Outline: 

o A constant visual lookout is maintained, monitoring for potential hazards (ice, 

charted/ uncharted nav hazards, objects with poor radar cross section/return) 

o Course being steered is monitored via gyro compass displays and GPS 

directional inputs into RADARS and ECDIS 

o Ship speed is monitored via displays on 3cm Radars and ECDIS units. Speed data 

can also be monitored via additional overhead displays. 

o Safe navigation track and positional information is monitored via the following 

means: 

 Radar LDL displays which visually represent the vessel’s positions 

relative to predesignated areas in which sufficient navigable water is 

present 

 GPS overlay positional display information on ECDIS units 

 Terrestrial fixing means if available 
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o Close Quarter monitoring is completed via the following means: 

 Radar VRM is set to the desired range of 0.2 nm marking the 

distance/point in which the ice breaker will break away to the west and 

commence ice breaking passing alongside the vessel. 

 Visual observations/monitoring is complete by using following visual 

reference markers: 

 Critical Point 1: Once the stern of the cargo vessel can be 

viewed within the lower quadrant of a bridge window, and 

within the set VRM (0.2nm) on the radar, the OOW will alter 

course to the east. The appropriate angle will be applied using 

the joystick on the helm control panel and will briefly look up to 

the overhead displays to ensure that the appropriate rudder 

angel has been set. The OOW will also visually ensure that the 

bow is turning in the appropriate direction.  

 As the vessel alters course, lateral distances are 

monitored/determined primarily through visual observations, 

and once the OOW is satisfied with the visual range, the vessel’s 

course to a heading which parallels that of the container 

vessel’s track. The OOW completes the manoeuvre by adjusting 

the rudder angle via the helm joystick, while simultaneously 

checking the rudder angles overhead and the vessel’s bow to 

ensure that the ice breaker is turning in the appropriate 

direction at a suitable rate.  
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Figure 5.2.9 ritical Point 1 – Ice Breaker Escort Scenario 

 Critical Point 2: Lateral distances are monitored throughout the 

parallel track by visually observing the container vessel’s 

position relative to the lower quadrant of the side bridge 

window. If the OOW visually determines that the lateral 

distances are opening/closing, they will use the joystick helm 

controls to open/close the range as required.  

 

 

 

 

 

 

 

 

 

 

Figure 5.2.10 Critical Point 2 – Ice Breaker Escort Scenario 

Critical Point 1 – Range 
to Cargo Vessel 0.2nm: 
Ice Breaker alters 
course to the West 
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 Critical Point 3: Once the cargo vessel is visually “abaft a beam” 

of the starboard side bridge windows, the OOW commences the 

turn to starboard, briefly proceeding on a perpendicular 

heading to that of the container vessel. The appropriate angle 

will be applied using the joystick on the helm control panel and 

will briefly look up to the overhead displays to ensure that the 

appropriate rudder angel has been set. The OOW will also 

visually ensure that the bow is turning in the appropriate 

direction. 

 

  

 

 

 

 

 

 

 

Figure 5.2.11 Critical Point 3 – Ice Breaker Escort Scenario 

 Critical Point 4: The OOW monitors the range to the vessel 

visually using the pre-set VRM of 0.2 nm on the radar, and once 

the VRM comes into contact with the vessel, the OOW alters 

course to port in an effort to be in a position directly ahead of 

the cargo vessel on a near to exact heading. This is completed 

through the following actions: 

o Rudder angle is adjusted via the helm joystick, while 

simultaneously checking the rudder angles overhead 

and the vessel’s bow to ensure that the ice breaker is 

turning in the appropriate direction at a suitable rate.  

o When the heading as approximately 10 – 15 degrees 

from the desired course, the joystick will be used to 

place the helm at amidships, reducing the rate of turn. 

Critical Point 3 

General Cargo 
Vessel 

Ice Breaker 
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o The OOW uses the joystick to apply counter helm to 

further reduce and stop the rate of turn at the desired 

heading. 

o Throughout this manoeuvre the OOW will be looking 

aft, visually monitoring the position of the cargo vessel 

and adjusting the helm via joystick in order to ensure 

that the Ice Breaker is in a position directly ahead of the 

cargo vessel. 

o This monitoring is completed via visual observations of 

the position of the cargo vessel relative to that of the 

starboard aft bridge window and funnel. 

o If the cargo vessel drifts out of sight to starboard as the 

OOW looks aft, this alerts the OOW that the ice breaker 

is overshooting the desired position and need to apply 

additional rudder angle to “tighten” the turn. 

o The OOW continues to manoeuvres the ice breaker 

directly ahead of the cargo vessel, until the range is 

increased to 0.5nm 

 

 

 

 

 

 

 

 

 

 

 

Figure 5.2.12 Critical Point 4 – Ice Breaker Escort Scenario 

Critical Point 4 – Range 0.2nm 

General Cargo 
Vessel 

Ice Breaker 

OOW will commence manoeuvring 
to port, in order to ensure that the 
Ice Breaker is dead ahead of the 
cargo vessel 
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 Critical Point 5: Once a range of 0.5nm is reached, the OOW will 

manoeuvre the Ice Breaker to an all stop using the following 

combination of helm/engine controls: 

o The rudder placed to amidships using the helm joystick. 

o Both fore and aft propellers are set to an all stop using 

the engine controls. 

o The forward propellers are engaged astern, in order to 

slowly reduce headway. 

o As the vessel’s headway/speed reduces, the aft 

propellers are engaged, applying slight ahead 

propulsion, gradually reducing the rate in which the 

vessel comes to a stop. 

o When nearing all stop, the forward propellers are 

disengaged initially, followed by the aft propellers once 

the vessel’s speed has been reduced to an all stop. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 5.2.13 Critical Point 5 – Ice Breaker Escort Scenario 

Critical Point 5 – Range 0.5nm 

General Cargo 
Vessel 

Ice Breaker 
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 Critical Point 6: Once the Ice Breaker reaches a range of 0.5nm 

(critical point 5), the OOW will manoeuvre astern to a range of 

0.2nm, the appropriate distance for commencing and 

maintaining ice escort operations. While manoeuvring astern, 

the support officer will contact the general cargo vessel via VHF, 

advising them to engage propulsion, and to maintain a range of 

0.2nm from the Ice Breaker in order to conduct Ice escort 

operations. The manoeuvre will be completed in the following 

steps: 

o OOW engages the forward propellers, applying thrust 

which propels the vessel astern. 

o The OOW visually monitors the vessel’s track through 

the stern bridge window on the starboard side. 

o The OOW uses fixed points on the bridge window to 

monitor and determine the relative motion of the cargo 

vessel. 

o If the cargo vessel appears to visually move in a 

direction, which takes it away from the relative 

centreline of the Ice Breaker, the OOW uses the helm to 

apply the appropriate steering corrections needed to 

ensure that the cargo vessel remains directly astern.  

o The OOW applies the necessary steering corrections in 

reverse to how they would be applied to going ahead 

e.g. the helm joystick must be switched to starboard in 

order to ensure that the stern of the vessel turns to port 

as they OOW looks astern. 

o When nearing the appropriate range of 0.2nm, the 

support office hails the cargo vessel advising them to 

engage propulsion, follow in the Ice Breaker’s track, and 

maintain a range of 0.2nm. 

o The OOW sets the helm to amidships, engages the stern 

propellers ahead to stop the vessel from making stern 

way, and stops the forward propellers. 

o Once the Ice Breaker commences making headway, 

routine steering can be reverted e.g. turning the helm 

joystick to port will turn the bow to port. 
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o The OOW sets the stern propellers to full ahead, and 

proceeds ahead at best speed.  

o The OOW simultaneously advises the support to contact 

the cargo vessel, advising them to proceed at full ahead, 

follow in the wake of the Ice Breaker and to maintain a 

safe distance of 0.2nm (Appendices L and M refer). 

 

 

 

 
 
 
 
 

  
 
 
 
 
 
 
 

Figure 5.2.1.4 Critical Point 6 – Ice Breaker Escort Scenario 
 

 Critical Point 7: Ice Escort operations commence, OOW 

completed the following: 

o Forward propellers are engaged to apply forward 

thrust, to facilitate ice breaking, while also channelling 

any loose or broken ice directly astern into the aft 

propellers, further ensuring that any encountered ice is 

“broken” in order to ensure safe passage for the cargo 

vessel.   

o OOW sets the stern propellers to maintain full ahead. 

o Steering is complete via manual helm joystick initially, 

with the OOW reverting to auto-pilot once the escort is 

under way and proceeding on the same heading for a 

prolonged duration. 

Critical Point 6 – Range 0.2nm 

General Cargo 
Vessel 

Ice Breaker 
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o Once the escort operation commences, the OOW 

monitors the following collision avoidance 

considerations in order to maintain a safe speed and 

distance: 

 OOW continuously maintains a visual 

awareness of both ahead of the vessel and 

astern, requiring a constant change in visual 

focus 

 The OOW monitors the range to the vessel 

under escort visually, ensuring that the cargo 

vessel’s visual relative motion does not 

encroach on visual reference points located on 

the bridge windows 

 Range is also monitored using the pre-set VRM 

marker on the 3cm radar 

 The speed of the cargo vessel is monitored by 

reviewing the AIS date displayed on the 3cm 

radar and ECDIS. The OOW is required to look 

away from the windows and use a tracker ball 

on the radar to highlight the target and 

determine the vessel’s speed 

 As the cargo vessel encroaches on the pre-

agreed safe distance of 0.2nm, the OOW on the 

Ice Breaker briefly increases speed in order to 

increase the distance 

 Once the desired range is reached, the OOW 

reduces speed in order to allow the cargo vessel 

to maintain station directly astern. 
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5.2.5: Ice Breaker Multiple Vessel Ice escort operation (Convoy assistance) 

scenario data 

Scenario 

 
Main Activity  

 
Context 

 
Actors Involved                    Position on the bridge &   

                                                                                                                                                      
                                                  Directional Focus 

 
 
 
 
 
 
 
 
 

 
 

Ice Breaker Multiple Vessel Ice escort operation (Convoy assistance) 

Ice Breaker providing escort assistance to a group of commercial merchant navy vessels in an ice 
affected area 

 OOW 

 Support Officer 

 Master when required 

 Starboard Conning Positions 

 Multi-directional focus throughout.  

 The Ice breaker was contacted by a number of cargo vessels which are required to safely transit through 

the Bay Bothnia 

 The vessels are not in distress, and are currently able to manoeuvre, however due to the current ice 

conditions (closed pack ice) within the Bay, the vessels will very likely not be able to transit the area without 

experiencing difficulties 

 They have therefore contacted the ice breaker via VHF and have requested ice breaker assistance to 

provide escort assistance to clearer water.  
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Information Needed        Communication 
Methods  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Main Equipment used        Functions 
 
 
 
 
 
 
 
 
 
 

 Ownship transit data 

o Course being steered 

o Ownship speed 

o Positional information 

o LDL Data 

 Collision Avoidance data 

o Course and Speed of vessel being 

assisted 

o Range to vessel being assisted 

 Meteorological/Environmental Data: 

o Wind speed and direction 

o Ice characteristics: Coverage, thickness, 

set, drift  

 Verbal communication between 

bridge team 

 External communication between 

ship, VTS and other vessels (VHF) 

 X-Band 3cm radar: LDLs, AIS inputs 

 ECDIS: AIS Inputs, GPS data 

 Helm controls (Joy Stick) 

 Engine Controls 

 Overhead displays 

 Radio equipment (External) 

 PC with GIS providing Ice Chart & AIS 

overlay 

 OOW has overall responsibility of 

conning, collision avoidance and 

decision making 

 Support Officer provides information 

as required, particularly in relation to 

station keeping of vessels in convoy 

 Master will proceed to the bridge if 

additional support is required. 
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Critical Points 

 
 
What Happens (Outline the various steps & sequences of the tasks) 
Passage Appraisal: 

 IBN Next GIS is referred to in order to determine ice coverage within the planned area. 

 Based on the ice coverage data, depending on the outlined ice thickness, a decision is 

made as to whether or not the vessel can safely transit an area. 

 Sea area forecasts will be referred to determine weather conditions throughout the 

duration of the passage 

 AIS data overlays on IBN Next or ECDIS will be checked to determine traffic density in 

the area of operation 

 Routes are planned and checked on an older non ECDIS compliant electronic chart 

display before being applied to ECDIS compliant unit (Additional planning functionality is 

deemed essential for planning in ice affected areas86) 

 Notice to Mariners may be referred to as a means of determining any temporary or 

permanent changes to aids to navigation and navigational hazards 

 Sailing directions may be referred to where applicable when required to seek out local 

navigation knowledge of a specific area 

                                                
86 Section 4.2.3.1.3 – ECDIS User Functionality 

1. Ice Breaker OOW manoeuvres the vessel into a position 22 degrees abaft a beam of the lead convoy vessel 

at a range of 0.5nm 

2. Lead cargo vessel is visually abaft abeam, signalling to the OOW that they must commence manoeuvring 

ahead of the vessel 

3. Pre-set VRM of 0.2nm comes into contact with the lead cargo vessel, alerting the OOW to alter course to 

starboard and commencing positioning the Ice Breaker directly ahead of the convoy 

4. The Ice Breaker reaches a range of 0.5nm directly ahead of the lead vessel, signifying that the OOW must 

manoeuvre the vessel to an all stop to commence moving astern 

5. The Ice Breaker comes to an all stop at a range of 0.5nm and commences manoeuvring astern 

6. The Ice Breaker reaches a range of 0.2nm directly ahead of the lead cargo vessel, signifying that convoy/escort 

operations will soon commence 

7. Escort/Convoy operations commence  

8. Course alterations while in convoy 
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 Draught restrictions and available navigable waters 

 GMDSS requirements such as reporting a monitoring 

 Route selection and waypoints 

 Weather routing 

Generic Passage Planning: 

 Route will be selected and planned based on the observed ice coverage data from GIS 

satellite imagery overlays 

 Distance in which charted or other features will be passed throughout the passage 

 Safe and appropriate passage speeds are determined based on the following: 

o Ice coverage 

o Meteorological conditions 

o Traffic density 

o Amount of available navigable water 

o Urgency to reach destination and nature of operations 

 Specific sailing direction recommendations will be applied to the passage/route 

 Routes will be cross checked against LDL overlays displayed on 3cm radars 

 Available depth of water of water and tidal information contained in tide tables/atlases 

will be determined/applied 

 Availability of visual and radar fixing opportunities 

 The reliability of ship’s propulsion and steering systems 

 Any specific environmental protection measures 

 The following ECDIS checks are completed: 

o The appropriate ENCs(Electronic Navigation Charts) are available for the 

proposed area 

o Previously executed passage plans for re-checked to ensure that they are still 

safe 

o Large scale ENCs are used initially to provide a route overview, while smaller 

scales are then used for precision navigation checks 

o Any previous non-applicable routes are cleared 
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o Cross track distances are applied and checked for each leg 

o Safety depths and under-keel clearance will be crosschecked against radar LDL 

displays 

o ETA information is calculated and displayed 

o Vessel characteristic information such as draughts and turning radius is cross-

checked 

Operational Planning Considerations: 

 The Master and the bridge team discuss the proposed operation and review the 

following data to determine how best to execute the operation: 

o The manoeuvring characteristics of the vessels being assisted – the least 

manoeuvrable vessel with the greatest speed restrictions will be positioned 

directly astern of the Ice Breaker 

o This ensures that the convoy proceeds at a speed in which all vessels can 

maintain station and safely transit the ice affected area.  

o Each individual vessel is then required to maintain station from the vessel 

directly on front of them as follows: 

 Maintain a range of 0.2nm 

 Proceed on a heading which maintains a track inside the lead vessel’s 

wake 

 Maintain convoy speeds 

o Environmental conditions such as wind speed and direction, ice characteristics 

(thickness, type, movement, presence of ridges)  

o Time of day 

o The experience levels of the vessels being assisted, and have they received 

previous similar ice breaker assistance. If so, this would generally make the 

operation more “routine”.  

o Sea room/availability of safe navigable waters 

o Traffic density in the area 

o Any potential manoeuvring restrictions that the ice breaker may have 
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Operational Decisions: 

 It was determined that these vessels had been assisted previously, and that one of the 

smaller general cargo vessels would be positioned directly astern of the Ice Breaker.  

 This decision was made as this vessel was the least manoeuvrable, and had a maximum 

manoeuvring speed of 12 knots. 

 There were no machinery or steering restrictions in any of the vessels, resulting in this 

operation being deemed to be “routine”. 

 The vessels were positioned approximately 18 nm off shore and there was significant 

navigable water available. 

 There was no other moving traffic in the area in close proximity, however as this was a 

convoy escort, there would be numerous vessels involved, resulting in continuous close 

quarter situations throughout the operation. 

 Wind speed and direction were light airs with excellent visibility conditions 

 The operation was being completed during the early evening. 

 The ice breaker had no manoeuvring restrictions 

Operation Execution Overview: 

 As outlined in figure 5.2.14 the ice breaker approaches from the south west, and 

proceeds at a speed of approximately 14 – 15 knots. 

 The Ice Breaker bridge team contacts the individual vessels to be escorted in convoy, 

and advises them of the following: 

o Sequential order in which to proceed 

o Recommended safe distances 

o Convoy manoeuvring speeds 

o Initial headings  

o Working VHF channels in which communications and manoeuvring instructions 

will be relayed throughout the operation 

 The Ice Breaker bridge team advise the vessels to manoeuvre into their appropriate 

stations. In this case the first of the vessels being escorted will be advised to proceed to 

a specific location in latitude and longitude, and adopt a specific heading. Once in 

position, the remaining vessels are instructed to take up station one vessel at a time. 
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 In the event of one of the commercial vessels requiring ice breaker assistance in order 

to take up station, the OOW of the Ice Breaker will manoeuvre as outlined in figure 

5.2.14.  

 Once the vessels are in a position to commence escort operations, the ice breaker sets a 

course to intercept the vessel being assisted, approaching from the lead vessel’s 

starboard quarter as outlined in figure 5.2.14.  

 Once the Ice Breaker is at an appropriate range (0.2nm in this case), the ice breaker 

alters course to the east and passes up alongside the lead general cargo ship at a range 

of approximately 0.2 nm, completing a visual inspection to ensure that the vessel being 

assisted is not obstructed within the ice (Appendices N and O refer).  

 Once the cargo vessel is abaft abeam, the ice breaker completes an alteration of course 

to the south east, manoeuvring into a position dead ahead of the lead cargo vessel. 

 The ice breaker will continue until it is at a range 0.5nm, when it will stop engines, and 

will proceed astern to a position in which the cargo vessel is at a range of 0.2nm. 

 When approaching the desired range (0.2nm), the ice breaker instructs the lead cargo 

vessel to engage propulsion, and to proceed at the convey speed of 12 knots. The ice 

breaker will simultaneously engage propulsion and proceed at full ahead. The convoy 

vessels will be contacted via VHF, where it is suggested that they follow in the wake of 

the Ice Breaker and maintain a range of 0.2nm. 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 5.2.1.4 Ice Breaker Track: Convoy Escort Approach 

Cargo Vessels 

Ice Breaker 
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General Ship handling Considerations: 

o Manual helm using joystick control is the primary means of steering used during 

ice breaking escort operations. 

o In the event of the vessel having to complete substantial alterations of 

course/manoeuvring, the OOW will engage the tiller override or use the engine 

controls to provide immediate manoeuvring thrust. 

o Once helm adjustments are applied, the following displays are observed by the 

OOW to ensure that the appropriate directional change will occur: 

 Rudder angle displays 

 Course displays 

 Transverse thrust direction 

 Visual reference points 

o Ship’s speed is maintained using the engine controls and the necessary 

adjustments/settings are applied depending on the desired speed.  

o Ice conditions will determine the necessary adjustments/settings required to 

efficiently and safely manoeuvre within the ice. In this case, a combination of 

forward and aft propellers are engaged throughout the scenario, to assist in the 

“ice breaking” process, and to contribute to speed regulation.  

o The OOW will also monitor factors such as noise, vibration and the vessel’s 

motion to determine if speed adjustments need to be made. For example, if 

there is what is determined to be excessive noise or vibrations as the vessel 

transits through the ice, adjustments will be made such as reducing speed to 

reduce the forces being applied to hull.  

o OOWs will pay particular attention to these considerations when operating in 

areas in which ice ridges are present, as the height of the bridge makes it near 

to impossible to determine the ice dimensions/characteristics.  

 Collision Avoidance: 

o OOWs will continuously monitor traffic and floating objects such as ice and will 

use all available means to determine whether or not a risk of collision exists as 

required by industry standards87. The completion of Ice escort assistance does 

not absolve the Ice Breaker or the vessel being assisted of the need to maintain 

appropriate safe navigation/collision avoidance practices. 

                                                
87 Rule 7: International Regulations for the Prevention of Collisions at Sea 
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o The two primary methods used during ice breaking assistance operations are as 

follows: 

 Visual Observations: OOWs will visually observe the vessel being directly 

assisted, using visual reference points throughout the operation to 

determine range, monitor lateral range and highlight critical points in 

which certain manoeuvres must take place. Such observations will also 

be used to visually determine if a risk of a collision exists with other 

vessels operating within the area based on the other vessels visual 

relative movement (Is the vessel drawing left or right as it is observed 

relative to window frames and other bridge fixtures) Similar 

observations will be made in relation to ice. 

o Radar Observations: The OOW uses the VRM function on the 3cm radar to 

highlight critical points in which they must commence manoeuvres/course 

alterations in order to complete ice breaking operations. Radars will also be 

used for generic collision avoidance, determining if a risk of collision exists 

based on CPA (Closest Point of Approach) data displayed on the 3cm radars. This 

data is determined applying ARPA software to AIS radar inputs or manual 

plots88. The support officer will also make efforts to monitor close quarter 

scenarios between the other vessels in convoy. If it appears that a risk of 

collision exists, the support officer will contact the vessels in question to advise 

them and recommend that they take action. The completion of Ice Breaking 

assistance does not absolve the Ice Breaker of the need to maintain appropriate 

safe navigation/collision avoidance practices. 

o When dealing with smaller vessels which may be non AIS compliant89, radar 

detection can be a challenge. As navigational radars are designed to primarily 

detect and acquire contacts on a 2D plain, other surface contacts such as ice can 

significantly reduce the radar’s ability to effectively detect and acquire targets. 

Although OOWs will adjust detection parameters such as tuning, gain, sea 

clutter and rain, these adjustments will not always be effective. In such 

instances, visual detection and determination of risks of collision are critical to 

ensuring safe navigation.  

 Communication Monitoring: 

                                                
88 Automatic Ranging and Plotting Apparatus Software 
89 Vessels > 500 GT, pleasure craft, fishing 
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o External – OOWs are required by law to maintain a constant listening watch on 

emergency broadcast frequencies such as VHF Ch 1690. Additional monitoring is 

maintained on specific regional working channels as the vessel enters/exits 

certain areas. During this scenario, the need to communicate with multiple 

vessels simultaneously will place additional mental load on the support officer, 

as there will be a need to monitor vessels and accurately identify them prior to 

hailing in order to ensure that they are addressing the correct vessel. 

o In practical terms, OOWs are required to maintain a constant aural monitoring 

in the event of a distress being broadcasted or if another vessel/land station 

attempts to contact them.  

 Structural Integrity Monitoring: 

o Both OOWs are tasked with visually monitoring components of the outer hull 

for structural integrity while transiting through ice affected areas. The primary 

focus of this monitoring is on areas which are deemed to experience a 

significant proportion of the pressure while breaking ice e.g. the Fo’c’sle and 

Afterdeck. Visual observations and CCTV monitors are used to complete these 

checks.  

 Hours of Darkness: 

o Ice escort assistance operations completed during the hours of darkness involve 

the same task/functions/monitoring. As visual monitoring/detection of ice is 

critical to safe navigation, the vessel will proceed on transit with significant 

levels of illumination covering near to a 360 degree arc. Such level of 

illumination is deemed necessary due to limitations in radar detection, and the 

need to constantly visually appraise ice conditions/characteristics, and 

manoeuvre/adjust accordingly.  

    

 Specific Ownship Track/Navigation Task Outline: 

o A constant visual lookout is maintained, monitoring for potential hazards (ice, 

charted/ uncharted nav hazards, objects with poor radar cross section/return) 

o Course being steered is monitored via gyro compass displays and GPS 

directional inputs into RADARS and ECDIS 

o Ship speed is monitored via displays on 3cm Radars and ECDIS units. Speed data 

can also be monitored via additional overhead displays. 

                                                
90 SOLAS Convention 
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o Safe navigation track and positional information is monitored via the following 

means: 

 Radar LDL displays which visually represent the vessel’s positions 

relative to predesignated areas in which sufficient navigable water is 

present 

 GPS overlay positional display information on ECDIS units 

 Terrestrial fixing means if available 

o Close Quarter monitoring is completed via the following means: 

 Radar VRM is set to the desired range of 0.2 nm marking the 

distance/point in which the ice breaker will break away to the west and 

commence ice breaking passing alongside the vessel. 

 Visual observations/monitoring is complete by using following visual 

reference markers: 

 Critical Point 1: The OOW manoeuvres ice breaker to approach 

the lead convoy vessel from an angle which is roughly 22 

degrees abaft a beam as outlined in figure 5.2.1.5. Once the 

vessel’s range is 0.5nm, the OOW will alter course to starboard, 

proceeding in an easterly direction. The appropriate angle will 

be applied using the joystick on the helm control panel and will 

briefly look up to the overhead displays to ensure that the 

appropriate rudder angel has been set. The OOW will also 

visually ensure that the bow is turning in the appropriate 

direction. 

 As the vessel alters course, lateral distances are 

monitored/determined primarily through visual observations, 

and once the OOW is satisfied with the visual range, the vessel’s 

course to a heading which parallels that of the container 

vessel’s track. The OOW completes the manoeuvre by adjusting 

the rudder angle via the helm joystick, while simultaneously 

checking the rudder angles overhead and the vessel’s bow to 

ensure that the ice breaker is turning in the appropriate 

direction at a suitable rate.  

 

 

 



SEDNA D3.5: Codified Arctic Navigation Knowledge Base 

238 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 5.2.1.5 Critical Point 1 – Ice Convoy Scenario 
 

 Critical Point 2: Once the lead cargo vessel is visually “abaft a 

beam” of the port side bridge windows, the OOW commences 

the turn to starboard, briefly proceeding on a heading 45 

degrees to port of that being maintained by the lead cargo 

vessel.  

 The appropriate angle will be applied using the joystick on the 

helm control panel and will briefly look up to the overhead 

displays to ensure that the appropriate rudder angel has been 

set. The OOW will also visually ensure that the bow is turning in 

the appropriate direction. 

 The OOW visually monitors the vessel’s relative motion/position 

within the lower quadrant of a bridge window, and within the 

set VRM (0.2nm) on the radar. 
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Ice Breaker 
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Figure 5.2.1.6 Critical Point 2 – Ice Convoy Scenario 

 

 Critical Point 3: The OOW monitors the range to the vessel 

visually using the pre-set VRM of 0.2 nm on the radar, and once 

the VRM comes into contact with the vessel, the OOW alters 

course to starboard in an effort to be in a position directly 

ahead of the cargo vessel on a near to exact heading. This is 

completed through the following actions: 

o Rudder angle is adjusted via the helm joystick, while 

simultaneously checking the rudder angles overhead 

and the vessel’s bow to ensure that the ice breaker is 

turning in the appropriate direction at a suitable rate.  

o When the heading as approximately 10 – 15 degrees 

from the desired course, the joystick will be used to 

place the helm at amidships, reducing the rate of turn. 

Cargo Vessels 

Ice Breaker 

Critical Point 2  
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o The OOW uses the joystick to apply counter helm to 

further reduce and stop the rate of turn at the desired 

heading. 

o Throughout this manoeuvre, the OOW alternates 

between forward and aft perspectives, visually 

monitoring the position of the lead cargo vessel and 

adjusting the helm via joystick in order to ensure that 

the Ice Breaker is in a position directly ahead of the 

cargo vessel. 

o This monitoring is completed via visual observations of 

the position of the cargo vessel relative to that of the 

starboard aft bridge window and funnel. 

o If the cargo vessel drifts out of sight to starboard as the 

OOW looks aft, this alerts the OOW that the ice breaker 

is overshooting the desired position and need to apply 

additional rudder angle to “tighten” the turn. 

o The OOW continues to manoeuvres the ice breaker 

directly ahead of the cargo vessel, until the range is 

increased to 0.5nm 

 

 

 

  

 

 

 

 

 

 

 

 

Figure 5.2.1.7 Critical Point 3 – Ice Convoy Scenario 

Critical Point 3 – Range 0.2 nm 

Cargo Vessels 

Ice Breaker 

OOW commences manoeuvring to 
starboard, in order to ensure that the 
Ice Breaker is dead ahead of the cargo 
vessel 
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 Critical Point 4: Once a range of 0.5nm is reached, the OOW will 

manoeuvre the Ice Breaker to an all stop using the following 

combination of helm/engine controls: 

o The rudder placed to amidships using the helm joystick. 

o Both fore and aft propellers are set to an all stop using 

the engine controls. 

o The forward propellers are engaged astern, in order to 

slowly reduce headway. 

o As the vessel’s headway/speed reduces, the aft 

propellers are engaged, applying slight ahead 

propulsion, gradually reducing the rate in which the 

vessel comes to a stop. 

 When nearing all stop, the forward propellers are disengaged 

initially, followed by the aft propellers once the vessel’s speed 

has been reduced to an all stop. 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 5.2.1.8 Critical Point 4 – Ice Convoy Scenario 
 

Critical Point 4 – Range 0.5 nm 

Cargo Vessels 

Ice Breaker 

OOW will manoeuvres the vessel to an 
all stop in a position directly ahead of 
the lead cargo vessel 
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 Critical Point 5: Once the Ice Breaker reaches a range of 0.5nm 

(critical point 5), the OOW will manoeuvre astern to a range of 

0.2nm, the appropriate distance for commencing and 

maintaining ice escort operations.  

 While manoeuvring astern, the support officer will contact the 

convoy vessels via VHF, advising them of the following: 

o To engage propulsion, and to maintain a range of 0.2nm 

from the vessel directly ahead in order to conduct Ice 

escort operations.  

o The convoy speed shall be 12 knots (Maximum 

manoeuvring speed of the vessel with the greater speed 

restrictions). 

o The initial course to steer in order to ensure that the 

convoy maintains the appropriate headings, and follows 

in the wake of the vessel directly ahead. 

 The OOW completes the manoeuvre as follows: 

o OOW engages the forward propellers, applying thrust 

which propels the vessel astern. 

o The OOW visually monitors the vessel’s track through 

the stern bridge window on the starboard side. 

o The OOW uses fixed points on the bridge window to 

monitor and determine the relative motion of the cargo 

vessel. 

o If the cargo vessel appears to visually move in a 

direction, which takes it away from the relative 

centreline of the Ice Breaker, the OOW uses the helm to 

apply the appropriate steering corrections needed to 

ensure that the cargo vessel remains directly astern.  

o The OOW applies the necessary steering corrections in 

reverse to how they would be applied to going ahead 

e.g. the helm joystick must be switched to starboard in 

order to ensure that the stern of the vessel turns to port 

as they OOW looks astern. 
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o When nearing the appropriate range of 0.2nm, the 

support office hails the cargo vessel advising them to 

engage propulsion, follow in the Ice Breaker’s track, and 

maintain a range of 0.2nm. 

o The OOW sets the helm to amidships, engages the stern 

propellers ahead to stop the vessel from making stern 

way, and stops the forward propellers. 

o Once the Ice Breaker commences making headway, 

routine steering can be reverted e.g. turning the helm 

joystick to port will turn the bow to port. 

o The OOW sets the stern propellers to full ahead, and 

proceeds ahead at best speed.  

o The OOW simultaneously advises the support to contact 

the cargo vessel, advising them to proceed at convoy 

speed (12 knots), follow in the wake of the Ice Breaker 

and to maintain a safe distance of 0.2nm. 

 

 Critical Point 6: Once the Ice Breaker is 0.2nm ahead of the lead 

cargo vessel, The OOW sets the helm to amidships, engages the 

stern propellers ahead to stop the vessel from making stern 

way, and stops the forward propellers.  

 Once the Ice Breaker commences making headway, routine 

steering can be reverted e.g. turning the helm joystick to port 

will turn the bow to port. 

 The OOW then completes the following actions: 

o The OOW sets the stern propellers to full ahead, and 

proceeds ahead at best speed.  

o OOW sets the stern propellers to the required engine 

setting to maintain 12knots. 

o Steering is complete via manual helm joystick initially, 

with the OOW reverting to auto-pilot once the escort is 

under way and proceeding on the same heading for a 

prolonged duration. 
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o The OOW simultaneously advises the support office to 

contact the cargo vessel, advising them to proceed at 

full ahead, follow in the wake of the Ice Breaker and to 

maintain a safe distance of 0.2nm. 

o The OOW engages the forward propellers to apply 

forward thrust, to facilitate ice breaking, while also 

channelling any loose or broken ice directly astern into 

the aft propellers, further ensuring that any 

encountered ice is “broken” in order to ensure safe 

passage for the cargo vessel.   

o Convoy/Escort operations will now commence. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 5.2.1.9 Critical Point 6 – Ice Convoy Scenario 

 

 Critical Point 7: Once the escort operation commences, the 

OOW monitors the following collision avoidance considerations 

in order to maintain a safe speed and distance: 

Critical Point 6 – Range 0.2 nm 

Cargo Vessels 

Ice Breaker 

Ice Escort Operations will now 
commence 
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o OOW continuously maintains a visual awareness of both 

ahead of the vessel and astern, requiring a constant 

change in visual focus 

o The OOW monitors the range to the vessel under escort 

visually, ensuring that the cargo vessel’s visual relative 

motion does not encroach on visual reference points 

located on the bridge windows 

o Range is also monitored using the pre-set VRM marker 

on the 3cm radar 

o The speed of the cargo vessel is monitored by reviewing 

the AIS date displayed on the 3cm radar and ECDIS. The 

OOW is required to look away from the windows and 

use a tracker ball on the radar to highlight the target 

and determine the vessel’s speed 

o As the cargo vessel encroaches on the pre-agreed safe 

distance of 0.2nm, the OOW on the Ice Breaker briefly 

increases speed in order to increase the distance 

o Once the desired range is reached, the OOW reduces 

speed in order to allow the cargo vessel to maintain 

station directly astern. 

o The OOW and support officer will also maintain a visual 

and radar monitoring of the other vessels in convoy. 

o In the event of the OOW or support officer determining 

that a risk of collision exists between any of the other 

vessels, they will contact them via VHF and advise them 

to take action in order to avoid collision 
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Figure 5.2.1.10 Critical Point 7 – Ice Convoy Scenario 
 

 Critical Point 8: In the event of a course alteration being 

required, the vessels must do so in manner that results in each 

vessel maintaining a track directly astern of the other. This 

ensures that all vessels can maintain the track cleared by the ice 

breaker. 

 In order to complete the manoeuvre, the following actions are 

complete: 

o The OOW, while monitoring the plotted track on the 

ECDIS will determine that a waypoint is approaching, 

and the vessel will be required to alter course to south. 

o The support officer contacts the cargo vessels via VHF 

and advises them of the following: 

 An alteration of course will take place at the 

appropriate waypoint 

 All vessels should follow in the wake of the ice 

breaker, keeping within the cleared track 

Remaining vessels are required to monitor 
collision avoidance considerations with each 

other 

Cargo Vessels 

Ice Breaker 

Ice Breaker OOW will closely 
monitor collision avoidance 

considerations with the lead vessel 
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 The course to be maintained on completion of 

the course alteration 

 To maintain an appropriate safe distance from 

other vessels throughout the manoeuvre, while 

maintaining an appropriate safe speed 

o When approaching the waypoint, the support officer 

hails the other vessels and advises them that the Ice 

Breaker is about to commence the pre communicated 

alteration. 

o Rudder angle is adjusted via the helm joystick, while 

simultaneously checking the rudder angles overhead 

and the vessel’s bow to ensure that the ice breaker is 

turning in the appropriate direction at a suitable rate.  

o When the heading as approximately 10 – 15 degrees 

from the desired course, the joystick will be used to 

place the helm at amidships, reducing the rate of turn. 

o The OOW uses the joystick to apply counter helm to 

further reduce and stop the rate of turn at the desired 

heading. 

o Once the desired heading is reached, the OOW steers as 

normal. 

o Throughout this manoeuvre, the OOW alternates 

between forward and aft perspectives, visually 

monitoring the position of the lead cargo vessel and 

adjusting the helm via joystick in order to ensure that 

the Ice Breaker is in a position directly ahead of the 

cargo vessel. 

o This monitoring is completed via visual observations of 

the position of the cargo vessel relative to that of the 

starboard aft bridge window and funnel. 

o The support officer continues to monitor the other 

vessels in convoy via radar and visual means. They will 

hail them and offer advice should they be struggling to 

steer within the cleared track. 
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                                Figure 5.2.1.11 Critical Point 8 – Convoy Course Alterations 

Cargo Vessels 

Ice Breaker 

Critical Point 8 – Course alteration in convoy 

Convoy Track prior to course alterations 

Convoy Track on completion of course alterations 

Desired convoy track during course alterations 
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5.2.6: Ice Breaker towing Assistance Operations 

scenario data 

Scenario 

 
Main Activity  

 
Context 

 
Actors Involved                    Position on the bridge &   

                                                                                                                                                      
                                                    Directional Focus 

 
 
 
 
 
 
 
 
 

 
 
 
 
 

Ice Breaker towing Assistance Operations 

Ice Breaker providing tow assistance to a general cargo ship  

 OOW 

 Support Officer 

 Master when required 

 Afterdeck line handlers 

 Starboard Conning Positions 

 Multi-directional focus throughout.  

 The Ice breaker was contacted by a general cargo vessel which recently departed Lulea port and is on 

transit through the Bay Bothnia 

 The general cargo vessel is not in distress, and is currently able to manoeuvre, however due to the current 

ice conditions (closed pack ice) within the Bay, the vessel will very likely not be able to transit the area 

without experiencing difficulties 

 Also, having transited this area previously, the Master has determined given the current ice conditions, that 

the cargo vessel will required towed escort assistance 

 They have therefore contacted the ice breaker via VHF and have requested ice breaker assistance to 

provide a towed escort to clearer water.  
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Information Needed       Communication Methods  

      Main Equipment used  

 
Functions 

 

 Ownship transit data 

o Course being steered 

o Ownship speed 

o Positional information 

o LDL Data 

 Collision Avoidance data 

o Course and Speed of vessel being assisted 

o Range to vessel being assisted 

 Meteorological/Environmental Data: 

o Wind speed and direction 

o Ice characteristics: Coverage, thickness, set, drift  

 Towing information: 

o Visual CCTV monitoring 

o Distances between ice breaker and cargo vessel 

o Tow connection information 

o Towing hawser load/strain 

 Verbal communication between bridge team 

 External communication between ship, VTS 

and other vessels (VHF) 

 Internal communication between bridge team 

and afterdeck line handlers 

 OOW has overall responsibility of conning, collision avoidance and decision making 

 Support Officer provides information as required 

 Master will proceed to the bridge if additional support is required 

 Afterdeck lines party manage and co-ordinate towing operations in terms of connections, monitoring distances and 

loads and health and safety on deck 

 X-Band 3cm radar: LDLs, AIS inputs 

 ECDIS: AIS Inputs, GPS data 

 Helm controls (Joy Stick) 

 Engine Controls 

 Overhead displays 

 Radio equipment (External) 

 PC with GIS providing Ice Chart & AIS overlay 

 Afterdeck CCTV displays 
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Critical Points 

 
 
 
What Happens (Outline the various steps & sequences of the tasks) 
Passage Appraisal: 

 IBN Next GIS is referred to in order to determine ice coverage within the planned area. 

 Based on the ice coverage data, depending on the outlined ice thickness, a decision is 

made as to whether or not the vessel can safely transit an area. 

 Sea area forecasts will be referred to determine weather conditions throughout the 

duration of the passage 

 AIS data overlays on IBN Next or ECDIS will be checked to determine traffic density in 

the area of operation 

1. Ice Breaker reaches a position which is at a range of 0.2 nm from the cargo vessel’s stern, signifying the 

commencement of manoeuvres 

2. Passing in extreme close quarter proximity to the cargo vessel in order to break any closed ice which may 

be present 

3. Cargo vessel is visually abaft the Ice Breaker’s beam, signifying that OOW should commence altering 

course to starboard in order to commence positioning dead ahead of the cargo vessel 

4. Cargo vessel is at a range of 0.2nm abaft a beam, signifying the need to alter course to port, in order to 

be in a position directly ahead of the cargo vessel 

5. Cargo vessel is at a range of 0.5nm directly astern of the Ice Breaker, signifying the need to bring the 

vessel to an all stop and commence manoeuvring astern 

6. Cargo vessel is 0.2 nm astern of the Ice Breaker, signifying escort operations should commence 

immediately 

7. Commencing ice tow operations 

8. Completing the ice tow 

9. Disengaging the ice tow 
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 Routes are planned and checked on an older non ECDIS compliant electronic chart 

display before being applied to ECDIS compliant unit (Additional planning functionality is 

deemed essential for planning in ice affected areas91) 

 Notice to Mariners may be referred to as a means of determining any temporary or 

permanent changes to aids to navigation and navigational hazards 

 Sailing directions may be referred to where applicable when required to seek out local 

navigation knowledge of a specific area 

 Draught restrictions and available navigable waters 

 GMDSS requirements such as reporting a monitoring 

 Route selection and waypoints 

 Weather routing 

Generic Passage Planning: 

 Route will be selected and planned based on the observed ice coverage data from GIS 

satellite imagery overlays 

 Distance in which charted or other features will be passed throughout the passage 

 Safe and appropriate passage speeds are determined based on the following: 

o Ice coverage 

o Meteorological conditions 

o Traffic density 

o Amount of available navigable water 

o Urgency to reach destination and nature of operations 

 Specific sailing direction recommendations will be applied to the passage/route 

 Routes will be cross checked against LDL overlays displayed on 3cm radars 

 Available depth of water of water and tidal information contained in tide tables/atlases 

will be determined/applied 

 Availability of visual and radar fixing opportunities 

 The reliability of ship’s propulsion and steering systems 

 Any specific environmental protection measures 

                                                
91 See Interview comments page 
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 The following ECDIS checks are completed: 

o The appropriate ENCs(Electronic Navigation Charts) are available for the 

proposed area 

o Previously executed passage plans for re-checked to ensure that they are still 

safe 

o Large scale ENCs are used initially to provide a route overview, while smaller 

scales are then used for precision navigation checks 

o Any previous non-applicable routes are cleared 

o Cross track distances are applied and checked for each leg 

o Safety depths and under-keel clearance will be crosschecked against radar LDL 

displays 

o ETA information is calculated and displayed 

o Vessel characteristic information such as draughts and turning radius is cross-

checked 

Operational Planning Considerations: 
 The Master and the bridge team discuss the proposed operation and review the following data 

to determine how best to execute the operation: 

o The manoeuvring characteristics of the vessel being assisted 

o Environmental conditions such as wind speed and direction, ice characteristics 

(thickness, type, movement, and presence of ridges). This is of particular 

significance in this instance as any adverse weather or sea conditions would 

impede efforts to safely transfer the towing hawser from the Ice Breaker to the 

cargo vessel 

o Time of day 

o The experience levels of those being assisted and have the ice breaker provided 

similar assistance. If so, this would generally make the operation more “routine” 

o Sea room/availability of safe navigable waters 

o Traffic density in the area 

o Any potential manoeuvring restrictions that the ice breaker may have 

o Operational readiness of towing fixtures and equipment 
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Operational Decisions: 

 It was determined that this vessel and crew had been assisted previously, and that the 

general cargo vessel was very manoeuvrable with no machinery or steering restrictions, 

resulting in this operation being deemed to be “routine”. 

 The vessel was positioned approximately 16 nm off shore and there was significant 

navigable water available  

 There was no other moving traffic in the area in close proximity 

 Wind speed and direction were light airs with excellent visibility conditions, and there 

was therefore no anticipated difficulties in relation to passing the towing hawser and 

connecting to the cargo vessel. 

 The operation was being completed during the early hours of the morning, however the 

illumination provided by the Ice Breaker will alleviate in visual deficiencies.  

 The ice breaker had no manoeuvring restrictions 

 Towing fixtures and equipment were fully operational  

Operation Execution Overview: 

 As outlined in figure 5.2.1.12 the ice breaker approaches from the north, and proceeds 

at a speed of approximately 14 – 15 knots. 

 The ice breaker sets a course to intercept the vessel being assisted, approaching from 

the vessel’s stern 

 Once the Ice Breaker is at an appropriate range (0.5nm in this case), the ice breaker 

alters course to the west and passes up alongside the general cargo ship at a range of 

approximately 0.2 nm, clearing any closed ice alongside the vessel, while completing a 

visual inspection to ensure that there are no further restrictions within the ice. 

 Once the cargo vessel is abaft abeam, the ice breaker completes an alteration of course 

to the east, manoeuvring into a position dead ahead of the cargo vessel. 

 The ice breaker will continue until it is at a range 0.5nm, when it will stop engines, and 

will proceed astern to a position in which the cargo vessel is at a range of 0.2nm, 

manoeuvring to an all stop. 

 During this time, the afterdeck team will prepare the towing equipment and hawser 

(Appendix Q refers), ensuring that it is ready to be passed once in a position directly 
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under the bow of the cargo vessel. The support officer will simultaneously contact the 

cargo vessel via VHF, and request confirmation that they are ready to receive the tow.  

 Once confirmation is received that the afterdeck team are ready to pass the tow and the 

cargo vessel are ready to receive it, the OOW continues to manoeuvre astern, closing 

the distance to the cargo vessel.  

 The support officer contacts the afterdeck team via internal radios to advise that the 

bridge team are making their approach, which will be directly followed by a similar 

transmission to the cargo vessel via external VHF. 

 While making the approach, the afterdeck team will regularly report the distance 

between vessels. The OOW uses this information to gauge when to reduce speed during 

the manoeuvre.  

 The OOW also visually monitors the approach via the aft bridge windows and CCTV 

screens. 

 Once the tow has been connected, the OOW will commence manoeuvring the cargo 

vessel using engines and helm to maintain the desired track. 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 5.2.1.12 Ice Breaker Tow Scenario – Track Overview 
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Figure 5.2.1.13 Ice Breaker Tow Scenario – Track Overview 

General Ship handling Considerations: 

o Manual helm using joystick control is the primary means of steering used during 

tow escort operation. 

o In the event of the vessel having to complete substantial alterations of 

course/manoeuvring, the OOW will engage the tiller override or use the engine 

controls to provide immediate manoeuvring thrust. 

o Once helm adjustments are applied, the following displays are observed by the 

OOW to ensure that the appropriate directional change will occur: 

 Rudder angle displays 

 Course displays 

 Transverse thrust direction 

 Visual reference points 

o Ship’s speed is maintained using the engine controls and the necessary 

adjustments/settings are applied depending on the desired speed.  

o Ice conditions will determine the necessary adjustments/settings required to 

efficiently and safely manoeuvre within the ice. In this case, a combination of 

General Cargo 
Vessel 

Ice Breaker 
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forward and aft propellers are engaged throughout the scenario, to assist in the 

“ice breaking” process, and to contribute to speed regulation.  

o Towing conditions will also determine speed and course adjustments. The level 

of force placed on the towing hawser during the operation dictates the 

headway/speed the vessels can maintain. If there is apparent excessive level of 

force applied on the tow, the OOW will be required to reduce speed and reduce 

the applied load. 

o Steering must also be considered, in that OOWs should avoid bold or sudden 

course alterations as such manoeuvres will place excessive force on the tow 

which could result in the hawser parting during the operation. 

o The OOW will also monitor factors such as noise, vibration and the vessel’s 

motion to determine if speed adjustments need to be made. For example, if 

there is what is determined to be excessive noise or vibrations as the vessel 

transits through the ice, adjustments will be made such as reducing speed to 

reduce the forces being applied to hull.  

o OOWs will pay particular attention to these considerations when operating in 

areas in which ice ridges are present, as the height of the bridge makes it near 

to impossible to determine the ice dimensions/characteristics.  

 Collision Avoidance: 

o OOWs will continuously monitor traffic and floating objects such as ice and will 

use all available means to determine whether or not a risk of collision exists as 

required by industry standards92. Although the Ice Breaker and cargo vessel will 

be restricted in their ability, placing additional responsibilities on other vessels 

to keep clear as they transit, the completion of Ice towing assistance does not 

absolve the Ice Breaker or the vessel being assisted of the need to maintain 

appropriate safe navigation/collision avoidance practices. 

o The two primary methods used during ice towing assistance operations are as 

follows: 

 Visual Observations: OOWs will visually observe the vessel being directly 

assisted, using visual reference points throughout the operation to 

determine range, monitor lateral range and highlight critical points in 

which certain manoeuvres must take place. Such observations will also 

be used to visually determine if a risk of a collision exists with other 

vessels operating within the area based on the other vessels visual 

                                                
92 Rule 7: International Regulations for the Prevention of Collisions at Sea 
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relative movement (Is the vessel drawing left or right as it is observed 

relative to window frames and other bridge fixtures) Similar 

observations will be made in relation to ice. 

o Radar Observations: The OOW uses the VRM function on the 3cm radar to 

highlight critical points in which they must commence manoeuvres/course 

alterations in order to complete ice breaking operations. Radars will also be 

used for generic collision avoidance, determining if a risk of collision exists 

based on CPA (Closest Point of Approach) data displayed on the 3cm radars. This 

data is determined applying ARPA software to AIS radar inputs or manual 

plots93. The completion of Ice towing assistance does not absolve the Ice 

Breaker of the need to maintain appropriate safe navigation/collision avoidance 

practices. 

o When dealing with smaller vessels which may be non AIS compliant94, radar 

detection can be a challenge. As navigational radars are designed to primarily 

detect and acquire contacts on a 2D plain, other surface contacts such as ice can 

significantly reduce the radar’s ability to effectively detect and acquire targets. 

Although OOWs will adjust detection parameters such as tuning, gain, sea 

clutter and rain, these adjustments will not always be effective. In such 

instances, visual detection and determination of risks of collision are critical to 

ensuring safe navigation.  

 Communication Monitoring: 

o External – OOWs are required by law to maintain a constant listening watch on 

emergency broadcast frequencies such as VHF Ch 1695. Additional monitoring is 

maintained on specific regional working channels as the vessel enters/exits 

certain areas. A VHF working channel will be established between the ice 

breaker and cargo vessel, so as to ensure that any communications completed 

during the towing operation are not interrupted by external transmissions from 

other vessels and land earth stations. 

o In practical terms, OOWs are required to maintain a constant aural monitoring 

in the event of a distress being broadcasted or if another vessel/land station 

attempts to contact them.  

o Internal – The bridge team will maintain constant internal radio communication 

with the afterdeck team throughout the operation. 

                                                
93 Automatic Ranging and Plotting Apparatus Software 
94 Vessels > 500 GT, pleasure craft, fishing 
95 SOLAS Convention 
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 Structural Integrity Monitoring: 

o Both OOWs are tasked with visually monitoring components of the outer hull 

for structural integrity while transiting through ice affected areas. The primary 

focus of this monitoring is on areas which are deemed to experience a 

significant proportion of the pressure while breaking ice e.g. the Fo’c’sle and 

Afterdeck. Visual observations and CCTV monitors are used to complete these 

checks.  

 Hours of Darkness: 

o Ice towing assistance operations completed during the hours of darkness 

involve the same task/functions/monitoring. As visual monitoring/detection of 

ice is critical to safe navigation, the vessel will proceed on transit with significant 

levels of illumination covering near to a 360 degree arc. Such level of 

illumination is deemed necessary due to limitations in radar detection, and the 

need to constantly visually appraise ice conditions/characteristics, and 

manoeuvre/adjust accordingly.  

   

 Specific Ownship Track/Navigation Task Outline: 

o A constant visual lookout is maintained, monitoring for potential hazards (ice, 

charted/ uncharted nav hazards, objects with poor radar cross section/return) 

o Course being steered is monitored via gyro compass displays and GPS 

directional inputs into RADARS and ECDIS 

o Ship speed is monitored via displays on 3cm Radars and ECDIS units. Speed data 

can also be monitored via additional overhead displays. 

o Safe navigation track and positional information is monitored via the following 

means: 

 Radar LDL displays which visually represent the vessel’s positions 

relative to predesignated areas in which sufficient navigable water is 

present 

 GPS overlay positional display information on ECDIS units 

 Terrestrial fixing means if available 
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o Close Quarter monitoring is completed via the following means: 

 Radar VRM is set to the desired range of 0.2 nm marking the 

distance/point in which the ice breaker will break away to the west and 

commence ice breaking passing alongside the vessel. 

 Visual observations/monitoring is complete by using following visual 

reference markers: 

 Critical Point 1: Once the stern of the cargo vessel can be 

viewed within the lower quadrant of a bridge window, and 

within the set VRM (0.2nm) on the radar, the OOW will alter 

course to the east. The appropriate angle will be applied using 

the joystick on the helm control panel and will briefly look up to 

the overhead displays to ensure that the appropriate rudder 

angle has been set. The OOW will also visually ensure that the 

bow is turning in the appropriate direction.  

 As the vessel alters course, lateral distances are 

monitored/determined primarily through visual observations, 

and once the OOW is satisfied with the visual range, the vessel’s 

course to a heading which parallels that of the container 

vessel’s track. The OOW completes the manoeuvre by adjusting 

the rudder angle via the helm joystick, while simultaneously 

checking the rudder angles overhead and the vessel’s bow to 

ensure that the ice breaker is turning in the appropriate 

direction at a suitable rate.  

 

 

 

 

 

 

 

 

 

Figure 5.2.1.14 Critical Point 1 – Ice Breaker Tow Scenario 

Critical Point 1 – Range 
to Cargo Vessel 0.2nm: 
Ice Breaker alters 
course to the East 

General Cargo 
Vessel 

Ice Breaker 
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 Critical Point 2: Lateral distances are monitored throughout the 

parallel track by visually observing the cargo vessel’s position 

relative to the lower quadrant of the side bridge window. If the 

OOW visually determines that the lateral distances are 

opening/closing, they will use the joystick helm controls to 

open/close the range as required.  

 

 

 

 

 

 

 

 

 

 

Figure 5.2.1.15 Critical Point 2 – Ice Breaker Tow Scenario 

 Critical Point 3: Once the cargo vessel is visually “abaft a beam” 

of the starboard side bridge windows, the OOW commences the 

turn to starboard, briefly proceeding on a heading which is 45 

degrees to that of the cargo vessel. The appropriate angle will 

be applied using the joystick on the helm control panel and will 

briefly look up to the overhead displays to ensure that the 

appropriate rudder angel has been set. The OOW will also 

visually ensure that the bow is turning in the appropriate 

direction. 
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Figure 5.2.1.16 Critical Point 3 – Ice Breaker Escort Scenario 

 Critical Point 4: The OOW monitors the range to the vessel 

visually using the pre-set VRM of 0.2 nm on the radar, and once 

the VRM comes into contact with the vessel, the OOW alters 

course to port in an effort to be in a position directly ahead of 

the cargo vessel on a near to exact heading. This is completed 

through the following actions: 

o Rudder angle is adjusted via the helm joystick, while 

simultaneously checking the rudder angles overhead 

and the vessel’s bow to ensure that the ice breaker is 

turning in the appropriate direction at a suitable rate.  

o When the heading is approximately 10 – 15 degrees 

from the desired course, the joystick will be used to 

place the helm at amidships, reducing the rate of turn. 

o The OOW uses the joystick to apply counter helm to 

further reduce and stop the rate of turn at the desired 

heading. 

o Throughout this manoeuvre the OOW will be looking 

aft, visually monitoring the position of the cargo vessel 

and adjusting the helm via joystick in order to ensure 

that the Ice Breaker is in a position directly ahead of the 

cargo vessel. 

Critical Point 3 General Cargo 
Vessel 

Ice Breaker 
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o This monitoring is completed via visual observations of 

the position of the cargo vessel relative to that of the 

starboard aft bridge window and funnel. 

o If the cargo vessel drifts out of sight to starboard as the 

OOW looks aft, this alerts the OOW that the ice breaker 

is overshooting the desired position and need to apply 

additional rudder angle to “tighten” the turn. 

o The OOW continues to manoeuvres the ice breaker 

directly ahead of the cargo vessel, until the range is 

increased to 0.5nm 

 

 

 

 

 

 

 

 

 

 

 

Figure 5.2.1.17 Critical Point 4 – Ice Breaker Tow Scenario 

 Critical Point 5: Once a range of 0.5nm is reached, the OOW will 

manoeuvre the Ice Breaker to an all stop using the following 

combination of helm/engine controls: 

o The rudder placed to amidships using the helm joystick. 

o Both fore and aft propellers are set to an all stop using 

the engine controls. 

o The forward propellers are engaged astern, in order to 

slowly reduce headway. 

Critical Point 4 – Range 0.2nm 

General Cargo 
Vessel 

Ice Breaker 

OOW will commence manoeuvring 
to port, in order to ensure that the 
Ice Breaker is dead ahead of the 
cargo vessel 
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o As the vessel’s headway/speed reduces, the aft 

propellers are engaged, applying slight ahead 

propulsion, gradually reducing the rate in which the 

vessel comes to a stop. 

o When nearing all stop, the forward propellers are 

disengaged initially, followed by the aft propellers once 

the vessel’s speed has been reduced to an all stop. 

 

 

 

 

 

 

 

 

 

 

 

Figure 5.2.1.18 Critical Point 5 – Ice Breaker Tow Scenario 

 Critical Point 6: Once the Ice Breaker reaches a range of 0.5nm 

(critical point 5), the OOW will manoeuvre astern to a range of 

0.2nm.  

 While manoeuvring astern, the support officer will contact the 

general cargo vessel via VHF, requesting that they advise when 

they are ready to receive the tow.  

 The support officer also contacts the afterdeck team advising 

them to inform the bridge when they are ready to pass the tow. 

 The support officer advises the OOW that both the cargo vessel 

and afterdeck team are ready to commence the tow, at which 

point the OOW commences manoeuvring astern.  

 The support officer contacts the afterdeck team via internal 

radios to advise that the bridge team are making their 

Critical Point 5 – Range 0.5nm 
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approach, which will be directly followed by a similar 

transmission to the cargo vessel via external VHF. 

 While making the approach, the afterdeck team will regularly 

report the distance between vessels. The OOW uses this 

information to gauge when to reduce speed during the 

manoeuvre.  

 The OOW also visually monitors the approach via the aft bridge 

windows and CCTV screens. 

 The manoeuvre will be completed in the following steps: 

o OOW engages the forward propellers, applying thrust 

which propels the vessel astern. 

o The OOW visually monitors the vessel’s track through 

the stern bridge window on the starboard side. 

o The OOW uses fixed points on the bridge window to 

monitor and determine the relative motion of the cargo 

vessel. 

o If the cargo vessel appears to visually move in a 

direction, which takes it away from the relative 

centreline of the Ice Breaker, the OOW uses the helm to 

apply the appropriate steering corrections needed to 

ensure that the cargo vessel remains directly astern.  

o The OOW applies the necessary steering corrections in 

reverse to how they would be applied to going ahead 

e.g. the helm joystick must be switched to starboard in 

order to ensure that the stern of the vessel turns to port 

as they OOW looks astern. 

o The OOW continuously monitors the audible 

transmission from the afterdeck team, noting the 

distances which are stated in metres. 

o As the distance closes, based on the ranges transmitted 

and the vessel’s visually perceived relative motion, the 

OOW eases back on thrust applied, reducing the speed 

gradually throughout the approach. 
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o The support officer will also audibly state the vessel’s 

speed over the ground which displayed on a DGPS unit 

while manoeuvring astern. The OOW will again ease 

back on the thrust in the event that they perceive the 

speed made good to be excessive.  

o Once the afterdeck of the Ice Breaker reaches the 

desired position (appendix R refers), the OOW sets the 

helm to amidships, engages the stern propellers ahead 

to further reduce the sternway. 

o The OOW applies the appropriate level of thrust in 

order to ensure that the stern remains in place under 

the bow of the cargo vessel without pushing the vessel 

astern. 

o The OOW will visually monitor the position of the 

afterdeck and will apply counter helm or engine thrust, 

should the ice breaker start to turn away from the cargo 

vessel. 

o Once the tow is connected, the Ice Breaker can 

commence making headway, allowing the two to 

proceed. 

 

 

 

 

 

 

 

 

 

 

Figure 5.2.1.19 Critical Point 6 – Ice Breaker Tow Scenario 
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 Critical Point 7: Commencing Ice tow operations - the following 

actions and manoeuvres take place: 

o The afterdeck team contact the bridge via internal radio 

to advise that the tow has been connected and that 

they are ready to commence operations. 

o The bridge team of the cargo vessel will contact the Ice 

Breaker via VHF, confirming that they are connected 

and ready to commence the tow. 

o The support officer advises the OOW, who in turn will 

then direct the support officer to contact the afterdeck 

and cargo vessel advising that the Ice Breaker is about 

to apply forward thrust and commence towing 

operations.  

o Once these transmissions are made, manoeuvres 

commence. 

o The OOW engages the forward propellers applying 

forward thrust, to facilitate ice breaking, while also 

channelling any loose or broken ice directly astern into 

the aft propellers, further ensuring that any 

encountered ice is “broken” in order to ensure safe 

passage for the cargo vessel.   

o OOW gradually applies engine power and increases 

thrust to the stern propellers in order to maintain an 

appropriate towing speed. 

o Once the Ice Breaker commences making headway, 

routine steering can be reverted e.g. turning the helm 

joystick to port will turn the bow to port. 

o The OOW will monitor the vessel’s visual position via 

the aft bridge window in order to ensure that they are 

maintaining an appropriate towing aspect.  

o The OOW will also monitor the CCTV displays, ensuring 

that there is no unnecessary load placed on the towing 

winch, while also monitoring the winch load display on 

the bridge console.  

 



SEDNA D3.5: Codified Arctic Navigation Knowledge Base 

268 

 

 

 

 

 

 

 

 

 

Figure 5.2.1.20 Critical Point 7 – Ice Breaker Tow Scenario 
 

 Critical Point 8 – Conducting the Ice Tow operations commence: 

The following are monitored by the OOW and support officer: 

o Collision avoidance and safe speed/distance: 

 OOW continuously maintains a visual 

awareness of both ahead of the vessel and 

astern, requiring a constant change in visual 

focus 

 The speed of the cargo vessel is monitored by 

reviewing the AIS date displayed on the 3cm 

radar and ECDIS. The OOW is required to look 

away from the windows and use a tracker ball 

on the radar to highlight the target and 

determine the vessel’s speed. 

o Ship Handling considerations: 

 OOW continuously monitors the ship’s speed 

via the overhead displays, ensuring that the 

desired towing speed is not exceeded.  

 If there is an apparent excessive increase in load 

signalled by the afterdeck team or bridge 

display, the OOW will decrease speed. 

 Once underway, the OOW will engage the auto-

pilot function, applying a rudder limit of 10 – 15 

degrees, ensuring that there are no bold 
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changes in heading which may result in the 

towing hawser parting. 

o Towing considerations: 

 OOW regularly communicates with the support 

officer, who relays distance and load 

information from the afterdeck. 

 OOW continuously monitors the CCTV displays, 

ensuring that winch is operational and that the 

tow is not under any unnecessary excessive 

load 

 OOW continuously monitors the winch display 

on the bridge, visually monitoring the load 

forces placed on the winch/hawser.  

 Critical Point 9 – Disengaging Ice Tow: Once the vessels reach 

open water, the following actions are completed in order to 

safely disengage the tow: 

o The OOW instructs the support officer to contact the 

afterdeck team and cargo vessel, advising that both vessels 

are approaching open water and to standby to disengage the 

tow.  

o Once this is acknowledged, the support officer advises the 

OOW that the afterdeck team and cargo vessel are on 

standby to disconnect. 

o The OOW completes the following manoeuvres: 

 OOW eases the forward thrust on the aft propellers, 

thus reducing headway and the load/forces placed 

on the towing hawser. 

 OOW continuously monitors the ship’s speed, 

towing hawser load and relative position of the 

cargo vessel’s bow, manoeuvring as required to 

maintain a position dead ahead of the cargo vessel 

on a similar heading. 

 With the quantity of water passing through the 

rudder at a minimum, engine movements are the 

most responsive means for maintaining position at 

this point. 
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 OOW stops the stern propellers, using the forward 

to propellers stern thrust to manoeuvre the ice 

breaker astern to a position directly underneath the 

bow of the cargo vessel. 

 The OOW continuously monitors the track visually, 

ensuring that the stern proceeds directly to the bow 

of the cargo vessel. 

 The afterdeck team also provide continuous updates 

on range and approach, advising on any directional 

corrections which need to be made. 

 Once underneath the bow, the afterdeck team relay 

this information to bridge, and the OOW eases the 

stern thrust to the point where the engines are 

maintain the ice breaker’s position, but not pushing 

the cargo vessel. 

 The OOW instructs the support officer to contact the 

afterdeck team advising that they are ready to 

disengage the tow.  

 The cargo vessel bridge team contact the ice breaker 

advising when they have disconnected the tow from 

their fixtures, and when it is clear of their vessel and 

free to be winched inboard. 

 The afterdeck team commence winching the hawser 

inboard, advising the bridge team via internal radio 

that they have commenced retracting the hawser. 

 Once the hawser is inboard, they advise the bridge 

which the support officer relays to the OOW. 

 The OOW instructs the support officer to advise the 

afterdeck team and cargo vessel’s bridge team that 

the tow is disengaged and that the ice breaker will 

break away from the cargo vessel. 

 Once acknowledged by the afterdeck team and 

cargo vessel, the OOW sets the helm to amidships, 

and applies forward thrust via the aft propellers. 

 The afterdeck team advise the bridge when the 

afterdeck is passed and clear of the cargo vessel and 

when they are free to manoeuvre. 
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 The OOW will manoeuvre to a position 0.2nm ahead 

of the cargo vessel, at which point towing operations 

have ceased and the cargo vessel can commence 

routine steaming.  
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5.2.7: Ice Mooring Assistance 

scenario data 

Scenario 

 
Main Activity  

 
Context 

 
Actors Involved                    Position on the bridge &   

                                                                                                                                                      
                                                    Directional Focus 

 
 
 
 
 
 
 

Ice Mooring Assistance 

Ice Breaker providing ice mooring assistance to a general cargo ship awaiting a berth in port 

 OOW 

 Support Officer 

 Master – as required for planning and 

support purposes 

 Starboard Conning Positions 

 Multi-directional focus throughout.  

 The Ice breaker was contacted by a general cargo vessel which is awaiting a berth in Lulea having 

transited through the Bay Bothnia 

 The general cargo vessel has arrived in ballast ahead of schedule and must remain the area for the 14 

hours before the berth is available. 

 Ice conditions (closed pack ice) within the Bay, have resulted in the vessel being unable to anchor or 

manoeuvre without experiencing difficulty. 

 They have therefore contacted the ice breaker via VHF and have requested ice breaker assistance to 

provide escort assistance. 

 In the absence of a suitable anchorage or available berth, the ice breaker crew and cargo vessel have 

opted to place the vessel in thick ice at the entrance to Lulea harbour. 
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Functions 

 
Information Needed      Communication Methods  

 
 
 
 
 
 
 
 
 
 
 
 
 

Main Equipment used  
 

 Ownship transit data 

o Course being steered 

o Ownship speed 

o Positional information 

o LDL Data 

 Collision Avoidance data 

o Course and Speed of vessel being assisted 

o Range to vessel being assisted 

 Meteorological/Environmental Data: 

o Wind speed and direction 

o Ice characteristics: Coverage, thickness, set, 

drift  

 Verbal communication between bridge team 

 External communication between ship, VTS and 

other vessels (VHF) 

 X-Band 3cm radar: LDLs, AIS inputs 

 ECDIS: AIS Inputs, GPS data 

 Helm controls (Joy Stick) 

 Engine Controls 

 Overhead displays 

 Radio equipment (External) 

 PC with GIS providing Ice Chart & AIS overlay 

 OOW has overall responsibility of conning, collision avoidance and decision making 

 Support Officer provides information as required 

 Master will proceed to the bridge if additional support is required. 
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Critical Points 

 
What Happens (Outline the various steps & sequences of the tasks) 
Passage Appraisal: 

 IBN Next GIS is referred to in order to determine ice coverage within the planned area. 

 Based on the ice coverage data, depending on the outlined ice thickness, a decision is 

made as to whether or not the vessel can safely transit an area. 

 Sea area forecasts will be referred to determine weather conditions throughout the 

duration of the passage 

 AIS data overlays on IBN Next or ECDIS will be checked to determine traffic density in 

the area of operation 

 Routes are planned and checked on an older non ECDIS compliant electronic chart 

display before being applied to ECDIS compliant unit (Additional planning functionality is 

deemed essential for planning in ice affected areas96) 

 Notice to Mariners may be referred to as a means of determining any temporary or 

permanent changes to aids to navigation and navigational hazards 

 Sailing directions may be referred to where applicable when required to seek out local 

navigation knowledge of a specific area 

                                                
96 Section 4.2.3.1.3 – ECDIS User Functionality 

1. Ice Breaker reaches a position in which the starboard bow of the cargo vessel is at a range of 0.2nm. 

2. Passing in extreme close quarter proximity to the cargo vessel in order to break any closed ice which 

may be present 

3. Cargo vessel is visually abaft the Ice Breaker’s beam, signifying that OOW should commence altering 

course to port in order to commence positioning dead ahead of the cargo vessel 

4. Cargo vessel is at a range of 0.2nm abaft a beam, signifying the need to alter course to port, in order 

to be in a position directly ahead of the cargo vessel 

5. Cargo vessel is at a range of 0.2nm directly astern of the Ice Breaker 

6. Ice Breaker provides push assistance in order to ensure that the cargo vessel reaches the desired 

position 

7. Ice Breaker ceases push and clears the mooring area 
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 Draught restrictions and available navigable waters 

 GMDSS requirements such as reporting a monitoring 

 Route selection and waypoints 

 Weather routing 

Generic Passage Planning: 

 Route will be selected and planned based on the observed ice coverage data from GIS 

satellite imagery overlays 

 Distance in which charted or other features will be passed throughout the passage 

 Safe and appropriate passage speeds are determined based on the following: 

o Ice coverage 

o Meteorological conditions 

o Traffic density 

o Amount of available navigable water 

o Urgency to reach destination and nature of operations 

 Specific sailing direction recommendations will be applied to the passage/route 

 Routes will be cross checked against LDL overlays displayed on 3cm radars 

 Available depth of water of water and tidal information contained in tide tables/atlases 

will be determined/applied 

 Availability of visual and radar fixing opportunities 

 The reliability of ship’s propulsion and steering systems 

 Any specific environmental protection measures 

 The following ECDIS checks are completed: 

o The appropriate ENCs(Electronic Navigation Charts) are available for the 

proposed area 

o Previously executed passage plans for re-checked to ensure that they are still 

safe 

o Large scale ENCs are used initially to provide a route overview, while smaller 

scales are then used for precision navigation checks 

o Any previous non-applicable routes are cleared 
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o Cross track distances are applied and checked for each leg 

o Safety depths and under-keel clearance will be crosschecked against radar LDL 

displays 

o ETA information is calculated and displayed 

o Vessel characteristic information such as draughts and turning radius is cross-

checked 

Operational Planning Considerations: 
 The Master and the bridge team discuss the proposed operation and review the following data 

to determine how best to execute the operation: 

o The manoeuvring characteristics of the vessel being assisted 

o Environmental conditions such as wind speed and direction, ice characteristics 

(thickness, type, movement, presence of ridges)  

o Time of day 

o The experience levels of those being assisted, and has the ice breaker provided 

previous similar assistance. If so, this would generally make the operation more 

“routine”.  

o Sea room/availability of safe navigable waters 

o Traffic density in the area 

o Any potential manoeuvring restrictions that the ice breaker may have 

 
 
Operational Decisions: 

 It was determined that this vessel and crew had been assisted previously, and that the 

general cargo vessel was very manoeuvrable with no machinery or steering restrictions, 

resulting in this operation being deemed to be “routine”. 

 However as this was an older smaller cargo vessel (approximately 90m in length), it was 

anticipated that vessel may lack in the necessary engine power to manoeuvre astern 

into the thicker ice. This would potentially result in the ice breaker being required to 

push the cargo vessel into position.  

 The proposed courses of action are as follows: 
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o The ice breaker to manoeuvre directly ahead of the cargo vessel, and position 

itself at close range should it be required to provide assistance 

o The ice breaker will direct the cargo vessel to proceed astern to a point in which 

it will be suitably secure and moored within the ice 

o In the event of the cargo vessel not having the necessary engine 

power/manoeuvrability to get into position, the ice breaker will provide 

“pushing” assistance 

 The vessel was positioned approximately 4 nm off shore and there was significant 

navigable water available. 

 There was no other moving traffic in the area in close proximity. 

 Wind speed and direction were light airs with excellent visibility conditions. 

 The operation was being completed during night time. 

 The ice breaker had no manoeuvring restrictions. 

Operation Execution Overview: 

 As outlined in figure 5.2.1.21 the ice breaker approaches from the east, and proceeds at 

a speed of approximately 10 knots. 

 The ice breaker sets a course to intercept the vessel being assisted, approaching from 

the vessel’s starboard bow 

 Once the Ice Breaker is at an appropriate range (0.2nm in this case), the ice breaker 

alters course to starboard (to the south west) and passes up alongside the general cargo 

vessel’s bow at a range of approximately 0.2 nm, completing a visual inspection to 

ensure that the vessel being assisted is not obstructed within the ice 

 Once the cargo vessel is abaft abeam, the ice breaker completes an additional alteration 

of course to starboard (to the south), manoeuvring into a position dead ahead of the 

cargo vessel. 

 The ice breaker will continue until it is at a range 0.2nm ahead of the cargo vessel, 

where it then manoeuvres to an all stop. 

 Once in a position to provide assistance if required, the cargo vessel is contacted and 

directed to commence manoeuvring astern. 

 In this instance, the cargo vessel reached a point just before halfway of the desired 

position before becoming beset within the ice. 
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 They therefore requested assistance from the ice breaker in order to get them into 

position.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 5.2.1.21 Ice Breaker Mooring Scenario – Track Overview 

General Ship handling Considerations: 

o Manual helm using joystick control is the primary means of steering used during 

ice breaking escort operations. 

o In the event of the vessel having to complete substantial alterations of 

course/manoeuvring, the OOW will engage the tiller override or use the engine 

controls to provide immediate manoeuvring thrust. 

o Once helm adjustments are applied, the following displays are observed by the 

OOW to ensure that the appropriate directional change will occur: 

 Rudder angle displays 

 Course displays 

 Transverse thrust direction 

 Visual reference points 
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Desired Mooring Position 

Ice Breaker Track 
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o Ship’s speed is maintained using the engine controls and the necessary 

adjustments/settings are applied depending on the desired speed.  

o Ice conditions will determine the necessary adjustments/settings required to 

efficiently and safely manoeuvre within the ice. In this case, a combination of 

forward and aft propellers are engaged throughout the scenario, to assist in the 

“ice breaking” process, and to contribute to speed regulation.  

o The OOW will also monitor factors such as noise, vibration and the vessel’s 

motion to determine if speed adjustments need to be made. For example, if 

there is what is determined to be excessive noise or vibrations as the vessel 

transits through the ice, adjustments will be made such as reducing speed to 

reduce the forces being applied to hull.  

o OOWs will pay particular attention to these considerations when operating in 

areas in which ice ridges are present, as the height of the bridge makes it near 

to impossible to determine the ice dimensions/characteristics.  

 Collision Avoidance: 

o OOWs will continuously monitor traffic and floating objects such as ice and will 

use all available means to determine whether or not a risk of collision exists as 

required by industry standards97. The completion of Ice mooring assistance does 

not absolve the Ice Breaker or the vessel being assisted of the need to maintain 

appropriate safe navigation/collision avoidance practices. 

o The two primary methods used during ice breaking assistance operations are as 

follows: 

 Visual Observations: OOWs will visually observe the vessel being directly 

assisted, using visual reference points throughout the operation to 

determine range, monitor lateral range and highlight critical points in 

which certain manoeuvres must take place. Such observations will also 

be used to visually determine if a risk of a collision exists with other 

vessels operating within the area based on the other vessels visual 

relative movement (Is the vessel drawing left or right as it is observed 

relative to window frames and other bridge fixtures) Similar 

observations will be made in relation to ice. 

o Radar Observations: The OOW uses the VRM function on the 3cm radar to 

highlight critical points in which they must commence manoeuvres/course 

alterations in order to complete ice breaking operations. Radars will also be 

                                                
97 Rule 7: International Regulations for the Prevention of Collisions at Sea 
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used for generic collision avoidance, determining if a risk of collision exists 

based on CPA (Closest Point of Approach) data displayed on the 3cm radars. This 

data is determined applying ARPA software to AIS radar inputs or manual 

plots98. The completion of Ice Breaking assistance does not absolve the Ice 

Breaker of the need to maintain appropriate safe navigation/collision avoidance 

practices. 

o When dealing with smaller vessels which may be non AIS compliant99, radar 

detection can be a challenge. As navigational radars are designed to primarily 

detect and acquire contacts on a 2D plain, other surface contacts such as ice can 

significantly reduce the radar’s ability to effectively detect and acquire targets. 

Although OOWs will adjust detection parameters such as tuning, gain, sea 

clutter and rain, these adjustments will not always be effective. In such 

instances, visual detection and determination of risks of collision are critical to 

ensuring safe navigation.  

 Communication Monitoring: 

o External – OOWs are required by law to maintain a constant listening watch on 

emergency broadcast frequencies such as VHF Ch 16100. Additional monitoring is 

maintained on specific regional working channels as the vessel enters/exits 

certain areas. 

o In practical terms, OOWs are required to maintain a constant aural monitoring 

in the event of a distress being broadcasted or if another vessel/land station 

attempts to contact them.  

 Structural Integrity Monitoring: 

o Both OOWs are tasked with visually monitoring components of the outer hull 

for structural integrity while transiting through ice affected areas. The primary 

focus of this monitoring is on areas which are deemed to experience a 

significant proportion of the pressure while breaking ice e.g. the Fo’c’sle and 

Afterdeck. Visual observations and CCTV monitors are used to complete these 

checks.  

 Hours of Darkness: 

o Ice breaker assistance operations completed during the hours of darkness 

involve the same task/functions/monitoring. As visual monitoring/detection of 

                                                
98 Automatic Ranging and Plotting Apparatus Software 
99 Vessels > 500 GT, pleasure craft, fishing 
100 SOLAS Convention 
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ice is critical to safe navigation, the vessel will proceed on transit with significant 

levels of illumination covering near to a 360 degree arc. Such level of 

illumination is deemed necessary due to limitations in radar detection, and the 

need to constantly visually appraise ice conditions/characteristics, and 

manoeuvre/adjust accordingly.  

    

 Specific Ownship Track/Navigation Task Outline: 

o A constant visual lookout is maintained, monitoring for potential hazards (ice, 

charted/ uncharted nav hazards, objects with poor radar cross section/return) 

o Course being steered is monitored via gyro compass displays and GPS 

directional inputs into RADARS and ECDIS 

o Ship speed is monitored via displays on 3cm Radars and ECDIS units. Speed data 

can also be monitored via additional overhead displays. 

o Safe navigation track and positional information is monitored via the following 

means: 

 Radar LDL displays which visually represent the vessel’s positions 

relative to predesignated areas in which sufficient navigable water is 

present 

 GPS overlay positional display information on ECDIS units 

 Terrestrial fixing means if available 

o Close Quarter monitoring is completed via the following means: 

 Radar VRM is set to the desired range of 0.2 nm marking the 

distance/point in which the ice breaker will break away to the west and 

commence ice breaking passing alongside the vessel. 

 Visual observations/monitoring is complete by using following visual 

reference markers: 

 Critical Point 1: The starboard bow of the cargo vessel can be 

viewed within the lower quadrant of a bridge window, and 

within the set VRM (0.2nm) on the radar, the OOW will alter 

course to port. The appropriate angle will be applied using the 

joystick on the helm control panel and will briefly look up to the 

overhead displays to ensure that the appropriate rudder angel 

has been set. The OOW will also visually ensure that the bow is 

turning in the appropriate direction.  
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 As the vessel alters course, lateral distances are 

monitored/determined primarily through visual observations, 

and once the OOW is satisfied with the visual range, the vessel’s 

course to a heading which parallels that of the container 

vessel’s track. The OOW completes the manoeuvre by adjusting 

the rudder angle via the helm joystick, while simultaneously 

checking the rudder angles overhead and the vessel’s bow to 

ensure that the ice breaker is turning in the appropriate 

direction at a suitable rate.  

 

 

 

 

 

 

 

 

 

 

 

 

Figure 5.2.1.22 Critical Point 1 – Ice Breaker Assistance Mooring Scenario 

 

 Critical Point 2: Lateral distances are monitored throughout the 

parallel track by visually observing the container vessel’s 

position relative to the lower quadrant of the side bridge 

window. If the OOW visually determines that the lateral 

distances are opening/closing, they will use the joystick helm 

controls to open/close the range as required.  
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Figure 5.2.1.23 Critical Point 2 – Ice Breaker Assistance Mooring Scenario 

 Critical Point 3: Once the cargo vessel is visually “abaft a beam” 

of the starboard side bridge windows, the OOW commences the 

turn to port. The appropriate angle will be applied using the 

joystick on the helm control panel. 

 The OOW briefly looks up to the overhead displays to ensure 

that the appropriate rudder angel has been set. The OOW also 

visually ensures that the bow is turning in the appropriate 

direction. 
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Figure 5.2.1.24 Critical Point 3 – Ice Breaker Assistance Mooring Scenario 

 

 Critical Point 4: The OOW monitors the range to the vessel 

visually using the pre-set VRM of 0.2 nm on the radar, and once 

the VRM comes into contact with the vessel, the OOW alters 

course to port in an effort to be in a position directly ahead of 

the cargo vessel on a near to exact heading. This is completed 

through the following actions: 

o Rudder angle is adjusted via the helm joystick, while 

simultaneously checking the rudder angles overhead 

and the vessel’s bow to ensure that the ice breaker is 

turning in the appropriate direction at a suitable rate.  

o When the heading as approximately 10 – 15 degrees 

from the desired course, the joystick will be used to 

place the helm at amidships, reducing the rate of turn. 

o The OOW uses the joystick to apply counter helm to 

further reduce and stop the rate of turn at the desired 

heading. 

o Throughout this manoeuvre the OOW will be looking 

aft, visually monitoring the position of the cargo vessel 

and adjusting the helm via joystick in order to ensure 
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that the Ice Breaker is in a position directly ahead of the 

cargo vessel. 

o This monitoring is completed via visual observations of 

the position of the cargo vessel relative to that of the 

starboard aft bridge window and funnel. 

o If the cargo vessel drifts out of sight to starboard as the 

OOW looks aft, this alerts the OOW that the ice breaker 

is overshooting the desired position and need to apply 

additional rudder angle to “tighten” the turn. 

o The OOW continues to manoeuvres the ice breaker 

directly ahead of the cargo vessel, until the range is 

increased to 0.2nm. 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 5.2.1.25 Critical Point 4 – Ice Breaker Assistance Mooring Scenario 

 Critical Point 5: Once a range of 0.2nm is reached, the OOW will 

maintain the position and complete the following functions:  

o The rudder placed to amidships using the helm joystick. 

o Both fore and aft propellers are set to an all stop using 

the engine controls. 
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o The forward propellers are engaged astern, in order to 

slowly reduce headway, while the aft propellers are 

engaged to maintain position. 

o With both forward and aft propellers engaged and 

applying counter thrust, the ice breaker maintains 

positon at a range of 0.2nm. 

o The OOW monitors the range to vessel and any 

potential lateral movement through visual observations 

of the cargo vessel’s relative motion. If the vessel 

appears to laterally move in one direction, the OOW 

applies the appropriate counter engine thrust to correct 

the directional change. 

o The OOW instructs the support officer to contact the 

cargo vessel via VHF, advising them to commence 

manoeuvring astern into position.  

o The OOW and support officer will monitor the cargo 

vessel’s track/progress using the following: 

 Visual observations 

 Radar movement 

 Track data displayed on the ECDIS from the AIS 

overlay 

 

 

 

 

 

 

 

 

 

 

Figure 5.2.1.26 Critical Point 5 – Ice Breaker Assistance Mooring Scenario 

General Cargo 
Vessel 

Ice Breaker 

Desired Mooring Position 

Critical Point 5 – Range 0.2nm 
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 Critical Point 6: In this instance, just beyond the halfway point 

to the desired position, the cargo vessel contact the Ice Breaker 

advising that they are unable to proceed any further due to the 

ice conditions, and require assistance in order to get into 

position. 

 The following actions and manoeuvres are therefore completed: 

o The support officer acknowledges the transmission and 

relays this information to the OOW. 

o The support officer advises the cargo vessel to stop 

engines and place their helm amidships. 

o Once this is acknowledged, the support officer advises 

the cargo vessel to standby to receive push assistance 

from the ice breaker. 

o Once this is acknowledged by the cargo vessel, the 

manoeuvre is completed as follows: 

 OOW engages the forward propellers, applying 

thrust which propels the vessel astern. 

 The OOW visually monitors the vessel’s track 

through the stern bridge window on the 

starboard side. 

 The OOW uses fixed points on the bridge 

window to monitor and determine the relative 

motion of the cargo vessel. 

 If the cargo vessel appears to visually move in a 

direction, which takes it away from the relative 

centreline of the Ice Breaker, the OOW uses the 

helm to apply the appropriate steering 

corrections needed to ensure that the cargo 

vessel remains directly astern.  

 The OOW applies the necessary steering 

corrections in reverse to how they would be 

applied to going ahead e.g. the helm joystick 

must be switched to starboard in order to 

ensure that the stern of the vessel turns to port 

as they OOW looks astern. 
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 When nearing the cargo vessel’s bow, the OOW 

engages the aft propellers, reducing the amount 

of sternway, but still allowing the ice breaker to 

proceed astern in slower more controlled 

manner. 

 Once the OOW is satisfied with the approach, 

the current speed is maintained until the stern 

comes into contact with the cargo vessels bow. 

 Once in contact, the OOW eases the thrust from 

the aft propellers, which in turn increases the 

sternway and allows the cargo vessel to be 

pushed astern. 

 The OOW continuously monitors the contact 

area between vessels, ensuring that the push is 

applied directly astern (appendix S refers), while 

also ensuring that the cargo vessel proceeds in 

a straight line. In the event of lateral thrust 

being present, the OOW counteracts this with 

the appropriate engine movements. 

 The support officer monitors the track of the 

cargo vessel via an ECDIS, and advises the OOW 

of the distance in which the cargo vessel has to 

be pushed in order to reach the desired 

position. 
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Figure 5.2.1.27 Critical Point 6 – Ice Breaker Assistance Mooring Scenario 

 

 Critical Point 7: Cargo vessel reaches the desired position, 

resulting in the following actions being completed: 

o The support officer advises the OOW that the cargo 

vessel has reached the desired mooring position based 

on ECDIS data. 

o OOW stops the forward propellers, followed by the aft, 

reducing speed and the force of the push. 

o The support officer contacts the cargo vessel via VHF 

and advises them as follows: 

 The cargo vessel is in the desired mooring 

position 

 The ice breaker has ceased pushing the vessel 

 The ice breaker will now move ahead away 

from the cargo vessel 

 Will request that the cargo vessel does not 

manoeuvre as the ice breaker exists the 

mooring position 

General Cargo 
Vessel 

Ice Breaker 

Desired Mooring Position 

Critical Point 6 – Ice 
Breaker Pushes the Cargo 
vessel into Position  

Direction of Travel  
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o Once this has been acknowledged by the cargo officer, 

the support officer relays this to the OOW who 

completes the following manoeuvres: 

 Aft propellers are engaged, applying forward 

thrust, visually monitoring and ensuring that 

the stern clears the bow of the cargo vessel 

 Once clear, forward propellers are engaged, 

also applying forward thrust, to facilitate ice 

breaking, while also channelling any loose or 

broken ice directly astern into the aft 

propellers, further ensuring that any 

encountered ice is “broken”, while also allowing 

the ice breaker to clear the mooring position.   

 Manual steering is used to maintain the desired 

heading/track when clearing the area.  

o Once clear of the mooring area, the OOW sets the stern 

propellers to maintain full ahead and engages the auto-

pilot. 

 

 
 
 
 
 
 
 

 
 
 
 
 
 
 

Figure 5.2.1.28 Critical Point 7 – Ice Breaker Assistance Mooring Scenario 
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6. Codified Arctic Knowledge Summary Findings 

6.1 Polar Navigation 

6.1.1 Polar Weather  

The Polar weather desk study piece discusses a range of weather influences which can affect 

environmental conditions and arctic/ice navigation. There are a number of specific Arctic weather 

considerations which must be considered by mariners/end-users when planning to, and operating 

within the Arctic. Phenomena such as dead water and Arctic Haze, are environmental 

considerations which have the potential to significantly influence a vessel’s ability to operate 

safely within these regions. Meteorological considerations such as Inversions and Katabatic winds, 

which are not necessarily a hazard within the lower latitudes, have the potential to develop 

extreme weather conditions for Mariners operating within these regions.  

Optical phenomena feature extensively throughout this section, highlighting a number of 

potential environmental conditions which can influence a Mariner’s visual perception and spatial 

awareness.  

The “polar weather lore” piece presents a consolidated effort of mariner/end-user 

recommendations for vessels operating within Polar Regions.  

6.1.2 Polar Navigation  

The Polar navigation desk study, provides a review of literature, which consolidates and presents 

practical ice navigation practices, recommendations, and guidelines from training publications, 

industry recommendations and regulatory requirements. Such “consolidation” will inform 

additional SEDNA programme efforts, while also providing a consolidated source of knowledge 

for end-users operating within these regions.   

6.1.2.1 Preparations  

The desk study outlined recommended guidelines for specific preparations for vessels entering 

ice such ensuring that a vessel is adequately equipped for such a transit in terms of deck 

equipment, aids to navigation, search lights, bridge resource management, and various other 

bridge fixtures. The on-site interviews highlighted the importance of similar preparations, citing a 
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lack of preparedness as one of the key factors influencing the safe transit of a vessel within 

Arctic/Ice affected regions. 

6.1.2.2 Aids to Navigation 

Electronic Aids: The desk study presents a number of factors in relation to electronic aids to 

navigation, focusing on practical user recommendations and potential limitations of equipment 

such as navigation radars, compasses, GNSS, and echo sounders. The literature highlighted a 

number of limitations associated with this equipment such as ice affecting radar display and 

detectability, compasses and GNSS being ineffective at higher latitudes, and echo sounders being 

limited as a result of ice impact. The on-site interviews highlighted similar findings, reinforcing the 

need for effective radar setup, while also suggesting that despite improvements in technology, 

that compasses and GNSS are still affected by the inaccuracies of higher latitudes. In relation to 

radar limitations, one method observed to address this during the field trip was that of the use of 

LDLs D appendix refers. Such methods provide end-users with a quick and easily recognisable 

sectors of safe and dangerous waters, assisting the Ice Breaker OOWs in making more effective 

decisions when navigating. In terms of compass shortcomings, a recommendation was made in 

relation to the use of satellite compasses, however the proposed significant cost associated with 

installation may limit feasibility. 

Charts and Fixed Points: The use of charts, fixed points and floating navigational aids, outlined a 

number of Polar/Arctic/Ice specific considerations for vessels operating within these areas. 

Examples include inaccurate survey efforts, difficulties when identifying fixed points and floating 

navigational aids due to ice and snow cover. The numerous optical phenomena highlighted within 

the Polar Weather section, could further contribute to mariners misidentifying points and 

becoming disorientated within these regions. These challenges were highlighted during the on-

site interviews, with Ice Breaker deck officers highlighting the critical need for mariners to be 

familiar and experienced when operating within these areas, as it is very easy to become 

disorientated in ice covered regions. These challenges were further reinforced during the field 

study, with numerous cargo vessels requiring ice escorts, in order to provide safe passage to open 

water. 
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6.1.2.3 Bridge Watch-keeping Scenarios 

Bridge watch-keeping scenarios are outlined in the form of anchoring and receiving ice breaker 

assistance, providing a consolidation of practical guidelines and practices which can be employed 

in these instances. In relation to anchoring, the industry approved publications advise against such 

operations due to the numerous cited potential hazards of anchoring in ice affected waters. The 

on-site interviews highlighted similar findings, with the ice breaker deck officers suggesting that 

they will never advise a vessel to anchor or proceed to anchor themselves. This was further 

reinforced during the field trip, as a merchant vessel which arrived on scene prior to a berth 

becoming available, was instructed to remain “moored” in the ice overnight until a berth became 

available.  

6.1.2.4 Human Factors 

Human Factor considerations are presented within the review, briefly outlining environmental 

factors which may influence an end-user’s performance when operating within these regions, 

while also presenting some of the practical and legislative safeguards put in place in an effort to 

address polar/ice specific influences. The on-site interviews provided practical experience within 

this context, highlighting the importance of being equipped with the appropriate protective 

equipment, in personal, equipment, and ship terms. It was further suggested that there is an 

apparent lack of experience within vessels operating within these regions, with the Ice Breaker 

crew witnessing varying extremes in this context. It was suggested that certain vessels arrive on 

scene “over-equipped”, with crewmembers donning equipment which would be suitable for 

survival as opposed to day-to-day operations, impeding their ability to perform basic tasks. On 

the other extreme, they have witnessed vessels arriving on scene with little or no personal 

protective equipment, with crew members also struggling within this context. 

The interviews also highlighted bridge resource management considerations, as it was suggested 

that the standard manning levels for vessels operating within Ice affected/Polar Regions, were 

not conducive for consistent safe navigation. The additional overload placed on OOWs operating 

within these regions, suggests that an OOW requires regular support in attempting to make 

effective decisions in relation to navigation and safety. In addressing these factors, from a 

regulatory perspective, the interview findings would suggested that the Polar Code although a 
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step in the right direction in terms of providing some regulatory guidance/framework, is still 

extremely broad, and not specific enough for effective end-user application. 

6.1.3 Polar Ship handling  

The Polar Ship Handling desk study, presents a number of practical industry considerations and 

guidelines for vessels operating within these areas. Initially, design factors are outlined, 

presenting how construction characters such as a vessel’s length, beam, propeller type and 

various others, can influence how a vessel “handles” when operating in Polar Regions. Examples 

of such manoeuvring characteristics and constraints were observed during the field trip 

observations. The ice breaker assisted a number of vessels beset in ice, which were unable to 

manoeuvre freely without assistance as their design characteristics were developed for the 

purpose of coastal passages and ocean voyages, and not for the purpose of transiting thick ice.  

6.1.3.1 Polar Ship handling – Entering Ice 

The generic manoeuvring section, presents a number of practical considerations for vessels 

required to enter the ice, with a particular emphasis on areas of extreme thickness such as ridges 

and other pressure zones. These considerations were further highlighted during the interviews 

and field study, with the Ice Breaker Deck Officers continuously mentioning the importance of 

avoiding ridges when entering ice. 

6.1.3.2 Polar Ship handling – A vessel beset in ice 

The industry publications provide guidelines for the actions to be completed in the event of a 

vessel becoming beset within ice, highlighting the need to apply engine power in order to attempt 

to break up the ice and minimise further ice accumulation. This was further reinforced during the 

field study observations, as vessels which were receiving assistance in this context, were 

consistently advised to maintain engine power.  

6.1.3.3 Polar Ship handling – Operating in convoy 

The desk study review provides industry practical guidelines in relation to operating in convoy, 

with a particular emphasis on recommended speeds, formations and manoeuvring 

intervals/distances. The on-site interviews and field trip observations, cited similar 
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recommendations, with the Ice Breaker deck officers making use of column formations, while also 

placing the slowest least manoeuvrable vessel astern of the ice breaker in order to ensure that 

the convoy can only proceed as fast as the slowest vessel, thus ensuring all vessels are safely 

escorted. In discussing the “human” element, the Ice Breaker crew did cite a number of observed 

short comings in relation to this scenario. Firstly, it was suggested that merchant navy vessels 

often find it difficult to manoeuvre in such close quarter scenarios, as OOWs are from a very early 

stage trained to avoid close quarters with other vessels. It was also suggested that vessels are 

generally ill-equipped both in terms of equipment and human resources, placing significant 

overload on OOWs operating within these scenarios. 

6.1.3.4 Polar Ship handling – Breaking a vessel free from the ice and towing assistance 

The desk review of freeing vessels beset in the ice, and providing towing assistance, provided an 

overview of industry recommendations for the safe completion of the scenarios, which were 

observed to be near to identical in form during the field trip operations.  

6.2 Safe Arctic Bridge Design Summary and Possibilities 

 The overarching primary point highlighted during the desk study, interviews and field trip, 

was the need for significant illumination capabilities and “un-restricted” views from a 360 

degree perspective. 

 Ice thickness determination is completed using traditional means on board the Atle such 

as visual observations and ice thickness poles. 

 The following operational scenarios were outlined on board the Atle: 

 Mooring operations – entering and exiting ports. 

 Anchoring operations. 

 Pilotage operations – transiting in harbours or pilotage areas in close proximity to 

potential dangers. 

 Coastal navigation – transiting in coastal water areas with reduced proximity to 

potential dangers. 
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 Sea/Ocean passages – transiting in open waters in which there is minimum risk of 

passing in close proximity to potential dangers. 

 General ice breaking operations – transiting ice affected areas with objective of 

providing “ice free” routes for vessels. 

 Ice escort operations – transiting ice affected, escorting/leading a convoy of 

merchant vessels. 

 Ice towing operations – transiting ice affected areas, while providing a towing 

service for merchant vessels facing difficulties navigating in these areas. 

 Helicopter operations – Operating with a helicopter while underway 

 The potential contributions that technology such as thermal imaging could make, a 

consideration which did not feature within industry publications, were cited during 

interviews on both vessels. 

 The use of older chart display systems, which pre-date IMO compliant ECDIS units, due to 

a perceived level of limited applications and user-interfaces available on contemporary 

ECDIS compliant systems, highlights a significant design consideration. 

 Both vessels suggested that the current level of navigational aid integration and 

equipment placement in close proximity to conning controls works well. 

 Design shortcomings in relation to visibility on board Merchant Navy vessels were 

highlighted, particularly in the context of effective navigation/ship handling within an 

Arctic environment. One shortfall of particular relevance is a proposed restriction when 

looking aft, an issue of significant importance when operating in convoy.  

 It was proposed that AR goggle technology could provide critical information for close 

proximity manoeuvre such as AIS data from other vessels, navigation data and collision 

avoidance information. 
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6.2.1 Potential AR Applications 

The below are some of the potential AR applications in the context of Safe Arctic Bridge Design 

and navigation. These possibilities were determined during the secondary and primary research 

efforts, and also through informal discussions with industry and design experts: 

 Operating in Convoy: It was suggested that AR goggle technology could provide critical 

information for close proximity manoeuvres such as AIS data from other vessels, 

navigation data and collision avoidance information. 

 Additionally, such applications are relevant within all close quarter contexts (towing, 

general escorts, assisting vessels beset in ice), with numerous display options being 

proposed such as displaying AIS data, collision avoidance information, or making use of 

sectoral/”traffic light” type formats to signify safe or dangerous developments. 

 An option to overlay projected track information similar to that displayed on an ECDIS 

during passage planning was briefly discussed and deemed potentially useful in the 

context of avoiding ice concentrations. 

 The use of LDL methods to overlay sectors of safe and hazardous waters on to radars, is a 

concept which could be potentially applied to AR technology, as such data could 

potentially be displayed on AR goggles. 

 Although not discussed during the primary or secondary research efforts, the concept of 

virtual buoys is a potential application, particularly within the Arctic context. As outlined 

within the desk study, floating aids can be impaired due to ice or snow coverage. The use 

of virtual buoys could potentially alleviate this shortcoming. 

 Although not discussed during the primary research efforts, the desk study cited a number 

of short comings in the use of celestial navigation practices at higher latitudes. Such 

shortcomings included difficulties when measuring sextant altitudes and difficulties in 

identifying the horizon due to the weather anomalies highlighted within the Polar Weather 

section. The potential application in AR technology, particularly in the context of horizon 

identification, could add significant value if completing celestial navigation practices. 
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 In terms of training opportunties, it was suggest that AR technology could add value in the 

context of training, particularly for vessels and crews who have no experience of navigating 

in ice affected regions. 

6.2.2 Customised Design Solutions 
The following customized bridge solutions were observed: 

o Suspended VHF Handsets 

o The use of aft facing CCTV equipment to monitor towing operations 

o The use of a “rearview” mirror, allowing an OOW to briefly look astern while facing forward  

6.3 Ice Forecasting Requirement Summary 

 It was suggested that long range (3 months ahead) could add value in terms of route planning in 

relation to Merchant Navy vessels proceeding to Ice affected regions. 

 The ability to determine or quantify Ice thickness up to 7 days, would add significant value in terms 

of operational and route planning. 

 The Atle is currently availing of Ice forecasting/thickness data via a GIS named IBNNext. The system 

is a joint venture between the Swedish and Finnish Ice Breaking efforts, and provides Ice Breakers 

within the Northern Baltic with Ice forecasting and shipping data on a consolidated display/system. 

6.4 Safe Arctic End Voyage Optimisation Systems Summary 

6.4.1 Ice Conditions 

 The Nordica suggested that a combination of traditional ice charts and satellite imagery 

are commonly used, while the Atle suggested a greater emphasis on satellite imagery.  

 Ice forecasts are provided by the FMI, with predicted conditions available for up to 54 

hours in advance. 

 Swedish and Finnish Ice Breakers have access to satellite imagery of the Baltic Sea which 

is not available open source to commercial shipping. It was however suggested that if such 

data were to be made available to Merchant vessels, that extensive training/experience 

would be required in order to accurately interpret the images. It was further suggested 
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that making such imagery available for Northern Arctic regions would be challenging due 

to reduced satellite coverage in the higher latitudes. 

 With regards end-user requirements in terms of accuracy and frequency, it was suggested 

that this would depend on the region, and financial resources available to the end-user. 

Such data may be of significant value within the latitudes further north, due to the harsher 

and unpredictable conditions experienced within those regions.  

 Multi-year forecasts were deemed to be non-applicable to Swedish Ice Breakers. The 

Nordica did suggest that Ice Breakers will avoid areas with multi-year ice due to the 

potential difficulties caused by such conditions when attempting navigate affected areas. 

 Both vessels use voyage data recorder technology to monitor speed, GPS positions, fuel 

usage, and propeller rpm. Such recordings are recorder for the purpose of VDR 

requirements as opposed to being used to monitor this data locally on board.  

 Both vessels highlighted that ice-induced resistance is not monitored or measured on 

board. It was however highlighted that any Swedish vessels proceeding to higher polar 

latitudes will makes use of such sensors. It was also suggested that such equipment would 

not be “standard” on board merchant vessels. 

 It was also suggested that the Polar Code although a step in the right direction in terms of 

providing some regulatory guidance/framework, was still extremely broad, what not 

specific enough for effective end-user application. 
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7. Conclusions 

This report presents the expert arctic knowledge acquisition and codification piece, by providing 

an extensive consolidation of Polar/Arctic/Ice Navigation and Safe Arctic Bridge Design 

Considerations. As outlined within the SEDNA GA, the need to develop an Arctic Bridge which is 

“human-centred” in concept, is key to ensuring that any vessel operating within Arctic can do so 

both safely and efficiently, a consideration cited by numerous industry experts such as Lloyds 

Register which has been discussed in-text. The potential use of AR and other technology and 

design innovations, has the potential to do add significant value within this context, and this 

report provides a consolidations of expert knowledge which can be used to inform the Arctic 

bridge design processes, Safe Arctic Navigation, the SEDNA consortium as a whole, and in deed 

end-users/mariners proceeding to ice affected areas. 

7.1 Safe Arctic Bridge Design 

The design process has been addressed in a number of ways. Firstly, the contemporary arctic 

knowledge section provides the design team with an overview of contextual, environmental, and 

industry validated navigation best practices for Polar Regions. The interview questionnaires 

presents knowledge/findings which directly address knowledge gaps identified by the bridge 

design team, while also paving the way with additional potential design and technology 

considerations. Finally, the Ice Breaker Scenarios developed, present the tasks and processes 

associated with completing such operations, using analysis methodologies which were designed 

specifically for bridge design, and “bridging the gap” between “end-user” knowledge and design 

professionals. The development of such scenarios developed on field trip efforts, present 

operational “real-world” information which can contribute to the development of a “human-

centred” Safe Arctic Bridge. 

7.2 Safe Arctic Navigation 

This report addresses and informs safe arctic navigation in a number of different ways. Firstly, the 

interview findings based on questionnaires which were developed with partner inputs, inform 

additional task elements such as Arctic Weather and Sea Ice Forecasting and the development of 

Safe Arctic Voyage Optimisation Systems. The desk study also informs these efforts, as the 

consolidated knowledge presented provides an extensive overview of Polar/Arctic/Ice Navigation 
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knowledge, which provides additional contextual and industry specific depth which should be 

considered when completing any efforts in relation to Safe Arctic Navigation. Finally, the Ice 

Breaker scenarios provide additional depth, highlighting the knowledge/data used in the context 

of Weather and Sea Ice Forecasting and Safe Arctic Voyage planning when vessels operate within 

Ice affected areas. 

Beyond the SEDNA scope, the desk study provides a broad and in-depth consolidated effort of 

Polar/Arctic/Ice navigation information. The review and codification of this knowledge, presents 

information from a number of reputable and validated industry publications, training 

recommendations, regulatory frameworks and industry best practice sources. Traditionally, the 

reviewing of such an extensive range of navigation considerations, would involve sourcing 

information from a vast array of publications. This review therefore presents a consolidated bank 

of knowledge which can not only inform the SEDNA programme, but potentially the industry as a 

whole.  
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8. Appendices  
 

8.1 Appendix A: On-Site Interview Field research focus 

2.1 - T2.3 Safe arctic bridge (AHO)  

2.1.1 Arctic physical workplace design (Ergonomics) 

 Any information on comfort. We envision that navigating in ice filled waters offer special 

challenges related to fatigue that may lead to higher emphasis on designing for comfort. 

(air quality, temperature, seating comfort and change of working posture).  

 When moving through ice or crashing with ice, does this lead to vibrations, shock or even 

violent motion for the crew? 

 Are there sounds from breaking ice that need dampening or do they need to hear the 

environment outside?  

 Specific “Line of sight” or general end user/operator viewing/vision requirements:  

o Are there any specific areas that should provide an unobstructed field of 

vision. (or things they want to see but cannot?)  

o Research suggests that there has been a lot of accidents/collisions as a result 

of crane/deck equipment obstructing a Deck Officer’s field of view, does this 

need to be considered? 

 It is suggested that ice breakers use physical installations to pinpoint change in heading or 

measuring ice -thickness on the side of the boat. What are the physical tools used and 

how are they implemented?  

 2.1.2 Arctic operations scenarios 

 Please list typical operations in arctic including details on what types of digital and 

analogue tools are used throughout & how they are used.  

 We are interested in operational scenarios such as:  

o Rescue,  

o MOB,  

o Aft bridge operations such as crane use as well as navigation and 

manoeuvring.  
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 Please include data of the same operations on various conditions such as night time, bad 

weather etc.  

2.1.3 Information analysis 

 Please list all specific information operators need and the equipment they use to get the 

information from the systems in the arctic operations.  

 The needs need to be sorted after frequency and importance and whether it needs to be 

persistently available. Information needs could include what they need to see outside or 

on the ship.  

2.1.4 Task analysis 

 Please outline the various tasks completed when conducting navigation & Arctic 

operations. 

 Consider, why do you approach the task in the manner in which you do, & what forms the 

basis of your decisions. 

2.1.5 Equipment analysis 

 Please list of the equipment used and how it is practically applied.  

 Particularly equipment of importance related to arctic navigation and operation such as 

ice radars and weather forecast.  

 2.1.6 User wants and needs 

 In relation to the current use of the ships bridge: 

o What works well,  

o What does not work,  

o What would you like to see for future systems?   

2.1.7 Communication 

 Provide an overview of communication in the widest sense.  

 What is required to communicate and how is it currently performed? (To transfer images, 

text, voice etc.) 

 Consider communication needs internally, externally e.g. other vessels, land stations, 

satellite, automated communication systems etc.  

2.1.8 Training while on ship 
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 Are there any knowledge needs the crew have while on ship?  

 The AR system can in essence offer on ship training and courses in various formats. Does 

that fill a need?    

2.1.9 Custom solutions 

 Have the crew adopted any special systems, processes or solutions to improve their ability 

in order to operate in arctic waters.   

2.2 - ST 3.1.1 Arctc END USER Requirements – Ice FORECASTING requirements (MET) 

The primary purpose of this section is to determine end-user requirements in relation to 7 day 

sea ice thickness & 3 month ahead sea ice extent, addressing the following areas: 

 Are these types of products currently used or needed to support and plan your 

operations? 

 What are your requirements to enable using or optimizing these products (spatial 

resolution, forecast lead time, parameters, validation …)? 

 Which type of format would you need to integrate these products within your data 

management systems and decision-making processes? 

 What are your main regions or route of interest? 

2.3 – T3.2 safe arctic voyage optimisation systems 
This research sets out to develop a routing system that considers a ship’s operation safety, ice 

condition avoidance, expected time of arrival, structural integrity & severe motion responses in 

harsh environments. 

The SEDNA Voyage Planning Tool (VPT) must incorporate two factors into the existing “routing 

tools”: 1) hull/propeller integrity under ice loads; 2) ice-induced resistance.  

Our concerns can be put into two major categories:  

2.3.1 Ice conditions:  

 What are sources of encountered ice conditions: the ice forecasts, digital or traditional ice 

chart, onboard measurement using e.g. ice radar and/or visual observation, etc.? 

 For ice forecasts, how many days in advance are the forecasts available and how often are 

the forecasts updated?  

 If the ice data from satellite is the case, how accurate (solution) and how often (updating 

frequency) can be available for ashore stations?  
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 By what means an icebreaker receives data from ashore stations?  

 How the e-navigation tools such as AIS and satellite communications are utilized in Swedish 

icebreakers? Will they also useful for Arctic routes? How to get access to high-latitude 

satellite data? 

 How to measure the thickness of the encountered broken ice (ice floe)? 

 How to forecast/detect multi-year ice?  

 How good is ice-radar in detecting ice conditions like “ice thickness”, “ice concentration” 

and “ice drift”, in addition to finding icebergs? 

 Is it possible to combine “onboard observation” and “ice forecast” to predict local ice 

conditions? For instance, when an ice channel is just opened by an icebreaker, is it possible 

to predict how long time the channel will be kept from freezing using onboard measured 

data in together with weather forecasting? 

2.3.2 Ice loads & ship performance: 

 Which of the following ship performance parameters are monitored onboard icebreakers: 

ship speed, GPS positions, fuel log, engine output, and propeller rpm?  

 Are strain and vibration sensors installed in hull of any Swedish icebreakers? 

 How to monitor the ice-induced resistance? How to evaluate the risk of “getting stuck in 

ice”? 

 Are any commercial hull monitoring systems “standard equipment” for icebreakers? 

 Did you record encountered ice-conditions (and maybe ship performance) for previous 

winter operations  

 If available in the market, which kind of “ice navigation system” will be preferable tools for 

icebreakers?  

 What kinds of “navigation tools” do you recommend for a commercial vessel operating in 

ice-covered waters without assistance of icebreakers? 

2.4 - T3.3 Safe arctic navigation (NMCI) 

Investigate current end-user practices & considerations under the following headings: 

2.4.1 Bridge Resource Management: 

 Determine BRM routines during Arctic Navigation/Operations. 
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 Composition of the bridge team 

 Duties & responsibilities of bridge team members 

 Induction training for new members 

 Record keeping 

 Hours of rest 

 Drugs & alcohol policy 

2.4.2 Training & Development: 

 Level of training & certificate of competencies held by all bridge watchkeeping personnel? 

 What specific ice navigation training have bridge watchkeepers completed? 

2.4.3 Operating procedures: 

 A review of bridge operating procedures for conducting ice navigation/operations. 

 A review of emergency procedures specific to ice navigation/operations. 

 Discuss their relevance & suitability with the bridge team.  

 Are there regulatory gaps in which the procedures have been required to address? 

2.4.4 Navigation Aids: 

 Discuss the suitability of current navigation aids to successfully & safely navigate within 

Arctic regions. 

 Investigate the accuracy of current navigation publications such as navigation charts & 

sailing directions.  

 Some of our preliminary discussions with experienced Arctic & Antarctic navigators has 

highlighted some significant gaps in terms of accuracy. This was also highlighted during 

the advisory board meeting by Cpt Lambert.  

 Similar shortfalls have been suggested with regards MET data & some of this has been 

highlighted/addressed with the questions outlined in ST 3.1.1. 

2.4.5 Passage Planning: 

 Discuss the passage planning process & determine any Arctic/Ice Navigation during the 

appraisal, planning, execution & monitoring process. 

 Discuss passage planning & determine any Arctic/Ice Navigation specific factors within the 

following contexts: 
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o Passage planning in pilotage waters 

o Passage planning in coastal waters 

o Passage planning in ocean waters 

o Passage planning using ECDIS 

 Discuss Arctic/Ice Navigation specific considerations for passage plan briefing. 

 Discuss Arctic/Ice Navigation specific considerations for planning anchorages & mooring 

operations. 

2.4.6 Regulatory Considerations: 

 Broadly discuss current regulatory environment & outline any shortcomings/gaps. 
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8.2 Appendix B: On-Site Interview - Additional Research Notes 

T2.3 Safe arctic bridge (AHO) 

Information affecting requirement for arctic physical workplace design  

Any information on comfort. We envision that navigating in ice filled waters offer special 

challenges related to fatigue that may lead to higher emphasis on designing for comfort. (air 

quality, temperature, seating comfort and change of working posture).  

 Any information related to shock and motion.  (For instance when moving through ice or 

crashing with ice.) Do ice breakers lead to vibrations, shock or even violent motion for the crew? 

Sound environment. Are there sounds from breaking ice that need dampening or do they need 

to hear the environment outside?  

Specific “Line of sight” or general end user/operator viewing/vision requirements.. For example 

any specific areas that should provide an unobstructed field of vision. (or things they want to 

see but cannot?) you know there have been a lot of accidents/collisions as a result of 

crane/deck equipment obstructing a Deck Officer’s field of view, so this obviously something 

that needs to be considered. 

We know they use physical installations to pinpoint change in heading or measuring ice 

thickness on the side of the boat. What are the physical tools they use and how do they use 

them?  

 Arctic operations scenarios 

We want lists of typical operations in arctic including details on what types of digital and 

analogue tools they use and how they use them. We are interested in operational scenarios 

such as rescue, MOB, and aft bridge operations such as crane use as well as navigation and 

manoeuvring.  

The layered scenario mapping papers details typical data we are interested in. Remember to 

collect data of the same operations on various conditions such as night time, bad weather etc.  

 A good scenario would allow us to both design a new system and test it.  

The scenarios reuse information from a series of other analysis such as task analysis, 

information analysis etc.  
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 Information analysis 

We need lists of all specific information operators need and the equipment they use to get the 

information from the systems in the arctic operations. The needs need to be sorted after 

frequency and importance and whether it needs to be persistently available. Information needs 

could include what they need to see outside or on the ship.  

Task analysis 

We need detailed task analysis (such as ACTA) as part of the scenarios especially connected to 

ice navigation and manoeuvring.  The tasks should cover what they do in terms of physical 

activities as well as reasoning as part of navigation. Task that can inform us on how to use 

weather services and navigational tools are especially important. As well as tasks that might be 

relevant in terms of augmented realty support.  

 Since we are working on future systems there is useful to make sure to inquire why they do 

things the way they do. It might be that current tools are suboptimal. Rationales for current 

approaches to ensure that we are basing our research/design considerations on appropriate 

end-user procedures/methods. Try to get understand their strategies for decision making.  

 Equipment analysis 

We need a list of the equipment they use and how they use it. Especially equipment of 

importance related to arctic navigation and operation such as ice radars and weather forecast.  

 User wants and needs 

Inquire users about their current use of the ships bridge. What works well, what do not work, 

what they want for future systems?   

Communication 

Communication needs internally, externally e.g. other vessels, land stations, satellite, 

automated communication systems etc. Here we need an overview of communication in the 

widest sense. What do they need to communicate and how do they do it today? To the transfer 

images, text, voice etc.  

 Training while on ship 

Are there any knowledge needs the crew have while on ship? The AR system can in essence 

offer on ship training and courses in various formats. Does that fill a need?    
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 Custom solutions 

Documentation of any special systems, processes or solutions the crew have facilitated 

themselves in order to operate in arctic waters. 
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8.3 Appendix C: Sample Request for Participation 
distributed to the Master of the vessel 
 
Request for participation in the research project SEDNA - the safe arctic bridge 
 
Background and purpose 
SEDNA (“Safe maritime operations under extreme conditions: the Arctic case”) is a research 
project that is developing an innovative and integrated risk-based approach to safe Arctic 
navigation, ship design and operation. The purpose of the field study is 1) to gather insight into 
the activities taking place on the bridge during operations and navigation in ice, and 2) investigate 
the conditions for the development of Augmented Reality (AR) systems for navigation and 
operation in arctic waters.  
 
The aim of the study is to: 

 Get insight into the activities that take place on the ship's bridge 

 Gather photos and video as documentation 

 Explore and teste future opportunities for navigation and operation with Augmented 
Reality as a technological platform 

 
What does it mean to participate in the study? 
We wish to talk to the crew and observe the bridge and the activities taking place there, and 
document the information in writing, videos and pictures. The data will be used to design new 
solutions, and for writing academic articles on how to design bridges for navigation and operation 
in arctic waters.  
 
The field study will result in a field report describing the findings from the field study. You can get 
a copy of the report if you wish. We will not publish material from the study without your consent. 
All data from the ship and the crew will be anonymized – it should not be possible to identify 
individual persons by looking at the images, videos or written text. We will adapt to any other 
requirements you have for collecting and publishing data. 
 
What happens to the data? 
All personal information will be treated confidentially. All personal information will be 
anonymized by 14.09.2018. Data will be stored on a password-protected server, and only 
participants in the project group will have access. Participants will not be recognized when used 
in any publication. The SEDNA project is scheduled to end in June 2020. 
 
Voluntary participation 
It is voluntary to participate in the study and you can at any time withdraw your consent without 
giving any reason. If you withdraw, all information about you can be deleted on your request. If 
you have questions regarding the study, please contact: 
 

 Robert Lynch, researcher and project manager from the Halpin Centre for Research & 
Innovation, Ireland. Phone: +353 0214335615 
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 Jon Olav Eikenes, researcher and designer from the Oslo School of Architecture and 
Design (AHO), Norway. Phone: +47 40211244 

 Kjetil Nordby, researcher and project manager from AHO. Phone: +47 99001028 
 
The study has been reported to Personvernombudet for forskning, NSD - Norsk senter for 
forskningsdata AS. 
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8.4 Appendix D: Limiting Danger Line Radar Overlay 

 

 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Broken Lines depict LDL sectors, visually representing areas of safe/dangerous waters 
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8.5 Appendix E: OOW Overhead Displays and GPS Track/Speed 

Data  
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8.5 Appendix E: OOW Overhead Displays and GPS Track/Speed 

Data  
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8.6 Appendix F: ECDIS unit with GPS Track Overlay 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



SEDNA D3.5: Codified Arctic Navigation Knowledge Base 

317 

 

8.7 Appendix G: Manoeuvring to avoid a vessel while 
exiting port 
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8.8 Appendix H: Monitoring a vessel’s track with transits 
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8.9 Appendix I: Container Vessel Beset in Ice 
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8.10 Appendix J: Clearing the Vessel’s Stern (Beset in 
ice Scenario) 
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8.11 Appendix K: Night Escort Operations 
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8.12 Appendix L: Night Escort Operations Forward 
Perspective 
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8.13 Appendix M: Night Escort Operations – Making the 
Approach 
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8.14 Appendix N: Convoy Scenario – Approaching Lead 
Vessel 
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8.15 Appendix O: Convoy Scenario – Passing Lead 
Vessel at Close Range 
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8.16 Appendix P: Convoy Scenario – Convoy Vessels 
manoeuvre to get into position 
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8.17 Appendix Q: Towing Scenario – Towing Hawser 
ready to be deployed 
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8.18 Appendix R: Towing Scenario – Ice Breaker 
Proceeding Astern to connect tow 
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8.19 Appendix S: Ice Mooring Scenario – Pushing the 
Cargo vessel into position 
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