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Executive summary

The overarching objective of the SEDprogramme is talevelop an innovative and integrated risk

based approach to safe Arctic navigation, ship design and operation, to enable European maritime
AyiSNBada G2 O2yTARSyGteée FdAfte SYONF OS e ! NOGA
safeguarding its natural environment. In relation to safe Arctic Navigation and ship design, one of the
primary proposed outputs of the SEDNA programiaehe design and development of a Safe Arctic

Bridge concept, with a purpose of completingi&manO S y (iifddvadén 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:

9 Arctic Voyage Optimagion Systems,
1 Accurate and dynamic Arctic weather and sea ice forecasting products,

1 Comprehensive Arctic Navigation assistance.

D35¢da/ 2RAFASR ! NOGAO Yy 2oatfibSteésIdSachieVing these dbjfe@iwes, byl a S ¢
addressing a number of Safrctic Navigation considerations which apecific to Task 3.8G { I ¥ S

I NODGAO bl @A 3 )whik alsb linkidganiwihieffoytscnépleted elsewhere throughout the
programme. This rep® sets out, in eneuser terms, where those endsers are Matime
Professionalskey considerations in relation to ensuring that vessels can safely navigate and operate
within Polar/Arctic/lce affected regions. By providing a consolidation of findings, methods, best
practices and guidelines from industry validatedowledge sources, the SEDNA programme and
indeed endusers 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 achievkd; 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, ahbutlinesd NB | f eng-ashifcdhsiderations, 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 ensurd 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&/ 2 RAFASR | NOG A
bl ATl GA2yMRF 48¢ RdzS Ay
The report has been designed with a view of providing a consolidation and codification of Arctic
navigational knowledge, presenting the following:

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

secondary reseah efforts
1 A detailed research review, focusing on the following Arctic navigation considerations:

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

of presentingcontextand macreenvironmental drivers
o An indepth review of Polar/Arctic/lce specific weather in the context of navigation

o An indepth review and presentation of Polar/Arctic/lce navigation practices, drawn

from industry validated publications, trainimgiidelines regulatory frameworks

o Anindepth review ad presentation of Polar/Arctic/Ice Ship handling considerations,
drawn from industry validated publications, traininguidelines regulatory

frameworks
1 The findings from ossite interviews completed on board Swedish and Finnish Ice Breakers

91 Ice breaker neigational andoperationalscenarios, which have been developed based on
observations and interactions with industry experts completed during field trip efforts

throughout the deliverable period

1 A summary findings section, outlining key design and Sate Afavigation 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 selecfitre following SEDNA tasks and
subtasks have been incorporated:

9 Task 3.3 Safe Arctic Navigation Assistance (NMCI)

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

10

0

Y
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A Arctic Expert Knowledge elicitation and codification
A Inform Safe Arctic Bridge Design efforts

A A ddailed research review

A Onsite interviews with Ice Breaker navigators

A An identification and presentation of industry best practices through the
detailed research review and scenario development. This effort has been
significantly addressed throughout theenario 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 Bricdg(AHO)

This task sets out to progress beyond the demands of the Polar Code anahdlvégation concept in

terms of user friendly harmonised systems for safe Arctic navigation by appropriating emerging
Augmented Reality (AR) technology driven for Ardgti@sional 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 engine€Fing.inrdepth research

review and the usef scenario development methods D3.5 designed to link endser operational

1y26f SRAS 6AGK RS&AAIY | NOKAGSOGdzZNE NBG 8zK NBNESE (0 3

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

1.2.2 T3.1¢ 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 orsite interview section outlies findings in relation to specific queries which were
LIN2E A RSR 060& (KS NBtSOIyd {95b! LI NIGYSNI® GAYIl ff&:
62NI R¢ SYGANRBYYSY(l YR 2LISNIGA2YE Ay 6KAOK 6SI (F

1.2.3 T 3.Z; Safe Arctic Voyage Optimisation System (CHAL)
¢tKAAa Glral asSia 2dzi G2 RS@OSt2LI I ¢SIGKSNJ NRdzi Ay 3

condition avoidance, expected time of arrival, structural integrity and severe motion responassh

11
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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 withithe research review. The esite interview section outlines

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

LOS . NBF{1SNJ A0Syl NR & 2N3 RE A DWW A NRYTYSWSia voyageS 2 ¢ ISR

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 aélliigent open big data processing services which can

be invoked for critical decisiesupport and lead to achieving advanced safer shipping intelligence
towards safer shipping in arctenvironmental conditionsAn example of specific contributions by

D35 efforts, are in relation to the continued and upcoming work on T45afe Shipping Intelligence

(UCL). The scenario building for theNS I f tegtifgh theéSafe Arctic Bridge, is an area in which

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

significant contribution.

12
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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 mcess for selection. The archival knowledge section briefly discusses the focal
points within this efforf and rationales for completing this review in the manner in which it was
conducted. The contemporary arctic knowledge piece presents the discusselings and their
rationale for selection, in this cas®lar Weather in the contexdf navigation, Polar Navigation and
Polar Sip Handling. The primary research efforts section briefly outlines the methods used
throughout this deliverable, in this case -site interviews and a field trip on board arelBreaker

while at sea. Withregards 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 partneesin ord
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 Navigatioarsarios within this deliverable, while also discussing

the rationales for selecting the data collection methodology, which in this case wa§ & & S NB R
{OSYI NA2 al LILAY3 ! LILINRI OKé o

2.1 Archival Arctic Knowledge

The archival knowledge piecesets out to review and present a verybrief snapshot of
historical/archival knowledge of Polar/lce Navigation. Although initialipaan focal point of this
effort, discussioa with industry experts suggested that a focus on reviewing and presenting
contemporary navigatioronsiderations woulédd significantly more value in this instance, as such
historical methods would have been completed during an era whickdpte the current maritime
transport seacape. The absence of maritime transport norms associated with contempo
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 ttagitext, particularly as one of the primary
202S00A®Sa 2F (GKA& RSEAOGSNIoOES Aa (G2 AYyTF2NY GKE
historic Arctic navigation, would suggest that such efforts we completed with the objective of
discovering newautes 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 camtibo 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 potetially deliver any significant scientific relevandeis 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 revieweffort, has therefore been placed on capturing contemporargtidmavigation
knowledge, with the archival reviefocusng 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 ngating 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 frornew odv
literature, with a focus of polar/ice navigation practices/considerations, from a range of well
recognised industry sources, guidelines and regulatidhe.outlined information presents findings in
NEBflGA2Yy (2 GKS &Lkt aNBS OASMEOLISNG INGASO £ 40 2213 B2RESNR
GKS fAGSNY G§dzNBE | yR AYRdzZAGNE NBIdz F §2NE 'BIZA RSt Ay
2LL12aSR 02 aLRtES ALISOATAOESE (GUKS YSUGUK2RAaZ LINT OUA
of cases relevant within the Arctic, as the focus is very much on transiting Ice affected ldesasy
reviewed the sources and engaged with industry experts, it was suggested that polar/ice navigation is
primarily concerned with three broad overall considéoat as follows:

1 Polar Weather in the context of navigation

1 PolarNavigation

1 PolarShip Handling

Using secondary research methods, aslé@pth review and analysis was complete of a number of
publications with a view of fulfilling the following primary faions:
1 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.
1 Inform the primary research method efforts as folis:

o Provide direction and focus for esite 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.

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

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

1IMO 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 whichill 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 Administratidnlevalso 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.

2.3.10n-Site Interviews

In preparation for completing the esite interviews, a reviewvas complete of Arctic/lce 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 considetans.
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 SEDRAGGAt
Agreement), this effort should also inform the follmgiadditional tasks within the programme:

9 Safe Arctic Bridge Design Processes

1 Arctic Weather and Sea Ice Forecastirgpecifically in relation to information presentation

considerations
1 Safe Arctic Voyage Optimisation SystegiSpecifically in relatiorotinformation 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, Saferétic Voyage Optimisation Systems, the questionnaire outlined in appénaas
developed for use during the interviewsvith additional notes for the research team placed in
appendix B

Within this task, two orsite interviews were completed as follows:

2Task 3.3 DescriptionSEDNA Consortium Grant Agreement
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1 Site visit on board the Atle, a Swedish Ice Breaker with research partners from Halpin and
Chalmers University
9 Site visit on board the Nordica, a Finnish Ice Breaker with research partners from Aalto

University

Brief overview of the interview findings wedistributed 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.

2.3.21ce Breaker Field Research

The main overall goal of this effort, is to informet bridge design process and indeed any other
potential enduser 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 partnes, 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 arused sceario type method. Such
methods would entail the systematic identification of tasks, relevant equipment and resources used
during specific Arctic/lce Navigation scenarios, and capturing and presenting the knowledge in a
manner which could suitably inform ¢étnecessary 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 scenir selection, the desk study efforts highlighted a number of navigation and
operational scenarios, which would entail Arctic/lce specific tasks. Further to this, extensive
consultations were completed with SEDNA partners from AHO and Chalmers Univensitych it
was determined that the following operational and navigation scenarios should be prioritised in this

instance:

Ice Breaking Assistance operatiapassisting vessels beset within the Ice
Ice escort operations

Multiple Vessel Ice escort operatis

Ice towing operations

Coastal Navigation

A =2 =4 -4 4 -2

Pilotage operationg Entering/Exiting Port
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1 Anchoring operations

1 Flight Operations
Following on from this, discussions were held WBNMEs gubject matter expertson board Ice
Breakers during the agite intervews 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 tontipdicadions
of anchoring in ice affected areas such as those presented within the polar navigation $eetsels
will never proceed to anchor within these regions. It was also suggested that although flight
operations were always a possibility, thatchuscenarios 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 operatianassisting/essels beset within the Ice
Ice escort operations

Multiple Vessel Ice escort operations

Ice towing operations

Coastal Navigation

Pilotage operationg Entering/Exiting Port

Anchoring operations

A =4 4 4 4 4 A

Flight Operations

When completing the field work itself, caih 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 ascadzy” dzaschafice by the bridge team of the Ice

Breaker. When completing ice assistance operations, a caggel 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. lwvas therefore suggested that the best way to proceed was to place the vessel in

Fy FTNBF 2F A0S G6KAOK ¢gla GKAO] Sy2dAK (G2 YFAydl

were as such that the vessel would not experience damage. The scenarfo &iel ¢ A OS Y2 2 NR y =

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

1 Ice Breaking Assistance operatiapassisting vessels beset within the Ice
1 Ice escort operations

1 Multiple Vessel Ice escooperations

1 Ice towing operations

1 Coastal Navigation

1 Pilotage operationg Entering/Exiting Port

1 Ice Mooring operations

2.3.3Scenario Analysis Methodology

The overarching theme cited throughout the SEDNA programme of work in relation to Safe Arctic
BilBS RS&aA3dy STF2NI AT A &0SWKINRK T RIS y?2 LINS/NER LBS Odi K
developing design concepts which are specific and suited to Arctic/Polar/Ice NavigatienSEDNA

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

GKS YySSR T2N) aKFNNWNSYRI ERONNVRISZARENEAIY T &dAIASAL
requirement set by industry for such designs to not only be fit for purpose in terms of the physical
environment, but eféctive enduser interface. Additionally, published work completed separate to

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

Further to this, it is suggested that as class rules and regulations are therpnngans 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 perspeativLloyds Registeextensively cite the need for incorporating the

KdzYl'y StSYSyid AyiG2z GKS RS&A3IY LINR OS A& & sHurffadzNI K S NJ
/| SYGNBR 5SaAraye

Clear and explicit understanding of users, tasks and environments

The hvolvement of users throughout design and development

Iteration

Designing for the user experience

User centred evaluation

A =4 A A -

4 Section 1.3.1: SEDNA Concept Paftic Bridgeg SEDNA Consortium Grant Agreement

SWalker, O (2011) The Human Element Competency Required for Design Appraisal, Human Factors in Ship
Design Operations

6 Para 2.3 The Huma@entred Approaclg best practice in ship and equipment design, H®Register Marine
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1 Multi- disciplinary skills and perspectives
The need for incorporating the human element therefore required an analysis methgyoldhich
not only captured the task function aspects of an ersgr 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 estegly 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 methodologyeveloped for the purpose of linking field research data with bridge design
consideration& As this methodology was designed to address traditional challenges associated with
linkingd NJ%5 12 tNJHaRévith bridge design considerations such as making sefnsagmented 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 séwhere 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 fromus®ts to design
expeats. 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 desigrot 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 & Kram-O S vy (condpahénts 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 ensureatihabymityof those who took

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

Firstly, prior to completing the field study efforts, an informatitetter was sent to the vessel
explainingthe focus of the research, the voluntamature of the study,and what will happen to the

data once captured (Pleasee appendix Cfor 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.

"Luras, S. (2016) Layered Scenario Mapping: A multidimensional mapping technique for collaborative design,
International Journal of CoCreation, Design and Arts, 12(3}1%63
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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. Whartlming findings, participants
are referred in the following sample examples:

1 Deck Officers
Bridge team
OO0OW (Officer of the Watch)

Deck Crew

= = A =

Position on board the vessel (Master, Chief Offic&r(ficer etc)

Any images taken, were done so with the cemisof the participant, and efforts were made to ensure
that participants could not be identified from the images.

With regards data storage, all tesial related to this effort and the SEDNA programme, hervek will
continue to be stored on password pemtted 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 archivaknowledge 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 AmericaThe contemporary arctic knowledge review approach Ibesn 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 eanser perspective in relation to Arctic
Navigation was Weather/lce, Nigation 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/lce navigation enasers.

The primary research section has outlined the methodologies employed and the rationales for the
selection. With regards the esite interviews, the desk study efforts were used to identify focal points
and knowledge gps, while SEDNA programme partners provided input in order to ensure that these
interviews could inform their specific programme efforts.eT8cenario focal points were decided
using inputs from the desk study, partner discussions and the operationabament in which the

Ice Breaker operated within. Although not all scenarios were observed as a result of operational
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restrictions and industry best practic&sthe field study did capture significant depth in relation to

the addressed scenarios, whilesalpresenting knowledge from a scenario whigas previously not

identified'®, and highlighted a process not previously employed by the observed industry experts.

Finally, the scenario analysis methodology piece outlines the rationales and processdsdinge

GKS aflF@SNBRé | LIINRIOK® . & dzaAy3a |y Fylfteara YSI
for bridge design considerations, but also to IS | f figdd2wddk Bbservation knowledge to
architecture and design professional requiremgnit is proposed that the presented methods and
information have delivered the necessary codified arctic knowledge to inform additional efforts

throughout the SEDNA programme, andeed the industry as a whole.

3. SEDNA Arctic Knowledge SleStudy
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 thecontext 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 Aaadrhe 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 a@fforts 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 tthe development ofarctic ports/shipping routes
achieving their primary overarching economic and geopolitical goal of attaining and subsequently
maintainingd I £ £ & Sdhipaind\2 dzy R €

3.1.1Brief Historical Overview
The history of Arctic Navigation/transportation can be tracedkbas far as some of the earliest

recordngs inhuman history. Figure.Ban 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 arctc navigators/explorers, were more than likely indigenous people who had been born

8 Flight operations were not observed during the field trip
9Para4.2.2.2.1.4Polar Navigation Anchoring: Cargo vessels are advised not to anchor in Ice affected areas
10|ce 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 suppliespatshtial 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 disa@r and exploit new lands and resources.

Since time immemorial Indigenous people are the original explorers, founders and settlers

325B.C. Greek astronomer / geographer / navigator Pytheas sails northward
to Iceland

850 A.D. The Vikings of Scandinavia sail northward and colonize Iceland

981 Viking, Erik ‘the Red’ Thorvoldson, sails westward and discovers
Greenland. Vikings colonize southeastern parts of Greenland

11th century Russian settlers and traders on the coasts of the White Sea, the
Pomors, had been exploring routes in the region

1490 John Cabot first proposes existence of a NWP

1500’s Whalers explore from Baffin Island to Novoya Zemlya

1576 Martin Frobisher lands in what becomes known as Frobisher Bay

1596 William Barents discovers Spitsbergen and seeks NEP

1610-11 Henry Hudson expedition survives Arctic winter

1615 Robert Bylot, with William Baffin as pilot, explores Hudson and
Baffin bays

1648 Cossack Semen Dezhnev sailed east from the mouth of Kolyma to
the Pacific, thus proving that there was no land connection between
Asia and North America

1726 First Northern Expedition, with Vitus Bering in command, discovers
Bering Strait while seeking NEP

1733-43 The Great Northern Expedition takes place with Vitus Bering in
command

1778 James Cook makes the first serious attempt at locating the NWP
from the west

1831 John Ross reaches magnetic North Pole

1845 John Franklin’s lost expedition proves existence of NWP

1854 Robert McClure receives the Admiralty’s prize for ‘discovering” the
NWP

1878-79 Nordenskjold in the Vega becomes the first known vessel to achieve
a transit of the NEP

1893 Fridjof N. ’s ship Fram p the existence of Arctic current

1903-06 Roald Amundsen in the Gjoa successfully completes the first transit
of the NWP by ship

1932 Soviet expedition led by Otto Schmitt was the first to sail in one
season transit the NSR

1940-42 Henry Larsen in the St. Roch was the second vessel to transit the
NWP, the first to do so from west to east

1944 St. Roch is the first vessel to make a one-season transit (in only 86
days going east to west)

1977 Arktika is the first surface vessel to reach the North Pole

Table 3.1 Significant early history of Arctic marine transport. Source AMSA

Figure 31 Arctic Exploration Milestones (Credit: AMSA 2009)

3.1.2Indigenous Arctic Marine Transport

One of the earlier groups of people to establish themselves as proficigarétie navigators, were

that of the Inuit tribes in North America and Canada. Research published within the Climate research
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centre' suggests that the Inuit people had an intimate knowledge of the land and ice topography,
currents and weather condition®if 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 anataihg

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 mesuo 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.@ Sprin
and Autumn, efforts were made to travel by water, however they would not attempt to cover
adzoaldl ydAlrt RAaGFyOSa a SYy@ANRYYSydalrt O2yRAGAZ2
than likely cause catastrophic damage to their small vesselddadie 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 potentiakettlement areas, and learned from the elder Inuit groups through a combination
of direct teaching and observations. Additional published work completed in the area of Inutt,skills
suggests that their relationship with the land, hunting competencies| aavigating 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
useof landmarks and landscape teges for the purpose of orientation and positional verification.
Examples of such features included sharifts and characteristics of ice pressure ridges. Additionally,
celestial observations were used, such as the brightness and positions of stars, wihd
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 widedyanafts were
kayaks and Umiaks. The Inuit population have made use of the Kayak for over 2,000 years, and as
outlined in figure 32, they were a single occupant water craft, comprised of wood and seal skin, and
designed to be light weight and easy to péeland 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

1 pannikar et al., (20183e over troubled waters: Navigating the North West Passage using Inuit knowledge
and sciettific information, Climate Research, 75, 824

12pearse et al., (201Tyansmission of Environmental Knowledge and Land Skills among Inuit Men in
Ulukhaktok, Northwest Territories, Canada, Human Ecology, 39(3¥, 254
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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 manoeuvrédaugh the water.

Figure3.2 Inuit Kayak (Credit: The Canadian Encyclopedia)

Umiaks were a larger boatsed primarily for the purpose of long distance travel. They were larger
than Kayaks, ranging fromc710 metres in length, with areath 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 45 people. These crafts were at times used while
hunting larger sea mammal as the larger design features provided additional stability when
attempting to hunt and transport what they caughts Autlined in figure 3, similar to kayaks, the
Umiak was a wooden framed boat, which made use of seal skin for the purpose of mamtaaier

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

3.1.3Areas of Geographical Significang&orth 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., itis
a group of Icelandic explorers from th& 8enturythat 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 messuof India and South East Asia.

In terms ofscale, as outlined in figure4 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 mies, 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 4,008 miles

While the route offered significant strategic advantage for maritimaele 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 perials, 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 contfldtee first West

to East transit was completed in 1942 by a Canadian vessel, andfwagificant 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 mid1940s to late 180s, 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 RogtEncyclopaedia Britannica
4 AMSA Report (2009) Captain Roald Amundsen completed the first recorded transit in 1906
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Figure 34 North West Passage (Credit: Encyclopa&ditannica)
3.1.4Northeast 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 economicyith maritime traders seeking to discover opportunities for quicker trade
routes'®. Efforts to discover and transit such areas can be traced back as early a¥ tenfify, with
explorers originating from countries such as the United Kingdom, Nethexjamdl Russia. Although
several expeditions transiting such northern routes were conducted between tHeahd 18
century, it was not until the late f9century that the Northeast Passage was successfully transited,
with a Swedish Baron named AdolikENordenskjold leading a successful exgediton board the
Vega (Figure.8refers) between 1878.879.

5 North Eastern Passage Extract: Arctic Council Report (2009)

26



SEDNA D3.5

Figure 35SS Vega Moored in the Ice during NEP Expedition (Credit: Northern Lights Route)

Latersuccessful expeditions/transits were completed in the latter stagesbtaatury and early 20
century, with the first single season transit being successfully completed in 1934 on board the Russian
icebreaker Fyodor Litke.

As outlined in figure B, 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 camedniell 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 nauticales, 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 laté @&ntury with the Cold War.
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1 Conventional
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T NEP

Figure 36 North East Passage Distance Comparison (Credit: Wiki)

3.1.5Northern Sea Route

The Northern Sea Route is an area of significant geographipaktiance 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 deveopment of this route can be traced back to the early"2fntury, in which
exploration and settlement was completed throughout the period ranging 1923. Regular
navigation efforts and port development occurred between the early 1950s to late 197s, year

round shipping commenced in the late 19785

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., @13) Shipping in Arctic Waters: A comparison between the North East, North West, and
Trans Polar Passages

[((Seana |
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1942-1945. During the Cold War era, the Soviet Union invested heavily in developing navigable routes,
keyinfrastructureand specialised Ice Breakers, with ewiof providing year round maritime trade
routes throughout this passage. The route was officially opened teSwmnet Union vessels in 1991,
which provided a significant trade boost for maritime traders wishing to avail of this route as the
passage notioly provided safe, surveyed navigable waters, but also providedcg®8%o reduction in
distance for traders seeking to ship between Northern Europeskalaand the Far East (Figur€ 3

refers).

s Northwest Passage
e Northeast Passage
Northern Sea Route

Figure 37 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 ®Qentury, 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 durifiggéce
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periods during the year, with countries such as &k 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

construdion 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 (Figure33efers). This was a 51 metre paddle vessel constructed for the City
of Philedelphia in 1837, and remained in operation witlthis 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 operatfons

Figure 38 City Ice Breaker®l: Delaware River (Credit: Wiki)

With regards additional Ice Affected Arctic regions such as the areas within the Baltic, efforts
commenced in the late ¥9centuryto develop ice breaking capabilities. Similar to U.S. and Canadian
ports, the overarchingd S2 LI2 ft AGAOLFf 202SOGAGS KSNB 41 a (2
NRdzy Ré¢ &AKALILMAY3I O2dA R 65 O2yRdzOGSR® ¢KS YIAy
introducing new propulsion methods into the Ice Breaking context. Such introduatas 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 remaisea 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 soed@onomic perspective, the Swedish government saw this

18 Growth of Arctic Marine TechnologyArctic Council Report (2009)
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as an opprtunity 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 strugtfleachieve 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, eveetBreaker
Murtaja (figure 39 refers), a Finnish steam powered Ice Breaker constdiat 1896°. The Murtaja

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

Figure3.9 Murtaja ¢ First purpose built Ice Breaker deployed in Nordic Waters (Credit:Atomos iV)

Although the Swedish government did constt 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 &rgbsey

Ice Breaker, the Atfé(Figure 310refers).

¥ History of Ice Breaking in the Gulf of BothgiaATOMOS IV Report
20The Historyof Nordic Ice Breakindxttp://www.sjofartsverket.se/en/Maritimeservices/Winter
Navigation/TheHistory-of-Nordiclcebreaking/
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Figure 310 Swedish Ice Breaker Atle 1926 (Credit: Sjofartsverket.se)

2 AGK GKS 3F2Ff 2F al ff &SI NJ aKA LILMey, 8ffortsaveimade 2 T LIN.
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 Jaakarhuin 1926, an o powered vessel which provided increased range in comparisdheto

steam predecessor (figureBLrefers).

Figure 311Finnish Ice Breakd@ékarhu (Credit: Atomos 1V)
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Sometime later in 1932, the Swedish authorit®®2 y & (i NdzOG SR (i K S-elegtcNde R Q &
Breaker, the Ymer, designed to provide additional range, thus allowing increased time(Biggea
3.12refers).

Figure 312 Swedish Ice Breaker Ymer 1932 (Creffiipspotting.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 b some of the earliest recordings in human history, to as recent as the |4tee2ury.

The review of indigenous arctic navigation considerations, in this case the Inuit population of North
America, highlighted how such a population completed Arctic ngds 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 indigenoksiowledge in relation to the surrounding topography and
seasonal conditions. It is suggested tlhatit 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 individls or small groups, and where therefore not

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

In relation to areas of geographical significaN®VP,NEP, NSRhe primary drivers for seekirand
developingsuchtransit opporunities, where that of macr@conomic in the form discovering shorter

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

the coldwar era.

Finally,n terms of historical arctic technology developntg, it would appear the primary overarching
AYYy2@8FGA2y | AYa 6SNB -yeafNENRY R &0 A 2 KA LIBA I 30K ASKIS\ VISR @
propulsion within the late 19century, provided the maritime sector with vessels which had increased

levels of nanoeuvrability and power, and could therefore transit Ice affected areas with greater ease.
58St 2LySyia Ay NBftlFGA2y (2 A0S -GarSP Ny ROS & & NBILIR §
as portswhich werepreviously limited totrading in ice freeseasons, 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

3.2.1Polar Weatherc an overview

3.2.1.1Introduction

The initial focus of the navigation context, will be to present and outline Polar/Arctic/lce weather
considerations. As weather is an ex@esent underlying factor in all aspects of navigation at sea, and
ultimately dictates key planningnd operational considerations, the Arctic Knowledge review

addresses weather initiallyas the necessary preliminary consideration prior to focusing on

navigational practices/methods.

In this section we provide an overview of polar weather. We focusanitime weather characteristics
and phenomena that in general are unique to helar RegiondVeather is always part of the context
of maritime navigation. It is necessary therefore to consider polar specific weather characteristics and

phenomena in angonsideration of polar specific navigation approaches and practices.

3.2.1.2Coverage & Scope
This overview covers both the Arctic and AntarBiidar Regionwith greater detail provided on Arctic
weather. This consideration limits itself in general ke tweather as experienced in the navigable

coastal areas of botRolar Regions
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3.2.1.3Approach

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 altitusky 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
sectin 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.

3.2.1.4Arctic Weather Overview

Like elsewhere, the weather inghArctic 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 Arctia siagle

uniform environment but this is far from the case. The Arctic covers a vast area of circa 33.4 million
alidzd NB (Aft2YSGNBas +002dzydAy3d F2NJ Htvyzald mo: 27

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

3.2.1.5Arctic Climate Influences

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

I NODGAO Aad Y2RSNIYGSR o0& GKS 20Sly 61 G4SN) 6KAOK OlF
this relatively warm water, even though covered by patar ice packeeps theNorth Polefrom being

the coldest place in thdlorthern Hemisphereln summer the presence of water nearby keeps coastal

areas from warming as much as they might otherwise do. In the Arctic near the ocean,
amaritimeclimate prevails. This influence dominates the Arctic landginari.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
systemf 20KSNAR INBE aLISOATAO G2 (GKS ! NODGAO YR R2YyQi

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, 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 Atlanti©cean that tends to dominate at midtitudes (30°60°N) and the Arctic

continental air mass that tends to dominate further North (@0”N). The battleground where these
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air masses meet is called the Polar Front. The situation is further complicatee lexigtence and
behaviour of major ocean currents in the area such as the North Atlantic Drift, the East Greenland

current, the Transpolar current etc.

3.2.1.5.1The Polar Front

The Polar Front plays an important role in determining the weather fromlatidides 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 (udyaif polar origin) which is moving southwards, the polar
FTNRYGQa 0SKIF@GA2dz2NI Ada O2YLX SE I yR OSNE AYLRNII Y
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ARCTIC REGION
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Figure 312 The Arctic Ocean [credit:]
weather. The air masses separated by the polar front are sometimes considerably modified on their
paths flom 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 wellined. Disurbances 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 discusag 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 theeseg of cloudy, humid
weather with rain, followed by brighter, colder weather with showers so typical of weather in mid

latitudes to about 70K.

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

Some weather patterns recur gersist over multiple seasons and these are called gEminanent
because they show up in lo#grm 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 depentlieg on
time of year. Sempermanent 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 keynipermanent systems and introduce
some of their downstream phenomena (other consequences of these systems are dealt with in later

sections).

3.2.1.5.3The Polar High

ThePolar Highs a sempermanent high pressure system centred over Narth Pole. The system is
created by cold temperatures in the Arctic around the Pole causing air to descend. The outflow from
the Polar High creatadtra-long waves in the atmosphere (knownRssby waves). These waves play

an important role in determining the path of thet 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 flowutwards and clockwise from the centre of the Polar High is deflected westward by
9F NIKQ& NERIGl GA 2 yolar BaiterligakeythB tesulO(bet heBW). ( K S

3.2.1.5.4The Icelandic Low
Another semipermanent pressure system is theelandic LowThis lowpressure 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 sempermanent pessure systems that influence Arctic weather includeAreutian Low

the Azores Highthe Siberian Highthe Beaufort Highand theNorth American High
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3.2.1.5.5The Polar Easterlies

ThePolar Easterlieare dry and colgrevailing windghat blow towaids lowpressure areas located
at high latitudes within thé&Vesterlies regiorfan area further south toward more temperate
latitudes) As outlined above, the air in the Polar Easterlies originate iRther HighWhile the Polar

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

3.2.1.5.6The Arctic Oscillation

TheArctic Oscillatiorrefers to an opposing pattern of pressure between the Arctic and the northern
middle latitudes. In general terms, if the atmosplogpressure 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 Atic Oscillation (low pressure in the Arctic) brings ocean storms farther

north and makes Greenland colder than average.

3.2.1.5.7A Recent Development; the Arctic Dipole Anomaly

TheArctic dipole anomalis a pressure pattern characterized by high pressin the arctic regions of
North America, and a low pressure on the Eurasia redibis pattern sometimes replaces thectic
oscillationand theNorth Atlantic Oscillationlt was observed for the first time in the first decade of
2000s and is perhapmked to recentlimate changeThe Arctic dipole lets more southern winds into
the Arctic Ocean resulting in moiee melting. The Arctic dipole has also been linked to changes in
arctic circulation patterns that cause drier winters in Northern Europe,nbuch wetter winters in

Southern Europe and colder winters in Europe.

3.2.1.5.8Seasonal 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 thear. 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
@SIASGIGA2yd . SOlFdzaS 2F (GKS ! NODGAOQa KdzAS | NBI o6

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

Apolar vortexis a persistentlarge-scalelow pressure systerthat circles the North Pole, surrounding
the Polar Higland lies in the wake of theolar Front (where the Nor#rn polar air meets the warmer
tropical air to the south). Thesmld-corelow-pressure areastrengthen in the winter and weaken in
the summer due to their dependence on the temperature differential between the equator and the
poles. Polar Vortices usugllless than 1,00Rilometres (540m) in diameter. Thé&lorthern
Hemispheré/ortexis an example of a polar vortex. It often contains two low pressure centres, one
nearBaffin Island Canada and the other over northeast SibéPialar vortices are weaker dog

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

3.2.1.5.10Polar Lows

Polar Lows are small, intense cyclones that are a quite frequent feature of relatively wafreeice
waters withinPolar Regionsicludingthe 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 inthe 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 pregitation (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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Figure3.13A Polar Lowon 201B2-nc ® ab23(S GKS SEGNBYS 6AYyR &LISSR 3INI RA

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

storm to nothing in justa fewtensof IS I NBaé¢ / f AYIFGS 3 wSaSINOK { OASYyGAai
Kolstad & Tom Bracegirdle)

Polar Lows can have very localised weather conditions that can change significantly in very short
periods of time.

Triggered by convectiopolar lows developwer 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 t§Qiga¥ Y | £
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 spwabdldbands often forming

a clear eye at the centre of the cloud vortex suggesting an analogy with tropical cyclones. Hence, they
are sometimes also callgti NOGA O KdzNNX OF ySa¢ o t2tFNJ [ 268 NIy,
kilometres (54 to 270nm) in diagter. Wind speeds average 46 knots:-38B% 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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Forecast chart (| +24,
Valid 0000 UTC Sat 26 Nov 2011

Figure3.14 An intense conventional Low pressure system hit Norway on-20126. This was thérecast
chart for 201111-27 at 0000. Note the cold air streaming southon#h& a it aA RS 2F GKS

-

Analysis chart
Valid'0000 UTC Sun 27 Nov 2011

L L
974. 984

Figure3.15 Thiss the later analysis chart (i.e. based on observations) for the same time as the abc
forecast chart, 201-1.1-27 at 0000. Note the existence of a dual feature in much the same location as

[((Seana |
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storm. These feates are in fact polar lows that formed as the icy cold winds blew down from the Nortt
AYUiSNI OGSR 6AGK GKS YdzOK & NIYSNJ

Figure 316 This is a satellite image taken at 2011-27 at 0300 i.e. three hours after the analysis in the
previouspicture. 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

3.2.1.6.1Dead Water

Dead waters 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 ecmlower 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 glaemrunoff

flows into salt water without much mixing, such agjards.
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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 calmeather, with a light cargo, Fram was capable of 6 to 7 knots. When in dead

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

sorts of antics to get clear of it, but to very little purposgFiidtjof Nansen (1861.930), Norwegian Arctic Explorer

3.2.1.6.2Arctic Haze

Arctic hazds an optical phenomenon. It is a visible reddisbwn springtimehazein

the atmosphereat highlatitudesin the Arcticdue toair pollution. Due to limited
amounts @ 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.

Figure3.17 Arctic Haze (credit: ESRL NOAA)

3.2.1.7 Antarctic Weather Overview

The Antarctigs a rocky high altitude, very cold desert landmass. The Antarctic polar climate boundary,
-the 10°C isotherm for the warmestmontts y O2 YL a4Sa | 62dzi wmw: 2F (KS
twice as large as that of the Arctic. It includes all of the Amiiarcontinent 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 Antarctie@Rinsula, 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 coldespéeatures 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

[ ({ Sedna
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surrounded by an ocean, the interior doest@nefit 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 bstezsd in

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 averageagiten than any other continent on Earth which

results in even colder temperatures.

ANTARCTICA

Figure3.18 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 aHosezing 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 regiorthgf continent. The peninsula also experiences

42YS 2F GKS O2yiAySyiQs &GNByYy3IS&iG 6AYRE FYR TFTASH
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can buffet the peninsula for days or even weeks on end, producing resulting in significant wind chill

and heay 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 Circuntgr Current is squeezed through the narrow Drakes
Passage gap. The rate of water flow averages around 18@36f 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
GKS AYUSNRA2N FyR 6& YdzOK KAIKSNI LINBOALMRKRGIEGAZY N
drives up coastl temperatures; in the summer they can go as high-48°€. In the winter however,
incoming solar radiation decreases, sea ice grows and alloiffiase reflection of solar radiation out

of the total radiation received by a mgsscreases causing codiirat the coast. With the exception

of the Antarctic Peninsula, coastal winter temperatures can doopdO to -50°C. Annual mean
temperatures on the coast range from5° to¢ 10° CGenerally near the coast annual rainfall exceeds

200 mm, the heaviest lbeg over 1000 mm for an area near the Bellingshausen Beabulk 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 neofstum 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 thelyeiag. the coast,

cold dense air flowing down off the i@@ap funnels through topographic channels at great speeds
lifting snow high off the ground and reducing visibility to only a few féetAntarctica, as the
temperatures decline in the fall, the continent cools rapidly. This results in large pressure déferenc

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 yaeg not uncommon to coastal areas, and they bring any

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

3.2.1.9.1The Antarctic Convergence

This is the region of the Southern Oceariecling 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.

3.2.1.9.2The Circumpolar Trough and Winds

Surrounding Antarcticdhetween 60° and 65° south latitudésere is normally a belt of low pressure
called the circumpolar trough and containing multiple low centréisis 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, sang 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 Scraming Sixties.

3.2.1.9.3Polar 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 sterimavel 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 aabe particularly fierce.

3.2.1.9.4Coastal Polar Easterlies! y i NOGAOIQa {FdFolFiA0 6AYRA
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 ¢eatpre 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 wingl katabasisis greek for descent). By the time they reach the coast these winds can
be extremely strong and dangerous to vesse®apressure systems near the Antarctic coast can

interact with these winds to further increase their strength. Resultingdwepeeds 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 kat&ibdlow from the East Antarctic Ice Sheet results in a
mean annual wind speed of 80km/hr (43kiSuring their travel, these winds are diverted to the west
because of the CoriolEffect Once these winds reach the coast and head out to sea, they glaskly

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.

3.2.1.9.5Antarctic Land Mass High Prasg

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 Antarctiéeound the coast more moisture is
available and lovwpressure systems have a greatefliience and interact continuously with the

LYGFNOGAO O2yiGAySyiQa KAIK LINBaadzaNBE 12ySed /[ f2dzR

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

3.2.1.9.6Storms and Antarctic Sea Ice

Even mininal 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 frequencygrimeth actually may be increased to

the west of storm centres.

3.2.1.10Localised Polar Weather Phenomena

In Polar Regiongpeople experience, see and hear things that they will not withess anywhere else on

Earth. These phenomena are caused by speciadmafor 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
impacti SYLISNI 1 dzNB&a Ot 2aS G2 (GKS SIFENIKQa adz2NFIF OS (K

region.

3.2.1.10.1Temperature and Inversions

Frequent regional or more localised air temperatiumeersions are common ifPolar Regions
Inversions occur when coldrasettles 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 ocdeolar Repns 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.

3.2.1.10.2Katabatic Winds

Katabatic Winds (of which specific occurrences have been tesdagiarlier) 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 snoavered land lies close to a straight coast for example as
inEastGre¢f  yR YR |G GKS 9FNIKQa ¢gAYyRASaAlG aLRaT /11
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 slopirayityr 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 nighadds an additional danger for vessel on a coast.

3.2.1.10.30ptical Phenomena

The unique geographical locations of tRelar Regionghe frequency of temperature inversions and

the presence of snow and ice are some of the causes of optical phenomebathAthe North and

{2dziK LRfSaz GKS az2ftl N gAYyR aidNAR|{Sa GKS 9 NIKQa
and cold air refract, or bend, light rays. Light bounces off the surfaces of clouds, water, and ice to
create optical illusions. Irhts section we summarises optical phenomena you may encounter when

navigating irPolar Regions

3.2.1.10.4Aurora

¢CKS &aLISOGlF Odzt  NJ O2f 2dzNJ RAALIX @a 2F (GKS I dzZNBNJI 02
dark nights during periods when solstorms are active. The aurora borealis is centred around the
geomagnetic North Pole and are most often seen above the Arctic Circle. Displays occasionally appear

4 FENJ &2dziK &4 GKS b2NIKSNY LNBf Il yRO vadletS | dzNRB NI
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Figure 3.19 Credit:Hannes GrobeAlfred Wegener Institute for Polar and Marine Research, Bremerhaven,
Germany

Auroras gleam like rainbows or hang like curtains, etirmes 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 highenergy 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 giedmugh 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.
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Figure 320 The Aurora Borealis or Northerights (credit The Huffington Post)

3.2.1.10.5Corona and AntCorona

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 sctgfdir 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, thear®2 NR y I ol f a2 OFftfSR | G3Ift2NRB&éVvI O2)

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

Figure 321 A corona (credit A. Padilla) and an A@btirona (credit: Earth Bnice epod.esra.edu)

3.2.1.10.6Sun 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 isccreat
when light is diffracted through small droplets of liquid water in clouds. When a thin
uniform cirrostratuscloud deck containing ice crystals covers the sky, the halo may be in the form of

a complete circle as seen below in the middle.

Oneparticulard LIS 2F adzy KFf2 A& OFfftSR I &adzy R23 2NJ &Lk

sides of the sun that occasionally occur with a halo.
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© 2005 Paul Henkart

Figure 322 A Sun Halo (credit: spreephoto.de) and an Arctic Sun Dog. The actual sun is just off thedight ha
edge of this image (credit: Paul Henkart)

3.2.1.10.7Fog 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.

Figure3.23 An Ardic FogBow (credit: thesun.co.uk)

3.2.1.10.8Water 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 324 Water Sky (credit: Esther Inghskell)

3.2.1.10.9Ice Blink

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

of lightreflecting ice which may be too far away to see.

Figure3.25Ice Blink clearly visible above an iceberg (credit: Greenpeace)

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

3.2.1.10.10Mirages and Optical lllusions

Mirages and other optical illusions occuFalar Regionsecause of particular atmospheric conditions

that bend light. Two types ahirage are generally seen Rolar Regior’s | & & dzLJS NR 2 NJ Y A NJ
GFFGF Y2NBFYF £ ®
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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 cbésaiose 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 imag: 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 appe#chestrand

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 resfitbm temperature inversions.

Figure3.26 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 accountfarmation from multiple sources. While your eyes are usually your most

trusted navigation aid in more temperate climatesPiolar Regionthey can be fooled.

3.2.1.10.110Optical Haze

hLIGAOILE KIFETS 2N aaKAYYSNE 0f dzkshn aZapeBdbdlrinext toithe | RA 2
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. Optichlaze occurs quite frequently Polar Regionoften making it difficult

to identify details in the landscape.
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Figure 327 Optical Haze is apparent in the left hand side of this image (credit: redorbit.com)

3.2.1.10.12Whiteout

Whiteout occurs when the ky 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 impoftaior in the development of

whiteout conditions.
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Figure3.28 Whiteout. This photo was taken in the Antarctic in February 2012 (credit: Captain Dale M. Mole)

3.2.1.10.13 SeaSmoke

During very cold weather a type of fog known as Sea Smoke "steam fag’s ogicen 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 thgorant purpose of indicating the presence of open water.

Figue 3.29 Arctic Sea Smoke (credit: Daily Mail)
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3.2.1.10.14F06hn bank

A F6hn bank is formed by a warm contdwygging wind (a Fohn wind) that is blowing across the land.

As the warmer wind blowacross 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 thheugloud layer, but

all of the finer detail is obscured.

» \7‘ " R
A "
CoolAntarctica.com

Figure 330A F6hn bank (credit CoolAntarctica.com)

3.2.1.10.15Noctilucent clouds

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

¢KS GSNXa WwWy200AQ FyR Wt dzOSy 2AzAIKNE RISWIYASR (BNAIR
Wi dzYAy2dzaQd ¢ KS@ | LIISENI LISFNI @& 6KAGS Ay O2f 2N |y
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Figure3.31 Noctilucent Clouds (credit earthsky.org)

3.2.1.10.16Acoustic Phenomena

People sometimes report that iRolar Regionthey 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 coldedenskerthan air higher

up, causig 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 airitiee 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 hardcrusted snow srface 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.

3.2.1.110ther Phenomena
3.2.1.11.1Freezing Rain
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In PolarRegions 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.

3.2.1.11.2Ice Fog

Ice fog forns 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 stpaed liquid or ice form. When that
moisture-laden air touches any solid surface, the cold moisture immedigtelgipitates out as a layer

of ice.

Figure 332Ice Fog (credit: NOAA)

3.2.1.12Polar Weather Lore
2SS O02YLX SGS GKA&a aSOlA2y 6AUGK | ydzYoSNI 2F¥ AdSYa
the subject of polar weather from a navigation persipge. 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 imporant information about likely changes in conditions, where shelter may be found or what
conditions might be like around the next headland.
9 If the wind is blowing at your back, the lower pressure is on your left side and higher pressure
is on your right side
1 In late spring, and during the polar summer, there is frequently a thick bank of fog over the
edge of the pacice
1 Many coastal communities were originally settled because they were sheltered from the

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

1 Infog, patches of whiteness can indicate the presence of ice at short range

1 Mariners who are sheltering in a bay or cel®uld 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

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

1 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

1 Adrop 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

1 Mariners are advised to plan routes that take advantage of the stage of tidefl@ddb) and
to use weather forecasts along with local observations of wind and sea to avoid dangerous
spots

1 Infog, dark areas discerned through the murk can give an indication of open water

1 A good rule of thumb in guessing the maximum gusts in an appraatchimderstorm 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 wohdsW 10 knots, then the
expected firstgust speed is 25 knots, or 35 knots if the cloud base is low and black

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

1 A threatening sky with incredng black clouds and rain is generally not part of a laogde
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

1 A surging action in the pagke can indicate the presence of open water nearby

1 North westerly winds can develop very quickly in the wake of a passing storm. The winds start
in the west and spread east, so masia can forecast their arrival by heeding observations
from locations upstream

1 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 nmjeor mo
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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

1 Although some immature waterspouts are very smallytisbould be avoided because they
can change to more violent systems without warning

9 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

1 A vessel that is moving slowly or awaynfréthe prevailing wind and waves will experience far
less icing than a vessel that is heading quickly into the wind and waves.

1 In acloudless sky and calm weather, abnormal refraction may raise the horizon enabling an
observer to see ice at greater distaiscan 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 tle two

1 Refraction also causébergy bits to appear like icebergs. Where there is open water, a-dark
blue colour will be seen towards which the ship should steer

9 Air and sea temperatures are not a reliable warning of the presence of icebergs

1 Mariners expeiencing 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

1 With a rapid shift or increase in the prevailingnaiiconditions, choppy white water can be
seen over fresh water before the same conditions develop over salt water

1 Vessels operating near small islands should pay close attention to the weather forecast since
rapid weather changes may occur and wind sliéis 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

1 Rough seas can develop when winds blow in the opposite direction of the current, especially
during periods of large freshwater ruwff events. This can be an issue around large ice bergs
/ glaciers / iceladen coasts

1 Sudden changes in weather are a feature of polar weather. Be prepared and plan ahead

1 Certain weather events are difficult to forecastdatneir onset can be rapid. Do not assume
you will get much advance notice of impending bad or dangerous weather in polar regions

1 Weather in polar regions is often much more severe than at more temperate latitudes
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1 The atmospheric and environmental condit®inPolar Regionkad 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

9 It is critical to olain regular weather and ice forecasts and to be able to understand them
fully

1 There is no substitute for regular up to date forecasts from reputable sources and keeping a
keen eye on the weather at all times

1 The ability to receive forecasts via differammmunications means is necessary due to issues

with the reliability and/or availability of communications services in polar regions
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3.2.2Polar Navigation

3.2.2.1Preparations and Readiness

'd 2LISNIGAY3T Ay A0S Aa vy2 inuReSoVasditiondl ZonditiBns & NP dzi A y
and states of readiness must be adopted in order to ensure that a vessel can safely transit a polar
regions/ice affected area. Industry baséénd subject matter expert sourced publicatidhs

suggest that the following addithal measures should be considered:

1 The vessel is of the appropriate ice classification
1 Fomalised procedures and checklists must be implemented and made available within the
@gSaasStQa {a{ o{l¥ShGe alyl3aSYSyid {&aidsSvyo
91 Propulsion and helm machinery must begimod working order
1 Aids to navigation and communication equipment must be operational and in good
working order
1 Rudder indicators should be checked to ensure they are operational and displaying the
correct directional information
1 The appropriate ballast ahtrim calculations and adjustments should be complete
1 Operational search lights which provide as near to 360 degree illumination as possible
91 Deck fixtures and equipment should be operational and in good working order as follows:
0o Winches
o0 Towing hawsers
o Ferders

0 Mooring fixtures

9 Bridge window defrosters should be available to provide unrestricted visibility
91 Bridge window tinted screens should be available for all windows
9 Additional bridge resource management practices
9 Ice navigation publications made mus lmade available
AYUKHO @15)bt mnn ! RYANX f Ge& (GKS al NAYySNRa | +FyRoz22]

22 Anwar (2015Navigation Advanced Mates/Masters

( Sedna
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1 Alllights and day shapes should be checked to ensure their suitability for extreme
conditions

3222al ai SNDa Resmnditfites I y R
The duties and responsibilities of Masters operating within Polar/lce affected regions, is a
consiceration 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 regomiquirements in relation to
ice.
The SOLAS(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 dérkness. 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:

1 Ice Type

9 Position of the Ice in latitude and longitude

1 UTC and date of the observations
In the event of a vessel encountering air temperatures below freezing, whéchssociated with
gale force winds which may result in severe ice accumulation on vessels, the following reports are
required to complete:

1 Air and Sea Temperatures

1 Wind speed and direction

 +SaaStQa LRaAGA2Y Ay fF0A0GdzRS YR f2y3AidzRS

f UTC and date of obeetion
The details of the appropriate warning services can be viewed within the?X@8iralty List of

Radio Signals), a publication legally required to be carried on board all commercial vessels.

23IMO (1974 Chapter \ International Convention for the Safety of Life at Sea, 1974
24 UKHO NP 28&dmiralty List of Radio Signals Vol 3
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3.2.2.3Specific Ice Navigation Considerations

3.2.2.4Electronic Aids to Navigation

Firstly, before considering commencing navigation in ice affected areasjsamd must ensure

that antennas, fixtures, or fittings related to electronic aids to navigation, which are positioned in
exposed areas, must be checkto 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.

3.2.2.5Radars

When operating radars in areas of higher latitudes, which are affected by ice, there are a number

of generic considerations that OO\WBfficer of the Watch$hould bear in mind. Firstly, it should

be noted that ice is considered to be aguaeflector 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

weathe 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
detectior?®.

One of the additional considerations cited in relation to rad#fie@iveness is that of sub

refraction. Subrefraction 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 resultiny ONB | SR G NBFNI OUAQBAG&¢é3T Ol daAaAy
vertically as travels overstance, as outlined in figure®® ¢ KA a AYONBIF A4SR aGNBFNI O
in reduced radar detection, as potential targets which would normally be detected bynihited

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 333Radar Sulsefraction (Credit: A.N.T.A.)

Additionally, the potential changes in landscape and topography is another factor which must be
considered by OOWs when op¢ing 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. A 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 OQ¥émtihuously compare

the radar display to that of the charts for the purpose of orientation and echegking navigation

and track information. The ever changing nature of ice within a coastal area, will more than likely
result in the coastline changirghape as the ice forms throughout the season. This can cause
difficulties for OOWSs 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 OOWSs
attempting to navigate using terrestrial means.

Industry legislative requirements state that vessels of 3,00@gtmore are required to carry two

types of radars as follows:

1. X-Band Radar (3cm): Primarily used for precision navigation and short to mediga ran
detection

2. SBand Radar (10cm): Primarily used to medium to long range detection

261MO (1974 SOLAS Chapter V Annexcl@adar Equipment
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Although the XBand radar is designed primarily for precision navigation, it is recommended that
any such information viewed on anBéand radar be compared to that of arB&nd, as these
radars are far less susceptible to clutter detection issues.

Finally, OOWSs are reminded to consider the collision regulations, specifically aspects relating to
challenges associated with detecting small ice bergs, vessels, and similagflugjgets’, while

also bearing in mind the need to consider the prevailing conditions in determining a suitable safe
speed®.

In relation to specific radar ice navigation considerations, it is suggested that radars must be
operated ata LIS | { 2 LISQX 8 ¥.@ §pbwler oRFuE And detection sensitivity must be
adjusted to the point in which maximum detection is possible, while also ensuring that the
NEOSAOGSNI Aad y2i G20SNJ aSyariadarodSéeé Ay RSGSOGA2Yy S
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 follotfis

1 Gain- An adjustment which adfcts the entire radar screen and increases/decreases the
detection sensitivity of the unit in terms of what is displayed on the screen.

1 Sea Clutter An Adjustment which affects the sensitivity of the display unit at the centre
of the screen e.g. the gais 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 limitetectability of targets at close range.

1 Rain Clutte 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, applygrthis 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 operatitign, as the characteristics of

2TMCA (1996)ara (b) Sub Para (Ryle 6international Regulations For Prevention of Collisions at Sea
22 MCA (1996Rule 6international Regulations For Prev@an of Collisions at Sea
22Bole et al., (2006Thapter ¢ 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 Regis#f:

1 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 figuss.34and3.35,icebergs with vertically higsides, 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 pro\adgood 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 radaturn and detectability for OOWSs. 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 havéroken away from the larger bergs, but remained in close

proximity resulting in them being difficult t detect.

Figure3.34Iceberg with high broad sides

SONMCI (2012) NaRASD Training Guidelines

P
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68



SEDNA D3.5 : Codified Arctic Navigation Knowledge Base

Figure3.35Iceberg 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 loas 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. Characteristicsuch as their height above the water, fresh water content and
environmental factors such as suéfraction, can cause a number of challenges for OOWs
attempting to detect sch ice as ouithed in figure 36. Also, the asymmetric
characteristics of growlersan 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 OOWSs continuously adjust the
detection settings/sensitivity e.g. gain, sea and rain clutter, ensuring that the current

settingsare appropriate for the prevailing conditions.

Growlerg Iceberg with poor

Subrefractiong Refracting the aspect and minimum height

emitted EMP vertically \ above the water
/

A

Figure 336 Detecting Growlers

Sedna‘ ‘:
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1 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 sarfadis 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 reptasem can cause OOWs

difficulty when attempting to accurately determine the scale of the(kigure 3.7 refers)

Good radar return from the Smooth surface cadeflect
edge of the ice EMP

Figure 337 Detecting Sheet Ice

1 Pack Ice: A form of ice which develops as result of sheet ice breaking up, csimgpeesd
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 generaind 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 coasdl, making orientation and precision

navigation via terrestal mears challenging at times (Figure38 refers).

rd
/1) N
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Figure3.38 Detecting Pack Ice

1 Ice Leads: Linear breaks within the ice that form as a result of diverging ice flows which
cancause 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 st 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 OOWSs should not be solely reliant on radars when

attempting to positively identify leads.

Through numeros observations and discussions with industry experts, the UK Hydrographic
office has published the recommended settings outlined in table OOWSs 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/Oftcentre
8¢ 13 Knots 3cm XBand Short 1.5 miles Off-centre
10cm SBand Short 6 miles Off-centre
>14 Knots  3cm XBand Short 3 miles Off-certre
10cm SBand Short 12 miles As required
Table 4.1Radar Adjustments: Ice Conditons NERAGY bt mnn al NAYSNRa | yRo2210

3.2.2.6Navigating with Charts and Fixed Points

One of the primary considerations in relation to navigating with chadpography 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, ammmpleted and presented in a manner which does not take
into account any changes which may occur as a result of icdo@ue 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 duedeecage 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 proxarshore. This can
create significant challenges for OOWSs 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 fromdficharted locations which are then applied

G2 Iy Lah FLILINRPPGSR OKIF NI Lzt AOFiGA2Y AY 6KAOK (K
iKdza Fff26Ay3 Yy hh2z (2 Y2yAd2NI | ©S53asStqQa al T8
relation to headlads 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
RSGSNN¥AYS || @SaasStQa LRAAGAZ2Y YR Y2YAG2NAYy3 | ¢

Critical irrastructure 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 conspicuouseasity 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 illuminatiarestrictions 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
instanes, sequences of flashing, occulting or isophase. Such snow/ice coverage can potentially
cause restrictions to these distinguishable features, making it difficult for OOWSs 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 fi@uB9, sector lights provides a navigational
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information in relation to safe water and track monitorifigr a recommended track/route,

generally in an area in which there is restricted available navigable #/3ter

—_—
——
e
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_——
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Figure 339 Sector light as represented on an Admiralty Chart

Similar to aviation sector lighting, these aids to navigation provide @@W 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 starbaafritack as oudtned in figure 340.

Figure 340 Sector light as represged on an Admiralty Chart (Credit: Sealite)

dGectionZ! Yy LY GNRRdzOGAZ2Y (G2 /2Fadtt bl @AIrdirz2yy |
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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
GRAAG2NIAZ2YE  Glreftrict tile sectory @ alispia@ But a#sy 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.

3.2.2.7Polar Charts
If operating in area in which polar charts are required to be used, itggesied 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 maexent times, satellite imagery/projections. Although
satellite imagery can capture and project areas with extreme accuracy, the absence in appropriate
ground level controls to crossheck and benchmark projections against, would suggest that there
is a fgnificant absence of Polar Regions which have been surveyed with any level of modern
accuracy. The UKHO further suggest that certain coastal or approaches-sewaiked areas such
as ports and harbours will generally have some form of ground levalaoHbwever 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.
3.2.2.8Navigatirg 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
navigatiorf®. Specific to floating navagional aids, IALA have developed and implemented a well
established buoyage systéfmcomprised of the following floating aids:

9 Lateral Marks: Provide lateral directional advice

9 Cardinal Marks: Provide specific directional advice e.g. north, south, easisbr

S31ALA (2018http://www.iala-aism.org/aboutiala/

“gection6! Yy LYGNBRAZOGAZY (2 /2Fadlt bl @Aaaldrzyy | {SIYly
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1 Isolated Danger Marks: Highlight a specific danger, in which the dangers are limited to the
immediate vicinity of the buoy

1 Safe Water Mark: Highlight an area of safe water for a vessel to proceed to, and or transit
within

1 Special Mark: Mark and highht a range of additional scenarios not covered by the above

1 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 markhas 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 affectedd 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/snowageeoncealment,
resulting in an OOW being unable to visually detect these marks. In some instances, these marks
may have AIS transpondéts Ay GKAOK OFasS SF¥FF¥F2Nla OFy o6S YIRS
bearing and range data from AIS units. Cautioruhalways be exercised when using such data
sources, and AlS 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 dfected 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 adltifis 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 admiratgrt
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3.2.2.9Use of Compasses at higher latitudes

Gyro compasses: Altigh gyro compasses provide directional information in relation to true
north and southand are notasreliant at the poles as a reference point, it is widely recognised
that these navigational aids are accurate up to latitudes of 76 degrees north asouth. 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 inaccuraaid 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 horizontaforces, 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, howeverdglig wi
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 diurnalmaies in variation. It is however suggested

that magnetic compasses can be used within the lower latitudes of Polar Regions, provided that
GKS O2YLJIl aa KFra 0SSy aGagsgdzy3a¢e¢ |yR Ada | OOdzNIF O&
3.2.2.10GNSS (Global Navigatiomt8llite 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 agpliSimilar to gyro compasses, when operating within
higher latitudes greater than 7975 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 opeation. 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, restittimgccuracies 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 ttedrine positional information.
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3.2.2.11Echo Sounders

la gAOGK Fye yIFE@AILGA2yFE GNIyaAixbdklLIh aalrasSs || @Sa:
for the purpose of depth determination, and the detection of approaching shoal water and

hazards. If perating 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, theresigraficant 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 oranoeuvre 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.
3.2.2.12Dead Reckoning

583FR NBO12yAy3a Aa | YSGK2R 27F ¥FdzidzZNB Lifel yyAy 3k S
AYGiSNBIEsx o0FraSR 2y (GKS @¢SaasStqQa O2dzZNBS | yR aLISSF
AY 6KAOK GKSNB NS NBflIGA@gSte FTSg O2dz2NAS | yR

Q)¢

speed/direction, an OOW can with some accuracy estimate whésaitzessel will be relative to

a predetermined 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 attemptin 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
G2 1 OO0dzNI (1St e Y2yAG2N 6KS @SaasStQa LRaAdAzy Ay |
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 methoblensaitable

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 fiass. It is therefore suggested that terrestrial

and celestial means be used when applicable, in the determination of DR positions.
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3.2.2.13Celestial Navigation

This form of navigation is an extremely specialised method, which takes a significant ashount
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 ipabbns®’.

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 emgkrs. Application of this method is totally
reliant on an enelsers 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 b the enduser 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 precisionigation extremely challenging at times. Another
broad external environmental consideration is that of hours of darkness/daylight within the
higher latitudes. Due to axis in whitie earth rotates (see figure.31) and seasonal variations

Ay (KS oRimityid kn@sun, thiNdun 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 (1987Admiralty Manual of Navigation Vols 1 and 2
'Yl h 6uHnmMp0 btwmnn ! RYANIfdGe GKS alNAYySNRa | FyRo22]
37 Anwar (2015Navigation Advanced Mates/Masters
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within these regions. The moon rises once a month at a pole, while plasetsnce each sidereal
year. A planet which has a declinafi88 ¥ Y2 NB (GKIFy Hoc HTQ Ay GKS 2L
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 dserver as outlinedifigure 342

38 For all intents and purposes, the latitude of a celestial body as represented on théatelphere
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Observer located in Northern Polar
Region \

Limit of observerd field of
view

CELESTIAL EQUATOR

Star with Decl i

Figure 3429 I NJ] KQa hNBAGIFE 1 EA&d 6/ NBRRSYI FORSHOSND St & X Sf &f 8 & (0 Wl
5SOf AYylIUGA2Y B Hoc HTQ {0

The periods of prolonged daylight/darkness can als¢ gigf A OF yif & AYLI ANJ Fy hh
ability to take measurements from stars. Industry best practice recommends that star sights be

taken during the periods of nautical twilightAs the sun does not always reach this point below

the horizon throughout theyear, 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 tilude corrections such as refraction and #fipThe lower temperatures

within these regions have been known to amplify refraction effects, while the presence of ice can

RAZG2NI Iy 203aSNPSNDAE AYLINBaaizy 27obdekwéd G NHS K2

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 celesti@ 2 R Qa dzLJLJSNJ 2NJ f 26 SNJ £ A YO

80



SEDNA D3.5 : Codified Arctic Navigation Knowledge Base

altitude measurements. Such conditions have been known to distort altitude readings of observed

celestial bodies as much as-Z°, further limiting the potential accuracy of a calculated position

line/fix.

When completing conventional celestinfvigation, industry best practice recommends that

observations of celestial bodies with an observed altitude of < H)° due to measurement

inaccuracies with sextants and a reduced angle of cut between the obseodydand the horizon

(figure 343refeNE 0 @ | 2 6 SPSNJ RdzS G2 GKS SIENIKQa 2NDBAGHE |
relative to this axis on the celestial sphere, the altitude of prominent bodies such as the sun will
3SySNItte ySOSNI SEOSSR Hoc HT Qbbsdrvgdraltitedestnd T2 NJ  LIN.
greater than 10°. It is therefore suggested within the ice navigation literature that observations

at lower altitudes within these regions must simply be accepted.

Altitude/Angular distance measured
4 Dbetween celestial body and horizon
in order to determine a position line

Figure 343 Celestial Body Altitude
Dueto the discussed challenges associated with celestial navigation at higher latitudes, the

following recommended guidelines set out by industry experts (UKHO), provide some solutions

for OOWSs as follows:

9 As previously stated, observations at lower allids within these regions must simply be

accepted and used by OOWs.
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91 Position lines and positional fixes from stars will provide the greatest accuracy at these
latitudes.

1 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.

9 Air temperature and atmospheric pressure corrections which can be gained from
publications such as the nauticaimanac, should be applied in order to counteract the
extreme atmospheric conditions of Polar Regions.

9 In order to counteract the challenges associated with accurately determining the true
horizon, a bubble sextant, or sextant with an artificial horizeh up on the ice can be

used to address this.
3.2.2.14Anchoring

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 @sttee t

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 analg is deemed to be unavoidable, it is
recommended thatan anchorpafp S 2y &aidlyRoeé& G2 OfSINIFgle | yOKs:
engines ready for immediate manoeuvring. Such a state of readiness will assist a vessel in exiting

an area should local @ironmental conditions change to a point in which damage is likely to be

caused to the vessel.
3.2.2.15Receiving Ice Breaker Assistance

When receiving assistance from an ice breaker, generally the Master of the Ice Breaker will be
responsible for the opation, however this does not absolve the Masterté 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 shwaid dle

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
RAaAGlIyOS G2 0S YI Aydl Ay SRngdigtdnde. ThiSmay Howeveblia@2 NIl SR ¢
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 reactwhile 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 efbrt to provide guidelines for OOWSs operating in ice affected areas, the following generic

guidelines should be followed:

1 The first step is to establish a rendezvous position and ETA with the Ice Breaker.

1 A continuous watch of external VHF working chanshiuld be maintained in order to
ensure that OOWSs receive any critical transmissions made, particularly in the event of
immediate manoeuvres being conducted such as sudden stops or alterations of course.

1 Any transmission made between vessels should ba@aeledged immediately.

I Maintain the recommended track astern of the Ice Breaker in order to ensure that the
vessel does not become beset within the ice.

I Maintain the recommended speed.

1 Any vessels receiving ice breaker assistance must be equipped withicaign
illumination capabilities.

1 Towing gear and deck crew should be on standby in the event of a tow being required to
deployed at short notice.

1 Any damage experienced by either the Ice Breaker or vessel under escort should be
transmitted immediately.

1 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.

( Sedna
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3.2.2.16Anatomy and Physiology Consideratioqs’he Human Fetor

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 CE\Eode of Saf&orking Practices) briefly deals
seafarers operating in colder climates, suggesting that such environments can result in
impairments such as:

1 Reduced dexterity

1 Reduced muscular strength

9 Stiffened joints
It is further suggested that seafarers be mindfubkigns/indicators that the body is experiencing
effects of cold induced stress such as the following:

9 Persistent shivering

1 Poor coordination

91 Blue lips and fingers

9 Irrational and confused behaviour

1 Reduced mental alertness
Another factor to consider in patel 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, clar 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 markeéf. The MLC regulations deal with a broad range of Voude
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 wort fatervals are not being exceedédThe

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 Organisati: Maritime Labour Convention 2006

44 Regulation 2.3 International Labour Organisation: Maritime Labour Convention 2006
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1 Maximum hours of work shall not exceed:
0 14 hours in any 24our period; and
0 72 hours in any sevetlay period;
1 Minimum hours of rest shall not be less than:
o 10 hours in any 24our period; and
0 77 hours in any seveday period.
9 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 ashdése outlined in the CSWP shoulé monitored and
immediately addressed if experienced by any seafarer, in the context of navigation, in this case
Polar/lce navigation, such impairments if not appropriately addressed are likely to significantly
reduce an @Ws ability to perform within the bridge navigation environment. Symptoms such as
irrational or confused behaviour and reduced alertness if not appropriately adebiessuld
result in a reduction in the OOWSs ability in terms of decision making and infemavith 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.
3.2.2.17Protective Clothing

As with operating in angnvironment 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 clothiof w
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 importanof 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 signsf such wear and tear should be monitored for on a regular basis. The

formation of Hoaffrost*, which can be almost invisible, should be checked for at regular

intervals, and removed immediately if detected.

Perspiration is to be avoided as the generataf additional moisture cabe 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 areagxposed to the elements. It is also suggested when commencing work, that such
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throughout the duration of the work. Finally, it is recommended that gloves be wioall imes
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comes into direct contact with steel at a temperature -G° C or below, will result instant

blistering.
3.2.2.18Hypothermia

Hypothermia is anedical 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 thatyhis
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:
1 Anindividual is severely fatigued
9 Insulating properties foclothing become impaired as a result of:
o Tearing
0 Exposure to external moisture
o0 Perspiration
9 The body becomes immobilised through injury

9 Immersion in cold water

45 Hoarfrost: 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 diagness. Sig
and symptoms include the following:

1 Intense feeling of cold

1 Abnormal behaviour patterns

1 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 #usos, industry
guidelines suggest the following:

1 Moving the cremember into shelter and out of the cold external environments

1 Replacing wet clothing with dry

1 Wrapping the crewmember with blankets for insulation

9 Provision of extra heat for the body

9 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.
3.2.2.19Frostbite

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 tempetaes, 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 skns, 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 arasiabhs 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
occured. 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 frabite, 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 haatdeq

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 tplggheat 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 colutalieiin 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.
3.2.2.20Snow Blindness

Show-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:

1 Eyes begin to water

1 Afeeling of sand in the eyes

1 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 makereate to a number of optical
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illusions/restrictions which can be experienced by Mariners within Polar Régi@tsould an

OOW experience snoeiindness or indeed any form of visual impairment as a result of
environmental conditions, efforts should be made2 31 Ay FaairadlyoS FTNRBY (f
Officer. A deck officer should not return to OOW duties until they are satisfied that such visual

impairments have been resolved.

3.2.3Polar Ship Handling

Ship handling is a specialised area which requirestantial 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 maeirs 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 ie affected Polar Regiofi&#%%1523

3.2.3.1Generic 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 thefiee 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 pressurstiessegplacedon them, particularly
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their extremities with greater lateral distances, resulting in additional forces being applied on

these sections, whicban result in damage.

46 parag Optical Haze, Mirrages, Optical lllusions, Ice Blink, White Out and various others

47 Crenshaw (19789Yaval Ship Handling

BUKHO 201t mnn ! RYANI fGe GKS al NAYySNRa | FyRoz22]
49 Anwar (2015Navigation Advanced Mates/Masters

50MOD (1987Admiralty Manual of vigation Vol 1

S1MOD (1987apdmiralty Manual of Seamanship

52SMA (201®wedish Maritime Administration Winter Navigation Rules

531COS (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 OOWSs, particularly in the event of the
requirement of a sudden turn, or to bring thesael 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 exremely 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 potehtorce/impact on the

blades issignificantly 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 propkelr 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 manoeuvreander to avoid ice. Vessels such as tugs andbieakers

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 inathsks 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 enapparent or sudden manoeuvring

thrust.

Beam:Vessels with wide and narrow beams offer varying advantages/disadvantages. Firstly, a
vessel with a narrow beam wékperience less resistance whiassing through an ice affected

area than that of a widevessel. 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 motecti

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 tlopelters, 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,

a4 GKS @SaasStQa RSSLISNJI desdtidri. Vesdelsiwittiishatlofver drafts f  LINE O A F
can also offer benefits, in that such vessels can generally operate in closer proximity to the coast

in areas where icéree channels generally first appear.

3.2.3.2Generic Manoeuvring Considering

It should be stagd 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 OOWSs atteprpceed around

ice floe$? or select tracks which within ice leads, and subsequently avoid any contact/impact
with the ice.

Entering Icein the event of a vessel being required to enice, as outlined in figure 84, it is
recommended that such éry be conducted using minimum speed and at right angles to ice

edge.

[ Ememg oo mriate |
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Figure 344 Entering the Ice

54 A relatively flat formation of flat sea ice, which is 20m or more in diameter

Sedna
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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 wherén¢ 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 presenceretsure is apparent

from hummocking and raftirf§, it is strongly advised to avoid entry as the ice is more likely to be

thicker at these points.

Speed in IceDetermining an appropriate speed while transiting an ice affected polar region can

be achallg IAy3 GFaie LT I @SaasSt LINEOSSRa |G Iy
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 forceappi@d 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

Fa GKS @SaasStQa alLlS SR vibvatioRshoise fvigeR And Yohtiyidus dEdd] o A f
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 exarep 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 cotrols, 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 darslageld the

speed not be adjusted upon entering clear waters.

55 Pressue 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 condnanbecoming 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 e@e 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 thenaimal ice floe

into the propellers.

In terms of steering/rudder use, ageneral 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 ofgsticular 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 @S%a & St Qa
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 .85 refers) in the ice of varying range and an occurrence further
discussed wiiin 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 tlael$eclosing, 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 ten following leads is that of general direction of the break within

the ice. It has been suggested that OOWSs can become disorientated while operating within leads,

focusing more on following the break within the ice as opposed to monitoring the necesszky
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degrees off the planned track, should not be followed.

Figure 345Ice Leads (Credi: NSIDC)

Ramming and backingrhis is a method which can kenployed by the OOW, in which the force

2F GKS ¢SAIKG YR AYLIOG 2F GKS @SaaSt Aa dzaSR
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0§KS @&NJ YYSRéar iteNBfdre the yessel be€ronges 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:
1 Propellers must be rotatinghad 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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9 External factors such as wind, current and ice pressure, will no doubt have an impact on
this manoeuvre ad should be considered from a ship handling perspective.
9 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.
9 This manoeuvre should be avoided witkisgels of minimal or no polar ice class, as the
impacts may have significant impacts on structural integrity.
Hours of DarknessiErom a ship handling perspective, the primary consideration in relation to
operating during hours of darkness is that of speamd 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 visuallgbserving 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
leves 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 touassel.

Drift Ice:Ice fields which are comprised of thick broke floes, should were possible be avoided by
OOWSs when operating in Polar Regions. Such avoidance should be further adhered to if there is
any indication of sea erosion on their upper surfagech 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 @ 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 thimutgthese
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 intgasition whereby the stem is slowly places agathst

edge of the floe, (figure.86refers) 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 nanoeuvre past and clear of the floe.

In the event of collision with a floe being unavoidable, the OOW should make an attempt to direct

iKS ©SaaSt Ay &adzOK I gl & ¢KSNBoeé GKS Ft2S Aa adl
A0NRTSé YI @ lly@drstizanBact] s¥fiking thié 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 apibpeller.

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 346 Colliding with Drift Ice
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3.2.3.4A Vessel Beset in Ice

A vessel becoming beset in ice can in some instances be a relatively safe amdewrsituation,

while in others can result in immediate and @veatastrophic damage. Figure43 outlines an
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the mercy of the environmental conditions within the area e.g. ice composition, wind, tide etc.

The overarching recommendation highlighted in numerous putiding, 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 propell¢éurning, 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 astace 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

G2 lFR2dzalG GKS @SaasStQa GNAY FyR KSStxX o0& AKAFOA)

force applied in a particular area on the vessel.

Figure 347 Cargo Vessel Beset in Ice
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the ice. By placing the anchors towards each beam of the vessel, by applying the necessary force

to recover the ancbrs/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 &nhchor

astern of thevessel as outlined in figure4B. Once in place, the vesgan 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.

Ice Anchor Placed
Astern

e e—

Vessel 6 s adpulloaweriiso n
applied

Figure 348 Using an Ice Anchor
3.2.3.50perating in Convoy

In the event of a number olssels 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 workaiyiatfon

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 ofi@nbreaker, so as to proceed safely
throughoutan ice affected area. Figure4® provides a brief visual representation of the OOWs

perspective during such an operation.
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Asoutlined in figure 30,depending on the number of ice breakers available, there are slight
variations in formation when operation in convoy.

Range 200
B D B -

Convoy operating with one Ice Breaker

Range 200 Range 2000

» > » =» ' '

Convoy operating with two Ice Breakers

Range 500 Range 200 Range 2000

I
» > - e LED D

Convoy operating with three Ice Breakers

Figure3.50 Potential Convoy Column Formations

When a convoy is operating with one ice breaker, they will generally adopt a formation such as
this outlined infigure 3.50. The Ice Breakeeads 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 rangeagrédan 200 yards, if

required to break sections of heavy ice concentrations. If operating in an area affected by
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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 cleachannel.

When operating with two ice leakers, as outlined in figui®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 vesselperform 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 deexlith figure 350,
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 requires sliggested 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 greateisk 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 mestnhée 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 instancettaes 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 compldieese 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
swinginginto 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 concentratioresither, and vessel

characteristics and dimensions, the following general recommendations can be used as a guide:

9 Open Ice: Speeds ofcer knots if it is determined that the vessels will not collide with ice

floes.
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1 Close Pack Ice: Speeds not greatentB&knots should be maintained
1 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 thanhgines 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 gmir int
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 igghOOWSs 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 statio@ 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
7110 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.

3.2.3.6Breaking a Vessel Frdeom the Ice

In the event of a vessel becoming beset in the ice, should Ice Breaker assistance be available,
STF2NlIa oAttt 060S YIRS o0& GKS A0S oNBIF{1SNI (2 a&oNB
followed by a close quarter escort out of thifexted 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
mechanismnto place the vessel into the cleared channel. By clearing the leeward sidevagbel

as outlined in figure 31, the force applied by the wind on the windward side of the vessel should

in theory set the vessel into the cleared channel. The follovéramiexample of how this may be

conducted:
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I The Ice Breaker passes as close as possible to the leeward side of the affected vessel on a
converging course.

T tlraa Fra Oft2asS la LkRraaraofsS G2 GKS @SaasStQa o2
the affected \essel.

1 The beset vessel will be instructed to engage full ahead on the engines.

1 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.

1 The Ice Breaker will then have engdgk ahead on their engines in order to ensure that

they remain ahead and clear of the beset vessel.

Ice Breaker
Track

Leeward Side

Figure 3511ce Breaker Assisting a Beset Vessel

Should this not clear the vessel, the ice breaker can take up stdirectly 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 availablegeiherally dictate certain specifics.

For example, if there is more than one Ice Breaker available in scenaripastitose outlined in

figure 350, 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 wilb@uare as outliad in figure

3.52in order to clear the vessels.
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«— Ice Breaker

«— | Ice Breaker
Track

Leeward Side

'_

Figure 352 1ce Breaker Providing Convoy Assistance

J
1
1
1
1

105



SEDNA D3.5 : Codified Arctic Navigation Knowledge Base

3.2.3.7Providing 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 onbption 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 hdleoressel being assisted is

LX I OSR

GAGKAY

Anchors secured astern
from the Ice Breaker

Cargo Vessel
Bow

The following methods will be applied when securing and conduthiedgow:

Towingfi Not ¢

(i iteSkertay @itlin€Kréfigure®3. 1 KS A OS

Figure 353Ice Breaker Towing Assistance (Credit: SMA)

Ice Breaker Stern

1 Both vessels shall be prepared to connect the tow and cast off all lashings should the need

to disconnect suddenly arise.

1 As outlined in figure 53, for vessels with a bulbous bow, the distance between the bulb

and the stern of the Ice Breakartust be at least two metres.

1 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.
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f As the hull of the towed vessel acts as atyde oa I OGA @S¢ NHZRRSNJ F2NJ
steering must be maintained by the towed vessel, with engines on standby for immediate
manoeuvring.

1 When proceeding in straight lines, the towed vessel should steer as required to maintain
masts of the towed vesselréctly in line with that of the Ic8reaker as outlined in figure
3.54.

Mast of the towed vessel Mast of the _towed

— /

Figure 354 1ce Breaker Towing Steering Considerations (Credit SMA)

T ¢KS G(26SR ©@SaasSftQa LINR LIz astracted ta dozady e y23G 0S
Ice Breaker.
71 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 fidlly 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 mmeigiom.

Specific Arctic weather considerations are presented, outlining factors which must be considered

by endusers when planning to and operating within the Arctic regions. Local phenomena such as

dead water and Arctic Haze, are environmental considenst which have the potential to
AAIAYATFAOLyGte AyFtdzSyOS || @SaaStqQa 2LISNIdGAy3I A
KS LXFTYyAy3a FyR 2LINIGA2yFE adlr3sSa 2F Fye | NOGA

(et

section, provides an outlinefspecific localised weather and environmental anomalies which

end-users may experience when operating in ice affected areas. Meltmgicalfactors such as
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Inversions and Katabatic winds, can create extreme weather conditions for Mariners at a very

localsed level. The numerous optical phenomena discussed are factors which can influence a

al NAYSNRa @Aadzf LISNOSLIWA2Y YR &aLI dAlf ok NByS
@A adz f RAAG2NIA2Yya AF y20 ARSYI(AcEpidhPEtheO2 dzf R LIz
SYGANRBYYSYyGzZ FyR NBadAZ G Ay 'y I OOARSyld 2NJ AyOAR
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recommendations/guidelines based on the recorded observations of expeesgating 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 ah regulatory requirements, within the one piece. Such
GO2yaz2ft ARFiGA2YeE GAff AYTF2NY FTRRAGAZ2YI {95b! L
consolidated source of knowledge for enders operating within these regions. |Initially, broad

planning consider@ons are presented such as the recommended preparations a vessel should

O2YLX SGS LINA2N) 2 SyYyiSNAy3I A0Sz gKAES ftaz 2dzif A
navigation and reporting requirementSpecific ice navigation considerationg gresented, 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 radatise use of charts and fixed point@nd theuse 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

suchas dead reckoning and celestial navigation, presenting potential Ice/Polar specific challenges,

and practical industry guidelines which can be employed to address tAelditional bridge

watch-keeping scenarios are outlined in the form of anchoring ancteiging ice breaker

assistance, providing a consolidation of practical guidelines of practices which can be employed

Ay (KSasS AyadalyoSao CAylftes GKS aKdzYly FF OG2
environmental factors which may influence an emgkrs 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 specifitfluences

108



SEDNA D3.5 : Codified Arctic Navigation Knowledge Base

Finally, the Polar Ship Handling piece, presamsmber of pactical industry considerations and
guidelines for vessels operating within these areas. Initially, design factors are outlined,
presenting howconstruction characters such as a vessels length, beam, propeller type and
numerous others, can influence how@&S &8 4 St aKIF yRf S&a¢ $KSyYy 2LISNIF Ay 3
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 itxelf. 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 manoeuviihgs section also psent 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 iceyrawiling towing

assistance.
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4. Primary Rese&h Efforts: OrSite Ice Breaker Interviews

4.1 Introduction
This section outlines the interview findings of two ite interviewsconducted by SEDNA
research partners in completing D3.5. As discussed within the methodology Sédtierpurpose
of theseinterviews are to inform the both the additional primary research efforts of this
deliverable®, but also to inform additional efforts to be completed throughout the SEDNA
programmé®. In determining suitable focal points, findings from the desk researdntgfalong
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:

1 Safe Arctic Bridge Design Considerati@idO)

1 Arctic Weather and %elce Forecasting (MET)

1 Safe Artic Voyage Optimisation/Planning (Chalmers)

1 Arctic/lce Navigation (NMCI_Halpin)
The inputs provided by the above highlighted partners, formed the basis in which the
guestionnaires were formed with a view of informing the prmmme research efforts. Anndx
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 folloiténg s
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 3Primary research methodology sections
8 Section 61ce Breaker Scenarios
59 Section 3Primary research methodology sections
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4.2 Site Visit 1: Swedish Ice Breaker i Nov 2017

Figure 41 Swedish Ice Breaker Atle Alongside Lulea Port
4bH dm +SaaStQa t I NIAOdzZ I NR

Main dimensions

Length O.A. 104.70 m Call Sign SBPR

Beam: 2.3-80 m Ice Class: 1A S Ice Breaker

Draught: 8.30 m Ice Breaking Capability: 1.2 m level at 3 Knots

Air Draught: 45.40 m Machinery:

Displacement: 7,800 t Total HP25,000hp

Speed in pen water: 18 Knots Main Engines: 5 x 12 cylinder Wartsila S.E.M.T
Cruising Speed: 12 Knots Pielstistick

4.2.2Bridge resource management
4.2.2.1Bridge Wath-keeping Resources:
1 1 x Master
1 1 x Chief Officer
1 3 x Operations Officers (Bridyeatchkeepers
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4.2.2.2Bridge Manning:
During Ice Breaking operations the sekoperates a two bridgeatch-keepingor pilot & copilot

GelLlS a2aiGdSYyd® hyS hFFAOSNI NBiGFAya GKS a0O2yé¢ (KI
NBalLlyaAirofsS (2 GKS aladSNI F2N) GKSLA T FEHLIRFIANRS.
assistanceand support in areas such as navigation, collision avoidance, communication, ice

breaking operations and operational planning.

4.2.2.3Training and Development and Certificate of Competency
All Deck Officers fulfilling a bridgeatch-keepingrole on boardSwedish 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
'ma  the relevent COC

Swedish Maritime Administration Ice
|_ Breaker 12 month training programme

Work Placement on board an SMA operated
e /CE-Breaker

4.2.30n-Site Interview Faus

4.2.3.1Task Element to be informedi2.3 Safe ArctiBridge(AHO)
4.2.3.1.1Arctic physical workplace design (Ergonomics)

Focus:
Any information on comfort. We envision that navigating in ice filled waters offer special
challenges related to fatiguédnat 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 faabrs such as air quality, temperature and seating play when ensuring

that the bridge is conducive for effectiweatch-keepingwhen considering ergonomics.

( Sedna
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Due to the nature of the Ice Navigation aofderations completed on board\aessel of
this type (primaily Ice Breaking and Maritime Safety Operations) the Mastgjgested
that such factors wre 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 @ 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 areseparate 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 though 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 desigriedhavigate 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 tlsi which may not be present on Merchant Navy cargo and passenger vessels.
Focus:
{LISOATAO a[AYyS 2F aAiAdaKaGé 2N ISYySNIt SyR dza SNk 2 LK
1 Are there any specific areas that should provide an unobstructed field of vision. (gs thin

they want to see but cannot?)
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1 Research suggests that there has been a lot of accidents/collisions as a result of
ONJ} ySkRSO] SIldzALI)YSYyd 20ai0NMz0GAY3 + 5501 hTTFA
considered?

Respondent Observations:
As outlined preiwously, 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 suggestedhit visual observations completed through the naked eye continue to be
most superior sensory input in ensuring that bridgatch-keepersmake effective and
informed decisions in relation to navigation and collision avoidance.
Another consideration highlighd by the Master was that of height, discussing the need
to ensure that maximum height of eye is available for bridgech-keepers as this will
generally increase visual range, while also reducing the effects of visual obstructions.
Focus:
It is suggeed that ice breakers use physical installations to pinpoint change in heading or
measuring icethickness on the side of the boat. What are the physical tools used and how are
they implemented?
Respondent Observations:
With regards measuring ice thickrggghis 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 thicknedsiestribution data.

Figure4.2 outlines animage of this fixture deployed on board the Atle.

ok {

Figured.2Ice Masuring 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 hroughout & how they are used.

We are interested in operational scenarios such as:

 Rescue,

T MOB,

9 Aft bridge operations such as crane use as well as nhavigation and manoeuvring.
Please include data of the same operations on various conditions suchhasmig, bad weather
etc.

Respondent Observations:

Operational scenarios included the following possible options:

1 Mooring operations; entering and exiting ports.

1 Anchoring operations.

i Pilotage operationg transiting in harbours or pilotage areas in @gsroximity to
potential dangers.

1 Coastal navigatio ¢ transiting in coastal wateareaswith reducedto proximity to
potential dangers.

1 Sea/Ocean passagedransiting in open waters in which there is minimum risk of
passing in close proximity to potentidangers.

1 General ice breaking operatiorgstransiting ice affected areas with objective of
LINE GARAY3I aAO0OS FNBS¢ NRdziSa FT2N) gSaasStao

9 Ice escort operationgtransiting ice affected, escorting/leading a convoy of merchant
vessels.

9 Ice towing operationg transiting ice affected areas, while providing a towing service
for merchant vessels facing difficulties navigating in these areas.

91 Helicopter operations
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4.2.3.1.2Information analysisand Task Analysis

Focus:
Please list all specific information requirbyg 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. Infotima 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 forrbagrse
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 scojé this effort, and would be addressed during the later

seagoing field trip.

4.2.3.1.3Equipment analysis
Focus:
Please list the equipment used and how it is practically applied.
Particularly equipment of importance related to Arctic navigation and dmarauch as ice radars
and weather forecasting.
Respondent Observations:
Navigation Aids:
3cm XBand Radarg A short to medium range radar used for precision navigation in
pilotage & coastal waters, while also being used for collision avoidance fungtitms
vessels using ARPA and AIS inputs to determine range, course, speed & CPA of other
@SaaStad ¢KAA FalLISOG 2F FdzyOlAazylftAade Aa 27F |
context. The bridge team highlighted that when operating in close proxitoityther
#SaasStas AYyTF2NXYIGA2y &dzOK | a || @S5aaStQa &LJISS

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 atsbfor the purpose

of short to medium range icdetection, providing endisers with ranging & rough

estimates of size.

ECDIg Electronic Chart Display Information Systemsed primarily for the appraisal,

planning, execution & monitoring of a navigatibd- 2 aF 3S® | @S&aasSt Qa LX |y
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 enduser using manual or automated eans. When executed, the progress

throughout the planned route can be monitored via positional information/data in the

F2N)Y 2F Dt{3X AyLWziiSR FNBY (KS @SaasStqa Dt {=
the vessel is progressing in relation to track dawetral 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 visuar&ar 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 systeqThis is a 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 whichdated the ECDIS

compliant units on board, which was retathdue 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 & tramitted via email to merchant vessels requiring
assistance/guidance when operating in ice affected areas.

Global Positioning Systenfturunog An IMO approved unit which provides the easer

with positional and directional information in the form of ltatle and Longitude and the

AKALIQa O2dzZNES yR alLISSR 20SNJ 4KS 3INRdzyR® ¢KS
monitoring system, allowing endsers to enter predetermined waypoints and monitor

progress on the entered track both on terms of ETA tdidason 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/tratike bridgewatch-keeperswill use the
ECDIS as their primary method for inputting and monitoring the vessels track and
positional information.
Gyro Compass: AnschutzAn IMO approved unit designed to be used as a directional
reference tool, which usebie 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 figue3, while also providing directional data inputs
to unitssuch as the ARPA Radars and ECDIS.
Automatic Identification System: SAABAn IMO approved unit, designed to transmit
FaGlF @A 21 CX FYR LINRPGDARS AYyT2NXNIGA2Y Ay NBf

Identity ¢ Name, Call Sign, MMSI Number

Type

Particulars

R

1

1

1

1 Position
T Coure

1 Speed

1 Navigational Status

i 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 endisers,is via the information inputted and displayed on the ARPA Radar

and ECDIS unit.

4.2.3.1.4User wants and needs

Focus:

In relation to thecurrent use of the ships bridgéNhat works well?
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Respondent Observations:
It was suggested that the currentlevéio a Ay 1 SANI A2y ¢ gAGKAY ! ARA
The Radar, GPS and AIS inputs being inputted and displayed on the one display system e.g.
the ECDIS provides emders with an aid and mechanism to make more effective decisions
in relation to collisioravoidance 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 bridatehr-keeperscan make more
effective decisias without having to move and take their focus away from the bridge

windowsand navigational aids. Figure 4@tlines the layout used on board the Atle.

Fgure 43 OOW Conning Position

On board this vessel, there are three conning positions: 1.), RoytCentre and 3.)
Starboard. This provides the bridgatch-keeperswith 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 greateorimfed decisions.

The positioning of numerous VHF radio handsets at the various conning positions, ensures
that the Deck Officers can perform their bridgatch-keepingduties with greater effect
during instances in which voice communication is requirece @rstomized 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/héaight @& outlined in figure 4
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allows the bridgevatch-keepergo 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 furthenwever a lack of confidence in the

reliability of the headet technology did seem to becancern for the Master.

VHF Placement

VHF Handsets are
suspended at
head/shoulder height here
in close proximity to Aids to
Navigation & Conning
equipment.

onning Equipment

Figure 44 VHF Handset Placement

Focus:
In relation to the current use of the ships bridgé&/hatdoes 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-keepersto temporarily lose sight of vessels/objects when the ship is
manoeuvring which can in turn cause temporary visual/§phdisorientation
Although not an issue for the Ice Breaker, the Master suggested that a number of
the commercial Merchant Navy vessels that tratisiough Ice affected regions

are severely restricted in their ability to effectively detect ice by visual and radar
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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 Radanisers are
limits detection ranges of other vessels/ice/navigation hazards. As outlined in
figure 3.330ne of the key factors in determining the effective detection range of

a Radar is that of the vertical positioning of the scanner, highlighting the foeed
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 ith taller construction designs as outlined in figure
4.5.

Figure 45 Merchant Vessel transiting through sea fog

Focus:
In relation to the current use of the ships bridg@&hat would you like to see for future systems?
Respondent Observiains:
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 niethe 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 f@ioed 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 Aagierations.

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. Whenatiper in close

proximity to other vessels, in ice affected areas e.g. there is a lack of available navigable

gl GSNEE o0SAy3 ofS G2 RSGSNXYAYS | @SaasSta
refer to a Radar or ECDIS display, would significantly irepiteer ability of any bridge

team to make more effective decisions, thus reducing collisions/accidents/incidents.

Another enduser data display consideration suggested/discussed was that of the
potential use of lighting signals to indicate whether or naitsk of collision existed with

another vessel. This suggestions was based on methods used by aircraft such as sector
fAIKGA 2NJ AYRSSR | iGN FFAO tAIKGE GelIS aeal
proximity to danger/risk of collision. The primardyatlenge 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 sea

While not an issue for the Atle, it wauggested that commercial merchant navy vessels

operating within ice affected areas are generally lacking in two keys areas as follows:
VHF HandsetsiIt was suggested that as these vessels are designed to
predominantly operate within open waters/deepa&oyages, that VHF handsets
are generally fitted as per minimum GMDSS requiremeartsl 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 hertessels.

The ice breaker vessels deal with this by placing multiple handsets throughout
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the bridge, allowing bridgevatchrkeepersto 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 usef 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 safelyigate these
regions. Figure 4.6utlines an example of thievel 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 figyére
demonstrates how effective the lighting is on board on Swedritime
Administration Ice Breakers, allowing them to safely transit ice affected areas,
while being in a position to detect ideom a suitable range. Figure 4o@itlines

the level of illumination provided when operating with commercial merchant
navy vesels and highlights the point made by the Atle bridge team in relation to
the lack of lighting equipment available on board thesssels. As outlined in
figure 46, the lighting on board this vessel consists mainly of deck lighting, as
opposed to specifi search lights used fareé detection at range. Figurds7 and

4.8, further reinforces this suggestion, outlining levels of illumination from the

perspective of the Merchant Navy vessel.
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Figured.7 Ice Breaker Atle escorting Merchant Navy Vessels
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Figure 48 Merchant Navy Vessel being assisted by Atle during Ice Breaking operations

Focus

Communication

Provide an overview of communication in the widest sense.

What is requiredo 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:
Verbd Interactions:As outlined previously, this vessel operates a pilot &ibat type
arrangement in which there is a bridge watkbeper who retains primary control of the
vessel, while being supported by another wataeper who provides back up in theTio
of assistance/advice on the following considerations: navigation, collision avoidance,
YSGS2NRf 2383 &aKALI KFyRfAy3I>Z A0S ONBIF{Ay3asZ NB
communications. Information in relation to these topics is generally gathdred
observing navigational aids, and relaying it via verbal interactions on the bridge between

the officers as they perform their bridgeatch-keepingfunctions.
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Internal Communications During operations which are outside of normal voyage

passages sucas 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 nde with accuracy by the deck crew themselves. Examples of such

information include distance information in relation to the distance between @hip

and that of another or the distance to an object or fixture in which a vessel intends on

mooring to such aa 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 acaracy.

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. Emeyg

communication equipment will also be fitted in the form of handheld radios designed to

provide communications in the event of power failures or major emergan¢fire,

flooding sinking etc) and automated sound signals which signal emergencies atelr mu

scenarios.

External Communications
Manual Transmissions (Ship-Ship & Shigo-Shore)

The primary method used for manual sh@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:

1 General maritime safety information broadcasts.

9 Bridgeto-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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9 Bridgeto-bridge communications, with an Ice Breaker relaying instructions and
recommendations for v&sels following/operating in convoy.

1 Bridgeto-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 tremitting 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 GMDS INWVARSAT 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 generatetspip, shipto-

shore and Maritime Safety Informatién

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 andanway. 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 generatalaiay matters.

It was also outlined that satellite email wadso 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 iceaye 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(Gkographical Information System) and data sharing system
designed to gather data from vessels, a network of coastal monitoring stations

throughout the BalticSeaand Met Ocean data, which can then be shared and viewed by
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vessels operated by the SMA andhet 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 thanous Baltic Ice Breaking Management members

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 orcene. 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 &tte Satellite imagery in an effort to determine

whether or not commercial vessels are safe to navigate in a specific Altbaugh this

platform is only available to Baltic Ice Breaking Management organization members, the

system does provide certain opesource data sharing maritime outputs which can be

viewed by enelusers in the form of an open source websitéfhe site provides the

following Maritime Safety Information data:

1 AIS Traffic information

9 Port and traffic restrictions

1 Waypoint and Route data

1 Weather reporting for the Baltic Sea

9 Ice Thickness reports: Satellite imagery of an affected region which is genegally 0
days old

1 Ice Forecast reports: Information is published daily at 0700 UTC, providing an
overview of the Baltic Sea, displaying ioea@entration and drift. Figure.8 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 shipAre there any knowledge requirements the crew have while on ship?
Respondent Ofervations:
The Master and all bridgeatch-keepershave 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 rdlds addition to the madatory STCW
requirements, each bridge watdteeper 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 aésilbatjuired

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 breakereles©n successful
completion of the training, the bridgeatch-keepersmust 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 caattids 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 leVetaining 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 bridgevatch-keepersas a number of elementsuch 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 bridgewatch-keeperspiloting and navigating commeial 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 navigatlmrt, also general dato-

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.

Training while on shipThe ARsystem 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, howeveithout 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 organizatiorioaates resources to ensuring that bridgatch-
keepershave the necessary exposure to ice/arctic conditions. For commercial Merchant
Navy vessels, in which a bridge waicts S LISND & SELIZ 4dzNB (2 &adzOK 02y
vessel is trading/transporting gads, it was suggested that this could be a useful learning
aid to simulate ice conditions and better equip bridgatch-keeperswith the necessary
knowledge and skills to successfully and safely navigate within ice affected areas.

Focus

Custom solutionsHave the crew adopted any special systems, processes or solutions to improve

their ability in order to operate in Arctic waters.

Respondent Observations:
LY 2NRSNJ 2 LINRPGARS GKS fS@St 2F aO02y(Aydz dz
Swedish Matime 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 dgays are outlined in figure.#1. 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
systens/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 outlinedin figure 410, this would potentially provide an additional monitoriagurce
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 equipmaenrdritor
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 physiosge, injuries

and even loss of life.
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|
Towing Hawser

Concentration
of forces

Figure 410 Merchant Vessel Under Tow

Another addition to assist with this monitoring is that of the placement af dBAANT & ¢
mirror above the conninggsition as outlined in figure.42. This fixture is t@rovide the
bridge watch-keepersto 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 411 Bridge CCTV Monitoring Displays
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Figure 412 Rear View Mirrog 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 observatioms 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 thatluring 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
decisiors.

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 potentiabmtribute 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 thdatection
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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 necegstineoretical frameworks

and validation.

4.2.4.1 Task Element to be informedST 3.1.1Arctic END USER Requirements Ice
FORECASTING requirements (MET)

The primary purpose of this section is to determine -@is@r requirements in relation to 7 day

sea icahickness & 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 txodday 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 agiiwilocated 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 brealas 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 potentiallyiggayreater
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.
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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. Ttalgatimages 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 dataonjunction 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 speific areas or routes. kige 413outlines an image of the satellite imagery

display.

Figure 413 Ice Forecasting Satellite Imagery

Focus
What are your requirements to enable using or optimizing these products (spatial
resolution¥ 2 NSOF &0 t SIFIR GAYSSE LI NFYYSGSNEE GFtARFGAZY

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 foreaasates.
Focus
Which type of format would you need to integrate these products within your data management
systems and decisiemaking processes?
Respondent Observations:
Again, it is was suggested that these are areas that would have to be put tecineic¢al
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.
4.2.5.1Task Element to be informedr 3.2 safe Arctic voyage optimisation systerf@halmers)
CKAAd NBaSkNOK asSta 2dzi G2 RS@St2L)J F NRdziAy3a aea
condition avoidance, expected time of arrival, structural integ&itgevere motion responses in
harsh environments.
¢KS {95b! +2@13S tftlyyAy3a ¢22f 6xtc¢0 Ydzad AyO2N
G022t a¢Y MO Kdzf f kK LINR LISt f-iRidckdivesisteh@NRA G & dzy RSNJ A OS f 2
Our concerns can be put into twoajor categories:
Focus
4.2.5.1Ice 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:
1 Ice forecast: the Sea ice forecast is provided by Finnish Meteorological Institute
6CaLO0O® C2NJ Lzt A0 dzLJ G2 pn K2dz2NBA aSlI A0S
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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.

9 Satellite imaginary: Swedigkinnish icebreakers kia 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 imagegires
years of experience and training, which seems unrealistic fortermsof
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 Argimre
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 AlS into one single platform. In other words, IBNext is an enhanced
ECDISystem for operating in icinfested 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
GA-RBdzi A y3E
The ralar 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 icdickness has been conducted onboard ATLE.

4.2.5.2 IcelForecasts
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 54utso are published once a day

(http://ice.fmi.fi/baltic/about -forecast.php.

Focus
How to forecast/detect multiyear ice?

Respondent Observations:
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9 This was deemed not applicable due to short tesperational 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:
! Dependsonthe@A 2y a | YR K2¢g YdzOK 2yS g2dZ R fA1S
Arctic is rare compared to many other regions.
1 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:

1 ThelBNNextsystem incorporate#lS functiongrom shore side transmissions
Focus
How the enavigation tools such as AIS and sateliemnmunications are utilized in Swedish
icebreakers? Will they also useful for Arctic routes? How to get access téatifghe satellite
data?
Respondent Observations:

i See previous notations
Focus
How does your vesseheasure the thickness of the encoenéd broken ice (ice floe)?
Respondent Observations:

9 Visual observatios
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4.2.5.3 Ice Analysis Sensors

Focus
HowgoodisictNd RF NJ Ay RSGSOGAy3 A0S O2yRAGAZ2YyaAa fA1S aA
RNATGES AY FTRRAGAZ2Y (2 FTAYRAY3I AO0S6SNHaAK
Regondent Observations:
1 This was deemed to be napplicable in this instance as thisssel does not use a
purposebuilt ice detection radar.
Focus
La Ad LI2aaArod2S NIR 20R2aDNIFISH d2Weé | yR aAO0S FT2NBOI aid
For ingance, 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 usingbmard measured data in together with
weather forecasting?
Respondent Observations:
1 Without committing to anyspecifics, in theory, fls should be possible according to
discussions held with the radar fitters.
Focus
Ice loads & ship performance:
Which of the following ship performance parameters are monitoredoard icebreakers: ship
speed, GPS positions, fuet, engine output, and propeller rpm?
Respondent Observations:

9 Yesthis ismonitored, but it would appear that it isot recorded

Focus
Are strain and vibration sensors installed in hull of any Swedish icebreakers?
Respondent Observations:
1 Not on ATLEbut according tothe Master, this is completed on board thHerej
(Another Swedish Ice Breakéoy one of the Swedish polar expeditions.
Focus

Isthe iceinduced resistancenonitored?l 2 ¢ G2 S@lfdz2a 6S GKS NR&A]l 2F &3S
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Respondent Obseations:

9 This is notmonitored on board the Atle.
Focus
ANB yed O2YYSNDAIFT KdzZf Y2yAUG2NAy3 aeadsSvya aadty
Respondent Observations:

f ¢KSe& IINB y2i dadl yRFNR SljdzAa LIYSyidé FT2NJ LOS
Focus
Did you record encountered igmnditions (and maybe ship performance) for previous winter
operations?
Respondent Observations:

1 Not on board the ATLEhoweveraccording tothe respondents, thi€an bemade

available onboard Frej for one of the Swedish polar expeditions.

Focus
If available inl KS YI N] SGX 6KAOK 1AYyR 2F aAOS yI @Al GAZ2)
icebreakers?
Respondent Observations:

9 Although not directly addressed on board during the visit, the IBNNext system could

potentially contribute here.

4.2.6.1Task Element tde informed: T3.3 Safe Arctic navigation (NMCI)

The purpose of these questions, is twvéstigate current endiser practices & considerations

under the following headings:
4.2.6.1.1 Bridge Resource Management

Focus

1 Record keepirfj

601LO Maritime Labour ConventigrStandard A2.3http://www.ilo.org/wcmsp5/groups/publict--
ed_norm/---normes/documents/normativeinstrument/wcms_090250.pdf
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1 Hours of rest
9 Drugs & &ohol 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 accordande 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 Merchanayy Commercial vessels which would
generally man their bridges with one wat&beeper, the SMA adhere to these rules by
employing additionaivatch-keepersfor each vessel. These vessels are mannethéy
following:
1 Master,
9 Chief Officer
1 4 Operations Offiaes,
Most commercial vessels whle manned by
1 Master,
9 Chief Officer
1 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 vesséisdtively 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
1 A review of bridge operating procedures fmnducting ice navigation/operations.

1 A review of emergency procedures specific to ice navigation/operations.

611LO Maritime Labour ConventigrRegulation 2.3http://www.ilo.org/wcmsp5/groups/publict--
ed_norm/---normes/documents/normativeinstrument/wcms_090250.pdf

141


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

1
)l

SEDNA D3.5 : Codified Arctic Navigation Knowledge Base

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 Bratghk
keepersdid however state that the SMA Ice Breakers do have spgmificedures which

are customized for operating in Ice affected areas, which they feel aferfifurpose in

this context. It is intended to complete a full review of these procedures on returning to
this vessel during ice breaking operations.

With regard regulatory considerations, again due to the limited time available there was
not scope to gain a significant qualitative insight from an-aedr perspective. The
Master and Bridge Team did however suggest that current regulations including the Polar
code were extremely broad, and do not address specific bridgschkeeping
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 om mavigation 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 introdtto bridge this gap.

4.2.6.1.3 Aids to Navigation in the Context of Bridge Operations

Focus

1

1

Discuss the suitability of current navigation aids to successfully & safely navigate within Arctic
regions.

Investigate the accuracy of current navigation putilmas 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 highlighiegl the

advisory board meetig
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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 wasistisd

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, parlicwith 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 effecti¥ 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 consideratio 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. Alththese 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.

4.2.6.14 Passage Planning

Focus

T

Discuss the passage planningpgess & determine any Arctic/lce Navigation during the
appraisal, planning, execution & monitoring process.
Discuss passage planning & determine any Arctic/lce Navigation specific factors within the
following contexts:

0 Passage planning in pilotage waters

o0 Passage planning in coastal waters

0 Passage planning in ocean waters

0 Passage planning using ECDIS
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9 Discuss Arctic/lce Navigation specific considerations for passage plan briefing.
9 Discuss Arctic/lce Navigation specific considerations for planning anchofagesoring
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 planningthe 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 approadb 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:
Smilarly 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 impoence. As otlined in figure 4.49when 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 lwithe bridge team and reviewed the key
regulatory and traiing documents (See footnotes 683), it was suggested that although
the various guidance documents deal with a broad range of potential scenarios, the
underlying theme within these sections isathof 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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daction taken to avoid collision shall if the circumstances permit, be positive,
made in ample time and Wit RdzS NBX3IFNR (2 GKS 20aSNII yOS
(See footnoteg®?
Another example of such language is as follows:
GLF G§KSNB Ardom, altemtion & xd&ingdialodeSrtay be the most
effective action to avoid a clogpiarters situation providethat it is made in good
time, is substantial and does not result in another clpsgzl NJi S NE& (SéeA (i dzl G A 2y
footnotes)®®
While the regulations do provide guidance for a broad range of potential scenarios, the
use of language such as the above highlightettlaeis 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 STGk&ining 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 thiype of situations which can be encountered when
operating within ice affected regions.
Research team contributions
As anSTCW qualified Deck Officer who has also completed military manitiateh
keepingtraining, there is potential for the existence whining/knowledge gaps within
the commercial industry. Th&Vatchkeepingtraining and experience gained by this
researcher within the commercial sector focused very much on instilling behaviours in
which close quarter/proximity operations/scenarios wete be avoided. It is this
NE&SIHNODKSNDRa SELISNASYOS GKIFG 1y XdA2PR dz

Q)¢
w»
puli

a Sl Y yféor A trdining and development perspective, generally translates into the
development of such behavioural attributes, as it can be mteted that suchd 3 2 2 R
a S| Yl yne#&ns 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 (ayule 8: International Reglations for the Prevention of Collisions at Sea
83 para (cyule 8: International Regulations for the Prevention of Collisions at Sea
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proposed that these behaviours are promoted from a risk managemerspective, 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 egaired 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 sceaitas therefore suggested

that knowledge from military maritimevatch-keepingtraining 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 sadigection. In order to fulfil this role,

Naval Watchkeepers 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 gearfunctions 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 cd@ 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 mantiateh-
keepingtraining could potenially 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 wdal 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 tid area would also ensure that the knowledge and procedures
developed throughout relevant deliverables, were objective and free of any potential

biases from this researcher.
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4.3 Site Visit 2: Finnish Ice Breaker T Mar 2018

Figure 43.1Finnish Ice Braker Nordica (Credit: Wiki)
4.3.10n-Site Interviews Vessel particulars

Main dimensions

Length O.Al16m Call Sign OJAE

Beam: 26.0n Ice Class: 1A S Ice Breaker

Draught: 8.40m Ice Breaking Capability: Not gathered
Displacement: 9,392 Machinery:

Speed in open water: 16knots Total HP: 15 MW

Cruising Speed: nots Main Engines: 2 Piece Aquamaster
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4.3.2Bridge resource management
4.3.2.1BridgeWatch-keepingResources:

T 1 x Master
M 1 x Chief Officer
1 3 x Operations Officers (Bridy¢atch-keepers

4.3.2.2Bridge Manning:

During Ice Breaking operations the vessel operates a two bvid¢eh-keepingor pilot & copilot

“

type system. One OGS NI NB Gl Aya GKS a02yé¢ GKNRdAzAKz2dzi GKS
NEBalLRyaAirofsS (2 GKS aldadSNI F2N) iKSLRt FEHLIBFOANRS.
assistance and support in areas such as navigation, collision avoidance, communication, ice

breaking operations and operational planning.
4.3.2.3Training and Development and Certificate of Competency

All Deck Officers fulfilling a bridgeatch-keepingrole on board Finnish Maritime Administration
Ice Breakers will have completed the followitng ttraining, 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

Maritime Administration Ice Breaker
|— 12 month training programme |

Work Placement on board an FMA operated
— Ice-Breaker |
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4.3.30n-Site Interview Focus
4.3.3.1Task Element to be informed: T2.3 Safe Ar&iidge(AHO)
4.3.3.11 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
guality, tempeature, 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 memberstoéedr the
environment outside?
Respondent Observations:
9 Icebreaking sounds are not that important, vibrations are important as well as
sight
Focus:
{LISOATAO G[AYS 2F aAakKdé 2NJ ASYySNIf SyR dzd SNk 2 LX
Are there any speci 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 icethickness on the side of the boat. What d@he 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
SldA LIYSy i 20a0NHz0GAy3 I 5SO01 hFFAOSNDRa FASEIR 27F
Respondent Observiains:
An unrestricted viewasternis important. Thus, e.g. eboard 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 sa

time.
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4.3.3.1.2 Equipment analysis

Focus:
1 Please list the equipment used and how it is practically applied.
9 Particularly equipment of importance related to Arctic navigation and operation such as ice
radars and weather forecasting.
Respondent Observiains:
1 Ice Radar (an important instrument) indicate where thick ice. Searchlights
important as well.
1 FLIR; thermalcamera, could be used to identify mujtear ice (not tested yet).

LIDAR has not been discussed (I asked about if they have considerejl LIDAR
4.3.3.1.3 User wants and needs

Focus:

In relation to the current use of the ships bridg@/hat works well?

Respondent Observations:
Integrated radars (multiple radars connected to the same screen) works well and is
reliable.

Focus:

In relation to the arrent use of the ships bridgéWhat 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 thepeiad
and direction because there are no waves).

Focus:

In relation to the current use of the ships bridgé/hat would you like to see for future systems?

Respondent Observations:

1 A g/stem enabling better visibility, satellite compass (available but esige)
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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:
1 While on open sea all commigations (transfer of images, text, voice etc.) is

satellite based. Iridium used in the high Arctic.
4.3.3.2Task Element to be informedr 3.2 safe Arctic voyage optimisation systems
¢CKAAd NBAaASFNOK aSia 2dzi (2 RS JSdopdadtion safé®@,dzé A y3 a e a
condition avoidance, expected time of arrival, structural integrity & severe motion responses in
harsh environments.
¢KS {95b! +*2&3S tflyyAy3d ¢22f 6+t ¢0 Ydzad AyO2N
G22ft aé¢y Marintegdy undelidd®ads P) idrduced 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 boardmeasurement using e.g. ice radar and/or visual observation, etc.?
Respondent Observations:
9 Traditional ice charts are still used, satellite pictures are important (the ice charts
are largely determined based on satellite pictures
Focus:
For ice forecasts, homany days in advance are the forecasts available and how often are the
forecasts updated?
Respondent Observations:
1 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 satkte 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:

1 VSAT is used on open sea but is expensive, Feetband is also used (a

GalrGStftAGS ONRBFROFIYR &aSNBAOSéE0® | A3K FNB
Arctic, but not really used.

4.3.3.2.1 Aids to Navigation

Focus:
How the enavigation tools such as AIS and satellite communications are utilized insBwedi
icebreakers? Will they also useful for Arctic routes? How to get access tdatifghe satellite
data?
How to measure the thickness of the encountered broken ice (ice floe)?
How to forecast/detect multyear ice?
How good is iceadar in detectingi8 O2y RAGA2yada fA1S aA0S GKAOlySaasé
RNATGEST AY FTRRAGAZ2Y (2 FTAYRAY3 A
Respondent Observations:

Iceradarcan be used to determine where there is ice and where there is ndtican

also be used to identify large ridgasd multiyear 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 arenitored onboard icebreakers: ship
speed, GPS positions, fuel log, engine output, and propeller rpm?
Respondent Observations:
i There is an oboard electronic logbook that records the ship speed, position, and

bearing. Data on power usage and individasgistances are not logged.
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Focus:
Are strain and vibration sensors installed in hull of any Swedish icebreakers?
Respondent Observations:
1 Iceloading induced stins are not actively monitored.
Focus:
How to monitor the icénduced resistance? How toled dzF §S G KS NAal 2F a3SadA,
Respondent Observations:
9 Iceinduced resistance is not monitored. The risk of getting stuck in ice is
determined based on experience considering the prevailing operating conditions
Focus:
Are any commercialhif 2 Yy A G2 NRy 3 aeadSya aaidl yRFENR Sljdzh LIYSy
Did you record encountered iemnditions (and maybe ship performance) for previous winter
operations?
LT FT@FAfLF0fS Ay GKS YIN)]J S 6KAOK {AYyR 2F aAa0Ss
icebreakers?
2 KFG 1AYRa 2F aylr@Aadalrarzy (22ftaé R2 &2dz NBO2YYS
covered waters without assistance of icebreakers?
Respondent Observations:
Strong searchlights, sufficient ballast (while trying to minimize fuel cebktps often fail
to carry enough ballast resulting in insufficient mass for operation in ice, which might lead

to a ship getting stuck in ice)
4.3.3.3Task Element to be informed3.3 Safe Arctic navigation (NMCI)
4.3.3.3.1 Training & Development

Focus:
Investigate current endiser practices & considerations under the following headings:
Level of training & certificate of competencies held by all bridge&ech-keepingpersonnel?

Respondent Observations:
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1 Permission to enter ports without a pilot (experiensased), training as required
by the Polar Code (an approxday long course, needed because Nordica is in
the process of geing a Polar Ship Certificate)

Focus:
What specific ice navigation training have bridggch-keeperscompleted?
Respondent Obseations:

1 Anapproved internalce 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 rélaidraining, safety, equipment,
design etc??
Respondent Observations:
1 The Polar Code fills some of the gaps, but does not cover the Baltic Sea. On the
Baltic Sea there are gaps related to thexjuired crewcompetence and ship

equipment.
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4.4 Onsite Interview Summary Findings

4.4.1 Task Element Summary: T2.3 Safe Arctic Bridge

4.4.1.1 Safe Arctic Bridge Desigh Summary

1

The importance of workplace design, supporting the importance that factors such as air
quality, temperature and seating play whenseming that the bridge is conducive for
effective watchkeeping when considering ergonomiasis acknowledgedn board the

Atle.

One specific item highlightedn board the Atle was the need to ensure that processor
units associated with Aids to Navigatiand 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 thibendye to

the fact the Ice Breakers have additional design features not usually applied to Merchant
Navy vessels.

20K @SaasSfta KAIKEANSEIRADKS REY IFANIBIAY O S AZK
a significant emphasis on the stern viewpoint. Tinerarching 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 thckness 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:

0 Mooring operations; entering and exiting ports.
0 Anchorirg operations.
o Pilotage operationg, transiting in harbours or pilotage areas in which

there is close proximity to potential dangers.

’x‘_‘:/
:‘_‘ . Sedrm |
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o Coastal navigatiog transiting in coastal waters areas in which there is
less to proximity to potential dangers.

0 Sea/Oceanpassagesg transiting in open waters in which there is
minimum risk of passing in close proximity to potential dangers.

0 General ice breaking operations transiting ice affected areas with
202S0GA0S 2F LINRPGARAY3I GAOS FTNBS:¢

0 Ice escort perationsg transiting ice affected, escorting/leading a convoy
of merchant vessels.

o0 Ice towing operationg transiting ice affected areas, while providing a
towing service for merchant vessels facing difficulties navigating in these
areas.

0 Helicopter opeations¢ Operating with a helicopter while underway

4.4.1.2 Equipment Analysis Summary

1 Although specific equipment lists are provided by the Atle research team, as the Nordica
is an IMO compliant vessel, built to an appropriate classification standadhnitbe

assumed that this vessel is equipped with the same navigational aids/equipinent

1 The Nordica highlighted the importance of specific ice detection radar in this context, while

the Atle made use of conventional navigation radars.

1 Both vessels highligld the importance of search lights and the potential contributions

that technology such as thermal imaging could make.

1 The Atle outlined that they have retained an older chart display system whictgtes
the IMO compliant ECDIS units fitted on boarevds suggested that was as a result of the
limited applications and usénterfaces available on contemporary ECDIS compliant unit,

a design feature deemed essential for ice navigation.

641f such equipment were absent, this vessel would be detained under port state control regulations and
would not be at sa
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4.4.1.3 User Wants and Needswhat works well?

1 Both vessels suggestethat the current level of navigational aid integration and

equipment placement in close proximity to conning controls works well.

9 The multiple conning positions did highlight a potential for incorporating a more effective

communication suite between thearious stations.
4.4.14 User Wants and NeedsWhat does notwork well?

1 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 inrrema
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 convayisibility being resicted by cargo

fixtures such as cranes and derricks, was also highlighted.

1 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?

1 Both vessels again highlighted the importance of vision, and the need to provided

unrestricted 360 vision.

1 The Atlesuggested that AR goggle technology could provide critical information for close
proximity manoeuvringsuch as AIS data from other vessels, navigation data and collision

avoidance information.

1 The Nordica suggested that the use of satellite compasses wonliibute to alleviating
short comings in navigational aids, however there is significant cost associated with

installation.

1 The Atle suggested that Merchant Navy vessels are often not equipped appropriately in
terms of the quantity of bridge communicati sets, and suitable illumination equipment

for night operations.
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4.4.1.6 Communication

9 The Atleoutlined that communication is conducted as follows:
o0 Verbal interactions between bridge teams (pilot/pdot system)

o Internal communications: Internal ramh between crew members during certain ice

transit operations such as mooring and towing
o External Communication:
A Ship to ship and ship to shore transmissions
A Satellite equipment as per GMDSS requirements
A IBN Next; GIS Ice planning/routing tool

1 The Nordca 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

1 The Atle did suggest that AR technology could value in the cootdpaining, particularly

for vessels and crews who have no experience of navigating in ice affected regions.

4.4.1.8 Customised Design Solutions

1 The Atle have applied to following customized bridge solutions:
o0 Suspended VHF Handsets (Figuréréfers)

0 The use of aft facing CCTV equipment to monitor towing operafiBitgire 411

refers).

0 ¢KS dz&aS 2F I GNBINDASGE YANNBNE |ff2Ay3
forward (Figured.12refers)
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4.4.2 Task Element Summary: ST 3.1.1 Arctic End Bemuirements¢ Ice Forecasting

Requirements

I The Atle suggested at the outsttat 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 Nawessels proceeding to Ice affected regions.

1 Theability to determine or quantify Ice thickness up to 7 days, would add significant value

in terms of operational and route planning.

1 The Atle is currently availing of Ice forecasting/thickness data via ag@i&d 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.

1 It was highlighted that any euies in relation to technical specifications, should be

directed to technical support staff.
9 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 Optimisati@mSy

4.4.3.1 Ice Conditions
1 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.

91 Ice forecasts are provided by the FMI, with predit@onditions available for up to 54

hours in advance.

1 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 madeavailable to Merchant vessels, that extensive training/experience
would be required in order to accurately interpret the imagédswas suggested that
making such imagery available for Northern Arctic regions would be challenging due to

reduced satellite average in the higher latitudes.
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1 With regards endiuser requirements in terms of accuracy and frequency, it was suggested
that this would depend on the region, and financial resources available to theissd
Such data may be of significant value withie tatitudes further north, due to the harsher
and unpredictable conditions experienced within those regidas.example of endiser

frequency of use, would be the 24hr satellite imagery used by both vessels.

1 Multi-year forecasts were deemed to be nappicable to Swedish Ice Breakers. The
Nordica did suggest that Ice Breakers will avoid areas with Jye#dti ice due to the

potential difficulties caused by such conditions when attempting navigate affected areas.

9 Ice detection radar considerations where aeed norapplicable 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.

1 Both vessels use voyagetdaecorder 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.

1 Both vessels highlighted that iteduced 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
SldzA LIYSYy i ¢2dzZ R yauid médantvastelsy R NR€ 2y 0

4.4.4 Task Element Summary: T 3.3 Safe Arctic Navigation (NMCI)

4.4.4.1 Bridge Resource Management
9 It was suggested on board the Atle that the standard manning levels for vessels operating
within Ice affected/Polar Regions, were ramnducive for consistent safe navigation. The
additional overload placed on OOWSs 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 Regulatoy Considerations
1 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 signifiknowledge 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 condaneral dayto-day tasks

when operating within an ice affected region.

1 It was also suggested that the Polar Code although a step in the right direction in terms of
providing some regulatory guidance/framework, wstill extremely broad, what not

specificenough for effective endiser application.

4.4.4.3Aids to Navigation
1 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.

9 Short coming in electronic navigation aids such as compasses and GNSS continue to affect

navigation, making precision navigation near to impossible within these regions.

1 With regards weather forecasting, there was a consistent level of skepticism amongst the
bridge tam 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 compling 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 operalibas
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 alsoedetausnform additional
specific efforts such as the Safe Arctic Bridge, Sea and Ice forecasting, and Voyage optimisation.
With regards the scenarios themselves, this section provideenh overview and description

of planning and practical applicatistof the following Ice Breaker scenarios:
1 5.2.1: Coastal Navigation
1 5.2.2: Pilotage operations Entering/Exiting Port
1 5.2.3:Ice Breaking Assistance operatianassisting vessels beset within the Ice
1 5.2.4:IceBreaker BcortAssistanceperation
1 5.2.5:Ice BreakeMultiple Vessel Ice escort operatigGonvoy assistance)
I 5.2.6:lceBreakertowing Assistance Qerations

1 5.2.7:lce MooringAssistance

la 2dzit AYSR gA0KAY (KS YSGiK2R2f23&8 aSOiAz2ys (K
methodology in orér 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 Navigtion scenario data

Scenario

Coastal Navigation

Main Activity

Ice Breaker vessel transiting an ice affected area

Context

1 The vessel will be on tait 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

I Other vessels on transit may be encountered at any stage in which action magyaranneed to be taken
depending on whether or not a risk of collision exists

1 Transit area is affected by close and very close pack ice which the ice breaker will transit thrgogteen

Actors Involved Position on the bridgé&

1 Officer of the watch Directional Focus

1  Support Officer 1 Starboard Conning Position
1 Master if required 1 Forehead
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Information Needed Communication
Methods
1 Ownship transit data 1 Verbal communication betweebridge

o0 Coursebeing steered

o]
o Positional information
o LDL Data

Ownship speed i

team
External communication between ship
VTS and other vessels (VHF)

Main Equipment used

Functions

ECDIS: AIS Inputs, GPS data
Helm controls (Joy Stick

Overhead displays

= =4 -8 —a -8 A -

PC with GIS providing Ice Chart & AlS overlay

X-Band 3cm radar: LDLs, AlS inputs i

Engine Controls 1

Radio equipment (External) 1

OOW has overall responsibility of
conning, collision avoidance and
decision making

Support Officer provides information a
required

Masterwill proceed to the bridge if
additional support is required.

What Happens (Outlinef the varioussteps & sequencesf the task$
I Thevesseison transit in an ice affected coastal navigatiecenario.

Passage Appraisal:

9 IBN Next GIS is referred to in order to determine ice coverage within the planned area.

1 Based on the ice coverage data, depending on the outlinethickness, a decision is
made as to whether or not the vessel can safely transit an area.

1 Sea area forecasts will be referred to determine weather conditions throughout the

duration of the passage

1 AIS data overlays on IBN Next or ECDIS will be checketetanihe traffic density in

the area of operation

1 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 ireiaffected areds)

85 Section 5.4: Summary Interview Findings

Sedna
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I Notice to Mariners may be referred to as a means of determining any temporary or
permanent changes to aids to navigation and navigational hazards

9 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

= = =4

Route selection and waypoints
I Weather routing

Passage Planning:
1 Route will be selected and planned based on the olestige coverage data from GIS

satellite imagery overlays
9 Distance in which charted or other features will be passed throughout the passage
9 Safe and appropriate passage speeds are determined based on the following:
0 Ice coverage
0 Meteorological conditions
o Trdfic density
o Amount of available navigable water
0 Urgency to reach destination and nature of operations
9 Specific sailing direction recommendations will be applied to the passage/route

1 Routes will be cross checked against®tBee appendix for visual exarple) overlays
displayed on 3cm radars

1 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
¢CKS NBtAFOATAGE 27F giysterhdQad LINR LIz aA 2y |yR adasS

Any specific environmental protection measures

= =4 =4 =9

The following ECDIS checks are completed:

66 Limiting Danger Line: A Coastal Navigation Method developed to provide an OOW with an instant radar
GAradzl £ FLIINTI A&aFE 2F |+ @SaasStQa LlaixdaAizy NBfIFGAGS (G2 (
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0 The appropriate ENCs(Electronic Navigation Charts) are available for the
proposed area

o0 Previously executed passage plans fachecked to ensure that theyra still
safe

0 Large scale ENCs are used initially to provide a route overview, while smaller
scales are then used for precision navigation checks

0 Any previous nofapplicable routes are cleared
o0 Cross track distances are applied and checked for each leg

o0 Safay depths and undekeel clearance will be crosschecked against radar LDL
displays

o ETA information is calculated and displayed

0 Vessel characteristic information such as draughts and turning radius is cross
checked

Passage Execution/Monitoring:
1 Ownship Trak/Navigation Monitoring:

0 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
diredional inputs into RADARS and ECDIS

0 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:

A RadarLDLdispl 8 & KA OK @Aadzffe& NBLNBaSYyld (K
relative to predesignated areas in which sufficient navigable water is
present

A GPS overlay positional display information on ECDIS units
A Terrestrial fixing means if available
1 Manoeuvring/Ship handling:
0 Auto-pilot is the primary means of steering used during coastal passages.

o Inthe 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 autepilot and canmence 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:

A Rudder angle displays
A Course displays
A Transverse thrust direction

o { KA LJW&s m&ihti8nSd 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. Baample, if operating in
close ice where there is extensive coverage, forward propellers will be engaged
G2 lFraaradag Ay GKS aA0S oNBI1Ay3IéE LINROSaax
directly astern, while the thrust from the aft propellers will contributespeed
regulation.

0 ¢KS hh2 gAff |faz2 Y2yAG2NI FIF OlG2NR adzOK | a
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 brithjees it near
to impossible to determine the ice dimensions/characteristics.

9 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 collisictsexs
required industry requirements,

0 The two primary methods used during coastal passages were as follows:

A Visual Observations: OOWs will visually observe other vessels, and will
visually determine if a risk of a collision exists based on the otheelgess
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 Regulationsttte Prevention of Collisions at Sea
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A 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 AlS radar inputs or manual
plots®®. During routine coastal passages, OOWs would be directed to
maintain a CPA of 1.0nm from other vessels. Shiblle 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.

0 When dealing with smaller vessels which may be norcéipliant®, 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
AAAYATFAOlIyldte NBRdzOS GKS NI RI Ndets. F 6Af Al
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 nagation.

1 Communication Monitoring:

o Externalg OOWs are required by law to maintain a constant listening watch on
emergency broadcast frequencies such as VHF ChAldilitional monitoring is
maintained on specific regional working channels as the vesset#eaxkits
certain areas.

0 In practical terms, OOWSs 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.

1 Structural Integrity Monitoring:

o Both OOWs artasked 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 deerteedxperience a
significant proportion of the pressurewBil 6 NBI {Ay3 A0S So3ad GKS
Afterdeck. Visual observations and CCTV monitors are used to complete these
checks.

68 Automatic Ranging and Plotting Apparatus Software
89Vessels > 500 GT, pleasure craft, fishing: IMO SOLAS Chapter V
0 Global Maritime Distress and Safety Requireme®®LAS Convention

,/"‘\

"4‘_‘:/
:‘_‘ . Sedrm |

168



SEDNA D3.5 : Codified Arctic Navigation Knowledge Base

9 Hours of Darkness:

o Coastal passages completed during the hours of darkness involve the same
task/functions/monitoring. As visual mdoring/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, #redneed to
constantly visually appraise ice conditions/characteristics, and
manoeuvre/adjust accordingly.

1 Specific Ownship Track/Navigation Task Outline:

0 A constant visual lookout is maintained, monitoring for potential hazards (ice,
charted/ uncharted av 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 EGApPendix E refers.

0 Ship speed is monitored via displays on 3cm Radars and ECDISpaeitsd&ta
can also be monitored via additional overhead disp(@pendix E refers)

0 Safe navigation track and positional information is monitored via the following
means:
A wkRIENJ[5] RA&GLIIlI@a oKAOK @AadzZ tfe NIBLN
relative to preesignated areas in which sufficient navigable water is
present(appendix D refers).

A GPS overlay positional display information on ECDIS (émifsendixF
refers)

A Terrestrial fixing means if available
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5.2.2:Pilotage operations; ExitingEntering Port

Scenario

Ice Breaker Exiting Port

Main Activity

Slipping and proceeding from a berth port side to

Actors Involved
 Master

M Chief Officer
1 2" Officer

Information Needed
Methods

1 Mooringfixtures:
o When mooring lines are inboard
o Distances
o When clear of the berth

170

Position on the bridge &
Directional Focus

1 Port conning position
1 Forward, midsection and aft

Communication

1 Verbal communication betweebridge
team

1 Internal radio communicatiobetween
bridgeand mooring positions

9 External communication between ship
VTS and other vessels
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Main Equipment used

= =4 =4 —a A

Verbal communication betweebridge
team

X-Band 3cm radar: LDLs, AlS inputs
ECDIS: AIS lniz, GPS data

Helm controls (Joy Stick)

Engine Controls

Overhead displays

Functions

1 Master has overall responsibility &
liaised with VTS with regards port
operations

1 Chief Officer has the con

9 2" Officer present in support role as
required

Critical Points

No o~ wDhPRE

Ice Breaker slips andqceeds from the berth

Pilotage routines commence in order to exit the port
Course alteration in order to maintain planned track
Manoeuvring to facilitate an inbound merchant vessel
Encountering a merchant vessel rabdannel

Course alteration in order to aintain planned track

Clearing the pilotage area
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What Happens (Outline the various steps & seqasnof the tasks)

Passage Appraisal:

1
1

= =2 =

T

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 carfiedatransit 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 plannednd 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 aréas

Notice to Mariners may be referred to as a meansletermining 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 availlbnavigable waters
GMDSS requirements such as reporting a monitoring
Route selection and waypoints

Weather routing

Generic Passage Planning:

T

Route will be selected and planned based on the observed ice coverage data from GIS
satellite imagery overlays

Digance in which charted or other features will be passed throughout the passage
Safe and appropriate passage speeds are determined based on the following:

0 Ice coverage

0 Meteorological conditions

o Traffic density

o0 Amount of available navigable water

"1 See section £2.3.1.3¢ ECDISuhctionality limitations

,/"“ )
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0 Urgency taeach destination and nature of operations
1 Specific sailing direction recommendations will be applied to the passage/route

1 Routes will be cross checked against LDL overlays displayed on 3cm radars

==

Available depth of water of water and tidal information ¢aimed in tide tables/atlases
will be determined/applied

Availability of visual and radar fixing opportunities
¢tKS NBtAFOAfAGE 2F aKALIQA LINRLMzZ aA2y |yR aids

Any specific environmental protection measures

= =2 =4 =2

The following ECDIS checks are compteted

0 The appropriate ENCs(Electronic Navigation Charts) are available for the
proposed area

o Previously executed passage plans fochecked to ensure that they are still
safe

0 Large scale ENCs are used initially to provide a route overview, while smaller
scaks are then used for precision navigation checks

0 Any previous nofapplicable routes are cleared
o Cross track distances are applied and checked for each leg

o Safety depths and undéweel clearance will be crosschecked against radar LDL
displays

o ETA informatia is calculated and displayed

0 Vessel characteristic information such as draughts and turning radius is cross
checked

Operational Planning Considerations:
1 The Master and the bridge team discuss the proposed operation and review the

following data to determme 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 manoeung restrictions
imposed by the infrastructure.

o Traffic density in the area, specifically scheduled arrivals and departures in port

173



SEDNA D3.5 : Codified Arctic Navigation Knowledge Base
o Environmental conditions such as wind speed and direction, ice characteristics
(thickness, type, movement, presence of ridge
o0 Time of day

0 Sea room/availability of safe navigable waters

Operational Decisions:

1

)l
1

It was determined that as this departure would take place in Pitea, a port within the Bay
.20KY Al NB3IdzA NI @& dzaSR o0& (KAa ©@SaasStsz GKIG

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 departumeg 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 manoegveatrictions.

The ice breaker had no manoeuvring restrictions

Operation Execution Overview:

9 As outlined in figure A the ice breaker departs the berth from a port side to aspect.

1 Initially, mooring lines are cleared, and a combination of tensions ws)direlm and
engine manoeuvres are used to clear the berth.

1 Once clear of the berth, the Ice Breaker commences pilotage navigation, using a
combination of terrestrialand-B I A A GA 2y YSIya G2 Y2yAd2N) 0KS
throughout the transit.

I The Ice Braker is required to conduct a number of course alterations while reaching
planned waypoints throughout the passage.

1 Due to a commercial vessel entering the harbour, the Ice Breaker is required to provide
manoeuvring room within the channel inordertofack G 1S G KS OF NBH2 @SaasSt
passage.

-Sedna
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I 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 5.1Exiting Port Scenario Overview

Sedna
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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.

o0 Inthe event of the vessel having to complete substdratiterations 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 appropriatdirectional change will occur:

A Rudder angle displays

A Course displays

A Transverse thrust direction
A Visual reference points

o { KALIQ& &LISSR Aa YIFIAYGlFEAYSR dzAaAy3 G4KS Sy3ai
adjustments/settings are applied depending on the desired dpee

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
toassistinthgét A OS o NBF {1 Ay3IE LINROS&aaxX gKAES FfdaAaK
directly astern, while the thrust from the aft propellers will contribute to speed
regulation.

0 ¢KS hh2 gAff Ffa2 Y2yAG2N FF OG2NA &adzOK I a
motion to determine if peed 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 wilpay 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.

9 Collision Avoidance:

o OOWs will continuouslgonitor 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 standard@ The completion of Ice Breaking assistance

2Rule 7: International Regulations for the Prevention of Collisions at Sea
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does not absolve the Ice Breaker of theed to maintain appropriate safe
navigation/collision avoidance practices.

0 The two primary methods used while exiting/entering a port are as follows:

A Visual Observations: OOWSs will visually observe the vessel being directly
assisted, using visual referanpoints 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
ves®ls 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.

A Another congleration for OOWSs 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 tesceo
#SaasStQa GNIO1 6KAES SYyiSNAy3IkSEAGAY3

A Radar ObservationsThe 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. Radarwill 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 manualpldte
completion of Ice Breaking assistance does not absolve the Ice Breaker
of the need to maintain appropriate safe navigation/collision avoidance
practices.

A When dealing with smaller vessels which may be non AIS conifjliant
radar detection can be a challemgAs navigational radars are designed
to primarily detect and acquire contacts on a 2D plain, other surface
O2y il Otla adzOK Fa AOS OFy aA3IYAFAOILIYyGTf &
effectively detect and acquire targets. Although OOWs will adjust
detection paameters 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
" 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 particuladyglent in pilotage
waters, as such vessels are far more likely to be encountered closer to
land, than in open coastal waters.

1 Communication Monitoring:

o0 Externalg OOWs are required by law to maintain a constant listening watch on
emergency broadcast fregncies such as VHF CH*18dditional 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 ti@Bervices, as such broadcasts
may impact on the safe navigation of the Ice Breaker.

o In practical terms, OOWSs are required to maintain a constant aural monitoring
in the event of a distress being broadcasted or if another vessel/land station
attempts to ontact them.

9 Structural Integrity Monitoring:

0o 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 dedrteexperience a
AAAYATFAOLI YOG LINPLRNIAZ2Y 2F GKS LINBaada2NBE 4K
Afterdeck. Visual observations and CCTV monitors are used to complete these
checks.

9 Hours of Darkness:

o0 Coastal passages completed during the hours of dakim®lve 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.

1 Specific Ownship Track/Navigation Task Outline:

0 A constant visual lookout is maint&id, monitoring for potential hazards (ice,
charted/ uncharted nav hazards, objects with poor radar cross section/return)

75 SOLAS Convention
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0 Course being steered is monitored via gyro compass displays and GPS
directional inputs into RADARS and ECDIS

0 Ship speed is monitoredavdisplays 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:

A wkRIENJ[5] RAALII&a ¢KAOKsitighs adz £ £ & NI LIN
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 @afuigational hazards significantly
increase the risk and potential likelihood of an incident occurring.

A GPS overlay positional display information on ECDIS units
A Terrestrial fixing means if available
1 Port Exit/Entry Manoeuvring:

o Bridge Preparatioq The fdlowing preparation is completed by the bridge
team:

A Equipment testing:
1 Radars
ECDIS
Echo Sounder
GPS
AIS
Conning equipment: Helm, engines
1 Communication, internal and external
A Establish communication:
1 Internally with mooring stations using internal UHHices.
1 Externally with VTS using VHF radios
A Contact engine control room to determine status of main engines and
request control when ready.

= =4 =4 4 =9
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o Ciritical Point 1¢ Slipping and Proceeding from the berth:

A 2 Officer completes navigation brief with Masteliscussing current
tidal state weather conditions and port operations.

A Bridge Officers complete visual checks to ensure that the vessel is clear
to manoeuvre from the berth.

A Chief Officer instructs mooring stations to slip mooring lines

A Once clear, moorig stations report this to the bridge, in which case the
vessel is clear to manoeuvre.

A Chief Officer commences manoeuvring using inboard & outboard
engines to complete sharp turn off the berth as follows:

1 The helm is set to port, applying the appropriategnusing 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.

1 Stenway 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.

1 When at a heading of approximately 45 degrees to starboard of
the lie of the berth, he helm is set to amidships, and the
starboard engine is stopped, thus reducing any sternway/thrust.

1 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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Once clear of the berth, ice breaker
commences pilotage to exit harbour

Figure 5.2 Critical Point 1 7 Exiting Port Scenario
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o Critical Point 2z Commencing Pilotage:

A Once the vessel has cleared the berth, the Chief Officer hands over
control to the OOW, and pilotage operations for exitingtpor
commences.

A The following actions are completed by the OOW throughouit:

9 Steering is completed using manual helm
1 Desired speed is maintained using engine controls
1 The following monitoring is completed:
o Visual
A Any vessels moving in the area
A Ice Breakers pdison in relation to aids to
navigation e.g. lateral marks, cardinal marks,
transits(Appendix H refers)
A The movement of own ship while steering
A Potential uncharted navigation hazards
o0 Own Ship Track:

Al O2yadlyld 600K A& YIFAYyGlAy
heading, esuring the correct course is being
steered

A The plotted ECDIS passaged is monitored,
GAradzr tf & SyadaNARy3a GKIFIG GKS @
in close proximity to the planned track

A LDLs are monitored, ensuring that the vessel
remains within the appropriate prdetermined
safe water areas

A 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 A constant visual lookout is maintained, visually
monitoring any moving traffic ithin the area
and the relative motion of the vessels

A A constant Radar lookout is maintained, using
ARPA and AIS input to plot and determine
whether or not risks of collision exist

182



SEDNA D3.5 : Codified Arctic Navigation Knowledge Base

Port and Starboard
Lateral Marks Assist
the OOW while
monitoring track

track

Ice Breaker Transits
the pre-determined

Pitea Harbour

\
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. Port and Starboard
Lateral Marks Assist
the OOW while

monitoring track

Figure 5.3 Critical Point 2 7 Exiting Port Scenario
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o Ciritical Point X Course alterationThroughout 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:

A The OOW determines that the ice ller is approaching the next
waypoint outlined on the ECDIS, and must therefore alter course to
remain within the channel/on the planned track.

A The OOW visually checks the planned route by looking out the window,
ensuring that the new heading will keep thiessel within the channel.

A The LDLs are visually checked, ensuring that the new heading will keep
the vessel within the predetermined areas of safe water.

A The wheel over position or point in which the turn must commence is
signalled on the ECDIS, notifyitne OOW that the turn must be
commenced.

A The manoeuvre is completed as follows:

0 Rudder angle is adjusted via the helm joystick, while
simultaneously checking the rudder angles overhead
YR (KS @SaasStqQa o02¢ G2 SyaduNB
turning in the appropriate direction at a suitable rate.

0 When the heading as approximately @5 degrees
from the desired new course, the joystick will be used
to place the helm at amidships, reducing the rate of
turn.

0 The OOW uses the joystick to apply counter hieim
further reduce and stop the rate of turn at the desired
heading.

0 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 withthe planned
track.

o LT GKS hh2 RSOSN¥YAySa GKFG GKS
either too insufficient to make the turn, or too quick,
the necessary helm counteractions are applied,
GOAIKGSYAyYyIE 2N aSFaAy3ae GKS (dz
A Once the ice breaker reaches the desihedhding/track, routine
pilotage continues.
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A During this leg of the pilotage, the OOW makes use of a transit, an
additional aid to navigation used to maintain an appropriate track.

Transit

Ice Breaker track on
completion of course alteration

Ice Breaker track prior
to course alteration

Figure 5.4 Critical Point 3 Exiting Port Scenario

Sedna
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o Critical Point 4¢ Manoeuvring for inbound Merchant Vessel in ChannBluring
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)rhe follaving actions/manoeuvres occur:

A 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.

A Port operations hail the &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.

A The OOW completesie following:

I Reviews the ECDIS and Radar LDL information to determine the
amount of sea room available.
1 Completes the following manoeuvres to proceed to the
starboard side of channel:
0 Rudder angle is adjusted via the helm joystick, while
simultaneously cecking the rudder angles overhead
FyR KS @SaasStQa o02¢ G2 Syad:NB
turning in the appropriate direction at a suitable rate.
0 When the headingsiapproximately 1@ 15 degrees
from the desired new course, the joystick will be used
to place the helm at amidships, reducing the rate of
turn.

0 The OOW uses the joystick to apply counter helm to
further reduce and stop the rate of turn at the desired
heading.

0 The OOW manoeuvres on a heading approximately 45
degrees to starboard of the planneihck in order to
reach the starboard extremity, while following the
general direction of the channel.

0 Once the desired position is reached, the OOW reverts
to planned heading, thus traveling in the general
direction of the channel, while also providingeapiate
sea room for both vessels to safely transit the area.

0 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 thephed
track.

o LT G4KS hh2z RSGSN¥AySa GKFdG GKS

either too insufficient to make the turn, or too quick,
the necessary helm counteractions are applied,
GOAIKAGSYAyYy3IE 2N aSFaiay3daég (GKS
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Heading on completion
of manoeuvre

45 Degree Alteration to reach

Starboard Extremity Transit

Initial Heading

Figure 5.5 Critical Point 4 i Exiting Port Scenario
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o Critical Point 5 Encountering inbound Merchant Vessel in Channalhen
encountering the inbound merchant vessel, the following actions are
completed:
A The Support Officer establishes VHF communications and erthates
both vessels understand the action which must be taken (In this case,
both vessels proceed to the starboard side of the channel)
A Once this has been acknowledged by the merchant vessel, the support
officer will advise the OOW.
A The following monitorings completed:
9 ¢KS hh2 @Aradzatfte Y2yAld2NR GKS @Saac
ensuring that the merchant vessel is drawing left as the OOW
observes it through the bridge window.
1 OOW monitors the radar, ensuring that the ARPA determined
CPA remains within 0.2nm.
1 The OOW also uses the VRM to determine and monitor the
lateral distance.
9 ! O2yaidlyld Y2yAdl2NRAy3 2F GKS @Saast
ensuring that the radar LDLs are not encroached, while also
visually monitoring the GPS overlay on the ECDIS.
1 Once the merchat vessel is abaft the port beam, the OOW
manoeuvres back to the centre of the channel as follows:
0 Rudder angle is adjusted via the helm joystick, while
simultaneously checking the rudder angles overhead
IyR GKS @SaasStQa 02¢ 82 SyadzNS
turning in the appropriate direction at a suitable rate.
0 When the heading as approximately 45 degrees
from the desired new course, the joystick will be used
to place the helm at amidships, reducing the rate of
turn.

0 The OOW uses the joystick topdyp counter helm to
further reduce and stop the rate of turn at the desired
heading.

0 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 he channel.
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0 Once the desired position is reached, the OOW reverts
to planned heading, in the centre of the channel.

0 Throughout this manoeuvre the OOW continuously
monitors the turn visually in relation to the buoyed
channel, on the radar via LDLs and oa BECDIS,
ensuring that the vessel remains within the planned
track.

o LT 4KS hh2 RSGSN¥YAySa GGKIG GKS
either too insufficient to make the turn, or too quick,
the necessary helm counteractions are applied,
GOAIKGSY Ay Téturre NI a¢SFaAy3ég (GKS
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. Transit
Ice Breaker reverts to original

heading

Merchant Vessel

Ice Breaker adjusts
heading by 45 degrees

Ice Breaker

Figure 5.6 Critical Point 5 Exiting Port Scenario
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o Critical Point & Course alterationThroughout 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:

A 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.

A The OOW visualljhecks the planned route by looking out the window,
ensuring that the new heading will keep the vessel within the channel.

A The LDLs are visually checked, ensuring that the new heading will keep
the vessel within the predetermined areas of safe water.

A The wleel over position or point in which the turn must commence is
signalled on the ECDIS, notifying the OOW that the turn must be
commenced.

A The manoeuvre is completed as follows:

0 Rudder angle is adjusted via the helm joystick, while
simultaneously checkindné rudder angles overhead
YR (KS @SaasStqQa o02¢ G2 SyaduNB
turning in the appropriate direction at a suitable rate.

0 When the headingsiapproximately 1@ 15 degrees
from the desired new course, the joystick will be used
to place thehelm at amidships, reducing the rate of
turn.

0 The OOW uses the joystick to apply counter helm to
further reduce and stop the rate of turn at the desired
heading.

0 Throughout this manoeuvre the OOW continuously
monitors the turn visually in relation to theuoyed
channel, on the radar via LDLs and on the ECDIS,
ensuring that the vessel remains within the planned
track.

o LT G4KS hh2 RSGSN¥YAySa GKIFIG (GKS
either too insufficient to make the turn, or too quick,
the necessary helm counterachs are applied,
GOAIKGSYAyYyIE 2N aSFaAy3ae GKS (dz
A Once the ice breaker reaches the desired heading/track, routine
pilotage continues.
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Ice Breaker track on
completion of course alteration

Ice Breaker track prior
to course alteration
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Figure 5.7 Critical Point 51 Exiting Port Scenario
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o Critical Point 7¢ Clearing the Pilotage A¥a: Once the ice breaker clears the
port operations and VTS areas, the following actions are complete:

194

A

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 preplanned 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 aroETA t
0KS @SaasStQa RSalAylridAzyo

The OOW engages the aypilot 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 operationassisting vesselsdset within the Ice

scenario data

Scenario

Ice Breaking Assistance operations i Assisting vessels beset within the Ice

Main Activity

Ice Breaker assisting a container vessel which has become unable to manoeuvre in the sea ice

Context

I The Ice breaker was contacted by a container vessel which recently departed Lulea port and is on transit thro
Bay Bothnia

1 The container vessed not in distress, however due to the current ice conditions (very closed pack ice) the vesd
become beset within the ice, and is therefore unable to manoeuvre into clear water

1 They have therefore contacted the ice breaker via VHF and have requestbreaker assistance to clear them froi
the obstruction and to provide escort assistance to clearer water

Actors Involved Position on the bridgé&

Directional Focus

1 Master 1 Port and Starboard Conning Positions
1  Support Officer 1 Multi-directional focus throughout.
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Information Needed Communication
Methods
1 Ownship transit data 1 Vemal communication betweebridge
o Course being steered team
o Ownshp speed 1 External communication between ship
o Positional information VTS and other vessels (VHF)
o LDL Data
1 Collision Avoidance data
o Course and Speed of vessel being assisted

0 Range to vessel being assisted
1 Meteorological/Environmental Data:

o Wind speed and direction

0 Ice characteristics: Coverage, thickness, se

drift
Main Equipment used Functions
1 XBand 3cm radar: LDLs, AlS inputs 1 OOW has overall responsibility of
1 ECDIS: AIS Inputs, GPS data conning, collision avoidance and
1 Helm controls (Joy Stick) decision making
1 Engine Controls 1 Support Officer provides information a|
1 Overhead displays required
1 Radio equipment (External) 1 Masterwill proceed to the bridge if
f  PCwith GIS providing Ice Chart & AIS overlay additional support is required.

Critical Points
1 Ice Breaker head on with container vessel at a range of 0.2 nniiysignihe
commencement of manoeuvres

9 Passing in extreme close quarter proximity to container vessel in order to break the

closed ice
T /2ydlFAySN) ¢SaasSt ol ¥4 G4KS LOS NEF{1SNRna oSt
GdzNy ¢ G2 LRNI Ydzad 60S O02YYSyOSR

T Co/it AySNI @Sa4aSt Fol ¥4 GKS LOS . NBF1SNR&a o6ShY
Y2YSYyld Ay 6KAOK |y [RRAGAZ2YL § GOGAIKEG GdzNy € G
vessel

‘Sedna
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T /2yilFAySN gSaasSt ol Fi GKS LOS . thbite] SNRA

breaker must manoeuvre into a position 0.2nm ahead of the container vessel

I Container vessel is 0.2 nm astern of the Ice Breaker, signifying escort operations should
commence immediately

What Happens (Outline the various stepséguences of theaskg
1 The vesseb completing ice breaker assistance operatitorsa container vessel beset in the ice
(appendix | refers)
Passage Appraisal:
1 IBN Next GIS is referred to in order to determine ice coverage within the planned area.

I Based on the ice coveraglata, depending on the outlined ice thickness, a decision is
made as to whether or not the vessel can safely transit an area.

1 Sea area forecasts will be referred to determine weather conditions throughout the
duration of the passage

I AIS data overlays dBN Next or ECDIS will be checked to determine traffic density in
the area of operation

1 Routes are planned and checked on an older non ECDIS compliant electronic chart
display before being applied to ECDIS compliant unit (Additional planning functiésality
deemed essential for planning in ice affected aréas

I Notice to Mariners may be referred to as a means of determining any temporary or
permanent changes to aids to navigation and navigational hazards

9 Sailing directions may be referred to where appliealvhen 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

= =2 =4 =2

Weather routing

Generic Passage Planning:
1 Route wil be selected and planned based on the observed ice coverage data from GIS

satellite imagery overlays

9 Distance in which charted or other features will be passed throughout the passage

6 See section 6.2.3.1.3 Interview comnigg ECDIS Functionality

,/"“ )
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I Safe and appropriate passage speeds are determined based on the figlilowi

(0]

o

(0]

(0]

(0]

Ice coverage

Meteorological conditions

Traffic density

Amount of available navigable water

Urgency to reach destination and nature of operations

1 Specific sailing direction recommendations will be applied to the passage/route

1 Routes will be cross cheakagainst LDL overlays displayed on 3cm radars

E ]

Available depth of water of water and tidal information contained in tide tables/atlases

will be determined/applied

= =24 =4 =

(0]

Availability of visual and radar fixing opportunities
¢t KS NBfAFOATAGESEdReEringisistemniNa LINR Lddzt aA 2y |y
Any specific environmental protection measures

The following ECDIS checks are completed:

The appropriate ENCs(Electronic Navigation Charts) are available for the
proposed area

Previously executed passage plans fochecked to ensure tit they are still
safe

Large scale ENCs are used initially to provide a route overview, while smaller
scales are then used for precision navigation checks

Any previous nofapplicable routes are cleared

Cross track distances are applied and checked for leach

Safety depths and undéteel clearance will be crosschecked against radar LDL
displays

ETA information is calculated and displayed

Vessel characteristic information such as draughts and turning radius is cross
checked

Operational Planning Consideratns:

1 The Master and the bridge team discuss the proposed operation and review the following data to

determine how best to execute the operation:

rd
/1 AN

o
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The manoeuvring characteristics of the vessel being assisted
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o Environmental conditions such as wind speed anddtiion, ice characteristics
(thickness, type, movement, presence of ridges)

o Time of day

0 The experience levels of those being assistawl haghe ice breaker provided
similarpreviousassistance. If so, this would generally make the operation more
& NB/AR(E Ad

0 Sea room/availability of safe navigable waters

o0 Traffic density in the area

0 Any potential manoeuvring restrictions that the ice breaker may have

Operational Decisions:

T

1

It was determined that this vessel and crew had been assisted previously, arttigéhat
container vessel was very manoeuvrable with no machinery or steering restrictions,
NEBadzZ GAy3a Ay GKA&A 2LISNFrdAz2y 060SAy3a RSSYSR (2

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 étisps, 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:

rd
/1)

1 As outlined in figure 2.1the ice breaker approa@s from the south and proceeds at a
speed of approximately 1415 knots.

T ¢KS A0S ONBIFI1TSN asSia | O02dzNBS (2 Ay dSNOSLI
2y ¢ LISNRLISOGAGSO

1 Once an appropriate range is reached, the ice breaker will alters couthe 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.

-Sedna
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1 hyOS

I a
stern in order to break any ice which may be restricting the propellers/rudder of the
container ship.

GSNYyz GKS A0S oNBIF{SN O2YL)h&iGSa | aidr

1 The ice breaker will then increase the lateral distance to 0.5nm and will proceed on a
parallel track to the container vessel.

f OnceclearofthecohtA Yy SNJ #SaasStQa 06263 GKS AOS

o NBI 1 SNJ

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 theontainer vessel and commence escort operations.

Container
Vessel

™/

/
/

Figure 52.1Ice Breaker Track Overview

General Ship handling Considerations:

(0]

Ice Breaker

Manual helm using joystick control is the primary means of steering used during
ice breaking assistance apgions.

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.

Once helm adjustments are applied, the follogidisplays are observed by the

OOW to ensure that the appropriate directional change will occur:

200
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Rudder angle displays
Course displays
Transverse thrust direction

Visual reference points
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o { KALIQ& &LISSR Aa YFIAYGFrAYSR dayAy3d GKS Sy3aA
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 extemsicoverage, forward propellers will be engaged
G2 lFraaradag Ay GKS aAO0S oNBIF1Ay3IéE LINROSaa:x
directly astern, while the thrust from the aft propellers will contribute to speed
regulation.

0 The OOW will also monitor factordzZ0K | & y2A&aSY GAONI GA2Y | yI
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 asceduspeed 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 dimepsis/characteristics.

i 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 standards The completion ofce Breaking assistance
does not absolve the Ice Breaker of the need to maintain appropriate safe
navigation/collision avoidance practices.

0 The two primary methods used during ice breaking assistance operations are as
follows:

A Visual Observations: OOWsdlwisually 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 briddixtures) Similar
observations will be made in relation to ice.

"Rule 7: International Regulations for the Prevention of Collisions at Sea

rd
/1) N
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0 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 spgons. 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 iouaha
plots’®. The completion of Ice Breaking assistance does not absolve the Ice
Breaker of the need to maintain appropriate safe navigation/collision avoidance
practices.

0o When dealing with smaller vessels which may be non AIS confBlicattar
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
AAAYATFAOlIyldte NBRdzOS GKS NI RIFINRa FoAfAade
Although OOWs will ad@ 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.

I Communication Monitang:

o Externalg OOWs are required by law to maintain a constant listening watch on
emergency broadcast frequencies such as VHF €hAldlitional monitoring is
maintained on specific regional working channels as the vessel enters/exits
certain areas.

o In practical terms, OOWSs 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.

9 Structural Integrity Monitoring:

0 Both OOWs are tasked with visually monitgricomponents of the outer hull
for structural integrity while transiting through ice affected areas. The primary
focus of this monitoring is on areas which are deerteexperience a
AAAYATFAOLIY(H LINPLR2NIOAZ2Y 2F (KSeaniNBaadza2NBE ¢ K
Afterdeck. Visual observations and CCTV monitors are used to complete these
checks.

8 Automatic Ranging and Plotting Apparatus Software
Vessels > 500 GT, pleasure craft, fishing
80SOLAS Convention

TN AN
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9 Hours of Darkness:

o Coastal passages completed during the hours of darkness involve the same
task/functions/monitoring. As visual monitoring/detection of ice isicat 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 visuallappraise ice conditions/characteristics, and
manoeuvre/adjust accordingly.

1 Specific Ownship Track/Navigation Task Outline:

0 A constant visual lookout is maintained, monitoring for potential hazards (ice,
charted/ uncharted nav hazards, objects with poadar cross section/return)

o Course being steered is monitored via gyro compass displays and GPS
directional inputs into RADARS and ECDIS

0 Ship speed is monitored via displays on 3cm Radars and ECDIS units. Speed data
can also be monitored via additionalerhead displays.

0 Safe navigation track and positional information is monitored via the following
means:
A wkRIENJ[5] RA&GLIIlI@a oKAOK @AadzZ tfe NIBLN
relative to predesignated areas in which sufficient navigable water is
present

A GPS werlay positional display information on ECDIS units
A Terrestrial fixing means if available
0 Close Quarter manoeuvring is completed via the following means:

A Radar VRM is set to the desired range of 0.2 nm marking the
distance/point in which the ice breakerifwbreak away to the east and
commence ice breaking passing alongside the vessel.

A Visual observations/monitoring is complete by using following visual
reference markers:

9 Critical Point 10Once the bow of the container vessel can be
viewed within the lowequadrant 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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204

on the helm control panel and will briefly look up to the
overhead displays to ensure thatatappropriate 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,

andoncetheO® A& al dAaFASR GAGK GKS @Aac
course to a heading which parallels that of the container

pSaasStQa GNIO1® ¢KS hh2 gAff O2YLI ¢
adjusting the rudder angle via the helm joystick, while

simultaneously checking the ruddengles overhead and the

@pSaasStQa o02¢ G2 SyadaNBE GKIG GKS AO¢
appropriate direction at a suitable rate.

Container
Vessel

Ice Breaker

I—

Critical Point 1

Figure 52.21ce Breaker Assistance: Critical Point 1

Critical Point 2L ateral distances are monitoredrttughout the

LI NI £ £ St GNI O] o0& @Aradzfte 20aSNIA
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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Container
Vessel

Ice Breaker

Critical Point 2

Figure 52.3Ice Breaker Assistance: Critical Point 2

f Critical Point3hy OS GKS O2y il AYySNI @dSaasSt Aa
0SIYéE 2F GKS LERNI &AARS ONARR3IS 4AYyR:
O02YYSyOS (i KSzNyEA IR LI2NILSX ONARSTFE & LI
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 manoee\as follows:

0 Speed is reduced using the engine controls to reduce
the amount of trust applied to the propellers, thus
reducing the speed over the ground

0 Maximum port helm is applied, while simultaneously
stopping the inboard (port main engine in this egs
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 bowto port.

p
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0 When the heading is approximately 8@5 degrees off
that of a perpendicular heading, the following actions
are completed:

A The rudder angle is set to amidships via the
helm control joystick

A The inboard engine controls are placed to a
stopped paition

A The inboard engine is set to go ahead resulting
in heading transfer being reduced and advance
being increased

A Counter helm to starboard will then be applied
to further reduce heading transfer to port. 15
degrees of helm initially, which is easectlas
transfer rate decreases.

A Once the heading is perpendicular to that of the
O2y il AYSNI aKALIQa>X GKS hh2z gaA
similar manner to the parallel track
manoeuvring, ensuring that the ice breaker
passes within a range which adequately
releases th&#Sa 4 St Qa4 NIzZRRSNX LINR LISt f
ice, while also maintaining a safe distance
(Appendix J refers).

Critical Point 3

Container
Vessel

Ice Breaker

Figure 52.41ce Breaker Assistance: Critical Point 3
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o Critical Point 40nce the container vessel is once again
@A adzZ tfe& afftberpdriside bridyeSainyogvs, 2
GKS hh2 gAft 02YYSyOS Fy20KSNJ &
similar to that completed previously in an effort to
proceed on a parallel track to that of the container
vessel.

0 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.

Critical Point 4

Container
Vessel

Ice Breaker

Figure 52.5Ice Breaker Assistance: Critical Point 4

o Critical Point52 KSy (GKS O2yGFAYySN) 9Sa3aSt
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 maximumwa/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.

p
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Critical Point 5

208

Container
Vessel

Ice Breaker

Figure5.2.6Ice Breaker Assistance: Critical Point 5

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. Th@OW will alter course using
the joystick helm control, while simultaneously visually
monitoring the turn via the observed rudder angle and
rate of turn.

Critical Point 6The OOW will monitor the range to the
vessel visually using the pset VRM of 0.2 nron 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.

The OOW then instructs the support offide contact
the container vessel to advise their bridge teamttthe
Ice breakeisnow commencing escodperations, they
will be proceeding at full ahead, and theycommenda
range of 0.2nm astern of the Ice Breaker maintained
in order to ensure that they gain the maximum benefit
of the Ice Breaker proceedingrbugh the ice affected
water, while also ensuring that they do no¢set inthe
iceas itwill quickly close in and #orm as the vessels
pass through.
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Critical Point 6 7 Range 0.2 nm

Container Vessel

Ice Breaker

Figure 5.2.7ce Bre&er Assistance: Critical Point 6

( Sedna
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5.2.4: Ice Breaker Escort Assistance operation

Scenario

Ice Breaker Escort Assistance Operations

Main Activity

Ice Breaker providing escort assistance to a commercial merchant navy vessel in an ice affected area

Context

I The Ice breaker was contacted by a number of cargo vessels which are required to safely transit through
the Bay Bothnia

I 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

1 They have therefore contacted the ice breaker via VHF and have requested ice breaker assistance to
provide escort assistance to clearer water.

Actors Involved Position on the bridgé&

Directional Focus

1T OOwW {1 Starboard Conning Positions

Support Officer 1 Multi-directional focus throughout.

1 Masterc as required for planning and
support purposes

=

Functions

1 OOW has overall responsibility of conning, collision avoidance and decision making
1 Support Officer preides information as required
1 Masterwill proceed to the bridge if additional support is required.
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Information Needed Communication Methods
1 Ownship transit data 1 Verbal communication betweebridge team
o Course being steered 1 External communication between ship, VTS a
o0 Ownship speed other vessels (VHF)
o Positional information
o0 LDL Data

1 Collision Avoidance data

o Course and Speed of vessel being assisted

0 Range to vessel being assisted

1 Meteorological/Environmental Data:
0 Wind speed and direction

o Ice characteristics: Coverage, thickness, s¢

drift

Main Equipment used

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 & AlS overlay

= =4 =4 48 -—Aa -—a -1
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Critical Points

1.

Ice Breaker reaches a position which is at arange of 0.2 fr § KS OF NB2 @SaasSftQa ad§
of manoeuvres

Passing in extreme close quarter proximity to the cargo vessel in order to break any closed ice which may be pre
/' NB2 @S&aasSt Aa @Aradz ffe I oat GOW skioflBcorhn@i&e altdifglcquSat & 0
starboard in order to commence positioning dead ahead of the cargo vessel

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 (
directly ahead bthe cargo vessel

Cargo vessel is at a range of 0.5nm directly astern of the Ice Breaker, signifying the need to bring the vessel to ¢
stop and commence manoeuvring astern

Cargo vessel is 0.2 nm astern of the Ice Breaker, signifying escort opesitarid commence immediately

Ice Escort operations commence

What Happens (Outline the various steps & sequences of the tasks)
Passage Appraisal:

1
1

IBN Next & 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 beferred 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 complanb@echart
display before being applied to ECDIS compliant unit (Additional planning functionality is
deemed essential for planning in ice affected af&as

Notice to Mariners may be referred to as a means of determining any temporary or
permanent changeto 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 Funcliyna

N
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1 GMDSS requirements such aporting a monitoring

)l

Route selection and waypoints

1 Weather routing

Generic Passage Planning:

f

1
1

E ]

= =4 4 =

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 willfiessed throughout the passage
Safe and appropriate passage speeds are determined based on the following:
0 Ice coverage
0 Meteorological conditions
o Traffic density
o Amount of available navigable water
0 Urgency to reach destination and nature of operations
Spediic 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 determinedapplied

Availability of visual and radar fixing opportunities

¢CKS NBtAIOAfAGE 2F AKALIQA LINRLIMzZ aA2y | yR
Any specific environmental protection measures

The following ECDIS checks are completed:

0 The appropriate ENCs(Electronic NavigatiorrShare available for the
proposed area

o Previously executed passage plans fochecked to ensure that they are still
safe

0 Large scale ENCs are used initially to provide a route overview, while smaller
scales are then used for precision navigation checks

0 Any previous notapplicable routes are cleared

o Cross track distances are applied and checked for each leg
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o Safety depths and undéweel clearance will be crosschecked against radar LDL
displays

o ETA information is calculated and displayed

0 Vessel characteti€ information such as draughts and turning radius is cross
checked

Operational Planning Considerations:
1 The Master and the bridge team discuss the proposed operation and review the

following data to determine how best to execute the operation:

0 The manoeuring 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

0 The experience levels of those being assistedl ha the ice beaker provided
similarpreviousassistance. If so, the operatideemed agt NB dzii A y S ¢ @

0 Searoom/availability of safe navigable waters

o Traffic density in the area

0 Any potential manoeuvring restrictions that the ice breaker may have

Operational Decisions
1 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,
NBadzZ GAy3 Ay (GKA& 2LISNIiGA2y 6SAy3a RSSYSR (2

1 The vessel was positied approximately 22 nm off shore and there was significant
navigable water available.

1 There was no other moving traffic in the area in close proximity.
1 Wind speed and direction were light airs with excellent visibility conditions.
1 The operation was beingpmpleted duringhours of darkness (Appendix K refers)

1 The ice breaker had no manoeuvring restrictions.

rd
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Operation Execution Overview:
1 As outlined in figure 2.8,the ice breaker approaches from the north , and proceeds at
a speed of approximately :415 knots.

I The ice breaker sets a course to intercept the vessel being assisted, approaching from
0KS @SaasStQa adSNyo
1 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 pasgpslongside the general cargo
gSaastQa o026 G I NIry3IS 2F FLIWNREAYIGSt& now
ensure that the vessel being assisted is not obstructed within the ice

I Once the cargo vessel is abaft abeam, the ice breaker completes #inaaldalteration
of course to starboard (to the south), manoeuvring into a position dead ahead of the
cargo vessel.

1 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 tp@sition in which the cargo vessel is at a
range of 0.2nm.

1 When approaching the desired range (0.2nm), the ice breaker instructs the lead cargo
vessel to engage propulsion, and to proceed at full ahead.

I The ice breaker will simultaneously engage propulsind 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.

General Cargo \I/

l Ice Breaker Track Overview

Vessel \
Ice Breaker I I
/

Figureb.2.81ce BreakeEscort AssistanaeTrack Ogrview
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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.

In the event of the vessel having to complete substantial alterations of
course/manoeuvring, the O@ will engage the tiller override or use the engine
controls to provide immediate manoeuvring thrust.

Once helm adjustments are applied, the following displays are observed by the
OOW to ensure that the appropriate directional change will occur:

A Rudder antg displays

A Course displays

A Transverse thrust direction

A Visual reference points
{ KALIQa aLISSR A& YIAYOdlFAYySR dzaAAy3 GKS
adjustments/settings are applied depending on the desired speed.
Ice conditions will determine the necgsry 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

GAOS OoNBF1Ay3Ié LINRPOS&daztdnyR (2 O2y i NO dzi
¢KS hh2 gAff Ffaz Y2yAd2N FF OG2NAR adzOK |

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 thdce, adjustments will be made such as reducing speed to
reduce the forces being applied to hull.

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.

9 Collision Avoidance:

(0]

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
requiredby industry standard$. 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.

82Rule 7: International Regulations for the Prevention of Collisions at Sea

rd
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0 The two primary methods used during ice brewmkassistance operations are as
follows:

A 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 leftright as it is observed
relative to window frames and other bridge fixtures) Similar
observations will be made in relation to ice.

0 Radar Observations: The OOW uses the VRM function on the 3cm radar to
highlight critical points in which they must commenmanoeuvres/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. Thi
data is determined applying ARPA software to AIS radar inputs or manual
plots®®. 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 wh smaller vessels which may be non AIS comfiartdar
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
AAAYATAOL yift e NBReAeObelyiddest anlladquirdl@rgetsl 6 A f A
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 ofgiolti are critical to
ensuring safe navigation.

1 Communication Monitoring:

o Externalg OOWs are required by law to maintain a constant listening watch on
emergency broadcast frequencies such as VHF €hAldilitional monitoring is
maintained on specific regnal working channels as the vessel enters/exits
certain areas.

83 Automatic Ranging and Plotting Apparatus Software
84Vessels > 500 GT, pleasure craft, fishing
85SOLAS Convention

TN AN
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o In practical terms, OOWSs 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.

9 Structusl Integrity Monitoring:

0o 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 monitoringis on areas which are deemealexperience a
SiYAFAOFIY(H LINBLRNIA2Y 2F GKS LINBaadaNBE GKAC
Afterdeck. Visual observations and CCTV monitors are used to complete these
checks.

9 Hours of Darkness:

0 Ice escort assistance operations completed during the hours of darknedganv
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 deemd necessary due to limitations in radar detection, and the
need to constantly visually appraise ice conditions/characteristics, and
manoeuvre/adjust accordingly.

1 Specific Ownship Track/Navigation Task Outline:

0 A constant visual lookout is maintainedpnitoring 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

0 Ship speed is monitored viaspiays on 3cm Radars and ECDIS units. Speed data
can also be monitored via additional overhead displays.

o0 Safe navigation track and positional information is monitored via the following
means:

A wWERINJ[5] RAALI I &a o6KAOK @hadadz ffe& NIBLN
relative to predesignated areas in which sufficient navigable water is
present

GPS overlay positional display information on ECDIS units

A Terrestrial fixing means if available
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o Close Quarter monitoring is completed via the following means:

A Radar VRM is séo 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.

A Visual observations/monitoring is complete by using following visual
reference markers:

9 Critical Point 1Once 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 @ 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.

9 As the vessel alters course, lakdistances are
monitored/determined primarily through visual observations,
YR 2y0S GKS hh2 A& aldiArAaFASR gAlK
course to a heading which parallels that of the container
#SaasStQa GNIO|l® ¢KS hh2z2 &gyl SiSa
the rudder angle via the helm joystick, while simultaneously
OKSO1Ay3a (G(KS NUzZRRSNJ Iy3afSa 20SNKSIH I
ensure that the ice breaker is turning in the appropriate
direction at a suitable rate.
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Critical Point 17 Range General Cargo

to Cargo Vessel 0.2nm: Vessel
—>

Ice Breaker alters

course to the West

' Ice Breaker

Figureb.2.9ritical Point 1¢ Ice Breaker Escort Scenario

9 Critical Point 2L ateral distances are monitored throughout the
LI NI £ £ St GNI O] o0& @Aradzfte 20aSNIA
position relative to the lower quadrant of the side bridge
window. If the OOWisually determines that the lateral
distances are opening/closing, they will use the joystick helm
controls to open/close the range as required.

— - General Cargo
Critical Point 2 Vessel

Ice Breaker

( o

Figure 52.10Critical Point Z; Ice Breaker Escort Scenario

A
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221

{ Critical Point30ncethecll B2 @S&aasSt

Aad OAradz tte

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 d¢ime 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.

Critical Point 3

/ '

Figure 52.11Ciitical Point 3 Ice Breaker Escort Scenario

General Cargo
Vessel

Ice Breaker

9 Critical Point 4The OOW monitors the range to the vessel
visually using the preet 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 effortd be in a position directly ahead of
the cargo vessel on a near to exact heading. This is completed

through the following actions:

0 Rudder angle is adjusted via the helm joystick, while
simultaneously checking the rudder angles overhead
YR GKS @&eénsu® tha the icebrdaker is
turning in the appropriate direction at a suitable rate.

0 When the heading as approximately 45 degrees
from the desired course, the joystick will be used to
place the helm at amidships, reducing the rate of turn.
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0 TheOOW uses the joystick to apply counter helm to
further reduce and stop the rate of turn at the desired
heading.

0 Throughout this manoeuvre the OOW will be looking
aft, visually monitoring the position of the cargo vessel
and adjusting the helm via joystigk order to ensure
that the Ice Breaker is in a position directly ahead of the
cargo vessel.

0 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 cago 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
FRRAGAZ2YIf NHRRSNI Fy3atS G2 aia3

o The OOW continues to manoeuvres the ice breaker
directly ahead of the cargo vessel, until the range is
increased to 0.5nm

General Cargo
Vessel

Critical Point 47 Range 0.2nm

Ice Breaker

’x‘_‘:/
:‘_‘ . Sedrm |

(e
P 4

OOW will commence manoeuvring
to port, in order to ensure that the
Ice Breaker is dead ahead of the
\ cargo vessel

Figure 52.12Critical Point 4 Ice Breaker Escort Scenario
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9 Critical Point 50nce a range of 0.5nm is reached, the OOW will
manoeuvre the Ice Breaker to atl stop using the following
combination of helm/engine controls:

(0]

(0]

General Cargo
Vessel

Ice Breaker

The rudder placed to amidships using the helm joystick.

Both fore and aft propellers are set to an all stop using
the engine controls.

The forward propellers are engaged astern, in order to

slowly reduce headway.

la GUKS @SaaStQa KSIRgl &kalLISSR
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 inially, followed by the aft propellers once

\N

iKS @SaasSftQa aLISSR Kla 0SSy NBR

Critical Point 57 Range 0.5nm /

Figureb.2.13Critical Point & Ice Breaker Escort Scenario
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9 Critical Point 60nce the Ice Breaker reaches a range of 0.5nm
(critical pint 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 engageropulsion, 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 TheO® @AadzZ ffe Y2yAG2NBR (KS @Saa
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.

0 The OOW applies the necessary steeringesmions 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.

0 When nearing the appropriate range of 0.2nm, the
support office hails the cargo vessel advising them to
Sy3aFr3aS LINRBLIzZ aiAzys F2fft2¢ Ay (K
maintain a range of 0.2nm.

0 The OOW sets the helm to amidships, engages the stern
propellers ahead to stop the vessel from making stern
way, and ®ps the forward propellers.

0 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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0 The OOW sets the stern propellers to full ahead, and
proceeds ahead at best speed

Vessel

General Cargo

Ice Breaker

225

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 0.2nifAppendices L and M refer)

Critical Point 6 T Range 0.2nm

Figure5.2.1.4Critical Point & Ice Breaker Escort Scenario

9 Critical Point 7 Ice Escort operations commence, OOW
completed the following:

(0]

Forward propellers are engaged to apply forward
thrust, to facilitate ice breaking, while also channelling
any loose or loken ice directly astern into the aft
propellers, further ensuring that any encountered ice is

GoNR]SYy¢é
vessel.

AY 2NRSNJ G2 SyadNB al

OOW sets the stern propellers to maintain full ahead.

Steering is complete via manual helm jigls initially,
with the OOW reverting to autpilot once the escort is
under way and proceeding on the same heading for a

prolonged duration.

'.F
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226

0 Once the escort operation commences, the OOW
monitors the following collision avoidance
considerations in ordemtmaintain a safe speed and
distance:

A

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

@SaasStQa oOradadft NBEIFGAGS Y2i

encroach on visual reference points located on
the bridge windows

Range is also monitored using the et VRM
marker on the 3cm radar

The speed of the cargo vessel is monitored by
reviewing the AIS date displayed 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
RSGSNX¥AYyS GKS @SaasStQa
As the cargo vessel encroaches on the pre
agreed safe distance of 0.2nm, the OOW ba t
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.

aLISSR
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5.2.5: Ice Breaker Multiple Vessel Ice estoperation (Convoy assistance)

scenario data

Scenario

Ice BreakeMultiple Vessel Ice escort operatiofConvoy assistance)

Main Activity

Ice Breaker providing escort assistance to a group of commercial merchant navy vessels in an ice
affected area

Context

I The Ice breaker was contacted by a number of cargo vessels which are required to safely transit through
the Bay Bothnia

I 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

1 They have therefore contacted the ice breaker via VHF and have requested ice breaker assistance to
provide escort assistance to clearer water.

Actors Involved Position on the bridgé&

Directional Focus

T OOow I Starboard Conning Positions
I  Support Officer 1 Multi-directional focus throughout.
1 Master when required
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Information Needed
Methods

Ownship transit data

o0 Course being steered

0 Ownship speed

o Positional information

o LDL Data

Collision Avoidance data

o Course and Speed of vessel being
assisted

0 Range to vessel being assisted

Meteorological/Environmental Data:

o Wind speed and direction

o Ice characteristics: Coverage, thickness,
set, drift

Communication

T Verbal communication between
bridge team

I External communication between
ship, VTS and other vessels (VHF)

Main Equipment used

=a =4 -4 —a -8 —a -9

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

Functions

228

1 OOW has overall responsibility of

conning, collision avoidance and
decision making

1 Support Officer provides information

as required, particularly in relation to
station keeping of vessels in convoy

1 Master will proceed to the bridge if

additional support is required.
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Critical Points

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

Lead cargo vessel is visually abaft abeam, signalling to the OOW that they must commence manoeuvring
ahead of the vessel

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

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

The Ice Breaker comes to an all stop at a range of 0.5nm and commences manoeuvring astern

The Ice Breaker reaches a range of 0.2nm directly ahead of the lead cargo vessel, signifying that convoy/escort
operations will soon commence

Escort/Convoy operations commence

Course alterations while in convoy

What Happens (Outline the various steps & sequences of the tasks)
Passage Appraisal:

1
1

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, amécisi
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 tradity de
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 af&as

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 ad specific area

86 Section 42.3.1.3¢ ECDIS User Functionality
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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:

)l

E ]

= =24 =4 =

Route will be selected and planned based on the observed iceageeata 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:

0 Ice coverage

0 Meteorological conditions

o Traffic densy

o Amount of available navigable water

0 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

Availabledepth of water of water and tidal information contained in tide tables/atlases
will be determined/applied

Availability of visual and radar fixing opportunities

¢CKS NBftAlIOAfAGE 2F AKALIQA LINRLIMzZ aA2y | YR
Any specific environmental protectianeasures

The following ECDIS checks are completed:

0 The appropriate ENCs(Electronic Navigation Charts) are available for the
proposed area

o Previously executed passage plans fochecked to ensure that they are still
safe

0 Large scale ENCs are used inytisdlprovide a route overview, while smaller
scales are then used for precision navigation checks

0 Any previous notapplicable routes are cleared
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o Cross track distances are applied and checked for each leg

o0 Safety depths and undédeeel clearance will be crodsecked against radar LDL
displays

o ETA information is calculated and displayed

0 Vessel characteristic information such as draughts and turning radius is cross
checked

Operational Planning Considerations:
I The Master and the bridge team discuss the propogaeration and review the
following data to determine how best to execute the operation:

0 The manoeuvring characteristics of the vessels being asgjstedleast
manoeuvrable vessel with the greatest speed restrictions will be positioned
directly astern othe Ice Breaker

0 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 asdilows:

A Maintain a range of 0.2nm

At NPOSSR 2y | KSIRAY3 ¢gKAOK YFIAYydlFAya |
wake

A Maintain convoy speeds

o Environmental conditions such as wind speed and direction, ice characteristics
(thickness, type, movement, presence of ridge

o Time of day

0 The experience levels tfe vessels being assisted, and have they received
previous similaice breaker assistance. If so, this would generally make the
2LISNF GA2Yy Y2NB GNRdAziAyS¢ o

0 Sea room/availability of safe navigable waters
o Traffic dengy in the area

0 Any potential manoeuvring restrictions that the ice breaker may have

F= '
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Operational Decisions:

T

1
)l

It was determined that these vessels had been assisted previously, and that one of the
smaller general cargo vessels would be positioned directyrasf the Ice Breaker.

Thisdecisionwas made as this vessel was the least manoeuvrablehadd maximum
manoeuvring speed of 12 knots.

There were no machinery or steering restrictions in any of the vessels, resulting in this
operation being deemedto S A NR dzi Ay Sé @

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 sels involved, resulting in continuous close
guarter 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 manaeing restrictions

Operation Execution Overview:
1 As outlined in figure 2.14the ice breaker approaches from the south west, and

rd
/1)

proceeds at a speed of approximately d45 knots.

1 The Ice Breaker bridge team contacts the individual vessels to be eddortenvoy,
and advises them of the following:
0 Sequential order in which to proceed
0o Recommended safe distances
o Convoy manoeuvring speeds
o Initial headings
o Working VHF channels in which communications and manoeuvring instructions
will be relayed throughouthe operation
I 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 spele#gading. Once in
position, the remaining vessels are instructed to take up station one vessel at a time.
-Sedna
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91 Inthe event of one of the commercial vessels requiring ice breaker assistance in order
to take up station, the OOW of the Ice Breaker will manoewas outlined irfigure
5.2.14

1 Once the vessels are in a position to commence escort operations, the ice breaker sets a
O2daNES (G2 AYOISNDOSLI GKS @¢SaasSt oSAy3 Faarads
starboard quarter as outlined in figuge2.14

1 One 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 be
assisted is not obstructed within the i¢appendices N and O refer)

1 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.

9 The ice beaker 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.

1 When approaching the desired range (0.2nm), the ice breaker instructs the lead cargo
vessé 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.

. Cargo Vessels

~

Figure 52.1.4Ice Breaker Track: Convoy Escort Approach
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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.

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.

Once helm adjustments are applietthe following displays are observed by the
OOW to ensure that the appropriate directional change will occur:

A Rudder angle displays

A Course displays

A Transverse thrust direction

A Visual reference points
{ KALIQa aLISSR A& YIFAyYyQdl rdyhShecedgark y 3 G KS
adjustments/settings are applied depending on the desired speed.
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 popellers are engaged throughout the scenario, to assist in the

GAOS OoNBF1Ay3Ié LINRPOS&az FyR (2 O2yi{NXodzi
¢KS hh2 gAff Ffaz Y2yAd2N FF OG2NAR adzOK |

motion to determine if speed adjustments need to toade. 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.

OOWs will pay particular attention tbhese 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.

9 Collision Avoidance:

(0]

OOWs will continuously monitor traffic and floagimbjects such as ice and will
use all available means to determine whether or not a risk of collision exists as
required by industry standarés The completion of Ice escort assistance does
not absolve the Ice Breaker or the vessel being assisted ofeihe t© maintain
appropriate safe navigation/collision avoidance practices.

87 Rule 7: lternational Regulations for the Prevention of Collisions at Sea
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0 The two primary methods used during ice breaking assistance operations are as
follows:

A Visual Observations: OOWs will visually observe the vessel being directly
assisted, using vislireference 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 ettier
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.

0 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 avoidanastermining 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
plots®® The support officer will also make efforts to monitbose 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
assistace does not absolve the Ice Breaker of the need to maintain appropriate
safe navigation/collision avoidance practices.

0 When dealing with smaller vessels which may be non AIS conflicattar
detection can be a challenge. As navigational radars are dsssignprimarily
detect and acquire contacts on a 2D plain, other surface contacts such as ice can
AAIYATFAOLIYyGf e NBRdMzOS (GKS NIRFNRa FoAfAGS
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.

1 Communication Monitoring:

88 Automatic Ranging and Plotting Apparatus Software
89Vessels > 500 GT, pleasure craft, fishing
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0 Externalg OOWs are required by law to maintea constant listening watch on
emergency broadcast frequencies such as VHF €hAldilitional monitoring is
maintained on specific regional working channels as the vessel enters/exits
certain areas. During this scenario, the need to communicate with pheilti
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 termsOOWSs 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.

1 Structural Integrity Monitoring:

o Both OOWs are tasked with visually monitoring componenthe outer hull
for structural integrity while transiting through ice affected areas. The primary
focus of this monitoring is on areas which are deerteedxperience a
AAAYATFAOLIYH LINPLRNIAZ2Y 2F GKS LINBaadaNBE 4K
Afterdeck. Visual observations and CCTV monitors are used to complete these
checks.

9 Hours of Darkness:

0 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 visuly appraise ice conditions/characteristics, and
manoeuvre/adjust accordingly.

1 Specific Ownship Track/Navigation Task Outline:

0 A constant visual lookout is maintained, monitoring for potential hazards (ice,
charted/ uncharted nav hazards, objects withor radar cross section/return)

o Course being steered is monitored via gyro compass displays and GPS
directional inputs into RADARS and ECDIS

0 Ship speed is monitored via displays on 3cm Radars and ECDIS units. Speed data
can also be monitored via additiahoverhead displays.

%0 SOLAS Convention
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0 Safe navigation track and positional information is monitored via the following
means:

A wkERIFENJ[5] RAaALIIlI@a oKAOK @Aadz ffe NBLN
relative to predesignated areas in which sufficient navigable water is
present

A GPS overlay positional display information on ECDIS units
A Terrestrial fixing means if available
o Close Quarter monitoring is completed via the following means:

A Radar VRM is set to the desired range of 0.2 nm marking the
distance/point in which the ice breakevill break away to the west and
commence ice breaking passing alongside the vessel.

A Visual observations/monitoring is complete by using following visual
reference markers:

9 Critical Point 1The OOW manoeuvres ice breaker to approach
the lead convoy vess&rom an angle which is roughly 22
degrees abdfa beam as outlined in figure 5.2.16nce the
@SaasStQa NIry3aS Aa noepyY: (GKS hh2 4]
proceeding in an easterly direction. The appropriate angle will
be applied using the joystiakn 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.

1 Asthe vessel alters course, laédistances are
monitored/determined primarily through visual observations,
FYR 2y0S (KS hh2 A& &alGAaFASR ALK
course to a heading which parallels that of the container
pSaasStQa GNIO1P® ¢KS hh2 &gyl SGSa i
the rudder angle via the helm joystick, while simultaneously
OKSO1AYy3a G(GKS NHZRRSNI Fy3fSa 20SNKSI |
ensure that the ice breaker is turning in the appropriate
direction at a suitable rate.
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Cargo Vessels

Ice Breaker

Figure 52.15 Critical Point X, Ice Convoy Scenario
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Critical Point2h y OS (G KS € SIFR OF NAH2 @SaasSt &
0SIYéd 2F (GKS LIR2NI &dARS ONARR3IS GAYR:
the turn to starboard, briefly proceeding on a heading 45

degrees to port of that being nigtained 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 visuallyseine that the bow is turning in
the appropriate direction.

(s}
QX
QX
1 .

¢KS hh2 @AadzZftfte Y2yAG2NR (GKS @
within the lower quadrant of a bridge window, and within the
set VRM (0.2nm) on the radar.
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\ Cargo Vessels
\ ' Ice Breaker

Critical Point 2 %ﬁ

Figureb.2.1.6Critical Point Z; Ice Convoy Scenario

9 Critical Point 3The OOW monitors the range to the vessel
visually using the preet 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 aeffort to be in a position directly
ahead of the cargo vessel on a near to exact heading. This is
completed through the following actions:

0 Rudder angle is adjusted via the helm joystick, while
simultaneously checking the rudder angles overhead
andthevesSf Qa 02¢ G2 SyadaNB GKF{G (K
turning in the appropriate direction at a suitable rate.

0 When the heading as approximately 45 degrees
from the desired course, the joystick will be used to
place the helm at amidships, reducing the ratewfit

p
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0 The OOW uses the joystick to apply counter helm to
further reduce and stop the rate of turn at the desired

heading.

0 Throughout this manoeuvre, the OOW alternates

between forward and aft perspectives, visually

monitoring the position of the lead carg@ssel and
adjusting the helm via joystick in order to ensure that
the Ice Breaker is in a position directly ahead of the

cargo vessel.

0 This monitoring is completed via visual observations of
the position of the cargo vessel relative to that of the

starboad 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
FRRAGAZ2Y I NHZRRSNI Fy3atsS G2

0 The GW continues to manoeuvres the ice breaker
directly ahead of the cargo vessel, until the range is

increased to 0.5nm

~
l
- ~

/

Critical Point 37 Range 0.2 nm

OOW commences manoeuvring to
starboard, in order to ensure that the
Ice Breaker is dead ahead of the cargo
vessel

Figure 52.1.7Critical Point & Ice Convoy Scenario
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~

9 Critical Point 40nce a range of 0.5nm is reached, the\W will
manoeuvre the Ice Breaker to an all stop using the following
combination of helm/engine controls:

0 The rudder placed to amidships using the helm joystick.

0 Both fore and aft propellers are set to an all stop using
the engine controls.

0 The forward prpellers are engaged astern, in order to
slowly reduce headway.
o 'a GKS @SaasStqQa KSIFRgl &kallS

propellers are engaged, applying slight ahead
propulsion, gradually reducing the rate in which the
vessel comes to a stop.

1 When nearing all stogghe forward propellers are disengaged
AYAGALftes F2tt26SR 0& GKS |
has been reduced to an all stop.

T

Cargo Vessels

~

\ ' Ice Breaker

Critical Point 4 i Range 0.5 nm /

OOW will manoeuvres the vessel to an
all stop in a position directly ahead of

the lead cargo vessel

>
| [\ Sedrm |

Figure 52.1.8Critical Point 4 Ice Convoy Scenario
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9 Critical Point 50nce the Ice Break 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.

1 While manoeuvring astern, the support officer will tact the
convoy vesselwia VHF, advising them of the following:

0 To engage propulsion, and to maintain a range of 0.2nm
from the vessel directly ahead in order to conduct Ice
escort operations.

0 The convy speed shall be 12 knots (Maximum
manoeuvring speed of the vessel with theeater speed
restrictions).

0 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.

1 The OOW completes the manoeuvre as follows:

o0 OOW engages the forward praers, applying thrust
which propels the vessel astern.

0 ¢KS hh2 @radzaftfe Y2yAld2NR (G(KS
the stern bridge window on the starboard side.

0o The OOW uses fixed points on the bridge window to
monitor and determine the relative motion of theugo
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 remaidirectly astern.

0 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 Idcs astern.

242



SEDNA D3.5 : Codified Arctic Navigation Knowledge Base

o0 When nearing the appropriate range of 0.2nm, the
support office hails the cargo vessel advising them to
Sy3l3S LINRLMzZ aAz2y> F2fft26 Ay (K
maintain a range of 0.2nm.

0 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.

0 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.

0 The OOW sets theestn propellers to full ahead, and
proceeds ahead at best speed.

0 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 distae of 0.2nm.

9 Critical Point 60nce 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.

1 Once the Ic8reaker commences making headway, routine
steering can be reverted e.g. turning the helm joystick to port
will turn the bow to port.

1 The OOW then completes the following actions:

0 The OOW sets the stern propellers to full ahead, and
proceeds ahead at bespsed.

o0 OOW sets the stern propellers to the required engine
setting to maintain 12knots.

0 Steering is complete via manual helm joystick initially,
with the OOW reverting to autpilot once the escort is
under way and proceeding on the same heading for a
prolonged duration.
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0 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.

0 The OOW engages the forward propellezsapply
forward thrust, to facilitate ice breaking, while also
channelling any loose or broken ice directly astern into
the aft propellers, further ensuring that any
SyO2dzyi SNBR A0S Aa AGa0NR|1SYyé Ay
passage for the cargo vessel.

o ConvoyEscort operations will now commence.

\ Cargo Vessels

\ ' Ice Breaker

Critical Point 6 1 Range 0.2 nm

Ice Escort Operations will now
commence

Figure 52.1.9Critical Point & Ice Convoy Scenario

9 Critical Point 7 Once the escort operation commences, the
OOW monitors the following collision avoidance considerations
in order tomaintain a safe speed and distance:
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0 OOW continuously maintains a visual awareness of both
ahead of the vessel and astern, requiring a constant
change in visual focus

0 The OOW monitors the range to the vessel under escort
visually, ensuring that the cargo&ei St Qa @A adz t NBf
motion does not encroach on visual reference points
located on the bridge windows

0 Range is also monitored using the &t VRM marker
on the 3cm radar

0 The speed of the cargo vessel is monitored by reviewing

the AIS date displayed @ghe 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

YR RSGSN¥YAyS GKS @SaasStQa aLilsSs
0 As the cargo vessel encroaches on the-ggeced safe

distance of 0.2nm, the OOW on thee Breaker briefly

increases speed in order to increase the distance

0 Once the desired range is reached, the OOW reduces
speed in order to allow the cargo vessel to maintain
station directly astern.

0 The OOW and support officer will also maintain a visual
and radar monitoring of the other vessels in convoy.

o0 Inthe 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 d@sion
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\ Cargo Vessels

Ice Breaker

T

Ice Breaker OOW will closely
monitor collision avoidance
considerations with the lead vessel

Remaining vessels arequired to monitor
collision avoidance considerations with eacl
other

A
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Figure 52.1.10Critical Point € Ice Convoy Scenario

9 Critical Point 8 In the event of a course alteration being
required, the vessels must do so in manner that results in each
vessel maintainig a track directly astern of the other. This
ensures that all vessels can maintain the track cleared by the ice
breaker.

9 In order to complete the manoeuvre, the following actions are
complete:

o The OOW, while monitoring the plotted track on the
ECDIS willetermine that a waypoint is approaching,
and the vessel will be required to alter course to south.

0 The support officer contacts the cargo vessels via VHF
and advises them of the following:

A An alteration of course will take place at the
appropriate waypoint

A All vessels should follow in the wake of the ice
breaker, keeping within the cleared track
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A The course to be maintained on completion of
the course alteration

A 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.

0 Rudder angle is adjusted via the helm joystick, while
simultaneously checking the rudder angles overhead
FyR KS @SaasStQa o02¢ G2 SyadaNB
turning in the appropriate direction at a suitable rate.

0 When the heading as approximately 45 degrees
from the desired course, the joystick wik ised to
place the helm at amidships, reducing the rate of turn.

0 The OOW uses the joystick to apply counter helm to
further reduce and stop the rate of turn at the desired
heading.

0 Once the desired heading is reached, the OOW steers as
normal.

0 Throughoutthis 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 vessl.

0 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.

0 The support officer continues to monitor the other
vessels in convoy via radar and visual meansy Will
hail them and offer advice should they be struggling to
steer within the cleared track.
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Convoy Track prior to course alterations

Desired convoy track during course alterations

Convoy Track on completion of course alterations

Critical Point 8 7 Course alteration in convoy

Figure 5.2.1.11 Critical Point 8 i Convoy Course Alterations
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5.2.6: Ice Breaker towing Assistance Operations

scenario data

Scenario

Ice Breaker towing Assistance Operations

Main Activity

Ice Breaker providing tow assistance to a general cargo ship

Context

transit through the Bay Bothnia

without experiencing difficulties
the cargo vessel will required towed escort assistance

provide a towed escort to clearer water.

I The Ice breaker was contacted by a general cargo vessel which recently departed Lulea port and is on

I 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

9 Also, having transited this area previously, the Master has determined given the current ice conditions, that

1 They have therefore contacted the ice breaker via VHF and have requested ice breaker assistance to

Actors Involved

oow

Support Officer

Master when regired
Afterdeck line handlers

= =4 —a -
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Position on the bridge &

Directional Focus

1 Starboard Conning Positions
I  Multi-directional focus throughout.
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Information Needed

Communication Methods

Ownship transit data

o Course being steered

o0 Ownship speed

o Positional information

0 LDLData

Collision Avoidance data

o Course and Speed of vessel being assisted
0 Range to vessel being assisted
Meteorological/Environmental Data:

0 Wind speed and direction

1 Verbal communication betweelridge team

1 External communication between ship, VTS
and other vessels (VHF)

1 Internal communication between bridge teanm
and afterdeck line handlers

Main Equipment used

0 Ice characteristics: Coverage, thickness, set, drift 1 XBand 3cm radar: LDLs, AIS inputs
Towing information: 1 ECDIS: AlSduts, GPS data
o Visual CCTV moniiag 1 Helm controls (Joy Stick)
o Distances between ice breaker and cargo vessel 1 Engine Controls
o Tow connection information f  Overhead displays
o Towing hawser load/strain ! Radio equipment (External)
1 PC with GIS providing Ice Chart & AIS overlay
1 Afterdeck CCTV displays
Functions
T OOW has overall responsibility of conning, collision avoidance and decision making
1 Support Officer provides information as required
1 Masterwill proceel to the bridge if additional support is required
I Afterdeck lines party manage and-oadinate towing operations in terms of connections, monitoring distances ang

loads and health and safety on deck
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Critical Points

1.

Ice Breaker reaches a position whichis atarangetofOy’ Y FNBY GKS OF NA2 @4
commencement of manoeuvres

Passing in extreme close quarter proximity to the cargo vessel in order to break any closed ice wh
be present

/ F NB2 @SaaSt Aa @Aadz ff &yingtbat GOW skiolEcorhn@iSce altediBgl |
course to starboard in order to commence positioning dead ahead of the cargo vessel
Cargo vessel is at a range of 0.2nm abaft a beam, signifying the need to alter course to port, in ord
be in a position directlphead of the cargo vessel
Cargo vessel is at a range of 0.5nm directly astern of the Ice Breaker, signifying the need to bring {
vessel to an all stop and commence manoeuvring astern

Cargo vessel is 0.2 nm astern of the Ice Breaker, signifying escaatiops should commence
immediately

Commencing ice tow operations

Completing the ice tow

Disengaging the ice tow

What Hapens (Outline the various steps & sequences of the tasks)
Passage Appraisal:

1
1

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
madeas 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

L
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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 af&as

Notice toMariners 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 specifarea

Draught restrictions and available navigable waters
GMDSS requirements such as reporting a monitoring
Route selection and waypoints

Weather routing

Generic Passage Planning:

T

Route will be selected and planned based on the observed ice coveragkatat&lS
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:

0 Ice coverage

0 Meteorological conditions

o Traffic density

o0 Amount d available navigable water

0 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

¢tKS NBtAIFIOAfAGE 2F AKALIQA LINRLIMzZ aA2y | YR

Any specific environmental protection measures

91 See Interview comments page
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9 The following ECDIS checks are completed:

o

The appropriate ENCs(Electronic Navigation Charts) are available for the

proposed area

Previously executed passage plans fochecked to ensure that they are sti
safe

Large scale ENCs are used initially to jpieai route overview, while smaller
scales are then used for precision navigation checks

Any previous nosapplicable routes are cleared
Cross track distances are applied and checked for each leg

Safety depths and undéteel clearance will be crosscheckeaiagt radar LD
displays

ETA information is calculated and displayed

L

Vessel characteristic information such as draughts and turning radius is cross

checked

Operational Planning Considerations:
1 The Master and the bridge team discuss the proposed operatiowl aeview the following data
to determine how best to execute the operation:

F= '
L[\ Sedna‘ |

(0]

(0]

The manoeuvring characteristics of the vessel being assisted

Environmental conditions such as wind speed and direction, ice characteristics

(thickness, type, movement, and presenaf 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

Time of day

The experience levels of those beirgsisted and have the ice breaker provided

AAYAE I NI FaaAradlyoSe LF az23x GKAA
Sea room/availability of safe navigable waters

Traffic density in the area

Any potential manoeuvring restrictions that the ice breaknay have

Operational readiness of towing fixtures and equipment
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Operational Decisions:
1 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 steerinigtiess,
NBadzZ GAy3a Ay (GKA&a 2LISNIiA2y 0SAy3d RSSYSR (2

1 The vessel was positioned approximately 16 nm off shore and there was significant
navigable water available

I There was no other moving traffic in the area in close proximity

1 Wind speed andlirection 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.

1 The operation was being completed during the early hours efrtiorning, however the
illumination provided by the Ice Breaker will alleviate in visual deficiencies.

1 The ice breaker had no manoeuvring restrictions
1 Towing fixtures and equipment were fully operational

Operation Execution Overview:
1 As outlined in figug 5.2.1.12the ice breaker approaches from the north, and proceeds
at a speed of approximately X415 knots.

I The ice breaker sets a course to intercept the vessel being assisted, approaching from
0KS @SaasStoa aidsSNy

1 Once the Ice Breaker is at an appropgiaange (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 theeare no further restrictions within the ice.

1 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.

I The ice breaker will continue until it is atange 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.

9 During this time, the afterdeck team will prepare the towing equipment and hawser
(Appendix Q referskensuring 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.

1 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.

I The support officer contacts the afterdeck team via intemaalios 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.

1 While making the approach, the afterdeck team will regularly report the distance
between vessks. The OOW uses this information to gauge when to reduce speed during
the manoeuvre.

I The OOW also visually monitors the approach via the aft bridge windows and CCTV
screens.

1 Once the tow has been connected, the OOW will commence manoeuvring the cargo
vessel using engines and helm to maintain the desired track.

General Cargo
Vessel

' Ice Breaker

Figure 52.1.12Ice Breaker Tow Scenadd rack Overview

F= '
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General Cargo

' Ice Breaker

Figure 52.1.13Ice Breaker Tow Scenaddlrack Overview

General Ship handling Consideratis:

(0]

Manual helm using joystick control is the primary means of steering used during
tow escort operation.

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.

Once helm adjustments are applied, the following displays are observed by the
OOW to ensure that the appropriate directional change will occur:

A Rudder angle displays

A Course displays

A Transverse thrust dir¢ion
A Visual reference points

{ KALIQa alLISSR A& YFAYyUlrAySR dzaAy3a (KS
adjustments/settings are applied depending on the desired speed.

Ice conditions will determine the necessary adjustments/settings required to
efficiently and safely manoeuvre within the ice. In this case, a combination of
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forward and aft propellers are engaged throughout the scenario, to assist in the

GAOS OoNBF1Ay3Ié LINRPOS&azr FyR (2 O2y{iNAodzi$s
0 Towing conditions will also determine speaid 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 speedraddce

the applied load.

0 Steering must also be considered, in that OOWSs 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 TheOOWwillalsg2 Yy A 2NJ FI OG2NAR &dzOK & y2AaS3> OAq
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 beade 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 deternme the ice dimensions/characteristics.

i 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 standaré& 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 baisgisted of the need to maintain
appropriate safe navigation/collision avoidance practices.

0 The two primary methods used during ice towing assistance operations are as
follows:

A Visual Observations: OOWSs will visually observe the vessel being directly
asssted, 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 swblin exists with other
vessels operating within the area based on the other vessels visual

92Rule 7: International Regulations for the Peation 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 inlegion to ice.

0 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 cadlion 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
plots®®. The completion of Ice towing assista&ndoes 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 conflicattar
detection can be a challenge. As navigational radars are destgn@imarily
detect and acquire contacts on a 2D plain, other surface contacts such as ice can
AAAYATFAOlIyidte NBRdzOS GKS NI RIFINRa FoAfAadGe
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.

1 Communication Monitoring:

o Externalg OOWs are required by law to maintarconstant listening watch on
emergency broadcast frequencies such as VHF €hAldilitional 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.

o0 In practical terms, OOWSs are required to maintain a consaanal monitoring
in the event of a distress being broadcasted or if another vessel/land station
attempts to contact them.

o Internalg¢ The bridge team will maintain constant internal radio communication
with the afterdeck team throughout the operation.

9 Automatic Ranging and Plotting Apparatus Software
%4 Vessels > 500 GT, pleasure craft, fishing
9% SOLAS Convention

TN AN

P
L[\ Sedna‘ |

258



SEDNA D3.5 : Codified Arctic Navigation Knowledge Base

9 Structural Integrity Monitoring:

0o 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 deertedxperience a
AAAYATFAOLIY(H LINPLRNIAZ2Y 2F GKS LINBaadaNBE 4K
Afterdeck. Visual observations and CCTV monitors are used to complete these
checks.

9 Hours of Darkness:

0 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 demed necessary due to limitations in radar detection, and the
need to constantly visually appraise ice conditions/characteristics, and
manoeuvre/adjust accordingly.

1 Specific Ownship Track/Navigation Task Outline:

0 A constant visual lookout is maintaineaonitoring 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

0 Ship speed is monitored viisplays on 3cm Radars and ECDIS units. Speed data
can also be monitored via additional overhead displays.

o0 Safe navigation track and positional information is monitored via the following
means:

A wERINJ[5] RAALI I &a ¢KAOK ighad adz f & NILIN
relative to predesignated areas in which sufficient navigable water is
present

GPS overlay positional display information on ECDIS units

A Terrestrial fixing means if available
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o Close Quarter monitoring is completed via the following means:

A Radar VRN 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.

A Visual observations/monitoring is complete by using following visual
reference makers:

9 Critical Point 1Once 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 wiill alter
course to the east. The appropriate angle will be applied using
the joysick 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.

9 As the vessel alters courdateral distances are
monitored/determined primarily through visual observations,
YR 2y0S GKS hh2 A& aldiArAaFASR gAlK
course to a heading which parallels that of the container
@SaasStQa GNIO|l® ¢KS hhadu§iggy LS SGSa
the rudder angle via the helm joystick, while simultaneously
OKSO1Ay3a (G(KS NUzZRRSNJ Iy3afSa 20SNKSIH I
ensure that the ice breaker is turning in the appropriate
direction at a suitable rate.

to Cargo Vessel 0.2nm:
—>
Ice Breaker alters

Critical Point 17 Range l General Cargo
course to the East

' Ice Breaker

Figure 52.1.14Critical Point X Ice Breaker Tow Scenario
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T

Critical Point 2Lateral distances are monitored throughout the

LI NI £ £ St GNI O] o0& @Aadzfte 20aSNIA
relative to the lower quadrant of the side bridge window. If the

OOW visually dermines that the lateral distances are

opening/closing, they will use the joystick helm controls to

open/close the range as required.

Critical Point 2

General Cargo
Vessel

261

Ice Breaker

S

Figure 52.1.15Critical Point Z; Ice Breaker Tow Scenario

1

Critical Point 30nce the cargo vessel@A a dz € t & &l o Fa |
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 helrmtm| 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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Critical Point 3 General Cargo
Vessel

' Ice Breaker

Figure 52.1.16Crtical Point 3 Ice Breaker Escort Scenario

9 Critical Point 4The OOW monitors the range to the vessel
visually using the preet 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 tdve in a position directly ahead of
the cargo vessel on a near to exact heading. This is completed
through the following actions:

(0]

Rudder angle is adjusted via the helm joystick, while
simultaneously checking the rudder angles overhead
YR (GKS @&ensu® thal the icebrdaker is
turning in the appropriate direction at a suitable rate.
When the headingsiapproximately 1@ 15 degrees
from the desired course, the joystick will be used to
place the helm at amidships, reducing the rate of turn.

TheOOW uses the joystick to apply counter helm to
further reduce and stop the rate of turn at the desired
heading.

Throughout this manoeuvre the OOW will be looking
aft, visually monitoring the position of the cargo vessel
and adjusting the helm via joystigk order to ensure

that the Ice Breaker is in a position directly ahead of the
cargo vessel.
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General Cargo
Vessel

Ice Breaker

263

0 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.

(0]

If the cago 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

F RRAGAZ2YI €

NHZRRSNJ |y 3t S

The OOW continues to manoeuvres the ice breaker
directly ahead of the cargo vessel, until the range is

increased to 0.5nm

Critical Point 47 Range 0.2nm

02

OOW will commence manoeuvring
to port, in order to ensure that the
Ice Breaker is dead ahead of the
cargo vessel

Figureb.2.1.17Critical Point 4 Ice Breaker Tow Scenario

9 Critical Point 50nce a range of 0.5nm is reached, the OOW will
manoeuvre the Ice Breaker to an sibp using the following
combination of helm/engine controls:

(0]

(0]

The rudder placed to amidships using the helm joystick.

Both fore and aft propellers are set to an all stop using

the engine controls.

The forward propellers are engaged astern, in order to

slowly reduce headway.

G a3
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General Cargo
Vessel

Ice Breaker

P
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o 'a GKS @SaasStqQa KSIFIRgl&kallSSR N
propellers are engaged, applying slight ahead
propulsion, gradually reducing the rate in which the
vessel comes to a stop.

0 When nearing all stop, the forward propellers are
disengaged initilly, followed by the aft propellers once
0KS ©9SaasStqQa aLISSR KFa 0SSy NBR

Critical Point 57 Range 0.5nm

.

Figure 52.1.18Critical Point ¥ Ice Breaker Tow Scenario

1

Critical Point 60nce the Ice Breaker reaches a range of 0.5nm
(critical point §, 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 théexdeck 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.

Thesupport officer contacts the afterdeck team via internal
radios to advise that the bridge team are making their
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approach, which will be directly followed by a similar
transmission to the cargo vessel via external VHF.

1 While making the approach, the aftexdk team will regularly
report the distance between vessels. The OOW uses this
information to gauge when to reduce speed during the
manoeuvre.

1 The OOW also visually monitors the approach via the aft bridge
windows and CCTV screens.

1 The manoeuvre will beoenpleted in the following steps:

o OOW engages the forward propellers, applying thrust
which propels the vessel astern.

0 ¢KS hh2 @Aradzaftfte Y2yAld2NR G(KS O
the stern bridge window on the starboard side.

o The OOW uses fixed points on the badgindow 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 ste@ng corrections needed to
ensure that the cargo vessel remains directly astern.

o0 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 engire that the stern of the vessel turns to port
as they OOW looks astern.

0 The OOW continuously monitors the audible
transmission from the afterdeck team, noting the
distances which are stated in metres.

0 As the distance closes, based on the ranges transthitte
YR GKS @SaasStQa @Aradz tte LISNDS
OOW eases back on thrust applied, reducing the speed
gradually throughout the approach.
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0 ¢CKS adzLJLI2NI 2FFAOSNI gAff | f a2z
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.

0 Once the afterdeck of the Ice Breaker reaches the
desired positior(appendix R refersjhe OOW sets the
helm to amdships, engages the stern propellers ahead

to further reduce the sternway.

0 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.

0 The OOW wilisually 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

proced.

Ice Breaker

General Cargo
Vessel I
!.

Figure 52.1.19Critical Point & Ice Breaker Tow Scenario
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Critical Point 6 1 Range 0.2nm
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9 Critical Point 7Commencing Ice tow operationshe following
actions and manoeuvres take place:

o The afterdeck team contact the bridge via internal radio
to advise that he tow has been connected and that
they are ready to commence operations.

0 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.

0 The support officer advises the OOW, whdurn 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.

0 Once these transmissions are made, manoeuvres
commence.

0 The OOW engageseahorward 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
SyO2dzyi SNBER A0S Aa dGaoNR|1SYy¢ Ay
passage for theargo vessel.
o OOW gradually applies engine power and increases
thrust to the stern propellers in order to maintain an
appropriate towing speed.

0 Once the Ice Breaker commences making headway,
routine steering can be reverted e.g. turning the helm
joystickto port will turn the bow to port.

0 ¢KS hh2 gAff Y2yAU02N) 0KS @SaasSt
the aft bridge window in order to ensure that they are
maintaining an appropriate towing aspect.

0 The OOW will also monitor the CCTV displays, ensuring
that there isno unnecessary load placed on the towing
winch, while also monitoring the winch load display on
the bridge console.
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Critical Point 77 Connecting the two

268

General Cargo
Vessel

I Ice Breaker
N

Figure 52.1.20Critical Point € Ice Breaker Tow Scenario

9 Critical Point & Conducting the Ice Tow operations commenc
The following are monitored by the OOW and support officer:

o Collision avoidance and safe speed/distance:

A

OOW continuously maintains a visual
awareness of both ahead of the vessel and
astern, requiring a constant change in visual
focus

The speed of theargo 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
RSGSNX¥AYyS (GKS @SaasStQa

0 Ship Handling considdrans:

A

hh2 O2yiAiydzdate Y2yAdz2NB

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 decreaspeed.

Once underway, the OOW will engage the auto
pilot function, applying a rudder limit of X015
degrees, ensuring that there are no bold

SR
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changes in heading which may result in the
towing hawser parting.

0 Towing considerations:

A OOW regularly commurates with the support
officer, who relays distance and load
information from the afterdeck.

A OOW continuously monitors the CCTV displays,
ensuring that winch is operational and that the
tow is not under any unnecessary excessive
load

A OOW continuously monits the winch display
on the bridge, visually monitoring the load
forces placed on the winch/hawser.

1 Critical Point &¢ Disengaging Ice Tov@nce the vessels reach
open water, the following actions are completed in order to
safely disengage the tow:

o The OOV 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.

0 Once this is acknowledged, the support officer advises the
OOW that the afterdeck #&m and cargo vessel are on
standby to disconnect.

0 The OOW completes the following manoeuvres:

A OOW eases the forward thrust on the aft propellers,
thus reducing headway and the load/forces placed
on the towing hawser.

A hh2 O2yilAydz2dzate &eadyArAid2NBR GKS &
towing hawser load and relative position of the
OFNH2 @SaasStQa 060263 Y|l y2SdzONAy3
maintain a position dead ahead of the cargo vessel
on a similar heading.

A With the quantity of water passing through the
rudder at a minimum, engine movemenére the
most responsive means for maintaining position at
this point.
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A 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.

A The OOWontinuously monitors the track visually,
ensuring that the stern proceeds directly to the bow
of the cargo vessel.

A The afterdeck team also provide continuous updates
on range and approach, advising on any directional
corrections which need to be made.

A One 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
YFEAYyGFrAy GKS A0S oNBI1SNRa LI2aai
the cargo vessel.

A The OOW instructs the support officer¢ontact the
afterdeck team advising that they are ready to
disengage the tow.

A 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 wincled inboard.

A The afterdeck team commence winching the hawser
inboard, advising the bridge team via internal radio
that they have commenced retracting the hawser.

A Once the hawser is inboard, they advise the bridge
which the support officer relays to the OOW.

A The OOW instructs the support officer to advise the
afterdeck team and cargo ves§diridge team that
the tow is disengaged and that the ice breaker will
break away from the cargo vessel.

A Once acknowledged by the afterdeck team and
cargo vessel, the OO¥eéts the helm to amidships,
and applies forward thrust via the aft propellers.

A 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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A The OOW will manoeuvre to a position 0.2nhead
of the cargo vessel, at which point towing operations
have ceased and the cargo vessel can commence
routine steaming.

A

. Sedrm |
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5.2.7: Ice Mooring Assistance

scenario data

Scenario

Ice Mooring Assistance

Main Activity

Ice Breaker providing ice mooring assistance to a general cargo ship awaiting a berth in port

Context

I The Ice breaker was contacted by a general cargo vessel which is awaiting a berth in Lulea having
transited through the Bay Bothnia

I 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.

9 Ice conditions (closed pack ice) within the Bay, have resulted in the vessel being unable to anchor or
manoeuvre without experiencing difficulty.

1 They have therefore contacted the ice breaker via VHF and have requested ice breaker assistance to
provide escort assistance.

1 Inthe 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.

Actors Involed Position on the bridge &

Diredional Focus

T OoOow 1 Starboard Conning Positions

Support Officer 1 Multi-directional focus throughout.

1 Masterc as required for planning and
support purposes

=
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Functions

1 OOW has oerall responsibility of conning, collision avoidance and decision making
9 Support Officer provides information as required
1 Masterwill proceed to the bridge if additional support is required.

Information Needed Communication Methods
1 Ownship transit data 1 Verbal communicatio betweenbridge team
o Course being steered 1 External communication between ship, VTS a
o0 Ownship speed other vessels (VHF)
o Positioral information
o0 LDL Data

1 Collision Avoidance data

o Course and Speed of vessel being assisted

0 Range to vessel being assisted

1 Meteorological/Environmental Data:
0 Wind speed and direction

o Ice characteristics: Coverage, thickness, s¢

drift

Main Equipment used

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 proviity Ice Chart & AIS overlay

= =4 -8 & —a -8 -
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Critical Points

Ice Breaker reaches a position in which the starboard bow of the cargo vessel is at a range of
Passing in extreme close quarter proximity to the cargo vessel in order to break any closed ics
may be present

Cargova a St A& QAadzffte FolFid GKS LOS . NBI 1SN
course to port in order to commence positioning dead ahead of the cargo vessel

Cargo vessel is at a range of 0.2nm abaft a beam, signifying the need to alter course to port, i
to be in a position directly ahead of the cargo vessel

Cargo vessel is at a range of 0.2nm directly astern of the Ice Breaker

Ice Breaker provides pusssistance in order to ensure that the cargo vessel reaches the de
position

Ice Breaker ceases push and clears the mooring area

What Happens (Outline the various steps & sequences of the tasks)
Passage Appraisal:

1
1

IBN Next GIS is referred to in erdo 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 determineather 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 béore being applied to ECDIS compliant unit (Additional planning functionality is
deemed essential for planning in ice affected af&as

Notice to Mariners may be referred to as a means of determining any temporary or
permanent changes to aids to navigatiand navigational hazards

Sailing directions may be referred to where applicable when required to seek out local
navigation knowledge of a specific area

9% Section 42.3.1.3¢ ECDIS User Functionality

>
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Draught restrictions and available navigable waters
GMDSS requirements such as reporting a monitoring
Raute selection and waypoints

Weather routing

Generic Passage Planning:

)l

E ]

= =24 =4 =

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 dissqge
Safe and appropriate passage speeds are determined based on the following:
0 Ice coverage
0 Meteorological conditions
o Traffic density
o Amount of available navigable water
0 Urgency to reach destination and nature of operations
Specific sailing direction cemmendations 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 ofvisual and radar fixing opportunities

¢CKS NBftAlIOAfAGE 2F AKALIQA LINRLIMzZ aA2y | YR
Any specific environmental protection measures

The following ECDIS checks are completed:

0 The appropriate ENCs(Electronic Navigation Charts) are availabtefor t
proposed area

o Previously executed passage plans fochecked to ensure that they are still
safe

0 Large scale ENCs are used initially to provide a route overview, while smaller
scales are then used for precision navigation checks

0 Any previous nofappliable routes are cleared
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Cross track distances are applied and checked for each leg

Safety depths and undéteel clearance will be crosschecked against radar LDL

displays

ETA information is calculated and displayed

Vessel characteristic information suchdraughts and turning radius is cress

checked

Operational Planning Considerations:
1 The Master and the bridge team discuss the proposed operation and review the following data
to determine how best to execute the operation:

(0]

(0]

The manoeuvring characteristicstbe vessel being assisted

Environmental conditions such as wind speed and direction, ice characteristics
(thickness, type, movement, presence of ridges)

Time of day

The experience levels of those being assistéd hasthe ice breaker provided
previoussimilar assistance. If so, this would generally make the operation more

GNRdzG Ay Sé o

Sea room/availability of safe navigable waters

Traffic density in the a

rea

Any potential manoeuvring restrictions that the ice breaker may have

Operational Decisions:
1 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,

NBadzZ GAy3 Ay

KA &

2 LISNF A2y

0SAy3 RSSYSR

1 However as this was an oldesmaller 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 vesseitd position.

1 The proposed courses of action are as follows:

rd
/1 AN
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0 The ice breaker to manoeuvre directly ahead of the cargo vessel, and position
itself at close range should it be required to provide assistance

0 The ice breaker will direct the cargo vessel togaed astern to a point in which
it will be suitably secure and moored within the ice

o Inthe event of the cargo vessel not having the necessary engine
power/manoeuvrability to get into position, the ice breaker will provide
GLIza KAy 3¢ Faaraal yos
1 The vesselas positioned approximately 4 nm off shore and there was significant
navigable water available.

1 There was no other moving traffic in the area in close proximity.

1 Wind speed and direction were light airs with excellent visibility conditions.
1 The operationwas being completed during night time.

1 The ice breaker had no manoeuvring restrictions.

Operation Execution Overview:
1 As outlined in figte 5.2.1.21the ice breaker approaches from the east, and proceeds at
a speed of approximately 10 knots.

I The ice breakesets a course to intercept the vessel being assisted, approaching from
0KS @SaasStQa adGlFINb2FNR 029

1 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 alontisdgeneral cargo
#SaastQa o026 G | NIy3IS 2F |LIWNREAYIGSt& now
ensure that the vessel being assisted is not obstructed within the ice

9 Once the cargo vessel is abaft abeam, the ice breaker completes an additioreti@tter

of course to starboard (to the south), manoeuvring into a position dead ahead of the
cargo vessel.

I 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.

1 Once in a position to prvide assistance if required, the cargo vessel is contacted and
directed to commence manoeuvring astern.

9 Inthis instance, the cargo vessel reached a point just before halfway of the desired
position beforebecoming besewithin the ice.
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1 They therefore regested assistance from the ice breaker in order to get them into
position.

Desired Mooring Position

General Cargo
Vessel

Ice Breaker
Ice Breaker Track \

Figure 52.1.21Ice Breaker Mooring Scenaigdl rack Overview

General Ship handling Considerations:
0 Manual helm using joystick control is the primangans of steering used during
ice breaking escort operations.

o Inthe 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 manoeuvringrust.

0 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

A

:_‘ . Sedrm |
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o { KA LJQa maintaé & Rsing 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 ttése, a combination of

forward and aft propellers are engaged throughout the scenario, to assist in the

GAOS ONBF1Ay3Ié LINRPOS&az FyR (2 O2yi{Nodzi
0 ¢KS hh2 gAff Ffa2 Y2yAG2N) FF OG2NA adzOK

motion to daermine 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.

i Collision Avoidance:

o OOWs wiltontinuously 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 standar&s The completion of Ice mooring assistance does
not absolve the Ice Br&ar or the vessel being assisted of the need to maintain
appropriate safe navigation/collision avoidance practices.

0 The two primary methods used during ice breaking assistance operations are as
follows:

A Visual Observations: OOWs will visually observe éssel 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 detarine 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
obsenations will be made in relation to ice.

0 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 willaso

97 Rule 7: International Regulations for the Prevention of Cofissat 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

plots®®. The completin 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 confBlicttar
detection can be a challenge. As mtional radars are designed to primarily
detect and acquire contacts on a 2D plain, other surface contacts such as ice can
AAAYATFAOlIyidte NBRdzOS GKS NI RIFINRa FoAfAade
Although OOWs will adjust detection parameteugls 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.

1 Communication Monitoring:

o Externalg OOWs aregequired by law to maintain a constant listening watch on
emergency broadcast frequencies such as VHF &h A@ditional monitoring is
maintained on specific regional working channels as the vessel enters/exits
certain areas.

o In practical terms, OOWSs arequired to maintain a constant aural monitoring
in the event of a distress being broadcasted or if another vessel/land station
attempts to contact them.

9 Structural Integrity Monitoring:

0 Both OOWs are tasked with visually monitoring components of the dutkr
for structural integrity while transiting through ice affected areas. The primary
focus of this monitoring is on areas which are deerteexperience a
AAAYATFAOLIYH LINPLRNIAZ2Y 2F (GKS LINBaada2NBE 4K
Afterdeck. Visuabbservations and CCTV monitors are used to complete these
checks.

9 Hours of Darkness:

0 Ice breaker assistance operations completed during the hours of darkness
involve the same task/functions/monitoring. As visual monitoring/detection of

9% Automatic Ranging and Plotting Apparatus Software
9 Vessels > 500 GT, pleasure craft, fishing
100SOLAS Convention
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ice is critical tesafe 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 appraisce conditions/characteristics, and
manoeuvre/adjust accordingly.

1 Specific Ownship Track/Navigation Task Outline:

0 A constant visual lookout is maintained, monitoring for potential hazards (ice,
charted/ uncharted nav hazards, objects with poor radarss section/return)

0 Course being steered is monitored via gyro compass displays and GPS
directional inputs into RADARS and ECDIS

0 Ship speed is monitored via displays on 3cm Radars and ECDIS units. Speed data
can also be monitored via additional overhedidplays.

0 Safe navigation track and positional information is monitored via the following
means:

A wkRIENJ[5] RAaALIEIE&aAa 6KAOK @AadzZ tfte NIBLN
relative to predesignated areas in which sufficient navigable water is
present

A GPS overlagositional display information on ECDIS units
A Terrestrial fixing means if available
0 Close Quarter monitoring is completed via the following means:

A Radar VRM is set to the desired range of 0.2 nm marking the
distance/point in which the ice breaker will bieaway to the west and
commence ice breaking passing alongside the vessel.

A Visual observations/monitoring is complete by using following visual
reference markers:

9 Critical Point 1The starboard bow of the cargo vessel can be
viewed within the lower quadnat 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 thp@opriate rudder angel
has been set. The OOW will also visually ensure that the bow is
turning in the appropriate direction.
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1 As the vessel alters course, lateral distances are
monitored/determined primarily through visual observations,
andoncetheOOVai &l GAAFTASR 6AGK (GKS @Aadz
course to a heading which parallels that of the container
@SaasStQa GNIOl® ¢KS hh2z O2YLX SiSa i
the rudder angle via the helm joystick, while simultaneously
checking the rudder anglesS NK S R I yR (GKS @SaasSt G
ensure that the ice breaker is turning in the appropriate
direction at a suitable rate.

Desired Mooring Position

-

General Cargo
Vessel

' Ice Breaker

Critical Point 17 Range 0.2nm

Figure 52.1.22Critical Point X, Ice Breaker Assistance Mooring Scenario

9 Critical Point 21 ateral distancg are monitored throughout the
LI N} £ £ St OGN Ol o0& @AadzZ tte 20aSNIIAY
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 tbgstick helm
controls to open/close the range as required.

’x‘_‘:/
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Desired Mooring Position

General Cargo

Ice Breaker

Critical Point 27 Lateral Distance Monitoring

( e

Figure 52.1.23Critical Point Z; Ice Breaker Assistance Mooring Scenario
{ Critical Point3hy OS (G KS Ol NA2 @SaasSft Aa OAa
of the starboard side brige windows, the OOW commences the

turn to port. The appropriate angle will be applied using the
joystick on the helm control panel.

1 The OOWbriefly 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.

| { Sedrm |
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Critical Point 37 Ice Breaker
visually observes cargo vessel

~¥

Desired Mooring Position

General Cargo

( e

Figure 52.1.24Critical Point 3, Ice Breaker Assistance Mooring Scenario

9 Critical Point 4The OOW monitors the range to the vessel
visually using ta preset 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 followingactions:

284

abaft abeam
(0}
0
0
0

Rudder angle is adjusted via the helm joystick, while

Ice Breaker

simultaneously checking the rudder angles overhead

IyR GKS @SaasStQa o02¢ (2
turning in the appropriate direction at a suitable rate.

When the heading as approxately 10¢ 15 degrees
from the desired course, the joystick will be used to

Sy & dzNB

place the helm at amidships, reducing the rate of turn.

The OOW uses the joystick to apply counter helm to

further reduce and stop the rate of turn at the desired

heading.

Throughaut 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.

0 This monitoring is completkvia 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 overshootiig the desired position and need to apply
FRRAGAZ2YIFE NHRRSNI Fy3tsS G2 adGA3
o0 The OOW continues to manoeuvres the ice breaker

directly ahead of the cargo vessel, until the range is
increased to 0.2nm.

Desired Mooring Position

General Cargo
Vessel

0.2nm abaft abeam

Critical Point 4 1 Range " E ' Ice Breaker

Figure 52.1.25Crtical Point 4¢ Ice Breaker Assistance Mooring Scenario

9 Critical Point 50nce a range of 0.2nm is reached, the OOW will
maintain the position and complete the following functions:

0 The rudder placed to amidships using the helm joystick.

0 Both fore and afpropellers are set to an all stop using
the engine controls.

’x‘_‘:/
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0 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
applyingcounter thrust, the ice breaker maintains
positon at a range of 0.2nm.

0 The OOW monitors the range to vessel and any
potential lateral movement through visual observations
2F (GKS OFNEB2 @SaasStqa NBftFGADS
appears to laterally move in orddrection, the OOW
applies the appropriate counter engine thrust to correct
the directional change.

0 The OOW instructs the support officer to contact the
cargo vessel via VHF, advising them to commence
manoeuvring astern into position.

0o The OOW and suppoofficer will monitor the cargo
@SaasStQa GUNI Ol kLINPINBaa dzaAiy3
A Visual observations

A Radar movement

A Track data displayed on the ECDIS from the AIS
overlay

Desired Mooring Position

-

General Cargo
Vessel

Critical Point 57 Range 0.2nm

' Ice Breaker

Figure 52.1.26Critical Point &, Ice Breaker Assistance MooriSgenario
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9 Critical Point 61n 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 ordegéb into
position.

1 The following actions and manoeuvres are therefore completed:

0 The support officer acknowledges the transmission and
relays this information to the OOW.

0 The support officer advises the cargo vessel to stop
engines and place their helm aaships.

o Once this is acknowledged, the support officer advises
the cargo vessel to standby to receive push assistance
from the ice breaker.

o0 Once this is acknowledged by the cargo vessel, the
manoeuvre is completed as follows:

A OOW engages the forward projmsts, applying
thrust which propels the vessel astern.

A ¢KS hh2 @radatfte Y2yAlG2NAR (K
through the stern bridge window on the
starboard side.

A The OOW uses fixed points on the bridge
window to monitor and determine the relative
motion of the cago vessel.

A 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 remaindirectly astern.

A 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 loakastern.
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288

A 2KSy ySIENAy3a (KS OF NB?2

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 continugsly monitors the contact
area between vessels, ensuring that the push is
applied directly asterifappendix S refershile
also ensuring that the cargo vessel proceeds in
a straight line. In the event of lateral thrust
being present, the OOW counteradtgs 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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Critical Point 61 Ice
Breaker Pushes the Cargo
vessel into Position

il
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Desired Mooring Position

General Cargo
Vessel

' Ice Breaker

Direction of Travel

Figure5.2.1.27Critical Point & Ice Breaker Assistance Mooring Scenario

1 Critical Point 7 Cargo vessel reaches the desired position,
resulting in the following actions being completed:

(0]

The support officer advises the OOW that the cargo
vessel has reached the desired mooring position based
on ECDIS data.

OOW stops the forward propellers, followed by the aft,
reducing speed and the force of the push.

The support officer contacts the cargo vessel via VHF
and advisethem as follows:

A

A
A

The cago 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 thatthe cargo vessel dzsnot
manoeuvre as the ice breaker exists the
mooring position
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0 Once this has been acknowledged by the cargo officer,
the support officer relays this to the OOW who
completes the following manoeuvres:

A Aft propellers are engaged, applying forward
thrust, visually monitoring and ensuring that
the stern clears the bow dhe cargo vessel

A 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
Sy 02 dzy it SNBRS yAAGS @AKaA £SO NBf & 2
the ice breaker to clear the mooring position.
A Manual steering is used to maintain the desired
heading/track when clearing the area.

0 Once clear of the mooring area, the OOW sets the stern
propellers to maintain full ahead andhgages the auto
pilot.

Desired Mooring Position

Critical Point 77 Cargo
vessel reaches desired
position & the Ice Breaker
clears the area

General Cargo
Vessel

Direction of Travel

Ice Breaker

Figure 52.1.28Critical Point % Ice Breaker Assistance Mooring Scenario

A
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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 disessa rangeof 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 marinerstesdrs when planning t@nd operating

within the Ardic. Phenomena such as dead water and Arctic Haze, are environmental

O2yaARSNI A2ya 6KAOK KI @S GKS Likabiydopdrae (2 &A3y
safelywithin these regions. Meteorologicabnsiderationsuch as Inversions and Katalsatiinds,

which are not necessarily a hazard within the lower latitudes, have the potential to develop

extreme weather conditions for Marinemperating within these regions

Optical phenomenafeature extensively throughout this section, highlighting a ivem of

potential environmental conditions whichcany ¥t dzSy O0S | al NAY SNRA @A adz €

awareness.

TKS aLRfI N &SILIAKCON (LANNBR Sy (a  lof mérdef/éngdser R 4§ SR S

recommendations for vessels operating within Polar Regions
6.1.2 Polar Navigation

The Polar navigatiodesk study provides a review of literature, whiconsolidates and presents

practical ice navigation practicesecommendations, and guidelindsom training publications,

industry recommendations and regile2 NBE  NXBIj dZANBSYSydaod { dzOK GOz2yaz

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 guidet 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. Then-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 trangivedsel within

Arctic/lce affected regions.
6.1.2.2 Aids to Navigation

Electronic AidsThe deskstudy presents a number of factors in relation etectronic aids to
navigation, focusing on practical user recommendations and potential limitations of equipment
such as navigation radarspmpasses, 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-site interviens highligled similar findingsreinforcing the

need for effective radar setup, while alsaggesting that despite improvements in technology,
that compasses and GNSS are still affected by the inaccuracies of higher latitudes. In relation to
radar limitations, one rathod observed to address this during the field trip was that of the use of
LDLsD appendix refers. Such methods provide amkrswith a quick and easily recognisable
sectors of safe and dangerous waters, assisting the Ice Breaker OOWSs in making natike effe
decisions when navigatingn terms of compass shortcomings, a recommendation was made in
relation tothe use of satellite compasses, however the proposed significant cost associated with

installation maylimit feasibility.

Charts and Fixed Point3he use of charts, fixed poingnd floating navigational aidsutlined a
number of Polar/Arctic/lce specific considerations for vessels operating within these areas
Examples includmaccuratesurvey efforts, difficulties when identifying fixed pointsdaitoating
navigational aids due to ice and snoaver. The numerous optical phenomena highlighted within

the Polar Weather section, could further contribute to mariners misidentifying points and
becoming disorientated within these regioriBhese challengewere highlighted during the en

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 region¥hese 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 Watchkeeping Scenarios

Bridge watchkeeping scenarios are outlined in the formasfchoring and receiving ice breaker

assistance, providing a consolidation of practical guidetamelpractices which can be employed

in these instancedn relation to anchoring, the industry approved publications advise against such

operations due to thewumerous 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. dhitusther

reinforced during the field trip, as a merchant vessel which arrived on scene prior to a berth

becoming available, was instructedMdB Y Ay aY22NBRé¢ Ay (G(KS A0S 23SNYy

available.
6.1.2.4Human Factors

Human Factor considations are presented within the revievbyriefly outlining environmental
factors which may influence an enger@ performance when operating within these regions,
while also presenting some of the practical and legislative safeguards put in place foratoef
address polar/ice specific influenc@e onsite 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 iasher 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
& 0Sy S-S 8z SIMIB Rrévimentbdrsi donning equipment which would be suitable for
survival as opposed to ddg-day operations, impeding their ability to perform basic tasks. On
the other extreme, they have withessed 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 considerasisiitsyas suggested

that the standard manning levels for vessels operating within Ice affected/Polar Regiaes, we
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 safdty.addresig these factors, from a

regulatory perspective, the interview findingguld suggestedhat 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 enoufygit effective enduser application.
6.1.3 Polar Ship handling

The Polar Ship Handlirdesk 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 ve3skeingth, beam, propeller type and

various2 1 KSNE > Oly AyFfdsSyOS K2g || @SaabtampekKl yRf Sa¢
of such manoeuvring characteristics and constraints were observed duriagfietd 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 developed for the

purpose of coastal passages and ocean voyages, and rtbefpurpose 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 icewith a particular emphasis on areas of extreme thickrsegsh as ridges
and other pressure zones. These considerations were further highlighted during the interviews
and field study, with the Ice Breaker Deck Officers continuouggtioning the importance of

avoiding ridges when entering ice.
6.1.3.2 Polar Slp handlingg A vessel beset in ice

The industry publications provide guidelines for the actions to be comglietéhe event ofa
vessebecomingbeset within ice, highlighting the need to apply engine power in order to attempt

to break up the ice and mimise 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 handlingOperating in conay

The desk study review provides industry practical guidelines in relatiopéoating in convoy,
with a particular emphasis on recommended speeds, formations and manoeuvring

intervals/distances. The esite interviews and field trip observations, citegdimilar
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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 Vedaes ensuring all vessels are safely
SA02NISR® LYy RAaAOdzaaAy3d GKS aKdzYkhyé¢ StSYSyiasz (GKSE
short comings in relation to this scenario. Firstly, it was suggested that merchant navy vessels

often find it difficultto manoeuvre in such close quarter scenarios, as OOWSs are from a very early

stage trained to avoid close quarters with other vessels. It was also suggested that vessels are
generally ilequipped both in terms of equipment and human resources, placingjfisignt

overload on OOWSs operating within these scenarios.
6.1.3.4 Polar Ship handlingBreaking a vessel free from the i@nd towing assistance

The desk review of freeing vessels beset in the ice, and providing towing assistance, provided an
overview d 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 Summanyd Possibilities

1 The overarching primary point highlightedrthg the desk study, interviews and field trip,
gl a GKS YSSR F2NJ AAIYATAONHAINX OWSRY I dAEFa OF N
degree perspective.

9 Ice thickness determination is completed using traditional means on board the Atle such

as visubobservations and ice thickness poles.
1 The following operational scenarios were outlined on board the Atle:

1 Mooring operations; entering and exiting ports.

1 Anchoring operations.

9 Pilotage operations transiting in harbours or pilotage areas in close jroty to
potential dangers.

1 Coastal navigatiog transiting in coastal wateareaswith reducedproximity to

potential dangers.
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1 Sea/Ocean passagesransiting in open waters in which there is minimum risk of
passing in close proximity to potential dangers
1 General ice breaking operatiogdransiting ice affected areas with objective of
LINE GARAY3I GAOS FTNBS¢ NRdziSa F2N) gSaasStao
1 Ice escort operationg, transiting ice affected, escorting/leading a convoy of
merchant vessels.
1 Ice towing operationg transitingice affected areas, while providing a towing
service for merchant vessels facing difficulties navigating in these areas.

91 Helicopter operationg, Operating with a helicopter while underway

The potential contributions that technology such as thermal imagouould make a
consideration which did not feature within industry publications, weited during

interviews on both vessels

Theuse ofolder chat display systersy which predate IMO compliant ECDIS unitkie to
a perceivedevel oflimited applicatiors and useinterfaces available on contemporary

ECDIS compliasystemshighlights a significant design consideration

Both vessels suggested that the current level of navigational aid integration and

equipment placement in close proximity to conning cotg works well.

Design shortcomings in relation teisibility on board Merchant Navy vesselsere
highlighted, particularly in the context affective navigation/ship handling within an
Arctic environment. One shortfall of particular relevance is a pseplorestriction when

looking aft, an issue of significant importance when operating in convoy.

It was proposed thaAR goggle technology could provide critical information for close
proximity manoeuvresuch as AlS data from other vessels, navigation dathcollision

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 primarycresear

efforts, and also through informal discussions with industry and design experts

1

,/"“ )

Operating in Convoy: It was suggested that AR goggle technology could provide critical
information for close proximitymanoeuvres 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 AlSadaollision avoidance information, or making use of
ASOG2NIft ke NI FTAO fsafddkdaggerous ded&lopghm2mel | G a G 2

An option to overlay projected track information similar to that displayed on an ECDIS
during passage planning was bnefiliscussed and deemed potentially useful in the

context of avoiding ice concentrations.

The use of LDL methotis overlay sectors of safe and hazardous waters on to radars, is a
concept which could be potentially applied to AR technology, as such data cou

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, floatingids 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 igation 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 applicatian AR technology, particularly in the context of horizon

identification, could add significant value if completing celestial navigation practices.

p
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1 Interms of training opportuntiest wassuggest that AR technology coalddvalue in the
context of trairing, particularly for vessels and crews who have no experience of havigating
in ice affected regions.

6.2.2 Customised Design Solutions
The following customized bridge solution&re observed

0 Suspended’HF Handsets

0 The use of aft facing CCTV equipmentrtonitor towing operations

0 ¢KS dzaS 2F I aNBFINWASGE YANNBNE | f fodvard y3 |y hh?
6.3 Ice Forecasting Requirement Summary

9 It wassuggested 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.

1 The ability to determine or quantify Ice thickness up to 7 days, would add significant value in terms

of operational and route planning.

1 The Atle is currently availing of Ice forecastth@gzkness 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 Sde Arctic End Voyage Optimisation Syste@smmary

6.4.11ce Conditions
1 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.

1 Ice forecats are provided by the FMI, with predicted conditions available for up to 54

hours in advance.

1 Swedish and Finnish Ice Breakers have access to satellite imagery of th&&aitigch
is not available open source to commercial shipping. It was howegeglested 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 Wather suggested

rd ™~
4% ™
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that making such imagery available for Northern Arctic regiaould be challenging due

to reduced satellite coverage in the higher latitudes.

1 With regards endiser requirements in terms of accuracy and frequency, it was suggested
that this would depend on the region, and financial resources available to theigd
Such data may be of significant value within the latitudes further north, due to the harsher

and unpredictable conditions experienced within those regions.

1 Multi-year forecasts were deemed to be napplicable to Swedish Ice Breakers. The
Nordica didsuggest that Ice Breakers will avoid areas with rydtr ice due to the

potential difficulties caused by such conditions when attempting navigate affected areas.

1 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.

1 Both vessels highlighted that iteduced resistance is not monitored or measured on

board. It was howewvehighlighted that any Swedish vessels proceeding to higher polar

latitudes will makes use of such sensors. It was also suggested that such equipment would

y2i 0SS aaidlyRINRé 2y 02FNR YSNODKIylG @SaasStao
9 It was also suggested that the Polar Code althouglepist the right direction in terms of

providing some regulatory guidance/framework, was still extremely broad, what not

specific enough for effective engser application.
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7. Conclusions

This reportpresents the expert arctic knowledge acquisitiardacodification piece, bgroviding

an extensive consolidation of Polar/Arctic/lce Navigation and Safe Arctic Bridge Design
ConsiderationsAs outlined within the SEDNA GA, the need to develop an Arctic Bridge which is
& K dz¥YQ Sy GiNdmeépt, is key tensuring thatanyvessel operating within Arctic can do so
both safely and efficiently, a consideration cited by numerous industry experts such as Lloyds
Register which has been discussedext. The potential use of AR and other technology and
design imovations, 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 irtfe@mrctic

bridge design processes, Safe Arctic Navigation, the SEDNA consortium @le,zandh 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 overvievonfextual, 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 thwiadditional 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 bridgelesign, andbridging the gapo S 6 SSHza S8 F Ry 26t SRIS | YR
professionals.The development of such scenarios developed on field trip efforts, present

2 LISNI A BYRINGE RENBIIF2NXYI GA2Y S6KAOK OF ya lOZYIGWAR 6 dzi S
centreR 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 tesk elements such as Arctic Weather and Sea Ice Forecasting and the development of
Safe Arctic Voyage Optimisation Systems. @esk study also informs these efforts, as the

consolidated knowledge presented provides an extensive overview of Polar/Arctiaiagation
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knowledge which provides additional contextual and industry specific depth which should be
considered whercompleting any efforts in relation to Safe Arctic Navigation. Finally, the Ice
Breaker scenarios provide additional depth, highlightimgknowledge/data used in the context

of Weather and Sea Ice Forecasting and Safe Arctic Voyage plam@ngessels operate within

Ice affected areas.

Beyond the SEDNA scope, the dstidy provides a broad and-olepth consolidated effort of
Polar/Arcic/Ice navigation information. The revieand codification of this knowledgeresents
information from a number of reputable and validated industry publications, training
recommendations, regulatory frameworks and industry best practice soufcaditiorally, the
reviewing of such an extensive range of navigation considerations, would involve sourcing
information from avast array of publications. This review therefore presents a consolidated bank
of knowledge which can not only inform the SEDNA progranmagpotentiallythe 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)

1 Any information on comfort. We enwion 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).

1 When moving through ice or crashingith ice, does this lead to vibrations, shock or even
violent motion for the crew?

9 Are there sounds from breaking ice that need dampening or do they need to hear the
environment outside?

T {LISOATAO a[AYS 2F aAr3IKGé 2NInTeQuidmdtst Sy R dza SNk 2

o Are there any specific areas that should provide an unobstructed field of
vision. (or things they want to see but cannot?)

0 Research suggests that there has been a lot of accidents/collisions as a result
of crane/deck equipment obstructing 5 S01 hFFAOSNDa FASER 27
need to be considered?

9 Itis suggested that ice breakers use physical installations to pinpoint change in heading or
measuring icethickness on the side of the boat. What are the physical tools used and
how are they implemented?

2.1.2Arctic operations scenarios

9 Please list typical operations in arctic including details on what types of digital and
analogue tools are used throughout & how they are used.

1 We are interested in operational scenarios such as:

0 Resce,
o MOB,
0 Aft bridge operations such as crane use as well as navigation and

manoeuvring.
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1 Please include data of the same operations on various conditions such as night time, bad
weather etc.
2.1.3Information analysis
91 Please list all specific informatiooperators need and the equipment they use to get the
information from the systems in the arctic operations.
1 The needs need to be sorted after frequency and importance and whether it needs to be
persistently available. Information needs could include whidiey need to see outside or
on the ship.
2.1.4 Task analysis
1 Please outline the various tasks completed when conducting navigation & Arctic
operations.
1 Consider, why do you approach the task in the manner in which you do, & what forms the
basis of your écisions.
2.1.5Equipment analysis
9 Please list of the equipment used and how it is practically applied.
1 Particularly equipment of importance related to arctic navigation and operation such as
ice radars and weather forecast.
2.1.6User wants and needs
1 Inrelation to the current use of the ships bridge:
o What works well,
0 What does not work,
o0 What would you like to see for future systems?
2.1.7 Communication
91 Provide an overview of communication in the widest sense.
1 What is required to communicate and hois it currently performed? (To transfer images,
text, voice etc.)
1 Consider communication needs internally, externally e.g. other vessels, land stations,
satellite, automated communication systems etc.

2.1.8Training while on ship

rd
/1) N
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1 Are there any knowledg@eeds the crew have while on ship?
9 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
1 Have the crew adopted any special systems, processes or solutions to improve thdityabi
in order to operate in arctic waters.
2.2-ST 3.1.1 Arctc END USER Requiremeite FORECASTING requirements (MET)
The primary purpose of this section is to determine -@is@&r requirements in relation to 7 day
sea ice thickness & 3 month aheadsee extent, addressing the following areas:
91 Are these types of products currently used or needed to support and plan your
operations?
1 What are your requirements to enable using or optimizing these products (spatial
resolution, forecast lead time, parame& N&E > @I f ARF A2y X0K
1 Which type of format would you need to integrate these products within your data
management systems and decisianaking processes?
1 What are your main regions or route of interest?
2.3¢ T§.2 sgfe arc'Eic voyage thimisation,syst,ems o ) o
ThisNBEaSF NOK asiua 2dzi 02 RSYUSt2L) I NRddzUAy3d aeausSy
condition avoidance, expected time of arrival, structural integrity & severe motion responses in
harsh environments.
The SEDNA Voyage Planning Tool (VPT) mustdgcdtl ¢S (62 FIF OU2NBR Aydz2 GKS
G022t a¢Y MO Kdzf f kK LINR LISt f-iRidckdivesistéeh@NRA G & dzy RSNJ A OS f 2
Our concerns can be put into two major categories:
2.3.1 Ice conditions:
1 What are sources of encountered ice conditions: tlefarecasts, digital or traditional ice
chart, onboard measurement using e.g. ice radar and/or visual observation, etc.?
9 Forice forecasts, how many days in advance are the forecasts available and how often are
the forecasts updated?
1 If the ice data fronsatellite is the case, how accurate (solution) and how often (updating

frequency) can be available for ashore stations?
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1 By what means an icebreaker receives data from ashore stations?

1 How the enavigation tools such as AIS and satellite communicatiomsitlized in Swedish
icebreakers? Will they also useful for Arctic routes? How to get access tatitgtle
satellite data?

1 How to measure the thickness of the encountered broken ice (ice floe)?

1 How to forecast/detect multiyear ice?

 HowgoodisiceaRl NJ Ay RSGSOGAYy3a A0S O2yRAGAZ2YA fA1S a
FYR aAOS RNATOéS Ay FRRAGAZ2Y (2 FAYRAYy3I A0So6SN

T La AdG LIaarotsS (2 O2YO0AYS a2yo2FNR 20aSNBFGA2Y
conditions? For instance, when an ice chdriagust 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:

1 Which of the following ship performangarameters are monitored onboard icebreakers:
ship speed, GPS positions, fuel log, engine output, and propeller rpm?

9 Are strain and vibration sensors installed in hull of any Swedish icebreakers?

f How to monitor the icénduced resistance? How to evaluateK S NA a]1 2F a3ISGiGAy 3
AOS¢K

f I'NB yed O2YYSNDAIf Kdzf Y2yAG2NAy3I aeadasSvya aai

9 Did you record encountered iemnditions (and maybe ship performance) for previous
winter operations

{ If available in the market, whichkiR 2 F G A OS yI @GAIL GA2Y adealdSYé gA
icebreakers?

T 2KFG 1AYyRa 2F ayl @Aa3aridArazy G22fa¢e¢ R2 @&2dz NBO2YY
ice-covered waters without assistance of icebreakers?

2.4-T3.3 Safe arctic navigation (NMCI)

Investigate current endiser practices & considerations under the following headings:

2.4.1 Bridge Resource Management:

9 Determine BRM routines during Arctic Navigation/Operations.
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Composition of the bridge team

Duties & responsibilities of bridge team membe
Induction training for new members

Record keeping

Hours of rest

Drugs & alcohol policy

2.4.2 Training & Development

91 Level of training & certificate of competencies held by all bridge watchkeeping personnel?

1 What specific ice navigation training haveidge watchkeepers completed?

2.4.3 Operating procedures:

)l
T
)l
T

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 ghbridge team.

Are there regulatory gaps in which the procedures have been required to address?

2.4.4 Navigation Aids:

T

Discuss the suitability of current navigation aids to successfully & safely navigate within
Arctic regions.

Investigate the accuracy afurrent 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:

T

rd
/1)

)
L[\ Sedna‘ |

Discuss the passage planning procesdeermine any Arctic/lce Navigation during the
appraisal, planning, execution & monitoring process.
Discuss passage planning & determine any Arctic/lce Navigation specific factors within the

following contexts:

. ~
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Passage planning in pilotage waters
Passage lanning in coastal waters

Passage planning in ocean waters

o O o o

Passage planning using ECDIS

9 Discuss Arctic/lce Navigation specific considerations for passage plan briefing.

9 Discuss Arctic/lce Navigation specific considerations for planning anchorages & mooring
operations.

2.4.6 Regulatory Considerations:

91 Broadly discuss current regulatory environment & outline any shortcomings/gaps.

P
L[\ Sedna‘ |
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8.2 AppendixB: OnSite Interview- Additional Research Notes
T2.3 Safe arctic bridge (AHO)

Information affeding 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, temperaure, seating comfort and change of working posture).

Any information related to shock and motioFor instance when moving through ice or

crashing with ice.) Do ice breakers lead to vibrations, shock or even violent motion for the crew?
Sound environrant. Are there sounds from breaking ice that need dampening or do they need

to hear the environment outside?

{LISOATAO G[AYS 2F aArAakKdé 2NJ ASYySNIf SyR dzd SNk 2 LX
any specific areas that should provide an unobstied 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

ON} YySKkRSO]l SIhdaALIYSYid 206a0NHz0GAY3 I 5501 hFTFFAOSNI
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 gicincluding 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 layerd 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 senarios 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 systemshithe 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 analggsuch as ACTA) as part of the scenarios especially connected to
ice navigation and manoeuvring@.he 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
weathe 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 dot 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.
Equipnent 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 usd e 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 overgfes@mmunication 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 proj&EDNAthe safe arctic bridge

Background and purpose

{95b! O4{FFS YINRGASES208NRAARFHaMzy RRR) BRDHUA O (
project that is developing an innovative and integrated -bsised approach to safe Arctic

navigation, ship design and operation. The purpose of the field study is 1) to gather insight into

the activities takng 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:
1 Getinsight into the actities that take place on the ship's bridge
9 Gather photos and video as documentation
1 Explore and teste future opportunities for navigation and operation witlgmented
Reality as a technological platform

What does it mean to participate in the study?

We weih 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 bridgesafdgation 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 daa from the ship and the crew will be anonymizedt 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 happengo 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 passpmtbcted server, and only
participants in the project group will have access. Participaitanot 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 thdraw, all information about you can be deleted on your request. If
you have questions regarding the study, please contact:

1 Robert Lynch, researcher and project manager from the Halpin Centre for Research &
Innovation, Ireland. Phone: +353 0214335615
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1 JonOlav Eikenes, researcher and designer from the Oslo School of Architecture and
Design (AHO), Norway. Phone: +47 40211244
1 Kjetil Nordby, researcher and project manager from AHO. Phone: +47 99001028

The study has been reported to Personvernombudet for Kioirsg, NSD- Norsk senter for
forskningsdata AS.

( Sedna
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8.4 Appendix D: Limiting Danger Line Radar Overlay

B, Ao, .

&

Broken Lines depict LDL sectors, visually representing areas of safe/dangerous waters
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SEDNA D3.5 : Codified Arctic Navigation Knowledge Base

8.5 Appendix E: OOW Overhead Displaysl GPS Track/Speed
Data

MANUAL

218.1°

| 0060’
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SEDNA D3.5 : Codified Arctic Navigation Knowledge Base

8.5 Appendix E: OOW Oueead Displays and GPS Track/Speed

Data

Gyro 109.1° NIRRT REFELEYS
sos 13-9kn mg.?.G 109-70 \, 4 : :

@ GPSD

pops ©09°04.388' N LocalTime 17:21
sate 021°44.462' E 16-03-2018

\ Offcentre Select PPl Centre | :
@rPvede ™ 1T F2 F3
‘\ True Cursor 304.37° 0.995NM|~
= LAT 65°04.95' N -
B 021°42.53' E@@ -

= LON
| OFF  1ERBL2 ~
|AIS _13 %, None TT sTBY |

Tralls L Target Vectors MIN Safe
rrasTrosn B R 10°'5 94N
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SEDNA D3.5 : Codified Arctic Navigation Knowledge Base

8.6 Appendix F: ECDIS unit with GPS Track Overlay
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