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ABSTRACT

This report gives a summary of the watat was performed on behalf of Transport
Canada to put the Arctic Ice Regime Shipp8ystem on a more scientific basis. There
are several aspects to the work. The repastrilees the seven Tasks for the scientific
approach that were defined bye CHC. A summary of the results of the research into
each Task is presented. In the final K;ahe CHC made recommendations for a more
scientifically-based system. These recomdaions were discussed at a 1-day Workshop
of all relevant AIRSS Stakeholdeand were applied to a nuertof vessels to investigate
the potential improvements. The recommendatimnge, as an underhyg principle, that
Operators with well-equippette-strengthened vessels witxperienced Masters and
accurate and timely ice information shoud@ encouraged and rewarded. The data
supports this view.

RESUME

Ce rapport résume le travail qui a été effeaudom de Transports Canada afin de baser
le Systeme des régimes de glaces pouraldgation dans I'Arique sur un fondement
plus scientifique. Il y a plusieurs aspects &ragail. Le rapport décrit les sept taches
pour I'approche scientifique qoint été définies par le CHQJn résumé des résultats de
la recherche pour chaque téachst présenté. Dans lahé@ finale, le CHC a fait des
recommandations afin que le systéme soit pkésur la science. Ces recommandations
ont été discutées lors d’'un kée d’une journée pour tousdéentervenantpertinents du
SRGNA et ont été appliquées a un certaombre de béatiments afin d’étudier les
améliorations potentielles. Les recommarataiont, en tant que principe fondamental,
mentionnées que les exploitants ayant d@sments biens équipés renforcés pour la
navigation dans les glaces avec des capit@rpérimentés et des renseignements sur les
glaces exacts et d’actualitfevraient étre encouragés rtcompensés. Les données
appuient ce point de vue.
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Scientific Basis for the Ice Regime System:
Final Report

1.0 INTRODUCTION

Transport Canada has asked the Canatiydraulics Centre (CHC) of the National
Research Council of Canada to investigatemethodology to put the Arctic Ice Regime
Shipping System (AIRSS) on a scientific [sasihe NRC developed a 7-Task approach
to do this (Timco et al. 1997). The work on the Tasks is now complete.

The overall objective of this report is tooprde a summary of thresearch that was
performed to put AIRSS on a more scientb@sis. This is done through a discussion of
each of the seven tasks. The mleresults of the work led to recommendations made by
the CHC to put the system on a more stiie basis. The recommendations were
discussed at a 1-day workshop that was helantreal with the rievant stakeholders.

A summary of the workshop is presented in the report. For illustrative purposes, these
recommendations were applied to a numbereskels to illustratthe improvements that
could be made to the system if the recommendations were implemented.
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2.0 BACKGROUND INFORMATION
2.1 The Zone-Date System

In 1972, the Canadian Government drafted Arctic Shipping Pollution Prevention
Regulations (ASPPR) to regulate navigatin Canadian waters north of 60 latitude.
These regulations include the Shipping Safety Cotovles (Figure 1), and th®ate
Table (Table 1), made under the Arctic Wat@ollution Prevention Act. Both of these
are combined to form the “Zone/Date Systamdtrix that gives entry and exit dates for
various ship types and classes. In this systém ship types andagses, in descending
order of ice capability are:

Arctic Class: 10,8,7,6,4,3,2,1A,1
Type Ships: A B,CDE

The Arctic Class was normally but not acdaha described as the thickness in feet of
level ice that the vessel would have the powand strength to break. The Type ships
represent the Classifications cseties’ designation of ice-caple ships that are in turn
equivalent to the Baltic Rules. The “Zone-Date System” is based on the premise that
nature consistently follows a regular pattern year after year. It is a rigid system with little
room for exceptions.

Although the Zone-Date System has been used for many years, it does have a number of
shortcomings:

1. The permission to proceed into a region and the regulatory control for not
allowing entry into a region ibased solely on histoat ice data for any given
vessel. It does not take into account itee conditions at the time that the vessel
wants to enter the region;

2. There has not been a recent update @nite information in the Zone-Date
System so the defined zones are not based on the more recent and complete ice
information;

3. Even if the ice conditions are light outsithe zone-date for a particular vessel, it
is not straightforward for the vesgelget permission to enter the zone;

4. The Arctic Class classification of vesselsrrently in regulations is out of date
with several existing vessessill in operation. The Equivalent Standards for the
Construction of Arctic Class Ships (199%as the more up-to-date classification
(CAC) for structural integrity. An esseailt pollution prevention measure for safe
ship operation in ice-covered watersquires knowledge of the structural
capability of the vessel in different ice conditions.

2.2 The Ice Regime System

Transport Canada, in consultation with Stalders, has made extéves revisions to the
Regulations through the introduction of tlte Regime System @PPR 1989; Canadian
Gazette 1996; Equivalent Standards 1989HB3SS 1996). The changes are designed to
reduce the risk of structural damage in shipgch could lead to the release of pollution
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into the environment, yet provide the necegdkexibility to Shipowners by making use

of actual ice conditions, as seen by the Master to determine transit.

Zone-Date Table

Tablel
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Figure 1: Map showing theregions of the Zonesin the Zone-Date System.

In this new system, an "lce Regime", whicha region of generally consistent ice
conditions, is defined at the time the vessel enters that specific geographic region, or it is
defined in advance for planning and desmmposes. The Arctitce Regime Shipping
System (AIRSS) is based on a simpléhanetic calculation that produces ahcé
Numeral” that combines the ice regime and the vessel’s ability to navigate safely in that
region. The Ice Numeral (IN) is based on the gtyanf hazardous ice with respect to the
ASPPR classification of the vessel (see €&l The Ice Numeral is calculated from

IN=[C,xIM_] + [CxIM,] +.... [1]
where
IN = Ice Numeral
Ca = Concentration in tghs of ice type &”
IM, = Ice Multiplier for ice type 4" and Ship Category (from Table 2)

The term on the right hand side of the equatar,c, etc.) is repeated for as many ice
types as may be present, including open mwakbe values of the Ice Multipliers are
adjusted to take into account the decay or ridging of the ice by adding or subtracting a
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correction of 1 to the multiplier, respectively (see Table 2). The Ice Numeral is therefore
unigue to the particular ice regiraed ship operating within its boundaries.

The vessel class is defined in terms of vessels that are designed to operate in severe ice
conditions for both transit and icebreaking (Canadian Arctic CI&38C) as well as

vessels designed to operate in ma@derate first-year ice condition§ype ships). The

classes were developed based on a “norhiical type, which were correlated to the
World Meteorological Organization (WMO) claBsation for sea ice as given in Table 3
(ASPPR 1989).

The Ice Regime System determines whether or not a given vessel should proceed through
that particular ice regime. If the Ice Numeral is negative, the shiptisllowed to
proceed. However, if the Ice Numeral is zero or positive, the ship is allowed to proceed
into the ice regime. Responsibility to plaretioute, identify thece, and carry out this
numeric calculation rests with the Ice Navigatdo could be the Master or Officer of

the Watch. Due care and attention of the mayimeluding avoidancef hazards, is vital

to the successful applicati of the Ice Regime System. Authority by the Regulator
(Pollution Prevention Officer) to direct shipsdanger, or during an emergency, remains
unchanged.

At the present time, there is only palrtiapplication of the Ice Regime System,
exclusively outside of the “Zone-Date” Systehmat is, vessel traffic is regulated by the
Zone-Date System, but is allowed to procedd m (normally) restrietd zone if the ice
conditions are such that the Ice Regime Sygjemas a positive Ice Numeral. For this, the
vessel must have an Ice Nawvigmonboard and initially send doe Regime Routing
Message to the CCG-NORDREG office in Iqgal indicating a positive ice regime.
Following the voyage, aAfter Action Report must be submitted to Transport Canada.
Full details are found in ¢happlicable regulatorstandards guidelines.

Over the years, Transport Canada has spedsorconsiderable amount of research on the
Ice Regime System through a series of deditahipboard observations. The department
has also sponsored several projects and gYons related to the understanding of local
hull loads on vessels in diffent ice conditions. Furthethey have worked with the
Canadian Ice Service to ensure that there is co-ordinagitveen the two Organizations
with respect to the Ice Regime System.

Transport Canada also produced a Udsssistance Package (1998), which provides
information and a video on the Ice Regil@gstem. More recently, Transport Canada
sponsored the Canadian Hydraulics Centrdeelop a Pictorial Gde to the Artic Ice
Regime Shipping System (Timco and Johnston, 2003a).
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Table 2: Tableof thelce Multipliers (IM) for the I ce Regime System

Ice Types Ice Multipliers
Type E Type D Type C Type B Type A CAC4 CAC 3

Old / Multi-Year Ice................. (MY) 4 4 4 4 4 -3 =il
Second Year Ice.................... (SY) 4 4 4 4 -3 -2 1
Thick First Year Ice................ (TFY) >120cm -3 -3 -3 -2 -1 2
Medium First Year Ice............. (MFY) 70-120 cm -2 -2 -2 -1 1 2
Thin et Year lce oni Sage 0 oo | 1| A | a1 |2 |22
Thin First Year Ice - 1st Stage 30-50 cm -1 -1 1 1 2 2 2
Grey-White Ice.............uvuee.... (GW) 15-30 cm -1 1 1 1 2 2 2
Grey lCe.....coovvveeeieeieeeen. (G) 10-15¢m 1 2 2 2 2 2 2
Nilas, Ice Rind <10cm 2 2 2 2 2 2 2
NEW ICE...eviee i e (N) <10cm " " " " "
Brash (ice fragments < 2 m across)
Bergy Water
Open Water

Ice Decay: If MY, SY, TFY or MFY ice has Thaw Holes or is Rotten, add 1 to the IM for that ice type.

Ice Roughness:: If the total ice concentration is 6/10s or greater and more than one-third
of an ice type is deformed, subtract 1 from the IM for the deformed ice type.

Table 3: Vessel Classfor the lce Regime System

OPERATING

CATEGORY ROLE ICE TYPE
CAC1 Unrestricted Multiyear Ice
CAC 2 Transit or controlled icebreaking Multiyear Ice
CAC 3 Transit or controlled icebreaking Second Year Ice
CAC 4 Transit or controlled icebreaking Thick First Year Ice
Type A Transit Medium First Year Ice
Type B Transit Thin First Year Ice - 2nd Stage
Type C Transit Thin First Year Ice - 1st Stage
Type D Transit Grey-White Ice
Type E Transit Grey Ice

2.3 The Seven Tasks

Credibility of the Ice Regime System has wide implications, not only for ship safety and
pollution prevention, but also in loweringhip insurance rates and predicting ship
performance. Therefore, there is a defimeed to establish a scientific basis for the
system. To this end, Transport Canada aggred the Canadian Hydraulics Centre of the
National Research Council of Canada inta@a to assist them in developing a

methodology for establishing a scientific sasor AIRSS. This ld to a "road map"
approach that is based on 7 Tasks (Timed Frederking 1996; Timco et al. 1997).
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Different approaches were looked at to p@t $ystem on a scientiflzasis. For a variety
of reasons, it was decided that an empiraggiroach would provide the most confidence
in establishing a scientific basis. That e approach is not bad on first-principle
calculations of potential ice dage. Instead, the approachkes use of the large number
of different vessels that tia traveled through a widenge of ice and environmental
conditions. It investigates thetaal conditions thahave caused vessel damage in ice.

There are many aspects to consider withitkeregime system. It is based on pollution
prevention measures and is, therefore, safiety performance) @nted. Any suitable
system must meet the needs of Transporta@a as the Regulatdyut must not unduly
penalize ships from operating in ice-coveredess The ice regime system does not deal
with the efficiency or effectiveness of thesbperation. In developg a scientit basis,

there are a number of key components ttet be used as input into the scientific
approach. Based on this analysis, Timco and Frederking (1996) prepared the Context
Diagram for the scientific basis as showrFigure 2. This Diagram presents a summary
overview of the main factors driving this vkoit is important taunderstand this diagram.

It is the main driving force for the scientific basis.

In developing the methodology, a very sihaforward approach was employed. The
approach centred on asking and answeringrsebasic questiongach question is a
logical extension to the answer of theyibus question. The basic questions are:

1. What problems can happen to a ship in ice?

What are specific examples of problems thate occurred that could be used for
a deterministic development? i.e. spexifiase-histories that can be used to
identify and understand the problems.

Would the current ice regime systérave predicted these problems?

If not, how can the problenoaditions be better defined?

Can the current ice detection methatentify the problem ice conditions?

If not, how can the ice detection systemsrbproved in a pragmatic manner to be
able to detect the problem ice?

How can this information be communicated to the ship to implement the Ice
Regime System?

o 0hsw N

~

These questions led to the following 7 Tasks:

Define Safety-Related Issues

Definition of Specific Problems with the Corresponding Ice Conditions
Assess the Adequacy of the AIRSS

Definition of Problem Ice and Operating Conditions

Identification of Problem Ice

Detection of Problem Ice

Implementation Approach for the scientific-based AIRSS

NouokrwhE
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EXPERIENCE QUALITY AND TIMELINESS
OF ICE INFORMATION
DATABASE
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Figure 2: Context diagram for the scienitfic basisfor the | ce Regime System

The authors have published a number of repamts papers descrii the approach and
the work that was done in each of the 7 Taskise results are too lengthy to report here
and only a brief sketch of the results of ed@sk will be presented here. Interested
parties should consult the origir@aled reports for complete details.

2.3.1 Task 1 - Safety-Related Issues

This task reviewed historical data on tkafety-related problems that a ship could
encounter in ice. The review showed thdarge number of vessels have been damaged
by ice. The damage primarily relates to hullodeation or fractures due to impacts with

ice, damage to propellers or steering geaessel immobilization due to pressured-ice
conditions, and ice overtopping the deck a@maging critical elements. A complete
listing of the damage descriptions canfbend in Timco and Kubat (2000). A detailed
analysis of the damage events was caraedby Kubat and Tine (2003) relating the

type of damage and the icerditions that caused damage @ifferent Vessel Classes. A
separate analysis was made based on the presence or absence of multi-year ice. Figure 3
shows a histogram of the number of damagents and the damage severity for the
vessel damage in the Arctic (Kubat ananto, 2003). The data clearly shows that the
majority of damage events occur with multi-year ice in the ice regime. The data and
analysis show that in 73% of the damage events, there was multi-year ice present in the
ice regime. Further, the data show that memeere damage events occur with multi-year

ice in the ice regime. Overall, the analysisatly illustrates that the major factor causing
vessel damage is contact with multi-year ice.
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Figure 3: Histogram showing the number of damage events and the damage
severity for the vessel damagein the Arctic (after Kubat and Timco,
2003).

2.3.2 Task 2 - Specific Problems with Corresponding Ice Conditions

In this task, it was necessary to collectaimery systematic manner, information on both
damage Events and non-damage Events. Ircéss, an Event is described as ship transit
through a known ice regime. The Event shoutdude all relevant information about the
transit including the vessel characteristicsjte, climate, ice conditions and resulting
damage (or no damage). It was importarintdude both damage and non-damage events
to ensure that the analysis had a fair baldret@een the restrictions to limit damage (i.e.
Regulators viewpoint) and theibdy to travel through ic€Operators viewpoint).

The CHC developed a very comprehensivéalblase that combines all of the key
elements in a systematic manner (¢orand Morin 1997, 1998a, 1998b; Timco et al.
1999; Timco and Kubat 2000, 2001a). Since tleails of the database have been
discussed extensively in these references, wikyot be described here. For the present
purposes it is important tanderstand that the databasen d® used to evaluate the
influence of a number of different parametershe Ice Regime System. At the present
time, the database contains 1768 events, with a break-down of damage and non-damage
Events as shown in Figure 4. The locatiorthef damage Events are shown in Figure 5.
Data have been collected for all vessdlsses in the AIRSS System. The individual
breakdown of damage/non-damage Events for all vessel classes is shown in Figure 7.
Figure 7 shows the number of damage Evantording to the Damage Severity number

as defined in Table 4.
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Figure 5: Location of the damage eventsin the CHC database.
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Figure 6: Pie chart showing the breakdown of the eventsin the CHC database
according to vessel class and damage (D) and non-damage (ND) events.

2.3.3 Task 3 — Adequacy of the AIRSS Definition of the Ice Numeral

It was possible to use the CHC database teraeéne if the definition for the Ice Numeral
(IN) proposed in the AIRSS agrees with downted empirical data. An analysis was
performed and it was found that the AIRSS wiéifin provided a reasonable definition of
the Ice Numeral (see Figure 8). However,dBénition was not ideal. There were several
Events of ship damage that had a positoee Numeral, and a considerable number of
Events with a negative Ice Numeral in whithere was no damage. According to this
analysis, the current definition of the Iblumeral captures the geral desired trend.
However, the current definition misses sevei@hage Events, and significantly restricts
access in situations in which there was no resulting damage.

Table 4: Definition of Damage Severity Numbers

Damage Severity (DS)

Number Description

0 No damage

High measured stress

Slight deformation of hull, denting, propeller
Small puncture or fracture, extensive denting
Large hole

Vessel sank

gl |wWIN]|F-
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Figure 7: Pie chart showing the number of damage events according to the
Damage Severity (DS) number asdefined in Table 4.

2.3.4 Task 4 - Definition of Problem Ice and Operating Conditions

In this task, the CHC database was used to investigate the relative influence of a number
of factors not considered in the current diion of the Ice Numeral. This was done by
using an “Interaction Approach” which takego account factors such as vessel speed,
experience of the Master, ice strength,bilgy, etc. (see Timco and Kubat 2000, 2001b).
This approach showed a significant improvement in the definition of the Ice Numeral.
The methodology had 2 basic ungery principles driving it:

1. Ship Operators are rewarded when theg a high ice-strengthened vessel (CAC
or Type A, B) operating with experieed Masters who proceed carefully through
difficult ice and navigation conditions.

2. Ship Operators are severglgnalized when they usewer class vessels (Type C
and lower) and less experienced personnel.

Although this approach provided a significamprovement in the definition of the Ice
Numeral, its application wodl be difficult since severalattors must be taken into
account. Nevertheless, it cleadiiowed that a significant imprement could be made if
the appropriate factors were taketoiaccount in the Ice Regime System.
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Figure 8: lllustration of the pie chart analysis of the data using the existing AIRSS
definition for thelce Numeral. An ideal 1ce Numeral would maximize
the positive | ce Numerals for DS=0, and maximize the negative | ce
Numeralsfor DS> 3.
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2.3.5 Task 5 - Identification of Problem Ice

This task examined several aspects relategtdtc ice; in particular, looking at methods
of identifying problem ice. Both the properties of multi-year ice and the requirements for
defining decayed ice were investigdt This was done in several ways.

Data were examined to provide information the ability of the Canadian Ice Service
(CIS) of Environment Canada and currentdegection systems to accurately predict the
ice conditions. A comparison was madeifS-predicted ice conditions with ground-
truthed information (Timco and Kubat 200Qubat and Timco 2001; Timco et al. 2003a,
2003b). Based on the data analysed in thisk;Ta appears that ¢hCIS ice predictions
usually present a reliable deigtion of the actual ice comttbns. An analysis was also
performed of the variability of ice regimes within a single egg code “region” of an ice
chart. This analysis showed that, although dlrerage conditions are correct, there could
be considerable variability in the ice camoiis within the region. Thus, the ice charts
should not be solely used for calcubgti the lce Numeral for tactical navigation.
Continual on-board ice obsetians are an essential compahé&r correct determination
of the Ice Numeral.

Field programs were performed to meadine properties of multyear and second-year

ice (Johnston et al. 2002, 2008jhd first-year ice duringhe spring decay process
(Johnston et. al. 2001, 2002, 2003; Johnston and Frederking 2000, 2001a, 20001b;
Johnston and Timco 2002; Timco and Johnston 2002).

Figure 9 shows the correlation between #teength of first-year sea ice and air
temperature in the Resolute region (Tinasw Johnston 2002). Thyeaph clearly shows
an inverse relationship between the air tempeeaand the strength of the ice. By early
July, the strength of the first-year ice isyabout 10-15% of the mhwinter strength of
the ice. Clearly there is a significant decagqass for first-year ice. On the other hand,
Figure 10 shows a comparison of the strength of first-year, second-year and multi-year
ice (Timco and Johnston 2003b). The plot cleatipws that the strength of multi-year
ice does not decay in the same manner asreiitst-year or second-year ice. Based on
this information and an analysis of thee Regime Database, recommendations were
made with regard to multi-year ice, secon@yee and decaying firyear ice in AIRSS
(Timco et al. 2001; Timco and Johnston 2003b).
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The following recommendations are maderfariti-year seaice decay:

1. The increase of +1 to the Ice Multiplishould not be given for decay of multi-
year ice. It is recommeied that the approach propadsin the ASPPR (1989) be
re-adopted.

2. Field measurements of multi-year itaoughout the summer season should be
undertaken to provide more insight int@ thlecay and strength of multi-year ice.
This work would provide the necessanjormation for making the final decision
on the issue of decayed multi-yéee and the Ice Regime System.

The following recommendations are made with regamgtond-year sea ice decay:
1. Itis recommended that the bonus for secpedr ice remain as currently defined
in the AIRSS Regulations.
2. It is further recommended that activesearch being undaken on second-year
ice to allow a scientific basis for evatirgy the validity of tlis bonus for this ice

type.

The following recommendations are made with regafd 8b-year seaice decay:

1. The concept of decay of sea ice shoulddeast in terms of the strength of the
ice in the Ice Regime System.

2. There should be a bonus given for lowesgyth during the snmer months, since
the ice is considerably weakand thinner than in mid-winter.

3. The springtime (i.e. melt) limit for & summer bonus could be based on the
present analysis. The summer decay bonasbeaapplied if the CIS Ice Strength
Charts indicate that the strength is 10% or less of the mid-winter strength. If this
information is not available, the dechgnus can be applied if observations show
that the ice has decayed to the rotten stage (thaw holes throughout the full-
thickness of ice).

4. The summer decay bonus should be removed if there is Thin First-year ice (or
thicker ice) in the ice regime in the autumn during ice growth.

5. In applying the summer bonus, the Ice INpliers for all first-year ice types
(including Open Water)®uld be increased by +1.

2.3.6 Task 6 - Detection of Problem Ice

The intent of this Task was to examine, in a pragmatic way, improvements in ice
identification methods that could be implemted if the results of Task 5 were poor.
However, as noted above, the CIS predictions are quite reasonable and can be used in the
IRS for strategic planning. Thus, there wasefiort spent in this Task. However, two
points should be mentioned. The CIS chaxire often found taunderestimate the
amount of multi-year icén the ice regime (Timco et a&2003a). Since this ice type has
been associated with a large number of vessel damage events, efforts for improving the
detection of multi-year ice would be verynedicial. Second, the CIiS developing an Ice
Strength Chart that wilprovide information on the strengtf level, first-year sea ice
throughout the shipping season (Gauthier et28102; Langlois et al, 2003). The CHC is
working with the CIS on this project by proimg input on the strength of the sea ice
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(Johnston and Timco, 2004). Further, augrd-truthing program has been performed
with the cooperation of the Canadian Cdasard and the Canadidce Service (Timco
et al. 2003a, 2003b).

2.3.7 Task 7 — An Approach for the Implementation of the AIRSS

Timco and Kubat (2002) wrote a DiscussiRaport that summarizetthe work that had
been performed on the scientific basis for AIRSS. It included a el@tadscription of the
comments on AIRSS from the Stakeholdé&hip Owners and Operators, Transport
Canada, Canadian Coast Guard, Environmemta@a). Further, it examined the factors
that could (and/or should) affect thke Numeral including vessel class, ice
concentration, ice thickness, summer condgjodecay, ridging, presence of multi-year
ice, ships under escort, visibility, vessel speexperience of Master or Ice Navigator,
maneuverability of vessel, nadtional (ice information) equipment, floe size, and bergy
bits.

Timco and Kubat (2002) discussed four diier approaches that could be used with
regard to the advancement and improvement to AIRSS:

1. Existing Definition of IceNumeral (AIRSS Approachy In this approach, the
existing definition of the Ice Numeralsing the existing AIRSS Table of
Multipliers with the existing modifications for decay and ridging would be used.

2. Adding Modifiers to Ice Nunml (Interaction Approachy} In this approach, a
revised Table of Multipliers would besed and values would be added or
subtracted to the calculated Ice Nualeto modify for speed, visibility,
experience, etc.

3. Integer Bonus to Ice Multiplier (Modified Approach) In this approach, the
existing Table of Multipliersvould be used and a bonus+f is given to the Ice
Multipliers of first-year ice for vessels of Type B class and higher if the vessel has
three specific featuresjz, Master with a certain number of years of experience,
very good ice detection equipment, anutnmer (low strength) ice conditions.

4. Non-Integer Multipliers (Non-Integer Approach)In this approach, each vessel
would be given a unique set Multipliers based on theessel class, experience,
ice navigation equipment, time of year (iee strength, decay, etc.), vessel speed,

etc. This would be done when the vessel crosses north of 60° N latitude, and

would be a (non-integer) bonus on the Icdtigliers for each iéntified factor.

Timco and Kubat (2002) discussed the adeges and disadvantages of each approach
and made a recommendation that the third @gogr, Integer Bonus tice Multipliers, be
adopted. This should give mofiexibility to operators thahave good experience in ice
and good ice information onboard the vessethiir analysis, they developed two basic
underlying principles that gave tbetimum fit to tle empirical data:
1. Ship Operators are rewarded when theg a high ice-strengthened vessel (CAC
or Type A, B) operating with experieed Masters who proceed carefully through
difficult ice and navigation conditions.
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2. Ship Operators are severely penalizecemwlthey use low ice class vessels and
less experienced personnel.

Timco and Kubat (2002) propes the following modifieapproach to AIRSS:

The Ice Numeral (IN) is based on the quantity of hazardous ice with respect to the
classification of the vessel, and calculateihgishe same approach as the existing system
(Equation 1). In this case, however, the Table of Multipliers is revised from the existing
table. Table 5 lists the revised Table of Multipliers. In this table, the changes from the
current Ice Multiplier table are indicatedlith yellow shading. There would be three
significant changes from the existing system:

1. The Ice Multipliers for multi-year and sad-year ice are increased by 1 for all of
the lower class vessels (Type E, D anfl C)

2. The Ice Multipliers for Type B vessels in Thin First-Year Ice (First-stage) and
Grey-White Ice are increased from 1 to 2.

3. A Summer Bonus replaces the decayas modification. This Bonus would add
+1 to the Ice Multipliers for first-yeace for vessels TypB and higher (indicated
in the Red box). It would be given if:

1) There are low strength ice conditiof@s discussed in Section 2.3.5);

2) The Master or Ice Navigator hasnainimum four seasons and number of
voyages of experienge the Arctic; and

3) The vessel has suitable instrumentatimidl equipment for identifying the ice
conditions. This could be marine radarosspolar) and amlink capability
for receiving the CIS information directly.

With this modified approach, several dhe key factors such as speed, vessel
manoeuvrability, floe size, etc. would not taken into account explicitly. Instead, it
would be implicitly taken intaccount in the experience oktiMaster or Ice Navigator.
This would provide more flexibility forthe Operators while maintaining the basic
structure of the Ice Regime System. It skloalso provide the necessary framework for
minimizing damage Events that could le@dpollution. Further, this approach would
maintain the general simplicity of the current approach to the Ice Regime Sysiem.
approach combines the simplicity of the existing system with the improvements driven by

the scientific analysis. The difficult aspect of this appaioh relates to the definition of the
experience level of theMaster, and defining theacceptable level of ice
detection/navigation equipment for the bonunseger. These aspects should not be
insurmountable.

! In this report, this is called the CHC-modified approach.
2 This was done in response to the significant damage events that occur with the lower class vessels and
multi-year ice (Timcaand Kubat, 2000).
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Table5: Tableof Multipliersfor the Modified | ce Regime System (Proposal)

Ice Types Ice Multipliers
Type E Type D Type C Type B Type A CAC4 CAC 3

Old / Multi-Year Ice................. (MY) -5 -5 -5 -4 -3 -1
Second Year Ice.................... (SY) -5 -5 -5 -4 -3 -2 1
Thick First Year Ice................ (TRY) >120cm -3 -3 -3 2 -1 1 2
Medium First Year Ice............. (MFY) 70-120 cm 2 2 -2 1 1 2 2
Th!n F!rst Yearlce................ (FY) 30-70cm 1 1 1 2 2 2
Thin First Year Ice - 2nd Stage 50-70 cm 1
Thin First Year Ice - 1st Stage 30-50 cm 1 -1 1 2 2 2 2
Grey-White Ice...................... (GW) 15-30cm 1 1 1 2 2 2 2
Greylce......ooviiiiiiiiiis (G) 10-15 cm 1 2 2 2 2 2 2
Nilas, Ice Rind <10cm 2 2 2 2 2 2 2
New ICe......covvviiiii i (N) <10cm " " " "
Brash (ice fragments < 2 m across)
Bergy Water
Open Water
Summer Conditions: For vessels that meet the Summer Conditions requirements,

add +1 to the Ice Multiplier for first-year ice (indicated in the Red box).
Ice Roughness: For floes that are more than 3/10s ridged, subtract 1 from the Ice Multiplier

The Timco and Kubat (2002) report alsmoyided a number of recommendations for
furthering the advancement of AIRSS:

1. All Stakeholders — Transport Canada, SBipners/Operatorsnd other interested
agencies and organizations must initiayach an agreement in principle that the
Ice Regime System should be applieavimole or as part of the Regulations;

2. All Stakeholders must have input into tthecision of the bestpproach to define
the Ice Numeral and implement the System. This approach must give the
Regulators sufficient confidence that $gf@spects are considered a priority,
whilst giving the Operators the necessary flexibility to manage their business.
Once all Stakeholders have put forwdheir input, TransparCanada as the
Regulator should decide andptament the best approach;

3. All Stakeholders must actively play alean improving the Ice Regime System.
This includes providing continuguantitative feedback on the use of the IRS, and
advising on the relative importance of the key parameters affecting the Ice
Numeral;

4. Transport Canada should develop an improved approach for educating people on
the Ice Regime System. This approabbudd be directed towards helping people
(1) understand the basic concept of the Ice Regime System, (2) identifying ice
regimes, (3) calculating Ice Numerals fovaiety of situationsand (4) using the
various ice navigation information systefior supporting the Ice Regime System.
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With this information, the Canadian Hydlas Centre organize@ Workshop for all
AIRSS stakeholder. This is discussed in the next section.
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3.0 AIRSS WORKSHOP

A Workshop for the key Stakeholders #1RSS was organizk by the Canadian
Hydraulics Centre. The Workshop was irlfiaadvertised at the CMAC-Northern
meeting and the participants were invitedattend. It was held on Wednesday, May 14,
2003 in the Boardroom of the Fednav Offic&yite 3500, 1000 de La Gauchetiere West,

in Montreal. The following people attended:

Victor Santos-Pedro
Peter Timonin

Tim Keane

Capt. John Cowan
Glenda Cameron
Capt. Robert Bélanger
Capt. David Day
Capt Steve McKnight
Christopher King
Andrew Kendrick
Tom Zagon

Capt. Germain Tremblay
Fiona Robertson
Capt. Jean Ouellet
Robert Gray

Darlene Langlois
Gilles Desgagnes
Paul-Denis Vallee
Bernard Breton

Ilvana Kubat

Dr. Michelle Johnston
Dr. Garry Timco

Transport Canada
Transport Canada
Fednav - Canarctic

Fednav - Canarctic

Fednav - Canarctic

Nwnat Eastern Arctic Shipping
NTCL

NTCL
Groupe Desgagnes inc.
BMT Fleet Technology
Enfotec

CCG - Des Groseilliers

CCG - Ottawa

CCG - Sarnia
CCG - Sarnia

Canadian Ice Service
Gouvernement du Quebec - Transports
Transport Canada

Transportation Safety Board
Canadian Hydraulics Centre - NRC
Canadian Hydraulics Centre - NRC
Canadian Hydraulics Centre - NRC

The Agenda for the Workshop was

1. Welcome to the AIRSS Workshop — V. Santos-Pedro

2. Welcome to Fednav Offices — T. Keane

3. Introduction to the Scientific pproach to AIRSS — G. Timco

4. The AIRSS Ice Regime Database — I. Kubat

5. AIRSS and Ice Decay — M. Johnston

6. The 4 Approaches for AIRSS — G. Timco

7. Industry Experience with ARSS — all Industry Members

8. CCG Experience with AIRSS — CCG Members

9. General Discussion — Which waydo? — led by V. Santos-Pedro
10. Concluding Remarks — V. Santos-Pedro

The Workshop was chaired by Mfictor Santos-Pedro of Transport Canada. He opened
the Workshop by thanking all of the Partais for attending, and thanking Fednav for
hosting the Workshop. Tim Keane fromdpav welcomed everyone to the Fednav
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offices. Mr. Santos-Pedro encouraged everytonepenly participate in the meeting and
hoped that there could be a general cosisgion the future directions of AIRSS.

The Canadian Hydraulics Centre (Timdéubat, and Johnston) made a number of
presentations related to their work on the scientific basis for AIRSS. Garry Timco
presented an introduction tcetlscientific work and emphasid that the Context Diagram
(Figure 2) was used throughatat ensure that Baspects were addressed based on the
original plan. lvana Kubat prested a detailed discussiontbe CHC database that was
developed for the scientific basis. She dssed the general philosophy of the database,

the number and types of events in the datapand the current status. She presented an
overview of the damage events and the causes for the vessel damage. Michelle Johnston
provided a graphic presentation of the resetttahthe CHC has preformed for Transport
Canada to investigate the decay of sea ice. She presented the results of several years of
field measurements on both first-year ice and old ice. Examples were given to illustrate
the rapid decay of first-yeaea ice during the spring, and the general inconsistencies in
the decay of second-year and multi-year ice. Garry Timco concluded the presentation by
giving a detailed descriptionf the discussions that hamken held with the various
AIRSS Stakeholders. He emphasized thg k&ong points and apparent weaknesses
which people had identified for AIRSS. Hesdiissed the four approaches that the CHC

had proposed as part ofska7 (see Section 2.3.7).

A copy of the full CHC presentation cae found in Appendix A of this report.

Victor Santos-Pedro led a general discussioAIRSS. Many of the points that had been
raised in Timco’s presentation on the stithsgand weaknesses were re-enforced. There
was a discussion on the four possible AIR$Praaches with a general consensus that
the “modified” approach might be the mdatourable one. There was concern that the
other approaches (Interaction ApproachNan-Integer Approach) would take too much
control out of the hads of the Master. Questions wersed regarding the new IMO
Arctic Shipping Guidelines that wer@a to be adopted (IMO, 2002), and the IACS
Unified Requirements for Polar Ships. Considerable discussisned on how AIRSS
would fit with these new guidelines. Transp8enada replied that only preliminary work
has begun on the best approach for doing télene Langlois from the Canadian Ice
Service described a new product under tgwaent called “Ice Strength Charts” which
would provide information on the strength of fivet-year sea ice. Industry asked if this
new information could be incorporated iIMdRSS. G. Timco replied that it could be
used in the modified approach to AIRSEhere was a general discussion on future
directions with unanimous agreement tbatinuing training ad education on operating
vessels in ice-covered waters is essential.

With regard to the recommendations madeh®yCHC on advancing the scientific basis
for AIRSS, the following summary conclusions were made:
1. All Stakeholders — Transport Canada, SBipners/Operatorsna other interested
agencies and organizations must initiabach an agreement in principle that the
Ice Regime System should be appliedvimole or as part of the Regulations;
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There was a general consensus that the Ice Regime System could play an important role
in the Regulations. Industry had a guarded acceptance of it. There was no desire at
present from Industry to replace the Zone-Date System with AIRSS

2. All Stakeholders must have input into tthecision of the bestpproach to define
the Ice Numeral and implement the System. This approach must give the
Regulators sufficient confidence that dgfespects are considered a priority,
whilst giving the Operators the necessary flexibility to manage their business.
Once all Stakeholders have put forwalair input, TransparCanada as the
Regulator should decide andptement the best approach;

The modified approach suggested by the CHC had the widest acceptance by both
Industry and Transport Canada. Industry emphasized that the control of the vessel had
to remain with the Master and not be directly dictated by a calculated number. The issue
of defining the amount of experience and the amount of ice detection equipment and
information must still be addressed.

3. All Stakeholders must actively play alean improving the Ice Regime System.
This includes providing continuguantitative feedback on the use of the IRS, and
advising on the relative importance of the key parameters affecting the Ice
Numeral;

Industry agreed to continue to work with the CHC to improve the confidence in the
AIRSS System. The CHC will continue to seek advice and information from Industry
regarding the scientific basis for AIRSS, and the integration of the IMO Arctic Shipping
Guidelines and the IACS Unified Requirements for Polar Ships.

4. Transport Canada should develop an improved approach for educating people on
the Ice Regime System. This approabbdd be directed towards helping people
(1) understand the basic concept of the Ice Regime System, (2) identifying ice
regimes, (3) calculating Ice Numerals fovaiety of situationsand (4) using the
various ice navigation information systefior supporting the Ice Regime System.

Transport Canada has released the Pictorial Guide to Ice Regime System (Timco and
Johnston, 2003a) and have distributed it to Industry, the Canadian Coast Guard and the
Canadian Ice Service. Further work should be directed towards increased training for
operating in ice-covered waters.
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4.0 APPLICATION OF THE MODIFIED APPROACH

As an example of improvements thabutd be achieved using the CHC-modified
approach to AIRSS, data from Fednav visdeat are contained in the CHC database
were examined. Data 1997 to 2002 wexealyzed using both the existing AIRSS
approach (Table 2) and the CHC-modified approach (Table 5) for calculating the Ice
Numeral. A total of 435 events were idemddi for the Arctic Ktvik, Federal Baffin,
Federal Elbe, Federal Franklin, Federal Fuji, Federal Rhine and the MV Arctic. Three
hundred and eighty-six out of the 435 evamtst the criteria proposed for the Summer
Bonus —viz. there are low strength ice conditiofes discussed in Section 2.3.5), the
Master or Ice Navigator has a minimum days of experience ithe Arctic; and the
vessel has suitable instrumeida and equipment for idefging the ice conditions. All

of the events were non-damage events.

Figure 11 shows a pie chart comparison @& data analyzed ugl the present AIRSS
definition for the Ice Numeral and that callated using the CHC-modified approach.
Since these were all non-damage eventslailélumerals should be positive and the pie
chart should only show positive Ice Numeréls. all green). For the AIRSS approach,

13% of the events had a negative numeral even though there was no damage to the
vessels. On the other hand, only 5% ofdkients had a negative numeral using the CHC-
modified approach. There is a clear improvement.

Figure 12 shows the Ice Numeral as a fumcidd speed for both the AIRSS approach
(Figure 12a) and the CHC-modified appro#Elgure 12b). The figures clearly show the

shift in the Ice Numeral values to more pivg values. There are a significant number of
events that had a negative IN as calcdlatsing the AIRSS approach. A large number of
these negative IN values shift to positive Mumerals with the CHC-modified approach.
Since there was no reported damage to these vessels, the observed shift exhibits the
correct trend.
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(a) AIRSS IN

Negative IN 13% Positive IN 87%

(b) CHC-Modified IN

Negative IN 5% Positive IN 95%

Figure 11: Piechart comparison of the data from Fednav vessels from 1997 to
2002. The data represents 435 events with no damage. Note the clear
improvement using the CHC-modified approach.
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Figure 12: Graphs of the lce Numeral (IN) versus vessel speed for (a) IN
calculated using the AIRSS appr oach, and (b) IN calculated using the
CHC-modified approach. Data from Fednav vessels from 1997-2002 in
which there was no damageto the vessels.
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5.0 SUMMARY AND CONCLUSIONS

The research performed to put the Ice Redystem on a scientific basis has been very
successful. It has opened a good dialogu®rast the Stakeholders of the AIRSS
System. Through these discussions, there has@déeiter appreciatn of the intent and
scope of the System. The dialogue has tifled the strengths and weaknesses, and
brought forward the concerns of the vari@takeholders. Quantttae data have been
obtained where it is possible to evaludte existing system and investigate new
alternatives and improvements to the systé&ield work on the strength of ice has led to
a significant improvement of the understandiigiecay of sea ice. It has proved a new
way to quantify the role ote decay in AIRSS. The Modifieipproach suggested by the
CHC to improve AIRSS has as an underlyingpgple that Operators with well-equipped
ice-strengthened vessels with expecssh Masters and accurate and timely ice
information should be encouraged and rewardedlysis of the data supports this view.
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