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1. Introduction

This draft is a work in progress. It is presented to show the developing structure of the literature review. The main topics have been grouped in to five primary areas, each with multiple topics and sub-topics. For each sub-topic, a description and a list of keywords is presented below. As well, the relevant appendix is listed. In the appendix, the actual references are found. This interim report is intended to show the developing content of the report, although it remains a working draft at this point. 
2. Outline of areas and topics

The topics listed in the proposal have been grouped and subdivided as shown below. Section 3 expands on this list and developed a list of keywords that is used in the literature search.  
	Area
	Topic
	Sub Topics
	Key Issues

	
	
	
	

	Changing
	Climate Change
	
	

	Environmental Conditions
	
	Environmental Changes
	Coverage, Thickness, Loss of MY ice

	
	
	Potential Impacts
	More variability, uncertainty 

	
	Ice Cover
	
	

	
	
	First Year Ice
	

	
	
	Multiyear Ice
	Differentiation of MY thicknesses

	
	
	Thickness
	

	
	
	Pressure
	Identification and prediction of pressure

	
	
	Pressure Ridges
	

	
	
	Rubble Ice
	

	
	
	Consolidation
	

	
	
	Lead Systems
	

	
	
	
	

	Ice Load 
	Ice Loads
	
	

	Scenarios
	Developing Technologies
	Computer Simulation
	

	
	
	
	

	Material / 
	Materials 
	
	

	Structural
	Design /Assessment
	
	

	Response
	Fabrication
	
	

	
	
	
	

	Risk and Hazard
	Key Risks
	
	

	Assessment 
	Assessment Methods
	
	

	
	
	
	

	
	
	
	

	Regulatory and 
	Regulation
	
	

	Other Factors
	Remote Facilities
	
	

	
	People
	
	

	
	Information Technology
	
	

	
	
	
	


3. Topic Outline
3.1 Changing Environmental Conditions 
3.1.1 Climate Change 

3.1.1.1 Projected Changes

Polar regions are amongst the most extensively modelled areas of the world for climate change forecasting.  In general, Global Climate Models (GCMs) used in the Arctic Climate Impact Assessment  and the Intergovernmental Panel on Climate Change Fourth Assessment Report (2007) predict continuous declines in sea ice coverage through the 21st century. At the extreme some simulations show that by the middle of the century, the entire Arctic Ocean could be ice-free for a short period in the summer. However, it is also important to note that no simulations have indicated that the winter sea ice cover of the Arctic Ocean will disappear during this century.  

On a more local basis, the Canadian Arctic Archipelago is predicted to retain significant summer ice coverage and large concentrations of multi-year ice for longer than any other area of the Arctic.

Description 

Key words
List of references

see Appendix 1A
3.1.1.2 Possible Impacts

Description 

Key words
List of references

see Appendix 1A
3.1.2 Ice Cover 
There has been a substantial decrease in sea ice cover over the past few decades. Since the 1950s, there is a reduction in sea ice coverage by 10-15% (IPCC – Intergovernmental Panel on Climate change). The extent of sea ice cover is maximum in March and minimum in September. There is a twofold increase/decrease in sea cover between March and September (IPCC). The ocean and atmosphere play an intrinsic role in the extent of sea ice cover. A negative trend is apparent in the time series of the variability of ice extent at 2% in March and 7% in September (Richter-Menge et al., 2008). The mean ice edge position retreated significantly over a period of 150 years with greater retreat during the last century (Shapiro et al., 2001)
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Figure 1: Sea ice extent during March and September (2009). Source-Richter-Menge et al.
3.1.2.1 Types

Description 

Sea ice is comprised of both first year and multiyear ice. The presence of multiyear ice adds a significant dimension to the design issues. Since multiyear ice concentration has been showing a declining trend in the past decade, its implication to Arctic shipping is vital. The presence of less multiyear ice means there is a probability of extended Arctic navigation season. Passive and active microwave satellite remote sensing observations are used to monitor the extent and concentration of sea ice. It has been found out that two different ice regimes were not differentiable by microwave remote sensing under similar climatic conditions (David. G et al., 2010)
Key words
First year ice, multiyear ice, ice cover, decadal variability, sea ice

List of references

see Appendix 1A
3.1.2.2 Thickness

Description 

Thickness of sea ice is one of the main restricting factors in commercial Arctic shipping and it is poorly documented. The speed at which commercial vessels can go through ice is directly related to the thickness of the ice. The thickness also plays a very important role in the structural design of the ship. The thickness of the ice also decreases with ice cover area during the melt season. It is more difficult to monitor ice thickness. Measurements of ice thickness can be made in situ. Satellite based techniques such as ICESat altimeter (Kwok et al., 2006) and obtaining ice thickness from satellite based estimates of ice freeboard (Laxon et al., 2003) are already in use, but these observations have been spatially and temporally limited. Ice thicknesses have also been measured by using submarines. Scientific Ice Expeditions (SCICEX) program have acquired many ice draft data in the 1990s (Gossett, 1999) (Margo, H et al., 2003). Data from submarine based observations indicate that at the end of the melt season the permanent ice cover  thinned by an average of 1.3 m between 1956– 1978 and the 1990s, from 3.1 to 1.8 m (Rothrock et al., 1999).

[image: image2.emf]
Figure 2: Modeled seasonal cycle of ice thickness. Source-Rothrock et al., 1999
There is a significant loss of older, thicker multiyear ice drifting out of the Arctic through the Fram strait (Rigor and Wallace, 2004). On the other hand, measurements of the seasonal ice cover do not indicate any statistically significant change in thickness in recent decades (Melling et al., 2005). The thickness of first year ice in level floes ranges from a few tenths of a meter near the southern margin of the marine cryosphere to 2.5 m in the high Arctic at the end of winter. In the present climate, old multi-year ice floes without ridges are about 3 m thick at the end of winter (ACIA).

Table 1: level ice thickness. source- S. Løset et al., 1999

[image: image3.emf]
The above table shows the measurement of monthly level ice thickness in various regions. The air temperature regimes play a role in the overall thickness of ice.

Key words
Ice thickness, thickness variability, ice draft distribution, sea ice, interannual variability
List of references

Appendix 1A
3.1.2.3 Ice Pressure

Description 

Ice pressure is dependent upon many factors such as wind speed, current direction and current speed etc. The sea ice under pressure has the potential to stop the ship in its tracks by inhibiting its forward motion. Since most of the shipping will be done near coastal areas, fast ice is an inherent danger which can strand a ship.

Key words
Ice pressure, fast ice, ice floes, sea ice, floe size, wind speed, ocean currents, ice forces
List of references

Appendix 1A
3.1.2.4 Ridge Rubble Consolidation

Description 

Ice ridges  are formed when sea ice floes collide with each other under pressure. These can happen near the sea ice land interface too. The ridges form when the floes buckle and break into blocks due to the compression of the ice pack. These ridges can be up to 30 m thick (ACIA). Waves are an additional cause of ridging near open water, notably in the Labrador, Greenland, and Barents Seas. Because of ridging and rafting, the average thickness of first-year sea ice is typically twice that achievable by freezing processes alone (Melling and Riedel, 1996). Heavily deformed multi-year floes near the Canadian Archipelago can average more than 10 m thick.
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Figure 3: Rubble fields. source- M.L. Druckenmiller et al., 2009

A multiyear ridge is fully consolidated and has low salinity. The sail height of ridges can reach up to 6 m in height.
Key words
ridge, rubble, keel, sail height, wind speed, sea ice

List of references
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3.1.2.5 Lead Systems

Description 

Leads are ice free areas between ice floes which the ship can use for transit. Since a ship is like a vehicle, the lead systems can be used to navigate the ship through ice floes without sustaining any structural damage. Lead systems are short lived unlike polynyas.

Key words
Lead system, polynya, ice floes, ice edge, heat flux 
List of references
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3.2 Ice Loads on Ships 

3.2.1 Ice Mechanics 

The previous section discussed the various types of sea ice that ships encounter. When ship-ice interaction occurs, local and global loads occur on the ship. The loads will depend on the mechanical behavior of ice, and thus the mechanical properties of ice are certainly relevant.  Empirical evidence of ice loads on ships shows that the ship-ice interaction process is quite complex. It is not easy to show a strong link between mechanical properties of ice measured in a lab (or field) and the load phenomena on ships. Nevertheless, mechanical properties of ice are a starting point.   
3.2.1.1 Compressive strength

Description 

Local ice contact with ice will always involve compression of the ice edge. The standard test arrangement for measuring the uni-axial strength of ice is shown in Figure 4 (Timco and Weeks, 2010). Both freshwater and glacial ice have no salt, and yet the compressive strength at high (i.e. brittle) strain rates is noticeably different as shown in Figure 5 (Jones, 2007). The strength of saline ice (sea ice) under combined bi-axial stresses is shown in Figure 6 (Iliescu and Schulson, 2004). It shows that while uni-axial strength may be only around 5 MPa, biaxial stresses (confining stresses) can raise the apparent strength to over 20 MPa. As ice decays in spring and summer, the strength diminishes markedly. Figure 7 shows the use of a borehole jack device for measuring in-situ confined compressive strength of ice. Masterson et. al (1997) discuss the relationship between bore-hole jack tests and uni-axial tests. Figure 8 shows how strength (as measured by borehole jack) decays in first-year, second-year and multi-year ice during the decay season (Johnston et.al., 2003). First year ice decays more due o the presence of brine in the ice. Multi-year ice, which has almost no brine, maintains its strength to a much greater extent. This is an important factor when considering ship operations in the arctic in late spring and summer.   Figure 9 shows how borehole jack strength in old ice varies with temperature (i.e. from winter to summer) and can be nearly 40MPa (Johnston et.al., 2003). The temperature effect on triaxial strength of ice was investigated in Fish et.al.. (1997).
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Figure 4: Typical Lab test arrangement for uni-axial compression strength test of sea ice. source- (Timco and Weeks, 2010)
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Figure 5: Uni-axial compressive strength data for iceberg and freshwater ice at −10 °C. source- (Jones, 2007)
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Figure 6: Failure envelope for the brittle strength of saline ice (Iliescu and Schulson, 2004)
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Figure 7: Borehole jack for in-situ compression test in ice. source- (photo by Lanthier from Timco and Weeks, 2010)

[image: image9.jpg]Ice borehole strength (MPa)

35

30

25

15

‘mid-winter
borchole strength

First-year ice

Feb - Mar





Figure 8: Comparison of first-year, second-year and multi-year borehole  strength during the decay season. (Johnston et.al., 2003)
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Figure 9: Multi-year borehole strength as a function of temperature. (Johnston et.al., 2003)

Key words
compressive strength, uni-axial strength, biaxial strength, borehole jack, failure envelope, 
List of references

see Appendix 1B

3.2.1.2 Other types of ice strength

Description 

A comprehensive review of various mechanical properties of ice is presented in Hooke at. al (1980). Timco and Weeks, (2010) present a more recent review of mechanical properties. Fracture properties of ice at high strain rates are reviewed in Dutta et. al. (2004). Ice load and pressure measurements are often observed with ice, and are the subject of much continuing debate. Scale affects are discussed in Gagnon et. al. (2001) and Goldstein et.al. (2009). Flexural strength is a key parameter for ice loads on ships in normal operations. The flexural strength of first year sea ice in the Barents Sea is discussed in Krupina et.al. (2007)
Key words
tensile strength, shear strength, flexural strength, fracture strength,  

List of references

see Appendix 1B

3.2.2 Ice Load Measurements 

3.2.2.1 Local Loads
Description 

[image: image11.emf]
Figure 10. Local pressure data from event #410 on the USCGC Polar Sea, from 1983. (Daley 2007)
[image: image12.emf]
Figure 11. Contact and pressure patterns in Hobson's Choice test. (Muhonen 1991)
Key words
List of references

see Appendix 1B
3.2.2.2 Global Loads
Description 

Key words
List of references
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3.3 Material and Structural Response 

3.3.1 Structural Design and Assessment 

3.3.1.1 Types

Description 

...

Key words
List of references

Appendix 1C
3.3.2 Vessel Fabrication 
Known issues to be explored:

· Large shipyards may not have the automated capability to construct ships with frame-spacings small enough for ice classed vessels.
· …
3.3.2.1 Types

Description 

.

Key words
List of references
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3.3.3 Material Behavior 

The main concerns regarding material behavior for ships operating in cold regions is the effect of the cold temperatures on the behavior of the material when it is stressed.  Arctic going ships are generally constructed of steel; however some research is currently being carried out on fiber-reinforce-plastic (FRP) hull – ice interactions.  FRP hulls generally find service as escape/evacuation vehicles for other arctic going vehicles.

Recent research into the effect of cold temperatures on ship steels has shown that the fracture strain of steel decreases for experiments involving dry ice and acetone as the cooling medium versus liquid nitrogen.  This is significant because the dry ice/acetone environment is supposed to more closely resemble an arctic environment than the liquid nitrogen setup; implying that other previous laboratory experiments into the effect of cold temperatures on steel material behavior (which mostly used liquid nitrogen cooling) may be overestimating the quasi-static failure strain.   …  (Kim et al. 2009, 117-124) has investigated the ASTM A500 steel.

3.3.3.1 Types

Description 

Kim, B. J., S. K. Park, B. S. Jang, and J. K. Paik. 2009. Crushing behaviour of steel plated structures in cold temperature: Experimental and numerical studies.

Key words
List of references
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3.4 Risk and Hazard Assessment 

3.4.1 Information Technology

3.4.1.1 Computer Simulation 

Description 

Parallelization

Traditionally, computer hardware consisted of a single computer processing unit (cpu), and hence software was designed to execute single processes in a specific order.  Within the past decade, the trend for both computer hardware and software has been towards parallel processing.  Parallel processing is the ability to carry out multiple simultaneous processes (i.e. “threads”).  This requires specialized hardware and software.

Computer simulations have been used for decades to aid in all aspects of ship analysis, design and construction.  Traditionally, methods like strip theory (for ship motions), implicit/explicit finite element analysis (for structural/thermal analyses) and Navier-Stokes equations (for fluid flow) have been implemented for general purpose use on a single cpu, or else special implementations were written for execution on multi-million dollar, room sized super computers.  Exceptions to this rule have been general purpose implementations of these programs for computer clusters.  Computer clusters are groups of commercially available off the shelf personal computers.  Computer clusters are an economical way of approaching the processing power of super computers.  Since the early 1990’s, some personal computers (most notably server-class machines) have been sold with multiple processors.  Since 2005, personal computers have been sold with processors that have multiple “cores” in a single processor.  A multi-core cpu can carry out multiple simultaneous or “parallel” processes.  Commercial off the shelf personal computers are available today with up to 4 multi-core cpus, each having up to 6 cores (i.e. a total of 24 parallel processes per personal computer).  This progression toward parallel computing has led many providers of computer simulation software to release “parallelized” implementations of their code.  Readily available parallelized code, relatively inexpensive cluster computing and a concern that cpu’s are reaching their technological boundaries has opened the market to a new parallel computing solution:  massively parallel multi-core general purpose graphics processing units (gpgpu).  Nvidia currently leads the market in massively parallel gpgpu offerings, but AMD has similar architecture available, and Intel is presently in development.  A gpgpu is very similar to a multi-core cpu, except it consists of many more cores (present Nvidia ‘Fermi’ architecture offers 512 cores per gpgpu) and each core is designed to execute a highly simplified task
.  It is possible for one personal computer to contain multiple gpgpus, and it is also possible to cluster these personal computers; essentially a cluster of clusters.  This arrangement notionally leads to computer clusters that have tens of thousands of parallel computing cores.  With this type of architecture, real-time finite element simulations are possible.  In fact, real time finite element simulations are currently taking place in gpgpu environments that are nowhere near as sophisticated as described above.  A company called Pixelux is presently licensing software that executes real-time finite element analysis for the gaming community.

Computer Software
Include X-FEM (Extended Finite Element Method)
http://www.scitopics.com/The_Extended_Finite_Element_Method_X_FEM.html
Key words
Computer simulation, massively parallel computing, general purpose gpu, cluster computing, X-FEM

List of references
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3.4.1.2 Remote Sensing 

Description 

Remote sensing as it relates to arctic shipping involves collecting data on the following arctic environmental factors:  ice, waves, bathymetry, and weather phenomena such as wind, atmospheric pressure and temperature.

Much literature is present regarding cold region remote sensing.  Much of this literature is not relevant to ships operating in these regions and has not been included in this literature survey.  Many of these remote sensing techniques however, may be adapted for uses applicable to arctic shipping.  An overview of existing and adaptable remote sensing techniques is presented below
Remote Sensing Technologies

Submarine

Ground

· CReSIS Sensor Developments

· Synthetic Aperture Radar (SAR)

· Accumulation Radar

Airborne

Ground Penetrating Radar (GPR) - a near-surface, non-invasive geophysical technique.  Provides images of the dielectric properties of the top few tens of meters of the earth.  Resolution is approximately metre scale.  Radar data can be used to detect the presence of liquid organic contaminants, many of which have dielectric properties distinctly different from those of the other solid and fluid components in the subsurface. GPR images are interpreted to obtain models of the large-scale architecture of the subsurface and to assist in estimating hydrogeologic properties such as water content, porosity, and permeability.

(Knight 2001, 229-255)
CReSIS Sensor Developments

· Multichannel Coherent Radar Depth Sounder (MCoRDS)

· Accumulation Radar

· Snow Radar

· Ku-band Radar Altimeter 

· UAS Radar

Satellite

Available satellite technologies consist of optical imaging sensors, microwave imaging sensors and non-imaging sensors.  

Optical imaging sensors detect either reflected or emitted radiation.

Sensors detecting visible light from the sun that is reflected off objects on earth are good for observing sea ice because sea ice has a high albedo compared with the surrounding ocean.  Being dependent on visible light, these sensors are limited in arctic application during the winter months by a persistent lack of daylight.  Further, cloud cover limits their use year round.

Sensors detecting infrared radiation emitted from objects on earth are also good for observing sea ice because the sea ice temperature is generally colder than that of the surrounding ocean.  Limitations on the use of these sensors come from infrared radiation from clouds, and the near similar temperatures between melting ice and sea water during the warmer seasons.

The following satellites and sensors are commonly used to identify and map sea ice using both visible and infrared sensors
:  the Defense Meteorological Satellite Program (DMSP) Operational Linescan System (OLS), the National Oceanic and Atmospheric Administration (NOAA) Advanced Very High Resolution Radiometer (AVHRR) and the National Aeronautics and Space Administration (NASA) Moderate Resolution Imaging Spectroradiometer (MODIS).

Passive microwave imaging sensors detect emitted microwave radiation from objects on earth.  Microwaves emitted by ice can penetrate cloud cover, and are significantly different in magnitude than those emitted by the surrounding ocean.  Because the microwave radiation emitted by ice is small in magnitude, it is difficult to detect unless the observation area is large; therefore, sea ice details (e.g. pack ice concentration) are generally unavailable.  These sensors are valuable for detecting the presence of sea ice in a geographic area, and information availability is not limited by sunlight or clouds.  These sensors have been used to monitor sea ice since 1972
.  Ice observations from the following sensors are available from NSIDC:  Electrically Scanning Microwave Radiometer (ESMR), NASA’s Scanning Multichannel Microwave Radiometer (SMMR) DMSP Special Sensor Microwave/Imager (SSM/I) and the Advanced Microwave Scanning Radiometer–Earth Observing System (AMSR-E) sensor.

Active microwave imaging systems emit microwave radiation toward objects on the earth and detect the reflected microwaves.  This provides them a much finer resolution than passive systems.  One type of active system that is used for remote ice sensing is the Synthetic Aperture Radar (SAR).  This system is a special type of imaging radar system from which sea ice characteristics may be determined.  Since the amount of reflected energy depends on the characteristics of the ice, this type of sensor may be used to identify thick multi-year ice versus thin first year ice.  The RADARSAT mission, managed by the Canadian Space Agency, is the primary SAR mission today
.  In addition to identifying multi-year ice, SAR instruments can detect small leads in sea ice allowing them to help route ships through ice-covered regions.  SAR images are currently used by the Canadian Ice Service and the National Ice Center.

Ice

(Quincey and Luckman 2009, 547-567) provides a current state-of-the-art review of ice related satellite remote sensing technologies, methods and missions.
Ice remote sensing includes obtaining data regarding ice salinity (i.e. an analogue for ice age), thickness, snow cover, temperature, location, extent, and topography (e.g. pack ice concentration, as well as ice features such as ridges, hummocks, inclusions…).

Ice remote sensing consists of techniques from ground level observation to airborne and satellite data collection.  The various techniques are described below.

Available Methods for Obtaining Ice-related Data

The current methods of obtaining ice related data from satellite sensors consist of speckle and feature tracking, interferometry, passive microwave and scatterometry, and altimetry…
There is presently much research being undertaken to correlate wave propagation through sea ice with ice thickness...

Waves

Remote sensing of waves is important for both ship operating in waves, as well as for data used to determine ice thickness.
Bathymetry

Arctic bathymetric charts are not as accurate…

Weather

Applicability to Arctic Shipping

Key words
List of references
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3.4.1.3 Databases 

Description 

Existing databases of ice related information include:

· Iceberg Databases

· BMT Fleet Technology – Iceberg Sightings Database

· NSIDC-IIP – Iceberg Sightings Database

· NRC-IOT – Iceberg Collisions

· NRC-CHC – Iceberg Management

· Marine Icing Databases

· NRC-CHC

· Ice Charts Database

· NRC-IOT – Ice Charts Database (1810-1958)

· Canadian Ice Service

Key words
Iceberg database, ice chart database, ice service
List of references
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3.5 Regulatory and Other Issues 

The main regulatory systems affecting Arctic operations include:

International

United Nations Convention on the Law of the Sea (UNCLOS 82)

International Maritime Organization Guidelines for Ships Operating in Polar Waters
Antarctic Treaty
National

Canadian Arctic Shipping Pollution Prevention Regulations (ASPPR)

Russian Northern Sea Route:

· Regulations for Navigation on the Seaways of the Northern Sea Route

· Regulations for Icebreaker-Assisted Pilotage of Vessels on the NSR
· Requirements for Design, Equipment and Supply of Vessels Navigating the NSR
· Much of the current regulatory development for Arctic waters references Article 234 of UNCLOS, the so-called “Arctic clause”, which is quoted in full below:

Article 234

Ice-covered areas

Coastal States have the right to adopt and enforce non-discriminatory laws and regulations for the prevention, reduction and control of marine pollution from vessels in ice-covered areas within the limits of the exclusive economic zone, where particularly severe climatic conditions and the presence of ice covering such areas for most of the year create obstructions or exceptional hazards to navigation, and pollution of the marine environment could cause major harm to or irreversible disturbance of the ecological balance. Such laws and regulations shall have due regard to navigation and the protection and preservation of the marine environment based on the best available scientific evidence.

It is important to note that while the Arctic does have Coastal States (and recognized, though somewhat disputed exclusive economic zones (EEZ), the Antarctic does not.  The Antarctic Treaty aims to preserve the Antarctic from development, while all of the Arctic Coastal States orient their Arctic policies to a greater or lesser extent towards sustainable development of resources and infrastructure.
Currently, the main regulatory thrust internationally is to reformulate the IMO recommendatory Guidelines into a mandatory Code for ships operating in Polar Waters.  The schedule for this foresees ratification and implementation by 2012.

At a national level, Canada is moving to incorporate the IMO approach and the IACS Polar Classes into its Arctic regulations.

Key words

Arctic shipping regulations, polar shipping regulations
List of references
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3.5.1 Human Resources 

3.5.1.1 HR for Design 

Description 

Key words
List of references
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3.5.1.2 HR for Construction

Description 

Key words
List of references
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3.5.1.3 HR for Operations

Description 

There are navigation seasons for ships when they can proceed without an ice breaker escort. These seasons vary for different regions in the Arctic. The table shows the operating seasons for different regions. The navigation season can be extended by the use of icebreakers to assist shipping. 

Table 2: Navigation Season - Source: Donn K. haglund, Maritime transport in support of arctic resource development
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Beaufort Sea August and September
High Canadian Arctic Portions August and September
Lower Canadian Arctic  Portions mid-July through
September
Hudson Bay, Labrador Sea July through October
Baifin Bay ‘mid-July through mid-October
East Greenland August and September
south 70N
Barents Sea August and September
to near 80N

Arctic Ocean closed to normal navigation




Reliable short wave and long wave communications are a necessity. Short wave VHF and UHF work very well irrespective of the atmospheric conditions in the Arctic, but it is restricted to line of sight. Long wave communications are more prone to polar-unique conditions. Satellite communications are reliable with the use of polar orbiting satellites. Use of satellite phones have become an important link in ship to ship and ship to shore communications in recent times. 
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3.5.2.1 Navigation Support
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3.5.2.2 Search and Rescue 

Description 

In a 2007 analysis by the Canadian Coast Guard (2007), it was seen that the SAR effectiveness in Arctic areas was less than 90%. The national benchmark assumed for the analysis of SAR system in Canada was 90%. The SAR effectiveness is defined as the percentage of lives saved out of the total number of lives at risk. This is to be achieved during conventional incidents.According to the Canadian Coast Guard, conventional units are defined as:

1. resources are able to respond within a short period of time;
2. the search object is located by the responding resource on scene in a timely manner;
3. environmental, geographic, and hydrographic conditions have little impact on the successful resolution of the incident; and,
4. the responding resource has the necessary capability and capacity to effectively resolve the incident.

SAR services for the Arctic maritime environment are very challenging. Incidents of Arctic SAR are not termed as “conventional incidents”, but are termed as “difficult incidents”, due to their harsh conditions. The level of system effectiveness typically accepted for SAR effectiveness in the Arctic is around 50+ %. The 2007 SAR system effectiveness evaluation revealed higher-than-expected levels of service: 69.23% for the waters of the Northwest Territories Area; 86.67% for the James Bay Area; 81.48% for the eastern Arctic Area; and, 93.10% for the Nunavut Area.
For Northern Canada, there is a lack of SAR response units. The current SAR capacity in Northern Canada will not be able to meet the increased demands of the future. This would be partly due to year round commercial shipping in the future. 3 CCGA units already exist in the Arctic at Rankin Inlet, Cambridge Bay and Iqaluit.
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3.5.2.3 Environmental Response
Description 
Environmental response refers to the policies and regulations which are present and developed to reduce the impact of impact of marine pollution incidents on the environment. This is a very important piece of regulation because the Arctic Ocean is one of the pristine and untouched ecosystems left in the world and any type of damage to the environment due to marine pollution will have a lasting impact. Moreover, due to the remote locations where the ships would ply make it difficult for response to be efficient. 

Since ships in the arctic would use ballast water in their voyage, it is necessary that these ballast waters are disposed of properly to reduce the contamination of Arctic waters with invasive species. A large number of waste water lagoons are being operated on the Northwest Territories for many years.

The basic objective is that a la goon should provide an effective method of wastewater disposal without creating objectionable conditions or public health hazards in the vicinity or downstream in the receiving water course.

Wastewater lagoon systems for the Arctic and sub-Arctic regions may be classified into four types: 
1. Single cell, long-retention. 
2. Primary, short-retention. 
3. Secondary, long-retention

4. Aerated

Due to the fragile nature of the Arctic ecosystems, stringent measures are needed for shipping in the Arctic. Canada and United States are already developing stringent measures for shipping and offshore operations in the Arctic.
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3.5.2.4 Vessel Repair
Description 

For any type of vessel repair facility in the Arctic, the location of the facility is of utmost importance. The location of the facility shall not impede the entry of vessels into the facilities. Most of the bays and inlets around the Canadian Arctic archipelago have fast ice and pack ice for most of the season and any facilities present in these areas have to make sure that they are accessible throughout the shipping season. Many of the northern ports have been built in natural harbours to provide protections from the environment. 

The main challenge with a repair facility in the Arctic is that there would be a need for ships to be dry-docked for repairs as the damage would have been below the waterline. This would usually be the case since the most of the damage would occur due to interaction with ice floes.

A dry-dock in the Arctic would be a dead load on the soil. The location of the facilty must consider low-loadbearing soils and changes in soil conditions due to permafrost or possible modification of permafrost.
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� Gpus were traditionally not used for scientific simulation because they were limited to simplified single-precision floating point architectures as that was all that was required to produce graphics in up to 32-bit colour.


� http://nsidc.org/seaice/study/visible_remote_sensing.html


� http://nsidc.org/seaice/study/passive_remote_sensing.html


� http://nsidc.org/seaice/study/active_remote_sensing.html
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