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FOREWORD

This report addresses the maritime requirements and potential for
servicing resource development in the polar areas. The study was done
under the auspices of the Maritime Transportation Research Board
(MTRB) of the National Research Council as part of a continuing
program of advisory services to the federal government directed toward
improving waterborne transportation systems of the United States.

The study originated from a suggestion by the Maritime
Administration that the maritime future of the Arctic regions was one
of the basic issues that the MTRB should examine. A study concept was
developed by Board member Phillip Eisenberg.

Concurrently, the Marine Board of the National Research Council
was planning a study to assess polar ocean technology. To avoid
duplication of effort, the MTRB arranged for two Board members, Austin
Brant and Thomas Crowley, to participate in the Marine Board study,
with the expectation that the MTRB study would follow on to identify
the marine transportation requirements and opportunities for polar
resource development in greater depth than was possible in the Marine
Board study.

Following the final workshop of the Marine Board Panel, the
Committee on Maritime Services to Support Polar Resource Development
was formed within the MTRB, under the Chairmanship of Professor Donn
K. Haglund, to complete the remaining tasks of the study.

A three man review committee has reviewed the report on behalf of
the Board and has approved it for publication.

My thanks and those of the Board members go to the committee
chairman and members and to the liaison representatives for a job well
done. Our thanks also go to the review committee for its efforts on
behalf of the Board.

’

R. R. O'Neill
Chairman
Maritime Transportation Research Board
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PREFACE

The present study represents the collective thinking of the
‘Committee on Maritime Transportation to Support Polar Resource
Development. Its members have generously contributed their time and
their expertise, without compensation. Over a period of more than a
year they have assembled in Washington, D.C., from places as dispersed
as Churchill, Houston, Seattle, and Boston, on several occasions, to
perform most ably the mission for which the committee was formed.

It falls, however, upon a chairman to take final responsibility.
With such a distinguished and knowledgeable group of colleagues as I
found in this endeavor it is an honor, not a task, to do so. My

heart-felt thanks to all.
f TMA— f<< F‘J;\1>‘£::;;§5‘\5§5

Donn K. Haglund

Chairman

Committee on Maritime Services
to Support Polar Development
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INTRODUCTION

Recent years have seen the United States and other developed
nations looking farther and farther afield for sources of essential
commodities. The polar regions of the earth are among the planet's
major remaining resource frontiers. The Antarctic and especially the
Arctic realms have attracted scientific and resource investigators at
an accelerating rate. Since World War II there has also been a
military interest in the Arctic. The need for transport services in
these remote regions has expanded with increasing interest in the far
north and far south.

Among the three polar interest communities, scientific, military,
and resource development, the present study addresses itself solely to
the latter. It is assumed that the military services will continue to
assess their own requirements and that they are not likely to generate
a demand for substantial increases in transportation services except
in an emergency. Similarly, transportation requirements of basic
scientific investigation are not expected to extend beyond research
vessels nor commercial-military aircraft use.

That there will be a significant increase in demand for
transportation services in polar resource development is demonstrated
by present events and those of the recent past. Although seekers of
furs, fish, sea mammals, and precious metals have extracted wealth
from the polar lands and seas for centuries, it was not until the
1960's that concerted efforts were made to develop such industries as
petroleum and natural gas extraction on the polar frontier. The
developed world, especially the United States, was formerly able to
rely on domestic or more readily accessible foreign sources for such
basic commodities. Production of the first Arctic coastal Alaskan oil
and construction of an elaborate transport system, especially the
Trans-Alaska Pipe Line System (TAPS), to deliver its product to market
is a prime example of things to come.

While there are both actual and potential roles for various
transport modes in polar resource development, the contribution that
maritime services can make forms the basis of the present study.

While the twenty-first century may see major resource development
activity in both the North and South Polar Regionsg, it is the judgment
of this Committee that such efforts will be limited to the Arctic
during the final two decades of this century, the time period to which
this study is limited (See Appendix A for discussion of Antarctic
Maritime Service Requirements). Continuing and potential marine
transportation needs for the Antarctic region are to support
scientific research with only limited potential need, in the long run,
for tourism and commercial development of living and mineral resources.
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Except for the Weddell Sea, Antarctic ice is one year ice. The
Arctic presents much more severe ice conditions, therefore
transportation technologies for the Southern Ocean will be similar to
those required for Arctic waters because of the presence of pack ice
and icebergs.

The most important near term Antarctic marine transportation
requirement for the U.S. is for a scientific research vessel.

The basic emphasis of the present study therefore is on the
Arctic. It is concerned with the special role of maritime
transportation, both inbound and outbound, and it includes its
ancillary facilities requirements in the movement of extractive
resources of the far north. In order to assess this role it is
necessary to describe the physical environment (Appendix B) in which
this transport will take place and then proceed to the technical
considerations that the severities of the Circumpolar North impose
upon maritime transportation systems.

Definition

The Arctic is defined in a variety of ways, depending largely on
the discipline, audience, or user addressed. To botanists or
geologists it may be the area north of the tree line or where
permafrost occurs near mean sea level; to cartographers it may be the
area north of the Arctic Circle; to climatologists it may be where the
average for the warmest month is 10° C or 50° F. But to the marine
community, and for our purposes here, it is that region where
bordering seas usually have a sea ice cover for some part of the year
or season. This may be mostly winter ice cover, i.e., the ice cover
may retreat or melt completely for a significant part of the year
(navigation season) as in the gseas of the northern sea route of the
Eurasian Arctic, the Bering Sea, the Chukchi Sea, the near shore areas
of the Beaufort Sea, Baffin Bay, the Labrador Sea, the southern East
Greenland Sea and the Barents Sea. On the other hand, in some areas
such as seaward of the North Alaskan Slope (Beaufort Sea), in regions
within the Canadian Archipelago north of the Parry Channel (the
classical Northwest Passage), off the northern coasts of Greenland,
and the broad, deep expanses of the central Arctic Ocean itself the
sea ice cover is perennial. In these areas, ice cover is usually from
three-quarters to complete cover, even in the warmest month of the
year. It is this deep ocean area, with its thick sea ice cover,
surrounding the North Pole that mainly distinguishes the Arctic from
the Antarctic environment. Because of this marine character, extreme
air temperature minimums rarely fall below ~-40° to -50° C over the
vast expanse of perennial sea ice. In summer, this marine effect
predominates even more. Variability at this time about a mean of 0° C
is very slight.
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ARCTIC RESOURCES

The Arctic consists of portions of Alaska, Canada, Scandinavia,
and the U.S.S.R. plus Greenland and the adjacent water bodies. There
is a wide range of resources, fossil fuels, and metallic ores in both
northern U.S.S.R. and Scandinavia and in undersea settings offshore of
these nations. 1t must be assumed, however, that their exploitation
will be by these countries. Similarly what Greenlandic resource
development takes place, notwithstanding a single mining operation
under Canadian lease at presgsent, will likely be under Danish or local
Greenlandic control or both. Thus, Arctic maritime transportation
opportunities that evolve, in the foreseeable future, will be
associated with Alaskan and possibly Canadian resources which will be
developed when economic forces dictate and not before. Consequently,
this brief treatment of circumpolar resources is limited to Alaska and
Canada. Figure 1 is a map of western Arctic resource locations.

Alaskan Mineral Resources

While Alaska has been frequently described as a vast treasure
house of resources, from the standpoint of Arctic maritime
transportation development, the range and distribution of these
resources would appear to be limited to a few commodities in the
northern and northwestern portions of the state. The present and
potential demand for maritime services seems to be linked to selected
mineral deposits situated in the regions from Bristol Bay northward
ana on the Arctic coastal plain, commonly referred to as the North
Slope. Petroleum, natural gas, coal and a few metallics, notably
copper, lead and zinc offer greatest promise for marine transport
demand.

While the extent of both oil and gas reserves in Arctic Alaska,
on-shore and off-shore, are still unknown, they are potentially very
large. The Prudhoe Bay reserves alone are conservatively estimated at
9.4 billion barrels of oil and 764 billion cubic meters (27 trillion
cubic feet) of gas. (0il and Gas Journal, Vol. 75, No. 14, April 14,
1977, p. 56). Alaska is also known to have extensive deposits of
generally low sulfur content coal, aggregating some 130 billion tons,
the energy equivalent of 350 billion barrels of crude oil. (E.F.
Barnes, Coal kesources of Alaska. U.S. Geol., Survey Bulletin 1242-B,
1967.) Prudhoe Bay reserves of petroleum approximately equal two
years of current U.S. consumption of oil from all sources, including
both domestic and imports. Its gas reserves, if somehow called upon
to meet total American demands, would provide a one and half year
supply at current levels. Alaska's coal reserves, on the other hand,
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exceed five hundred times present national annual useage. Conversion
of all recoverable Alaska coal to petroluem, were it feasible, would
provide some one hundred oil years for the United States at present
consumption rates. Over ninety percent of these reserves occur north
of the Brooks Range and thus provide a major potential source of
Arctic maritime transportation demand. Markets in Japan and other Far
East areas, as well as those in the lower 48 states may be assumed to
be the eventual utilizers of this marine transport opportunity.

High grade copper deposits near Kubuk and lead and zinc
occurrences north of Noatak, both in northwest Alaska, indicate
turther potential Arctic maritime shipping. Much more research and
exploration is needed before an estimate of the total metallic
resource potential of north Alaska can be made. There is reason to
believe, however, that extensive lead, zinc, copper and possibly other
metals, in either concentrate or direct shipment form, should be

anticipated as an eventual opportunity for U.S. maritime
transportation.

Northern Canadian Mineral Resources

Northern Canada, herein operationally defined as the Yukon and
Northwest territories including their off-shore area, stands as one of
North America's resource frontiers. While the ancestors of
contemporary northern native peoples have utilized renewable
resources, animals, aquatic life, trees, plants, and the like, for
many years, extractive energy sources and minerals are attracting
today's commercial attention. Economic and geographic limitations
preclude large scale commercial (and transport generating) development
of forestry, fisheries, agriculture and grazing industries in Canada's
north lands.

Mining, including oil and gas, is another matter. Gold, radium,
and relatively small scale oil production have been part of northern
Canada's economy for decades. Post-World wWar 11 developments in lead,
zinc, copper, silver, nickel, tungsten, cadmium, and asbestos have
followed. A combination of rail, truck, river barge, air and pipeline
transport facilities have met all needs of the minerals industry of
northern Canada until very recently.

In the late 1960's, as in Alaska, major exploration efforts for
0il and gas came to the Canadian north. There is guarded optimism
that the area will become, like Alaska's North slope, a significant
production region within the foreseeable future.

0il reserves in Canada's north at the 50 percent probability
level, were estimated in 1975 at 18.8 billion barrels. This figure is
still in use in 1980 by the Geological Survey of Canada (GSC). While
this is a substantial total, it does fall significantly short of
earlier optimistic industry estimates which ranged as high as 200
billion barrels. The 1975 GSC estimate for natural gas resources,
also at the 50 percent probability level, stands at three and a half
trillion cubic meters (123 trillion cubic feet), again much less than
orginal industry estimates which were some two and a half to five
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times as great. Canada's total consumption of petroleum currently
totals some 681 million barrels per year and annual natural gas
consumption is 43.3 billion cubic meters. The far north could
therefore, theoretically, serve as the nation's sole supplier of
petroleum for almost 27 years and of natural gas some eighty years,
based on GSC estimates of reserves.

Extensive reserves (in excess of 100 million tons) of direct
shipment iron ore have been located in northern Baffin Island, as well
as 7 million tons in lead and zinc deposits, from which production
began during 1977 when the first concentrates were shipped to European
markets.

At Coppermine a three-million ton copper deposit has been
identified as well as substantial reserves at existing mine sites
throughout the territories.

While various other mineral resources have been identified
throughout the Canadian north, the cited examples are those for which
oceangoing vessels are a logical and foreseeable transport mode.

Arctic Living Resources

In the Bering Sea, pollock is the main species fished. Total
annual catches of almost two million metric tons (almost 3% of annual
worldwide marine harvest) over the whole Bering Sea are made by all
the fishing nations combined (CIA Polar Regions Atlas, 1978). Other
commercial fisheries for which management plans have been developed
under the U.S. Fishery Conservation and Management Act of 1976 (FCMA)
are sable fish, herring, snails, king and tanner crab, shrimp,
halibut, yellow finned sole, turbots, Pacific cod, rockfish, atka
mackerel, and squid.

In the Beaufort Sea, there are no large commercial fishery
resources. There are some small, localized, seasonal figheries.
Marine mammal populations, including bowhead whales, beluga whales,
ringed and bearded seals, walrus, polar bear, and Arctic fox in the
fast ice, flaw ice, or pack ice zone, are not hunted commercially, but
only in some cases are hunted for native subsistence. They will not
be a driving force for marine transportation development but instead
will be potential conservation considerations. The bowhead whale is a
particularly sensitive political issue. Many species of birds breed
in the area and are present from May through September. They are not
a commercial resource but are also potential conservation
considerations (NOAA ERL, 1978).

There have not yet been fishery management plans developed by the
U.S. under the FCMA for commercial fisheries in the Beaufort Sea. 1In
Alaskan waters, the Bering Sea and the Gulf of Alaska are the areas
with large commercially exploitable living resource populations.

In the Arctic Ocean, no commercial concentrations of fish have
been identified to date.

The southernmost or North Atlantic section of the Labrador Sea is
its most productive area. Fishing there beyond the 200 mile limit is
regulated by the North Atlantic Fisheries Organization. The U.S. is
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not yet a member but negotiations to join are awaiting Senate
approval. Fish resources include cod, haddock, and Atlantic herring
which are fully utilized. Lobster is the greatest dollar value
resource. Other flatfish, pelagic fish, and invertebrates are
barvested, including some, such as sand lance and capelin, which are
considered underutilized (Pinhorn, 1976).

Commercial concentrations of fish are found in the Barents Sea,
with total catches high but somewhat less than those in the Bering
Sea. The main species fished are cod, capelin, balibut, and herring
(CIA Polar Regions Atlas, 1978). Most of the waters in the Barents
Sea fall within the 200 mile zones of the U.S.S.R. and Norway. The
remaining portions are now the subject of negotiations between Norway
and the U.S.S.R. The large fishery in this area is not anticipated to
involve U.S. activity for the foreseeable future.

Of the areas under study by this committee, the Bering Sea is the
region richest in living resources potential. As with circumpolar
areas generally, major fishing is practical only during the summer
season.

Arctic Human Resources

The land areas bordering the northern polar seas are essentially
regions of sparse population. Furthermore it seems highly unlikely,
notwithstanding present and anticipated mineral resource development,
that the far north will be the residence of much larger numbers of
people. wWhile there are a few examples (Murmansk and Arkhangelsk for
example) of sizeable centers in the Soviet Arctic there are no
communities over ten thousand population in the rest of the
circumpolar realm.

Of Alaska's total population (1977 estimate 411,211) only some
twelve percent (45,735) reside in the Census Divisions fronting on the
Bering, Chukchi and Beaufort Seas. Aside from two military
installations in the Aleutian Islands there are only four communities
with populations over one thousand in the entire sea frontier; Bethel
(2,416 in 1970), Nome (2,488), Kotzebue (1,696) and Barrow (2,104).
See Figure 2. Of the combined population, 8,704 for these
settlements, some 6,600 or seventy-six per cent are Eskimo.
Throughout the balance of the region the Eskimo population is in even
greater majority. Of the several Census Divisions included, only in
the oil producing Barrow-North Slope has recent population change been
significant. Overall, population more than doubled, due primarily to
(mostly white) influx since 1970. For the region as a whole,
population increase since 1970 has been due mostly to simple natural
increase, and in most Divisions emigration during the period has
offset almost three-quarters of the influx of new people into the
Barrow Division.

The Canadian Arctic littoral region consists of much of the
Northwest Territories and the Hudson Bay coastal areas of Manitoba,
Ontario and Quebec.
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For the purposes of this population compilation the portions of
the Northwest Territories included are the Mackenzie Delta, the north
coast of the Mackenzie District and the entire Keewatin and Franklin
Districts.

There are some 5,800 Mackenzie District residents in the Delta and
coastal settlements. Largest is Inuvik (3,164 in 1975) followed by
Aklavik (801) and Coppermine (756). Within the Franklin District
(comprising the Canadian Archipelago and Melville and Boothia
Peninsulas) the total population is 9,300, of whom nearly two-thirds
(5,700) live on Baffin Island. Frobisher Bay (2,385) is by far the
largest settlement of the District, with Pangnirtung (817) and Cape
Dorset (706) the next in order on Baffin Island. Elsewhere in the
Franklin District only Cambridge Bay (846) on Victoria Island and
Igloolik (668) on the Melville Peninsula exceed five hundred
individuals.

The France-sized Keewatin District, which lies north of Manitoba,
contained only 4,216 people in 1975. There are no settlements with
populations over one thousand and only three, Baker Lake (894), Eskimo
Point (708), and Rankin Inlet (671) over five hundred. The entire
coastal and adjacent areas of the Northwest Territories have a total
population slightly over 19,300.

Manitoba's coastal population consists, for all practical
purposes, of the 2,770 (1971 census) people of Churchill and Fort
Churchill. The northern Ontario coastal region includes the
settlements of Moosonee (1,793) nearby Moose Factor (849),
Attiwapiskat (532) and a few very small, scattered communities. Total
population for Ontario's Arctic coastal region is estimated at 4,300.

Hudson Bay's eastern shore area lies within the Province of
Quebec. Major hydro-electric works are being constructed in the James
Bay area of Quebec. The population associated with the construction
is assuned to be dedicated to that undertaking so they are excluded
from the Quebec totals included in the compilation. There are some
6,600 residents of the Quebec Hudson Bay coastal area. Largest
communities are Fort George (1,280), Poste-de-la-Baliene (987) and
Povungnituk (676).

The total population in the entire Canadian Arctic coastal region
amounts to 33,000. Racially, about one-half are Eskimo, 15 per cent
Indian, and the balance, primarily concentrated in the largest
settlements, are white and other non-Native.

As of January, 1978, the population of Greenland, the world's
largest island and Denmark's Arctic component, stood at 49,148, all of
it coastal. Of this total, 40,609 were born in Greenland (essentially
the Greenlandic people of Eskimo and mixed Eskimo-Danish stock) and
8,539 (17%) were born outside Greenland, nearly all in Denmark. From
1950 to 1970 the population of Greenland grew very rapidly, doubling
from 23,000 to 46,000. 1In recent years however, this population
growth has slowed.

A continuing demographic trend in Greenland has been abandonment
of the smallest settlements (63 with populations under 100 in 1978
compared with 118 in 1950) and consolidation into larger communities.
Godthab, Greenland's capital and largest city has grown from less than
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4,000 in 1960 to 8,327 in 1978. Five other west coast communities,
Holsteinsborg (3,757), Jakobshavn (3,423), Sukkertoppen (2,885),
Julianehab (2,658), and Frederikshab (2,250) exceed 2,000 in
population. Administration (primarily government), primary production
(fishing, hunting and sheep breeding), and building-construction are
currently the leading employment categories of the Greenlandic labor
force.

In summary, outside the Soviet Union and northern Scandinavia
(where coastal waters remain ice-free year round) Arctic coastal areas
have small populations.

The combined population of Alaskan, Canadian, and Greenlandic
coastal areas, including those inland communities that are oriented
toward coastal activities, stands at less than 130,000. This widely
dispersed population can, nonetheless, provide a modest local labor
supply. Major manpower needs for significant expansion of production
or services of any kind will, of necessity, rely on labor influx as
has been characteristic of northern economic development to date.

10
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FACTORS IN ARCTIC RESOURCE DEVELOPMENT

Existing Arctic Transportation

As this study is addressed solely to the polar regions, transport
requirements for resource movement out of the southcentral and
southeastern portions of the State of Alaska and its interior areas,
such as the Fairbanks region, which have rail and highway connections
to open water ports are excluded. Consequently, the forest and
agricultural products of Alaska, which could generate additional needs
for seagoing transport and are essentially restricted to these areas
of the state, are not considered. Similarly the minerals of
southeastern, southcentral and much of interior Alaska are not present
nor future Arctic maritime transportation generators.

On the other hand extensive petroleum and natural gas reserves
situated on the North Slope plus potential undersea deposits in the
Bering, Chukchi and Beaufort Seas areas are of great interest to
maritime shipping. Although the tankship MANHATTAN's transits of the
Northwest Passage in the late 1960's did not lead to inauguration of
maritime delivery of Arctic Alaskan oil, it did have positive results
and was a most valuable research exercise. Present petroleum movement
southward is entirely via the Trans-Alaska Pipeline System (TAPS) to
the ice-free port of vValdez in southcentral Alaska for tanker
trans-shipment. Future transport needs from expanded petroleum
production on the North Slope cannot be satisfied by TAPS with its
present pump station capabilities. There is no system, pipeline,
liguid natural gas tanker, or other, for transporting the extensive
natural gas resources of northern and northwestern Alaska to temperate
zone markets, although a natural gas pipeline is presently being
designed with the major engineering effort underway.

Oil and gas production in northern Canada began at Norman Wells on
the Mackenzie River in the 1930's. Aside from the war years the
limited production of this small field has been consumed regionally
and has moved to local markets by barge.

Most Arctic 0il and gas reserves are, by their geographical
locations, capable of being moved to market by maritime transportation.

Launching of AMERICAN No. 1 on August 11, 1979, inaugurated a new
era in American commercial fishing. This highly sophisticated
trawler-catcher-processor is the first vessel of its kind in North
America. It was designed primarily for use in the North Pacific and
Bering Sea. Ships of this kind are expected to be competitive with
foreign ships and can lead to substantial growth of U.S. fishing and
an expansion of the industry.

It is to be anticipated that maritime transportation, which has
not been used until recently to move northern Canadian mineral
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exploitation of Canada's northlands. Construction and operation of
the bulk carrier M.V. ARCTIC attests to Canada's interest in such
activity. Whether this development will bring about a requirement for
U.S. maritime services will depend on institutional considerations as
well as economic and physical constraints.

Social and Institutional Constraints

Although it is possible to analyze the impact of technological
developments in the near future with some degree of confidence, it is
with far less certainty that institutional, social, and econmic trends
may be approached.

Perhaps the most important issues that will affect polar
development and maritime transportation are political and
jurisdictional~~both international and domestic. Foremost among these
is the lack of agreement over the jurisdiction and control of waters
and submarine resources. At present only Svalbard, the
Greenland-Canada boundary, and the U.S.- Russia convention line of
1867 exist under international treaty. Beyond these limited areas
there is likely to be general disagreement between a sector principle,
an equidistant line from coastal points, or control over the
continental shelf. Until an agreement is reached, possibly emanating
from the UN Conference on Law of the Sea (UNCLOS III), conflicting
claims are likely to restrict exploitation of resources in disputed
waters while each nation presses for its own advantage.

A similar problem exists in the designation of international
waterways. Important to the United States is Canada's claim that the
Northwest Passage is an internal water route and does not meet the
standard international legal definitions of an international strait.
Though open to the vessels of all nations, they must conform to
Canada's various shipping and environmental acts. The United States
disputes this jurisdictional claim.

Environmental considerations will certainly have important bearing
on planning for polar development, too. At present Canada and the
United States, cognizant of the fragility of Arctic ecosystems, are
developing more stringent controls for shipping and off-shore
operations. For Alaska these controls and procedures now require lead
times of more than two years to meet environmental requirements before
a project can begin and thus will increase uncertainties in planning
and financial backing. Similarly Canada's Arctic is protected under
several acts including the Arctic Waters Pollution Prevention Act,
Navigational Waters Protection Act, Canada Shipping Act, and wildlife
Act among others.

A further ramification of federal regulations is likely to be the
Jones Act in the United States and a similar clause of the Canada
Shipping Act, both of which will restrict the use of foreign-built
vessels to international voyages. Likewise, export controls in both
countries may well inhibit the distribution of raw materials to
foreign producers and consumers. Federal regulations may well
conflict with state or territorial regulations over environmental
safequards or export controls.

12
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Native peoples will be an important factor in planning for polar
development. Through their corporations, they may prove to be a
significant source of investment. They can also contribute a limited
amount of manpower to construction projects. There is no doubt that
increasing power and sense of self-control of native groups will
require that northern developers carefully consider Natives' demands
for compensation--both for losses of hunting areas and for qualitative
changes in their lives (biological, social, and economic) resulting
from polar develoment. It is likely, further, that they will demand a
direct stake in development and may attempt to impose taxes on real
property, vehicles, vessels, and incomes within their legal boundaries.
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ARCTIC ENVIRONMENT

Physical environmental conditions for various Arctic water bodies
are summarized briefly and compared in Tables 1 and 2. More detailed

descriptions for U.S. Arctic waters appear in Appendix B and Appendix
C.

Sea Ice

This section of the report necessarily deals in generalities
because of the huge area covered and the wide variability of sea ice
characteristics and extent.

Sea ice means different things to the various users that must work
with it. This is especially true of the expanding community exploring
for and developing polar resources. Those conducting exploratory
drilling for oil and gas are interested in the nearshore ice
conditions. Specifically they are interested in the so-called
seasonal sea ice zone (SSIZ), the area within the average maximum and
minimum annual limits of the pack ice extent. 1In winter they may be
Primarily concerned with the extent or boundary and thickness of the
fast ice. Fast ice is the ice that forms first in shoal areas near
the coasts and grows seaward. If drilling is to be done on fast ice,
its thickness and strengths must be known. Although termed fast ice,
small scale movements induced by such phenomena as wind, tides, storm
surges, spring runoff and thermal expansion and contraction may
occur. During summer--or in all seasons beyond the extent of fast
ice--other ice features and processes are more important. Movement
and dynamics of the ice become dominating influences. Such factors as
the stage of development of the ice must be considered. An
impingement of old ice that has survived one or more summers melt
could obstruct operations. Deformation features, such as ridging are
also major problems. Ridging usually occurs through alternate
processes: convergent stresses cause fracturing, new ice forms in the
fracture, subsequently crushing or shearing. As a result ridges
attain thicknesses more than ten times that of undisturbed sea ice,
whose maximum thickness is generally limited by thermodynamic ocean
and climatic processes to about ten to twelve feet. These ridges can
move rapidly, interacting with drilling structures and feeder lines
from drilling structures to shore. Specific aspects of sea ice ridges
that are important to drilling and other activities are their
frequency, shape, height-to-draft ratic and whether they are grounded
or free floating.

Transportation of resources depends on expeditious and safe
transit to and from a commodity source. Concentrations of ice (amount
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TABLE 1
Arctic Environment

Average Volcanic
Average Major ice lee lce Tabular  Supenstructure Minimum and Seismic
Depth Rivers Cover Thickness Type Ice (Shell) Icing Winds Fog Temperature Circulstion Activity
Bering Sea 40m Yukon 50% for <im Winter No Very severe Peak in Frequent, -10°C Cyclonic High along
five months  in Nosth and  ice late fall through March especially in S and W borders
Norton Sound mid-spring summer
Kuskotoum > MK for Destructive
15% of March major events
large Tsunamis
Chukchi Sea 45-50m Noatak Varisble with 2m-3m Winter and  Occasionsl Very severe mid- > 34K, 10%  Frequent over 42°c North through Low, minor
polynyas old ice spring and fall of winter ice-free water Bering Strait, dsmages
and leads then East
97K- 100yr 25% in winter No dangerous
maximum in South Twunamis
Beaufort Sea < 200m Colville Neatly 2m-3m Winterand  Yes Very severe > 34K, 5% 10%, during -ss°c Clockwise gyre-  Low, minor
Mackenzie complete in  occastonal old e early fall until of winter winter wesk NtoE damage-no
winter 30m ridge froeze-up 81K-100 yr littoral dangerous
maximum current Tsunamis
Amudsen Gulf 100-200m  Horton Complete Im-1.5m Winter snd  Rare Very severe > 21K Frequent -$8°C Counterclockwise Low, minor
and Queen Hornaday  in winter some old ice early fall until 6% of Sept ore damage-no
Maude Gulf freeze-up 30% of W dangerous
Twunamis
Queen Elizs- 200-500m  Perry Complete 3m3Sm Mostly old  Yes Rare—lste summer > 21K Frequent -51°C NW 10 SE Low, minor
beth Islands Simpson in winter ice snd early fall 5% Aug/Sep damage-no .
12% Jan & dangerous
Oct Tsunamis
Baffin Bay 2000m - Complete >1im Winter and  Occasionsl Very severe late Variable Frequent 48°C S. to N. on west Moderate
in winter some old spnng and fall side, Nto S on
east side
Hudson Bay 200m - Complete >1Im Winter and  Occasional Very severe mostly Variable Frequent 48°C Nt E Moderate
in winter some ald fall, late spring
possible in north
Lancaster 800m - Complete >1im Winter No Very severe late Varisble Frequent “48°C Counterciockwise Moderate
Sound in winter spring and carly
fall
Davis Strait 20-80m - Relatively 1mr2m Winter, Occasional Very severe late > 21K Common May- —46°C South Very low, minot
ice-free some oid spring and fall Dec-Feb Aug
‘western portion -
ali seasons except
summer, cast nde
Denmark Strait 500-1000m - Avg min. 3Im-3.5m Winter and  Occasional Very severe all > 21K Common -23°c Southerly slong High
ice-free old ice sexs0ns except 9% of Jan. Greenland large quakes
summer clockwise around  thresten coastal
lesland deveiopment
Greenland Ses  150-3500m - Complete NE 2m-3m Obd ice and  Occasional Very severe all >K Frequent -28°c Ce Many d
snd NW of winter ice seasons 10% Jan-Apr on the Mohns
Groenland Ridge Area
Notwegian Sea 300-3500m - Relatively ice- — Some winter No Very severe—late 40K during  Frequent 0°c Cot k! Many
free ice fall through early  Jan in North on the Mohas
spring Ridge Area
Bovents Sea 200-500m  Pechorce North and 1.5-3m winter e No Very severs all 40K during  Frequent -10°C Counter -4 None dod
Vashks Central ice seasons except Jan in Notth
covered in 1ate spring and
winter —ice summer in south,
free in south only for fall in
in north
NOTE. Supentructurs lcing can take place at times other than shown in Tables 1 & 2. lce cover can mas and h can prevent sea development. Therefore, in some of these
bodies of water during some sessons superstructure icing would not occur. Superstructure icing depends on air »s P and wind diti 1t also depends on the freeboard of the
vessel and the umount and type of superstructure. Finally, the degree of hazard 10 the vessel from superstructure icing will depend on the vesse! length, its heading relative to the seas, snd its centsr of
gravity priot to and during ice To ing one must consider all of the above.

15


http://www.nap.edu/catalog.php?record_id=19658

TABLE 2

Environment of Arctic Straits
Maximum Tabular Superstructure
Width Depth Ice Type Ice Thickness Ice Icing Currents
Unimak Pass 10 miles 64t091m No ice - - Very severe-early winter through - Tidal Current
early spring

Bering Strait 44 mi 18to42m Winter ice-old 1.2§m None Severe-mid-fall through early spring North

ice possible depending on ice cover-mostly mid-
fall to late fall

Prince of Wales Strait S5to2mi 910109 m Winter ke-some 3m Occl Severe-carly fall Northeast
old ice

Viscourt Melville Sound 80 to 120 mi 146 to 585 m  Old ice-some 3m Occ’t Severe-late summer and early fall if East
winter ice ice st minimum

M'Clure Strait 50 to 80 mi 347t0512m OMiceand Im Occl Severe-late summer and esrly fall if Southeast
winter ice ice at minimum

Barrow Strait 30to SOmi 110t0219m Oidice and 3m Occ'l Severe-carly fall-depending on ice  East
winter ice cover

Lancaster Sound 50 to 80 mi 47610732 m  Winter ice and 3m Frequent Very severe-iate spring and sarly East
old jce fall

Doiphin and Union Strait 15 to 50 mi 18t091 m Wintericoocc’l 2.5 m None Moderate-late summer and early Southeast
old ice fall

Coronstion Gulf 50 to 90 mi 15t091 m Winter ice-occm 2.5 m Rare Moderate-late summer and early Southeast
old ice fall

Dease Strait 10 to 20 mi 18091 m Winter ice-occt 2.5 m Rare Moderate-late summer and early East
old ice fall

Victoria Strait 70 to 100 mi 36091 m Old ice and Im Rare Moderate-iste summer and early South and North
winter ice fall

Bellot Strait 150 yards 137m Winter ice-occm 2.5 m Rare Severo-carly fall Southeast
old ice

Prince Regent Inlet 50 to 60 mi 421 t0 476 m Wintericeoccl 3 m Rare Severe-eariy fall South
old ice

east of King William Island 15 to 30 mi m Winter ice-old 25m None Severe-early fall Southeast
ice possible

Franklin Strait 15 to 30 mi 110m Winter ice-occm I m Rare Severe—easly fall Northeast
old ice

Peel Sound 10 to 30 mi 214-796 m Winter ice-occm  3m Rare Severe-early fall North
old ice
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of ice versus ice-free water in an observational area) then become of
overriding importance along with the existence of and conditions
within the pack, shore, and flaw leads. A shore lead is an area of
largely open water between the pack ice and the shore. A flaw lead is
an area of largely open water between pack and fast ice. These leads
may or may not be refreezing or refrozen. Of course, ice thickness,
strength, roughness, or deformation features are also of concern as
are other features, such as floe size, stage of melt, snow cover and
presence of glacial or ice island fragments. The seriousness of
problems caused by the features and processes mentioned is related to
the size, design, strength, and power characteristics of the carrier
itself. Also of great importance is the position of the highly
variable ice edge.

The maximum extent of sea ice varies widely from year to year and
from locale to locale. The average maximum is shown in Figure 3. It
is noteworthy that when the eastern Bering Sea is enjoying light ice
conditions, the western Bering Sea and the Sea of Okhotsk may have
heavy ice. 1t is also noteworthy that light ice conditions in the
Bering Sea do not necessarily signify light ice conditions in the
beaufort Sea. 1Indeed, the reverse may be true in many years.

The chart of average minimum extent of sea ice, Figure 4, depicts
the position of the sea ice pack in its usual position along the north
coast of Alaska and in the Parry Channel. The Beaufort Sea itself can
be broken into two distinct areas of relative sea ice severity; west
of Prudhoe Bay and east of Prudhoe Bay.

Figure 5 illustrates the average thickness or stage of development
of sea ice in different locales. In the near shore areas of the
Beaufort Sea the predominate sea ice is winter or annual ice, which
seldom exceeds six feet; however, it is not unusual for old ice to be
interspersed within this winter ice with thicknesses over eight feet.
This chart does not show the thickness of pressure ridges or shelf ice
fragments. The figures shown are for relatively smooth sea ice.

Indeed, insofar as polar resource development is concerned, its
effectiveness is completely coupled with understanding of sea ice
behavior and distribution. Sea ice affects operations of the wide
variety of current vessels and carriers and also affects development
of marine structures and architecture. New vehicles for transiting
sea ice are being developed by all countries bordering upon polar
seas. Terminals, drilling mechanisms, and structures are also being
developed.

Acoustic phenomena such as reverberation, ambinet nosie, and
propagation are dependent on sea ice properties and distribution and
are of interest to the Department of Defense, Various other
government agencies are interested in such problems as the effect of
pollution on ocean waters, sea ice, northern atmospheres and polar
life forms, especially endangered species.

Today, the USSR, Japan, Canada, Iceland and Scandanavian countries
are far ahead of the United States in taking advantage of Arctic
fisheries. Hundreds of foreign ships, including factory ships, are
extracting these riches from areas deep within the pack ice. For the
United States to rely less on foreign imports of fishery products, we
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must understand ice behavior and be able to operate in the ice. Here,
edge, concentration, thickness, and ridging are the most important
criteria.

Finally, in numerical modeling of ice dynamics--and especially in
climate modeling, modification, and understanding--knowledge of the
time/space distribution of ice features in both polar regions is a
necessity. A major program to understand the dynamics of ice
circulation in the Beaufort Sea, the Arctic Ice Dynamics Joint
Experiment (AIDJEX) was undertaken between 1970 and 1978. However, it
is disturbing that at this time, when space age technology has given
us such tools as remotely sensed imagery and automated telemetering
environmental data buoys for expanded understanding of ice, less ice
data are being collected and systematically recorded than were
collected in the past two decades. We should be collecting more data
to improve development of energy, food, and other polar resources.
New data buoy programs which are being proposed would be helpful as
well as a polar orbiting satellite for ice studies.

Atmosphere and Currents

The mean annual sea level pressure chart, Figure 6, illustrates
the primary centers of meteorological action in the lower atmosphere;
the Aleutian and Icelandic lows. It also illustrates the secondary
centers of action; the Pacific or Beaufort Gyre and the Greenlandic
High. The position of these centers appears to be important to
forecasting relative severity of ice in different areas during the
coming ice season.

Figure 7 illustrates the major oceanic circulation in the polar
areas. Note, that the primary and secondary centers of action in the
lower atmosphere coincide with similar circulations in the ocean.
There are other currents in the Arctic but they are not as pronounced
and can qguickly become wind driven currents when the wind speed is
sufficient. In general these lighter currents circulate in a
clockwise fashion around land masses or the bigger islands. Although
the sea ice extent will vary from year to year, the same general
contour is usually followed. This contour appears to follow the
oceanic and lower atmosphere circulations.

Permafrost

Permafrost occurs commonly in high-latitude and high-altitude land
environments and is found also in the sea floor along Arctic coasts.
Because the characteristics of permafrost-soil structures are readily
altered by human activity, permafrost poses many problems for

construction engineering in regions that are prospects for resource
development.

Much less is known about offshore permafrost than is known about
land permafrost. Ability to predict the probable distribution of
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offshore permafrost is limited. The interdependence of thermal,
hydrologic, and sedimentary factors affecting offshore permafrost is
not well understood. Even if the role of these factors were better
known, our knowledge of the general distribution of offshore
permafrost would be limited by our inadequate knowledge of the
distribution of bottom-water temperatures and bottom currents in the
Arctic Ocean.

Scientific assessment of offshore permafrost has shifted from
highly speculative to more specific in the past 20 years. Although
the literature on offshore permafrost is sparse, it shows evidence of
substantial permafrost offshore.

Exploration, extraction, and transportation of hydrocarbons will
raise problems of engineering and construction related to the
existence of permafrost in the off-shore areas and sea beds. Wells,
offshore structures, and port facilities can affect the '
characteristics of permafrost-soil structures and may require special
designs. Offshore operations can proceeed with greater confidence
when more comprehensive knowledge of offshore permafrost is obtained.

Normal Navigation Seasons

The period of normal navigation by unescorted vessels varies
widely and is dependent on several factors: (1) the strength of the
vessel, (2) the draft of the vessel, (3) the experience of the master,
(4) the support services (aerial reconnaissance and sea ice
forecasting) provided, and (5) the ice conditions themselves. Some
vessels may be safe operating in four tenths coverage of ice while
other vessels may not enter ice with a concentration of over one
tenth. Table 3, therefore, provides only generalities.

TABLE 3

NORMAL NAVIGATION BY UNESCORTED VESSELS
(VARIES WITH SEVERITY OF ICE SEASON)

Bering Sea June through mid-November

Chukchi Sea mid-July through mid-October
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

Baffin 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

Icebreaker support can extend the navigation season. CANMAR
vessels operate through November witb icebreakers and support vessels
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assisting rigs in the southeastern Beaufort Sea and outer Mackenzie
Bay. U.S. tug and barge operations can be extended into October, and
possibly November, along the northern coast of Alaska by using
icebreaking barges. U.S. icebreakers have been conducting Bering Sea
winter patrols for several years. Soviet nuclear icebreakers have
demonstrated their ability to penetrate the deep Arctic ice pack by
reaching the North Pole on at least one occasion. Thus it is clear
that Alaskan shipping seasons could be extended both in spring and
fall in all areas if powerful icebreakers were available.

Four scenarios for ice transits through Arctic waters from the
Pacific to the Atlantic appear in Appendix D: two transits by a deep
draft vessel designated MANHATTAN 1I, drawing 18 to 22 meters (10-12
fathoms), one during optimum sea ice conditions and one during the
most adverse sea ice conditions; and two transits by a medium draft
vessel, drawing 7 to 9 meters (4-5 fathoms), under similar optimum and
adverse sea ice situations.

The transits described in Appendix D are based on imaginary
vessels. For scenario purposes a number of assumptions concerning
their nature are made. They are assumed to be icebreaking carriers
with an optimum power/strength ratio and other special design
characteristics. It is further assumed that the masters of the
vessels are experienced in sea ice navigation. Just as importantly,
it is also assumed that support systems, such as icebreaker assistance
and an ice observing and forecasting service, are available. Finally,
it is assumed that the most sophisticated navigation and communication
systems will be used.
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CURRENT ARCTIC MARINE SYSTEMS

Ports

A port is defined as an interface between marine mode and any
other transportation mode including marine, road, rail, pipeline, and
air. If protection and anchorage for ships are provided as well, the
term harbor is used.

Much of what follows can be found in a report dated July, 1973
entitled "Arctic Resources by Sea® prepared for Canada's Ministry of
Trangport by Northern Associates (Holdings) Ltd.

Port design or location will be based on the following three main
considerations: :

A. Operational Needs of Ports

1. Suitability for cargo; whether it is liquid bulk, dry bulk,
or general cargo, or any combinations; will determine the
basic configuration.

2. Facilities must meet the needs of the marine mode whether
surface vessel, submarine, or semi-submersible.

3. Facilities must be a suitable interface between various modes
involved.

4. Facilities for Customs, Documentation, and Administrative
personnel must be provided.

B. Marine Mode Needs or Requirements

1. Security in approach, including pilots and navigational aids.

2. Safe anchorage, if ship is not able to tie up alongside upon
arrival.

3. Dock that is secure from wind, ice, current, and wave effects
and has adequate water depth.

4. Provision for crew replacement and recreation.

5. Quickest possible turn around.

6. Availability of weather and ice forecasts both in short and
medium term.

7. Ship repair, ballasting, bunkering, and possibly oily water
ballast separation.

8. Ice~-freeing arrangements within harbor and approach area.
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C. Cargo Needs

1. Surge capacity either at source or in port.

2. Security against theft, wind, cold, pollution, etc.; not a
source of pollution to environment.

3. Facilities to prepare cargo for marine mode, if not
intermodal upon arrival.

4. Verification systems for weight, quality, etc.

As the port is an integral part of the marine transportation
system, it will influence the economic, environmental, and demand
factors of the total system. i

Present Arctic harbors, such as that at Churchill, Manitoba, use
the same technology as warm water ports with minor modification,
limiting their operations to the summer season when Arctic conditions
are least severe. During this brief season, incremental costs at
Churchill are approximately 35 percent above those of open water ports.

So far, northern ports have been located in natural harbors, such
as bays or tidal estuaries, so that the land offers protection from
winds, wave action, and currents. Artificial harbors protected by
breakwaters can be constructed using existing technology. Costs of
constructing artificial harbors would depend largely on local
availability of construction materials. A protected harbor, either
natural or manmade, is a requirement for either general cargo or bulk
cargo loaded by a high speed loader. Either usually requires the ship
to be alongside a conventional wharf.

Offshore single point moorings, designed to resist ice pressures,
would be suitable for loading bulk liquids or slurries. Such moorings
could be used for surface ships, submarines, or semi-submersibles
where the water is sufficiently deep. Because less shelter is
afforded, operations would be vulnerable to the severe wind and ice
conditions that are normal in the Arctic. Detailed studies would be
needed of each structure and site to satisfy all structural and
environmental requirements.

Prior to choosing a port site, a study of navigation problems
should be made. The study should cover the characteristic features of
the ice regime including the river  and sea approaches and routes. An
estimate should be made of the increase in static ice thickness
resulting from ship traffic in the harbor. The study of the ice and
thermal regimes should be directed toward forecasting dates of ice
break~-up and freezing.

Research and development for Arctic terminals must consider the
following in determining type of harbor facilities to be constructed.

1. Ice conditions and forces exerted by ice pressure.

2, Soil conditions, permafrost, allowable bearing pressure,

settlement, etc. on shore and underwater.

3. Size and type of vessel to be berthed. Depth of water

required in the dock and approach channel, together with
appropriate ice-freeing arrangements.
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4, Berthing forces and fendering; tug requirements
Modifications to what would be needed for open water
conditions to allow for ice conditions, extreme temperatures,
and isolation should be included in design especially for
tugs.

5. Mooring forces--including factor for ice jamming between
wharf and ship. Automatic system for line tending will have
to be considered.

6. Wind and waves--wind velocity and direction should be
measured at site.

7. Current and tides-~current suitable for ice flushing should
be sought and studied.

8. Earthquake forces where applicable.

9. Thermal forces.

10. Dead load on structure--important where low-loadbearing soils
are encountered. In addition, change in soil conditions due
to perma~-frost or possible modification of perma-frost must
be studied.

ll. Ljve load due to machinery, vehicles, uniform deck load, or
from various structures built to serve specific requirements.

12. Topographic and hydrographic profile of the site considered.

13. Acessibility and distance to the resources to be developed.

l4. Ecological, environmental, social, legal, and economic
aspects.

Due to the above factors, extensive exploration and studies are
required to arrive at the most favorable type and location of harbor
and dock. Hydraulic model studies of wind, waves, and currents;
aerial and on-land observations; and photography of the movements of
the ice for one or two years would be necessary to establish the most
favorable location and orientation for the harbor and dock.

In the report "Arctic Resources by Sea"™ 36 potential Canadian
harbor sites were identified. The main criterion was water depth
available at site. Factors such as ice characteristics, including
pressure ridge depth and duration of open water, might have identified
different potential sites in the Arctic.

Tugs and Barges

At the present time, tug and barge combinations, both ice
reinforced and standard type, constitute the main Arctic marine
trangportation system that reqularly, but mainly on a seasonal basis,
serves the American and Canadian Arctic. This service started in the
mid-fifties and now provides regular service to various government
agencies and native communities scattered throughout the whole Arctic.

The Bureau of Indian Affairs, for many years, has provided marine
cargo service to the native villages in the Bering Sea region and as
far north as Point Barrow. The Bureau operates the M/V NOREQ STAR
III, a diesel-powered Victory type vessel of 7600 gross tons making
two trips a year. This past year 12,000 tons of dry cargo and 7500
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tons of petroleum were delivered, using four landing craft (LCMs) to
deliver to the shore from the NORTH STAR III.

Since 1954, the U.S. Navy Military Sealift Command has contracted
for tug and barge service to haul petroleum and dry cargo to the
defense and communication sites of the Distant Early Warning Line
(DEWLINE) and to resupply government installations of the Alaskan Air
Command, Coast Guard Stations, Federal Aviation Agency, Fish and
Wildlife Service, and the U.S. Weather Bureau. These site locations
extend all the way from the Bering Sea north to Point Barrow and
thence east to the Canadian border. None of the sites have docks or
other conveniences, requiring lighterage equipment and heavy terrain
vehicles for delivery to the sites. The barges range in size from 280
feet to 400 feet and are equipped to carry bulk petroleum, dry cargo,
and lighterage equipment consisting of small craft and heavy trucks
and trailers. Also, onboard are complete quarters for the longshore
crews and tankermen. Deliveries follow seasonal ice breakup and
continue through mid-September and as late as early October.

The barge and tug service has replaced almost completely the
previous method of having either standard cargo ships escorted by
ice~-breakers or very small (50 to 200 ton) ships supply the area.

Annual transport includes various general cargo, from needles to
heavy construction equipment, and heating oil.

With the discovery of the North Slope 0il Field in 1967 and the
on-going drilling programs in the Arctic, tugs and barges have come
into their own to deliver living quarters, power stations, and service
buildings of modular construction. This method is quite suitable as
most Arctic sites are without wharves and other conveniences, and also
have a limited water depth. Some modules are nine stories high and
can weigh up to 1200 tons each. Using specialized equipment, they are
"walked” on and off the barges. Recently, a barge with icebreaking
capability has been introduced into this service. Tonnages carried
and equipment used in petroleum sea lifts on the North Slope are shown
in Table 4.

TABLE 4
NORTH SLOPE OIL FIELD CARGO AND EQUIPMENT
YEAR TONS VESSELS
1970 187,000 :
1971 30,000 6 ocean-~-going barges, 3 tugs
4 lighter tugs
1972 5,000 2 barges/l1 tug
1973 21,500 8 barges/4 tugs
1974 70,000 14 barges/7 tugs

1975 160,000 43 barges
. 7 lighter tugs
13 lighter barges
2 crane barges

1976 72,000 22 barges

12 tugs
1977 44,000 8 barges/5 tugs
1978 38,000 11 barges/10 tugs
1979 8,000 2 barges/2 tugs
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Arctic Icebreaker Operations

Until now it has been possible to meet Arctic cargo commitments
during the summer season when sufficient open water appears in some
locations to permit penetrations by shipping. 1In a large measure,
then, the barrier posed by ice has been avoidable. But now, with
accelerating commercial development, the situation is changing.
Existing commitments will not only continue, they will expand.
Important new ones are also appearing.

To meet this situation, the need to expand marine operations and
extend the navigation season is imminent. A requirement for
year-round operations into selected locations will not be far behind.
Supporting all this activity is the icebreaker. It will continue to
play a key role in the ongoing development of the far North. There
are now too few icebreakers to meet present commitments and the fleet
is aging. Some units suffer from inadequacies (e.g. low endurance)
that lessen their effectiveness and none is able to extend the
navigation season beyond its present limits to a significant degree.

Icebreakers are specialized vessels that fill an essential role.
Without their services the present commercial shipping operations
through ice during the summer or any season would be out of the
question. Icebreakers are costly vessels because they require great
strength, very high powers and long endurance. The trend in
icebreaker design is toward even more powerful and larger ships than
their predecessors. Table 5 lists the major heavy icebreakers of the
world and their principal characteristics. '

The primary role of the existing icebreaker has been, and remains,
escort of commercial shipping through ice. Such shipping consists of
unstrengthened vessels and vessels with a degree of ice-strengthening
from Lloyds Ice Class 1 to Ice Class 3 or equivalent rules of the
American Bureau of Shipping and other classification societies. Their
size can vary from 1,000 tons or so to as much as 42,000 tons or
more. The upper limit is usually governed by the beam of the escorted
ship for if it exceeds that of the icebreaker, and the escort
operation must be conducted, for example, through fast ice, quite
obviously the larger ship will experience difficulties and may even
suffer damage to framing and shell plating. Such an escort role is
well established and will continue to be used during the summer
navigation season, whether extended or not, to conduct convoys to and
from selected unloading sites in the north.

A secondary and largely Canadian role has been to deliver cargo to
remote northern stations. This commitment has been downgraded in
recent years because the quantity of cargo that could be embarked was
not especially significant, better means became available and, most
importantly, such commitments interfered with the primary role of the
icebreaker. In addition, structural strength in an icebreaker is
jeopardized somewhat by having a large void space for cargo in a
location in the hull where strength is essential.
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TABLE 5

Major Heavy Icebreakers of the World

Length Full Load
Shaft Overall Beam Full Load Displacement
Country Type or Class Horsepower (ft) (ft) Draft (ft) (tons)
USA POLAR CLASS (2) 60,000 399 83.5 30.8 12,688
WIND CLASS (2) 10,000 © 269 63.75 284 6,260
GLACIER . 21,000 310 74 28.1 8,678
ARGENTINA GENERAL SAN MARTIN 7,100 279 61 21.0 5,301
ALMIRANTE IRIZAR 16,200 391 82 31.2 14,900
CANADA LOUIS ST. LAURANT 24,000 366 80.3 29.5 13,300
JOHN MACDONALD 15,000 315 70.3 28.1 9,160
LABRADOR 10,000 269 63.8 30.1 6,940
d'IBERVILLE 10,000 310 66.8 304 . 9,930
NORMAN McLEAD ROGERS 13,600 295 62.8 20.0 6,320
“R" CLASS (2) 13,600 316 64.0 235 7,235
*AML X4 16,400 299 63.5 28.1 7,000
FINLAND URHO (2) 22,000 343 78.1 27.28 7,870
TARMO (3) 12,000 2717 69.5 20.3 4,890
VOIMA 10,500 274 63.6 21.0 4,415
JAPAN FUJI 11,760 328 72.2 27.2 8,035
SWEDEN ATLE (3) 22,000 343 78.1 27.28 7,870
NIORD 12,000 284 69.5 20.3
TOR 12,000 277 69.5 213 5,230
ODEN 10,500 273 63.6 230 5,303
YMER 9,000 258 633 21.0 4,265
USSR **ARKTIKA (2) 75,000 525 82.0 33.5 25,000
**LENIN 43,400 439 90.5 30.2 15,750
YERMAK (3) 36,000 442 85.3 36.1 20,241
MOSKVA (5) 22,000 400 80.3 31.2 15,340
KAPITAN (3) 10,500 273 63.7 23.0 5,350
SIBIR (2) 10,050 351 75.5 220 11,000
KAPITAN SOVOKIN 22,300 421 84.0 27.9 ?

NOTES: 1. Numbers in parentheses refer to the number, other than one, of vessels in the class.
2. Primary operating area of some icebreakers is not necessarily the polar regions. For example, Scandanavian
icebreakers operate primarily in the Baltic.
*Commercial icebreakers
**Nuclear-powered icebreakers
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Not only do icebreakers escort shipping through ice in the summer
on a planned basis, but they also are on call to assist unescorted
ships that, for a number of reasons, get into difficulties and call
for help. They also carry out scientific tasks (including
all-important hydrography and oceanograpy) on a ‘not to interfere'
basis.

Success in ice breaking calls for both thrust and inertia. Thrust
is the horsepower developed by the propellers and mass is the
guantitative measure of inertia. What is required, then, is the best
mix of horsepower and displacement for the area of operations and the
season of the year.

Thrust is needed to drive a ship through a level sheet of fast ice
on a continuous basis, while it is inertia that keeps the same vessel
advancing through harder and thicker multi-year ice ridges and
hummocks that are common features in ice fields.

MANHATTAN, at 155,000 tons and 43,000 shaft horsepower (shp), had
the needed mass but too little thrust for other than an experimental
voyage. The new U.S. Coast Guard icebreaker, at 12,000 tons and
60,000/75,000 shp, would seem to be the opposite. Icebreaker tankers
considered at one time by Humble Oil for shipping Prudhoe Bay oil
through the Northwest Passage were to displace about 250,000
deaaweight tons (dwt) and develop about 200,000 shp. Those ships
would have been excellent icebreakers for, all other things being
equal, they would have had what presently appears to be the ideal
combination of power and mass.

Canada's newest and most powerful icebreaker, the LOUIS S. ST.
LAURENT, displaces 14,000 tons and develops 24,000 shp. During
special trials on the second MANHATTAN voyage in 1970, this
combination of power and mass failed to break a level sheet of fast
ice four feet thick. The ship charged this obstacle and advanced
about a ship's length before being brought to a standstill. The only
way she could advance was by backing and ramming. In the same
conditions, the MANHATTAN herself was equally unsuccessful.

Arctic first-year ice attains a thickness of approximately six
feet., If there is to be an icebreaking capability over a longer
period of the year, if not year-round, and over a wider area of
operations than has been attempted up to this time, then icebreakers
possessing materially better capabilities than those possessed by the
ST. LAURENT are called for. 1In addition to first-year ice, there are
also quantities of multi-year ice and ridging which present an even
more redoubtable obstacle. The type, thickness and distribution of
sea-ice in all its forms is dealt with in detail elsewhere in this
report.

The United States Coast Guard embarked on an ice breaker
construction program in 1966 because of the demonstrable inadequacies
of their old wind-Class ships. The need for better icebreakers became
even more obvious during the Northwest Passage voyage of the
MANHATTAN, in 1969, when the chief icebreaker role had to be assumed
by the Canaaian Coast Guard Ship JOHN A. MACDONALD.
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The first new U.S. icebreaker built since 1955, POLAR STAR, was
launched in 1973 and entered service in 1974. The second ship of the
class, the POLAR SEA, entered service in February, 1978.

Experience with the icebreaking tanker MANHATTAN demonstrated that
large ships, designed as such, would make the most effective
icebreakers. Such ships would combine the gualities essential for
success in ice, namely, mass, and power, making possible year-round
navigation on a routine basis into selected Arctic areas and extended
seasons into a number of others. These ships would be icebreakers in
nearly every sense of the term and their performance in ice would
exceed by a wide margin that of any present government icebreaker but
may not be as maneuverable. They should not be confused with
ice-strengthened bulk carriers which would not possess the desired
gualities.

Year-round Arctic navigation would seem to be justifiable on three
counts; firstly, a requirement to remove very high tonnages of
minerals such as iron ore; secondly, the removal of natural gas in
liguid form if the economics of such a marine operation can be
justified; and, lastly as an alternative mode of oil transportation.

Une mining project that could require year-round shipping (10-12
months) is the Baffinland iron deposit where the amount of direct
shipping ore to be moved would probably exceed five million tons.
However, factors of economics and marketing are not now favorable for
development of this deposit, although world demand for steel and the
political stability of the emerging source countries could change this
st