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PREFACE 

The   following   report on ARCTIC   RESOURCES was  prepared  in 
accordance  with  the   subcontract  between the   Systems   Research 
Corporation and the Arctic Institute of North America dated May 6,  1971. 

The starting point  for  the   study was  the   Volume   II,   ARCTIC I 
RESOURCES  report dated  18 December 1970,  by L. C. Van Allen,  D.  M. 
Tyree,  and G. S,   Sexton.    Many sections of that report,  including figures 
and tables,  are incorporated in this study.    After some investigation,  it 
was concluded that  in  terms  of potential  economic  and  strategic 
importance,   the major   resources  of the   circumpolar arctic region 
were in the category of energy resources;   more  precisely,  in oil and 
gas.    In the light  also  of recent  government and industry concern with 
the size and location of reserves of those fuels it was   decided to place 
major emphasis on the oil and gas resources of the arctic region.    In 
view of the evidence cited in the report,   it is believed that the decision 
was warranted. 
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Acknowledgment    is   due to the authors of the December 1970 SRC 

report that much of the information therein on such subjects as popu- 
lation,  indusry,   and transportation were reasonably up to date and no 
significant changes had occurred that would alter the overall picture. I 

The projections mad« for the 1970-2000 period «re primarily related 
to the oil and yas development,  because tt was Judfed that they arc the 
arctic resources that will be o( ureatest economic and •traiagtc concarn 
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A.l       INTRODUCTION 

Even for the circumpolar countries the arctic population is but 

a small fraction of their  total population.    The   significance of arctic 

resources tends,  therefore,  to be considered mainly in terms of their 

meaning for peoples who themselves live outside the arctic,   most of 

them far removed from that area.    For this reason,  a crucial question 

in the evaluation of the importance of arctic resources to the countries 

concerned,   including the United States,  is the feasibility of economic 

transportation of the resource to non-arctic markets.    This,  in turn, 

tends to focus attention on the arctic areas in which resources can be 

successfully exploited only by overcoming the special transportation 

problems associated with arctic conditions,   such as ice,  cold, perma- 

frost,  and other well known conditions.    A resource that cannot economi- 

cally be moved to population centers to the south is of little practical 

importance to the circumpolar countries.    In view of the above factors 

this survey of arctic resources is mainly confined to the resources of the 

arctic regions that can be tapped only from ports,   rail or road heads, 

landing fields, or collection points which are in the Arctic and must 

operate under arctic conditions.    The sub-arctic,  therefore,   receives 

minor attention. 

In a practical sense, arctic resources are important to the United 

States and other countries to the extent that they may help to satisfy an 

existing or potential demand.    Aside from the potential demand for rare 

minerals or other critical substances that might be found in the Arctic, 
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it appears that major interest lies in the field of energy fuels.    This 

situation results mainly from the anticipated heavy future demands of 

industrial society.    The interest in the Arctic is whetted in turn by 

indications that the arctic region is,  in fact,   rich in precisely those 

resources.    The resource survey,  therefore,   emphasizes energy fuels of 

the region , which means mainly its oil and gas resources. 

A . 2 U.S. ARCTIC RESOURCES 

The U.S. arctic resources of interest to this survey are contained in the 

state and its continental shelf of Alaska,  confined mainly to the areas in 

and north of the Brooks Range (Figure 1).   The Kobuk River basin and parts ot 

the Yukon River basin north of the Kuskokwim Mountains are of lesser concern. 

Within the regions mentioned, movements of resources must be through ice 

covered waters or through permafrost areas to a meaningful extent, and 

naval protection of the sources,  storage, and transportation of the resources 

would have to mean operations in ice covered waters. 

A.2.1 Energy Resources 

A.2.1.1 Hydroelectric Power 

The hydroelectric power-generation capacity for all of Alaska was 

only 84 thousand kilowatts in 1967.  '  ' However,  for the whole of Alaska, 

the estimated water power potential is 32,511 thousand kilowatts, the greatest 

of any state.  "'  Most of the potential is in the Kuskokwim and Yukon river 

basins.    The water power potential of the northern region of the state,  by 

comparison,  is quite small.    The readily available coal, gas, and oil 

energy sources make fossil fuel power plants competitive with hydroelectric 
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plants.    The small population and limited industries in Alaska will also 

limit the development of hydroelectric power in the future, particularly 

o 

1 
in the northwest region. 

A.2.1.2 Coal 

Coal is widely distributed throughout many parts of Alaska (See 

Figure 1 ).    The deposits range from extensive coal fields to isolated 

small occurrences.    The principal coal fields are in five major regions: 

the northern Alaska region along the north slope of the Brooks Range; 

the central Alaska region, including Nenana coal field on the north flank 

of the Alaska Range; scattered occurrences on the Seward Peninsula, and 

the same in the Yukon and Kobuk River basins; the Cook Inlet - Susitna 

region; the Alaska Peninsula region; and the southeastern Alaska region. 

The last three are not, properly, in the arctic regions of the state.    Total 

production in Alaska to the end of 1963 was about 14. 6 million tons, mainly 

sub-bituminous coal from the Nenana field in central Alaska for the 

Fairbanks area,  and 5.6 million tons of bituminous production in the 

Matanuska field in the Anchorage area.    Very little coal has been produced 

elsewhere in Alaska.    The total Alaska production, however, which was 

running 800-900 thousand tons annually after 1953, has increased to a total 

f 4. 36 million tons in 1969.  W | 

Coal-bearing   rocks are known or inferred to underlie most of the 

part of Alaska which extends northward from the northern foothills of the 

Brooks Range to the Arctic Coast, and eastward from Cape Lisburne at 

least as far as the Itkillik and lower Colville rivers.    The area of known 
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i 
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1 
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and potential coal-bearing land is about 58,000 square miles.    Estimated *' 

coal resources for the region are estimated as high as 120,197 million 

tons, of which 19,292 million tons, are bituminous and 100,905 million 

tons sub-bituminous ^ '   The U.S.  Bureau of Mines has reported that 

northwestern Alaska has "immense coal resources, as yet only sketchily j 

outlined" in the area between Point Hope and Point Barrow, north of 

resources of Alaska rank fourth - behind North Darota,  Montana and 

in W Illinois. 

About half of the U. S. coal production is used to generate about half 

the U.S. electricity supply.    It has been estimated that by the year 2000 coal 
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Bering Strait on the Chukchi Sea.  ^  '   The coals are believed to be capable 

of producing metallurgical quality coke by blending with as little as fifteen f 

percent of strongly coking coals.  (4)     The estimated coal reserves of the 

remainder of Alaska,  mainly sub-bituminous coal and lignite, were esti- 

mated by the Geological Survey in 1964 at 10,000 million tons '^j but in | 

1969 the Bureau of Mines mentioned 15-20 million tons in the Bering River 

(Gulf of Alaska) area alone.  (*' 

The total U.S.   coal resources as shown in Figure  3    are estimated 

at 3,210 billion tons, of which half may be recoverable *  '   Total U.S.  coal 

;. 

production in 1968 was 556 million tons, about the same as in 1950, '^ 

A recent estimate   of the Department of the Interior of 220 billion tons of 

U.S. mineable coal at or below present cost levels works out to cover 

400 years supply at present rates of production,and is more than 100 times 

present annual production of energy from all sources.  '   '    The coal . 
• 
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will furnish   only about 30 percent of power for generation of electricity. 

However, that estimate is based partly on a substantial increase in nuclear 

powered generators, a somewhat shaky assumption.    The future of the 

coal mining industry in Alaska is dependent on a number of factors, 

including the growth of industry and population in Alaska and the U.S. and 

world demand. *  '  Involved in this picture, obviously, will be the competitive 

position of Alaska coal in terms of relative cost.    Coal shipments from 

Alaska to the lower 48 may well be unlikely.    Foreign markets in countries, 

such as Japan, may have greater promise.    The fact that some U.S. 

companies,  such as Morgan Coal Company of West Virginia and Kaiser 

Steel Corporation have been planning exploration as recently as 1970   would 

(7) 
seem to indicate that potential values are thought to exist. In a recent 

interview, a group of Japanese stated that they are in need oi one million 

tons per year of low volatile or medium volatile coking coal '   '.    There may, 

therefore,  be a market for Alaskan coal. 

A.2.1.3 Oil and Gas 

It has become dramatically apparent during the last three years that 

potentially the economically most important arctic resource of the U.S. is the 

stored energy which exists in the on-shore and off-shore north Alaskan oil 

fields. 

The major petroleum areas of Alaska are shown in Figures 2-7. "• Of 

the several areas shown,  only the areas north of the Yukon should perhaps 

be considered arctic.    However,  it is mainly in those arctic areas that the 

greatest reserves are believed to  exist,  and the most spectacular finds to 
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date have been in the North Slope area, where dramatic discoveries 

were made at Prudhor Bay on the Atlantic Richfield - Humble Oil Co. 

lease in 1967. 

Oil production in  the state of Alaska has been significant only since 

1957,  but has increased notably in recent years.    Production has been con- 

centrated in the Cook   Inlet area in southern Alaska.    Crude petroleum 

output has increased in value during a three-year period as follows:'1  ' 

1967 $88,187,000 
1968 179,500,000 
1969 214,464,000 

Natural gas production has also   increased,  but not at a similar rate. 

Corresponding values were: '     ' 

1967 $    7,269,000 
1968 8,400,000 
1969 12,665,000 

It should be noted that the value of the 1969 oil and gas production was 

approximately 88 percent of the total value of all Alaskan mineral production 

for the year.    Nevertheless,  the total Alaska crude production in 1968 

of about 66 million barrels was relatively minor in comparison with the 

one billion barrels produced in Texas alone *1'.   However,   the importance 

of arctic Alaska's oil and pas is not to be expressed in terms of present 

production but in terms of proved and potential reserves. 

Aside from some gas production used locally trom the Barrow and Cubic 

fields,  the North Slope production now awaits resolution of the transportation 

problem.    Meanwhile,  exploration and some drilling has continued since the 

1967 discovery at Prudhoe Bay. 

-9- 



As late as 1967 the total Alaskan reserves were estimated at only 

381 million barrels.  *l) (Total U.S.  reserves were then placed at 

31. 377 million barrels).    Of this about 80 million barrels were attributed 

to the North Slope, at Umiat and Simpson in the Naval Petroleum Reserve 

No.  4. The  discovery in the Prudhoe Bay area has drastically altered 

the reserve status.    Since the end of 1967 numerous estimates have been 

made and high and low estimates have been produced.    For example, 

The American Petroleum Institute and the American Gas Association,  in 

outlining the U.S. oil and gas reserve position as of January 1, 1971 gave 

the following figures: ^    ' 

U.S. total proved oil reserves - 

38,001,335,000 barrels 

Proved Alaska reserves - 

10.148,824,000 barrels 

Proved U.S.  gas reserves - 

290, 746, 408 mil cu ft 

Proved Alaska reserves - 

31,   130, 751 mil cu ft 

Thus the proved Alaska reserves of which 9. 7 billion barrels are 

attributed to arctic Alaska, were,  for oil,  26 percent and for gas,   11 per- 

cent of the U.S. total.    The estimates, which included North Slope reserves 

for the first time,  moved Alaska from eighth to second among the states in 

oil reserves,  and it was considered only a matter of time until Alaska moves 

ahead of Texas, which was credited with 13. 2 billion barrels of proved 

-10- 
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In aummary,  if one lake« thu 30 billion barrel estimate of North 

Slop» rrrovrrablc reaervea, and adds 10-15 billion barrels from NPR  4, 

plus an equal amount (rum the Wildlife Range,  plus the offshore areas, 

the foul fur nurlhrrn Alaska reaches totals of 50 to 60 billion barrels. 

Much higher figures are mentioned, especially for the offshore areas, 

but Ihoar are highly speculative for the present.    It should be noted that 

eautmaies ul proven reserves ar« lower than the above figures;   the API 

total (or Alaskan "proved reserves" being, as noted, just over 10 billion 

barrels. 

Ill« estimalss of gas reserves in arctic Alaska are more speculative. 

The National Petroleum Council \n 1970 estimated reserves of 238 trillion 

cu (I. Thr American Gas Association "proved reserves" figure for 

January I. 197. was "only" SI trillion cu ft.    Potential reserves are ob- 

viously much greater, and estimates up to 4)2 trillion cu ft have brrn 

noted (Ser Figure 4).    The vsiimates of 238 to 432 trillion cu ft may be 

compared with the National Petroleum Council vstimated potential U.S. gas 

resarvvs at 1943 trillion cu ft. 

Thus is the National Petroleum Council estimates for total U.S. 

potential oil and gas rotarvos are taken as a base - 432 billion barrels of 

oil. and IM3 trillion cu ft of gas *    ' • th« arctic Alaska contribution to 

those totals might run as high as 14 percent and up for oil, and the gas 

percentage might run as high as 20 to 2i percent.   It should, of course, be 

emphaMced that these figures «rv unproven, and provide only speculative 

bases for projection into the petroleum future for the neat 2 or 3 decades. 

The president ••( one U*St oil company has foracasl, for enample. that 
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A.2.2 Other Minerals 

A. 2.2.1 Met llic Minerals 

Metallic mineral resources,  particularly gold and copper, were main- 

•14- 

between now and 1990 the U. S. will consume 150 billion barrels of oil. 

At the present consumption rate of 5. 4.   billion barrels a year the arctic 

Alaska reserve would perhaps equal U.S.  consumption for 10 years.    The 

anticipated increased consumption rate for oil - doubled or tripled by the 

(18) 
year 2000 - would correspondingly reduce the number of years below 10. 

As has been noted,  the production of oil and gas in northern Alaska 

awaits the provision of transportation facilities.    The projected rate of 

production and delivery over the next decades,   therefore,  can only be 

calculated from plans,  not hard facts.    The pipeline (48 in) method has 

been estimated as capable of transmitting at increasing rates - up to 

2 million barrels a day by 1980 (730 million barrels a year),  and perhaps 

double that amount by 1990,  if another pipeline were added.  '     '   Carrying 

the projected production - deliver onward to the year 2000,  one finds that 

total delivery estimated, 1973 to 1990, would be roughly 14 billion barrels, 

and with two pipelines thereafter delivering 1.   4 billion barrels a year,  the 

total delivery capacity 1973 -2000 would be roughly 28 billion barrels.   That 

is approximately the total conservative estimated North Slope reserve and 

about half the estimated potential reserves mentioned above for all of arctic 

Alaska. 

i 
i 

■ 



stays of the Alaskan fconomy from about 1880 until shortly after World 

War IL The peak year for metal mining was 1916,  when $48 million 

(9) 
worth ol metals was extracted in all of Alaska. In 1963 the value of 

(9) 
metals extracted was less than $8 million       ,  and in 1967 haa dropped to 

less than $7 million.   •''     Some authorities expact a continuing decline, 

despite the fact that the metallic mineral resources of Alaska are large 

and varied.    The extent to which Alaska's mineral wealth will be developed 

will in the long-term be dependent on the basic economic factors of prices 

(20) 
and costs of production of additional units. Northwestern Alaska is 

at a particular economic disadvantage in mining because of a short 

operating season, remo'e location (causing high shipping costs of materials) 

both in and out,  high capital outlays required for  facilities used under 

severe weather conditions,  and high labor costs).    Thus,  mining in north- 

west Alaska is likely to continue to be restricted to certain scarce and 

valuable metals that can be marketed economically. 

The known metal resources in the Alaska region are large and varied. 

(Figures 5 through 9 show the major metal deposits in Alaska.)   To date, 

no significant amounts of metal mineral deposits have been reported north 

of the Brooks Range.    However,  there are unknown potentials in the 

enormous continental shelf areas off northwest Alaska.    The crest and the 

North Slope of the Brooks Range,  and the Arctic Coastal Plain are believed 

unpromising in this regard. The area to the east and north of Kotzebue 

Sound has not shipped metallic ore.    There has been  .«)me placer gold 

production along the Kobuk River,  and occurrences of iron ore,  nickel, 

and lead are known at Ruby Creek. 

1 
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The largest known arctic Alaskan coppi-r reserve of 100 million tons 

of 1. 2 to 1. 6 percent copper ore occurs   in the Ruby Creek area.    Esti- 

(9) mated potential production if 60,000 tons of copper concentrate annually. 

The concentrate mi^hl be barged down the Kobuk River to Kotzebue,  during 

the summer months.    Kt-nnecott Copper Corporation owns the deposits. 

The U. S. G. S.  has reecntly reported a copper deposit estimated at more 

than 200 million tons in the Orange Hill area in the Nabesna Glacier district 

in eastern Alaska.    The copper ore in Alaska,  as elsewhere,   is mixed with 

varying amounts of gold,   silver, lead, and zinc. 

Other metallic minerals in Alaska are iron ore,  antimony,  tin,  tungsten, 

bismuth,  mercury,  and platinum.    Most of these are not found in arctic 

Alaska,   unless the  Yukon River area is included.    A small high-grade 

residual iron ore deposit has been found near Nome,  with 0. 5 to 1. 0 million 

IS) tons of 10 to 4ti percent iron. 

The potentially tignificent metals of the arctic or near-arctic region of 

Alaska are copper at Ruby Creek;   gold,  tin and tungsten in the Seward 

Peninsula,  and mercy in the Kuskokwin River Basin.    The copper concentrate 

production potential of 60, 000 tons annually at Ruby Creek would not be 

immediately critical to the nation's economy,   since over one million tons 

has been produced annually in recent years by the U.S.;   with about 500,000 

(21) 
tons from Arizona alone. However, long range forecasts of the copper 

(22) demand through the year 2000 are 50 percent above proven resources. 

Assistant Secretary Hollis M.  Dole of the Department of the Interior has 

forecast a tripling of the U.S.  demand for copper by 2000.   *     '   Thus the 

copper at Ruby Creek could become economically and strategically important 

-21- 



in the next decades. 

Production and reserves of tin, tungsten and mercury in Alaska are 

not great,  although a potential production figure of 5,000 flasks annually 

of mercury in the Kuskokwim area makes it a significant potential source 

of that metal. 

In the near future the arctic Alaska metal of significance could be 

mercury and,   in the longer ranf.e copper may be increasingly    important. 

A.2.2.2 Non-Metallic Minerals 

The production and known resources of non-metallic minerals in arctic 

(5)   Ä Alaska are limited,  as shown in Figure 10, One of these is asbestos. 

(4) 
posit by Cassiar Asbestos on the Canadian side. Estimated fluorite 

reserves at Lost River have recently been upped from 2 million to 10 million 

(21) 

. 

: 

: 

j 

i 
i 
i 
i 
i 

Deposits at Kobuk have shown limited potential,  and in I960 the U. S. G. S. j 

announced a discovery in the Yukon-Tanana upland near Eagle on the 

Alaska-Yukon Territory border.    No estimate of reserves were given for 

the find, which was 60 miles west of the newly-opened Clinton Creek de- 

D 
tons by the U. S, G. S. Annual production in the U.S. amounted to 

250, 000 tons in 1966.    Hence the Alaska reserves might well be significant 

in this resource which has importance to the aluminum and steel industries. : 

i 

A world-wide shortage is said to exist,   and the trend is toward greatly 

(23) 
increased consumption of fluorite. 

Extensive resources of predominantly low to medium grade (8% to 25%) 

phosphate rock occur in the central portion of the Arctic  Slope of Alaska I 
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)n Ihr Tifluhpuli Crvrk - KiriiM«tmik Rivrr «rv«. «nd «ubtlAnn«! 

«mount• of photplMir rock of uitfcnown ihtrlinv»» «nd gr«d* «rr lndic«i»d 

in ihr r«si«m Brook« lUng«. 

Th#r« hAt bvvn « Itmilvd gr«phiiv production in ih# Kigluack Mounuin» 

of ihr Srw^rd PvninftuU.    Rvtvrvvt ar« #tlim«i«d «I 65,000 lont ol rock 

m 
ronuming 42% of gr«phii». 

Oihvr knuwn non*mrl«llic min»r«U in lb« art« includr iMrilv. wtih 

41 cUimt fllvd uptlrvam from Circle City in I9M;  and gamal, aa wall aa 

mica found nn th« Svurard Panlntul«.   In rrcrni v»«r» lha •vcond*ranking 

mineral producer u* Alaaka haa baan tand «nd graval.    Production figurea 

for 1969 •how that thv valua of patrolrum production «lonr «at highar. with 

•and «nd grawl production valued at IIS,61S,000. down alightly fmm 1960. 

U end whm the trana•Alaaka oil pipvltne and ihm eervtce road» are built in 

northern Alatka, the aand and gravel auppliet will be much nrrdrd. and in 

conaidvrablv quantitlea. 

: 

-•4 



A.2.3 Othüf Natural keaoufccs 

I !••  MM! uf Ai.«i.h.i bordering thorn- part« uf the ocean that arc 

U'e-t'ovrred a mgnificant portion of the year include the area north of 

ihr Brook» Range, the Steward Peninsula, the lowlands of the Yukon and 

Kunkokwim Rivrm, and the Bering Sea tslanda.    Much of the region is 

ireeleas tundra with permafrost. 

Subsistence hunting and fishing are baste to the economy of this region. 

Hunting and trapping of fur«bearing animals provide the mam winter income 

for many people.    The median family income is very low.    There has been 

no significant commercia   production of timber or fish in this northwest 

regton and none is anticipated.    The principal resources of arctic Alaska 

are, as stated, its minerals. 

A.2.4 ^ttpulation 

The area« of Alanka bordering the Arctic Ocean, Chukchi Sea and 

Bering Sea are very sparsely populated.    The Und areas of interest in Alaska 

include that north of the Brooks Range, Kobuk River Basin. Scward Peninsula, 

and the Yukon River Basin bordered on the south by the Kuskokwim Mountains, 

as shown in Figure I. 

It is estimated that in the middle 1960 s about )0,000 people, consisting 

mostly of Eskimos, lived in this far north and far west area.    This compares 

with a 1970 total state population slightly over 300.000.    The Northwestern 

senaloral district had a 1964 population of 14, 912. *    '   To this must be 

added the western portion of the Central dlstnc     which had a population of 
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60,  990.    Most of the population of this district is centered around Fair- 

banks,  so it is estimated that the western part has only about 15,  000 

people.    Less than 10,  000 people live above the Seward Peninsula and 

north of the Brooks Range.    About 1,000 men have been on the North Slope 

for oil drilling. 

(25) 
Table 1 shows the major towns in the far north. The largest town 

is Nome on the Seward Peninsula with a population of 2,316.    Other major 

towns include Barrow in the north,  Kotzebue on the Chukchi Sea, and Bethel 

on the Kuskokwim River. 

It is projected that the total population of Alaska will be nearly    400, 000 

(26) 
by 1980. This is expected to result from petroleum development and 

production on the North Slope, continued growth of forest products industries, 

and stabilization and diversification of the fish products industries.    Of 

a total anticipated civilian workforce of 159,800 in 1980, the oil and gas 

(27) 
industry is expected to employ 4,300 and mining 2,400.  *    '   Most of the 

manufacturing related to North Slope petroleum production should take 

place around Anchorage where a growing petrochemical complex and other 

factors make the prospect an economic operation.    Even so, the area from 

Fairbanks north should have a population increase from 68,000 in 1969 to 

96, 000 in 1980. 

. 

: 
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Table 1   TOWNS IN FAR NORTH ALASKA 

(above 100 in population) 

Barrow 2,201 Wainwright 274 

Kotzebue 1,656 Kiana 216 

Noorvik 384 Kivalina 142 

Selawik 348 Shungnak 135 

Point Hope 324 Kaktovik 124 

Noatak 275 Anaktuvuk Pass 107 

A.2.5 TrgpjppgrteUon 

The Alaskan transportation net is made up of motor roads,   railroads, 

rivers,   sea routes,  air modes,  and pipelines for oil and gas.    Figure   11 

shows the Alaskan roads and airports.  '    '   Figure 12 shows the coastal 

traffic.   '     '   Motor roads and railroads are used in the south central region, 

while shipping and aircraft are used throughout Alaska.    Ships and barges 

accounted for most of the tonnage to,  from,  and within Alaska.   *    '   About 

15 percent is moved by the Alaskan Railroad.    Truck and air accounted for 

only a few percent. 

A.2.5.1 Shipping 

Due to severe ice conditions ocean access to the northwest is limited to 

summer months.    Traffic flow to and from this region amounted to 71, 000 

tons or 7 percent of total Alaskan traffic in 1964.   *    '   Movements northbound 

■27- 
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consisted of general commxiities,  while southbound movements were 

primarily fish.     About one-third of the total tonnage was southbound. 

Commercial cargo moves almost entirely through Dillingham,   Bethel, 

Kotzebue,   and Nome.    Only Bethel has the dock facilities or water depth 

I 
1 
• - 

to accommodate large vessels.    The other towns must use lighterage 

vessels for cargo transfer. 

Seasonal activity from May to October is possible along many of 

Alaska's navigable rivers.    Recent  movements in the northwest region 

have occurred on the Innoko,   Kobuk,  Koyukuk,  Kuskokwim,  Kvichak, 

:. 

i 

Noatak,   Nushagak, and Yukon Rivers.    Traffic has been from 30,000 to 

(16) 
50,000 tons in recent years.   ' Shallow-draft vessels carry general 

cargo,  equipment,  supplies,  minerals, and furs. 

The activity of oil companies on the North Slope in recent years has 

changed the structure of the shipping in the northwest.    The ocean route 

up around Point Barrow is open for about 6 weeks.    Arctic Marine Freighters 

delivered 100, 000 tons of cargo to the North Slope in the summer of 1969. 

In the summer of 1970 the water-borne shipment from Seattle to the North l 

Slope (3, 200 miles) was 185, 000 tons of oil held and construction materials. *     ' 

1 

. 

Twenty-one tugs and 41 barges were involved in the northbound tow of 25 days. 

Included were 117,000 tons of 48-inch trans-Alaskan pipeline,  6.000,000 

gallons of bulk fuel,  and 45,000 tons of general cargo for Prudhoe Bay. 

Point Barrow is   a bottleneck in the North Slope shipping because the 

polar ice pack is never far offshore.    It has been suggested that a ship canal 

be built through the low,  level,  lake-studded terrain south of Barrow,exiting 

in Admiralty Bay or,  if necessary,  going to the Smith Bay,  bypassing Cape 

-28- : 
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o. (31) bimpson. 

Barge shipping also flows on Canada's Mackenzie River and along 

the Beaufort Si-a to Prudhoc Bay.    In 1969,  206,000 tons were shipped on 

(32) 
the Mackenzie River  UKI annual tonnages were increasing. Some 

of this cargo went lo the Canadian drilling sites.    At the rate of $80 -$125 

per ton from Seattle,  barge transportation to the North Slope is still the 

cheapest.    Air transport can range up to $170 per ton from points in Alaska. 

Truck rates over the winter road, when it was in  use, were running as high 

as $240 per ton.    In the future,  the barge traffic to the North Slope is 

expected to continue to increase as the petroleum fields are developed. 

There is the future possibility of super tankers brining oil from the 

North Slope through the Northwest Passage or around Greenland to the East 

Coast market.    The Newport News Shipbuilding and Dry Dock Company was 

awarded a contract in the spring of lo70 by Humble Oil and Refining Company 

(33) to develop a design for these icebreaker   super tankers.  * The contract 

contains options for tanker construction and licensing provisions that woi id 

permit Newport News Shipbuilding to use the Humble design for other 

customers. 

Each of these giant icebreaker tankers would displace 250,000 dead- 

weight tons and could haul between 1. 5 and 1. 75 million barrels of oil.   A fleet 

of 30 to 40 super tankers - each costing $60-$90 million - could carry 

(34) 2 million barrels of oil per day by 1980.   v     '   The cost of moving oil by 

tanker to the East Coast has been estimated to be $. 60 per barrel lower 

than by a transcontinental pipeline. *    '   The decision to build the super 

tanker fleet has not yet been made, however,  by Humble Oil Company. 

Since the waters off the North Slope are shallow,  the super tankers 
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would have to anchor 6 to 25 miles from the coast.    Bringing the oil out 

from the coast and providing permanent terminals is a key problem.    Ice 

islands and Herschel Island have been suggested. 

An alternate method of shipping tht oil by 170,000 ton nuclear-powered 

submarine tankers has been proposed by General Dynamics Corporation. '■"' | 

Costs for such a submarine tanker may be as much as $175 million.    The 

(36) 
company says they coulc be ready in 3 to 5 years. 

A. 2.5.2 Railroads 

There are few roads in Alaska,  most of them are concentrated in the 

south central region.    Over 75 percent of Alaska's area is more than 100 miles 

-30- 
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There are no railroads serving Northwest Alaska or the North Slope. 

The existing Alaska Railroad is 483 miles long from Seward to Fairbanks. 

An additional 54 miles of branch lines serve the coal mines and military 

installation.    In fiscal yet 1963-64,  the railroad carried a total of approximately 

1, 507, 000 tons,  for an average haul of 138. 6 miles. 

The North Commission has recommended that the railroad be extended 

to the Umiat   area on the North Slope,  and Kobuk on the South Slope of the 

Brooks Range.        '   Whether this extension will be achieved depends oartly 

on the results of the current $3 million transportation corridor survey under- 

(37) way.  *    ' 

A.2.5.3 Motor Roads 

: 
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YAKUTAT 

SEATTLE   CHICAGO.  NEW YORK 

t 

PAVED   ROAD 

GRAVEL   ROAD 

WINTER   ROAD 

RAILROAD 

FERRY   ROUTE 

LIGHT PLANE AIRPORT 

JETPORT 

JET ROUTE 

FIGURE      11    ALASKAN ROADS AND AIRPORTS 
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from any road.    By thi; end of 1962,  Alaska had 1, 209 miles of paved 

and 472 miles of unpaved Federal-aid primary highway system.    At that 

time there were also 1,721 miles of secondary roads,  of which 98 percent 

were unpaved. 

In the northwest,   gravel roads exist from Nome to the townjiof  Teller, 

Taylor,   and Council.    A gravel road connects Ophir with McGrath and 

Poorman with Ruby.    A winter ice road was opened in the spring of 1969, 

connecting Livengood above Fairbanks to the North Slope area around 

Umiat.    Three hundred forty-three trucks carried 7,464 tons of equipment 

and supplies for this 420 mile road to the North Slope in the spring of 1969 

(29) before the April 15 thaw forced closing of the road. '   Another 139 

vehicles,  mostly scrapers and dump trucks, were sent up the road to be 

used by the oil companies on the North Slope.    Truck freight costs were 

roughly the same as those incurred by air shipment,  except that trucks can 

deliver goods to the work site and do not require the extra handling costs 

from airport to work site. 

The future northwest traffic may be substantially increased by the 

petroleum activity on the North Slope.    Sixty miles of an all season road 

to the North Slope following the proposed path of the Alyeska pipeline had 

been completed by the summer of 1970 before work ceased because of the 

permit delay.    Road networks will expand on the North Slope as the oil fields 

are developed. 
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A. 2. 5.4 Air Routes 

The Boeing Company is even advancing an Hea of moving North Slope oil by 

.     (36) 
containenzi'd aircraft. 

I 

Alaska has mor»' general aviation aircraft per capita than any other 

state - one aircraft for each 100 residents.   '     '   Because of the lack of 

roads over much of the state,  passenger and freight transportation by 

scheduled airlines,   chartered,  and private aircraft are all important.    There 

are many small gravel airports throughout the state that serve light aircraft 

and the larger Hercules air freight aircraft.    In addition, commercial airlines 

maintain scheduled passenger flights with many major towns using a variety 

of propeller aircraft.    Jet aircraft serve Cordova,   Anchorage.   Fairbanks, 

Nome, Kotzebue, Barrow, Deadhorse, Prudhoe Bay, Bethel, and Kodiak with 

scheduled flights.   Anchorage l| also linked to Europe, Tokyo, Seattle, Chicago. 

and New York.   Fairbanks is linked to New York and Europe. 

Aircraft are playing a significant role in the North Slope activities.  They 

can operate all seasons - in the winter when the rivers and seas are frozen 

and in the summer when the tundra becomes swampy.    Complete drilling 

rigs have been moved to the North Slope via aircraft.    Aircraft will continue 

to play a key role in the north for movement of personnel and critical freight. 

I 
! 

i 
1 
1 
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A.2.5.5 Pipelines 

Pipelines will play an important rule in the transportation of oil and gas I 

I 

I 



wiihtn MM from Al mV ,.    Small piprlmts trv currmtly u»» «I in Ihr south- 

tcntral mill lor irdnsportmu prlrulvum from producing fields.    Fulurr 

•■mphasm will I», on large ptprhnr» to tr4naport oil and ga» from the North 

Slop«* to U.S.   market» on the «aal coaat, midweat. and FWihc coaat. 

A Tr.ma-Alaaka Pipeline System (TAPS) Company was formed by 

several •»»! companies to tranaport the otl from Prudhoe Bay to the lort of 

Valdex (800 miles) (see Figure 13).    This 4B-inch line is expected to coat 

approximately $1. \ billion and to have an initial capacity of 500,000 barrela 

per day and eventually a maximum capacity of 2 million barrels per day with 

12 atationa.    *    '   The propoacd pipeline route la over extremely rugged and 

difficult terrain and in an area of extreme environmental conditions.    TAPS 

encountered difficulties in obtaining the neceaaary releases and rights of 

way to proceed.    As a reault of pipeline being delayed,  TAPS was dissolved 

and the Alyeaka formed in 1970.    The planned pipeline would serve primarily 

the U.S. pacific coaat markcta using conventional tankers from Valdez. 

The pipeline would be laid through the earthquake belt, across 200 miles 

of marshy tundra, and 300 miles of peTna'roat.  foreat, and swollen glacial 

river«.    Temperatures range from 80° below in winter to 90   above in summer. 

Before reaching ValdeE.  the proposed line will climb the Alaskan Range where 

ever, the lowest passes are raked by 100 mile an hour winds.    The next 

barrier is the Chugarh Mountains where winter snows often measure 10 t'eet. 

The pipe must be laid in auch a manner as not to melt the permafrost which 

could cause breaks in the pipeline.    The oil must be heated to flow under the 

cold environmental conditions.    There also has been concern about the 
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FIGURE      13     PROPOSED ROUTE OF THE TRANS-ALASKA PIPELINE 

-36- 

. 

1 

I 
I 
I 



Mill« I •*■■ 
OSI 

FIGURE      14     PROPOSED MACKENZIE  VALLEY CRUDE LINE 
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probablr jnlort'er»tu «• wtlh i .inbuu minration patti-rn.    There are native 

i 1.urns on Ihr lar.tl whuh Connri'ss is presently trying to settle.     The 

ixtendetl del.iv In the yrantmn of a permit luggettl that it cannot be in 

xi-rvu-»' bolore 197 i ur 1974. 

Thj Mackenzie Valley Pip«'ljne Research Co. ,   Ltd. ,   composed of four 

oil .»nd two pipeline eompanii's,   was formed to explore the merits of laying 

a 4H-inch crude line from thi" North Slope to Edmonton,   Alberta.      The 

proposed line would generally follow the Mackenzie River from the Arctic 

eoast south.    At Edmonton,   the line would connect with existing facilities 

ol Trans-Mountain and Intt-rprovincial Pipeline Companies serving the 

mid-west area.     Thi- proposed route would cross several hunured miles of 

pt-rmafrost (see Figure 14).  '     '   A proposed gas line would be laid 

(39) simultxneously with the Mackenzie Valley Pipe Line or parallel to it. 

A fourth proposed pipeline is for the transportation of gas from P'udhoe 

Bay to markets in the midwestern U.S.   and in Canada.    That line would be 

built in three srnments and would be a 48-inch pipeline extending for 1, 550 

miles from Prudhoe Bay to a point in Alberta where it would connect with 

Alberta gas trunk's existing 2,800- mile transmission system.    From 

Alberta the gas would be connected to major pipeline systems for export to 

U.S. and Canadian markets.    The pipeline would have an initial capacity of 

I. 5 billion cu ft of gas daily,   rising to 3 billion cu ft daily by 1980. 

Completion of the first phase is projected for 1974. 

38. 
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A . 3 CANADIAN ARCTIC RESOURCES 

A . 3 .1 Energy Resources 

A. 3.1.1 Coal 

Among the (.'conomically significant energy resources of arctic Canada 

coal is not included.    Production north of 60° has been confined to the 

Yukon Territory where coal production reached a high annual value of 

$123, 675 in 1963.    By 1968 production of coal was no longer indicated in  the 

(41) mineral production statistics for the Territory.   v     '   1969 statistics similarly 

(42) 
failed to record any coal production. 

A  3.1.2 Water Power 

In the Yukon Territory and the Northwest Territories water power is 

of special importance in the development of mining areas such as Mayo and 

Yellowknife.    In the   Yukon,  most water power resources are on the Yukon 

River and its tributaries.    Although thorough surveys have not been made, 

recent partial surveys show that the rivers flowing into the Great Slave Lake 

and the South Nahanni River, which drains into the Mackenzie River,  have 

(43) 
considerable potential. Currently there are four hydroelectric generating 

(41) plants operating in the Yukon,  and a like number in the Northwest Territories. 

The potential water power development of arctic Canada may be gleaned from 

a 1970 statement by the Northern Economic Branch of the Canadian Department 

of Indian Affairs and Northern Development that, "In total,  the water flow in 
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emphasized that hydroelectric power is of much greater significance in the 

Middle North than in the Far North.     That is not to say that power lines may 

not penetrate the Arctic from sources farther south.    Table 2 ^     '    shows 

preliminary statistics for installed hydro-and thermal-electric generating 

capacity by province (1968). 

A. 3.1.3 Nuclear Thermal Power 

A.3.1.4 Oil and Gas 

; these four principal (sic) basins is approximately equal to two Fräser Rivers, 

one Columbia River and one St.   Lawrence River.    The future requirements 
■ 

for water in municipal and industrial development is therefore well assured 

if proper care is exorcised in resource development. " '*'*    It should be 

i 
i 
I 
I 
I 

I 

Development of commercial power generation in thermal plants using I 

heat generated by nuclear reactors is a major contribution of Canada to 

energy resource technology. That development has centered around the 

CANDU reactor which uses a natural uranium fuel with a heavy water ( 

moderator.    However,  all three major nuclear power plants are in southern 

Canada. 

I 

i 
Oil has been produced at Norman Wells in the Mackenzie Valley from 

the middle of the 1930^ to the present. Current annual production is only 

about 750,000 barrels.    In the area south of Norman Wells,  oil and gas | 

exploration activity has been building up over the past four or five years. 

That activity is actually an extension of activity in northern Alberta and 
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TABLE      2     INSTALLL'D HYDRO- AND THERMAL-ELECTRIC GENERATING 
CAPACITY,  BY PROVINCE, BY DECEMBER 31,   19681 

Newfoundland 

Hydro Thermal Total 

Thousands of kilowats 

819 112 931 

Prince Edward Island   77 77 

Nova Scotia 16b 543 706 

New Brunswick 562 551 1,113 

Quebec 11,035 762 11,797 

Ontario 6,413 4,876 11,289 

Manitoba 1,184 369 1,153 

Saskatchewan 586 691 1,277 

Alberta 616 1,435 2,051 

British Columoia 3,531 1,515 5,04 6 

Yukon Territory 18 15 33 

Northwest Territories 35 26 61 

CANADA 24,962 10,972 35,934 

1 Preliminary. 
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northeastern British Columbia.  '     '   A pipeline is being built to the Beaver 

River and is expected to be extended to Pointed Mountain later. 

Major oil production in Canada today is south of the arctic region, 

including the rich Athabasca tar sands.    It does not impact directly on the 

importance of the Canadian Arctic.    However,  this production has  led   to the 

construction of high capacity pipelines,  e.g. ,  from Edmonton,  Alberta 

toward the Chicago area in the U.S.    These pipelines may well have signifi- 

cance for the future transportation of oil and gas from the Arctic. 

The Prudhoe Bay 1967 discoveries in Alaska    had immediate repercusions 

in Canada.    Potential oil and gas finds in arctic Canada had long been the 

subject of mild interest,  and extensive leases had been registered by several 

oil companies.    After 1967,  however,   Canadian   arctic exploration and 

drilling was given explosive encouragement.    Panarctic Oils,  a consortium 

with government capital input was organized as an instrument for the early 

prosecution of intensified activity.    The basis for the interest and activity 

was mainly the simple fact that the geologic features of the Canadian arctic 

region,  including particularly the Mackenzie Delta region,  the Arctic Islands 

area,  and the Sverdrup Basin (see Figures 15 & 16), were known to have 

promising geologic formations as did those of the Alaska North Slope    and 

(45) 
were therefore attractive to oilmen.   * To summarize,  in the year 1970, 

72 wells were drilled in the Northwest Territories,  the Yukon, and in the Arctic 

Islands for a total drilling of 369, 885 feet.   '   '   High-pressure gas and some 

indications of oil have  been found by Panarctic Oils in 1969 at Drake Point on 

Melville Island.    Panarctic has also,  on March 25,  1971,   spudded the world's 
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northernmost test on Ellesmere Island.    Panarctic's Fosheim N-27 is only 

700 miles from the North Pole,  on Fosheim Peninsula.   ^     '      The spring of 

1971 has brought on other tests by Sun Oil on Longhced,   Bathurst,  and 

Somerset Islands.    Panarctic's well on King Christian Island,   D-1H,  blov   on 

October 25,  1970,  the second devastating blowout for Panarclic.   * Also, 

in 1971 a new consortium,   Magnorth Petroleum Ltd. ,  of Calgary,  was formed 

to push exploration in the Arctic Islands.    The consortium,  formed by 10 

(49) Canadian and 2 U.S.  firms approved a $1 million exploration budget. 

Meanwhile,  Gulf Oil Canada and Mobil Oil Canada have joined    forces to 

explore their vast offshore areas in the Canadian Arctic.    Imperial has 

drilled 10 more wells in the Mackenzie Delta,   November 1970- March 1971, 

(47) as part of the 1971 drilling spurt. The chances have been estimated 

as high that a major strike is imminent.    In fact,   an Edmonton report of 

a new Imperial oil strike may confirm this.    More than 600 exploratory 

wells are predicted for drilling north of 60    during the next five years.  '■'   ' 

In spite of all the activity in the way of exploration and drilling,  it is 

still possible to give only speculative estimates of total reserves that exist 

in arctic Canada.      However,   estimates have been made by many competent 

private and official sources,  and may provide figures that will later be more 

sharply refined. 

First as to oil pote   Lials above 60o".   The lowest est imate in the past 

two years was that of the Northern Development Branch of the Department 

of Indian Affairs and Northern Development,  which estimates  ^0 billion 

barrels.   '     '   That figure has been used by others who have suggested 

estimates in the 50-54 billion barrel range as a conservative estimate.'     ' 
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Edninston,  Campbell,  and Cleland. on Februa.y 1, 1971, placed the potential 

oil reserves at 80-120 billion barrels in the Arctic Islands alone,  plus 

(52) 
20-30 billion in the Mackt-n^ie Delta. In 1969 the Canadian Petroleum 

Association was cited as calculating the arctic reserves at 120. 8 billion 

barrels u( crude. The Association added an estimate of 19.6 billion 

barrels of natural nas liquids,   for a total of 140.4 billion barrels.   '     '   The 

highest estimates were made by the Oil and Gas Journal (U.S.) in August 

(55) 
1970. It estimated current reserves at 53.95 billion barrels and 

"undiscovered potential" at 202 billion barrels,  for a total of 256 billion 

barrels. 

In summary,  the recent estimates ranging from "conservative" to 

"undiscovered potential"  range from 50 to 256 billion barrels of oil and 

liquid gas reserves in arctic Canada.    The estimates,  therefore,   range 

trorn slightly more than  present "proved reserves" for all of North 

America to a total mon  than five times that amount.    (The estimates cited 

do not all give figures lor recoverable oil,) 

The estimates of natural gas potential from arctic Canada, are equally 

spectacular.    Roughly,  estimates range from the 300 trillion cu ft figure 

given by the Department of Indian Affairs and Northern Development *     ' 

to the 724. 8 trillion cu ft estimates of the Canadian Petroleum Association *     ' 

(55) and The Oil and Gas Journal figure in August 1970 was 710 trillion cu ft . 

The higher estimates are approximately two and a half times present proved 

(53) 
reserves for all of North America. The above figures suggest why the 

Department of Indian Affairs and Northern Development,  which administers 
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Canadian oil and ^us n-^ulations,  reported in late 1970 that the "permit" 

acreage had increased from 100 million acres to 350 million since the 

Prudhoe Bay discovery, 

VS.2 Metallic and Other Industrial Minerals 

Table 3 shows the mineral production in arctic Canada,  1960-1969. 

As is indicated by the table,   the small-scale minerals industry of northern 

Canada prior to 1964 was based largely on gold production.    Togethei- with 

silver it accounted for 75 percent of the value of production in Yukon and 

(42) 
Northwest Territories. In 1963 the two territories pioduced about 

equal amounts.    Between the years 1964 and 1967 the value of mineral 

production in the NWT increased more than six-fold.    In 1968 and 1969 new 

mines in the Yukon Territory more than doubled from 1967.    The consequence 

was that annual production, which had been in the $30 to $35 million range 

before 1964,   rose to $153. 2 million in 1969.   *     '   In 1970 nine private 

companies were mining metals,  one company was mining asbestos,   and four 

(42) companies were preparaing mines for production. 

The Oil and Minerals Division of the Department of Indian Affairs and 

Northern Development concluded (1970) that, "In addition to recent large 

investments in new mines,   confidence in the future is abundantly indicated 

(42) by the tremendous expansion in exploration." v It pointed out that before 

1964 less than 6,000 claims (o. 2 km    ) were recorded annually in the two 

territories.    In the five years 1964-1969,  five major staking rushes occurred; 

the Pine Point area with 27, 000 claims, Coppermine    River area with 39, 000 
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claims,   Vangorda Creek-Ross River with 10, 000 claims.   Artillery Lake 

area with 8,000 claims,  and Casino Creek area with 10,000  claims.    The 

high point was reached in 1968 with 53,000 claims recorded. 

A. 3.2.1 Metals 

Extensive iron-bearing formations are located in many northern areas 

of Canada.    More than 139 million tons of direct-shipping ore,   grading 

68 percent iron or better,  have been outlined in the Mary River area of 

north-central Baffin Island.    One of the major obstacles to developing that 

project is the short shipping season.    Immense low «grade deposits have 

been found also in the central Yukon.     Additional sources are known on ei*her 

side of the Foxe Basin.    With problems of transportation, benefication (con- 

centration)>and a need for long contracts at stable prices,  development of 

the low-grade ores may not occur for many years.    They do constitute a 

reserve in case of future need.    Considering the predicted cumulative 

demands for iron and steel in the U.S. alone,  the anticipated demand to the 

year 3000 exceeds reserves by 40 percent.    Canadian low-grade ore might 

(22) 
later therefore be of strategic importance. 

A 3-million-toncopper deposit has been outlined in the Coppermine area 

of the Canadian Arctic.    Further mineralization occurs between Coppermine 

and the Bathurst Inlet and on Victoria Island.    In the Casino Creek area, 

west of Carmacks,  recent exploration has indicated a very large low-grade 

copper-molybdenum deposit.    Indications of porphyry copper-type minerali- 

zation have been encountered in widely spaced localities in western Yukon 

(42) 
Territory. In April 1967,   New Imperial Mines began production from an 
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opt-n pit copper muu- 10 mik-s from Whitehorse.    New Imperial began 

exploration in 1956,   and by 1965 had outlined reserves of 5. 5.   million tons 

of ore grading 1. 2 percent,   in several mineable deposits.     The concentrated 

product  - 2,000 tons per day - is being shipped to Skagway for onward 

i-      *     T (42) transfer to Japan.   x     ' 

eastern Yukon Territory,   contains at least one deposit in excess of one million 

(42) 
tons,   and it is considered likely that further deposits will be found. 

-50- 
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Le.id-z.inc  proved reserves in the Pine Point area exceed 40 million 

tons (A.  Cominco,   Ltd.,  subsidiary is the producer) with a combined zinc- 

lead grade of 9. 4 percent.    Total capacity is 8,000 tons per day.    There are ] 

reports of another deposit in the area which is expected to grade 13 percent 

and runtain 1.4 million tuns.    More may be found.    Several additional 

.. «spots may be brouuht into production in the Anvil district (120 miles | 

northeast).    Significant high-grade deposits have also been outlined north of 

Resolute and Strathcona Sound in northern Baffin Island.    Underground 

(42) 
development has already begun in the 12 million-ton Strathcona Sound deposit. 

1 

1 

I 

The Anvtl Mining Company development near Ross River is estimated to have 

reserves of 63 million tons grading 9 percent and also 31.1 grammes of 

silver per ton.    To obtain fuel for the concetration process the total coal | 

output of the Tantalus Butte Mine near Carmacks produces 12,000 tons  per 

year. 

Canada Tungsten Mining Corporation is the only tungsten producer in 

Canada.    It operates a 300-ton -per-day mine in the Flat River area close 

to the Yukon - NWT boundary.    The deposit in 1959 contained 1. 5 million tons, 

of which less than half has been mined.     The Selwyn Mountain region,   south- 
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Gold and silver are found in many parts of the Canadian north and 

a number of high-grade gold and silver prospects are thought to exist in the 

Yukon.    Silver is also a by-product of the Anvil lead-zinc mines,  and of the 

New Imperial copper mines.    The Mayo district near Great Bear Lake and 

the area west of Lake Simpson are also potential silver producers.    Gold 

and silver do not,  as of now,  constitute resources of great strategic 

importance among the Canadian arctic minerals.    Some nickel is mined 

east of Artillery Lake but production is minimal. 

A.3.2.2        Non-Metallic Minerals 

The most significant   of nonmetallic minerals thus far found in arctic 

Canada is asbestos.    The principal find it the Clinton Mine in Yukon Territory, 

operated by Cassiar Asbestos Corporation.    The main ore body is said to 

contain 14 million tons of asbestos ore containing 6-7 percent fibre.   An 

additional body of 9 million tons of lower grade ore lies to the west of the 

Clinton mine.    Prospecting in the Yukon Territory is expected to discover 

additional ores. 

(56) 
Some sulphur is to be found in the Arctic Islands. 

A.3.3 Other Natural Resources 

Other natural resources,  such as forests,  fish, and game are not 

significant in the Canadian Arctic.    Trees do not grow there and agriculture 

in the frozen grounds is not practical.    Fish and game,  though,  are important 

to the native economy.    Forests, of course,  are of great importance in the 
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Middle North.     See Fisurea 17 and   18. 

A. 3.4 Industrios 

A, 3.4.1 General 

Othi-r than the mining and the exploitation of oil and gas,   there 

appears to be no logical base for industrial development in the Canadian 

Arctic m the near future.    There is no significant industry now located 

there.    There has,  however,  been considerable penetration of industry 

into the Middle North. 

A. 3.4.2 Manufacturing 

1. 
I. 
D 
II 
r 
: 

i 
i 
i 

:. 

The hixh cost of shipping materials both into and out of the Arctic, 

the shortage of local skilled labor,  the great expense of providing amenities 

for imported labor,  the lack of communications, and other costs   and cli- 

matic factors all tend to make the construction and operation of manufac- 

turing facilities uneconomical.    A small refinery at Norman Wells has been 

in operation for many years,  but its products are used in the area and are 

not exported south. 

In the case of metals,   it is presently cheaper to ship ore concentrates 

and to do the refining in more temperate regions.    The only industrial j 

activity pertaining to metal production,   then,  will be the mining of the ores 

and the operation of plants to produce the desired concentrate. 

In the case of oil and gas,  wells will be drilled and fields developed. I 

: 

i 
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Small refineries for producing products required locally probably will be 

built (such as the ARCO plant in the Prudhoe Bay area of Alaska).    For 

gas,  it may be more economical in the Arctic to operate facilities to 

convert it to the liquid state for shipment by sea rather than by pipeline. 

Farther south,  in the Middle North,  is another story.    For example, 

Thompson,   Manitoba is a town that was built to serve the nickel mines of 

the International Nickel Company.    The Company now produces about 75 

million pounds of nickel a year at Thompson and the capacity is being 

increased to 100 million pounds a year.    The town of about 10,000 people 

is essentially a self-run open community.    The whole development was 

paid for by the company without government assistance.    The company built 

and paid for a railway spur about 40 miles long from the Pas-Churchill 

railway line.    International Nickel Company also built, owns, and operates 

a power plant on the Nelson River at Kettle Rapids.   The town has a single 

purpose - the production of nickel.    It is often spoken of as "sweet suburbia 

in the North".    *•'• 

At Fort McMurray, in the Middle North,  230 miles northeast of 

Edmonton,  Sun   Oil Company has built a $300-million plant for the extraction 

of up to 45,000 barrels of high-grade crude per day from the Athabasca tar 

(58) 
sands. The Alberta government has now authorized production of 

150,000 barrels per day,  and several companies are competing for this 

(57) 
development. 

Other developments in the Middle North could be cited.    However,  since 

they do not impact directly on operations in the Arctic Ocean,  the two cited 

examples will suffice as illustrative of the kind of industrial developments 
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A. 3.4.3 Other Industry 

transportation systems are established. 

for all of Canada,   gives the population of broad lateral zones (Figure 18) 

by province or territory. 

-56. 

1. 
:: that have and will take place in the Middle North. irther,  as the 

obstacles of the sub-Arctic are overcome,   it can be expected that signifi- 

cant industrial activity will penetrate the Arctic.    Nevertheless,  this is 
— 

unlikely to occur in the foreseeable future,   certainly not through the next * 

decade. 

Agriculture is nonexistent in the Arctic.    Commercial fishing in the 

Arctic is largely limited to the Arctic char, a delicacy fish which is air- 

shipped to luxury markets in Canada and the U.S.    There are a few fish 

canneries. 

Small service-type industries, such as repair and maintenance shops, | 

will develop as communities are established or enlarged to accommodate 

personnel required in the mining and oil production. Also, there will be 

industrial activities associated with transportation facilities as arctic 

I 
A.3.5 Population 

A. 3.5.1 General 

1 
1 
1 
I 
I 

: 

[ 
Population figures in this section are ftom a 1966 census.    Table 4 , J 

(59) 
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TABLE     4    POPULATION OF ZONES, BY PROVINCE OR TERRITORY, 
Canada, 1966 

Province or 
Territory 

Southern 
Canada 

Middle North 
(essentially sub- 

Arctic In character) 

Far and Extreme 
North 

(basically the 
Canadian Arctic 

Newfoundland 
& Labrador 

Nova Scotia 

Prince Edward Is. 

New Brunswick 

Quebec 

Ontario 

Manitoba 

Saskatchewan 

Alberta 

British 
Columbia 

Northwest 
Territories 

Yukon 

CANADA 

448,487 

756,039 

108,535 

616,788 

5,754,115 

6,945,635 

902,929 

937.251 

1,448,683 

1,867,918 

0 

0 

44,909 

0 

0 

0 

23,699 

15,235 

60,112 

18,093 

14,520 

5,756 

13,850 

14,372 

0 

0 

0 

0 

3,031 

0 

25 

0 

0 

0 

14,888 

10 

19,786,380 210,546 17,954 
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A. 3.5.2 Southern Canada 

In order to place the population of northern Canada in perapective, 

southern Canada is mentioned first.    The moat densely pop*üaled area of 

Canada lies near the Canada-U. S. border.    Its major cities • Montreal, 

Toronto, Vancouver,  Winnipeg, and Ottawa • are within 100 miles from 

this border.    Southern Canada, i.e.    the area south of the Middle North, 

has 19.278, 380 of Canada's total population of 20.014,880.  (*9) 

A.3.5.3 Middle North 

i; 
I 
I 

I 
1 
1 
1 

The Middle North (essentially subarctic in character) provides the ] 

main routes of northward pioneer penetration.    Its total population is 
"T 

210,546 - approximately 1 percent of Canada's total population. 

Populations of principal towns follow: 
• - 

Flin Flon 11,104 

Whitehorse 5,031 

Yellowknife 3,241 

Schefferville 3,178 

Goose Bay 3, 040 

Churchill 1,878 

Moosonee 925 

L 
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A.3.5.4        rar and Cxtrome North 

The Par and Cxtrrme North, the cones which together form the 

(59) 
Canadian Arctic, havt* a population of 17.954.  *    '   This is less than 

one-tenth of 1 percent ol Canada's total population/  Population figures for 

principal communitu .  BI the Canadian Arctic follow: 

Inuvik 1,248 

Cambridge Bay 531 

Frobisher 512 

Tuktoyaktuk 409 

Coppermine 230 

Resolute 153 

A.3.5.5 Population Potential 

It is evident from the above statistics and the large areas to which 

they apply   that the Canadian Arctic is sparsely settled.    It is likely to 

remain so for a very long time.    Exploration and development of extractive 

resources alone do not stimulate large increases in population.  Minerals 

may be reduced to concentrates in the Arctic for more economical shipment. 

However,  refining plants in the Arctic for minerals or oil are not yet 

economically sound.    The prospect of other manufacturing activity is even 

more remote.    Population pressures are unlikely to force occupation of the 

empty arctic spaces.    For the foreseeable future it is concluded that there 

will be only moderate population growth in the Canadian Arctic, due principally 

.59- 



to mineral and oil exploration and production, including ancillary service 

required.    Population will remain scattered in small communities,   rather 

than concentrated in a few large population centers. 

A.3.6 Transportation 

The Canadian Arctic stretches from Alaska to Greenland and includes 

the Arctic Archipelago (or Arctic  Islands).    From the Mackenzie Delta, 

the approximate southern boundary of the Canadian Arctic (the tree line) 

dips southeastward to encompass the southern part of the Hudson Bay and 

then continues eastward to the Labrador Coast (Figure 17).  ^    '   The land 

area of interest that might affect surface ship operations in the Arctic includes 

much of the Mackenzie River Basin, the land along the rivers emptying into 

Hudson Bay, and the land along the Labrador Coast. 

A. 3.6.1 General 

Of all the items that affect development in northern Canada, after climate, 

transportation is easily the most important.   Transportation systems are 

minimal in the Canadian Arctic.   They are somewhat better developed in 

the Middle North.   Canada's transportation systems (escludimg river trans> 

portation) are shown In Figure 19. *    '   It also shows the 196f route of the 

S. S. Manhattan through the Northwest Passage.   Plfere 10 sliows the 

northern roads of Canada .  '*''   THe Mackenst« River eyetvm end co<ui#<iiiif 

arctic coaetel routvs are shown u» Tlgare 21. '**' 
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Considering the Canadian North as a whole,  a partially integrated 

pattern of water,  land,  and air transportation operates through relatively 

few centers auch as Whitehorse,   Yukon Territory;  Yellowknife,   Resolute, 

and Frobisher Bay,  Northwest Territories;   Churchill,  Manitoba; and Fort 

Chimo,  Quebec.    There is little east-west movement within the Arctic or 

Middle North.    Thi   broad pattern is the movement into the north of general 

and packagr freight and the movement out of ore concentrates.    To the south, 

thebf northern route« connect with the fully integrated Canadian system of 

...  u. ... (57) east-wrst highway,   rail, and air routes. 

Special situitions.  such as support of the Distant Early Warning System 

(DEW line),  the distribution of pvtrolrum products from Norman Wells,  and, 

more recently, the autvittrs of ihm oil compamrs tn the Arctic, have 

resulted in departures from the grnrraliitra stated above. 

Th« possible developmrnt o( yoar-rouiid arctic tanker routes to satisfy 

the re^oiremefits of developing Alaskan North Sfope oil«  ■»• «oil *• pipelino» 

thol (may W constrocted for Ihts purpose, moy hav» a m«|or iffipoct on 

foioro i f»»»d« of ironspartoiio« do^slopmewi in ike Conadton Arctic» 

It.l.ft.l        Mi^riMt 

Wkttm mm »oileootfs eoteo4 MM« i»« Csosiiia Arvttc, »»• rotlroMi of UM 

%M**m» •s-.fta at« »«Mfe tmm*t4mr**i*   9mm pt»>i<s Imka »Mk Ami« noof 

7w *-***• Fas« ma* t^mm lU^Nrot ♦• • •ooel pmmttm* oot#«••«•««• 

• •4»-«.4 »*k»* •^•«•ta« %m*mm-— mmmtou fmm,  toko« Tef« 
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Alaska.    This is the main outlet for concentrates  from the Yukon to the 

Pacific.    There is concern about the ability of the railroad to handle 

(57) 
predicted tonnages as the Yukon develops. 

The Great Slave Lake Railroad is operated by the Canadian National I 

system.    It connects with the main system at Roma,  Alberta and extends 

northward to the south shore of Great Slave Lake at Hay River and thence 

eastward to Pine Point.    Hay River is the connecting point to the water 

(57) 
transportation system in the Mackenzie River Basin. Although built 

principally to export lead-zinc concentratea from the Ptie Point mines to 

to the smelter in British Columbia, this railroad has generated traffic by 

developments other than the mine about equal to the ore tonnage that the 

railroad carries.    This additional traffic is made up largely of agriculture 

«nd forest products.    Up to a point of northerness, there is potential 

growth of traffic on a rail line such as Che Great Slave, but farther north 

(6S) 
there are no forests and no farms. 

The Northern Alberta Railway connects Edmonton and the main rail 

ayalem with Waterway a, from which a lug and barge service operates on 

UM Aikabaaca and Slav* Rivera.   Tina railroad serves the Athabasca oil 

aaada aad alao the Seaverlodge uranium mining area. ' 

A Im* o(f tlio Ca—diaa Nauooal ayalom rune from The Pas to Churchill 

at the »«a* «( ih» Caoadian Arctic am Ifco «••! ahore of Hudetn Bay.    Ttut 

railffwod «Ma fartll ^rMri^allv «a ao o«Uel for wlwal from the cewlral 

^*  .>...• t,. •*• •••     AIM*M# retlrwad coMocia TW Pas wiib Lvwn Lafce 

«M >•  • 4. • e •pmt •» f\m fUm,    T*.# ia a aifMAcaM miawi« tatlwa?. 



The Northern Ontario Railway connects Cochran on the main railroad 

network with Moosenee at the south end of James   Bay, the southern 

extension of Hudson Bay.   *    ' 

As the means of shipping out large tonnages of iron ore from 

Schefferville,   Quebec, which is practically on the Labrador border,  to the 

sea at Sept Illes, where the St.   Lawrence River emerges with the Gulf of 

(57) 
St.   Lawrence, is a railroad operated by the Iron Ore Company of Canada. 

A railway, to be successful, has to depend on a high degree of permanence 

and a variety of two-way traffic.    Conditions in the Canadian Arctic are not 

yet conducive to railways from this point of view.   ^    '   No plans are now 

known for extension of railways into the Canadian Arctic. 

Canadian railways as a whole loaded 186 million tons of unduplicated 

freight in 1967, and carried each ton an average distance of 447 miles. 

(59) Freight traffic in terms of ton - miles was over 94, 000 million.  l    ' 

A. 3.6.3        Highways 

There are no highways in the Canadian north, except gravel roads in 

the subarctic areas of western Canada.    The Alaska Highway connects with 

the Integrated highway eystem farther south at Dawson Creek.  British 

Columbia and runs west and north through Whitehorse,  Yukon Territory to 

ihr AlasM border at the 141st meridian near the head of the Tanana River 

and on down the Tanana Valley to Fairbanks. Alaska.    In Canada, it is a well- 

mamiatn^d full-wtdlh gravel road. 

From Haines Junction, west of Whitehorse, the Haine* cut off runs 



I. 
southward acroi« « narrow «mom of Bniith Columbia le Namoa. Alaaka« 

not («ir from Skagw^y.   Alto from lha Alatlia Higbway, branch roada •pr*«d 

widely to points tn thv Yukon and British Columbia.   Met! of lhaaa givt * 

access to mining «reas. *    ' | 

The Klondike Highway runs northward from Carcroaa through Whtta* 

horse and Carmacks to Dawson.   From thara a road run« waatward to 

connect with the Alaska Highway system.     The Dempttar Highway la bring | 

pushed northward toward Fort McPharaon.    Roada alao run from Johnsons 

Crossing and from Watson Lake to Ross River.   Another road has bean 

(97) extended west to near Carmacks to serve the Anvil Creek mining area. 

The Mackenzie Highway, maintained to a standard comparable to that 

of the Alaska Highway, generally parallele the Great Slave Lake Railway 

but extends much farther.   It runs eastward and southward from Hay River 

to Pine Point and Fort Smith and northward to YeUowknife. Northwest Territories. 

A branch is being pushed down the Mackenzie River to Fort Simpson.   These 

roads aid mineral developments. ^    ' 

Within the next decade,  roads can be expected to penetrate to the arctic 

coast.    For instance, there has been some talk of an all-season road from 

Yellowknife to Coppermine. The increased tempo of exploration activity 

along the Arctic coast may lead, at least, to winter roads, as in Alaska. 

A. 3.6.4 Transportation 

The Mackenzie watershed (see Figure 21) is the one major water systems 

used for navigation in the development of the vast area of northwestern Canada. 

It is the only inland water route extending through to the North American Artie 

and is the main navigation route for movement of freight into the western Canadian 

Arctic.   It has been used for moving oil rigs and supplies to the North Slope area 
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of Aluka tlnct 19C3. (64) 

Thr Mackensic wtth ill tributary rivers and lakes totals 3,274 miles 

of nAVt|t.iblr chanm  «.    For purposes of comparison, the Mississippi 

Rivrr »yairm with its principal tributaries, i.e.    the Missouri, Ohio, 

and Illinois waterways, totals 3,866 miles,  not a great deal more than the 

Mackvnti«. 

Essentially, the only transportation system operator using the 

Mackensie watershed is the Northern Transportation Company, Ltd., 

• Crown Corportation.    The company operates barges and tugs from the 

road and rail head at Hay River and other points throughout the Mackenzie 

River system.    It operates a service along the arctic coast from Tuktoyaktuk 

at the mouth of the Mackenzie.    It serves the arctic coast (Canada and Alaska) 

from 9S0 to ISO0 W   and the Arctic Islands to 72° N.    Tuktoyaktuk has a 

governing depth of 13 feet and is usually open from mid-July to early October. 

(60)   Operations are seasonal.    The open season for the Mackenzie system and 

adjacent coastal waters normally extends from two to five months, generally 

decreasing as the more northerly areas are reached. 1°°' *    '   The 

Canadian Government provides one icebreaker to support the coastal operations. 

260,000 tons of cargo were shipped down the Mackenzie in 1969, with 10 

percent of that to the North Slope. 

For comparative purposes, the freight tonnages handled at the 12 major 

(59) 
ports in Canada are shown in Table 5. It is apparent that tonnages now 

handled in the western Canadian Arctic are minor compared to those in 

Canada as a whole.    It is noted that the port of Sept   Hies, whose tonnage 

includes the iron ore from northern Quebec,  ranks second in tonnage 
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TABLE      5    THE TWELVE MAJOR PORTS OF CANADA. 1967 

Port 
Total Freight 

Handled 
(million tons) 

Foreign as 
% of Foreign 
& Coastwise 

Loaded as % 
of Loaded 

and 
Unloaded 

Vancouver, B.C. 24.1 56 72 

Sept-Ues/Polnte Noire, Que. 22.6 85 96 

Montreal, Que. 18.S 54 45 

Port Arthur & Fort William, Ont. IS.3 28 91 

Hamilton, Ont. 10.0 65 6 

Port Cartler, Oue. 9.5 98 97 

Halifax, U.S. 9.0 72 46 

Quebec, Que. 7.0 51 3) 
Toronto, Ont. S.8 64 9 
Saint John, N.B. s.e 75 39 

New Westminster. B.C. 5.3 30 m 
Sault Ste. Marie, Ont. 4.S 69 9 

All Ports m.i 55 Sf 
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has been  limited   by high mining costs due to adverse climatic and 

working conditions.    The limited coal mining at other arctic locations 

of Norelsk,  Sanger,  Arkagala, and Zyryanka have been primarily for 

local  use. 

The increased importance of oil and gas production in the U. S. S. R. 

since 1955 has reduced the relative importance of the coal mining industry. 

This trend is likely to continue.    In 1956,  Soviet geologists claimed that 

their country possessed 55 percent of the world's coal supply. 

Of those estimates,  85 percent consisted of "possible reserves" in the 

little known basins of northern Sibera.    The Pechora Basin deposits are 

(71) estimated at 303 billion tons.  '     '    Taymyr Basin at 583. 5 billion; 

Yenisey District at 221. 7 billion; and the Lena Basin at 2, 647. 0 billion. 

Total U. S. S, R.   mineable    coal reserves are estimated at 7. 7    trillion tons. '     ' 

Although the U. S. S. R. arctic coal reserves are enormous,  it is unlikely 

that they will be worked extensively,  except perhaps the Pechora Basin 

reserve, because of high prouuction costs and the competitive advantages of oil 

and gas. 

A.4.1.2 Electric Power 

The total generating capacity of the U. S. S. R.  has risen sharply since 

1955, from 37 million kilowatts to 115 million in 1965.    Most of the generating 

capacity is south of the arctic area.   (    '(See Figure 23). 

The Kola Peninsula depends largely on hydroelectric power for its 

industrial energy. Hydroelectric stations generated about 70 percent of 

the total electricity output of 6 billion kilowatt-hours in the mid-1960,8.   ^9' 
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IM« INNMI' •*.§«««•.« to« MM *# tu« .WM., mm . •*»««».•«* «#•*••! «•»**•# 

füit «tM-iiMi« »J 'iiM §m*mmmH§'mm** ffp»«.   fw ■•*«••««»., '«mitof ************ 

tttttt^i Omtimm»-**     miM. '*<»|f» #•'«.'•» Üut *!»«•#'«>« .«I p»«Hi f-iit^iMf «'«f»*» ««• •« 

1. * «nU^MMi ia««*n* MMMMNIMM« *• HM» t***»*     A ««».«lil «••■.»*»*«»■»« 

ItAftl   pwvff %mm wmatUiaci  ••• ««wyMte« «* !•*• «i ll«*t«t* fiMb*     !»*#• 

• r. pUm» tot • WO •P«.*tU*«ii 144*1 •€•!*■• •• I^MIHMA» A«t». «n» «ft» •»•€* 

•Nor» oi UM KaM l-**••'••*•   Mt Mil*« ••*•»•••« «4 ••*»*•*•<*,#*. 

Aro«M IM »k»i» W« •»••. IM f i«f •tat»««»« «t« M#t'"*l*«ir t, 

Pw«r »UIIMI« UKI«<» IM Vfg Hiwr •?•••«» «ruft • «•^•««•v «1 IM.Mt 

kilinMAti*. IM K«it Riwr •»•»•♦^  •»!» • ««^»«tiv • i l%4.0M »iM*«iftt. m4 

UM Itovtft-IUm« •«•l#m •»«»> • MMl CA^MIIV    I IM.MO kiM«Mt». 

1*91 TMr« «r« pUnt for • «»4«l po«r*r MAIIO« «I Ik« mo tu» of iko M»««* Hivo». * 

Cloclrtc pamit ool^ol IA IM !P*cMro I**«»« K«« M«« limliM !■> •>••• 

•ncj power »Ulton« «i Vorkuto Mimiag coal.    PUot Moo Mo« m«M tot «•»« 

con»t ruction of * 1. 5 mill too kllowall hy^rooUcirt«  »lOlleo «I Utl'-UMn«. 

CM! 
on tho Pocher« Rtyer •< tM moulli of tM Uhm«. • Ufi inMtory. TM 

foosibl« pow«r rofoorco» from IM Pvchoro.    VytMf4*. «Ml M» »»t» rtvor« 

or« ««tlmato«! «t 21 Mllloo kilowAti hourt durinf • w*** of »*»*•§• «rotor flo». 

TM arctic rogton of Wostom StMrt« M« Md littl« pow»r Mv»topm»oi. 

TMrc w«r« plant for a *• to 7* million kilowatt M^roolecirtc »lotion on 

tM Lower Ob Jiiat «bovr SalakMrd.    However, tkic Me M»n oppoeetf 

Mcauae ita vnet lowland reaervolr would flood futur» voluebl« fermUode. 

interfere with the development of otMr reeource« (eitck a« oil, gae. and 

timMr). and cauce advarce elfecta in the reglonol weier Mlanc*. climate. 

M 
end »oils. Horilak Me a coal tMrmal electric »tattoo with e capacity of 
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building matrnals. Mira also is mined there. A commercial deposit 

vi columbtum and tantalum is operated east of Kirovsk. The Pechora 

area also has deposits of fluorspar and some lead ores. 

Norilsk,  in Central Siberia, is a center for the mining of nickel 

and copper, polladium, platinum, selenium, tellurium, titanium, and 

canadium.    The Yarega titanium deposit has the potential as the most 

economic source of raw material for a number of titanium • magnesium 

combines in the U. S. S. R. *'■' 

Figure „'Q shows the Soviet east arctic resources. (**'  Tin mining is 

concentrated in the basin of the Yana River.    A diamond center is being 

developed at Aykhal.   rin tt also mined on the northeast coast near 

Pevek and lul'tin. which also produces tungsten.    Gold mining occurs 

around Bilibino and at Komsomolsky and Polyamyy.    A mercury deposit 

is worked at Plomenryy. 

The relative importance of the Soviet Union's metal industries in 

the Arctic is shown in Figures   30  through       34 .  'b  '    Most of the iron 

and steel industry is outside arctic U. S. S. R.    The Kola Peninsula did 

supply V «« million metric tons of iron ore in 1965, compared to a total 

U. S. S. R.  production of 153 million tons. 

Of the ferroalloys, the Soviet Arctic does not supply any significant 

amounts of manganese, chromium, molybdenum, vanadium, and tirconium. 

The Kola Peninsula and Norilsk supply two-thirds of the U. S. S.R.'s 

80.000 • 90,000 tons of nickel.    Tt i arctic nickel deposits are now the 

Soviet Union's principal source of platinum-group metals.    Virtually at* of 

the cobalt is associated with nickel production, both in the Arctic and in 

the southern Urals, with a ratio of 1 ton of cobalt for every 70 tons of 

nickel.    The large tungsten deposit at lul'tin is supplemented by other 
•94- L 
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A.4.1.1        C«rtÄ» ol Pioducuo« 

A.4.1.2.1     TH« UropMR North 

(85) 
vrn Sfi Route. F.shing account« fcr about half of the Murmansk 

Obiatt gross mdustnal product.    The Murmansk coasts are ice-free most 

winters,  due to the Norwegian Coastal Current extension of the Gulf Stream 

Archangel on the White Sea is the largest far-northern city in the 

world.    It is a center for lumber industry and exports lumber,  resin, 

turpentine, and furs.    It has the largest saw mills of the U. S. S. R.    Even 

though the harbor is frozen from November through May,    requiring the 

use of icebreakers, it is an important port. 

The Kola Peninsula and White Sea area also have a number of medium- 

size cities.    Severodvinsk, Severmorsk, and Polyarnyy are Navy bases. 

-104- 
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The Mwrmansii OhUsl has a<  much as 40 percent of the U.S.S.R.'t 

pikuephnru« rvaourcrs (the chief apatite reserves),    about 20 percent of I 

the ceramic raw malen«!«   (feldspar,  pegmatite), more than 9S percent 

uf the hyanite, large reserves of micaceous raw material, including 

vermtculiie. and very large reserves of abrasive materials (garnet).  ^    ' | 

The largest industrial center in the world bordering the Arctic Ocean 

is Murmansk.    It is an ice-free, well-protected water area of great 

economic and strategic importance.    As the northernmost open winter port I 

of the U.S. S. R. ,  it is the capital and educational center for the Kola 

Peninsula area.    Murmansk is a center for shipbuilding,  ocean trawling 

I 

I 



! 

Most of the other cities there are associated with the mining and lumber 

industries. 

In the Pechora Basin, the most important center is Vorkuta.    It is 

a center for coal mining and geological research.    Naryan-Mar is a port 

for both river- and sea-going ships at the mouth of Pechora and is an 

important timber port.    Amderma on the Arctic coast of the Kara Sea 

is a port on the Northern Sea Route and a research center for geologists 

I and construction engineers. 

Agricultural specialization by the individual oblasts and autonomous 

republics has been suggested as:   dairy,  beef,  and poultry farming and 

(near cities) truck gardening in the southern part of the Karelian A. S. S. R.; 

dairy, pork, potato, and vegetable production in the southern part of 

Arkhangelsk Oblast and Komi A. S. S. R. ; and reindeer breeding,  fur 

trapping, individual centers of farming,  and livestock raising in the 

Murmansk Oblast and the northern parts of the Arkhangelsk Oblast, 

Karelian,  and Komi A* S. S. R. 's. 

Total forest reserves of the Komi A, S. S. R.  are 2. 7 billion cubic meters. 

By 1970, the total volume of logging operations there could be brought up to 

(71) 
23 million cubic meters. At the present time, Archangel Oblast, 

which holds first place in the U. S. S. R.  shipments of timber,  ships out 

(71) 
13-14 million metric tons of timber by rail. 

A. 4.3.2.2    West Siberian North 

The west Siberian lowlands have timber reserves over an area exceeding 

-105- 



(7!) 
Z mitliun squ^rr kilomdrr»  tnd «rr rsttmalrd at 8 billion cubic mrlers. 

Fulurr timbrr production could reach 28 million cubic nrters annually. 

Wvsirrn Siberian agncuiturr is limited b\ thr short growing season 

(at the latitude uf Salrhhard it is about 100 days),  insufficient heal,  pro» 

lunged north winds,  and the threat of summrr frost.    Fast-ripsning vartattes 

of cereal crops (winttrr rye. oats,  barley,  and wheat), must fodder crop«, 

potatoes, and vegetables can be grown in the Khanty-Mansi National Obrug. 

Thr total mran ..».n. .1 ftsh catch in the Ob-lrtysh Basin from 199% to 19b4 

was one »third the catch for the U.S.S. B.  and about 70% o( the total catch 

for Stbcrta. 

In the west Stbertan bastn. the largrst city is the metal mtntng center 

of Norilsk.    Salekhard is a river port at the mouth of the Ob and a center 

for the wood industry.    Dudinka is at the mculh of the Yenisev River and 

serves as the port for Norilsk.    Dikion is an island off the mouth of the 

Yemsey and has been used as an anchorage and refueling point for ships 

on the Northern Sea Route.    Igarka on the Yeniaey ts the Isrgrst timber 

center in Siberia. 

A.4.1.2.3     Cantr« I and to »lern Siberian North 

The • rntral and eastern Stbrnan industrial cvnlers consist mainly of 

•mall ports on the ma|or rtwrs emptying mi., the Antic Ocean and 'be 

Mdwslrtal city of Vufcutsk on the Lena Riwr.    Yukulsh is s center for 

coal mining and a natural ga* Held.    Nordvik and Ambarchili are small 

anchorages and iraosshtpment points.    Tifcsi at the m«Hfth of the Lvns River 

.14*. 
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»• Ihr lr«n«»Kipmrnl ^MIAI für «II fwodb catRMg i« b»  •• « I«« Iftw  Y«k<4»k«v« 

A. S. S. R.    Prvrk (700 milr« r«»l| i» ihr ^url <M IM- iifi<«muMi»c rrfto« «4 

W9»l«rm ChiAolkA. 

A.4.3.1        Pro»f«ci» lof Uw fulur« 

t4,n» rnir-i..» m ihc iovtri tmntpmtm Hurth m 104% w*r»l  100 p*rc«*i 

of thr luiltfMt«! uulpul uf 4p«iiir   . •^<rnir«ir.   17. % prt**«t ut titnbm*  «klf»* 

I m«ni«. 12 pc t. mi of lambvr praOucito«. 27. 7 fvrcvMl «I l*v »««»d fNilp. 

10 p»rc«ni of Or fMprr. and 1%. 0 p*rc«M of i».  : ••     *icK. *   '  I» IW 

forr««v«bir fulurr. Ih« Bovtol BwrofvMi North »ill valrnd »!• »fMrciolUAlMa« 

in the timber, pulp and p«p»r. »oodworking. ckrmtcal. f«#l. fiahiat. 

nonl«rrous mrtallurgv. «nd m«chin«'building ••ctor« «nd rttp«nd it» 

•pKtallBAiion in ihr nunium induatry. Spr«ifically, ill«  ArchMigrl 

ObUal »• rsprclrd lo rvtrnd It« •prcwUiMtion in ihv timbrr. pulp «nd 

prprr. woo^rorking, «nd fishing mduMrtr* «nd «n machinr■building: 

a oonfrrrowa mrtallurgy aactor will rmrrgr: and mrtal-working, manufacturing 

of building malrriala, and individual »rcior« oi ihr foud «nd cloihino indugtnag 

«nil bo uiitioiod. 

TKr Murmansk Obla«i I« inlcnsifyini H« «pacialltaiivn in nonfrrrooa 

mriallurgy «nd Ihr chrmical. mtca. iron ora. and ftahing indu«irir«, aa 

wall aa davrloptng maialworking. ihr production of building m«ivrial«. and 

individual ardor« of ihr food and clothing induainr«. 

The Karrlian A.     ?>. B.  undoublrdlv wiU rslrnd Ha aprrtalicalion in 

thr pulp. p«par, woodworking, mica, and fishing induatrirs; machinr« 

•107. 



Mr( 

fW   KM««!  4.1.».«.    lUfcmiM C«fff*Mlt »iM M«**«tfv   •!• ^W|—W 

•a Ik« «tiMWr. |M^» ^•pvr. — <■> r»M^. ««•!. C«V4M* Mart,  *•* «*4 «Ml 

*«•»«• Ml tfl9 ItMMiMi •»« ilHrfllM«! Wmirw,     ptm4mt*i» «I *W«1riC 

pMN *  ••»< IMU4*«« «n«lrrul*.  •• ««ll •• im4ttr%4m*» ••«••'• •! Ik« cMtHfc» 

«Ml tas^ iM^wain* •   «ill «I*« W <i»>|»pt<. 

In «v»i»r« tiWru ••»• HMHI pratfvciian »til («MMHI* •• W r«w m«*« »»•!•. 

kn|K>r«4iiii r»»vnrv* ••» »U A«l«r«l §«•. iimWr. p«M. coal. mm4 IfM «rv. 

Riclk rv^nrv* »«ggvti IH«< tM r«t.o« «nU tp*<i*l*M prim«ril* m llw 

l^utlMcli«« «»«I |MrtMl procwttiti« «f «Ml Md t«». Ill» «lllpmr«! ««4 <K»«nti «I» 

mrchAfilial |irucr**|tic of «Q«tf.  Mtf IM |MriKlMtMC^I M^Mlrf* 

Crnlr«! «lid ***t*tn llbrria art4c*««b«r41t «ill c«<if|i»«Mr ihm mtntlii *•«•* 

pr*Kl««iiun • I nwtifrrrvtM mrul» an« f*iiti»r«U. sucli «• fold. dt«ffH»n«l. I in* 

mi. •     «Mi . ..«I. 

A.4.4 

Th» pupulalion "I Ihr Smriri Arc lie is fr*«l«r by f«r lh«n any «ihrr 

p«ri« of lb« Arcltr *nd is »«Itmalvd lo br «boul 4.) milllofi («c.  rBpUnaiKin 

brluw).     Thl« inrludr» Ih»  nvrr b4«in« 4d|4c< nl lo Ih« «rCIIC COOSlllRr. Mosl 

of Ihr pMpuUiiwn it roncenlr«ird in Ih« Kol« Prnmsul« «nd Whil* Sr« *f*.  *• 
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H*.«n 

t«(M# • •%«*• <»• «•#»« v.^i»au «IHM ••••* 4^«*-  '       * 

t* i« *- . |   M«*. Ij» w — il i* | *•*•« Mi >II All N« MMiilia» •»• MMMk 

TW 11. i. ^ ft. p*pwt »am** m 9*m «rtf *■ ••• * » •« • «•«•»•fc-Hi. a»*** «ft» 

•»««•«»••i»« «■««•*«»• •*« ^fN««*»^»* »« »♦* «»♦4'iftfti^« MI 

I4«mi«**ft o%4».t I 
A. Ii»^»| OftU«• I ^ ^^ |f|| 
•C.,.i   ^   A. ^%. ft f        ^^»^ 
•U*t%    A. %. •   ft | 

M»*««« Nbiha*«| Oft*«« I' Mt 
Ywl»!*—>■»«» MAlMMkAl Oft««« M.tit 
IUMM« ftU«*i M«(t««k«l Oft««« IM.Mi 
T«rm« MUIMMMI Oft««« IIJ 
C*««kfti MAIMMMI Oftr«i 19. 
t.^A. ^%. ft. iift( 
CftvkcM NAita«i«l Okr«g *i.( 

ibftf«m 
li I« ••«.»»••i#d IIMI m ill* mi4>l9ft0(« Ik* U.S.lb IL pupwl«i>«*i M llhp 

•rcltc •»•• • »• «boui 4 % millto«.    Tlit* «m. »«UH I» «h««*« ; pvr*«ni »f 

tfM l«Ul U. ». S. ft. po^utoiM«. 

li it ••lim«l»rf ih«i ih«r» «r» n««rly Mil « millicxi (««ilii«r% 

pvraoiMi«! MI iK» loin«! Arctic Comtnaiid. wllh m*o% «r«t«i«i4 ihr Whiiv Sv« 

«r«« «nd «om» in Norih Stbvrt«. Hu*«!«» rrn«u* IICM«« • li«i milii«r% 

p*f<*\n*l «I lh«ir pUc« of r«cridlm«nl. «rl- ch in itio«! c««r« I» «lu« Ihr 

Sortvi Arctic.    In «Milion. ih«rr Mi probablv «n undrirrmtnrd numbrr ••! 
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***** MtvMt «***»*« M^Mt 
mmmmm m.ttt IIIMIIIIII M,«t 

mm*m •li «Ml 0»4ttM M.ttt 
f«»*«* M.Mt «Mi H.oto 

wi,»t^ «MUM* M.tM 
**%mm *t m totoMMw MbMI 
***** li.Mt «*••** lt«Mt 

M.tM MHM f.Mt 

iüiHüHM •f.ttt RMM MM 
•Mt M.IM tuMmm ».Mt 

mm M.IM CNtMMft I.Mt 
Mmmmtim M.IM f^1fcl>M I.Mt 
NMHr« M.Mt ^l  * 4.Mt 

MlMMM M.Mt Vilyvrtk I.MO 

T«f1t«iPO II. Mt MflftfvM I.Mt 
II. Mt I .r »My« I.Mt 

OMMyMmurifc 10.*»» tat 1.100 

ApMity It.fM OolciiikJM I.Mo 
^1»r,«K« lt.?M vwvnoyvmw 1.IM 

tvlOMTM P.400 MM 1.000 

Oudii*« l>.000 AlUykh« MO 

•MM 17.000 AnlMrchtk too 
t«i«UMrd U.H7 tulun 000 

Nitol U.IOS fiHi«« M 

Mfe 14.100 iUi4Cfiy« too 
P*cn#f>Q# 11.200 BMH too 
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t*m   ****■?> •»«   V.l^^i* • • 

.«1    .      • • ft« «» ftiwfw« It «•* ** 

tW ill lM> »»» %*4 %m§K9lmr »y »>># T>—i»«t>Wrtftft m4 «ifc»f »il 

i«. «pi twi i •^.^.» # »4 pH ••» 'J«»« «»• »•♦»• «4 .• «»* IUI» l^totrfi 

ttr prtrVMMi*  •»«!♦•-• «Ml l«tr|». 

A.4.1.1 Klafft 

MUM «i iHr U.t.A.11. «rciu rtvrr» «rr iMirtgaM* «omv <|I«UA«* I<KU«.4 

l»«rt ..i tHr yv«r.   Th# Ob. Ymitry. «ml Lr»M nvrr» «r« Mivig«hlv «II th« 

• «» iw ihr Tr4ii»*SibrrMn lUtlwav.   Ho»t>«rr. Ihvy «rv frwcrn owr « pood 

purttwfl ul Ihr Vr«r «• Mln»»! '     ' 

Ob ■ 220 «««v« 

Yrnitry • lb* ö»f 

I- • . (upprr •• *< h. .• ■ 220 day» 

llumrr rvthr») • 27% days 

A ranal connvrls Ihr Wh*(r and Baltic •«•« prrmiilmp rtvrr I raffle briwrrti 

Lrmngraci and Archanvrl.    Hivr* and ran«* «kalrrway» arr    •• •! rwlrnaivrly 
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Ul Ik«  U.S.S. R.    •n<| ih. if   iiiiporlaiu •   •• run»l«nlly mc rrafting  •  >•■<-mti 

«ÜV lo  ra   If- 4«1. 

The nvrr« ul Ih»- l'««lw>r.i Basin pruvidt  «-xt •ili-nl walt-rwdv» tur 

nulling limbrr lo pulp mill*.    Thus.   Nur van-Mar on ihf auuthcasl »id«- 

ul Ihe Pechora Rivvr drlla i» * iimlMT purl ul )(r,'w*nli iniporUnct-.    The 

Sibrri«n nvrr« «ft- iMvipablr ihnr enfrt- l« »»^ft   for «tbuut four munlha 

only.    During ihr »inlrr m. MIF -.  when Ihick tec cover» Ihc rivers, over- 

snow vehicles and sledges «re used. 

The river Ireighling will be expanded in the lulurv.    On thr Ob-Irtysh, 

Ihr ireighl in 19B0 li | xprtled lo be 35 milliun meiric Ions,  Ihrer UMM the 

(57) 
presenl figure. This will be due l» Ihr oil and gas development»  in the 

area • 

A.4.S.2 Railroads 

There is m well-developed network oi rsilroad» on the Kola Peninsula 

linking industrial and mining renters.    The principal line rur.s from 

Murmansk to Belumorsk and then lo Leningrad via Petro/avodsk or to 

Moscow via Vologda.    The line extends north and west from Murmansk 

to Nikel.    Branches extend from Olrnegorsk to Monchegorsk,  from Apitttv 

to Kirovsk.  and from Pmoaero lo Kovdor.    Branches al»i> rxtmd to the 

Finnish border. 

In the Pechora basin,  Vorkuta u linked to ihr main U. S. S. R.   ra:lrnad 

network wnh a double-track • I. • .nfied line.    North« ard 'l.e pgilKMi 

cxter.ds to .K- port of Kara on the Arctic coast 'i thv Kar.« N ,i.  '     ' 
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Eastward the railroad CffMMt th<   northern Urals tu Labytnangi,  on the 

lowi-r Ob opposite Salekhard. 

In the Siberian Arctu ,  the only other railroad besides the previously 

mentumed one to L.ib\ tninci >s a short line between Dudinka on the 

Y. nisey River and NorilsK.    A line was started in the early 1950'8 from 

the mouth ot the Ob eastward H Igarka but later abandoned.    Opening of oil 

and ):as fields in this region may force its completion and possible 

MM 
extension to Dudinka. 

A. 4.5.3 Northern Sea Route 

The Northern Sea Route consists of a system of shipping lanes along 

the Arctic coasts of the U. S. S. R.   from the straits between the Barents 

and Kara seas to the Bering Strait.    It ia considered to include extensions 

t<< Murmansk and Archangel at its western end and to Vladivostok at its 

eastern end, as well  is to branches at various ports along the navigable 

rivers flowmit into the Arctic Ocean.    The principal seaports and river 

ports along the route are Naryan-Mar on the Pechora River; Amdcrma 

at the southwestern end of the Kara Sra;   Novyy Port on the Gulf of Ob; 

Salekhard at the mouth of the Ob River;   Oickson,  Dudinka, and Igarka on 

the Yemscy  River;    Nordvik at the southwestern end of the Laptev Sea; 

Tiksi near the delta of the Lena River; Kn-sty on the Kolyma River; and 

AmLarchik and Pevek at tie southern part of the East Sib«-nan Sea. 

The roate is open up to ISO days per year with the *id of icebreakers 

and the melting of fast tee by means of dark powder sprinkled on it.    Two 
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new nuclear-powered icebreakers of the Lenin class are to be added in the 

early 1970'8; they are expected to prolong the shipping season to about 

(90) six months. The route is now also open to foreign commerce on pay- 

ment of a fee for icebreaker and pilot services. 

The Northern Sea Route is of economic and strategic importance to 

the U.S.S. R.      Freighting is estimated at 1. 5 to 2 million metric tons, 

carried by 200-300 ships.  ' 9'   Most freighting is not a through trip,  but 

rather from Murmansk to destinations on the eastern portion of the route. 

Ships engaged in local traffic are often able to make two to three round 

trips a season.    The major freighting item is timber exported from Igarka 

on the Yenisey (reaching 188,000 standards in 129 ships in 1967) *Sq'   Next 

is probably bringing general freight to Dudinka (for No-ilsk) and to Pevek 

and the Kolma River for mining settlements inland.    The through route 

from west to east is used to transfer Navy ships such as cruisers,  destroyers, 

and submarines to and from bases in the Far East. 

A.4.S.4        Air Routes 

The major air routes in !he U.S. 5. R.  arctic arc shown in Figure 38. 

(90.70,89)   The larger cities such as Murmansk,  Archangel. Vorkuta, and 

Norilsk have scheduled air service.   Airlines,  following the major rivers, 

generally link all the main towns and mining centers.    Special airlifts are 

common in more important research areas. 
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A.4. 5.5 Pipelines 

Figure 39 shows the principal U. S. S. R.   gas fields and pipelines. 

A 48-inch diameter gas pipeline connected the Vuktyl gas field in western 

Siberia to the Moscow-Leningrad gas transmission system in 1969. By 

the late TO's the west Siberian gas may be handled by transmission mains 

of 80-inch and 100-inch lines to European Russia,  the Baltic area,   Belorussia, 

the Urals,  and the Ukraine and to countries of Eastern Europe.  '  '' 

In eastern Siberia the natural gas field at Tas-Tumus is connected to 

Yakutsk via a 250-mile-long pipeline to fuel a gas-turbine power station.   The 

pipeline has been extended to the Bestyakh-Pokrovsk area for  supplying gas 

to cement and lumber plants. 

Another gas pipeline is the 170-mile line built eastward across the 

Yenisey River to the mining center of Norilsk. 

In all. 39, 000 miles of pipelines have been built to carry gas from the 

remote areas.    Additional pipelines are planned.and the western Siberia 

throughput is expected to more than double by 1975.  ''Z'   It has recently 

(April 1971) been reported that Belgium may join three other west European 

countries as importers of Siberian natural gas.    Austria,  Italy, and West 

Germany are expected to begin receiving pipeline deliveries from Russia in 

(92) 1973,  and Belgium may extend the line from West Germany.  *    ' Soviet 

officials contend that the large-diameter pipelines can deliver Siberian gas . 

(83) X to the Moscow area at one-third the cost of bringing in coal by railroad.   *     ' 

They also contend that west Siberian crude oil, even in the first stages of I 

development,  including high capital outlays, will cost about the same as 
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Volga-Ural oil,  which is  the  cheapest obtainable  now. (83) 

The U.S. S. R.    has about 18,000 miles of oil pipelines. 
(76) 
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A.5 SCANDINAVIAN ARCTIC RESOURCES 

Arctic Scandinavia,   if it were defined as the Scandinavian areas 

nortn ot 60   , would embrace nearly all of Norway,   Sweden,   and Finland, 

I plus all of Greenland and Iceland.    If the Arctic Circle is used as the 

boundary,  most of Sweden,   Norway,  and Finland fall south of the boundary 

I and all of Iceland,  and a part of southern Greenland albo become non-arctic. 

If the criterion used is not a parallel of latitude but an area with "arctic 

conditions", primarily determined by water navigation conditions and 

accessability,  the only parts of Scandinavia that are actually "arctic" are 

large parts of Greenland and Svaibard.    Sweden,   Finland,  and Norway are 

in effect sub-arctic in parts and otherwise are temperate Bone areas; made 

so by the Gulf Stream.    However,   for purposes of thts study the areas 

north of the Arctic Circle will be given attention   as  arctic  areas, 

A.5.1 Norway 

Figure 40 shows the towns,   railroads, and motor roads of arctic 

Scandinavia, including parts of Norway, Sw/eden and Finland.   The Norway 

area is generally mountainous, with an elevated coast strongly dissected 

by fjords and inlets.    The  coast and ports are ice-free. 

Most of the population is concentrated in small towns along the coast 

or at the base of the fjords.    About 100, 000 of Norway's total population of 

3. 7 million live in North Norway.    Three towns,   Bod^,   Narvik,   and Tromsfli 

have populations above 10, 000. 
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A. 5.1.1 Mineral Resources 

Aside from the fisheries off the coast,   the major products of north 

Norway are minerals,  of which iron ore is the most significant.    Norway's 

largest mine is located just south of Kirkenes ,     at the Norwegian-Soviet 

border on the Barents Sea.    The mine produces about 2. 5 million tons of 

iron concentrates per year.  *""' Reserves are estimated at about 500 million 

tons of low grade ore.    The concentrates are shipped from Kirkenes    port, 

mainly to smelters in western Europe.    A much greater quantity of iron 

ore is shipped from the port of Narvik, which receives the ore via railroad 

from the richer north-Sweden mines.    The rail-port capacity is 20 million 

tons per year. 

At Sulitjelma,  close to the Swedish border,  there is a mining center 

producing copper concentrates and pyrites.    The nearby port of Bod^ serves 

as a shipping point. 

Like the other Scandinavian countries,  Norway has been considered poor 

in energy minerals.    The only resource of even local consequences has been 

the coal on Svalbard.    Production there has ranged upward of     450,000 tons 

annually, but 1968 production was down to 330,000 tons.'?  'Recently the 

Norwegian energy-resource picture has changed,  due to the discovery of 

important oil resources by a Phillips consortium in the Norwegian sector 

of the North Sea.    The so-called Ekofisk find is i bout to begin production 

from a field which is 150 miles off the southwest Norwegian coast.    The 

(94) 
field's potential has been estimated as more than 1 billion barrels. The 

Ekofisk find is not in the Arctic, but the find has spurred anew the exploration 

in the Norwegian continental shelf areas between 62° and 83° which includes 
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Svalbard (the Spitsbi-rgen Archipelago).    Exploration has previously 

been conducted in the Spitsbergen area by U.S.,   Norwegian,   Soviet, 

and French concerns since I960,  thus far without success.    Soviet interests 

have also operated coal mines on what, until recently, was called West 

Spitsbergen (See Figure  41,       map of Svalbard) 

A. 5.1.2 Transportation 

Motor roads connect all major towns on the mainland of north Norway. 

Roads also connect to southern Norway, to northern Finland , and, via Finland, 

to Sweden.    A railroad extends from southern Norway to Bode/ and the 

mining area of Sulitjelma, but does not reach the Narvik-Troms^ -Hammerfest- j 

Kirkenes    towns farther north.    Narvik is connected by rail to the iron mines 

in northern Sweden.    Airports exist at Kirkenea,  Lakselv,  Hammerfest, 

and Bod^.    Coastal    steamers make daily calls at all the larger and most 

of the smaller port towns from Bod6 around North Cape to Kirkenes. 

Meteorological stations are located on the Norwegian island of Jan Maye.i, 

300 miles northeast of Iceland,  and on Bear Island,  located between North 

Norway and Spitsbergen. 

A. 5.2 Sweden 

One-seventh of Sweden lies north of the Arctic Circle,    All the area is 

inland,  with mountains to the north and west.    The largest town is the iron 
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district town ol Kiruna.  with a population of 28,000.     The permanent 

population of arctic Sweden is estimated at 80,000,   of a national total 

of nearly 8 million.     An ESRO Sounding Rocket Launching Range has 

been active near Kiruna sines 1966.    It is operated by the European Space i 

Research Organization. 

A. 5.2.1 Minerals 

The principal mineral resource of arctic Sweden is iron ore, which 

has been mined actively since 1888.    Estimated reserves are 3,000 million 

(94) 
tons. Ore fields are concentrated around Kiruna,  Gallivare,  and 

Malmbergct.    Total capacity of the pelletizing plants in these areas is 4. 4 

million tons per year.    Most of the iron-rich ore is exported - 25 million 

tons in 1968.    Northern Sweden also has copper resources,  recently being 

developed.    In 1968 the Boliden Company opened an open-pit mine at Aitik, 10 

miles southeast of Gallivare.    The 1968 production was 18,200 tons of metal 

content ore.    Production is scheduled to reach 2 million tons per year, which 

will yield 20-35 tons of concentrate, and 10,000 tons of recoverable cupper.^ ' 

Total reserves are estimated at 30 million tons open-pit,  and 120 million 

tons additional underground to a depth of 300 meters.    The metal ore is said 

to extend to a depth of 600 meters (nearly 2000 feet).  *^" 

A. 5.2.2 Hydroelectric Power 

There are several hydroelectric power plants in arctic Sweden, 

including those at Porjus     and  Harspranget.     The  economic hydroelectric 
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potential of the area is estimated at 14, 600 million kilowatt  houis per 

year.  ^  *   A one million kilowatt station is planned near the  Norwegian 

border,   in the vicinity of Narvik. 

A. 5.2.3        Transportation 

Two Swedish railroads penetrate the Sweden arctic - the Malmbanen 

I railroad, which opened in 1888,  and extends to the Norwegian port of 

Narvik, and the Inland railroad, which connects with southern Sweden. 

Good motor roads link the towns in the eastern half of arctic Sweden and 

connect with those to the south and to Finland.    Kiruna has regular air 

service to southern Sweden. 

A.5.3 Fir, .and 

One-quarter of Finland is located north of the Arctic Circle.    Most of 

the area is lowland.    The major town,  Rovaniemi, which is actually just 

south of the Circle, has a population of about 25,000.    Lesser towns are 

Kemijarvi,  Ivalo and Sodankyla.    Arctic Finland has about 50.000 people, 

out of a total population above 4. 5 million. 

A. 5.3.1        Minerals 

Iron ore mining is an important industry in arctic Finland.    Mines are 

located in the region of Kemijarvi and Kolari.    Cobalt and gold have been 

found in the Kittila region,  and limestone is found near Kolari.  *    '   Finland lost 
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A.I.I«!      : •* «tfio-u«^» 

O**» r«il*M4 9m%m*4» Ira«« II*«««!««»! iliH>«ili IM muunt •»«•• et 

IU«n|««%! 4M ttmm o« I« IW U.S»!» IL korArr, »Mr» U «onnr^u «ruh thm 

KoU iVntii»^ io<rt«i rail ««iwrli.   A tvcoAd railrtMd «mviid« from •outlurni 

fintaiitf to KoUti, and RovAiuvmi •!•«. h«» a raU connactton with Oulu and 

potnia farther aoulli.   Motor roada connaci all Ftnntah towna and ihrra are 

I*«  road connvctiona arith Aaradan, thraa with Norway, and tour with the 

U.S.S.R.    Fovantemi and Ivalo have airline aervtce with Kirkene« at the 

•aalern tip of north Norway and with HcUtnki, in southern Finland. 

Cunnrctiona with Murmanak have alto existed. 
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^•M irtffirifti' 

•• I» «»«MI i* f *#••« 41  '^'  Kl»*i ■! Of»*«Ua* i» «IM«« ll»« Ar«IM Circl« 

Mi M« «MIM ttMMdkMM. mH* Mly lft p^rcMM    I ihm l«i»tf lc« If««. '       Mo«i 

•I uw ^..»ij«!!— . 40.MO 9l Ik« taMl el «bo« 10.000 - liv«« «lout ih« 

•****>*••* «4«^ • f in« v*u«i4. «K*r» iK»«r«rm«r (K««fi curr«nu mod«r«i« • ■« 

A.ft.4.1        Tr«n«poruuon 

Con««nlion«l ro«ds between towns do not exist in arctic Greenland, and 

special snow vehicles are used for military transport on the ice cap. 

Shipping along the east coast is limited by ice condition« to a short summer 

season.     However, the west coast season is much longer for all shipping. 

Several airfields exist:   at Thule Air Base in Northwest Greenland, Sonore 

Stromfjord (SonderstromJ on the west coast, Nord at the Arctic Ocean, 

Mestersvig on the east coast, and Godthaab and Julianehaab on the southwest 

coast.    The world's longest commercial helicopter routes are maintained 

between Sondrektoven,   Goothaab and Sukkertoppen. 

A. 5.4.2 Minerals 

Cryolite has been mined in southwest Greenland at Ivigtut for over 

a century.    At one time the production was of major economic importance, with 
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FIGURE   42      MAP OF GREENLAND 
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r*p»fl* ««««Ml «0*0 iK.^«,Aa iMi* p0f tmmt&lTt* mm* it mom clo*»4. 

•»»ovvr.   U it Ik« only |»U.« m IIM «rorl4. ««id« from ih» t. x S. H.. «rlMr« 

« Urf« dvpuiii of ihr minvrol  iuio b»vn lound.   Ii« mat» uo« it «• « flu« in 

Ih« «locirolytii proctoo of «lummum »mvlttng. 

However, GreenUnd has not lost tu int«r«tt .»• a poiential source of 

valuable minerals.   As    may be noted     Greenland is by far the largest 
(98) 

unexplored land mass in the world that is politically stable. Its 

geologic, climatic and logistic characteristics are similar to much of arctic 

Canada, and It  is not too difficult to explore.    The   recently organ- 

ized    Geological Survey of Greenland (GGU) has set out to map the country 

and to advise the Danish Government on minerals  policy.    The entire island 

has now been mapped.    Prospecting will follow on much of the 185, 000 square 

miles that are uncovered coastal region.    The minerals most anticipated are 

oil,  gas, lead and zinc.    A small lead-zinc deposit was,  in fact, profitably 

I mined in the early 1950's    near    Masters Veg on the east coast.    Inland from 

there a large molybdenum deposit was discovered.    On the west coast a 

small amount of low-grade coal has been mined from time to time. 

Exploration during the past ten years   has been mainly under Canadian 

consortiums.    Cominco,  Ltd. ,  controls a lead-zinc deposit on the west 

(98) 
coast.    A production decision is anticipated by 1975. Another Canadian 

company (Renzy Mines) has a 2,000 square mile concession at Fiskenaesset, 

on the southwest coast, which is being examined for copper-nickel-platinum 

sulphide mineralization.    Low grade chromite, which carries vanadium and 

rutile.  has also been found in the area.    Possibilities of nickel, magneilte. 

kimcrlite. and fluonte. have also been reported.    A Danish company has 
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i UfK«' »•»»•«•••i»»fi «H» ihr «•«•! riM«i. fmbr4rinii « molybdrnum ditcovtry. 

A l«iW'|ir4d«' Mr-uuum mini*raliii«tiun un IK« tuulh lip u( Cri*?nUnd is alto 

bv|lt|t lt«VfHll|t4ll-d. 

Thr moHt r.-ii-ni tnlcniic littorvtt han drvelopt-d in the off-shore 

areas alonn the w. >i cuast.wt-re non-exclusive exploration concessions 

have boon granted ic»r limited terms of years.    The search is for    oil and 

gas, and ilsu tor radioactive materials.    A Canadian consortium is 

reported to be spending $2. 3 million in oil exploration in northern Greenland 

(99) 
in 1971. The oil company interest reportedly centers on the waters of4" 

west Greenland,   all the way from the northeast corner of Baffin Bay 

(Thule Area) into Labrador Sea    off Cape Farvel at the southern tip of 

Greenland. U.S.  and European companies have flown aero-magnetic 

surveys, and seismic surveys have been made by two U.S.   companies. 'iUÜ' 

There are 19 companies holding licenses and Activity has    been spurred 

by the explorations begun in 1969 in the Canadian Arctic archipelago and by the 

Baffin Bay geophysical investigations.    The Danish Government has not yet 

decided on granting exclusive exploration or exploitation rights.    A 

committee   has been drawing up recommendations to the Government. 

The ultimate res.ill of the current activities off the west coast cannot 

yet be forecast.    Dnlht c is said to be    at It ast three or four years away. 

A mu--year delay in the award of concessions is anticipated, and 1974 

is (he earliest Urget date for drilling.        '   Weather, wind, fog. and ice 

are pointed lo as ncitalivt- (actors which will also increase costs.    Until 

m«*rr is known about thr potential oil «nd «as trapped in the area, onv 

• ^n r.nlv n<>tr that Ihr drgree of oil company inlrresl suftgesl« Ihr possibtltly 

of luiihrr grrai prirolrunt finds in the Grrrnland - Ca«trm Canada regioa 
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••f ihr Arctic.    The Aldnkfln, nurih Canadi«n. «nd Stbf ri«n oil rcsourcrs 

that are aivuminR «uc h ureat potential importancv. may be« found to 

extend also into the Greenland - northeastern - Canada area. 
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'•.i.     ESTIMATE OF FUTURE SIGNIFICANCE OF ARCTIC RESOURCES 

A.6.1 The less I'romismg Arctic Resources 

IS4- 

ll 

: 

i 

i 

It' peoplr are a lignilicant resource, the Arctic gives little promise 

nf developing that resource in great quantity.    The foregoing references 

to arctic-area populations have simply emphasized the well-known fact 

that those areas, with few exceptions,  are very thinly populated.    Large- | 

scale resource development may change this situation to some degree, 

but it appears now that the most probable types of new economic activity 

in the Arctic for the next few decades will be precisely those that will | 

require little manpower.    Migration to the Arctic of many people for 

other purposes cannot now be foreseen. 

Agriculture is now a distantly minor activity in most arctic areas,  and I 

relative costs-uf-production factors,  probably much more than higher trans- 

portation costs,  are unlikely to change the picture. 

Forest resources are absent, or nearly so, from nearly all the genuinely | 

arctic areas,  although the Arctic Circle is not in all circumpolar area» north 

ol the tree line.    Ni-vrrtheless.  the relatively slow growth of trees in the 

fnrctlrd ar< tic areas, the l.ighrr rusts of production and transportation in 

most arctic places,  and the fact that forests are a renewable resource at 

lower coal in lower latitudes, are among the imporlanl (actors thai point to 

very minor forestrv dr%«<lopm«ni m most of the Arcttc. 

Indusiry. racrpi (or sprTiallv industries efKouraged bv the prvtvnre 

o( a «uttable resourcv, ta not now predictable (or much o( the Arrltc. 

I 
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Aaidr (rum nalivr craft». Ihr rott factor again it    ditcuuragins. 

«■ is Oi. Ubiir «upply now and probably in ihv future.    Efforts by ihr 

Soviets and others to attrart or force labor tniu the hmh arctic have 

had some,  but not major succesves. 

The fishing industry is a widespread and,  in some waters,   relatively 

lucrative activity in the Arctic.    It is yet to be established,  however,   that 

the Arctic Ocean is teeming with edible fish,  and most of the present  fish 

catch,  except for example in the Gulf Stream waters north of Norway and 

the western U. S. S, R. , is in the somewhat warmer waters south of the 

Arctic.   The fishing industry prospects for most of the Arctic must probably 

be rated as unpromising. 

A.6.2 Arctic Resources of Possible or Likely Economic or Strategic 
Significance 

The circumpolar,  country by country,   survey has indicated the 

presence of considerable deposits in the arctic of numerous hard minerals, 

including metals.    It has also been noted that while some of the hard minerals 

are now boing produced in the Arctic,  and that production in most arctic 

areas is on the rise, the picture is not uniform.    High production costs, 

labor scarcity, transportation problem»,and, in general.lower costs of 

production outside the Arctic must give rise to caution in predicting 

rfurp increases   in hard metal production across the board in the arctic 

deposits.    Heavy world demands may have the effect of raising prices on 

some mineral« to the point where arctic production becomes profitable. 

Copper may well become auch a mineral, and copper deposit« of greater 

or lesser amoynts have been located, if not yet developed, in circumpolar 
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drtat tuch at Aldtlcd. Canada. Scandinavia, and iha U.S.S.U. won oca 

deposits. i( accessible, and rich enough in iron, may also be found 

worthy ol development.  The Mary River deposit on Baffin Island is a 

good example of an extensive, rich, ore deposit.   The predicted cum- 

ulative demands lor iron and steel in the U.S. for the next three decades 

indicate, as stated, that the known reserves are 40 percent sh >ri, and 

that the supply will need to be augmented.   It Is unlikely, under these 

circumstances, that the 139 million tons of Baffin Island iron ore which 

grades 68 percent iron or better, will be left in the ground.   Soviet 

deposits at Olenegorsk, with even greater total reserves will probable 

also be developed, although the Soviet iron ore production is now con- 

centrated in the Ukraine and othei non-arctic areas (see Figure 30). 

Norway and Sweden are producing, and will undoubtedly continue to 

produce, from their northern iron mines, but conditions there are not 

really arctic, and the transportation problem is a simple one, due to 

the ice-free ports of Narvik and Kirkenes close at hand. I 

Other minerals that may well develop more critical supply and 

demand situations have also been noted, such as mercury, lead and 

zinc, tin, tungsten, fluorite, and perhaps gold.   The near-term pros- 

pects for significant increases in production from most arctic areas 

that have deposits of the named metals are not great.   During the period 

1980 to 2000, however, the demand curve may well cause more intense 

production efforts.   Technological advances both in mining and in trans- 

portation techniques could also lower production and delivery costs to 

the point where arctic-situated mines become competitive.   Again, the 

comparative richness of the ores becomes a factor. 

I 

1 
] 
i 
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«cf OMAI »f »«r» m*ul* IK«I m«t b«. ..««»* «»«ntli«««»!     TW «ffft« 

.—r. i..», ,.i MCII mrldilt I» nol l«Wii in lliit •« .'h 

A High U.S. offict«! hat rvcmlly IUIMI IKAI ih» U.S. dvivwiiid lor 

primary minrrAlt will inrrvu« four-fold by Ih« y«ar 2000.   Specifically, h« 

predicted • slK-fold dornend for aluminum and iiianium, a four-fold demand 

for tungsten and vanadium, a three-foid demand for copper, »and and 

gravel, beryllium, fluorine, tantalum, and magneitum, and a doubling 

(ISIL 
of demand for many others.        tven if his prediction is borne out, the 

prospect that many of the arctic area mineral deposits will lie undeveloped does 

not entirely disappear, but for some key metals major development may well 

occur if the projection is moved to the year 2000. 

A.6.3 Arctic Resources Likely to be of Major Significance - Energy Fuels 

A. 6.3.1 Presently Known Resources and Consumption Rates 

Although we have noted coal deposits in Alaska, arctic U. S. S, R. , and 

in a few other arctic locations, the prospect that arctic coal will become 

a critical energy resource to be developed in the next three decades appears 

to be extremely dim.    The fact that more inexpensively accessible deposits 

are reckoned as sufficient to meet world needs for upward of 400 years is 

likely to offer little prospect for major arctic production.    A reservation should 

be made, however, that a country such as Japan,  greatly in need of energy 

fuels, may find it advantageous to bargain for the production of some coal 

from easily accessible Alaska, just as Norway has produced some coal in 

Spitsbergen. 
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n* 9M9w toiw wiMiii im mm mm ■>iif ir i» mm $m* 

^     o. «^«««1011 Um IM ItMHWI Ml I*» 4**o»«lt dl «I «Ü fW 

HAW fcW»« lOMM II* i»** Mtf MNIll Call«v«t«««IIOM M «II OOfliMMM* »*«i 

ui ««ny pMit et in» COMI«! mbtdi. in« rut w «forW pfodnciioii 
ttli 

and contumpiion will b« MM Iron T«bK»t 10. 11 Md II. II.        ll «ill 

u» noted ih«i world oil production hM incrMMd. durinq iho ptrted 

19S9-1969. from tliqhily ovor on« billion tons • yoor to ovor two billion 

(1.012.2 million to 2.14S.0 million).   During ih« tamo ponod. contump- 

non. naturally, ha« also doubled, going Irom 20.07 million barrels por 

day to 42.55 million barrel«.   The rate of increaae. both in production 

and consumption, during that perloü has been greater in the Eastern 

Hemisphere than in the Western, both production and consumption having 

tripled in the Eastern Hemisphere during the decade. 

Table 14 shows would "published proved" oil reserves at the end 

(82) 
of 1969. Figure 43 shows the relative production on a regional basis, 

and the world total for the decade 1959-1969, as well as the world re- 

serves at the beginning and end of that decade. 

Several facts of interest to the evaluation of potential arctic re- 

serves as a factor in the energy picture during the coming decades 

emerge from the recent production and reserve tables.   It should be noted 

at the outset that the statistics given are either recorded historical facts, 

in the case of production figures, or, on the "reserves" side are of 

"published proved" reserves only.   On the other hand, most of the 
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Table 11 

T 

World Oil Production 

THOUSAND BAHHtLa   -/MILI 

I 

i J 

COUNTRY/AREA 

NORTH AMERICA 

U.S.A. 

Crude Oil 

Natural Gas Liquids 

Canada 

Mexico 

TOTAL NORTH AMERICA 

CARIBBEAN 

Venezuela 

Colombia 

Trinidad 

IOTA    CARRIBEAN AREA 

SOUTH AMERICA 

Argentina 

Brazil 

Others 

TOTAL SOUTH AMERICA 

TOTAL WESTERN HEMISPHERE 

WESTERN EUROPE" 

France 

W, Germany 

Austria 

Others 

TOTAL WESTERN EUROPE 

MIDDLE EAST 

Iran 

Iraq 

Kuwait 

Neutral Zone 

Qatar 

Saudi Arabia 

Abu Dhabi 

Others 

TOTAL MIDDLE EAST 

AFRICA 

Algeria 

Libya 

Other North Africa 

Nigeria 

Other West Africa 

TOTAL AFRICA 

SOUTH EAST ASIA 

Indonesia 

Other S E. Asia 

TOTAL SOUTH EAST ASIA 

USSR 

EASTERN EUROPE AND CHINA 

OTHER EASTERN HEMISPHERE 

TOTAL EASTERN_HEMISPHERE_ 

WORLD (oxel U S S R . { Europe. China) 

WORLD 

'Greater than 300°/° 
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Consumption and Trade 
Table 12 

*••» C»«^» 
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COUNTRY AREA •M* mmi 
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Cm idj 41 •l M M If tt u M « u M • ir. • « •• 
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Ml M IM #M» 91 MOwl I bmtm bmfi* MA^IIf.   fM If ^0 

M l«l MUM» MtM«.       ^MOM lt^««MMU*f. 

tMl'.tMIUM 
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«4 • Ikib tMl < M>1 W* f««««llt >tM—I»« MMI «W 0«^ «41 « 

!*• Ultlt ■ iMf «*!• «I «a If«*«» H>tt •» K99. «I • to««l ««*l« *m<m***0Hmm 

•4 4»% Mlta« lwti«l*. (>#,>   WH* 0.& »f ■>< WMf^W MMi» *• Af««W 

>«tiiiMi>< tuMniwui tot tft« •»«• *»«««% r»**«« N 

•MMMII ral» «I O*^ Ml IMI—iii  i *••« ••n04 ««••*«»t«tit. 

«I MM »«••• *• Nit •»#«<•«• 1* iiw P»«li Bnwrp—i nitol ImfM«« 

•• «to P>ptHMMto «« ik» lM«n«f m It* Trwto*AU*%« lhf»lito 

«••^••4 * • wwtnu«  KM V«i. IWtol «—i—pitoO «I ft.ft üUMI w. ..i. 

OHtof Ifttft »«iMMto» Ito«» r—g»< ii»««>rft to afcwt iwft toiilto» fttfrvl*. TW 

to»*« ••«*•*• «M »«wto«*« to* IM «*«•«»»•*«•« ff«M»    «tor»« (H« ^»f«««! to 

W|««  !►#•♦ p»f«««l pi*« «»«ff. 

Tto pn«»ttltol II« lb totofM ♦• «relic »•• tto4t to «»miUflt ««Ui*« to 

f»r»|rcf to« » —mwpttiito rato« «M •• IW fc—ft itftfttm •••* »to«ft to totM 

!.««*•   4rm«M4«.     A« M« too* *o«»4.   V. *. pW»< #•• totoffVM M «f 

I«*MM i. iftTi««t. «to^i m iraito*«« n.   v. ft. «««•«mf«to* w i«»t 

»«• M to*^i f»r««to. to « totol »I li inllto* «« flv   ««4 prmm*4 

« IftiNI of U.ft> *«toftT CM—npiiii».   A#aKi.  »I Ito liT» *•«• «4 V. ft ci 
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«W «MM «InMrIf »»♦*♦ ii»r<i|» •»« ••» fl ••«•••I ' ««•■ Ml t« •• •»••    ' •»« 

^•Ml   tt*t tu44t m*'»*m U n* Wtmpm mt Al**i«.    f»f •#«•»• Nktffc MfWf 
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C*»  Prsrrvr*  Eslim^lr«: 

Low High 

Urciic AU.h* SI trtl cu ft 

J00 ml cu ft 

432 tril cu ft 

725 tril cu ft         1 

Arctic North Amvnc« IOIAI SSI trtl cu (i 1157 tril cu ft         1 

V« K4*» t»o*m4 ihAl ihc U. S. plum C«A«diAn MUIUAI rat« of consumption of 

«Hi «atf $•• A« of l#70 ••• in tho or dor of 6 billion terrol» of oll nnd 2S trillion 

c« A of §••.    V« IMVO noiod *Uo thol tho If 70 provod U.S. rotarvo« were 

7 mad II T*of • ro«po«ii««l|r.   Applytaf tho lower ••timntod arctic potential 

ISM trOUon c« ti of gn» Md M btllton bnrroU of oil) to tho 1970 

•f «owoumpiion would oniond IIM Nortli Amoncnn oil «upply by «ight years. 

m4 MM fda aapply by Id »••»•.   Om ibo baais of tha high rasarvo asttmaiss. 

b—sasf« ttw at^pliaa wasld bo oatoodad by 51 yaars for oil a«d by 50 yaars 

tor »••.    Baa« aasammg parcaotaga aaaaal Haas ü consamptioa si S-5 parcant, 

19 oamwias aroold bs sallMiaat !• cwvar f. a, «nd Canadian con- 

i «• I» f »i }• ««< ibraa dacados.    Tba Narfb Aman can arctic addition to 

ba naarly 40 parcant of that dho praaaai iwial world prooad oil rasaraas 

A.0.1.9 »• to-« tbdl Ma» Affact tba ftdta of Stelle Pvtvolavii Daralopmanl 

aiio^pl la Nracasl tba faiara signifKanca af tba truly snormoua 

pslraliw* »aaaraaa «f Iba amic ragman fassianing that tba high 

•aiwnaioa at* |a«4iliad} nMarall« bacamas a raaaltant of pr«»|acting past trsnda 

and •4fUmt f<vf «MMipoiod pooaiMo and prsbabla changos thai may affact that 
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projection. 

(104) 
Looking at the past,  one may  note the following basic facts: 

1.    World energy consumption has more than doubled during the ^bO's. 

I.    Nearly alJ the increase has been met by oil and gas. 

3. Oil is the most important fuel.    This applies to nearly all countries. 

4. There is a close relationship between energy consumption and the 

per-capita gross national product. 

5. Nuclear power has not lived up to earlier promise.    Technical and 

cost problems have retarded development. 

Based largely on past,  and especially on more recent trends,   it has 

been forecast that world energy demands will increase perhaps two-fold 

by 1980 and three-fold before the year 2000.    In recent year.« it has been 

preduled.  also,  that the additional energy,  at least for 1970-1985 period, 

will be met mainly by gas and oil.  However,  such long-term forecasts 

become of dubious value unless critical evaluation is made of factors that 

may < n,< r the picture to change past trends.    A number of such possible 

factor« may be noted and given some preliminary assessment.    Some of 

the farlurs may become so during the 70*8,  and others may have a later 

brannti on the oil and gas demands. 

1. Rate of population growth may or may not be slowed. 

2. The ralr of economic growth in "underdeveloped" areas in terms of 

its effect on energy demand may be a factor, even though the growth 

is in turn dependent on energy input. 

3. The timing ot solutions to technical problems,  some of them 

relating to more efficient utilization and recovery of energy supplies, and 
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especially to the problems of generating electricity economically by 

nuclear power, will affect the projection. 

4. The rate of discovery of oil and gas, and the comparable costs of 

retrieval with other sources of energy will be a major economic 

factor. 

5. The extent to which the world coal reserves do or do not gain com- 

petitive status will be significant, because the coal reserves, as has 

been noted,  are so enormous. 

6. Both the technology and the economics of extracting energy fuels 

from tar sands and shales will affect the development of conventional 

petroleum sources. 

7. The success and timing of "new" sources of energy such as solar 

power, tides, and geothermal energy in the types on which the 

President asked for speeded up research in his June 4, 1971 

announcement on a long-range energy program, may affect the projection 

but are difficult to access now. ' 

8. Further advances in the technology and engineering of economical,  safe, 

transportation of energy fuels, including gas and oil, will be a factor 

especially significant in the Arctic. 

9. It is not beyond the realm of possibility that the demands for pollution 

control and environmental protection will have a considerable bearing 

on the demands for oil.    Changes in power-using vehicles and machinery 

may be made which throw emphasis to non-polluting or less pollutant 

forms of energy (solar, tidal, and geothermal energy have been 

mentioned as possible examples). 

10.      The effective demand for energy may also be affected by social, 

economic, or political maladjustments,   such as economic depressions, 
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wars,  blockades,  etc. ,  which might cither increase or diminish demands 

for certain fuels in certain areas. 

A  6.3.4 Some Tentative General Conclusions 

The evaluation of the significance, from 1971 to the year 2000, of the 

arctic petroleum resources must begin with two estimates; one,  the 

estimate of the actual reserves that exist in the Arctic as recoverable 

amounts; and, two,  the trend of effective demands for arctic gas and oil, 

which in turn will be affected by several economic factors such as the 

comp  utive position of oil and gas, both in terms of comparative cost and 

comparative utility and on social acceptability.    In this connection,  it has 

been stated that "Of all the items that affect any development in the Arctic, 

and especially the development of natural resources in the regions,  trans- 

(106) 
portation is easily the most important. At the moment that statement 

has merit;   but by 1985 or 1990 there may be other factors that are equally 

or more critically important. 

Whereas most of the above listed contingencies or variables may well 

warrant great caution in forecasting for the last two decades of the century, 

one may doubt whether the factors which now provide the impetus for explora- 

tion of arctic oil and gas will seriously reduce that impetus before 1980,  and 

perhaps not even after that.    Coal,  as a competitor,has been losing ground to oil 

and gas.    In 1970,  76 percent of U.S. energy came from oil and gas,as 

compared with 20 percent from coal.    In the U.S. S. B.   the trend has been 

similar in recent years.     The President has now   requested intensified develop- 

ment work on fast-breeder reactors, with the aim of completing a demon- 
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i-mph««tc<-d). tn « r. «mi inlrnriv«.  Dr. !«»*• Hi Itel«*.   C*»*i*ir«lM)« ««4 ••" 

N.iiion«l Cn« rgf I'*.lie» Cutnmiitr«. «hKli H*4 fc»»» «wmMni«*»«h*»4 *«ui 

appumtcd b> thv SrcrrUry «I IK«  l«M«rH»r. ^r*«if i«4 ••*• §••« i*••#»» 

rractor« would noc prudurr • gr»«l lacr««*« in a««l««f ««««it «afil 

4flcr 1490.     Hr «uitllrslrd   thdt      |0      prrrvM of <i««rlr«r •fm««r«4 vtwf gf 

was a posstblv *»iim«lr for IffO.'     'Amf »wbtUoit«! <K*ot« »• world 

«•nt-rgy sourrvt prior lo 1990 cattnoi now br pr»dici»d wiifc «ft« «««olidrrM*. 

{ Thr total problem of forvcaatmg lb» oil «ttwiitoo «•• ro«aMlt 

II Ott Huinii.ir./. d by thr Smior Editor of ihm Oil »ad Ca« J-wrwal a» Mlvoci 

r   The 1970*• promise lo bacoma on» vast Iwadacba for U«t> 

industry and government planners in trying lo foracaal oil «id gas n»»ds. 

"A rapidly changing life style in America, and ibe «roowig coaser* 

for the environment already are playing bob wtlh old melboda and lo«ls of 

forecasting. 

"Add to this an increasing inefficiency MI Ibe nation's use of 

energy and a tightening »upply.    That means trouble Bui at leaal 

one factor appears pretty certain!   Oil will be the dominant »«^plter of a 

■ urge of U.S. energy demand tn the decade." 

If forecasting the energy picture for the 1970*s is difficult, lb« 

problem of looking ahead to the 1980% and 1990's is far greater.    Dr.  Paul 

McCracken, Chairman of the Preaident's Council of {Economic  Adeiaers bas 

pointed  out an additional worrisome fact about the energy Situation - tba 

fact that since 1966 the total energy consumption« has risen more rapidly 
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4 tm%m$ «ft** ft »*•• %»«# t«f§«lt *«*fM«»**M« §•• *»• v^ü **!**♦««» 

mtUmtßim** *m mimkm • »»»■>—«at »♦! f»* if ii 1 *« MMtM MkxMft B^l **i 

«MMfl^tlM1 «•«!« «»Hit fii AMI tot §9mt»m9 fi«* fPMi «*#'•• #*•*#• «# MM 

'!««•• «r*.   Ii **** • «««fM Ai*«M« «Mi C«aM«iiM' #•««#%«« *r* »^itlH 

«Htl*«., ii««! tori •-■Ii •«•«ilf »pwt tonlij—■■!. ••*• I***,* «♦«*,.. ■ 
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