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PREFACE

Arctic Alaska's enormous reserves of coal may be a significant future
source of energy for the United States and for the Pacific Basin. Large
coal reserves have been developed in the Arctic portions of Eurasia, where
problems similar to those that might be encountered in Alaska have‘already
been faced. To determine the nature of these problems, the Mineral Industry
Research Laboratory of the University of Alaska, under contract S 0133057
with the U.8. Bureau of Mines, has conducted a literature review on Eur-
asian coal mining and visited mines in Svalbard, Norway; Carmacks, Y.T.;
aﬁd Healy, Alaska. The purpose was to establish the most significant phy-
sical constraints which may apply to the eventual development of Northwestern
Arctic Alaskan coal.

The report concludes that special conditions and circumstances exdist
in Arctic Alaska which may require modifications of standard U.S5. mine
regulations and practices, and cautions against an automatic transferral
of existing practices and procedures from the "Lower Forty-eight" to Arctic
Alaska. In addition, the report particularly stresses the néed for a
broad view of the trade-offs involved in establishing mine ventilation,
dust suppression and water supply requirements, and suggests that no solu-
tion presently exists for the problem of dust suppression in waterless
low humidity Arctic coal mines employing extremely high speed mining machin-
ery, With this exception, however, coal mining on both a large and a
small scale exists in the Eurasian Arctic under conditions similar to those

found in Arctic Alaska, indicating that the technical problems involved



have been largely solved.

The report is short and presents the coﬁclusions which are supported
by the information given in the five appendices, each of which is designed to
be read separately. Appendix A presents the relevant information obtained
on Svalbard and Greenland including a report on the visit there in the
summer of 1974. Appendix B presents data on northern coal mining in the
USSR and summarizes what is known about the physical constraints encountered
by the Russians in developing coal mines in Arctic Siberia. Appendix C
provides the trip reports and other data obtained on the mining operations
at Healy, Alaska, and Carmacks, Y.T.

Appendix D contains two translated bibliographies of Russian language
materials and is designed for the reader who does not understand Russian
but wishes to know the nature of the literature available, This appendix

builds upon the information provided in the Summary Report of June, 1974,

Finally, Appendix E presents an analysis of the probable relation-
ships that could exist between the enviromment and the development of
large~scale Arctic coal mining. It is designed to provide some general
guidelines for use in planning the future development of Arctic Alaskan
coal.

The reader interested only in the conclusions may restrict himself
to the Report and, if he desires more infdrmation, Appendix E. The reader
concernad about the supporting materialg used to reach the conclusions
should consult Appendices A, B and C. The reader interested in the Russian
language literature should review Appendix D.

The report was written by Dr. Donald F. Lynch, with support from
Dr. Ernest N. Wolff and Dr. Nils I. Johansen. Appendix A was written by
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Dr. Lynch with support from Dr, Chris Lambert, Jr., and Dr. Johansen.
Appendix B was written by Pr., Lynch. Appendix C was written by Dr. Wolff
with Dr. Lynch and Mr. John Wiebmer; Appendix D was written by Mr. Niall
C. Lynch, Appendix E was written by Dr. Lynch with assistance from
Dr. Johansen. Much of the literature search and some of the translations

were done by Mr. Adadu Yemane and Mr. Sverre S. Pedersen.

iii



ACKNOWLEDGMENTS

Considerable advice and assistance were received from a great
many people, including representatives of the Norwegian Government, the
Greenland Technical Organization, Store Norske Spitsbergen Kulkompani
A/S, Arktik Ugol', Greenland Geological Survey, the Tantalus Butte
Coal Company, the Usibelli Coal Company, A/S Noxrsk Polar Navigasjon, and
other organizations. The study team wishes particularly to record its
gratitude to the Norwegian engineers and miners on Svalbard for their
cooperation and friendship and to the engineers of Arktik Ugol' for their
cooperation and openness in providing information. Tt does appear that
miners, regardless of naticnality, have a common bond of friendship which

transcends political barriers.

iv



CONTENTS

PREFACE

ACKNOWLEDGEMENTS

CONTENTS

INTRODUCTION
Glossary of Some Norwegilan and Russian Words

SUMMARY REPORT
General; Comstraints Associlated with Permafrost; Constraints
Related to Remoteness; Environmental Protection; Factors
Common to the Major Arctic Coal Mines Studied; Conclusions;
Recommendations.

APPENDIX A:
Constraints on Coal Mining in Svalbard and Greenland
(Svalbard Coal Mining; Report on a Visit to Vest Spitsbergen,
Svalbard, Coal Mines, August, 1974; Svalbard Envirommental
Regulations; Greenland Coal Mining; Abstract of Svalbards
Historie)}.

APPENDIX B:
Constraints on Coal Mining in the Soviet North, (General;
The Pechora Coal Basini The Noril'sk Deposit: Coal Mines
of the Lena Basin; Permafrost Coal Mining in the Northeastern
USSR)

APPENDIX C:

Constraints on Coal Mining in Healy, Alaska, and Carmacks, Y.T.

Page

iv

30

89

153



APPENDIX D: 174
Bibliography of Russian Language Sources (Partial
Bibliography of Russian Language Materials; Translation
of a Bibliography of Arctic Coal Mining Received from the
Library of the Academy of Sciences of the USSR, Leningrad)

APPENDIX E: | 203
The Interaction of Large-Scale Alaskan Coal Mining and the
Environment (General; Alaskan Arctic Mining/Fnvironment
Interaction; Mine Development.Planning Phases; Arctic Mining/
Physical Enviromment Interaction; Arctic Mining/Local Human
Enviromment Interaction; Arctic Mining and the Nation;

Environmental Factors Matrix)

vi



INTRODUCTION

Coal mining in the Arctic faces some special conditions and circum—
stances which may require modification of standard U.S. mine practices and
regulations., Practices normal in the "Lower. Forty-eight" cannot be auto-
matically transferred to Arctic Alaska without considerable xisk. This
conclusion was reached by study of Arctic coal mining experiences in
Eurasia where problems similar to those in Alaska exist.

Eurasian Arctic coal mining has a long history, and coal has been pro-
duced on a large scale for at least forty years. The méjor producer is in
the Pechora Basin, at the northern edge of the Ural Mountains. Smaller but
still significant mines exist on the island of Vest Spitsbergen in the Sval-
bard Archipelago, near Noril'sk in the upper Yenisey Basin, in Yakutiya
and Magadan, and elsewhere. Coal is also produced at Healy, near Fairbanks,
Alaska, and at Carmacks in Canada's Yukon Territory. (See figures ». 5A, B, C)

The envirommental constraints on Arctic coal mining derive from the
cold climate, high winds, permanently frozen nature of the rocks, and
remoteness from major centers of population. These physical factors can
have a major influence on roof support, ventilation, mine openings, dust
generation and suppression, ccal washing, productivity and supplies. In
addition, they also impact on surface works, transportation, and personmel.

Mining in permafrost, properly conducted, has some advantages, among
them being the fact that the low temperatures assist in maintaining roof
stability and that abandoned shafts can simply be flooded with water to
prevent surface subsidence.

A critical problem area for large scale surface and underground mining



will be dust suppression in an essentially waterless mine. Under winter
conditions, dust generation is significantly increased, while the use of
water for dust suppression may be impractical.

Another problem area is ventilation. High ventilation requirements
may increase dust generation, reduce worker comfort, and create difficulties
in roof control and mine shaft stability,

The report presents major conclusions, while the appendices provide the
supporting information. FEach appendix is designed to be read separately.
Appendix A discusses Svalbard, B - Siberia, C - Healy, Alaska, and Carmacks, Y.T.

Svalbard, located due North of Horway along the 78th parallel of latitude,
has a history of ceoal mining going back to the begioning of this century;
Coal has been mined by companies organized by Americans, Dutch interests,
Swedes, Norwegians and Russians. At present the only coal mining operations
are those of the Russians and the Norwegians, both of whom appear to be
planning significant future expansion of underground mining.

Ceoal mining, while old in Siberia, began to be economically significant
in the early 1930s with the development of the Pechora coal basin, located
to the north of the Ural mountains. This basin today produces about 20
million tons of high grade coal used for metallurgical and thermal purposes
in the energy deficient northern part of European Russia. Miﬁing in Noril'sk
near the mouth of the Yenisey River, has also been significant for support
of the town and nickel mining and refining in this area. The Lena Basin,
one of the greatest potential coal basins in the world, has been developed
primarily for local use, but may have a significant future as a major pro-
ducer of coal for eastern Siberia and the Soviet Far East.

Healy, Alaska, has been the site of coal mining for about fifty years,

and today provides a significant poftion of the energy consumed in the
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electricity producing plants in Fairbanks, Alaska. Carmacks, Y.T., has
been the site of coal mining since the Yukon river boat days when it served’

thé véssels moving from Whitéhorse to Dawéon éﬁd farfhér doﬁgstfeam: 'Todéy
it produces coal for use in tHe ore reduction plants at Faro;

The literature available in Russian; while eﬁtensive; focuses more on
technical problems affecting specific mines rather than on the constraints
affecting Arctic coal mining. Finding truly relevant information has not,

therefore, been an easy task. The sources known are presented in Appendix D

and in the Preliminary Report, June, 1974.

The future of Arctic Alaskan coal will depend upon a variety of factors,
and these will include the relationship of mining to the local physical and
human environment. Appendix E assesses this relationship in terms of the
environment's impact on possible mining operations and the impact of mining
on the enviromment. The relationships are assessed in terms of Eurasian
Arctic experiences and knowledge of Alaska.

The study has stressed establishing those factors which make Arctic
coal mining different from coal mining in other parts of the world. The
Report and all the appendices focus on this prohlem rather than on a general
description of the history and peculiarities of individual mining operations
and national policies toward coal mining. Successful cperations will con-
sider these factors carefully in all stages of mine planning, development
and operations. Failure to do so may cause costly mistakes. ' The low temper-—
atures and humidities and deeply frozen ground of Arctic Alagka are special
and unique pheromena not found in other American coal basins. Ignoring the
constraints they represent on mining activities can cause e%treme diffi-
culties. TUtilization of the positive aspects of cold and permafrost can;
on the other hand, result in significant advantages both in miniﬁg opérations

and environmental protection.



Glossary of Some Norwegian and Riussidn Words

8 letter not found in the Englisﬁ alphabet (= aa)
Arkrik Arctic

A/S Inc,

berg mountain

bidrn bear

bukta the bay

by town

byen the town

dal valley

dalen the valley

Dkr. Danske kromer (1 Danish krome. = U.S. $.18)
fiord fiord

fjorden the fjoxd

grén(n) green

gruve mine

gruven, gruva the mine

havn, hamn harbor

hval whale

kompani company

kull (kul) coal

neget the peninsula

Nkr. Norske kroner (1 Norwegian krone = U.S. §.20)

ny : new



0, ¢

by

dya

stor, store
sund

talik

vag

ugol’

letter not found in the English alphabet (= oe)
island

the island

great, greater

sound {(body of water)

unfrozen (thawed) area within permafrost

the bay, the inlet

coal (Russian)
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1.0 GENERAL

The Mineral Industry Research Laboratory of the University of Alaska,
under contract S 0133057 with the U.S. Bureau of Mines, has completed a
review of Eurasian Arctic mining practices to determine the constraints
which may exist on coal mining in northwestern Arctic Alaska. This report
summarizes the literature search and visits to coal mines in Svalbard,
Norway; Healy, Alaska; and Carmacks, Y.T. The information developed
through the literature search and visits is presented in Appendices A, B,

C, and D, which support this report.

While the amount of information available on Eurasian coal mining is
extensive, most of it is not relevant to establishing constraints on the
development of Arctic Alaskan coal. Every mine, every mining operation and
organization is so different from every other in terms of history, political
environment, physical environment, economic facfors, and geologic charactexr—
istics that isolating common factors has been difficult.

This report focuses on those factors which can be said to be unique
to Arctic coal mining. It focuses on four major constraints: permafrost,
frozen water, low ambient air temperature, and remoteness. It also addresses
the question of envirommental protection, the political and economic factors

common to the mines studied, and presents conclusions and recommendations.

2.0 CONSTRAINTS ON MINING OF NORTHWESTERN ALASKAN COAL

The coal deposits of northwest Alaska lie in the western portions of the
Arctic Coastal Plain and the foothills of the Brooks Range. The geneval
area can be divided into three geographic reéions: the west Arctic, the
Colville Region, and the east Arctic. The west Arctic has pérmafrost
extending to depths of 1,000 - 1,300 feet, mean annual precipitation of 10 -

20 inches, and a mean daily January temperature of approximately -17°F.
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The Colville region has permafrost about 1;000 feet in depth;'a méan
Janﬁary daily témperature of -11°F, and avéfaéé én;uél précipitéﬁiog of 4
to & inches.

The east Arctic has a similar environment; with a mean Janéary dail&
temperature of —-17°F.

In this general area, summers are extremely short and cool (with -
extreme recoxrded highs of +75 to +81°F, and ektreme winter lows of -57°F).
Wind chill factors of —-60°F are frequent in winter;

The Arctic coastal plain is characterized by a water logged landscape
with polygonal ground and thaw lakes. Periglacial phenomena are characteristic
of the foothills of the Brooks Range.

Based on the information obtained on Eurasian Arctic coal mines; the’
principal physical constraints on coal mining in Northwest Alaska are the
following:

~ problems of mining in permanently frozen ground, including ice
rich permafrost;

— preblems of using water for dust suppression at temperatures below
freezing;

- problems of operating in an environment with low external ambient
air temperatures;

- problems of remoteness.

Most published information available concerns underground rather than
surface mining. Surface mining problems for a small scale sub-Arctic oper-
ation appear to have been solved at the Usibelli Coal Mine near Healy, Alaska.
Here dipping seams are being mined under permafrost conditions in a region

of extremely low winter wind-chill.
Soviet and Norwegian experiences in undergrouﬁd Arctic coal mining demon-—
strate that the problems invelved have been soclved for mining techniques that

do not employ extremely high speed machinexy.
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Coal has been transported by sea in the Arctic for commercial purposes
since the Beginniﬁg of this century, Long ovérlaﬁd haﬁlagé of coal iﬁ sigﬁim
ficant quantities has been practiced in the Soviet Arctic siﬁcé the éarly 1930's.

Significant future development of Arctic coal appears to be plannad by
both the Neorwegians on Svalbard, and the Soviets, including particularly the’
Yakutsk - Lena Basin region.

Based on historical data and current realities there is no over-riding
technical reason, except transportation, why Northwestern Alaskan coal could
not be utilized at the present time with technologies and mining practices
that are already known and in operation. According to all the information

collected, these technologies and mining practices are without exception

modifications of those employed in non—arctic environments.

3.0 CONSTRAINTS ASSOCIATED WITE PERMAFROST -

The effect of permafrost on excavations is a function of temperature
and ice content. Cold permafrost is considerably stronger than that with
a temperature just below freezing. Ice~xrich permafrost is mére likely to
cause difficulties than ice-free pernafrost. Permafrost with temperatures
near thawing is very liable to contain water and thawed areas and to be
very weak. Some Russian sources have placed a rock temperature of -1.3°C
as a critical lower boundary at which thawing problems develop in coal mines.

3.1 Roof Support

Alr entering an opening, regardless of external ambient air temperature,
attains the temperature of the surrounding rock after penetrating a distance
of from 1nN0 to 1,000 meters, depending on the ambient air temperature and
volume of air. For this reason, the greatest difficulties in roof support

are encountered near the opening. Various means of roof support near the
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entries have been adopted. These include roof bolts and nets immediately
aftér the miné ig opened; eﬁtensive wood or concreté‘éﬁpport for permaneﬁt
openings; and drill holés alongsidé pérma&éﬁt vertiéél éhéffs £o réﬁoﬁé
excess heat.

The problems are both short term and long term. The short term problems
are sloughing, rock fall, and the possibility; in some rock types aﬁd éoﬁditioﬁs;
of sudden rock falls due to spalling. At temperatures close to freezing;
the interstitial water may be unfrozen or is easily thawed, resulting in the
possibility of sudden roof collapse.

The long term problem is a continuation of the above and, in addition;
damage and misallignment of permanent shafts due to ground deformatioﬁ.

Long term thawing may also introduce water into the shaft.

Beyond the limits of temperature change, roof support problems appear
to be minimal. Retaining the rock temperature, particularly in the -2 to
~10°C range, obviates the need in many workings for roof support.

3.2 Ventilation

No evidence was found of efforts to chill external air before its entry
into coal mines. Instead, roof support is provided in areas where warm air
is introduced, hence that are subject te thawing. In some Soviet coal mines
incoming mine air is heated when the external ambient air-temperature is
-20°C or lower in order to improve worker comfort underground. Some mines
evidently also maintain above freezing temperatures in winter to facilitate
the use of water for dust control., The short term effect of this practice
does mnot appear to cause undue roof support problems, however, the long term
effect may be serious. 1In some Soviet Arctic coal mines, this practice may
contribute to increasing the chances of spontaneous ignition of underground

coal, sudden roof collapse, and shaft deformation and cracking.
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The Soviet mines employ (or are considering employing) heating devices
along the working faces in retreat 1oﬂg wall miﬁiné tﬁ iﬁprové workér comfort.
Since in retreat longwall mining the roof ié alléwéd ﬁo collépsé; this practice
would apmear to have no short term effects on roof éuppart; Thé long term
effect would depend on the amount of total héat géﬁérated aﬁd its efféct on
rock temperature in the openings which would have comparatively long lives.

It probably is minimal. Permafrost roofs are more difficult to collapse than
non-frozen roofs in longwall mining.

Coal mine ventilation requirements depend on government mine safety codes,
which take into account worker safety and comfort, gas content and dust con—
tent. For Arctic mining, particularly with high speed automatic equipment,
the safety code regarding ventilation should take the following additional

factors into comsideration:

substantial increases in dust generation in winter as compared to summer.

-~ changes in rock temperature in permanent or semi-permanent under-
ground excavations.

-~ creation of wind-chill along the working face.

-~ tendency of high velocity ventilation to spread coal dust under winter,
low humidity conditions.

—~ effect of high ventilation requirements on causing oxidation of mine
rock which in turm can cause an increase in both rock temperature and

the potential for smontaneous ignition.

— suhlimation of ice in ice-bound rock or soil with associated disinte-
gration.

None of the mines studied had a ventilation requirement along the working
face sufficient to create serious wind-chill, but this could become a'problem
with higher requirements. The normal Furasian Arctic practice appears to

be a wind velocity across the face of 1L - 3 ft./sec.
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3.3 Constraints Assoclated with Frozen Water

By definition rock témperatures in permafrost are below freézing. This
fuﬁdamental fact iﬁdicates that watef will freézé; and this iﬁ tﬁré can cause
eﬁtreme difficulties.

The use of large amounts of water for dust suppression will soak the
coal which will then freeze. If it does not freeze undergroand; it will
certainly freeze at the normzl low winter temperatures encouﬁfered above
ground. In addition, frozen water can create extremely unpleasant working
conditions and even the hazard of frost bite. Ice can also clog nozzles,
conveyors and other equipment. Some Soviet coal mines in the Arctic are pro-
vided with a circulating heated water supply system used both for dust sup-
pression and for fire fighting. This appears; however, to be a relatively
high cost manner of providing water. Sometimes a lanolin type solution or an
electrolyte is added to heated water used to suppress dust. The water is
sprayed through nozzles along the working face and at selected transfer voints.
However, it seems that the maximum amount of water which coal can accept
without freezing into unworkable lumps is about 8%.

Water is usually not available in large amounts in permafrost coal mines,
and where it does occur it 1s more likely to be a hazard rather than an
asset. In some circumstances cracks or fissures may exist which can cause
sudder inflows of water from the surface. Water is often available under the
permafrost, so that mining below the permafrost level is similar to that in
non~permafrost areas. However, employment of water in large quantities for
dust suppression in sub-permafrost mines will lead to difficulties in coal

transport and storage particularly above ground under winter conditions.

The Soviets employ large vacuum systems rather than water at underground

coal transfer points in order to remove dust. Various vacuum systems are
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also employed for drilling equipment. Mine safety regulations regarding

water supply requirements for dust suppression in permafrost mining will

have to recognize the serious difficulties involved im utilizing water.
There is no known system for dust suppression in permafrost mines for high

speed mining equipment, with the possible exception of air vacuums.
3.4 Constraints Associated with Low Ambient Air Temperatures

The coal mining constraints associated with low external ambient air
temperatures for surface works are essentially the same as those for any
other Arctic operation. Vehicles utilized for hauling wet coal require some
means of preventing the coal from freezing to the truck bed. Covering the bed
with anti-freeze has been done, and another technique employed is to heat
the bed of the truck with vehicle eéhaust.

In the Arctie, even in areas with low snowfall, coal storage areas are
bound to have snow. When the snow melts, it adds water to the coal which
may freeze, particularly in the lower portions of the piie. The upper
portion of the pilé must be removed and the lower allowed to thaw in the
summer, be re-classified, and then shipped.

Appropriate measures for preventing permafrost degradation under surface
structures need to be taken, as well as measures for insuring vehicle oper—
ation. The latter may include providing heated warm-up sheds as well as
low temperature lubrication. Soviet practice appears to include the utili-
zation of thermo-pane windows, insulation, and double heaters in the vehicle
cabs. Low winter temperatures increase the failure rate of rippers many
fold in surface mines.

3.5 Coal Washing

Frozen water and low air temperatures make wet coal washing impossible.

The Norwegian Store Norske Spitsbergen Kulkompani A/S utilizes an air washing
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plant at its mines in angygarbyen, Svalbard. This plant separates coal
from roék with % rising ailr currént; poorly gofféd'éoél is reéyéléd: ‘Tn
addition; limited hand picking is utilizéd at thé miﬁé opeﬁiﬁg énd speéial
magnetic devices are used to remove metal objects from the coal entering the
washing plant. A limited amount of coal is washed by water during the
summer months at the Usibelldi Mine, at Healy, Alaska. The Norwegian Kings
Bay Kulkompani A/S built a water washing plant for summer time operation at
their mine in Ny Aalesund, Svalbard. However, the plant was not operated
for very long due to a catastrophe at the mine.

The literature consulted on the Soviet Arctic did not indicate that
coal washing is practiced. There are references to coal benefication instal-
lations in Vorkuta, but the sources provide few detgils.

Conceptually, a water washing plant for winter operation in the Arctic
is possible. The plant would need to be heated, and the coal dried after
washing in order to prevent freezing in the coal storage piles. The
Norwegian Store Norske Spitsbergen Kulkompani A/S may perhaps be planning
such an installation at its proposed coal mine in Svea, Svalbard. However;
ne detailed studies of either a technical or economic nature were found
regarding this possibility.

The trade-off between the cost of winter coal washing and tramsportation
without washing appear to favour the latter as far as the Soviets are con-
cerned, and the former as far as the Norwegians are concerned. ( See p. 50) A
trade~off study on this problem for northwest Alaska would appear appropriate.
4.0 CONSTRAINTS RELATED TO REMOTENESS

4.1 Small Scale Local Mining

Low temperatures and remoteness are often cited as the major constraints

on any type of operation in the Worth. While low temperatures can be
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measured, remoteness exists basically in terms of transportatioﬁ costs;
1oca11y-availablé resoﬁrcés; and labor problems."THESé iﬁ tﬁr; aéé in largé
part a reflection of the'objéctives of the'énterpfiée énd the'tééhﬁoloéy
emploved. A coal mine in the Arctic employing solely locally availablé
resources including labor, and supplying a local market is ﬁot, théréforé;
remote. A mine which relies on external resources and shinps to a distant
market is, on the other hand, remote. Both types exist in the Arctic.

Qutdligssat in Greenland was a wet, underground coal mine employing
relatively simple technology and native laboxr. It produced house heating
coal for the settlements in Greenland. Supervisory personnel from Scotland
were engaged as was a British consultant firm, under the overall management
of an engineer in Copenhagen. 7The principal difficulties encountered were
fires in the coal storage area caused by lack of safety consciousness on
the part of some employees and underground drainage problems. The Danish
government cleosed both the mine and the associated settlement in the early
1970"s arguing that oil could be imported at less cost than local coal could
be mined. Subsequent unanticipated increases in petroleum costs may, in
retrospect, have made the coal mine more cost effective than it appeared “
at the time.

Small scale coal production for thermal uses has been undertaken in
Yakutia, in the Lena Basin. According to the descriptive material available,
these mines employ (or employed in the last decade) rather simple mining
techniques and were justified on the basis of the high cost of importing fuel
for small settlements.

The coal mine at Carmacks, Y.T., utilizes primarily native laboxr and

relatively unsophisticated techniques, to produce coal for the concentrate
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dryer at the Anvil Mine, 100 miles away on the backbaul for concentrate
trucks. Immédiate éupply needs are évidenfly satisfiéd‘fr&m é%éilablé stores
in Whitehorse, Y.T. althoﬁéh special inventory ﬂeédé ﬁﬁsf éémé f%oﬁ southérh
Canada or the United States,

The Usibelli operation at Healy employs sophisticate& surfacé equipment
and appears able to obtain needed supplies from Fairbanks or Séattle without
undue difficulty. This mine enjoys the advantage of utilizing an infra-
structure (Alaska Railroad and Parks Highway and other services) whose costs
are not borne by the mining company and also a secure market in supplying
interior Alaska power plants.

In all of these cases, labor turnover appears not to be an overly serious
problem. Some of the mines have the difficulty of high agbsentee rates among
Jocal employees. One solution to this difficulty has been to have large
numbers of individuals on call able to £ill in for someone who is absent.

The small coal mine, relying in large part on local labor, an available
infrastructure, relatively simple mining technology, and a local market is
still a characteristic of the North. The salient requirements for such an

operation include:

a secure, local market, in which the locally produced coal will
be preferred either for economic or political reasons.

- an adequate and already available infrastructure.
- a reasonably stable local labor force.

- a salary or wage arrangement suitable to local conditions (e.g., in
some cases an hourly rather than bonus rate of pay).

- a geologic situation which creates safe working conditions and is
suitable to unsophisticated mining methods (e.g., low gas or no gas
seams close to the surface, stable roofs, no need for coal washing,
simple ventilation, low probabilities of rock burst, little or no
water problem, etc.).
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Whether or not these conditions may exist in Northwest Alaska is beyond
the purvue of this study. They may be partially fulfilled in Northwest
Alaska near the larger villages, where infrastructure might consist of a few

miles of road and where a market might exist were the coal produced at a

low cost.

4,2 large Scale Mining for Export

The main function of the coal mines in Svalbard and the Pechora Basin
is the long distance export of coal for thermal or metallurgical purposes.

The Pechora mines have an amnual production in excess of 20,000,000 tons per
year.

These mines are charged with most of the infrastructure costs associated
with the development of transportation, surface facilities, worker settle-
ments, safety, medical care, etc. The Soviet mines on Svalbard even print
theilr own money. This circumstance is vastly different from that in wmore
developed areas of the world where government organizations and not the mining
operations are charged with the costs of maintaining settlements, human welfare,
and a significant portion of building and maintaining an infrastructure.

Development and operation of these mines have been justified for political
and strategic reasons. In addition, however, the argument is also made that
in,spite of higher costs due to remoteness, they remain competitive econom—

7
ically with alterative sources of supply. The economic attractiveness in
turn is based upon superior coal and/or low real extraction costs due to
favorable geology.

4.3 Worker Morale

Both the Soviets and the Norwegians pay a premium to their coal miners
in the North. This probably gives these miners an average wage rate 50 to
100% higher than in more developed areas. In addition, both appear to

have a large labox turnover at the end of each working season. Evidently
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the majorilty of miners leave after two years of work, The limited literature
available is ﬁot adeéﬁété to détérmiﬁe WBéther'o£ sét tﬁiS.&ﬁfn;v;r has a
serious efféct oﬁ worker saféty. Thé litératﬁré availéble 6n mo;ale: absén—
teeism, alcoholism, and other symptoms of social or personal disorder due to
employment in the remote Arctic is inadequate. The MIRL team that visited
Svalbard found no evidence of any serious morale problems amoﬁg the Norwégian
miners there. No evidence regarding the Soviet miners has been found; evidently
worker morale likewise is not a great problem with them.

On this point, the reader should be cautioned that a settlement in the
north which is closed to much outside contact during a large portion of the
yvear may have fewer social problems than one which is open. At 1east; this
viewpoint was expressed by several Norwegilans in Longyearbyen, Svalbaxd.

With the opening of the new airport in Longyvearbyen, which will permit air

travel year around, one might anticlpate an increase in worker morale problems.

4.4 Productivity

While again no hard data are available, there would appear to be diffi-
culties in training new workers especially for underground operations with a
100% turnover every two vears. Also, there are indications that productivity
declines during the onset of the summer vacation period and remains signifi-
cantly lower in summer than in winter. Sovilet practice appears to be to
employ miners in the Arctic already experienced in other coal mines. This
reduces on—-site training time. Highlproductivity resulting from mechanization
can contribute substantially to the competitiveness of Arctic coal. This
seems to be the épproach taken by the Soviet coal mines in the Pechora Basin.

The social climate that would prevail in the development of northwesterﬁ

Alaska coal would be significantly different from that on Svalbard or in
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northern Eurasia, so that comparisons probably cannot be carried very far.
Metal mines in the Yukon Territory appear to have significantly higher labor
turnover rates than coal mines in Svalbard, the Soviet North, Healy and
Carmacks. Large scale coal mining in northwest Alaska may have to develop

a labor system which accepts either high labor turnover or frequent absen-—
teeism or perhaps both. 1If a stable labor force is desired, then the
factors involved should be clearly analyzed in advance.

4.5 Supplies, Spare Parts Inventory

The mining situations studied are so different from one ancther that
determining the additionmal requirements of an Arctic location as compared to
a location in a developed region is difficult. The Soviet mines which are
supplied by sea during the summer montbs carry a full year's supply of most
items. There are no quantitative data on the Pechora basin supply pattern,
but the Soviet custom is to maintain large supply inventories and to conduct
major repair work at the mine site., Likewise both the Norwegians at Svalbard
and the Alaskan mine at Healy maintain mechanics and a significant spare parts
inventory for the repair of surface transport equipment.

For northwest Alaska, with its short shipping season, one would anticipate
that most bulk cargo would need to be brought in during the summer. Storage
facilities adequate for a year's bulk supplies would therefore be necessary.
Standardization of equipment, including surface vehicles (the Norwegians on
Svalbard use primarily Volkswagens), would ease the supply problem. TIn Alaska,
however, air cargo service is available from Fairbanks to Anchorage. Neither
the Norwegian nor the Soviet coal mines appear to rely on this mode of trans—
portation to any significant degree. In Alaska, however, this mode is more
traditional and the capabilities much greater.

5.0 ENVIRONMENTAL PROTECTION

The question of envirommental protection was not part of the study contract.
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Information on this subject in the Soviet literature onm coal mining is scarce.
The Norwegians have recently begun enforcing a stringent enviro;mental
proteétioﬁ codé.for Svalbard which does ﬁot; howevér: appéar aé.yét to have
had a significant impéct oﬁ coal miniﬁé opéraéi&n;.

Environmental degradation associated with Svalbard coal miniﬁg appeats
largely limited to:

=~ an o0ld burning gob pile near Barentsburg;

- 0ld wooden structures and mining timbers scattered about
mined-out areas;

~ some difficulties in the disposal of settlement trash.

Interestingly, the literature searched contained no reference to acid
mine water drainage problems in the Soviet Arctic or in Svalbard. No acid
mine water drainage was observed on Svalbard. While not studiéd; ﬁo.water
pollution problem associated with either the Russian or Norwegian coal mines’
was observed.

Surface collapse (subsidence) is not referenced as a problem in the
literature. There is no evidence of subsidence on Svalbard. Underground
mines in permafrost areas are not likely to collapse very quickly due to the
frozen nature of the rock. A simple procedure for maintaining unused mine
excavations in their original condition is to fill them with water which
then freezes back. This happened in the old Swedish mine workings at Svea,
where a mine fire in the late 1920's was suppressed with water. Subsequentlyl
the mines were closed. When the mine was opened again in the early 1970's,
the frozen water was still in the tunnels, and according to wverbal comments,
the excavations were in their original form. The rock temperature was
significantly higher than normal, due evidently to retained heat from the
old fire and possibly to heat given off by the water during freezing. This
same phenomenon of water freezing in mine openings is well k%own in old placer

drift mines in Alaska, and in the Elsa-Kenc area of the Yukon Territory.
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The envirommental effect of surface mining at Healy and, but to a much
smaller degree; at Carmacké; is best studied by~obserﬁati9ﬁ. The’dégréé of
damage cértainly appears to be quite limifed aﬁd; ig ﬁhe'apiniég of the '
research team, not to have any significant long-term effécts; M though
impossible to return the pits to the original contour at Healy; fertilizing
and seeding have been successful in producing a stable, pleasiﬁg eﬂviroﬁment.

Environmental codes for coal mining in Northwest Alaska should take into
consideration the behavior of the frozen ground, which could easily be an
advantage as far as preventing long-term, envircmmental degradation. Although
surface melting of ground ice may result in gullying, at least until the ice
has all melted, subsidence due to underground workings can be minimized. In
this connection, it should be noted that areas overlying old underground
placer mines in Alaska often show subsidence. This could have been avoided
if the drifts had been flooded.

The effect of large-scale surface coal mining in northwest Alaska would,
of necessity, have to be the subject of a special study. The available
Eurasian literature does not seem to provide much guidance. Conversations
with individuals on this matter suggest certain somewhat obvious conclusions:
surface mining will require the least labox and material input and be the
most cost-effective mining technique, but the one which will cause the most
environmental change. The damage would involve primarily the destruction of
the surface vegetation and changes in the surficial configuration of the
ground; acid water drainage will probably not be a factor in Alaska.

Underground mining would probably cause the least environmental changes.
It has the advantage in the Arctic that surface collapse can be prevented or
minimized quite easily, and that working conditions may be from a temperature

standpoint more comfortable. However, underground mining is more expensive.
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Future study of potential coal mining in northwest Alaska should not
preclude underground mining. The' trade-off between underground and surface
mining should include environmental parameters. It is alse probable that
the first coal mine in Northwest Alaska will be a small one to provide
fuel for a small village. An underground mine would obviate the operation of
an an open pit during the winter or the stockpiling of coal mined during a
summer open pit operation. Studies should also include the utilization of
low temperatures and frozen water in maintaining the natural environment.
In addition, environmental protection requirements developed elsewhere should
be carefully reviewed before being applied to Northwest Alaska, because in
some cases they may not be serious problems in the Arctic, e.g., acid mine
water drainage and surface collapse, while other requirements may need more
consideration (melting ground ice, ete.).
6.0 FACTORS COMMON TO THE MAJOR ARCTIC COAL MINES STUDIED
The major mining areas studied include the Vorkuta—-Pechera Basin, the
basins of Yakutia, and the Norwegian and Soviet mines on Vest Spitsbergen,
Svalbard. ©Each of these operations has the following common characteristics.
- Each utilizes what is essentially "free" land. The Soviets are paying
some fees for leasing mining lands, but these do not appear to be a
high cost dtem. The Norwegian claims are extensive and do not involve
significant financial expenditures. In the USSR, land is owned by
the government and does not represent a financial cost item.
— Each is directly or indirectly supported by its government. Whether or
not these mines are operating at an "economic" loss or gain is to a
degree irrelevant, since they all rely on government financial support.
Each argues that its operation is in fact cost-effective and profitable,

and developing countervailing arguments would seem to be futile.

~ Each has a major long—term, secure market for its product, one essenti-
ally guaranteed.

-~ Viewed from an American viewpoint, each also has a political justi-
fication. The Norwegian mines contribute substantially to economic
development in Northern Norway, constitute the only significant coal
mining in Norway, and establish and maintain a visible and politically
significant presence in Svalbard. The same can be said for the Soviet
mines on Svalbard. In addition, there would appear to be no significant
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domestic alternative to them as suppliers of coal to Murmansk and
Archangel. The Pechora basin produces a meeded, high grade metal—
lurgical coal for use in northwestern Russia and hiStorically has been
a major source of ccal.for this region. Its major competitor is coal
from the Donbas, a basin with a large local market and cone which is
characterized by high cost deep underground mining. The Yakut mines
(Lena Basin) are only now coming under significant development,
primarily for a local market.

-~ The alternative fuel for thermal uses in each case would probably be
petroleum. The alternative sources for metallurgical coals may in
fact be more expensive and politically less reliable.

- Each is located in a permafrost region. However, many of the Soviet

mines in Pechora (and one in Svalbard) have penetrated below the
permafrost.

-~ Each is situated in a large coal basin with very substantial and
available long range reserves.

~ Each has been the object of significant, long—term capital invest—
ment in surface facilities, an investment which appears to be growing.

- Each has a cadre of engineers committed to the particular mining
operation on a career basis.

— Each utilizes external consulting type organizations for major engin-—
eering design work.

— Each has made substantial investments in recreational and other service
facilities for its employees.

- Each employs mining techniques and equipment originally developed
outside of the Arctic.

— Each operates in a financial enviromment that involves the payment
of extremely low perscnal income taxes.

- None has had to be concerned about the effect of its operations on an
indigenous population.

The implications for large—-scale coal development in northwest Alaska,
based on these Eurasian experilences, are:

- a long term financial, economic, political and market commitment is
necessary for successful development.,

-~ a long term commitment of key engineering personnel may be highly
desirable (if not crucial).
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- adapting mining technologies, equipments, etec., from the non-Arctic
regions is feasible. However, the effects of permafrost must be
considered; techniques and practices cannot automatically be trans-—
ferred.

— the influence of American political and economic values will be
extremely significant.

~ some form of government support may prove necessary.

The last point should be approached without bias, An operation involving
people in a remote location is one that requires human services and an infra-
structure. In developed areas, such services are normally provided by
government and by non-mining sectors of the ecomomy. It would seem only
reasonable, therefore, that a remote mining operation receive some form
of govermment assistance if it is required to bear an unusually large amount
of the costs associated with providing govermment services and infrastruc—
ture.

Whether or not the United States of the State of Alaska has a long-
term political or strategic need for the development of northwestern Alaskan
coal is another question. The American and Alaskan "“presence" in this
area seems unquestioned, and it would be hard to foresee any strategic need
in this area for ceal mining. The national need for coal or its by-products
would appear to be the overridimg concern as far as the Federal govermment
is concerned. Secondarily, thé Federal govermment may have to counsider
the long~range needs for coal in the Pacific Basin.

From the viewpoint of the State of Alaska, one would have to look mnot
only at the long term economic needs of the State, but alsc at the needs

and desires of the indigenous, native population.



26

7.0 CONCLUSIONS:

Based on the literature survéyed‘aﬁd the field trips éoﬁdﬁcgéd; thé
following conclusions can.be reached régardiﬂg constraiﬁts 05 coal mining i;
northwest Alaska based on Eurasian Arctic e#perience.

1. Mine safety codes applied to Arctic Alaskan coal mining shoﬁld také
into account the effects of:
{a) Ventilation requirements on:

-~ mine air temperature and its potential short and long range
effects on ground stability and roof support;

- wind chill along working faces;

— dust generation under low temperature and low humidity
conditions;

- roof support in the first 1,000 meters from the opening;
- deformation of openings;

— oxidation of rock and coal and associated temperature increases.

(b) Dust suppression requirements involving water on:

~ water supply problems in essentially dry mines at below
freezing temperatures;

— coal storage and transportation problems of water soaked
coal;

— effects on persomnnel and equipment of utilizing large amounts
of water in below freezing temperatures.

2. Environmental protection requirements related to Arctic coal mining
should consider:

~ the utilization of permafrest conditions for the prevention
of surface subsidence;

- the general absence of moving water which may inhibit problems
associated with acid mine water drainage (coupled with the
fact that the coals are low-sulfur).

~ the use of water as permanent rocof supports after mining
operations cease.
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3. Future research efforts may profitably focus on:

— the unsolved problem of suppressing dust caused. by high.’
speed mining equinment in essentially waterless, frozen,
low humidity underground mines;

— the cost associated with cooling incoming mine air under
summer conditions compared to the benefits in reduced

roof support requirements;

- the development of vacuum systems for dust removal in
preference to water sprays;

~ the costs and benefits associated with the development of
coal washing plants designed to operate in low temperature
environments;
— the necegsity of making long-range commitments of reserves.
4. TFuture analyses of the potential for development of large-scale coal

mining in northwest Alaska should include consideration of:

— the trade-offs in terms of enviromnmental impact of surface
and underground mining;

~ the infrastructure and service cost burdea that ocught
appropriately to be bhorne by government;

~ the social, political and economic trade-offs between a
permanent and a transitory labor force and engineering staff;

- the economic, political, and social impact of a commitment
to coal mining that could stretch over half a century or
MoYe.

5. TFuture technical studies involving the development of mining plans
should consider:

- the benefits of maintaining a rock temperature of ~10°C
(14°F) as a design objective; .

— the differences between the short term and long term effects
of altering the temperature of the surrounding rocks and
the coal seams;

~ the use of low temperatures Lo maintain roof stability;

—~ the effects of air cargo transport on logisties, supply,
and maintenance requirements;
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—~ utilizing underground and surface equipments. which have
common component parts in order to reduce the range of
supply and maintenance needs;

- the significant increase in dust generation associated with °
operating under low temperature and low humidity conditions;

~ techniques of dust suppression other than the employment of
water;

— possible long term deformation in permanent shafts and other
openings. due to thermal conductivity;

- effect of ventilation requirements on rock temperatures,
wind chill, spreading coal dust, and oxidation;

—~ trade-off between the costs of coal washing at the mine
versus transportation costs to market.

6. National decision making regarding the large-scale development of
northwest Alaskan coal should include the following factors:

-~ the USSR and Norway have been mining coal in the Arctic on
a large scale for forty years so that there may be a basis
here for a significant interchange of knowledge and information.

—~ aoal mining under the conditions found in northwest Alaska is
fully feasible on technical grounds;

~ both the short and long term envirommental impact of under-
ground mining om a large scale may be significantly less
than that of surface mining under Arctic conditions;

- the national perspective on Alaskan Arctic coal development
should extend fifty years into the future and Should involve
a long rather than short term commitment;

— transferring concepts and attitudes and regulations develoved
outside of the Arctic to Arctic coal mining may be both
deceiving and counter—productive.

8.0 RECOMMENDATION.

Northwestern Alaskan coal reserves are a significant national and Alaskan
resource. Thelir potential should be the object of study and analysis focusing on
both technical and non-~technical areas. Studies might focus most profitably on

the technical problems associated with dust control and suppression, ventilatiomn,
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the environmental impact of surface mining, and the applicability of American
mine safety, environmental, lease, and labor protection laws on Arctic coal
mining. Modification of these laws and regulations may prove necessary to

satisfy Arctic mining conditions.
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1.0 SVALBARD COAL MINING

1.1 General

The Svalbard Archipelago lies due north of Norway between latitudes
76° and 80° north. It has a total area somewhat in excess of 60,000
square kilometers divided among several islands, the largest of which
is Vest Spitsbergen, with an ice-free western coast during a long period
of the year. The pack ice in summer lies at about 80°N latitude along
the coast of Vest Spitsbergen, whereas it reaches close to the northern
shore of Alaska at 71°N during this same period.

Vest Spitsbergen consists in large part of a sedimentary syncline,
with extensive coal deposits of Upper (retaceous and Tertiary age. The
main seams mined are of Tertiary age and consist of both energy and
metallurgical grade coals. L

Export coal mining began in the Isfjord area (about 78°N) in the
latter part of the nineteenth century, with the first large scale mine
developed in the Adventfjord area, a tributary fjor& to Isfjord. This
mine was established by an American, Mr. John Longyear, and the settlement
has borne his name, Longyearbyen, ever since.

Prior to the early 1920s, no nation had sovereignty over Svalbard
{(often called Spitsbergen), but in a series of treaties that were ratified
after World War I sovereignty was conferred upon Norway with certain
major restrictions. These included restrictions on taxation, the main-
tenance of the rights of the signatory powers to conduct mineral explora-
tion in the Archipelago, and strategic military neutralization. The
Norwegians putchased Mr. Longyear's operation and have mined coal in

Isfjord since World War I with an interruption during World War II. 1In
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the early thirties, they also purchased a Swedish mining operation in
Svea, located on Van Mijenfjord about 45 km southeast of Longyearbyen.

In the early 1930s, the Russians purchased Dutch mining operations
at the towns of Grumant and Barentsburg located on Grénfiord, a tribu-—
tary of Isfjord lying approximately 40 kilometers west—-southwest of
Longyearbyen, Later they acquired Pyramiden, a mine located on Bille-
fjord, also a tributary of Isfjord, and situated about 50 km portheast
of Longyearbyen. Russian mining has been continuous ever since except
for the period of World War II. It is under the control of Arktik Ugol'.

The Grumant mine has been shut down, but both the ﬁdfentsburg and
Pyramiden mines continue operations, producing together about 400,000
tons of unwashed coal per year which is shipped to Murmansk and Archangel
for thermal power generation.

The Norwegian-owned Svea mine was opened after World War IT, then
closed down in the late 1940s. 1In recent years, exploration has revealed
an extremely large coal seam in this area, and current plans are to
develop tﬁis resource with an export target of one million tons of coal
per year,

Current Norwegian production is approximately 400,000 tons per year,
most of which is shipped to Norway as metallurgical grade coal for use in
the ferro-silicon industry. Svalbard coal fulfilled approximately half
of Norway's coal requirements in the early 1970s.

The Norwegian mines contribute substantially to the economic well-
being of Worthern Norway, a region largely devasted by World War II, and
one in which the Norwegian government has pursued a policy of economic

development focused on mineral resource utilization, the development of
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an iron and steel complex, and subsidization of fishing and some forms
of agriculture.

The Norwegian mines are ownéd and operated by a private company,
the Store Norske Spitsbergen Kulkompani A/S (SNSK), with financial sup—
port by the Norwegian government. The Norwegian Kings Bay Kul Compani
has also developed coal mines at Ny Aalesund on Kongsfjord about 79°N
latitude. This settlement was known for years as the northe¥nmost town
on earth. An unfortunate mine fire in the early 1960s caused this opera-
tion to cease and led to the fall of the Norwegian government at the
time. "
Svalbard has tundra vegetation and an Arctic climate, characterized
by extreme low winter temperatures of almost ~50°C, a mean January tem-
perature of -10.3°C and a mean July temperature of about +5 to +9°C.
The western coastal area of Vest Spitsbergen, where the coal mining
occurs, 1is a sharply dissected, sedimentary plateau, with the mountains
appearing as spires (hence the name Spitsbergen), steep slopes, and ex-
tensive talus cones. The area has been (and in places still is) exten-
sively glaciated, and signs of intensive valley glaciation can be seen

everywhere. The permafrost in the mining areas appears to be dry perma-

frost with an active layer about 1 m thick and a total thickness of 300 m.

1.2 Longyearbyen

Longyearbyen is located at 78C15'N, 15°940'E, at the mouth of Adventdal
near the eastern edge of Isfjorden.  The settlement is located in Long-
yeardalen, which extends from north to south, and intersects with the east

west trending Adventdal, both of which are glaciated valleys. Longyeardalen
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is approximately 9 km long and 4 km wide with an active glacier and
terminal moraine at its head. The valley sides consist of high, steep
bluffs covered by alluvial cones and screes along their lower margins.
The tops are plateaus with an elevation of approximately 1,000 m, The
town consists basically of four sections: the old town, largely des-
troyed during World War I1 and subsequently rebuilt, with the church,
government offices, maintenance sheds, storehouses, and coal_loading
facilities situated close to tidewater, Tﬁe three other settlements are
scattered up Longyeardalen and form residential communities for the
approximately 2,000 inhabitants. "

The coal seams are located approximately 300 m above the valley
floor. MNorwegian practice has been to mine a seam between two intersect-
ing valleys and then to abandon the mine. At present, only one seam is
being mined in Longyeardalen.

The same system has been applied along the Adventdalen where one
mine in 1974 was under operation and another under development. The

Adventdal mines are connected to Longyearbyen by a system of roads and an

aerial tramway used to transport coal.

1.3 Svea

Svea lies at 77955'N, 16%40'E at the head of Van Mijenfjord which
at its mouth is largely blocked by Axeldya. The head of the fjord is
formed by two bays into which flow several glaciers. The area is heavily
glaciated and shows signs of very recent glacial advance and retreat.
The site of the area under development is approximately 10 km long by 5 km

wide and consists of a coastal lowland (in part a pitted outwash plain)
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about 1 km wide crossed by alluvial fans. Maximum elevations of about
1,000 m are reached within 4,000 meters of the coastline. Rock outcrops
of sandstone form bluffs, while fraétured shale forms steep, alluvial
fans and screes showing signs of recent flooding, land slip and gullying.
The coastal areas and fans contain large amounts of clay which also
characterize the muddy coastal waters, The active permafrost layer is
about 1.5 m deep with the permafrost having a horizontal deptp into the
hillsides and a vertical depth from the surface of approximately 300 m.
Vegetation is very sparse, the soils appear well drained, and there are
few signs in the lowland of ice-rich permafrost. "

In 1974, the mine site was under construction with plans for develop-
ing a coal production rate of up to one million toms per year. A settle-
ment of several hundred people is planned, with the objective of maintain-

ing a stable family oriented highly trained labor force capable of opera-

ting high speed, modern mining machinery.

1.4 Barentsburg

Barentsburg, located at 78°5'N, 14°10'E, has a population of 1,100
which includes 281 women. The town, situated on the east side of GeBnfjord,
is highly compact and has grown up a slope. In appearance it consists of
three sections. The lowest section, at dock side, has older buildings
and is covered with a patina of coal dust. Above it is a newer section
with more modern Soviet architecture, and above it is a very receant develop-
ment containing large, brick buildings on piling to prevent permafrost
degradation.

The town supports 18 cows, about 200 pigs, 1,000 chickens, and one
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horse, which is used for hauvling small loads around town., There ére
few (if any) private vehicles and some heavy trucks. The settlement is
sufficiently compact that all points are located at convenient walking
distance from each other.

The coal seams are deep underground in this area and the present
mines are under the permafrost. Methane content is extemely high (over
20 m3/ton) and thérefore the mine is considered dangerous. Two seams
are being mined: they are separated by about 20 m of rock, mostly sand-
stone. A water supply system is used in the mine for dust suppression
and fire control. The pipes are insulated and heated by &n electrical
cable to keep water from freezing.

Coal has been mined here sigce the earily 1930s, and with recent
leasing of coal-bearing areas adéacent to the mine, production will con-—
tinue into the future. Annual production is approximately 250,000 tons

per year,

1.5 Pyramiden

Pyramiden is located at 78%°40'N, 16°25'E at the northwestern head of
Billefjord and on the northern shore of Mimerdalen. The settlement, with
750 inhabitants, has a port on Billefjord, but is concentrated at the foot
of the 934 m high mountain Pyramiden along a coastal plain adjacent to
Mimerdalen. Directly to the east of the town, across Billefjorden one
can see the spectacular terminus of the Nordenskilil glacier. The port area
is comnected to the town by a gravel road and to the mine opening by a
railroad which is covered with wood. The town itself is more dispersed

than Barentsburg, with smaller buildings, and in genmeral is quite picturesque.
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i
The newer buildings are large brick structures on pilings. The settle-

ment has an extensive above ground network of wood covered utilidoors
which alsoe serve as sidewalks (a very sensible arrangement).

The mine opening is about half-way up Mount Pyramiden and is con-
nected to the coastal plain by a cable car and tram for personnel, supplies
and coal. Mining is conducted completely within permafrost. Reversible
ventilation fans and heaters for mine air are located in a laFge, two
story concrete structure located on the northwest slope of Mount Pyra-
miden at an elevation of approximately 600 m.

The ventilation system heats inflow air when the ampient air temper-
ature reaches —20°C. This system ensures that incoming air will reach
the temperature of the surrounding rock (-4°C) within one kilometer after
entering the mine. The mine is equipped with a circulating water supply
system employed for fire prevention and dust suppression. Water is
heated to a temperature of +35°C before entering the system. At this
initial temperature, the water will not freeze when used in dust suppres-
sing sprinklers. At a lower initial temperature, such freezing is possible.

Sprinklers, with a lanolin type solution (called DB) added, are
used at the main working faces and at the transfer point from the working
face to the main haulage way. This additive may be the chemical wetting

agent described in Appendix 3, p. 19, of the Coal Industry of the USSR,

Part 2, a study by the U.K, Mational Coal Board, London, 1957 (available
from Colorado School of Mines, TN808/R9G7). Another system of dust
suppression is used at the point where the maln conveyor belt system joins
the cable tram system., The coal is dumped from the conveyors (or from

underground rail cars) into a huge storage hopper, from which it is loaded
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onto the cable trams. The dump point is covered and is under vacuum
to remove the coal dust. The worker controlling the dumping system is
situated in a metal and glass covered booth with its own exhaust system.

Mine production appears to be about 160,000 tons per vear of un-

cleaned coal.

1.6 Ny Aalesund

Ny Aalesund is located at 78°935'N, 11°58°'E on a raised beach stretch-
ing along the southwest shore of Kongsfjorden. The fjord contains drift
ice in the summer which comes from glaciers at its head. The mines
here were deep underground and very gaseous. The settleéent consists
of two parts, a port area with the unused water coal washing plant, piex
and loading facilities, and a washing plant (unused), and a new and very
attractive town with predominately single family residences, located to
the southeast. (This is within walking distance of the airship tower
used to launch Nobile's dirigible on his trans-polar flight.) To the
northwest of the town, on a second raised beach, is situated an ESRO
tracking station (scheduled to close down the summer of 1974). This
station is a companion to the one located near Fairbanks, Alaska. To the
south of the town, the Norweglans maintain a facility for scientific
studies related to glaciology and geology.

The total population which was supposed to winter over in Ny Aalesund
during 1974-1975 was reported to be only seven persons. The surface
area near the mines shows extensive debris, primarily old wooden struc—

tures and timbers, and railroad ties, left from the mining period. Vis-

ually, no other environmental damage due to coal mining or to the mine
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explosion in 1962 could be detected.

1.7 Sources
The basic written materials used in preparing this section on
Spitsbergen are:

Hoel, Adolf, Svalbard Svalbards historie 1596-1965, Sverre Kildahls

Boktrykkeri, Oslo, 1966, three volumes, which relies heavily on Norwegian

government reports regarding coal mining in Svalbard.

v

Government of Norway, Industridepartmentet, Energiforsyning i Norge

in fremtiden, St. meld. nxr. 100 {(1973-74).

-

Various publications from the Norwegian Institute 6f Technology in
Trondheim.

Varicus unpublished documenés by the Store Norske Spitsbergen Kul-
kompani A/S.

The Spitsbergen Mines, A summary translation of Shakty na Shpits—

bergene (NEDRA, Moscow, 1964), translated at MIRL.

In addition, extensive interviews were conducted in Norway and Sval-
bard during the summer of 1974. Individuals consulted include represen-—
tatives of the Norwegian Ministry of Industry, Department of Justice,
Svalbard Administration, Store Norske Spitsbergen Kulkompani A/S, Norwe-
gian Institute of Technology, Arktik Ugol’', and others. The mine engineers,
foremen and workers in Longyearbyen, Svea, Barentsburg, and Pyramiden
were extremely courteous, kind, and helpful, and answered questions without
reservation.

For additional information on the literature consulted see Preliminary

Report, Constraints on the Development of Coal Mining in Arctic Alasgka,

MIRL, June, 1974,
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2.0 REPORT ON A VISIT TO VEST SPITSBERGEN SVALBARD COAL MINES,
AUGUST, 1974

2.1 General

The information presented here results from a trip to Scandinavia
and Svalbard in the period 11 July to 23 August, 1974; by Professors
Chris Lambert, Jr., Donald F. Lynch and Nils I. Johansen of the Mineral
Industry Research Laboratory, University of Alaska. Prof. Johansen
cbtained dnformation within Norway, coordinated the agenda and acted as
an interpretor. Prof. Lynch obtained information within Norw;y and
Denmark and visited Svalbard as interpretor. Prof. Lambe;t, leader of
the study team, collected information in Norway and Svalﬁard and assessed
the technical aspects of the information obtained.

Mining and government offices were visted in Copenhagen, Bergen,
Trondhéim, Tromsgd and Longyearbyen. Mines visited at Svalbard were the
Norwegian operations by Store Norske Spitsbergen Kulkompani A/S in Long-
veardalen and Svea, and the Russian operations by Arktik Ugol' at Barents—
burg and Pyramiden. The abandoned operations at ¥y Aalesund (Kings Bay
Kul Compani A/S) and the Russian works at Grumantbyen were also observed.

Representatives of the Norwegian Ministry of Industry, Store Norske
Spitshergen Kulkompani A/S, Arktik Ugol', the Norwegian Institute of
Technology, the Norwegian Foreign Ministry, Sysselmann and Bergmester
(the Govermor and the Norwegian Government Mining Engineer at Svalbard)
A/S Norsk Polar Havigasjon, and others were all extremely helpful.and
courteous in arranging the trip. Engineers of the Store Norske Spitsbergen
Kulkompani were extremely hospitable and kind neot only in answering

numerous questions, but also in providing transportation, accommedations
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and recreation during the three week stay on Svalbard.

Data on the closed Danish Mine at Qutdligssat, Disko Island, Green-
land, were collected from the Greenland Technical Organization and the
Greenland Geological Survey in Copenhagen.

In the Longyearbyen area, located on Adventfjorden, Vest Spitsbergen,
the team visited the surface area of Mine #3 and the underground works
of Mine ##6, both of which are in production, and Mine #7 which is under
development. The Svea Mine in the Braganzavagen area was also visited.
This mine is under exploration and development and mining is expected to
take place in the near future. Visits were also made tglthe two operating
Russian mines, Barentsburgon Grinfjorden and Pyramiden on Billefjorden.

As was to be expected, each mine has its own geologic and engineering
peculiarities which have led to significant differences in mining plans,
mining techniques and equipment. In general, retreat long-wall mining
is most commonly practiced. The Greenland mine at Qutdligssat on the north-
east coast of Disko Island evidently lay in the thaw bowl of Vaigat
Fijord and therefore had fewer permafrost problems, The Barentsburg mine
is working two seams several hundred meters below the permafrost table.
The active Norwegian mines and the Russian mine at Pyramiden are all
within the permafrost, whereas one of the two exploratory headings for
the Norwegian operated Svea mine has penetrated below the permafrost.
While the differences between the mines are significant, there are some
common features which may be broadly applicable to the problems of coal

mining in tha Arctic.
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2.2 Mine Roof Stability

Roof stability is better in permafrost than in thawed ground. This
could be seen dramatically in the case of Mine #7 in Adventdalen when
one passed from the thawed portion of the drift inte the permanently
frozen area. Roof support is more effective and less costly where the
rock remains frozen. It is the opinion of Russian engineers and operators,
substantiated by observation, that in recently opened mines @ine air
will acquire the temperature of the permafrost at a distance .of approxi-
mately 1,000 m or less into a mine opening. In the main entry of Mine #7
the moisture froze at 600 m, and at 900 m the rock was ny and frozen.
When the air temperature is above —-20°C, experience has indicated that
the distance is somewhat greater. The critical problem area is thus roof
support near the mine entry. Thawing is, however, only part of the pro-
blem; the entry of warm, moist air in summer permits water to penetrate
into rock fractures and this moisture causes significant and cumulative
spalling. TFurther, thawing can occur along jointing planes, causing sudden
and massive rock falls. Extensive props or other support systems are
necessary in the mine entry, whereas elsewhere roof bolting and nets (and
in some cases nothing at all) is sufficient. Below the permafrost, roof
support problems are again encountered as well as sub-permafrost watex
in sufficient quantities to require drainage. Summer thawing in the entry,
followed by winter freezing may lead to a slow inward movement of the

area thawed in the summer.

2.3 Wind Chill Veptilation

Ventilation requirements are in part a function of gas conditioms.
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In the low gas Norwegian mines, an air velocity of less than 0.65 m/sec
is maintained so that dust is not blown about. Larger amounts of air
are required in the highly gaseous Barentsburg mine, but velocity is
still kept low by using large openings. In none of the mines did wind
chill seem perceptible. Pyramiden had air velocity 1.25 - 1.14 m/séc
with a permissible maximum of 4 m/sec.

The Norwegian mines encounter a methane gas content of less than
1 m3 per ton in all locations. Consequently, air volumes aré_minimal.
As an example, Mine #7 draws approximately 300 m3/min through the last
open cross cut in the development heading. The heading #s in a 2 m thick
coal seam with widths of approximatelﬁ 5 m. The Russian mine at Barents—
burg is highly gaseous, with a methane content of 17.5 m3/ton. In this
case approximately 500 m3/min of.air entered the longwall face. Here

again the wide openings in the longwall section prevented any high air

velocities on blown coal dust.

2.4 Contrel of Mine Temperature

The Russians felt that incoming air should be warimed to a temperature
of ~20°C when the external ambient air temperature is below -20°C. In
this way, the cold air will be warmed to rock temperature within 1,000 m
or less of the opening. This warming of the air is designed to improve
worker comfort. No one has investigated the possibility of refrigerating
the summer air to prevent thaw-induced coal spalling. The Russians com-
mented that this would be inappropriate in Svalbard where summer tempera-
tures are low, but might be suitable in those parts of Siberia with very

high summer temperatures.
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2.5 Ventilation and Dust Control

Rock dust is obtained from the United Kingdom by the Norwegians and
from the Urals by the Russians. In the Russian mines, very stringent
regulations pertain to the application of rock dust because of fire
danger.

Underground air temperatures are approximately -4°C in permafrost.
With the U.5. requirements of higher air wvolumes together with lesser
amounts of bottom or top rock taken for haulage ways, wind chill and
blown dust could be a problem not found in the mines wvisited. Chill would
be most pronounced on man trips in and out of the mine, ﬁhd by men working
in air courses or in the more sedentary occupations in the mines. The
Russians solved this problem by dressing warmly with wool undergarments
as well as wool outer garments. In addition, padded garments, footwear
and headgear were common underground. Yet the Russians were still con—
cerned with miners' comfort, and were considering conveying warm air in
insulated pipe to the longwall face for personal warmth on the theory that
substantial damage could not result in a working face that was advancing

at the rate of 2 m per day.

2.6 Wind Effect on Norwegian Aerial Tramway

Coal is conveyed from Mine #6 to an aerial tramway capable of trans-—
porting 120 ton/hour. Gale wind can severely damage trams as they pass
through the bents. To prevent damage and resulting spillage, the aerial
tramway automatically ceases operating at wind speeds of 20 m/min or
more. It is apparent that there have been very few spills since the tram- .
way has been in operation, because any spills would be plainly wvisible

in the arctic terrain.
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2.7 Dust Suppression Problem

The mining systems employed at Barentsburg, Pyramiden and in the
Adventdalen area did not involve the use of high speed cutting machinery
in close proximity to workers. The workers were either downwind from
the cutting equipment or a distance from it. In any case, the equipments
utilized were not the high speed equipment employed in the U.S. mines.
Future plans for Mine #7 and Svea mine envisage the employment of such
equipment and the creation thereby of a dust control problem. Approaches

being discussed include the use of moisture and other additives for dust

suppression. Ct

Visible dust was nowhere obsexrved at locations where men were working.
The dust created by the scraper gperation in the Noxrweglan mines was
digsipated by the time it reacheé working locations. However, it is highly
unlikely that the observed conditions would meet U.S. specifications of
3 mg of respirable dust per m3. It was a practice at the longwall face
in Russian mines to work upwind of longwall rippers or loading conveyors.
The Norwegian management was concerned about the dust problem as they
converted from scraper mining to more sophisticated loading methods, but
as yet do not have a solution to the problem. In permafrost areas, water
in the quantities common in the U.S. coal mines cannot be used to suppress
dust. Not only would coal freeze underground, but would instantly comvert
to a solid block at the surface in the wintertime. Two practices were
observed that could have merit. In Barentsburg, water up to a pressure
of 200 atmospheres was injected into the auger holes. At around 120 atmos-

pheres there was a definite break. The coal fragmented and was definitely

damp without visible water. Another practice at Pyramiden was to add
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water with a solution of a lanoline-like substance in limited quantities.
Currently the target is to have not more than 8% total moisture in the
coal. The Russian managers believe they can cope with coal with this
amount cof moisture under winter conditions on the surface. It is con—
jectural as to how successful this practice would be in meeting the

specifications of U.S. coal mining law.

2.8 Water Supply .

N

Mines in permafrost normally contain little water. Some melting
occurs near the mine openings as does moisture condensation. Fissures
may conduct water into the mine, but this does not seem;to be a signifi~-
cant problem in Svalbard. Water does exist below the permafrost, however,
and pumping has been necessary in both Svea and Barentsburg. The use of
electrically heated, insulated pipes or a continually circulating water
supply system 1s necessary to keep this water from freezing when it is
pumped through the permafrost for disposal on the surface or for use in
dust suppression and fire control. In gemeral, it seems that the problem
in permafrost is the difficulty of using water for dust control, while
below the permafrost level there may be difficulties in removing water

through the permafrost zone to the surface. No indication was found of

acid mine water drainage problems.

2.9 Surface Construction

Little difference was observed in surface construction technigues
from those practiced in northern Alaska. The active layer in lowland
areas is about one meter thick, and modern structures are built above

ground on pillars anchored one or more meters into the permafrost. New
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roads are built on 6 foot fills to provide an exposed surface so that
snow is blown off the roads and in the expéctation that the permafrost
will rise into the road bed and provide stability. A small, earth dam
for a reservoir in Svea 1is also designed with the same expectation that
the permafrost horizon will rise into the dam and decrease permeability.
The permafrost appears to lack significant smounts of ice, i.e. dry

permafrost.

2.10 Enviromnmental Considerations

The older mines, some dating back to the 1920s and long since closed,
show no signs of significant surface subsidence, water pollution, or
other adverse effects. Alteration of the surface consists primarily of
the rock debris near the mine portals or entrances which in some ways
looks like the natural talus slopes, In some cases, 0ld mine surface
structures remain and are either eye-sores or historical monuments, de-
pending upon the viewer's attitudes. Slopes near mines affected by
underground fires are colored red. Exploratory headings into the Svea
coal seam produced large coal piles which have subsequently been eroded
by water so that very small beaches of fine coal can be seen along the
shoreline, but the water itself appears to be unaffected., The coal
storage and dock areas of Barentsburg appear to have a film of coal dust,
and several Russian rock piles are burning. The experience of the past
suggests that with proper precautions and clean-up there is no signifi-
cant envirommental damage above ground from underground coal mining in
Longyearbyen and Svea. The major area of future concern here may be
wind blown coal dust, disposal of mine coal dust produced by high speed

mining machinery, and dust from any future water washing plant.
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2.11 Coal Cleaning

The Russian mines employ some hand-picking and coal crushing, but
otherwise the coal is shipped without cleaning. 8NSK installed an air
powered washing plant in 1964, The plant separates rock from coal with
an air flotation mechanism. In addition, limited hand picking is done
at the mine mouths. The total amount of rock removed is about 10%. In
the future, consideration is being given to a water washing plant at Svea.
The water will probably be heated and the coal dried before géing stock-—
piled. The Russians said they are planning an air washing plant for
Pyramiden similar to that in Longyearbyen. o

The Longyearbyen coal cleaning plant is of an air suspension type
manufactured by Westphalia Dennendahl Groppel A.G. West Germany. Coal
is crushed and segregated into three sizes: =50 mm to +18 mm, —-18mm to
+10mm, and -10 mm. Each size is processed differently. The coal is fed
onto vibrating perforated plates 97 cm by 140 cm in dimension with 2 mm
performations, The plates are arranged on a slope so that coal flows
down them. Adir is forced through the perforations and the coal is agitated
and kept in semi-suspension with the rock particles dropping to the bottom.
The separation of the rock from the coal in this fluid bed is regulated
by the height of a cutting knife across the flow of coal. The flow of
air in each of the plates can be adjusted so that the rock removed from
each plate is consistent with that withdrawn in total from all three plates.
The rate of feed is adjusted in anticipation of the amount of rock ex—
pected in the coal from mine reports and samples. This process is not

in accordance with recommendations of the mamufacturer, but the foremen

stated that it works much better than complicated adjustments required by
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any other method. The quantity of air wvaries with the size of coal.

The smaller size coal requires 300 o

per min through the three plates.
The middle size requires 520 m3 per min and the coarse size requires
830 m> per min, The efficiency of the process varies with the size of
coal but is best in the middle size which goes to the ferro-silicon
industry and is less efficient in the finer size which goes to coking
coal and the coarser size, some of which goes to steam coal.

The Kings Bay Kul Compani A/S at Ny Aalesund built a coai washing
plant just prior to the mine explosion so that the plant operated for
only a short while. It was designed to operate in summer* and employ water,
The objective was to wash one year’'s production and ship'it during the
summer navigation season. The plant buildings and associated power
plant were observed in Ny Aalesuﬁd. The plant apparently experienced

difficulty crushing and screening ceoal to a size compatible with the wash~

ing process.

2.12 Affects of Remoteness on Labor Force

Both the Russians and Norwegians provide significant financial induce-
ments to attract a labor force. The Norwegians employed on Svalbard pay
only a 4% income tax on their income and an additional 6% for welfare,
which is significantly lower than income taxes in Norway, which may go
anywhere from 40-90%. TIn addition, room and board are subsidized and
vacation generous for both Russians and Norwegians. The Russians receive
double the normal wage for their work and a cumulative 10% base wage
bonus for every six months they remain in Svalbard, while paying the stan-

dard, low Soviet income tax. Even with these inducements, however, labor
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turnover is high. SNSK employs about 145 new men each year; or about half
of the total underground labor for each year. The normal time an employee
remains in Longyearbyen is slightly more than two years. The Russian
workers have only a two vear contract, which suggests a 50% labor turnover.
Norwegian labor is generally untrained and is taught mining largely on-
the~job. Russian workers, on the other hand, are skilled miners from the
Donbas and occasionally from the Moscow Basin. The low retention rate for
the Norwegians is said in large part to be due to the shortage of family
housing in Longyearbyen. SHNSK is building more family housing and hopes
to increase the retention rate in the future since the use of high speed
(and expensive) mining machinery will require a more stable and skilled
force, The Russians are making a substantial investment in new housing
and social clubs in Barentsburg,‘but do not expect a higher retention rate
due to the severity of the climate. Both mines have a marked decline in
production during the summer due to extended vacations and labor turnover.
The Greenland mine at Qutdligssat employed Greenland labor which was
resident in the area and had its own housing. The difficulties here in-
volved a high absentee rate, especially during summer and during hunting
season. In addition, the local labor appeared to have had little safety
consciousness. The absentee rate in Longyearbyen is quite low during the
winter, but appears to increase with the approach of summer. In part this
is due to the relatively untrained nature of much of the labor force.
The Russian mines appear to place great emphasis on mine safety and safety
awareness. In both cases, the most dangerous work was said to be moving
roof supports in retreat longwall mining. The Norwegians are planning to

use a system of hydraulic moveable roof supports in mines to alleviate
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this preoblem in the future. The American team was surprised to note the

absence of safety shoes in the Russian mines.

2.13 Mining Techniques

All mining in Svalbard is some form of the retreat longwall method
at the present time, However, there are considerable differences in the
methods at the individual mines, All mining in the Longyearbyen area is
in the permafrost. Norwegilan practice at present is to refrain from
mining below the 300 m thick permafrost layer.

Mine #6 in the Longyearbyen area uses a highly developed and produc-
tive scraper mining system. The coal seam is approximatﬁiy 0.75 m thick.
A crev of nine men will drill, shoot, timber, and load out a longwall
face in a twenty-four hour period. Production averages 7.l tons per man
shift. The scraper is of a unigue three sectional construction in tandem
and will gather a little over two tons of coal each scraper pass which
will load exactly one mine car.

A refined and modified scraper system is to be initially dnstalled in
the two meter thick cozl seam in Mine #7 which is now ‘under development
with the use of Joy loaders and shuttle cars. Here the scraper will be
of larger construction and will be pulled by a 110 h.p. double drum hoist.
The hoist is a shop modification of a basic Russian design. Crew size
will remain the same as at Mine #6, with a posgible reduction by one load-
ing operator.

Mine #7 will also use some type of plough or other longwall mining
tool yet to be determined. Also, hydraulic jacks for roof supports are

under investigation to cope with the higher coal seam. Many of the
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innovations which are successful in Mine #7 will be applicable in the
Svea Mine now under development where the coal seam.reaches 5min
thickness.

The Russian mine at Barentsburg has been in operation since the
year 1932. The coal is moderately dipping rather than flat as at Longyear-—
byen. Mining has progressed ta sufficient depths to be under the perma-
frost. The active mining area is under approximately 650 m of cover and
about 330 m below sea level. Because of the long period ofioperation,
the mine entrances subject to seasonal thaw have deteriorated severely.

A good portion of the slope entrance has been concreted .and elaborate,
closely spaced timbering is malntained throughout the ;lope and the under-
ground haulage connecting the belt transportation system to fhe underground
pocket.

It is obvious that the Russian management is malting a great effort in
mine safety. All walkways, haulage ways, and work areas were scrupulously
clean by mining standards. Safety posters of a type almost identical to
those found in American mines were distributed throughout. All eguipment
wag of permissable construction, with provisions for periodic inspections
and recording of inspection results at the site. The belt haulage system
and the rail haulage system were monitored and under the control of a dis-—
patcher on the surface. 1In addition, methane detectors were in scattered
locations throughout the mine which automatically recorded the methane
content and provided for an automatic shutdown of electrical equipment in
the event that methane content exceeded two percent. One percent methane

was the point at which operations ceased and corrective action was taken.

No figures were made available as to the frequency or severity of injuries.
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Roof conditions in the unfrozen ground at 650 m depth were good.
Usually minimal roof bolting was sufficient and in some cases no roof
bolting was required and the top was sound.

In the longwall areas, roof jacks were used in a coal seam of less
than 1 m in thickness. Much larger jacks were used, however, than in the
Norwegian mines. One closely spaced row of jacks was capable of holding
200 tons per jack., There were two producing longwall faces., One was a
ripper type operation in which the ripper which was jacked against the
200 m longwall face with sufficient pressure to dislodge the coal from
the face without undercutting or blasting., It produced 300 tons per 24
hours. The Russian engineers were quite emphatic in describing the opera—
tion as a "plane” much like the operation of a carpenter plane. They
definitely did not accept the Wo;d "plough" which describes a common Ger—
man machine, The cutting instrument consists of five sets of removable,
double acting cutting teeth which will cut in either direction. The top
and bottom set are splayed upward and downward in such a manner to cut a
face wider than the cutting instrument itself. The instrument will take
a 10-15 cm of coal per cut and advance along the face at 1.5 - 2.0 m/sec.

Coal is discharged onto flight conveyors which in turn discharge onto
a conveyor belt. Coal is eventually transferred to mine cars of 1.25 tons
capacity.

The second operating section was a longwall operation about 150 m
long with a coal height of 1.25 m in which a “combine" was used. The cou-
bine consisted of a movable, rotary éype cutting face which travelled along
and loaded onto flight conveyors much like a shear loader except that the

coal was ripped from the face in sizeable widths of approximately'one meter
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for each pass. The combine produced 500 tons/24 hours. When in operation,
it was most effective and care had to be exercised to prevent overloading
the £light conveyor in the heading. Trior to the cutting operation, the
coal was broken hydraulically as described elsewhere. The reason for
the hydraulic breaking was to prevent rock burst, but had the secondary
effect of shattering the coal.

The Pyramiden mine was opened in 1956 and is situated approximately
300 m above sea level, entering into Mt. Pyramid at a distanée of 1,300 m,
It is completely within permafrost. The room and pillar method is used
in areas with extensive faulting. The main seam being worked at present
is approximately 4.6 m thick., Tt is worked in two sections. The upper
1.40 cm is mined first, and then.the area is left for one vyear. After—
wards the bottom 1.83 m seam is ﬁined, leaving 1 m of coal as a roof.
Ventilation is by an intake rather than exhaust fan with a capacity of
3,595 m3/min. The air is heated when the ambient air temperature drops
to —20°C. 1In the retreat longwall face visited, the Russians were using a
"eombine”, a machine with two rotating heads cutting coal at a rate of
0.6 - 2.5 m/min in either direction. The combine moves along the 200 m
longwall. The coal is loaded onto a flight conveyor and then to a belt
conveyor along the haulage way. The section operates three 6-hour shifts
plus a maintenance shift each 24 hours. Each operating crew consists of
9 men, including a roof support crew, to produce 550 tons of coal per
24 hours. The mine is provided with a 12 Im long heated water pipe which
contains water at a temperature of 42006. The water with an additive

very much like a lanolin soap is used for dust suppression.
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2.14 Logistics and Supplies

Both the Norwegian and Russian mines are basically "company towns',
with almost all consumer goods imported and distributed by the companies.
Families procure their goods through the company store. Goods are im-
ported in the summer and stockpiled in accordance with statistics from
previous years. Both maintain vehicles and equipment repair facilities
and spare parts inventories. The Norwegians have limited air transportation
on a winter airfield in winter. A new permanent airfield was:completed
in Longyearbyen in 1975. Support for Svea is by ship in summer, and with
ajircraft and snow cat train from Longyearbyen in winter. -+

The Russians maintain a2 large greenhouse and some l;vestock that con—
sume imported hay, and chickens for a local supply of milk, vegetables
and eggs. The Norwegians create‘their own recombined milk and preserve
eggs by waxing the exteriors,

The inventory level of spare parts and critical items is almost double
that of a mine in populated sections of the United States. The Norwegian
workers are charged Nkr. 510 per month for room and board, which is esti~
mated to cover only half the cost of board. Many warkers are gone a full
3-4 months in summer, but absenteeism is extremely low during winter.
Insurance rates rather than actual ice ccnditions control the length of
the shipping season. Diesel fuel is also used by Norwegians as an alter-
nate power source, whereas the Russians use coal. The new airfield at

Longyearbyen is designed primarily as an auxilliary field for polar com-

mercial flights rather than to satisfy the needs of Longyearbyen.
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2.15 Future Prospects

The Norwegians are considering a possible investment of some 100
million dollars to construct a town for about 400 people and develop a
capacity for producing cone million tons of coal per year from Svea. The
coal seam here reaches 5 m in thickness and reserves are estimated at
10-20 million tons. In addition, they are planning to develop Mine #7
at an estimated cost of 8 million dollars to replace production from Mines
#3 and #6 as these are depleted. .

The Russians plan to develop coal mining properties adjacent to
Barentsburg. These properties have been leased from SNSK:

Norwegian production is of metallurgical grade cozl used to produce
coke and for reduction of ferro-silicon. In time, all Norwegian coal
requirements will be supplied from Svalbard.

Russian coal is used to supply thermal electric power plants and a
cellulose factory in Murmansk and Archangel. The Rusgsians stated that
Svalbard coal was less costly for these purposes than coal from the Pechora
Basin.

The area northeast of Disko Island in Greenland is estimated to con—
tain some 30 million tons of mineable coal which, in view of the current
European coal shortage, could be developed in the future for use in thermal
electric plants.

Amax, Inc. had a team of geologists based at Ottomeset in Rindersbukta
searching for coal, and planned tc send another geological reconnaissance
team to Spitsbergen the summer of 1975,

With declining or stagnating West Furopean coal production and in-

creasing coal prices, especially for metallurgical coal, there appear teo
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be considerable grounds for optimism regarding the future of coal mining
in Svalbard. 1In any case, both the Norwegians and Russians have committed
themselves to maintaining settlements in Svalbard based on coal mining

for the foreseeable future, and have plans for significant new investments
in this activity. Demmark appears more cautious about coal mining in

Greenland.

2.16 Exploratory Drilling

Diamond drills require constant lubrication. In permafrost the drill
can freeze causing the drill to sieze. This has occurred at a depth of
10 m in some parts of western Greenland. Three solution; have been used
in Svalbard: keeping the mud circulating; using sea water, adding salt
if necessary; and heating the water. A/S Norsk Polar Navigasion found

that using salted sea water was adequate, while SNSK prefers to heat the

drilling water.

2.17 Management Personnel and Social Amenities

The Greenland coal mine was managed by a group of engineers and fore-
men from Scotland under a Danish supervisor. The arrangement appeared to
work well.

Both the Norwegians and Russians provide family housing and better
amenities for management personnel and foremen than for the labor force,
in the expectation that the retention rate will be higher. This seems
to have worked out im practice, and the retention of a relatively stable
engineering and management staff seéms to be a significant factor in
maintaining production. Both the Norwegian and the Russians provide re-

creational opportunities for workers. In appears that worker participation
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in community affairs is low, and that the primary motivation for being
in Svalbard is the opportunity to acquire substantial savings and return
home. In view of the physical labor involved in the underground mining
techniques employed, a large number of relatively young and strong workers
is required. Increased mechanization, particularly the use of movable
hydraulic roof supports, may change this in the future. The Greenland
mine was said to have needed more mechanization underground as the solution
to difficulties in retaining labor. N

SNSK trains new miners through 14 hours of formal presentations and
on—-the—-job training. Formal training was found not to b?'particularly
successful in Greenland. The Russians employ only experienced miners and
so do not have a training problem. Both the Russians and Norwegians use
contracting and consulting organizations to perform significant design and

planning tasks, and SNSK also contracts out much of its construction work.

2,18 Mine Safety

The Norwegian mines have only about 0.5 m> of gas/24 hr/ton of coal,
and in Svea no gas emissions have yet been measured. Rock dusting and
rock dust barriers are used in the mines and 2 cadre of miners has been
trained in mine rescue and fire-fighting, A fire station is maintained in
Longyearbyen. Mine safety is taught in special lectures and considerable
data are collected on accident rates.

The Barentsburg mines are 650 m under the surface and about 350 m below
sea level. The coal generates 17.5 - 20 m3/ton/24 hrs of gas and is sub-
ject to rock bursts. The Russians maintain a remotely controlled system

of gas monitors which automatically disconnect electrical systems when gas
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content is dangerous, The haulage wayé are equipped with rock dust
and water barriers and water fire hydrants and hoses, and working crews
have telephone communication with the surface. A standing, permanent,
trained mine rescue team was said to be on duty at all times.

The Russian emergency rescuer carried by miners is said to be ade-
quate for 5-6 hours, but is quite heavy and cumbersome. The Norwegian
self-rescuer is much smaller, lasts for only 1-2 hours, but is easier to
carry. Reserve self-rescuers were said to be kept near the working faces
in the Norwegian mines.

The Russians and Norwegians follow the general mine ‘safety regulations
for their respective countries. The lack of water under permafrost con-
ditions means that other measures for fire suppression are necessary. In
the past, mine fires in the olde; mines at Longyearen and Svea started at
the mine entrances and worked backward. The Svea fire of 1926 is now
extinguished, but the rocks still retain a temperature about 8°C above
normal. The fire melted ice from the permafrost and water accumulated,
which now forms ice lenses in the old mine headings. The fire at Mine #1
in Longyearbyen which started in the early 1920s is now helieved to be
extinguished, perhaps because the available coal has been consumed. The
absence of fires in recent years suggests that the safety measures are
adequate. As a final note, several Norwegian mining engineers indicated
that the gas release from frozen coal was slower compared to coal with a

more moderate temperature.
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2.19 Productivity

Mine preductivity is a function of the nature of the coal seam,
geology, mining plan, equipment, safety requirements and labor skills.
¥o particular influence of climate or arctic conditions on underground
productivity was noted. In terms of labor expended per tom of coal pro-
duced, it seems that the Norwegian mines are at least twice as productive
as those of the Russians. Plans for Svea envisage quadrupling production
per man by employing more effective machinery. At Barentsbuég the Rusg-
sians are mining two longwall faces with a combined production of 800
tons/24 hrs and 200,000 tons per vear. At Pyramiden thgir annual preduc—
tion was said to be about 250,000 tons per year. Totaerorwegian produc—
tion is about 450,000 tons per yvear from about 10 working faces in Mines
#3 and #6, with a daily production of about 2,500 tons. The Greenland
mine produced approximately 30,000 tons per year. Longyearbyen has a
total population of about 1,000, while Barentsburg has about 1,100 people
and Qutdligssat (Greenland) has about this same number. Pyramiden was
said to have a population of about 750. The Norwegians employ a total
of about 300-360 men underground and the Russians were said to have about
380 at Barentsburg providing about half as much coal. Future plans for
Mine #7 and Svea envisage a significant increase in the amount of coal
produced per man because of greater seam thickness and the use of movable
hydraulic props and high speed cuting machinery.

The labor force for the Norwegian mines is described below.



63

MANNING TABLE TOR THE STORE NORSKE SPITSBERGEN KULKONPANI A/S
MINES IN LONGYEARBYEN, SVALBARD, 1 APRIL 1974 ]

Underground Workers:
Mine #3
Mine #6

Mine #7

Total:

Maintenance Workers Underground:
(repair of locomotives, shuttle cars,
drilling machinery, electrical
equipment, etc.)

Mines #3 and #6

Mine #7

Total Underground:

Above~ground Maintenance, including
operation of the power plant

Workers on Aerial Tramway, Coal Washing
Plant, Transportation Department

103
183

39

325

40

7

GRAND TOTAL

Support Personnel

Warehouse, Dining Hall, Personnel Department,

Stores, School, Hospital, Administration,

Accounting Department

Total number of employees:

MINE PRODUCTIVITY

For a total of 372 workers underground,

Ln
1
oo

|

170 (about)

688 (about)

the average productivity

during the period 1 April 1973 - 31 March 1974 was 7.1 tomns per
manshift of run of the mine coal. This is equivalent to 5.7 tons

of clean coal per manshift.



MANAGEMENT STAFF NOT IN SVALBARD

3 employees located in Harstad, primarily for recruiting workers,

About 25 at company headquarters in Bergen

64
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2.20 Coal Storage

Spontaneous ignition has not been a problem at Longyearﬁyeu. As
long as the coal pile is nmo higher than 20 m, spontaneous ignition does
not occur. Water fxom rainfall and snow melt drains to the bottom of the
pile where it freezes. 1In summer, afiter the coal from a pile is shipped,
the frozen coal thaws and is removed by a bulldozer. It is screened,
the frozen lumps of coal are crushed, and the coal shipped. The lumps are
soft and easily broken. High wind speeds, particularly in wiéter, were
said to blow considerable amounts of coal dust around the storage area
and may create visibility problems at the new airport located near the
coal storage area.

No information was obtained.on Russian coal storage. However, the
Barentsburg coal has an ash contént of 17%Z and contains about 207 stone.
At Svea, the coal was said to have about 107 rock, 2% moisture, 5% ash,
1% sulfur, 40% volatiles, and 7,800 kcal/kg. Norwegian practice is to
handpick rock; the Russians do not do so. Spontaneous or other forms
of ignition has occurred in conically stacked waste piles at Barentsburg
and Grumant as can been seen from the sea, Evidently, there have been
tripple fires at Longyearbyen in the past., In Greenland, the coal stock
pile was ignited by workmen throwing hot ashes from a stove onto the
pile,

Coal at all the mines is stockpiled in winter and shipped during the
summer . Vessels of up to 20,000 tons are loaded ét Longyearbyen; plans

are for Svea to have a capability to load 40-60,000 ton vessels.
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2.21 Cost Data

This trip was not concerned with collecting cost data. However,
it appears that coal is produced in the Longyearbyen area for perhaps
$25.00 per ton, which includes about $2.50 for amortization of capital
investment. The cost for investment at Svea will probably be about $5.00
per ton. With European prices for metallurgical grade coal said to be
about $45.00 per ton, the economic future for SNSK coal should be pro-
mising. However, officials said that coal production is comm;tted first
to the Norwegian steel and ferro-silicon industry at below world market
prices, and only the surplus will be sold elsewhere. ot

The large labor force involved in the Russian mines and the obviously
greater investment in roof suppo;t, safety, and underground transportation
suggests that the real costs of ﬁining must be significantly greater than
those of the Norwegian mines. In addition, the Russian coal is used for
power production rather than metallurgical purposes, and certainly has a
lower market value., However, it is committed to markets in Murmansk and
Archangel and is not likely to enter world trade.

The Greenland mine produced coal for home heating. (il gradually
replaced coal, and the decision was made to close the mine and the town,
which was done in 1972. The subsequent increase in oil prices and the
social effects of disbanding a community of over 1,000 people which had
lasted for 50 vears casts doubt on the wisdom of this decision. Recon-
naissance of coal outcrops in the peninsula northwest of Disko Island
indicates reserves of 30 million tons of coal with a calorific value of
about 6,000 Keal/kg, moisture content of 10-30%, and an ash content of

5-18%. This coal might possibly be mined for use in Danish thermal electric
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plants at some time in the future, The Norwegian, Russian and Greenland
mines have all received significant financial support from their respec—
tive governments. The Svalbard mines are subject to a tax at 1% on the
value of coal exported and in addition SNSK pays a total income and wel-
fare tax of about 10Z. According to the treaty governing Svalbard, the
only taxes imposed are a 47% income tax and a 1% export tax, the funds
from which must be used on Svalbard. In addition, a 6% welfare tax is
imposed by Norway for medical, retirement and other social benefits.
Thus, the mines enjoy a significant tax advantage which is guaranteed
by international treaty. Evidently, the same provisionq‘ﬁould apply to
petroleun development, making the area attractive from a tax standpoint.
Average hourly wages for SN?K workers appear to be approximately
$5.00 per hour. Fringe benefits and other costs apparently add about
60% to this figure giving an average cost of $8.00 per hour. The fees
and costs for maintaining existing mining claims are minimal. SNSK and
the Russian mines do spend considerable sums on employee housing, food,
recreational and educational activities, road construction and repair,
and employee transportation to and from Norway as well as transportation
to and from work while on Svalbard, and four weeks paid vacation per
year, and salary while in travel status. These factors make comparison

with probable mining costs in Alaska somewhat difficut.

2.22 Permafrost Conditions

In those areas being mined in Vest Spitsbergen, the active layer
appears to be from 1 to 1.5 m deep. However, on the hillsides where the

Norwegian mine openings exist, the depth may be somewhat less. Rock
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temperatures appear to be approximately -4°C, Norsk Polar Navigasjon in
0il drilling outside the coal bearing areas has found the level of =zero
amplitude to be at a depth of about 15 m with a temperature of -8°C.

The bottom of the permafrost iz generally at a depth of 300 m from the
surface, The interior of hillsides at a horizontal distance of 300 m
from the slopes and a vertical distance of 300 m from the surface is free
from permafrost. The Norwegian mines are driven into the hillsides less
than 300 m from the plateau surface and so are almost completely within
the permafrost zone. Examination of recent excavations, and interviews,
suggest that the ice content of the unconsclidated surficial layers of
permafrost is low. In Longyear valley, the active layer is 1 m deep and
if it is removed in summer the gFound will thaw 0.5 m within approximately
one week, Vegetation is sparse and consists of mosses, lichens and very
gmall plants., Hillsides are very steep, largely unvegetated, and covered
with talus slopes which exhibit active top layers overlying permafrost.
The most common rocks are sandstones, shales, black shales, some conglom—
orate, claystone and coal. The valley bottoms and river courses contain
large amounts of gravel and clays. The minimum rock temperatures en-

countered in the mines appear to be ~4°C and the maximum about +1°C.

2.23 Svalbard Envirommental Controls

The international treaties governing the archipelago of Svalbard pro-
vide for Norwegian sovereignty, but specifically prohibit the extension of
Norwegian laws automatically to the archipelago. Only those passed by
the Norwegian parliament with specific reference to Svalbard can be applied,
and these only when they do not conflict with the terms of the international

treaties.
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Varicus departments of the Norwegian govermment have responsibilities
for Svalbard, The main responsibility for governmmental administration
rests with the Department of Justice which acts through its representa-
tive in Svalbard, a Commissioner (Sysselmann) situated in Longyearbyen.
The Department of Industry is responsible for supervising mineral develop-
ment and works with current and prospective organizations interested in
Svalbard. The Norwegian Foreign Ministry is responsible for all matters
regarding the treaties governing Svalbard and the powers sigéatory to
those treaties. The Department of Environmental Protection is responsible
for environmental protectiomn. i

An official program of envirommental protection is'relatively new
in Svalbard.1 The Horwegian government has promulgated a series of resolu-
tions creating three national pérks, two natural reserves, and 15 bird
sanctuaries on Swvalbard, all of which are closed to mining. Overland
vehicular movement and the development of airfields are prohibited without
permission from the Norwegian govermment through the Commissioner for
Svalbard. The Commissioner is also responsible for working with the Troms¢
museum for protecting historic sites, buildings, etc., particularly those
dating from before the ‘year 1900, Hunting of all forms is closely regu-
lated.

The primary motivation behind the development in recent years of regu-
lations for the protection of Svalbard's environment appears to have been
0il exploration. Svalbard may contain oil reserves, and with the favorable
tax structure existing, development‘could be financially very profitable.

2

Unfortunately, oil exploration in the past has damaged the environment.

The existing mining activities, both Norwegian and Russian, do not
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appear to have suffered from environmmental controls., Both the Norwegians
and the Russians appear to have made a substantial effort in recent

years to utilize better methods of garbage and other waste disposal, but
neither appeared subject to the type of controls which exist in Alaska,

There appears to be no significant problem involved in controlling
hunting or other activities by individuals which might be harmful to the
natural environment.

The major problem concerning envirommental protection seems to be a
political one, whether or not the Norwegian govermment can in fact enforce
its own environmental regulations on the activities of foteign nationals
exercising their rights under international treaties. There is, for
example, some doubt as to whethep or not the Russians can be cobliged to

follow Norwegian regulations concerning the environment in their mining

and mineral and petroleum exploration activities.3

1Milj8verndepartmentet, MiljBvernforskrifter for Svalbard, 1974,

2This was visuvally observed at the old Caltex site at Blaahuken on
the northern shore of Van Mijenfjord.

3Based on conversations with Norwegians in Svalbard.

2.24 Concluding Observations

Excepting World War II, SNSK has mined coal continuously in Svalbard
since 1916 and Arktik Ugol' since 1934, Both are motivated in part by a
political desire on the part of their respective govermments to maintain
a physical presence on Svalbard and to utilize Spitsbergen coal to supply
a limited number of domestic consumers who would otherwise be forced to

obtain coal elsewhere. Future plans clearly indicate that both the Russians
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and Neorwegians intend to contimue cecal mining and improve their present
settlements., The Norwegian investment in supporting activities, and
particularly the new airfield, is impressive. Problems exist because
of permafrost, cold weather, a short shipping season, and remoteness,
but these all seem to have been solved. The experience indicates that
with a long term commitment, financial suppert, and a secure market base,
coal mining in the Arctic is fully practical. The environmental hazards
asseciated with underground mining appear minimal and subject: to control.
Settlements consisting largely of short-term residents can alsc become
permanent, as demonstrated by the 1ife span of both Longﬁearbyen and
Barentsburg. Given the political significance of Svalbard, the question
of whether coal mining is economically viable under changing world market
conditions is perhaps not too important. However, the future economic
prospects for the Norwegian coal mines do appear at present to be quite
promising.
3.0 GREENLAND1
Coal has been mined for local use in Greenland since the latter part
of the eighteenth century. In the early nineteenth century, various
attempts were made to establish mining as a commerical activity. These
failed, however, due to lack of investment and competition from lower cost
and higher quality English coals. 1In the early part of the twentieth cen-
tury coal mining became established on the northern side of the Nugssuak
Peninsula. In 1924, this mine was closed down and a nmew one opened at
Qutdligssat, located on the northeastern edge of Disko Island along Vaigat

Strait (70°7'N, 53°W).
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In an economy move the mine was phased out between 1968 and 1973.
The town of 1,200 people which was supported by the mine was closed
down, the people sent to other settlements, and the entire town was sold
off for scrap. The reasons for closure appear to have been largely
economic in nature. The coal was used primarily for home heating and
cooking and was no longer competitive with lower cost imported oil. In
addition, the o0il was more convenient. The port was awkward and mainten-~
ance of the mine probably would have involved increased investment in
mining machinery.

Production appears to have peaked at about 40,000 tdns per year in
1963. The basic mining system employved was underground advance short wall
mining with ceoal pillars for support. Coal was handloaded onto conveyors
(or underground railroads) for h;ulage to the surface where it was stored
during the winter and shipped during the summer. The labor force was
exclusively native except for a managerment staff of individuals from Scot-
land supported by Powell Duffryn Technical Services Ltd. as consultants.

Judging from some newspaper articles consulted and limited interviews
in Copenhagen, it appears that not everyone was pleased with the decision
to close both the mine and the town, particularly in view of the social
disruption caused among the relocated families and the subsequent and
rather dramatic increases in the cost of imported oil.

The extensive outcroppings of coal on the Nugssuak Peninsula are
being studied and may represent a significant future source of energy.

In the late 1960's, the mine shafts reached a maximum depth of 100 m
below ground. A coal seam as thick as 1.5 m was mined by the advance

short wall system. A total labor force of about 100 was utilized, 85 of



73

whom worked underground, A significant absenteeism problem existed,
especially during the summer months, and to compensate for this a larger
number of workers was actually carried on the rolls (see Tontatus Butte
Mine). Mine development work occurred during the summer, when labor was
short, and most mining occurred during the winter, with coal stored and
then shipped during the summer. Supplies came from Copenhagen by ship.

Coal mined at the face was manually moved onto conveyors. With this
system productivity averaged 4.25 tons per manshift. The mine evidently
was not within permafrost, or at least permafrost did not appeaf to be a
significant problem. There was considerable seepage frow the surface
resulting in an extremely wet mine. The wet mine characteristic was the
reason for employing engineexrs from Scotland who have experience in this
form of coal mining. ‘

Because of the wetness, coal dust generation appears not to have been
a problem. The coal did not produce measurable gas. The inclines were
abandoned when they reached a distance of about 3,000 feet.

Winter temperatures created some problems. Temperatures as low as
-35°C were measured in air entering the mine. This caused some freezing
and breaking of pipes. The consultant recomrended that mining machinery
which is stored above ground be kept heated and covered during the winter
while not in use. The reason given was that the low temperatures would
cause contraction in the steel and could cause difficulties with the bear-
ings in the machinery.

Room and pillar mining was alsé employed evidently because it was a

better means of maintaining roof stability. Wood props were used, but

these proved to be quite expensive, and a gradual transition was made to
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hydraulic supports and steel props.

The mine did not employ sophisticated technology and was used to
provide coal for local consumption. The ceoal mine, with its 100 man
labor force, was the princiﬁal economic activity in a settlement of
1,200 people.

Had the mine remained in operation, it appears probable that invest-
ments would have been made in more modern equipment in order Fo reduce
the labor force. This was necessary not only because of the increasing
cost of labor, but also because of labor difficulties particularly over
the question of absenteeism., Reported direct labor cost?'per ton were

30 Dkr in 1969.

Note on source. Interviews with Mr. Elmar J. Schiener, Greenland

Geological Survey, Copenhagen, and with Mr. Erick Dockner of the Greenland
Technical Organization. Selected reports produced for the GTO by Powell
Duffryn Technical Services, Ltd., were consulted. A survey of newspaper
articles from Danish newspapers in the University of Alaska Library was

also made. On early mining, see: P, P, Sveistrup, Det Danske Styre af

Grgnland, Meddelelser om Grénland, Bd. 145, Nr, 1, 1945.

4,0 ABSTRACTS FROM: HOEL, ADOLF, SVALBARD SVALBARDS HISTOQRIE, 1596-19635,
SVERRE KILDAHLS BOKTRYKKERI, OSLO, 1966, Volumes I and II.

Spitsbergen is an Arctic island group lying in the Arctic Ocean between
76926' and 80050' north latitude and 10°30" and 28°10'" east longitude.
The group includes the following islands: Vest Spitsbergen (39,500 kmz),
Edgedya (5,150 kmz), Barentsdya (1,300 kmz), and Prins Karls Forland
(650 km?2). Including the smaller islands Spitsbergen has an area of

61,600 kmZ.
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Kvitdya (250 kmz), Kong Karls Land (311 kmz), Hopen (46 kmz) and
Bjdfnéya (178 kmz) do not belong to the Spitsbergen archipelago. Together
with this disland group they form the Svalbard Archipelago which has a
total area of 62,405 km? {(p. 17). Spitsbergen Treaty of 9 February 1920
gave Norway full sovereignty; acceptance took place on 14 August 1925
(p. 17).

Climatic data, shown on the table, indicate that a very large temper—
ature increase has occurred in the winter months from the period 1912-
1930 until the period 1951-1960 (p. 24). March is the coldest month of
the year, July the warmest. Temperatures down to -30°C .¢an occur in
winter and temperatures up to +16°C in summer. There is a large variation
in winter temperatures. For example, the average temperature in January
1947 was ~1.8°C and in January 1§59 -15.6°C. (In Grdnfjord temperatures
have been measured down to —49.5°C.) Precipitation is greatest in fall
and least in spring. The average annual precipitation is over 300 mm,
Precipitation can occur as snow in every month, but is relatively infre-
quent in July. Sky cover is usually least in April and highest in July
and August. The dominant wind is from NNE and &, that is out Isfjorden,
practically the whole year. Only in July and August is the wind from the
south strongest (p. 25). Wind velocity is often high in winter. 1In the
months November through March, 50% of the days have an average maximum
wind speed of 6 on the Beaufort scale (p. 26). Along Vest Spitsbergen lie
the youngest rock formations, i.e., rocks from the Tertiary period, in a
trough-like structure which stretchés from Kongsfjoxrd southward to Stor-
fjord. On both sides of these Tertiary deposits are found Triassic,

Jurassic, and Cretaceous rocks. These in turn are surrounded by rocks
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from the Carboniferous and Permian periods. Farthest out west along
all of Vest Spitsbergen rocks have been strongly metamorphosed due to
folding. These are called the Hecla Hoek rocks.

The Hecla Hoek formation evidently consists of Pre-Cambrian and
younger rocks up to Ordovician and Silurian ages. The Hecla Hoek forma-
tion weathers into mountains with peaks which inspired Barents to name
the island group Spitsbergen. Younger sedimentary formations have formed
the mountain plateaus which are most characteristic in the inéer portion
of Isfjord (p. 30).

Fossils from the Carboniferous show that there must have been a very
rich vegetation on Svalbard 300-380 million years ago (p. 32). Coal is
found in the upper Cretaceous and lower Tertiary. It is the Tertiary coals
that are being mined today. The\coal—bearing area with thick seams is
spread over the central and southeastern parts of Vest Spitsbergen and
includes coals from the Carboniferous up to and including the Tertisry
periods. The most important deposits under exploitation were formed in
the Tertiary period.

The Norwegian mines at Longyearbyen drift into nearby horizontal

beds up to the mountain sides. In the mines at Ny-Aalesund the work was
in an area with large faults which made the mine conditions difficult.
At Barentsburg in Grénfjord, the Russians mine along horizontal deposits
at low level. Deep in Billefjord is Pyramiden, the other Russian mine.
The coal mined here is from a deposit from the lower Carboniferous (p. 32).

Iron is found in many places buf is of no economic value. The same

can be said of copper which has been found in St. Jonsfjord and other

places in the Hecla Hoek formation. Lead and zinc have been found in the
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area between Isfjord and Bellsund. Marble has been mined on.the Blom—
strand Peninsula in Xongsfjorden, but it was not profitable because of
the peninsula's tectonics and frost influence on the marble., A small
deposit of asbestos was found in Recherchefjorden, but the quality was
low. Gypsum is found in Billefjord but turned out to be not mineable.
Gypsum is a bulk commodity and probably not worth mining (p. 33). Phos—
phates are found, but in too thin layers to be worth mining; also there
are some iron carbonates but not sufficiently pure to be of economic
value (p. 34).

During the Ice Ages the land was pushed down by the "ice sheet and
was 300 m lower than it is today. Later the land rose, resulting in ter—
races, Today two thirds of Svalbard is covered with ice and snow.
Glaciers entering the sea often iie on the sea bottom; can lie up to 100 m
deep in the sea. Ice bergs result from glacier calving in summer (p. 34).
Permafrost in Svalbard has an average depth of 300 m. On grass—covered
flat lands the surface melts on the average only 50 cm, and on well drained
gravels up to 2 m. Permafrost causes the surface to be extremely wet.
Frost action causes sorting of the ground material as the larger deeper
materials is shoved up to the surface,

According to Icelandic Landnamabok (p. 37), Svalbard was discovered
by Vikings from Iceland in 1194, and rediscovered by Duteh in 1596 (p. 37).
The Dutch explorers were searching for a route to the east in competition
with the British who opened trade with the White Sea in 1553, The
Portuguese rounded Cape of Good Hope in 1497, and the Hanseatic League
had control over trade in Northern Europe (p. 37-3%). The Barents party

proceeded to the northern tip of Novaya Zemlya where they overwintered,
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lost their vessel, and returned by boat to the mouth of Pechora, and
Kola Peninsula, and were found by Dutch merchantmen. Barents himself
died of scurvy (p. 39-40).

Seas west of Spitsbergen and around Bjdrngdya had walrus and Green-
land whales; walrus were hunted and killed on land. Henry Hudson explored
Spitsbergen in 1607 and called it Kongsfjord Hvalbukta because of the
large number of whales he found there (p. 41). The first whaling off
Spitsbergen.began in 1611 by Englishmen (p. 42). Little is héard of -
English whaling in Spitsbergen after 1660, but the Dutch continued strong
(p. 46). Whales began leaving the fjords im about 1650; Englishmen
quit, but the Dutch went into Pelagic whaling (p. 46). ‘

Jan Mayen was discovered by the Dutch in 1614, and was used as a
shore based whaling station (p. 46). Smeerenburg’'s decline began in about
1647 and by 1690 was empty (p. 47). The last Dutch whaler came to Spits-
bergen in 1864. The first Russian hunters came to Spitsbergen gsometime
between 1715 and 1720, although it has been stated that they came earlier,
in the 16th century. At the beginning of the 18th century, Russians in
large numbers were found along the coast of North Norway where they were
called “pomorer". Russians hunted walrus, white fish, seal, reindeer,
and fur animals. In the hoginning, Russians remained on ldgedya. They
left the White Sea in July in "Lodj" carrying up to 24 men; remained in
Spitsbergen until following summer (p. 55). Russians gradually spread
over Spitsbergen in search for new hunting grounds; reached to Bellsund
and Grénfjorden in Kongsfjord and to other fjords along the west coast
(p. 56). Most Russian hunting expeditions were sent in the century from

1730 to 1830. In 1804 the Russian White Sea Company was given boundaries
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for its operational area by Alexander 1. "This would include not only
the White Sea but also the Gruman Tslands (Grumant was the Russians'
name for Svalbard), Novaya Zemlya, Kolguyev, and the Worthern Sea and
the Arctic waters"” (p. 56). Russian hunting began to decrease in the
early 19th century, in part because of Norwegian competition (p. 56-57).

Norwegians from Hammerfest, Troms¢ and later Trondheim began hunt-
ing in Spitsbergen in the early 19th century. They were mainly interested
in the large walrus herds. In the 1870s, herxing schools appeared off
the west coast of Spitsbergen, but left in 1883, and were fished in the
intervening years {(p. 58—595. The first shipment of coal from Spits-
bergen was made by Séren Zachariassen in the summer of 1899, The coal
was sold in nmorth Norway (p. 65} and this led to coal mining claims.

In 1904 Trondhjem Spitsbergen Kélkompani sold its claims on Adventfjord
to John M. Longvear who with Frederick Ayer from Boston, founded the
Arctic Coal Company in Boston in 1906 (p. 66). Norway took sovereignty
over Svalbard only after the U.S5.8.R. in 1924 acknowledged Norwegian
sovereignty (p. 77). In 1935, U.S.5.R. signed the treaty with Svalbard
(p. 77). World War I caused a halt to mining of belligerents in Spits-
bergen (p. 71}. A Norwegian syndicate bought Arctic Coal Company and
the lands of Norwegian companies lying nearby and soon became the Store
Norske Spitsbergen Kullkompani.

Arktik Ugol' opened mines at Grumant east of Coles Bay and at
Barentsburg on the east side of Grégnfjord in 1931 and 1932 (p. 111).
Musk oxen were brought from Greenlaﬁd to Adventfjord area (Moskushamn)
(p. 169). The Svalbard og Ishavsundersgdkelser organization has been

supported by the Norwegian government since 1927 (p. 26%). In the period



81

1507-1939, Norwegian scientific expeditions went to Svalbard; mapped
18,653 sq. km; took 65,000 aerial photographs and mapped 92,166.8 sq.
km of ocean area {p. 177).

Just prior to World War IIL, total Russian and Norwegian coal pro-
duction reached nearly 700,000 tons annually and about 150 ships arrived
annually to haul coal (p. 179}. A Russian company, based in St. Peters—
burg and named A/$ De Russiske Kulfelter Green Harbour, bought land
between Barentsburg and Colesbukta between 1913 and July 1918 from Nor-
wegian interests (p. 247). Bibliographical note: Sir Martin Conway,

No Man's Land, published im 1906, concerns the history of Spitsbergen

whaling (p. 274).

In the summer of 1910 a large German expedition led by Graf von
Zeppelin and Prince Heinrich of frussia, went to Spitsbergen to study
the use of air ships in Arctic areas (p. 275). At the same time the Ger-
mans "occupied" land in Krossfjord, Kingsfjord, Magdalenafjord and
Raudfjord, a}l along the northwest coast of Vest Spitsbergen from Ny-
Aalesund northward (p. 285). 1In 1920, a Dutch company bought out the
Russian company owning fields along Green Harbour. The Dutch planned to
mine 500,000 tons of coal annually and founded the town of Barentsburg
(p. 310-312). They produced 48,000 tons of coal in 1924~1925 and made
preparations for producing 250,000 per annum {p. 314). A Russian expedi-
tion came to Barentsburg in the summer of 1931 which resulted in the
purchase of Dutch mines which have shipping facilities to load up to
350,000 tons of coal per annum (p. 325, 326).

It was in the vears just before the first World War that the Russians

first showed interest in Svalbard. This undoubtedly occurred because of
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the discovery of the rich coal deposits on the archipelage and an under-—
standing of the meaning they could have for Russia. After leading an
expedition to Spitsbergen in the summer of 1913, mining engineer, Rudolf
L. Samoilovits]j, wrote a report about the coal deposits in Spitsbergen.
It was stated that the coal deposits were highly significant for Russia,
according to a ‘translation of an extract available at Svalbardadvokatens
archives.

The utilization of large deposits of coal with a quality nearly as
good as English ceoal, and under realistic maritime conditions, are of
especiaily great significance for the Russian Navy. When one takes into
consideration the fact that the Baltic fleet's vessels use English coal
and that in case of a conflict w?th England they will be threatened. It
must be admitted that the fact tﬁat the Spitsbergen cecal is only two days
from Worth Russia can be of significance for the State, Vladimir Alex~
androvich Rusanov, a Russian geologist, was sent to Spitsbergen by a group
of merchants from Archangel. A report entitled: "The Island of Spits-—
bergen and the first Russian Scientific and Industrial Expedition” was
published in the year 1913 in Archangel. The expedition had 14 members
and arrived at Bellsund on 3 July 1912 (p. 333). They went overland and
explored Green Sound and Colesbukta. They claimed a small area near
Colesbukta (p. 334). On the 16th of March 1913, Rusanov's backers estab-
lished the Handeslhuset Grumant A/S to develop minerals in Svalbard and

began coal miring in 1913 (p. 336). N. H. Dole, Amexrjca in Spitsbergen,

Vol. II, cites that the Russians had a disagreement with Longyear over
mining properties (p. 338). The Russians mined in Colesbukta in the

summer of 1913 (p. 341). Additional exploration was conducted in Coclesbukta
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in the summer of 1914 and the summer of 1915 (p. 342).

In 1920 the Anglo Russian Grumant Company was established in Loundon
to use Russian properties. The Russians commenced mining at Grumant
(p. 355) and at Barentsburg (p. 356) mines were taken over by Arktik
Ugol' in 1933 (p. 361). In the winter of 1933-1934 Russians had 1,261
people in Barentsburg, including 100 children.

In 1934, they produced 180,312 tons of coal, of which 10% was used
locally and about 149,000 tons were shipped (p. 363). The Ru;sians
attempted in 1934-1935 to utilize water for dust suppression, but the
water froze in the mines, and instead they removed the dust once per work-
ing week and used rock dust to control the coal dust. P;oduction in 1935~
1936 reached 1,300 tons per day with 700 men working in the Barentsburg
mine (p. 367). The gas content ;as very small. They mined 400,134 tons
of coal in 1936 of which 342,216 tons were shipped during the year. A
50 m wide pillar had been left separating the shaft from the ocean where
it was under sea level (p. 368) in the Grumant mine which in 1936 pro-
duced 75,131 tons of coal, of which 63,909 was shipped (p. 368). The
mines were evacuated in 1941; Cermans shelled and destroyed the buildings
in 1943, Reconstruction of Russian mines began in 1946 (p. 380-382).

In 1954 Barentsburg delivered 161,080 tons of coal, Grumant 120,459 tons.
During 1954, 211,616 tons of coal were shipped out (p. 401). 1In 1955,

a total of 400,000 tons of coal were to be produced. In Barentsburg,

coal was to have 7,400 Kcal/kg and an ash coantent of 30%, reduced to

24-25% by "sjeiding" (p. 415). TFrom April 1965 2 new mine was in operation
in Barentsburg. The bottom of the shaft lies 1,200 m down from the

surface, but at the time the lowest operating level was 800 m. Retreat
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longwall mining was usad; water spray was used at cutter machines to
reduce coal dust (p. 416). Daily production at Barentsburg was 600 to
700 tons in 1965. A fire hose system exists in the mine, which brings
sea water from the sea down to the coal faces for use in case of fire;
rock dust barriers and rock dust are used for dust suppression. They
have a relay in the ventilation system to cut off all electricity in the
mine in the event the methane gas content in the return air reaches
0.5%, but this has never occurred (p. 416). Coal production from the
Russian mines according to Norwegian data on coal shipped out of Spits—
bergen: 1933 ~ 149,000, 1935 - 318,868, 193y ~ 313,246;‘&eached 310,133
by 1955; from 1956 through 1963 coal shipments varied from 366,800 (1962)
to 480,395 in 1960. ‘

An English company developeé a marble guarry in Kongsfjord by 1913;
it was thought that the marble to be of very high quality (p. 439).
Research in 1916 showed that the good marble was at the surface only and
quarrying would be worthless (p. 446). The British also sought to develop
what they thought was high grade iron ore in Recherchefjorden in 1918
(p. 450-451). Pages 450-462 discuss some minor discoveries of copper,
lead, zinc and iron ore deposits made in 1919, Most proved uneconomical
by 1921 (p. 466).

The Svalbard Treaty was signed in Paris on 9 February 1920 (p. 468).
The above discoveries and explorations were made by an English company,

the Morthern Exploration Company, which went out of business by 1929

(p. 482).
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Hoel, Adolf, Svalbard, Svalbards historie 1596-1965, Vol. II, Sverre
Kildahls Boktrykkeri, Gslo, 1966, '

Swedish organization laid first claim to coal seams in the Pyramid
area in 1910 for the purpose of securing coal for Swedish steel produc—
tion (p. 500-503).

At about this time (1910-1916) the Swedes also obtained coal pro-
perties at Sveagruva (p. 514). Development of Sveagruva began in 1919
{p. 517). From September 19 through June 30, 1920, Sveagruva produced
27,097 tons of coal (p. 520). 1In 1920 it shipped 38,000 tans=of coal, of
which 34,500 tons went te Swedish raillroads in Narvik and Trondheim; the
rest was sold or used at the mine (p. 520). A small expioration tunnel
was driven in Pyramiden. In 1921 the Swedish mines reorganized as Svenska
Stenkolsaktiebolaget Spetsbergen:{(p. 524). From July 1, 1923 through
June 30, 1924, Sveagruva produced 98,260 tons of coal (p. 533). The coal
was shipped to Narvik railroad and the Swedish railroad in Hommelvik,
Goteborg, Malmd, Stockholm, and for other uses (p. 534).

On May 12, 1925, a fire broke out in Sveagruva. Fire started in a
locomotive "stall" located in the main tunnel 40 meters from the mine
opening probably when a gasoline tank was ignited during the cleaning of
a gasoline driven locomotive (p. 535). Gas moved to Shaft 1 from Shaft 11
where the fire was and made it necessary to close both shafts. By Sep-
tember the fire was out due to pumping of water inte the mine. Then the
mine was closed to prevent air entering the mine and starting the fire
anew (p. 536). ¥n 1926, due to falling coal prices, the Swedish govern-
ment stopped its subsidies for coal mining in Spitsbergen{(p. 540). The

fire appears to have been put out without extensive damage to the mine,
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but falling coal prices, absence of govermment subsidies, led to liqui-
dation of the company (p. 539-0641) in 1926, The Swedish government
changed its mind in 1927 due to British coal strike of 1926 which cut
off coal imports exceplt from the U.S. {p. 540-543). However, in March
1927, there were three explosions which caused a new fire in the mine
(p. 543). The fire was put out by flooding (p. 544).

In 1926, Swedish rights to Pyramid were sold to the Russians (p. 545-
546). In 1934, Store Norske Spitsbergen Kulkompani purchased, Sveagruva
(p. 548-549).

The Spitsbergen Coal and Trading Company was foundeg‘in the United
Kingdom in 1904 to develop coal., It laid claim din 1901 to Adventfjord
(p. 555-557}. The Spitsbergen Coal and Trading Company encountered
labor difficulties in 1906 and ceased operations in 1908 (p. 566). Advent
Bay was named after Adventure Bay, a British whaling vessel named
Adventure which stopped in Isfjord in 1656 (p. 571). A Norwegian group
bought the company's rights to Advent Bay in 1915 (p. 572). A Norwegian
company founded in Bergen, named A/S De Norske Kulfelter Spitsbergen
(p. 573). Musk oxen were brought to Advent Bay in 1929, landed at a
place which was therefore named Moskushamn (p. 574). The company preduced
and sold 8,000 tons of coal from Advent Bay in 1920 (p. 577). The company
went bankrupt in 1922, unable to raise capital. It had borrowed money
from the Norwegian government which refused further subsidization (p. 578).
The area was redeveloped by a new company, Norske Kulfelter A/S, beginning
in 1937. It basically went out of business in 1940 (p. 584), and the

company liquidated in 1953 (p. 584). Longyear was interested in Spits-

bergen coal for use in making iron and steel from the iron deposits in
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S¢r Varanger, discovered in 1901, since Andoya coal was unsuitable for
coking (p. 590-593). SNSK bought out Norwegian rights from the Trond-
heim-Spitshergen Company which had done a little mining in Adventfjord

in 1903-1904 (p. 593). The Arctic Coal Company claimed land from
Grégnfjord to the west side of Adventfjord and three quarters of the way
south to Van Mijenfjord (p. 599), and also land on the south part of
Sassenfjord {(p. 599) in 1905 (p. 599). The Longyear Company had dif-
ficulties in asserting its claims against others, especially in Grénfjord;
had labor difficulties with Norwegian laborars. It produced about 30,000
tons of coal per annum (p. 599-664). TIn the winter of 1914-1915 Advent-
fjord mine produced 44,000 tons of coal (p. 673). Operations stopped in
1916 due to wartime restrictions on shipments of supplies (p. 676-677).

N. H. Dole, in America in Spitsbergen, discusses Longyear. They invested

about $1 million in the mine (p. 678). The Russians were interested in
buying the mines to obtain coal for the Murmansk railroad; the Norwegians
were interested for coal for Norwegian railroads. Longyear was anxious
to sell (p., 682-684). The Swedes then became interested as coal prices
increased and the Swedes wanted to become independent of English coal

(p. 689). The Norwegians purchased the mine, in part because they did not
want the Swedes or the Russians to have the mine (p. 689-690). 1In 1916
(p. 690) this situation led to the founding of Store Norske Spitsbergen
Kulkompani A/S (p. 690). A French vessel "Recherche"” took the French
scientific‘expedition to Spitsbergen in 1838; Recherchefjord in Bellsund
was named later after this vessel (p. 715).

Kings Bay Xul Compani A/S was founded in 1916 by businessmen from
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Aalesund who had been blacklisted by the British and refused coal be-
cause they continued to trade with Germany. They bought property from
other Norwegians (p. 734~735). 1In 1916 Store Norske Spitsbergen Kulkom—
pani A/S bought out other Norwegian claimants to coal land in Gr¢nfjord
(p. 757). The Norwegians and the English, in confliect with each other,

mined asbestos in Recherchefjord in the early 1920s (p. 770-772). The

asbestos field is still owned by A/S Kulspids (p. 773).
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1.0 GEKERAL

This appendix summarizes the information obtained from the search
of Russian language literature on coal mining in the Soviet North.
Three major Siberian coal basins are discussed: Pechora (Vorkuta), Lena
(Yakutia), and the Noril'sk. Additdional information is provided on
coal mining in Magadan. The basic source utilized for sectioms 3.0, 4.0,

and 5.0 is V. K. Rurenchanin, Mining of the Coal Deposits of the North-

eastern USSR, Moscow, 1971.

>

The information extracted relates to the period 1955-1970 and is
organized around Arctic problems encountered in different.coal mines.

Siberian coals, while mined to a limited degree in ;he eighteenth
and nineteenth centuries, owe their modern development to the period after
1931 when the Soviet govermment éegan an intensive program for developing
the mineral resources of Siberia. The Vorkuta coals were developed to
provide needed energy and metallurgical grade coals for the northexn part
of European Russia, a region deficient in energy resources., The domestic
alternative to the Vorkuta coals was and is the deep coal seams of the
Donbas in the Ukraine, The Donbas was lost to the Germans duxing World
War IT, and since that time has been oriented toward supplying the needs
of the Ukraine's heavy dron and steel industries. The Vorkuta area, thus,
provides a much needed alternative energy resource.

The Noril'sk coal was developed basically to provide for the needs
of the Noril'sk nickel mines and metallurgical plants. Coal mining there

appears to have become less significant in recent years due to the avail-

ability of local supplies of natural gas.
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The coals of the Lena and Magadan region have historically been
used as a local energy resource. In the future, however, they may be
exploited as a resource for the industrialization of eastern Siberia
and perhaps the Soviet Far East.

A major change in Soviet policy toward Siberia occurred in the late
1950s and early 1960s with the implementation of a long range program
of large scale investment in energy and mineral resource development.
This program led to changes in ccal mining technology and an increase in
investments in Siberian coal. The literature reflects this with substan—
tial increases in investment, marked improvements in workers salaries

and fringe benefits, and significant changes in coal mining equipment and

research beginning in the early to mid 1960s.

1.1 Pechora-Vorkuta

The Vorkuta basin (about 69°N, 65°E) is located in a wet, Axrctic
climatic zone near the northern edge of the Ural mountains. Coal dis
shipped long distances overland to markets in northern European Russia,
The physical enviromment is characterized by wet, ice rich, fractured
permafrost, which has created drainage and mine opening difficulties.
Current mines are below the permafrost and produce some 20,000,000 tons

per year.

1.2 Noril'sk
The Noril'sk basin (zbout 69°N, 8995} is located near the mouth of
the Yenisey River. The region has a cold, arctic climate. The permafrost

here is cold and the wmines bave suffered from a history of underground
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fires caused by spontaneous ignition. Evidently, mining operations
caused an increase in rock temperatures which, when coupled with improper
ventilation, led to oxidabion of the coals, and in time to the generation

of sufficient heat to cause spontaneous ignition,

1.3 Lena-Yakutiya

The Lena basin, centered more or less around the settlement of
Yakutsk (about 61°N, 130°E), lies in a zone with a very severe continental
climate. Winter temperatures are extremely low, while summerstemperatures
are gquite high. The temperature range is somewhat greater than that in
interior Alaska, while the permafrost 1s considerably colder. The litera—
ture surveyed suggests that maintenance of normal rock temperatures is
beneficial to mining. One critical problem, as yet unsolved in these

mines, is that of suppressing coal dust during the winter period when coal

dust generation is much greater than in the summer,

1.4 Magadan

While there is less information directly on the coal mines in the
Magadan area (the area morth of 60°N, 150°E), the literature surveyed con-
tains a variety of recommendations for coal mining. These revolve around
maintaining existing thermal properties, modifying mine safety regulations
for Arctic conditions, and developing special design requirements for
Arctic ecoal mining, particularly concerning pillar sizes, ventilation and
dust suppression.

Northwestern Alaska is not froﬁ a geographic point of wiew truly
compatible with any of these areas. The permafrost is similar to that in

the Lena Basin, but the climate more closely approximates that of the
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Vorkuta area. Whether or not underground coal mining in northwestern
Alaska would encounter the underground mine fire problem of the Noril'sk
area is unknown.

The Soviet system of costing and of presenting productivity data
is guite different from that used in the United States. For this xeason,
direct comparisons should be made with caution. The fact is that the
government of the USSR has made a substantial investment in Siberian coal

mining, an investment that has increased substantially during the last

decade,

N

2.0 THE PECHORA COAL BASIN (VORKUTA AND INTA COAL MINES)

2,1 Summary

This chapter summarizes the most significant information on the phy-
sical constraints on Arctic coal mining obtained from the literature re-
garding the Pechora Coal Basin.

Soviet experience in this maritime Arctic region located at the same
latitude as Fairbanks, Alaska, and characterized by discontinuous perma-
frost shows that there are definite trade~offs involved in developing
coal mines. These particularly are found in the relationships among mine
ventilation, coal gas and dust content, water inflow and permafrost,
Inadequate attention to this dinter-relationship under similar conditions
could result in costly delays in opening a new mine, long~term deteriora-
tion of permanent shafts, and difficulties with sudden inflows of water.

The thermal changes occurring in an underground coal mine in perma-—
frost are a function of the (1) velocity and volume of heat entering the

mine through ventilation, (2) that entering the mine and the surrounding



97

rock from inflow of ground water, and (3) heat from chemical oxidation
of the rock and the coal. The excavation of mine openings can greatly
increase the introduction of heat from all three of these sources.

First there is a brief description of the Pechora basin, This is
followed by the Soviet economic argument that Pechora coal is cost com—
petitive in northern European Russia with alternative sources of domestic
coal. A discussion of equipment problems shows that Arctic conditions
reduce the service life of mining equipment by 50%. The folléwing sections
mention labor turnover, which appears to be high but not excessive, and
discuss some major problems in opening new shafts in thefléSOs. Thawing
can occur very quickly in new mine openings and actually prevent their
completion., The answer adopted by the Russians was to ventilate and cool
the area external to the entriesl

The next section indicates that blasting under the conditions of the
Pechora basin can increase the rate of water inflow into the mines by
fracturing the roof. Then follows some employment data. These data are
probably more a reflection of Soviet practices than they are of the in-
fluence of the Arctic on labor requirements,

The final section focuses on minea ventilation problems which are re-
lated to gas, dust, and permafrost degradation. The Russians maintain
a large scientific research staff in Pechora and have faced some seriocus
water control problems in the Pechora Mines. These problems involve the
inter-relationship between underground mining and the natural ground‘water

systems, a factor which could apply to those parts of arctic Alaska with

ice rich permafrost,
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2.2 General Characteristics

The Pechora coal basin lies at the northern extremity of the Ural
Mountains in the Komi ASSR of the USSR. It is part of the northwestern
USSR and lies between 67°10' and 68°30' North latitude and 63°20' and
65° East longitude. Topographically, the area consists of a plateau
with maximum elevations of 100-260 m above sea level, cut by broad lake
and bog studded river valleys. Geologically, the area consists of a
folded sedimentary basin of Permian age overlain by Quarternary glacio-
fluvial deposits and recent alluvium. Permafrost varies from 45 to 132 m
in thickness and has an average temperature slightly be%ﬁﬁ freezing.

The permafrost has a large ice content, many unfrozen areas, and a large
number of c¢racks or fissures thr?ugh which water penetrates from the sur-
face.

The region has a maritime Arctic climate, with a mean annual tempera-
ture of ~5.79C, a mean high temperature of +11.4°C (July) and a mean low
of -19°9C (January). June through September is characterized by above
freezing temperatures, while the remainder of the year is below freezing.
Mean annual precipitation is 620 mm, of which 61% occurs as snowfall.

The snow cover forms in the first part of December and melts in the begin-
ning of June, with a maximum snow depth of 65 to 100 em occurring in

March and April. 3Blizzards are very frequent during the winter, with wind
occurring 84% of all days during the year. The mean winter wind is from
the southwest and the average summer wind is from the northeast. Maximum
winter wind sppeds reach 40 m/sec (approximately 80 miles per hour) .1

The Pechora coal basin produces approximately 20,000,000 tons of
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coal per year from underground mines, most of which are below the perma-
frost. The basin was first developed in the early 1930s, with produc—
tion increasing during World War II, and a major program of ecapital in—
vestment beginning in the late 1960s. There are two primary basins:
Vorkuta, containing the principal settlement, and Inta. Vorkuta produces
high grade coking coal used teo produce what is supposed to be the best
pig iron in the USSR at the Cherepovets steel mill. Inta produces energy
coals used in the northern part of the European USSR.

The European portion of the USSR is deficient in coal, having only
one major coal district, the Donets, in the Ukraine. ng northwestern

portion of the USSR is an energy deficient region, and the Pechora basin,

tied to the Northwestern USSR by the 2,000 km long Vorkuta-Kotlas Rail-

.

road, is viewed as a major supplier of energy and metallurgical coals.
The use of Pechora coals will increase in the future.2

This energy deficiency was the basis for a significant increase in
investments in the Pechora Coal Basin. The use of modern mechanized
mining systems began in 1967. In the late 1960s, mines were consolidated,
the number of working faces reduced, new mines brought into operation,
and other measures carried out to both increase total production and labor
productivity., As of 1 January 1968, the coal reserves were estimated at
214 billion tons. The coking coals have less than 1% sulfur, an ash
content of 16-17%, almosti complete absence of phosphorus, and good coking
qualities and hardness. The average seam thickness is 2Z-3 meters, and
the beds are relatively flat lying, most at a dip of less than 45 degrees,

New mines are being developed to depths of 400 m.3
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As a developed coal basin undergoing major technological changes,
the Pechora Basin has experienced many difficulties associated with the
north: high precipitation, discontinuous permafrost, and excessive
surface and underground drainage problems. In addition, the coal mining
organizations have had to present arguments justifying the high costs

of operation in the Arctic.

2.3 Economic¢ Arguments in Favor of Arctic Coal

2

The arguments, in addition to the simple fact that northern European
Russia is deficient in coal, rest on comparisons with the other major
basin of European Russia, the Donets in the Ukraine, Heée the Pechora
Basin is viewed as being more favorable geologically and having coking

coal of higher quality, leading to lower real extraction costs and

higher net benefits. The following table compares the two basins.é

Donets Pechora
Average Seam Thickness (meters) 1.04 1.79
Average Thickness of Seams 0.92 1,82
Worked (meters)
Depth of Mines (meters) 453 409
Loading per face (tons/24 hrs) 295 , 553
Loading per shaft (tons/24 hrs) 1,380 2,631
Productivity (tons/month/miner) 36.9 54.8

The actual cost, however, of Pechora coal {(excluding transportation)
has been 10 to 127 higher than that of Donets coal, but this in large

part is explained by the fact that the Pechora coal mines bear costs
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which in the Ukraine are not charged against the mines. These include
the costs of social and cultural overhead, fire protection for settle—
ments, operation of surface railroads, some costs for road maintenance.
Were these costs to be removed, then, so the argument runs, Pechora
coal would actually be less expensive at the mine than Donets coal.5
Underground coal mining is a labor intensive operation. Labor costs
account for 59.6% of total mining costs in the Pechora Basin, which is.
somewhat higher than the national average for coal mines inm the USSR
(53.2%). 1In addition, Pechora wage rates, with the special bonuses for
working in the Arctic, are 1.5 to 3 times higher than th?‘national average.
However, mechanization has led to a reduction in the total amount of labox
required by 36.57% during the las? decade. From 1960, coal production
increased by 20%, but the total number of employees decreased by 5.4%.
The high cost of labor in the Arctic is compensated by greater productivity,
with the Pechora Basin having labor productivity rates 45 to 50% higher
than those of the Donets. More than half of the coal mined in the Pechozxa

Basin is produced at a lowexr cost than in the Donets Basin.

2.4 Equipment and Maintenance Problems

The severe climate, and the failure to design equipment specifically
for Arctic conditions, has resulted in an equipment service life signifi-
cantly shorter than normal. On the average in the coal industry of the
USSR, equipment has a life service span of 6.62 years, but in the Pechora
Basin the average is 5.23 years. Equipment used by the Vorkutaugol'’
combine, the organization operating the Vorkuta Basin coal mines, has a

life of only 4.83 years. Some equipment wears out so quickly that its
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utilization rate is only 30 to 40% of normal. The basin has three
large repair shops capable of performing major overhauls, The cost, how-
ever, is 50% or more of the cost of new equipment, while the productivity
of the repaired equipmentis lower and its operational costs are significantly
higher.7

The Pechora basin lies in the Komi ASSR which has a population of
approximately one million people. The coal mine organizations strive to
utilize local resources to supply immediate peeds, such as wood and
metal mine props, certain types of spare parts, etc. The Komi ASSR is
richly endowed with petroleum, natural gas, salt, titanium and bauxite

ores, so that the possibility exists for the development of primary manu-

facturing, particularly of chemicals.8

2.5 goal Mining Vs. Forestry

The mining of coal is viewed as a more productive use of land than -
forestry. Qn the average in this region, one hectare of forested area

produces 40d tons of timber (apparently per crop), whereas mining a seam

only one méter thick over the same hectare will produce 14-16,000 tons

of coal.9

2.6 Labor Turnover

Labor turnover in the Vorkuta and Inta coal mines dropped from 33-35%
in 1964 to 20-25% in 1970, making it lower than the average for the coal
industry of the RSFSR. TIn the Komi ASSR as a whole, however, it  appears
that there is a net out-migration of labor, and that many critical
specialties can only be filled by importing labor from other regions.

The rate of natural population increase dropped from 24.5 per 1,000 in
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1966 to 10.5 in 1970. Whether or not this suggests labor supply diffi-
culties in the coal mines is not evident, since only 16% of the total

population of the Pechora basin is emploved in the mines.lo

2.7 Problems of Opening Mines in Permafrost

The following section is taken from an article published in 1958
which describes problems encountered under Arctic conditions.ll

The basic difficulties involved in mining in permafrost in the Pechora
basin are those related to thawing of the discontinuous perma%rost which
has a temperature close to freezing. In addition, roofs have a tendency
to come down slowly unless special measures are taken to;promote roof
collapse, important in long wall mining.

The development and maintenance of permafrost underground works is
hindered by the thawing of permafrost, which, inter alia, is caused by
the high rates of infiltration of underground waters. The excavations
increase water flow and thereby increase the amount of heat brought dinto
the mines, causing thawing in the permanent openings.

Thawing of the permafrost causes settling undexr surface structures
and deformation of the main shafts and surface works, The answer to
thisz problem is the utilization of special techniques to isolate the
excavations and surface works from the permafrost. This is made difficult
by the fact that the regulations governing coal and cil shale mines,
issued by the Ministry of Coal Industry, do not contain special regulations
regarding mining in permafrost. The planning organization basically re—
sponsible for planning development in the Pechora Basin, Lengiproshakht,

has not taken the special conditions of permafrost and hydrology charac-—



104

teristic of the Pechora Basin into consideration in designing mines.
The result has been in some cases the creation of dangerous conditions
in the mines.

A particular problem was encountered in sinking new shafts. In one
case, preliminary borings indicated the existence of frozenm sands cut
by a water bearing horizon 7 to 8 meters thick. The technique adopted
assumed that water would be a problem only in that horizon. However, the
water entered the shaft and quickly thawed the frozen sands, %esulting
in considerable collapse, and the size of the water bearing stratum rapidly
increased due to thawing from 7 to 20 meters. Pumping t@e ﬁater caused
settling in the sands which in turn caused supports to f;il. Work could
not be renewed until the sediments were frozen by artificial means. This
required a construction delay of‘two yvears and a cost increase of more
than six million rubles in Mine No. 25,

In another shaft similar problems were encountered. Quarternary
sands, clays and ground moraine had a temperature of -0.3°C at a depth of
25 meters, and an active layer about 10-l4meters thick. The normal methods
of shaft sinking were employed, with work occurring in the summer, resulting
in rapid thawing of the clays. The temporary wooden props were deformed
by the increased pressure, while a large depression formed on the surface
due to collapse of the clays., The surface waters rapidly drained into
the depression causing an even greater rate of thawing of the permafrost.

The solution to this problem was to drill special cocling and venti-
lation holes by means of which the sﬁaft was frozen from December to May.

During this period temperature measurements were made. During two and a

half months, the following results were observed:



105

Distance from the Wall Rock Température
0.5m -9.39C
1.0 m ~-2.20¢C
1.5m ~0.20C

Temperature measurements within the shaft during the middle of
January showed that with a surface temperature of approximately -12.5°C,
the temperature 70 meters down the shaft was -6.3 to -6.9°C.

Other mines also utilized cooling to freeze the Quarternary sediments.
Here is was found that reducing temperature to -5 to -7°C sharply reduced
the viscosity of the clays, which in turn considerably improved the rate
of excavating. The greatest difficulties in tunneling occurred with
gravels and sandy gravels, particularly frozen ones. The difficulties

[

increased with increase in ice content. The relationship is as follows:

Material Work Expended
Thawed loams 1
Frozen loam 1.8
Large grained sands 2.5 - 3.2
Sandy gravels 4
Heavy gravels (temp. —1.5°C) 4.8

Difficulties are especially encountered in drilling operations.
Mechanical drilling loses effectiveness in permafrost, so that heat is
often utilized. TIn view of these difficulties, experiments were conducted
to thaw permafrost by electrodes, which were able to thaw 10-20 cm of
ground in 2% hours. Another experiment was the use of bore holes into

which water was poured and heated to the boiling point. The heating element
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was removed and gxcavation commenced when the thaw bowl reached a dia-
meter of 2.5 - 3.0 meters.

At the present time, the greatest danger in the openings of mines
in the Pechora Basin is thawing outward from the mine openings, which
results in fleooding. The thawing rate is a function of shaft ventilation.
As thawing continues over time, with an ever expanding thaw bowl, increased
water not only enters the mine but also penetrates into the coal. As a
consequence the coal freezes when it reaches the surface, which compli-~
cates surface work during the winter months.

Deformation of wvertical shafts destroys the concretﬁ‘supports.

Bulges form at certain depths. Horizontal openings have even greater
problems due to the heat exchangg caused by circulating ground water,
heated ventilation air, and the underground network of steam pipes. The
result of thawing is a significant increase in rock pressure which causes
roof collapse and prop failure. At the present time (1958), approximately
half of the active shafts in the Pechora basin suffer from deformation.
The answer to this problem is to maintain the rock temperature to prevent
thawing and to control the surface and ground water.

Shaft 27 was designed with inclined drill holes to introduce cold adir
along the sides of the shaft and remove heat, particularly the heat pene-
trating the shaft walls from the heated ventilation air. In this fashion
the rock around the shaft is cooled in winter, and then the holes are
blocked in summer to prevent incursion of warm summer air. In addition,
in those places where compaction due to water loss occurs, cement grout
is introduced into the rocks to maintain their previous volume. This

system was effective in some areas, but proved less valuable in water
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bearing horizons.ll

Permafrost introduces another problem unrelated to thawing. Because
of the inherent stability of the frozen material, the roof behind an

advancing or retreating longwall operation does not cave properly.14

2.8 Blasting

In the Pechora area, the permafrost is fractured and cut by vertically
oriented thawed zomes through which water enters the mines. Blasting
has the effect of increasing the fractures and thus the inflo% of water
and consequent increase in heat. The result of blasting,‘therefore, is

to increase the amount of thawing over time.l3 ’

2.9 Employment _

No direct data regarding employment figures were obtained. One
article, however, describes the reconstruction of Mine No. 1 in the Inta
area. Mine Number 1 began in 1941 as a development mine producing 100,000
tons of coal per year. Capacity increased to 300,000 tons per wvear in
1946. Between 1959 and 1963 the mine was rebuilt, and by 1969 capacity
reached 910,000 tons per year. The improvements included replacing
underground electric locomotives for coal haulage with a conveyor system.
Between 1967 and 1970, the number of workers employed on the faces dropped
from 361 to 200, while productivity increased from 160.3 tons per man
month to 359.3 tons per man month. In 1970, the number of workers involved
in underground coal transportation was 126, with another 144 working on

roof support (perekrepleniye)., Total employment in the mine equalled

1,394 people.13
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2.10 Mine Ventilation Problems

The introduction of external air can cause a net inflow of heat into
the mines which in turn can cause long-term thawing and deformation of
permanent works. In addition, however, the air can cause oxidation in
both the coal and the surrounding rock. In the Pechora basin, oxidation
results in coal sometimes having a significantly higher temperature than

the surrounding rock.12

Most (if not all) of the active coal mines in the Pechora Basin ex-—
ploit seams from 500 to 700 m underground. The depth of the working faces
increased from an average of 208 m in 1958 to 500 m in 1939. The methane

3

content in the Vorkuta coals reached 50 m~ per ton. The Inta coal seams

have a lower gas content, from 1 _to 8 n3 per ton. The Inta seams being
worked are at depths of 160 to 300 m (the upper seam) and 630 to 800 m
(lower seam). The mine is considered dangerous because of dust, and the
deeper mines have problems with rock and coal bursts, and some of the Vorkuta
coals are subject to spontaneous ignition underground. In addition, the
roofs are difficult to collapse, an important factor in long wall mining.l4
There is an obvious difficulty here in determining the proper trade-
offs between the velocity of air necessary for gas contrel and the contri-
bution of ventilation air to the generation and spread of coal dust,
thawing, and oxidation of the coal. With some coals, oxidation can cause
increases in temperature sufficient to create underground mine fires through
spontaneous ignitiou.ls
To further complicate the matter, it appears that policy requires the

heating of incoming ventilation alir so as to maintain mine air temperatures

of plus 2°C. This practice should prevent freezing of water in the shafts,
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a distinct advantage, but at the cost of further increasing the amount of

heat exchange and its attendant prob]_ems.l6

2.11 Scientific Research

The literature search indicates that the Pechora coal mines obtain
research support from many organizations in the USSR, including specifically
the V. A, Obruchev Institute for Permafrost Studies. In addition, mine
plans and designs are developed in Leningrad. TFor more parochial problems,
the Pechora Basin also has its own Scientific Research Coal I#stitute
(Pechor NIUIL), which was founded in 1957. This institute is divided into
six sections, maintains fourteen laboratories, has 148 s&ientists and 15
candidates of sciences, and has published some 400 articles and 45 books
and brochures., The Institute haé worked on the problem of designing plants
for improving the quality of coking coals and also on various technical

and economic problems.l7

2.12 Surface and Mine Water Problemsl8

The surface of the Pechora Basin is covered with Quarternary alluvium
and glacio-fluvial deposits. Much of the surface area is thawed (up to
50% in some areas) with an extensive metwork of thaw lakes, bops, streams,
and flows of ground water below the stream beds. The permafrost extends
tto a depth of 50 to 170 m. The rocks underlying Recent deposits are a
sequence of sandstones, argillites, and claystones of Permian age. The
permafrost is cut through by vertica; thaw zones, and contains extensive
areas of thaw (taliks).

The hydrology of the area consists of three water systems: the surface,

permafrost, and subpermafrost, each of which has a different chemical
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composition. The surficial water consists of both surface and ground
waters, including flows under stream channels and infiltration from rivers.

The permafrost waters comsist of inflows from the surface along the
vertical thaw zones, and flows through the Permian sandstones which are
highly permeable and act as aquifers.

Mine excavations can interfere with these systems., Ixcavations in
the thawed layer above permafrost (from 4-6 to as much as 3OT40 m) cut
into the surficial waters, particularly the ground waters flowing through
unceonsolidated sands, gravels, and clays. Mine openings in the permafreost
cut across horizontal and vertical thawed zones, receiv%"infiltration from
the surface, and also cut across the water bearing sandstones. Below the
permafrost, the two upper systems join with the subpermafrost waters.

Shaft sinking causes an increase in the velocity of ground water flow,
and because there is an influx of heat through ventilation, an expansion
in the size of the water bearing horizons. Pumping water out of the mines
and emptying it on the surface can result din this same water re—entering
the shafts through the vertically thawed zones. 1In addition, shafts can
increase the rate of infiltration of stream and stream bed water into
the ground water.

In the areas studied, the normal velocity of ground water flow was
1.5 liters/sec/km?. The result of shaft construction was to increase the
velocity of flow to 4.5 1iters/sec/km2, or a threefold increase.

The average rate of water inflow in the coal mines varies from 75 to
150 m3/hour. However, mines near rivers have inflows as high as 300 to
500 m3/hour, because of the high volumes of water flowing under the rivers

as ground water.



111

In some cases, roof collapse can increase the porosity of the rocks
20 to 30 fold and cause the rate of water infiltration to increase tre-
mendously to as high as 1,500 m3/hour. Due to the hydrology of the region,
as summarized above, very significant variations in rates of mine water
inflow occur, resulting in substantial requirements for pumping and other
dewatering facilities and installations, e.g. reservoirs.

One proposed solution to the mine water problem is to drain the sur-
face area that will be in the depression cone arcund the shafts, This
should be done by drainage ditches with impervious bottoms to prevent down-
ward infiltration. Similarly, the riwver channels in the:érea affected
could be lined with impervious materials.

There is a relationship between permafrost thawing, shaft degradation,
and both the volume and velocity of water inflow. As mining progresses,
the rate of water inflow increases, thus increasing the amount of heat
brought into and around the mine openings, causing thawing and tunnel de-—
formation. At some point, however, it appears that the mine water inflow
stabilizes.

The literature search did not indicate any consideration of the pos-
sible environmental impact of draining a large surface area in order to
decrease water infiltration into the underground mines. Were this practice
to be necessary in norihwest Alaska, the environmental considerations could
be very real and must be considered. Another factor to be considered
‘would be the effect of underground mining on surface, intra-permafrost,

and sub-permafrost water, flows, and the possible impact of these effects

on streams and lakes.
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3.0 NORIL'SK DEPOSITl

3.1 General

The coal mines of the Noril'sk Metallurgical Combine are the principal
energy source of one of the largest enterprises in the USSRE. From 1971,
however, the main source of energy will become natural gas, and the conse-
quent decrease in coal production will significantly decrease the investment
in coal mining. The Noril'sk coal region lies on the Taymyr peninsula and
is part of the Tungusska basin. The area has 28 coal seams with reserves
of tens of billions of tons. There are twelve seams being worked, divided
into three sections: Noril'sk, Karayelakhsk, and Imangdinsk.

The Noril'sk deposit is situated 300 km north of the Arctic Circle and
has a mean annual temperature of —8.5°C. The number of frost free days
ranges from 40 to 110 per year, witﬁ 80 being the average. The mean anpual
wind speed is 5.9 m/sec, with the maximum being 50 m/sec. Mean annual

precipitation equals 500-600 mm. The depth of permafrost ranges from 0 to
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3 m in the valley of the Norilka River to 370 m in highland areas.

In vertical cross section, the permafrost can be divided into three
zones, These are the active zone, the zone of accumulation, and the zone
of constant temperature. The active zone is the depth of thaw during the
period from July 15 through Septembexr 15th, and varies accovding to mor—
phology, relief and aspect,

The accumulation zone has been poorly studied. In general it varies
in depth from 12 to 17 m. Below this is the zone of constant. temperature
which is not influenced by variations of atmospheric temperature.

For many years the mines operated without the use of'heating devices,
but from 1953 to 1961 such devices were installed in all mines. Without
heating devices, the mine air temperatures in winter at the working faces
ranged from -2°C to -8°C and the temperatures of the surrounding rocks
and coal varied from -3°C to -6°C. After the installation of mine air
heating devices, the air temperatures of the mine atmosphere ranged from
+4 to +8°9C. At a distance of 0.5 m from the mine works, the temperature
in the coal and in the rocks ranged from -1.5°C to -3°c. Seasonal varia-
tions in the temperature regime along the ventilation ways showed little

change except near the mine opening.

3.2 The Deposit of Smith and Hope Mountains (gor Shmidta i Nadezhdy)

The deposit is cut by numerous fractures along which air reaches to
significant depths causing oxidation of coal which thereby increases the
danger of spontanecous ignition when the coal is mined. One of the seams
in this deposit contains metallurgical grade coal which has for a long time

completely satisfied the needs of the metallurgical combine for this product.
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There are seven ﬁnderground and two surface coal mines in the
Noril'sk Metallurgical Combine., The Kayerkansk deposit is worked by one
active surface mine and a second surface mine is under development. The
Mount Smith and Hope deposit is worked by five underground mines all of
which are dangerous because of gas. The mines all use the suction system
of ventilation. The opinion has long existed that the gas content of
the coal increases with depth and that gas release is greater in thawed
rocks. The maximum gas generation was measured in November, -1963, when
the ventilation air exiting a mine showed up to 68 m3/ton of methane.

There has been more than thirty years of experiencg.in coal mining
in the Noril'sk deposit. For a long time the room and pillar system was
employed. The room and pillar system, while quite effective, increases
the potential danger from endogencus fires, Roof collapse in this systenm
occurs after 6 to 12 days. The effectiveness of the room and pillar system
employed in Noril'sk is no lower than in other areas of the USSR and din
some cases is higher. The system is particularly appropriate where roofs
are weak. The weaknesses lie in the large amount of coal left underground;
the increased danger to the workers, incomplete ventilation of the working
areas, the low level of mechanization in coal loading, and the large amount
of labor used for placing wooden props.

Roof bolting has been employed in place of using wooden props. However,
there is not yet a common system for drilling into roofs, and there have
been cases of sudden roof collapse over large areas after roof bolting.

A system has been utilized in which the roof directly over the working
area is not supported. Here the coal is removed by scrapers and taken to

the haulage way, so that there are no people right at the working face.
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This system has not been widely utilized because there are limited re-—

serves of suitable coal.

3.3 Endogenous Fires

The only coal mines in permafrost in the USSR characterized by en—
dogenous fires are those of Noril'sk. When plans were formulated for
developing the Noril'sk coal deposit, the coals were assessed as not being
subject to spontaneous ignition, The first underground endogenous fire
was discovered on July 2, 194%, From then until 1966, therezhave been
many fires. Four occurred in the period 1949-195% and for the following
five years there were no fires, but in 1956 there were two fires simul~
taneously. Subsequently fires occurred almost every year. The fires
have continued to burn for many years, and as of January 1, 1966, there
were eleven endogenous fires still burning, which has resulted in signifi~
cant losses of coal and increased operational costs for fire suppression
and prevention.

Data on the gas content of mine air just prior to the fires gave no
indication that a fire was Imminent. Similarly, there were no visual signs
that a fire was aboul to break out. Plans were made in 1957 to attempt
to put out the fires by pumping liquid clay into the mines to form barriers.

Analyses of coal samples made in 1937 indicated that the Noril'sk
coals were not subject significantly to spontaneous ignition.

More recent analyses have shown that the capacity of coal to absorb
oxygen is a function of temperature. As temperature increases, so does
the capacity of coal to absorb oxygen, which in turn means that chemical

activity also increases. Analyses of chemical activity showed that Noril'sk
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coals have a lower level of activity than coals from other parts of the
{55R.

During the first years in which the field was mined, few precautions
against fire were utilized and the mined areas were not isoclated from
the haulage ways. Extremely large amounts of air with an oxygen content
ahove 20% entered the mined area. The temperature of the mine air reached
50C and higher as a consequence of the heat generated by mining operations
and poor ventilation of excavations near the working faces. |

These conditions exist in both seams one and two, and yet only seam
two has had endogenous fires, The weason appears Lo be ;hét the heat
generated in seam one does mnot accumulate but, due to the favorable geo-
logic conditions, is lost to the mine air, In seam two, however, the
velocity of the ventilation air ieaving the worked out areas is significantly
less than in seam one. The result is the accumulation of heat which,
with oxidation of the coal, results in endogenous fires. The lower air
velocity through the waste coal {the room and pillar system is employed)
results from the presence of clay and sand layers within the coal seam.
1t appears that the most likely places in wi:ich spontaneous ignition will
occur are in waste coal pillars at a distance of 5~7 meters from the entry
along which moves the fresh ventilation air stream. Pulling the pillars
in such a way as to create large fissures in the coal increases air move-
ment and thereby prevents the accumulation of heat.

Experiments were conducted underground to determine the relationship
between temperature and chemical activity in Noril'sk coal. The results

suggest that if the natural thermal regime is maintained there will be

little probability of spontaneous ignition.
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Experiments also showed that moving aix heated to +7°C through a
small coal pile caused an increase in coal temperature to +11°C initially,
but later the temperature dropped to 7°C, showing that the heat generated
was adequately dissipated. Thus, there is little danger of spontaneous
ignition if the heat generated by chemical action is dissipated,

Experiments also showed that moving air heated to +7°C through a
large coal pile caused a temperature increase first to +119C and subse-
quently to +26°C. Subsequently, the pile was isolated from incoming air,
and this caused the temperature to drop back to +11°C, The results indi-
cate that the movement of mine air with a temperature ofj%?oc through a
large coal pile creates the highest danger of endogenous fires. The center
of the fire is at the center of Fhe coal pile.

An additional experiment involved moving air with the same temperature
as that of the surrounding rock through a large coal pile. No increases
in coal temperatures were noted.

The experiments dindicate that even a small increase in mine air tem—
perature, on the order of 3 to 4°C, can initiate a significant increase
in chemical activity in coal and thereby increase the risk of spontaneous
ignition under permafrost conditions.

The most significant conclusion reached is that maintaining tempera-
tures equal to those of the surrounding rock will maintain the natural
thermal conductivity. This enables adequate dissipation of heat generated
in the coal by chemical action, and thereby prevents spontanecus ignition
of coal mined by means of the room and pillar system under permafrost

conditions.
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Measurements of the heat exchange in a dead end room with tempera-—

tures held at those of the surrounding rock show the following:

Heat Generated 0.00896 cal/ml-+hr
Coal Heating 0.00180 n
Heat Lost to the Air 0.00003 "
Heat Loss to Surrounding Rocks 0.00713 v

. The last figure, heat loss to rocks, can only be explaingd by the
low temperature of the permanently frozen rocks. Almost all the generated
heat is consumed in heating the coal of the coal pile oriis removed by
thermal conductivity. This accounts for 99.6% of the generated heat,

By calculating the time, it can be determined that the amount of heat

retained would be sufficient, under a below freezing temperature regime,

to cause spontaneous ignition of coal after approximately 17 years.
Measurements of the heat exchange under conditions of good ventila-

tion in which the air has a temperature of 7°C above freezing show dif-

ferent results, as follows:

Heat Generated 0.01046 cal/ml-hr
Coal Heating 0.00036 "
Lost to the Air -0.00222 "
Other Heat Loss 00.01233 "

The negative sign in front of the number for heat lost to the air
reflects the effect of warm air on rocks with below freezing temperatures,
and indicates that heat is gained from the air.

By calculating the time, it appears that under thesz conditions
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(temperature of the air being at -+7°C) the point of spontaneous ignition
will be reached after six months, which is reasonably close to the actual
history of the underground fires studied.

Under permafrost conditions, the thermal conductivity of the rock
is about 0.01 cal/ml-hr-degree C, whereas in the Kuzbas it is equal to
0.00285. Probably this difference stems from the influence of ice in

the rock and the low rock temperatures.

3.4 Permeability of Ventilation Shafts3

There are special difficulties encountered in the development of
main and secondary ventilation shafts. The below freezfng temperatures
of the atmosphere and a wind speed of 3-6 m/sec prevents the use of water
and other freezable liquids and damages structures. Near the entry ways,
the temperature difference between the winter incoming air (~509C) and
the rock temperature, and the pressure differential between the rock and
the tunnels cause difficulties. The ventilation ways are composed of
concrete, and fractures develop over time causing a loss of ventilation
air as high as ten percent. The fractures are gradually widened through
the removal of concrete due to the pressure differential between the inside
and the outside of the concrete walls.

Similar problems are encountered with the construction of blocking
walls for isolating arveas. The designs and techniques for building such
walls cannot be automatically transferred from other areas but must take
permafrost conditions into account.

"As is known, the Safety Regulations for Coal and oil shale mines,

adopted in 1963, did not take into account the specific conditions of work
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under permafrost conditions, and only in recent years has this situation

been partially corrected,”

3.5 Sources

1. V. K. Kurenchanin, Mining of the Cocal Deposits of the Northeastern

USSR, Moscow, 1971, pp. 126-143, passim.
2. Xurenchanin, op. cit., pp. 144-166, passim.

3. ZXurenchanin, op. cit., pp. 166-167.

4.0 COAL MINES OF THE LENA BASIN (YAKUTIYA)

4.1 General Characteristies

The basin of the middle and lower Lena River, including the basins
of its tributaries, the Aldan and Vilyuy Rivers, is estimated to contain
30% of the total coal reserves in the USSR. The estimated reserves ia
1969 in this Mesozoic province were 3,000 billion tons.1

The coal basins lie in a region of predominately continuous perma-
frost lying between about 56° and 72°N latitude and 100° and 140°E longi-
tude. In this large region there is, generally speaking, an increase in
the thickness of the permafrost from south to north, although factors
other than latitude are involved in permafrost distribution. The active
layer varies in depth from less than ! meter at the lowest (northernmost)
part of the river Lena to more than 2 to 3 meters in the southern part
of Yakutia, the area of Aldan and Chul'man. In the basin of the Vilyuy
River, a major left bank tributary of the Lena, the acti%e layer is two
to three meters thick., The lower Lena area has permafrost reaching to a

depth of 500 meters and more, while the central Lena has a depth of 200
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to 400 meters. The southernmost area, the Aldan Chul'man region, has
permafrost to a depth of 200 meters (the same depth of permafrost is
also found in the Laptev Sea offshore from the mouth of the Lena).2

In this region, the most promising area for coal development appears
to be the Southern Yakut Basin (latitude 579N latitude, 122°-126°E longi-
tude) which can supply coking coals to the metallurgical industry east
of Lake Baikal. Prior to 1959, coal from this basin was utilized only
for local needs.

The oldest coal mine in the Lena basin is situated at'Sangara near
the confluence of the Vilyuy and Lena Rivers (64°N, 128°E); It produced
187,000 tons in 1954 primarily for the Northern Sea Route wvessels and
for the Lena gold industry. The Dzhebariki-Khaya deposit on the middle
Aldan (62°%, 136°E) produced 108;300 tons in 1954 for use along the Aldan
and upper Lena Rivers. The Kangalassk (Surgutsk) depesit (62%°N, 129°F)
situated on the left bank of the Lena about 45 km northeast of Yakutsk
produced about 60,900 tons of coal in 1954. This coal can be transported
and stored for long periods of time when frozen, but quickly disintegrates
and is subject to spontaneous ignition when thawed. Very high quality
coal exists at Sogo {Sogo-Khaya), an island at the mouth of the Vilyuy,
which has been mined on a small scale in the past and which, due to its
high quality and location, may be significant in the fuiure. The Soginsk
deposit situated along the coast of the Lapev Sea 14 lkm from the port of
Tiksi (71%°N, 129°E) produced 57,500 tons of coal in 1954 primarily for
power plants at Tiksl and at various fishing factories in the lower Lena.

The Zyryansk deposit (66°N, 150°E) on the Kolyma River produced 136,000
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tons in 1954 principally for the Kolyma River fleet and to supply the
polar stations at Chukotka and Wrangel Island. This deposit contains
high grade coking coals and is a low cost producer.3

The first exploration of Yakut coal occurred in 1736 with study of
the Kangalassk deposit near Yakutsk. Coal was first mined here near the
end of the eighteenth century for use by the Billings expedition. During
the following century this coal was used by gold mining organizations in
the area. The Sangar deposit was first tested and explored in 1913. The
Sangara and Kangalassk deposits were studied and developgd.in 1928 and
1930, and the Chul'makansk deposit in Southern Yakutia and the Zyryansk
basin were developed in the late 1930s. The first coal was mined in the
Dzhebariki-Khaya in 1940, At present about 800 coal deposits are known
in Yakutsk,

The coal mining organization Yakutugol' formed in 1966 controls four
underground mines, Sangara, Dzhebariki-Khaya, Chu'lmansk, Sogo, and three
surface mines, Zyryansk, Kangalasskiy, and Neryungrinskiy. Each mine
supports a closed, small industrial region containing electrical power
stations, vehicle parks, river vessels, suitable agricultural undertakings,
construction sections, timber industries, etc. In the underground mines,
seams 1.7-3.5 m thick are worked, and in the open pit mines seams 3.5-49 m
thick are worked. The gas content of the seams being wérked is dnsignifi-
cant. The region is tectonically quiet. The Sogo underground mine and
the Kangalasskiy and Zyryansk surface mines are worked only from October
to May. During the summer the mines are improved, repair work undertaken,
and coal shipped. The capacity of the underground mines is 80,000 to

400,000 tons per year and that of the surface mines is 120,000 to 450,000
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tons per year. Coal production increased from 923,000 tons in 1960 to
1,589,000 in 1971.%

With the special bonuses for Arctic work, labor costs amount to
64.6% of total costs for coal. In 1971 the average cost per tom of coal
mined by Yakutugol' was 7.66 rubles, with underground coal costing
10.52 rubles and surface mined coal 4.80 rubles per ton. The us%rof
improved technology has increased monthly productivity per miner from
83.4 tons in 1965 to 100.7 tons in 1971, which includes an iﬁcrease in
underground productivity from 63.3 to 69.6 tons per man month. At the
same time the percentage of coal obtained from surface ﬁinés increased
from 39.6% to 49.4%.°

Yakutia lies approximately in the heart of Eurasia and is surrounded
on the east, west, and south by mountain ranges. 'Except along the Arctic
coasts, its climate is continental in the extreme. Mean minimum ambient
air temperatures in the coal mining areas range from -49 to -64°C, with
absolute extremes. as low as —-69°C. The average length of the frost free
period ranges from 45 to 103 days, and precipitation is small, ranging
from 90 to 350 mm per year, occurring primarily as summer rainstorms.
With the exception of the area containing the Sogo deposit, Win& speeds
are generally low. Relative humidities are high, averaging between 70%
and 80% throughout the year, so that equipment should be designed with a
view toward operation in a wet atmosphere. Sheet ice is also a problem,
particularly for surface mining.

The ccoal mines are situated in permafrost, which ranges in tempera-

ture from -11°C (Sogo) to +0.5°C in the Chul'mansk mine. Permafrost in

itself is not a difficulty for surface mining except during summer when
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special measures must be followed to maintain the stability of slopes,
tailing piles, and roads under thaw conditions. However, frozen ground
does create special conditions for underground mining which affect
blasting, loading, tramnsportation, ventilation, and utilization of auto-
mated equipment. BSmall changes in temperature can cause significant

7 Heat

alterations in roof stability and cause sudden roof collapse.
exchange betwzen the mine atmosphere and the surrounding rocks influences
dust generation, particularly during winter when dust generation ecan

exceed 2,200 mg/m3. In addition, underground fires can behcaused by

oxidation in the coal seams resulting from mine ventilation.8

4.2 Sangara Deposit (64°N, 128°E)9

The deposit is situated near the settlement of Angar which has a
population of 6,000 people. The mean annual temperature of this area is
~10.1°C, with a mean annual precipitation of 265 mm. High winds occur
in summer. The area is served by river transportation along the Lena and
by aircraft and by winter roads. The coal is consumed along the Lena and
is also transhipped via Tiksi to the basin of the Yana River, where, due
to high transportation costs, it is sold for up to 108 rubles per ton.
The sale price at the Sangara mine is set at 12.85R per ton for coal with
an average ash content of 15Z.

The mine which is worked from five shallow shafts is dangerous be-
cause of gas and has had several gas explosions. The coal mined occurs
in dry permafrost with an active layer 1.5 - 3 m thick and an inactive
layer reaching as deep as 200 m. Permafrost temperatures vary from -0.99%

to ~3.29C. There appear to be no water bearing formations in the mine in
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spite of its proximity to the Lena River. It is assumed that ground
water exists below the permafrost, and should coal below permafrost be
worked there would be a need for pumps. The problem then would be how
to pump water out of a mine and dispose of it at temperatures as low as
-55°C.

Ventilation is aided in winter by the air pressure, but is hindered
in the summer. Ventilation velecity is 0.3 - 0.7 m/sec. in deyelopment
areas and is on the average 0.7 m/sec along working faces. The mining
plan was adopted from practice in other areas with seams‘of the same
thickness. This caused difficulties. Particularly under conditions of
below freezing temperature, the method of isolating mined areas did not
work, the norm for ten meter pillars was inadequate, the pillars collapseﬂ,
and thawing occurred aleng the roofs of the haulage ways. The incoming
ventilation air is not heated, so during the lowest winter temperatures,
the mine air temperature ranged from -3°C to -9°C at a distance of 800~
900 m from the mine opening along the incline and from -2°C to -4°C at
the working face. Summer temperature along the working face was near 0°C,
while thawing occurred along the haulage ways.

During the winter of 1968-69, there was an attempt to heat the incoming
ventilation air, but the heating system was not completed. At the same
time, an effort was made to increase the humidity of thé mine air by intro-
ducing steam into the fresh air stream 15-20 m from the mine opening. The
result was moisture condensation, ice formation, over a distance of 200 m.
Humidity was not measured, but there was no visual indication of any ve-

duction in dust formation.
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Dust is suppressed by the use of filters in the ventilation system,
by clean-up and removal, by rock dusting, by removal of dust from working
places by air, and by utilization of respirators. The Ural 2M combine
(continuous miner) was first employed in 1968, but without the use of
water for dust suppression. The maximum measured dust concentrat?on
occurred 3 meters behind (downstream) of the combine and reached 244.6
mg/m3 at a relative humidity of 74.1%, a temperature of -1.2°C, and a
ventilation air speed of 0.5 m/sec. Data show that dust generation ex~—
ceeds health standards, but, even so, is lower than that created by this
same machine without dust suppression in other mines. The use of the com~
bine reduced coal extraction costs and eliminated blasting, the most
dangerous part of underground work. Without blasting, the stability of
the roof improved which in turm £educed both the aﬁcident rate and also
the costs for wooden roof supports. In comparison with the drilling-
blasting method, the combine increased worker productivity from 9.26 tons
to 16.68 tons and reduced costs per ton from 0.72 rubles to 0.44 rubles.

Coal cleaning is done only by hand picking manually at the face and
along the conveyors at the loading point. Annual production during the
1960s varied from 237,500 tons to 263,600 tons, with no major changes in

technical or economic indicators of productivity.

4.3 The Dzhebariki-Khaya Deposit (62°N, 136OE)10

The name Dzhebariki-Khaya means "Black Mountain'. It is located on
the shores of the Aldan River 60 km south of Khandyga and is commnected
with other settlements by light aircraft, river vessels, and winter roads.

The coal is utilized by settlements along the Aldan River, river vessels
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along the Lena, industrial centers along the Lena, and gold and other
nmining organizations along the Aldan.

The region's climate is extremely continental, with average winter
temperatures ranging from —25°C to -42.5°C (Jamuary) and summer tempera-—
tures reaching to +30°C in July and August. Relative humidity ranges
from 62 to 80 percent; the 250 mm of annual precipitation occurs prin-
cipally as summer rainfall,

Permafrost reaches to depths of 420 to 500 m and has a relatively
constant temperature between -3.7°C and -5.5°C. 1In summef, heating
occurs due to incoming air, and temperature changes can'be noticed to a
distance of 900 m along the ventilation way. Thawing occurs to distances
as great as 35 cm in the roof and foot wall, resulting in the formation
of mud along the foot wall and éropping of coal ffom the roof along pre-—
paratory works. Summer heat reaching the working faces causes intensive
thawing of roofs leading to sudden roof collapse, thereby increasing the
danger of mining.

The coal is not subject to spontaneous ignition. However, there has
been a series of fires in the storage areas. EXach fire has resulted from
the same circumstances, Newly mined coal which is placed on top of coal
from the previous year which was not shipped out during the summer ship-
ping season ignites after intemnsive rainstorms and wheﬁ air temperatures
reach +25°C (July, August).

The mining plan employs coal pillars with a width of 5 to 8 m for
roof supports, and these have remained for many years. In all the develop-
ment works, coal of up to 1.4 m thick is left in the roof. In some

excavations, after 3-5 years the combined effects of thawing and rock
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pressure cause this layer of coal to collapse. The basic roof, composed
of sandstone, is not subject to collapse.

The mine is dangerous because of gas and dust. The mine ventilation
system produces an air flow of 0.45 m/sec along the working face, 0.85
m/sec in the development works, and elsewhere between 0.9 and 1.4 m/sec.
While rock temperatures remain more or less constant throughout the year,
the temperature of mine air varies from -1°C in summer to —6?0 in winter
at a distance of 600 m from the mine opening.

From 1962 to 1969, the volume of air entering the miné was increased
from about 600 m3/min to 1,350 m3/min. With a summex temperature of +20°C
at the mine opening, this resulted in an increase in the entry of heat
into the shaft from 144 kcal/hour to more than 300 kcal/hour. This
change altered significantly the rate and extent of thawing which resulted
in the degradation of barriers isclating mined out areas.

Dust generation has been a2 problem especially in areas where coal is
transferred from one conveyor to another. Here measured dust concentra-
tions are as high as 400 mg/mB. Dust generation in winter is more than
100 times as great as in summer, with attendent deterioration of working
conditions. There appears, however, to be a correlation between the
mine air temperature and dust generation, with higher temperatures producing
significantly less dust., Dust is removed by vacuum froﬁ the mine air and
deposited on the surface through special pipes. The use of suction to
remove dust combined with manual clean up and rock dusting is the most
effective method of dust suppression under below freezing conditions.

Until 1962 underground coal haulage was by electric locomotives hauling

one ton cars. After 1962 a convevor system was installed.
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4.4 The Soginsk Deposit {(Guilf of Tiksi) (71%°N, 1290E)11

The deposit is located on the right bank of the Sogo River about
14 km south of Tiksi on the gulf of Sogo. The mine is connected to
Tiksi by telephone, by light vessels between July and September, and ove
the ice of the Gulf of Sogo in winter. The average annual temperature
here is ~13.6°C, with up to 70 days per year having temperatures below
-40°C. Sixty-two days of the year have wind speeds above 30 @/sec, with
maximum speeds of 52 m/sec. Blizzards occur for 10 to 15 days at a time.
Mean annual precipitation is about 240 mm. The coal is gséd for the
town of Tiksi and also in nearby settlements for fishermen and geologists.
The coal is not transportable because of its characteristics,

The coal is a brown coal with a high moisture content, and when
stored at above freezing temperatures breaks down &nto a dust which from
a practical point of view can not be transported. Experiments have shown
that the ceoal could be made into briquets. Production has been a function
of the needs of the local markets and ranged from 74,500 to 97,000 tons
per year during the 1960s. The mine is much more productive than other
mines of Yakutiya because of a greater level of mechanization and the use
of pillars for roof support instead of props.

The future of this mine is dependent upon the course of an under-
ground coal fire which started on August 8, 1958; becauée of breaking of
an electrical power cable in Mine 1. The affected area was isclated and
holes drilled from the surface to measure underground temperatures and
gas content., Analysis shows that the fire is moving northward along the
seam in the direction where the seam outcrops on the surface.

Continuation of the fire may force the mine to be closed down as
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reserves are adequate for only 5-6 years. Possible solutionsg include
surface mining which has demonstrated its practicality in Noril'sk.
However, in view of the extreme low temperatures and high winds of winter,
this method may prove very costly.

The coal mine is not gaseous, but is dangerous because of cpal dust,
which is explosive. The temperature of the rocks is about -10°C. The
seam is 18.5 - 20 m thick, has a simple structure, and is cut through by
a large number of fractures of up to 30 cm in width, each filled with ice.
The seam also contains ice lenses up to 2.5 m in thickness and 6 m in

length.

4.5 Chul'mankansk Deposit (57°N, 126°E)12

The Chul'mankansk deposit lies in Southern'Yakutia 20 km to the north
of Chul'man. The fegion is in the permafrost zone and has a severe con-
tinental climate. The average annual temperature is —IIOC, 50-60 days
out of the year have temperatures below -40°C, and has sporadic permafrost.

The mine was opened in 1965-1966 and produced about 100,000 tons per
yvear by the end of the 1960s. The rcof is highly fractured. The fractures
have smooth surfaces and are sometimes filled with ice. Sudden rock
falls are common. Fractures in the surrounding rock allow water to enter

the mine at a rate of about 600 m3

per twenty~foqr hour. period.

The mine is not gaseous but is dangerous because of coal dust explo—
sions. The basic means of dust control are rock dusting, clean-up and
removal of dust in boxes, and removal of dust by the ventilation system.
Dust generation is significantly higher in winter than in summer.

The mine is only 10-15 cm below the surface, and the coal pro-

duced is high in coking qualities and is highly oxidized.
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4.6 Neryungrinsk Surface Mine (57°N, 12SOE)13

The Neryungrinsk deposit is situated 40 km to the southwest of the
town of Chul'man at the mouth of the river Neryungry. The climate is
extremely continental with an eight-month winter, maximum temperatures
reaching 35°C in July and August, and high winds with abundant snowfall
occurring at the end of February and the beginning of March.

The bowl-shaped deposit was opened in 1968 for surface mining with
the entire output destined for use by the thermal electric plént in
Chul'man. Bulldozers remove the overburden from May through October and
scrapers are utilized to remove the coal. In 1967 the minéd produced
160,735 tons of coal at a cost of 2.94R per ton, and in 1968 produced

122,022 tons at a cost of 3.79R per ton.

4.7 Zyryansk Surface Mine (66°N, lSOoE)14

"The Zyryansk deposit has been known since 1936 and consists of two
sections ~ the Erozionnyy, located on the left bank of the Zyryanka river,
and the Buor—-Kemyusskiy, — on its right bank. Some geologists consider
these sections to be distinct deposits. In structure, the deposit is a
monocline, the coal bearing deposits of which dip to the west-southwest
at an angle of 35-400,1m1°

The deposit could be worked by either surface or underground methods.
The coals are low in sulfur and have a small mineral content. The coking
characteristics of the coals vary, but small amounts of adequate coke
have been obtained. During the 1940s a few thousand tons of coal were
mined manually by Dal'stroy and made into adequate coke.

The Erozionnyy section was first worked underground beginning in 1935,

a task eased by the size of the seams (3-6 m), their 25-30° dip and the



134

strength of the frozen sandstones and shales forming the roofs and foot-
walls, which have a temperature ranging from -3°C to -6°C. The shortage
of underground machinery led to the changeover to surface mining. The
technique involved blasting the coal and removal downhill by bulldozer.
The surface is stripped for 150 m along the seam in the summertime.
Stripping is made easier by melting and thawing of the overburden. Bull-
dozers were used exclusively through 1967, and then excavating machinery
was introduced in 1968. The coal is transported to a storaéé’area on the
banks of the Kolyma River by truck-trailers during the win;er and then
shipped during the summer. During coal loading and whileiworking the
face at temperatures below —400C, large amounts of coal dust are generated,
which reduces visibility and causes other difficulties. However, no mea;
sures have been taken to reduce dust generation or to improve visibility.

Coal loaded from the open pits totaled 79,100 tons in 1960, 141,600
tons in 1966, 115,900 in 1967, and 102,200 in 1968. The average ash content
of the coal mined is about 12%. Productivity ranged from 71.6 tons/man-
month in 1960 to 102.6 tons/man-month in 1966, with costs per ton of coal
ranging from 5.47 rubles in 1966 to 8.33 rubles per ton in 1968. 1In 1950,
coal cost 12 rubles per ton. Low productivity and high costs are evi-
dence of an inadequate level of technology. The selling cost per ton of
Zyryansk coal was established at 7.45 rubles with an ash content of 12%
in the year 1967.

Surface mining of the Erozionnyy section started in the early 1960s.
The coal mined is subject to weathering and has an average caloric content

of about 4,500 kcal per kg. It is difficult to transport, and is frequently
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transshipped on its way to consumers, sometimes as many as ten times,
which has resulted in enormous losses and the generation of much dust.
The coal is planumed to be the main energy source for the Kolyma Basin
and specifically for the industrial centers of Peveksk and Bilibinsk.
Total coal costs, showing the impact of transportation, delivered at the
port of Pevek are: 6.83 R for mining, 8.45 R for truck transport, and
45,29 R per ton for water tramsportation. The total cost pef ton of
coal delivered at Pevek amounts, therefore, to 60.57 rubles;.

Underground mining would be more expensive, but the dﬁality of_the
coal would be much better, averaging 6,300 kcal/kg. Thg'costs for under—
ground mining are 9.7 rubles/ton for mining, 8.45 rubles for truck trans-
portation, 45.29 rubles for water transportation, for a total cost of 63.44
rubles per ton. However, if the~quality of the coal is taken into con-
sideration, the cost picture is quite different. The cost of one ton of
"basic fuel" delivered at Pevek is 94.4 rubles per ton mined by surface
methods, but only 70.5 rubles per ton mined underground. The cost esti-
mates for underground mining are based on the actual costs of underéround
mining for the first quarter of 1963 in the Arkagalinskiy mine adminis-
tration.

At the present time the Dal'stroyproyekt Institute at Magadan is
developing a plan for underground mining of the Buor—Keﬁyusskiy section
with working designs being developed by the Vostsibgiproshakht Institute
in Irkutsk. The mine is to have a planned capacity of 450,000 tons per
year which should supply the needs éf the Kolyma basin as well as the

consumers along the coast of the Arctic Ocean., In the meantime, the
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Vostsibgiproshakt Institute completed a plan for rebuilding the existing
Erozinnyy section facilities in order to supply the needs of consumers

in theiKolyma basin and Magadan oblast’.

4.8 The Kangalassk Surface Mine (62%°N, 129°E)16

The Kangalasskoye deposit is located on the left bank of theiLena
River 45 km below Yakutsk. The section being mined is situated 4;km
from the Lena. The climate is extremely continental, with an‘average
summer temperature of 16.4°C and an extreme high of 37.9°C, fhe winter
extreme low is -65°C. The average snow depth equals 37.1 cm. The
river Lena in the Yakutsk area Breaks up near the end of May and freezes
in the middle of October, with the river having about 155 ice free days.‘
Permafrost reaches 200 m in depth. The deposit is connected to Yakutsk
with dirt roads which cannot be driven by heavy trﬁcks during the rainy
season and which in some years are covered by flood waters.

The river route to Yakutsk is used for not more than four months of
the year, and coal transport is complicated by the fact that the river
near the coal storage area is shallow. Until 1964 the coal mine had
its own steam turbine for electricity. Later a diesel installation was
supplied, and then the mine was supplied with electricity from the Yakutsk
central electrical station.

The Kangalasskoye brown coal deposit is in the Lena-Vilyuy lowland
and is of Mesozoic age. The coal seams are cut by ice filled fractures.
Freshly mined coal has a complex structure and in storage quickly loses
moisture and breaks up into irregularly shaped small pieces. The coal

turns into dust if stored for periods of up to two years. The coal is
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subject to spontaneous ignition and catches fire if stored more than
four months in piles higher than three meters. The coal is good energy
coal and reserves are estimated at 6,385,600,000 tons.

The Rudnyy seam has been mined since 1929. Formerly the room and
pillar system was used, and from 1950 to 1962 retreat long wall mining
was employed. The coal was transported to the main haulage way by con-
veyors.

Electric locomotives pulling 3-ton coal cars were used fo move the
coal to a receiving bunker with a capacity of 50 tons, fro& wﬁich the
coal was moved to the storage area on the bank of the Lena by means of a
conveyor. Wooden props, locally made, were used for roof support.

As a result of an underground fire in 1961, all underground mining
ceased in 1962. Coal production underground was 2,400 tons in 1930,
22,500 tons in 1941, 31,700 tons in 1946, 40,300 tons in 1950, 84,100 tons
in 1956, and 57,600 tons in 1960. Production from surface mining was
114,000 tons in 1960, 262,200 tons in 1963, and 449,400 tons in 1967,

Surface mining is by means of a system of trenches. Excavators mine
the coal which is transported by dump trucks. The frozen rock overburden
is broken by blasting. Two excavators are used for mining, each with a
bucket capacity of 2.5 m3. Another diesel excavator and three bulldozers
are used for emergencies and for other work. The mine is worked year
around by three shifts.

During summer, dust is suppressed by use of a special watering machine.
In any case, the amount of coal dust in the air during the summer is small. The

quantity of dust din the air during the winter has not been measured.
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Mining during winter is difficult because the coal dust reduces visibility
to 3~5 m. At a temperature of -40°C, a fog forms which together with
the coal dust makes an impenetrable enviromment. The causes of this fog

and coal dust formation have not been studied,

4.9 General Comments

With the steady growth in population and dwindling wood supﬁlies
near settlements, coal mining will increase. In those areas where coal
is now picked up manually, mines will develop. In the past mény mistakes
have been made in planning mines because the factors of permafrost and
low temperature were ignored. The advantage of permafrost lies primarily
in reduced roof support costs and lessened water problems. Measurements
in the Sangara deposit show that the bearing strength of rocks is 35 to
407 higher at a temperature between -5 and -10°C tﬁan it is at a warmer
temperature.l7

In spite of the introduction of advanced technology the accident rate
for underground work does not appear to have changed significantly be-
tween 1965 and 1968. Most accidents occur in the Sangara mine which uti-

lizes more manual labor .than the other mines.18

4,10 Sources
1. Siberian Division of the Academy of Sciences of the USSR, Yakutsk

Branch of the Institute of Geology, Structure of the Earth of Yakutiya

and the Distribution of Minerals, Nauk, Moscow, 1969, p. 245 et. seq. C£f.

B. F. Bratchenko, general editor, Peérspectives on the Development of the

Coal Industry of the USSR, Gosplanizdat, Moscow, 1960, p. 166, which stresses

the significance for the future of the Chul'mansk and Neryungrinsk deposits
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16, V. K. Kurenchanin, op. cit., pp. 86-92.
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17. V. K. Kurenchanin, op. cit., pp. 100-103.

.18, V. K. Kurenchanin, op. cit., p. 104.

5.0 COAL MINING IN PERMAFROST IN THE NORTHEASTERN USSR (MAGADAN OBLAST')

5.1 Kadykchansk Minel

Coal in the Magadan oblast' is used for energy production iﬁ the
area with some being exported to the upper reaches of the Indigirka River
basin. The Arkagalinsk coal basin lies in the center of Magaaan oblast’
on the left bank of the upper Kolyma River in a region with an extremely
continental climate. The mean annual air temperature is -13.2°C, with
temperatures dipping to -58°C in December and January and rising to 26OC‘
in June and July. Mean annual wind speeds equal 2.6 m/sec and north and
northwest winds predominate. Relative humidity vafies between 61% and
78%.

Coal from the Arkagalinsk basin is the fuel for the central portiomns
of the oblast' and is shipped to Magadan. It is the main energy source
in the region. The Kadykchansk area of the Arkagalinsk coal basin is
worked with five imclines for ventilation, movement of materials, movement
of workers, and the removal of rock and coal; The main incline has a

length of 225 meters with a cross section of 10 m2

at the maximum, and is
equipped with a 900 mm gauge railroad and two LKU-250 conveyors. The
seams have an irregular dip ranging from O to 50° and the mine is assigned
to category II in terms of gas and the danger of coal dust explosion.

Coal is mined by the drilling-explosion method, using electric drills.

Two types of room and pillar methods are utilized. The principal economic
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indicators are: room length, up to 80 m; coal recovered, 26%; coal lost
in the area, 237%; productivity of labor, 28 tons/shift at the working
face; and 9.2 tons/shift in the working area. The operating cost (evi-
dently underground) is 1.14 rubles per ton.

This is one of the first mines to employ a mine air heating system.
The ventilation system involves suction with an aif flow of more than
3,500 m3/minute. The air entering the mine comes from fractgres and from
the entries and has a speed of up to ! m/sec and during thélwinter con-

3. The coal dusﬁvcontent of the

tains more than 300 mg of coal dust per m
mine air varies according to the type of operation. The dust concentra-
tion ranges from 20 - l,lOOFmg/m3 at conveyor transfer points, from 45 -
1,200 at the tipple, 20 - 400 in scraping operations, and 50 - 150 mg/m3
in drilling. |

Dust suppression is carried out by means of cleaning up dust in
particularly bad areas and transporting it to the surface in closed bags,
dusting roofs, walls and floors with inert’dust, removal by suction through
fractures to the surface and through small filters, removal by the mine
ventilation air, and the use of individual respirators.

In the future, coal will be mined in this area in the zone of tran-—
sition between the permafrost and the unfrozen area below the permafrost.
From a practical point of wview, the transition zone canibe defined as thot
area with a temperature of -1.3°C. Based on experience elsewhere, a
temperature of 0°C will be reached in various places within a rock layer

when the general temperature of the rock reaches ~1.3% during the winter

period. This is without heat being added to the air which enters the mine.
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In a zone containing talik, one can visually observe ice melting in

small cracks in the rock when the temperature reaches -1.1°C. Under

these conditions, the roof will begin to crack and spall throughout its
entire length. The result can be sudden roof collapse. This occurrence
is associated in the Chul'makansk deposit with an increase in humidity.

As a result, evidently, of ﬁineralization of the water, water flow changes
from migration to active filtration, which causes numerous sudden inci-
dents of roof collapse in the preparatory and working excavétions. Rock
pressures also increase as a result of the weakening of'tﬂe cement in the

various rock layers.

5.2 Anadyr'DepOsit2

The Anadyr deposit is located in the Anadyr rayon of the Chukotsk
National Circle. At present, the Ugol'nyy sectioﬁ is worked. It is
located on the coast of the Gulf of Anadyr 6 km from the city of Anadyr'
near the mouth of the river Ugol'maya. The region, being close to the
sea, has a moderate climate for its latitude. The mean annual air tempera—
ture is -7.7°C and the relative humidity is 75-86%. Temperatures reach
12°C in July and August and drop to ~-33°C in December and January. Winter
is characterized by high winds and blizzards., The deposit has been worked
continuously since 1923. Permafrost in some areas has a thickness of
more than 100.m. Rock temperatures vary between -3°C and 0.5°C. The
lower limit of permafrost is at a depth of about 95 m.

The room and pillar mining system is employed. The preparatory works
are developed with the aid of drilling and explosives and coal is mined

in the same way. Coal is transported by conveyors. Coal loss averages
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about 607%. The mine ventilation is by fan, with the ventilation rate
up to 550 m3/min. Gas has not been noted in the mine, but the mine is
considered dangerous because of coal dust. The dust content in the mine
atmosphere is small and in the places of dust generation does not exceed
150-170 mg/ms. Relatively good workipg conditions result from favorable
geologic conditions, the shallow pitch of the seams, the high quaiity of

the roof and walls, and the high moisture content of the atmosphere.

5.4 'Coal Gulf Deposit (Bukhta Ugol'naga)3

Near the settlement of Nagornyy on the coast of thé>Aﬁadyr Gulf is
a coal mine of the Bering Mine Administration which hasvbeen in operation
since 1940, The climate is influenced by the sea, with a meén annual air.
temperature of -4.2°C and a January temperature range of 13°C., The lowest
mean temperature occurs in February and is ~23°C. Winter is characterized
by blizzards with wind speeds above 40 m/sec. Summers are cool, and in
July temperatures. very seldom rise above 12°c.

All existing mine excavations are within the 200 m thick layer of
permafrost which is cut by a mass of fractures with a width of up'to 30 cm,
some of which do not contain ice.

Mining is underground. Mine entrances and above ground works are
compbsed of concrete, while underground roofs are supported by timbers or
left unsupported.

Measurements indicate that the mine atmosphere has above freezing
temperatures in summer and below freezing temperatures in winter. In
August the roofs thaw to a distance of 1.5 m and the footwalls 0.5 m,

which is almost three times the depth of thaw of other mines in permafrost.
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Coal dust in the mine exceeds health norms and in winter is twice
as great as in summer. Dust suppression techniques include clean up and
removal of dust to the surface, reémoval by the active flow of ventilation
air, utilization of inert dust and the utilization of individual respira-
tors. The belowv freezing temperatures of the mine atmosphere and the
rock prevent the utilization of water for dust suppression, which would

involve significant costs.

5.4 The Thermal Regime and Dust Generation4

At the present time the economic practicability of mining the extremely
rich and abundant mineral wealth of the northeastern part of the country
depends on the scientific resolution of the questions of conducting in-
dustry in the North, and first and foremost the conduct of mining. Thus,
for 1967, in the Yakutsk ASSR more than 707 of theAcapital investment was
in mining enterprises and industries and in related services. The gross
production of mining enterprises for the same period amounted to more than
807 of the total production.

Numerous researchers on the mines of the North have demonstrated the
great influence of the thermal regime on the effectiveness of mining. The
thermal regime influences the processes of mass thermal exchange between
the mine atmosphere and the rocks, which determines the stability of the
roofs, the processes of dust generation, the health and sanitary conditions
in the mines, the distribution of air in the mine, and the leakage of the
ventilation structures, i.e. on all factors which determine the economic
effectiveness of mining.

Only the mines of the Noril'sk Mining Metallurgical Combine are equipped



145

with mine air heating equipment, that is, have a regulated thermal re-
gime. All the other mines in the northeastern part of the country utilize
the natural thermal regime of the rocks.

The characteristics of the natural thermal regime are as follows.

The temperature of the mine air along the length of the ventilation way is
determined by the surface air temperature. Within the first 1800 m along
the ventilation entry the temperature variation may be as high as 60°C.
Thus in the excavations of the mines of Dzhebariki-Khaya (Yakutia) during
the winter the incoming air has a temperature of as low assf620C, while

at the exit fromalongwall face it had a temperature of -2°C in January
1968. The temperature of the mine air varies sharply along the first

200 m of the ventilation entry. 1In Haulage Entry 13 of the Fastern Mine
(Noril'sk Combine) the temperature of the mine air increased from -37°C

to —20°C between 105 and 205 m within the shaft. Along the haulage entry
of the Western Coke Mine (Noril'sk Combine) in July, 1963, the temperature
of the mine air along the first 100 m decreased from 28°C to 14%¢.

The temperature of the mine air along the veﬁtilation way further
in than 1,800 m from the mouth is close to the temperature of the surround-
ing rock and varies from it no more than 1.5%¢C.

The heating of rocks to above freezing temperatures is noted along the
entries in summer from a distance of 500 to 1,200 m froé,the mouth. The
limit of melting moves farther in from the portal each year.

Dust content is inversely related to air temperature. In winter,
dust concentration in the air is ten times greater than in summer.

Roof stability in areas with a temperature below -5°C is up to twice
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as great as roof stability under a temperature above 2°C.

The naturally warm temperatures of mine openings during the summer
period, and the operation of ventilation ailr heaters during the winter
time, causes significantly increased expenditures for maintenance.

The thermal mass exchange between the mine air and the rocks has a
regular cyclic character duriné the course of the year. Thus in the
winter and in the summer periods the heat flow changes its direction from
the rocks to the air and vice versa. The process of thermal éass exchange
determines the mechanism of dust suppression under the conditions of the
natural thermal regime. |

The natural thermal regime works to prevent spontaneous'ignition
since most of the working faces are at a distance of 700 m or more from
the mine mouth, where the coal rémains frozen and oxidation is slow. The
thermal regime may be regulated by having the air entering the mine heated
during the winter or cooled in summer. The problems of regulating the
thermal regime have been most thoroughly studied by the scientific workers
of the Leningrad Mining Institute under the leadership of Doctor of
Technical Sciences, Professor Yu. D. Dyad'kin.

The main sources of dust generation are drilling and blasting; coal
mining and development of preparatory work; all forms of loading and
transporting coal on conveyors; and transferring coal from conveyors into
coal cars.

The most effective methods of dust control under the natural thermal
regime is to remove it through the use of a suction mine air ventilation
system. Low pressure is created in the mine air by a suction device

which passes the coal dust through filters or removes it to the surface.
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The removal of dust in mine air, cleaning up coal dust and placing it in
special boxes or sacks for removal to the surface, and rock dusting are
quite effective.

In the mines of the Noril'sk Combine, where the temperature is re-
gulated during the entire year, dust is suppressed by sprinklers élong
the entire length of the transportation entries.

Any discussion of the mine dust problem should note that in general
dust generation in the mines of Yakutia and Magadan oblast' is signifi-
cantly lower than in the mines of other basins of the counﬁry including
the mines of the Noril'sk deposit. The general lower level of dust is
explained by the higher moisture content of the coals and by their ice
content. Thus, in the Sogo mine the moisture content of the coal exceeds
40%Z. 1In the coal of the Shtol'nevo seam of the Chul'mankansk deposit
there exists a year around water circulation with a flow of up to 800 m3
per twenty-four hour period.

There are several explanations for the increase in dust content in
winter. One is suggested by the behavior of the tensile strength of the
surrounding rock. Thus, the tensile breaking point of the Arkagalinsk
sandstones in the unfrozen condition with a moisture content of 4% is

2, whereas under a temperature of -15°C and with the same

about 17 kg/cm
moisture content, it rises to 31 kg/cmz. The compressiQe breaking point
does not change, but the rock becomes twice as brittle. Consequently,
under the same mechanical influences on coal, dust generation will increase
many times, which corresponds to observation.

Another explanation has to do with the mechanism of condensation

processes, Thus, during the winter period when the air entering the mine
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has a temperature significantly lower than that of the rocks, and a very
low absolute humidity, the air is warmed and takes moisture from the
rocks. As a result of the absorption of moisture by the air, moisture,
which up to this point held the particles of dust together and prevented
their breakup is taken from the rocks. The sublimation of ice coptri—
butes to this process.

During the summer, the reverse occurs, Then the air entéring the
mine has a high temperature and moisture content and is cooled, so that
condensation occurs. The condensation of moisture occurs first around
the coal dust particles which are in a suspended condition. These pre-
cipitate out of the mine air and collect along the walls and the floor.
The dust content in the air is sharply reduced, while at the same time
the process of dust formation is slowed down. Both the tensile strength
and the brittleness of rock decreases with increasing temperature which
results in a lowered intensity of dust formation. [Ed. note: While brit—
tleness certainly contributes to dust formation, the effect of increasing
tensile strength is debateable. The ultimate cause, of course, is shrink-
ing due to dehydration. Beyond that the mechanical properties of the coal
take over.]

Other researchers (Kudryashov, Voronina, 1969) explain the seasonal
variation in dust concentration in a suspended conditioﬁ by the increased
capacity of moisture particles to adhere to a frozen object as the tempera-—
ture of the object increases and approaches the freezing (or thawing)
point. The general utilization of electrolytes for the battle with dust
is recommended. It is stated that their utilization will increase the

adherence capacity of particles under below freezing conditions. In this
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regard, the dust suppression effort under below freezing temperature
conditions should stress the use of water dust control systems in all
their modifications (for example, salt water), with other measures, in-
cluding the regulation of mass exchange processes, playing a subordinate
role.

Water dust suppression systems have been tested under permafrost
conditions, and can be utilized in mining, taking into consideration the
reduced moisture absorption capacity of coal dust under low temperature
conditions., However, in spite of the effectiveness of man& methods,
from a practical point of view only one is used: wateringccoal on the
conveyors, and this only in the mines of the Noril'sk Combine and on the
island of Spitsbergen., Any of the systems of using water for dust sup-
pression lead to such high econoﬁic costs that installing them in the low
production mines of Yakutiya and Magadan oblast' would involve extreme
difficulties. Dust suppression water systems along the haulage way and
dust suppression under the regulated thermal regime in mines can be under-
taken only by using a closed circulating pipe with water heated to 35%
at the point where it enters the mine. In general the utilization of water
systems results in a significant reduction in dust. In May 1963 in the
Noril'sk Combine mines, measurements of dust content and of the effective-
ness of utilizing the moistening additives OP-7 were undertaken. In the
Eastern mine the dust content of the air at the loading point in the
inclined cross cut decreased 46 times (to 5 mg/m3); on hoist 2 of Seam IV
it dropped four times, but still reﬁained high (61 mg/m3). In the Central

mine the dust content was lowered two to three times.
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In the Central and Eastern mines industrial experiments were under-—
taken with the moistening additive 0P-7, the utility of which under per~
mafrost conditions was shown by the work of the Leningrad Mining Insti-~
tute. The utilization of the additive reduced the dust of the mine exca-
vations two to four times, bﬁt the technical equipment for utilizing the
additive, the heated box and the pipes, was inadequate. Because of this,
utilization of the additive increased the cost of one ton of coal by
4 kopeks.

5.5 Mechanical Characteristics of Permafrost, the Thermal Regime of
Mining Excavations and Dust Generation

The repeated freezing and thawing of rocks, and the deep penetration
of water, alter the physical and‘mechanical properties of permanently
frozen rocks. Many years of experience in mining in permafrost composed
of different rock types confirms the fact that the physical and mechanical
properties of rocks are to a large extent determined by rock temperature,
under the influence of which the moisture contained within the rocks and
the level of cementing of the rocks is changed. Under these conditions,
the cementing material in the rock, the material which determines strength,
is water. As is known, not all water molecules are changed to the frozen
state under a temperature below freezing. Therefore, the lowering of
temperature leads both to an increase in cohesiveness as a result of the
freezing of the water molecules and also to a reduction in the thickness
of the water layer surrounding the larger particles of rock, which changes
the forces of molecular adhesion.

Frozen sands, clays, and alluvial deposits can have the same strength

and characteristics as sedimentary rocks underground, but completely dis-—
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integrate when brought to the surface and thawed.

Measurements indicate that strength of ice is a function of temper-—
ature. However, the results vary from one experiment to another probably
because of the influence of the chemical content of the ice, and length
of time it has been frozen, and other factors. Both eiperiments and
experience indicate that the envirommental temperature has little effect
on the compressive strength of ice but a significant effect oﬁ its tensile
stréngth. Lowering of temperature increases the tensile stféngth and
mining experience indicates that the roof rocks are strong;r when the

~

temperature is low.

5.6 Ice Strength in Coal Mines

[Ed. The data below are as given in the text. Evidently Compression

and Tensile should be reversed. ]

The Dependence of Ice Strength on'Temperature6

Breaking Point, kg/cm2 at
temperature in Centigrade

: Form of

Author Experiment ~-29 =59 -10° ~-20°
V. N. Pinegin Compression 19 22 25 42
K. N. Korzhavin " 7 19 45 -
V. N. Arnol'd- " 35 47 56 -

Alyab'yev
V. N. Pinegin Tensile 10 11 12 13
B. D. Kartashkin " 9 11' - -
B. P. Vasenko " ‘ - 11 18 -

"With results regarding absolute quantities being so diverse, it is

hardly possible to utilize these data in calculating the sizes of pillars
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or the unsupported roof area. Probably the breaking characteristic of ice
is influenced by the chemical content of the water, freezing conditions,
length of time the water has been frozen, and other factors."

"The elastic characteristics of samples was determined in the un-
frozen and in the frozen condition. Numerous experiments show differences
only in absolute magnitude. As a result of the experiments conducted,
it is possible to reach the following conclusions:

1. The environmental temperature has little effect on tﬁe breaking
point under compression. Lowering of temperature increases the breaking

4

point under tension (stretching).”

5.7 Sources

1. Kurenchanin, op. cit., pp. 111-118.
2. FKurenchanin, op. cit., pp. 118-122.
3. Kurenchanin, op. cit., pp. 122~125.
4, FKurenchanin, op. cit., pp. 181-188.
5. ZKurenchanin, op. cit., pp. 179-178.

6. Kurenchanin, op. cit., p. 177.
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1.0 TANTALUS BUTTE COAL MINE

1.1 Location and History

The Tantalus Butte Coal Mine is located three miles northeast of the
town of Carmacks, Y.T., in the Carmacks District. The mine site lies on
the north bank of the Lewes River at 62 degrees, 08 minutes north latitude
and 136 degrees, 15 minutes west longitude.

The coal seam near Carmacks has supported five mining operations since
development began in 1905 with the Tantalus Mine. Coal from'%his operation
supplied fuel for steamboats that ran from Whitehorse to Déwson, but the
mine was phased out in 1922 due to the high cost of transporting the coal
up and down the river to fueling points. Another mine in the area caught
fire in the early 1920's and is still burning. Of the five mines begun in
the area, only the Tantalus Butté Coal Mine is still in operation. Started
in 1923 to replace the Tantalus Mine, it produced from 300 to 600 tons a
year, most of which was used for domestic heating in Dawson. For a period
of time the Tantalus Butte Coal Mine was owned by United Keno Hill Mines,
Ltd. At present the mine is owned by the Cyprus Anvil Mining Corp. One
hundred tons of bituminous coal are being produced per day, all of which is
transported 100 miles by truck to the Anvil Mine in PFaro where it is used
to dry ore and heat buildings. An insignifiéant amount of four tons per
year is produced for domestic sales.

The Tantalus Butte Coal Mine is located at the south end of Tantalus
Butte, which rises 500 feet above the Lewes River Valley. The butte is
composed of conglomerate, sandstone; shale, and coal seams of the Tantalus
formation. The strata strike almost due north and dip at an angle of

approximately 50 degrees to the west. The area lies in the physiographic
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province of the Yukon Plateau, but is characterized by small mountain groups
and individual peaks. The Lewes River meanders extensively near Carmacks.

The climate is of moderate extremes with a mean annual temperature of
about 30°F. An extreme of -70°F was recorded in January, 1975. Freezing
conditions persist from mid-September until early May. Snowfall accounts
for one-half of the mean annual precipitation of 15 inches and the maximum
snowfall cover ranges up to 50 inches in late March.

White spruce is the predominant tree in the region and is the chief
source of timber and firewood. The area is covered by grasses and plants
characteristic of rather arid, northern interior climatesﬂ'

The town of Carmacks has a population of 480 people,Améstly native
Indians. The townsite is on the south bank of the Lewes River, 110 miles by
gravel and paved road northwest of Whitehorse and 100 miles by gravel road
west of Faro. Service buildings in the town include one grocery store, two
gas stations, two motels, one school, two taverns, and one government

building. A native village is situated directly across the river.

1.2 Geology

The Tantalus formation is a clastic assemblage of Jurassic or early
Cretaceous age. It underlies an area of approximately 14 square miles and
outcrops on both sides of the Lewes River just east of Carmacks. The for-
mation consists largely of conglomerate composed of cherty slate and quartzite
in a matrix of finer particles of the same material. The conglomerate beds
are 3 to 6 feet thick and are separated by beds of sandstone 3 to 12 inches
thick. Shales comprise a very small percentage of the formation and the

coal seams are associated with these shales.
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The bituminous coal is non-coking, with 8 percent ash and low sulfur
content. Heat content varies from 11,000 to 13,500 BTU as mined. No cleaning
of the coal is done either at the mine site or before it is burned at the Faro
Anvil Mine.

The coal seam strikes almost due north and dips at an angle of 60 degrees
towards the west. It varies in thickness from a few inches to 50 feet and
is found from the surface down to a depth of 500 feet. Because %he seam has
been folded and faulted it is naturally drained; consequently the mine is
dry and gasless. Reserves have been calculated as 100 yearslat the present
mining rate.

1.3 Mine Operations

The overall impression carried away from the Tantaius Butte Coal Mine
was that of a safe mine and economically sound operation. Although it is
a small production mine, the impbrtance of the coal supply can be measured
by the dependence of the Faro Anvil Mine upon it.

The mining technique is mainly a room and pillar system, but some strip
mining has recently been begun. The mine does not lend itself to mechan-—
ization due to the steep dip of the seam. Thus the recovery is characterized
by simple and efficient operation. Seven to eight miners work underground;
four working places are available, but rarely are more than two places ever
worked at one time. A crew consists of one miner and one miner's helper.
They are responsible for pulling previously blasted coal away from the face
and drilling a new round consisting of 12 to 14 holes. The mine foreman then
loads the round with a low veloecity permissible, primed by millisecond
detonators, and does the blasting himself. The crew waits for the fumes to
dissipate, then returns to pull loose coal and again drills a new round.

This cycle is usually repeated twice a day at each working place. A crew

{33



158

produces a maximum of 25 tons per day. The local labor force does not want
to do development work; Canadian Mine Services contracts for the hard rock
mining involved in improving headings and development work.

Because of the. excellent natural mine ventilation and the small amount
of blasting done, no problems are encountered with gas fumes or coal dust.
No fan or dust suppression systems have been installed in the-ming. The
main entry serves as the air intake and raises to the surface at the top of
the butte acts as the exhaust. Although no air velocity neasurements have
been made, an appreciable movement of air throughout the mine was apparent.
Brattice curtain is available but is not in use.

The safety factors in the mine were impressive. Nine raises lead out

of the workings, providing an escape route from each working place. Only

one shaft is open through to the surface, although there are others, unuseable,

that will pass air. There was véry little evidence of roof collapse. The
roof is composed of sandstone, with little shale, and timbering is set only
where it is needed, usually in large rooms. The crews work without super-—
vision and decide for themselves when roof support is necessary. A mine
inspector visits once each month.

The coal that is pulled from the working place is dropped by gravity
down chutes and loaded on twelve electrically driven railroad cars for haul-
age out of the mine. The locomotive is a battery powered, 72-volt Swedish
model. Each of the twelve wooden cars has a capacity of one and one-~half
tons. Outside the mine the train load of coal is dropped into a 100 ton
bunker. Anvil Mine trucks returning empty from Whitehorse haul the coai to
Faro. Five to six trucks are loaded>per day, each with an 18 ton coal

capacity. Anvil Mine maintains a 12,000 ton stockpile near Faro.
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The mining method is geared to easily accessible coal where few problems
are encountered. Only a 16 foot width is mined because of the steep dip
and when a rock lens is encountered the seam is worked on either side around
it. Recovery is 60 percent with no plans for secondary recovery. When coal
shortages occur during the winter, mine production is stepped up by robbing
the pillars of easily accessible coal. The results of this practice are
readily observable. In places the roof and headings were abnormaily high,
but this did not seem to affect the strength of the natural support.

Because of the geology of Tantalus butte and the nature of the mining
practice, the entire operation is simple, efficient, and effective. As men-
tioned before, no gas or water drainage problems are manifest due to the
natural draining of the folded seam. Ventilation is excellent and coal dust
and blasting fumes are minimal because the operation is small. This couid
become a problem if more miners were to be employed underground. Mine tem-
peratures do reach the freezing point, but never become cold enough so as to
require a heating system. Electricity is not used in the mine; cap lamps
provide illumination. Drills and picks are powered by compressed air. The
safety record is excellent, averaging one accident per year. There have
been no mine fires, although the miners' locker and shower building, situated
2 miles from the mine, burned to the ground in eaxrly 1975.

The strip mining operation is located on top of the south end of Tantalus
butte. The seam is 50 feet wide in this area. The work was contracted out
to a heavy equipment operator who used a scraper to produce 12,000 tons of
coal in two weeks. This coal, which assures one year's supply for the Anvil
Mine, is stockpiled one mile from the open pit operation. No further open

pit production is planned in the near future. The coal is dirtier than that
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produced in the underground mine, but no problems are encountered in burning
it at the Anvil Mine. Although this operation is more economical than the
room and pillar system, the underground mine will not be phased out in favor
of it. Rather, emphasis will be placed upon underground development since
the pressure of production has been removed.

1.4 Labor Force

The labor force is predominently native. Twenty-five emplojees are
on the payroll, but rarely do more than ten men ever appear for work on any
given day. The miners work on the buddy system; if a minerAdoes not plan to
work, he is expected to find a replacement for his job.A éuperficially, this
appears to be quite haphazard and inefficient labor management, but the
system works well and production is not hampered by the casual attitude
towards work. The mine superintendant, mine foreman, and one experienced
miner work the total five days per week and together form the backbone of
the operation; most other employees work two to three days per week.

It is estimated that 20 percent of the 480 people in Carmacks derive
economic support from the mine payroll. Living costs are low because the
Indian Brotherhood provides housing for which the natives pay only what they
can afford. The miners do not belong to a union since the Indian Brother-
hood prdvides many similar benefits. Hourly wages are paid rather thaﬁ using
a bonus system. This is an important factor in the mine's excellent safety
record-~the day wage system is a low pressure type of w&rk, while the bonus
system encourages miners to rush, thus promoting more accidents. The native
laborers work at their own pace without supervision. They set timbering
only when they feel it is needed and, thus far, no problems have arisen from

this self-management mining technique.
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Wages at the time of the visit were $6.55 per hour for miners, $6.21
per hour for miner's helpers, and $5.98 per hour for laborers. Maintenance
costs are kept to a minimum through the ability of the mine superintendent
to install and maintain most mining equipment himself. Because the local
labor force does not want to do hard rock development, the added eipense of
contracting a private drilling company must be absorbed.

The total cost, as set down at the Faro Anvil Mine, is $l7.0Q per ton.
At this price it is a little more economical for the Anvil Mine to burn coal
rather than cil, for drying ore and heating buildings. The s%rip mining
operation produces coal for $4.00 per ton, but this does ndt include the
cost of transportation to Faro. The Tantalus Butte Coal‘Mine does not ship
its own coal. Transportation is provided by Anvil Mine #rucks backhauling
from Whitehorse to Faro.

1.5 Characteristics Due to Northern Location

The operational problems at the Tantalus Butte Coal Mine are typical
of those encountered in any mine in the northern latitudes. Cold weather
during the winter months creates many surface problems. When the temper-
ature in January, 1975, dipped to -70°F, mercury lamps stopped operating and
hoses froze. Production was hampered by the adverse conditions in handling
coal outside the mine. These produétion problems occur at a time when coal
demand is highest, thus necessitating the robbing of pillars for easily
accessible coal. The availability of coal from the strip mining operation
could alleviate these problems in the future. One characteristic that
plagues all northern coal mines is low humidity in cold weather. As mentioned,
during the cold weather of January 1975, the locker and shower building burned.
Low humidity and almost complete impossibility of fighting fire in such

weather make fire a special hazard in high latitudes.
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The remoteness of the mine location is of little importance from the
standpoint of transportation costs. In fact, the mine site is in a near
ideal location, since trucks backhauling from Whitehorse must pass through
Carmacks on their way to Faro. This low cost transportation is an important
factor in keeping the price of coal competitive.to oil. The supply of mater-
ials and services does present a problem at the mine. Materials‘supplied
from the Faro Anvil Mine or from Whitehorse are slow in arriving; so the mine
superintendent must make frequent trips to Whitehorse to pick up purchases
himself., Services from outside sources are extremely expensive due to the
remote location, thus the burden of maintenance lies maiﬁly with mine personnel.

Although the mine is within 300 miles of the Arctic Circle, there has
been no permafrost found in the mine development. The mine is normally dry
except during spring run-off. When water accumulates, it is removed by a
bucket—~to-barrel method. A small pump is sometimeé used but must be taken
out of the workings at night to prevent it from freezing. Water in the
mine presents a problem when it covers the rail and freezes, thus preventing
the haulage train from operating. Some water is pumped into the mine for
the hard rock drilling and pneumatic mining equipment, but no attempt is
made to remove this water from the workings.

The operation of this miﬁe is not politically motivated in the sense
that mines on Svalbard in part reflect national aspirations. However, the
mine provides employment for the largely mative population of Carmacks, and
so plays an important social-economic-political role.

2.0 USIBELLI COAL MINE, NEAR HEALY, ALASKA

2.1 Introduction

Two representatives of the Mineral Industry Research Laboratory of the

University of Alaska visited the coal mines owned and operated by Usibelli
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Coal Mine, Inc., near Healy, Alaska, on May 2, 1975. The M.I.RfL. team
spoke with the mine superintendent and the safety supervisor; and visited
both active and closed mining areas. The mining operations are efficient
and effective in the use of excavation and hauling equipment for surface
mining of thick, sub-bituminous, dipping coal seams. Potential for expansion
in production seems excellent.

The Healy area (63°52'N, 149°W) lies in the northern foothiils of the
Alaska Range, a short distance north of Mount McKinley National Park, about
120 road miles southwest of Fairbanks, and about 240 road miiés nort:- of
Anchorage. The coal mines are situated only some 7 miles from the Alaska
Railroad and the Anchorage~to~Fairbanks highway. The aréa‘has a markedly
sub—-Arctic continental climate with extreme temperaturesAranging downward
to —-65°F in winter, relatively ice-free permafrost, and spruce forests in
the lowlands, and Alpine tundra 6n the uplands. High velocity down valley
winds are common and create extremely low chill factors. The area is a
breeding ground for Dall sheep and contains other game animals. The land
in the general area is mostly State selected, patented or State tentatively
approved lands.

The Healy and Lignite river valleys, in which the large reserves lie,
ate eastern tributaries of the northward flowing Nemana River which meets
the Tanana River at the town of Nenana. The Healy and Lignite Rivers have
cut deep, V-shaped valleys into the coal bearing formations. ﬁelative relief
is about 2200 feet.

The coals are part of the Tertiary Coal Bearing Group, which is over-
lain by the poorly ¢ :olidated Pliocene Nenana gravels, which in turn are
uncomformably overl = 5y glaciofluvial gravels that form terraces of the

Nenana River. The Coul Bearing Group consists of poorly consolidated
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sandstone, conglomerate, siltstones and clays, and of course, coals.
Thirteen coal seams have been recognized, at least five of which are clearly
visible in the Healy Valley and along the Nenana River. The estimated coal
resources of the Nenana coal field, of which Healy is a part, are stated to
be approximately seven billion tons (to a depth of 3,000 fget).

Coal has been mined in the Healy River area since 1918. The initial
mining was underground, and related to the construction and operaﬁion of the
Alaska Railroad and the needs of Fairbanks for ccal as a subs%itute for
wood in home heating, electrical generation, and dredging opérations. The
Usibelli Coal Mine was started in 1943; the company purcbaééd the Suntrana
Mine in 1952 and the Vitro Mine in 1970 to become the largest and finally
the only coal mining operation in Alaska. Smaller mines, such as Black
Diamond, have gone out of business, while the Usibelli operation now has
leases on Lignite Creek, just tovthe north of Healy River, sufficient to
maintain current production rates for another 40 years.

The current major coal users are the electric generating and heating
plants located at Clear A.F.B., Fort Wainwright, Eielsen A.F.B., the City
of Fairbanks (Municipal Utilities System), Healy, (Golden Valley Electric
Assoeciation), and the University of Alaska at College. Total production is
about 750,000 tons per year, with productivity ranging from 32 to 35 tons
per man day.

The coal being mined is sub-bituminous "C'" in rank %ith approximately
207 - 25% moisture, 8% — 15% ash, and a BTU content of 7500-9000 as received.
The coal slacks easily, has no gas, and contains some admixture of bone.

The coal has a very low sulfur content (about 0.1%) which makes it, in
common with most Alaskan coals, a clean coal environmentally. Between

75,000 and 120,000 tons per year are washed in a small sink-float plant
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during the summer months, primarily for limited domestic use and for coal
that does not meet required power plant specifications. Most of the coal
1s shipped as mine run, with only occasional hand-picking. A sink-float
washing plant operates during the summer months for stockpiled coal too
dirty to ship.

In the past five years, coal prices have increased about 50% to more
than $10 per ton exclusive of shipping. Wage rates are about $10 per hour with
the average five day work week consisting of 50 hours. Purchése prices for
heavy equipment appear to have increased 250% in the last decade. 1In spite
of increasing costs, however, coal prices at Healy appeay,éo be low and
with increased petroleum prices will probably remain competitive with oil
in Interior Alaska for the foreseeable future.

2.2 Cold Weather Problems

There seem to be few serious personnel problems associated with cold
weather. The basic work force has been employed at the mine for more than
five years, and the more experienced men guide the newcomers so that
frostbite problems are few. Labor turnover was low until recently when
jobs became available on the construction of the trans—Alaska pipeline.
About 757 of employees are married and all live in the immediate Healy area,
which has a total population of about 450 people (including employees at
the local elementary school, Golden Valley Electric Co. power plant, and the
Alaska Railroad). .

Winter employment averages about 50-55 men, most either operating
heavy equipment or working as mechanics. The cabs of the equipment are heated,
providing protection against the cold. The experience of the labor force in
cold weather and the heated equipment would expiain the absence of serious

problems.



166

Heavy equipment is kept inside warm-up shelters when not in use, and
there seem to be few difficulties with the heavy trucks which are kept
constantly in motion and warm. With the roads frozen in winter and covered
with snow and ice, there is significantly less tire wear than in summer.
Tracked equipment, however, has difficulties in the cold; steel turns brittle
and rippers are easily broken. Unless absolutely necessary, no @ulldozers
are used if the temperature is lower than -45°F. . Frozen gravel is more
difficult to drill than unfrozeﬁ, and wears the bits rapidly; A fixed tooth
drag type bit has been found best for sandstone.

Stripping occurs mainly in summer, increasing emplqym;nt to about 80
men. Bulldozers and rippers are used to remove overburden, and at present
little blasting is done. Until 1964, overburden was removed hydraulically.
The ground, after removal of vegetation and loose gravel, thaws at a rate
of about one foot per day when egposed to the sun;Abut will freeze back
in winter. The frozen ground is ripped, piled with bulldozers, and loaded
into trucks with loaders. It is then hauled to a disposal area, generally
being used to fill previously mined areas.

Stripping takes place in summer, and the trucks are equipped with dump
boxes to handle rock. These rock boxes are removed and larger coal boxes
are installed on the trucks in winter. The coal boxes have double flooré
through which vehicle exhaust is piped to keep the truck bed warm sc as to
prevent the coal from freezing to the bed. When the bo%es are up, in dumping
position, the exhaust gases vent directly to the outside. On occasion,coal
fires can be started if the bed temperature is too high. A simple device
that has proved effective is a chaig welded to each corner of the dump box.
The chain swings and rattles, removing loose material during dumping, so

that it does not freeze to the bed.
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Due to the high moisture content of the coal, it tends to slack and
produce excessive dust upon drying. This dust generation occurs at transfer
points, especially in the tipple. During summer, water is used to suppress
dust, but so far it appears that no effective solution has been found to dust
suppression in winter. Rock dust is employed if welding must be performed
at the tipple in winter. No welding is performed in the tipple uﬂless
absolutely necessary, and a 24 hour fire watch is maintained afteg any welding.
The combination of high moisture content in the coal and extreémely low humidity
in winter produces a dust and fire situation that ranks amqng\the most serious
of the cold weather problems.

The foregoing discussion is not meant to discount the effects of cold
and extremely cold weather. The winter environment offers certain advant;ges,
and can be characterized as cold, dry, and hard. Tires last longer, equip—
ment does not bog down, but no operations using watér, e.g., at the washing
plant, can be done, and expenses skyrocket as heating requirements go up.

2.3 Mining System

The coal seams that are mined dip from 19 to 30 degrees with clay in the
footwall and poorly consolidated sandstone and conglomerate in the highwall.
The surface is stripped of vegetation and loose gravel, laying bare the coal
seams, and then the highwall is removed. Coal is mined as deep as 200 feet,
but mining on federal leases must cease within five feet. of the creek water
level due to federal regulations. Water above pit level is drained by sub-
mersible dewatering pumps in drill holes. Winter freezing and permafrost in
the footwall and highwall, are considered advantageous. Slippage along the
footwall (promoted by the clay) can degrade the coal and can cause spontaneous
ignition. Due to ancient coal fires, the clay in places is baked. Some of

the clay is of ceramic quality.
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After stripping, the surface of the coal seam is cleaned both with
scrapers and washed down in summer. Formerly the seam was hand swept.
Gravels falling from the highwall can lower coal quality, and must be removed.
The coal is blasted using ANFO in drill holes, loaded with front end loaders
into 45-50 ton trucks and hauled to the GVEA plant or the railroad tipple.
Coal can be ripped, but this creates much dust in winter. Mining continues
year—round. |

2.4 Remoteness Problems

Remoteness is a relative problem. Proximity to marketé~and sources of
supplies coupled with adequate surface transportation, have ﬁade the Healy
area much less remote than formerly. The mine maintainsia larger inventory
of spare parts than would be necessary further south and is currently
installing a small computer capable of inventorying and ordering parts when
necessary. Parts are priced 15% above the Seattle price plus shipping and
are obtained through Fairbanks. The mine maintaiﬁs a road watering truck
which is also equipped as a fire truck and also has a locally available
medic. The town of Healy has organized a volunteer fire department, and
the nearby town of Cantwell maintains an ambulance. The mine has a small
air strip, and there is a larger one at Healy. All serious medical cases
are taken to Fairbanks.

There is a small store at the mine, and otherwise people use mail order
catalogs and shop in Fairbanks which is about a three hour drive on a paved
road to the northeast. Cost of living is about 307 higher than on the west
coast. The area is not so remote that a camp must be maintained. Twenty
to twenty-five percent of the me: live in bachelor quarters. The absence of
locally available entertainment facilities does not appear to cause personnel

problems. No special explosives handling problem seems to exist.
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2.5 Labor Utilization

In summer, the mine employs approximately 80 men. Stripping operations
involve two ten~hour shifts five days per week; while coal mining and maiﬁ~
tenance involve only one ten hour day, five days per week. Four men work the
tipple, three manage the boilers in winter, twenty—five are mechanics, and
the remainder are truck drivers, cat skinners, and front end loader operators.
The mine has one supervisor, a day shift group foreman and shop foreman, a
night shift foreman for stripping, a "lead man" in the repair;shop, and a
small office staff. The major component of the labor force is equipment
operators and repair personnel. The workers belong to the“United Mine Workers
and are employed on contract, hourly wage basis with no incentives. Most
employees are locally hired with only an occasional specialist brought in
from the "Outside". The mine employs no geological or engineering staff, but
relies on consultants for such Sérvices. Accident rates were reported to
be low, absenteeism and alcoholism are not problems. Historically, labor
turnover has been low, but has increased since the trans—Alaska pipeline
construction project began. The mine superintendent did not foresee any
difficulties in recruiting workers should this be necessary.

2.6 Future Prospects

AMAX Corporétion had an option to purchase the Usibelii holdings and
conducted an extensive drilling program last year. Usibelli Coal Corporation
has sufficient reserves in the Healy area to last for féur vears or so at
current production rates. With leases in the Lignite area, reserves are
believed to be adequate for forty years. There is considerable thought
being given to the possibility of exporting coal from the Healy-Lignite area
to Portland, Oregon or other west coast cities for thermal electricity pro-

duction. This could involve a three-fold increase over current production.
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The possibility of exporting coal led AMAX Corporation to option the
Usibelli mine and do extensive drilling. Although AMAX dropped the option,
the possibility or probability remains that the operation, either under
present ownership or a successor, might be expanded to produce coal for export.
Most certainly the local market will require additional output, perhaps
raising the annual production to one million tonms within a short time.

2.7 Environmental Considerations

While not covered within the scope of the contract, a word or two about
the Healy environment and the effects of coal mining may be appropriate.
There is surprisingly little evidence of mining in the a?eé, in spite of a
mining history that goes back almost sixty years. The c§al does not produce
acid mine water and the streams, at least visually, show‘no signs of any
changes caused by coal mining. Stripping and surface mining do remove the
vegetation. However, an aerial grass seeding program, utilizing fertilizer
mixed with the seed, has proven successful, and the area is occupied by a
herd of Dall sheeﬁ who seem unaffected by the mining operations. Sheep were
observed near the mine, and an area in which they had bedded down for the
night within a very short distance from operating stripping equipment was
seen. The machinery and the consequent noise levels and disturbances appear
not to bother the sheep. Wolves and moose are common in the area, and
it would be hard to prove that mining has had an adverse effect on them.

With older mined out areas being filled with the waste from new mines, the
amount of change in the surficial topography would appear to be minimal
although it is impossible to completely £ill all pits. The main environmental
difficulties which the visitor notices are those associlated with the disposal
of used equipment. As is common in Alaska, used equipment is merely thrown

aside rather than removed to a disposal area, presumably awaiting the time

{7
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when it may be needed again. The Healy area, however, does not seem
overly encumbered with such debris.

Paranthetically, one might note that the visit to coal mines in
Svalbard during the summer of 1974 led to similar observations. There
the caribou, Arctic foxes and birds seem to be undisturbed in their habits
by the mining operations, and the rivers also seemed unaffected b& mine
runoff. The principal environmental damage observed were the old, run—
down structures, which are either "eye sores" or "historical monuments,"
depending upon the observers bias. |
2.8 Conclusions

The Healy area enjoys certain advantages due to its location. It is
served by railroad and highway and has an assured market in the power plants
of the Fairbanks region. The coal beds, while dipping, are thick and can be
mined with a stripping ratio of less than 4:1. Pefhaps of equal signifi-
cance is the fact that the Healy coal is the only developed source of energy
in Interior Alaska. Cold weather appears to be both advantageous and dis-
advantageous. Frozen, snow covered roads reduce tire wear and permafrost
and low temperatures increase the competence of the hanging and footwalls
-and hence contribute to pit stability. On the other hand, excavation equip-
ment incurs higher maintenance costs, and the absence of available water
complicates the problem of dust suppression and prevents winter washing of
coal. TUnlike the other northern coal mines visited, however, Healy does
not seem to have serious personnel problems due to its location. Imn fact,
although extremely cold temperatures and wind chill factors occur in winter,
the Usibelli operation bears a remarkable resemblance to operations further

south.
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The Alaska Railroad has about 350 coal hopper cars and plans to add an
additional 150 cars this year. There is also the possibility that the
military power plants in Anchorage may convert back to coal and qtilize coal
from Healy. In spite of a cost-of-living differential of about 30 percent
above the west coast, the simplicity of the mining system and the avail-
ability of coal may make the Nenana field competitive on the West Coast

market in the near future.
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1.0 MAJOR OQRGANIZATIONS INVOLVING IN EURASIAN ARCTIC COAL DEVELOPMENT

Thé Minéral Industry Reéearéh Laboratory-(M:I:R:L:)'waé aékéd'ﬁo perform
a literature search on Arctic coal mining and to prepare abstracts of sélécted
sources. Selected abstracts and references were submitted in the'fféiiﬁiﬁéfy
Report of June, 1974. Information from the Russian materials acquired is
referenced in Appendix B. As part of the data acquisition task;'M;I.R;L;
obtained a bibliography of Russian materials from the Library of the Academy
of Sciences of the USSR, Leningrad. The original was submitted with the

Preliminary Report.

This Appendix, prepared by Mr. Niall C. D. Lynch; uﬂder the diréction of
Dr. Donald F. Lynch, is a translation of the Russian 1anguagé bibliographic
materials and is designed for the reader who wishes to know the nature of thé"
information available. The first section presents the basic sources used
and the second is a translation of a Russian languége bibliography obtaiﬁéd
from Leningrad. The translations follow the original Russian as closely as
possible to facilitate obtaining the sources from libraries should this be
desired.

Should there be future interest in developing contacts within the USSR
on Arctic coal mining problems, the bibliographic references suggest that the
most useful relationships would be with scientific organizations in Leningrad,
Vorkuta, Syktyvkar, Moscow, Krasnoyarsk, Novosibirsk, Irkutsk, Yakutsk, and
probably Magadan. The major organizations referenced are: Vorkutaugol',
Yakutugol', A. A. Skochinskiy Mining Institute, Lengiproshakt; G. V. Plekhanov
Mining Institute, Pechora Scientific Coal Research,Institute;'G; V; Plekhanov
Mining Institute, S. M. Kirov Mining and Metallurgical Institute;‘v; A: Obruchev

Institute of Permafrost Study, and Arktik Ugol'. From the point of view of
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reaching organizations which have facéd'problems similar to .those likely
to be enéoﬁntered‘iﬁ Arctié Alaska; thé'most ﬁsefﬁl céﬁfaéts-wbﬁld probably
be in Syktyvkar, Vorkﬁta, and Yakﬁtsk: The'moét éignificaﬁt miﬁing plaﬁﬁing
and design organizations referenced are the Pechora Research Coal Instituté '
(Vorkuta) Vostsibgiproshakt (Irkutsk), Leningrad Mining Institute (Professor
Yu. D. Dyad'kin) and Lengiproshakt (Leningrad). The study team fgund that
attempting to make direct contacts with Soviet specialists on Arétic coal
mining, either by correspondeﬁce or through the Soviet Embassy or thé Soviet
Ministry of Coal Industry was very difficult. Contact with Arktik Ugol'
and Mr. N. D. Gusev in Svalbard was arranged through Nof&egian officials.
Bibliographic references were obtained from the U.S.S.R{ Academy of Sciences'
libraries in Leningrad and Novosibirsk on the basis of their receiving reports
produced by the Mineral Industry- Research Laboratory. Most of the Russian
sources used were obtained from the Suzallo Library of the University of
Washington.

On the Scandinavian side, the most useful contacts would be with
the Store Norske Spitsbergen Kulkomani A/S, with main offices in Bergen,
Norges Tekniske Héyskole (Norwegian Institute of Technology) in Trondheim,
and the Norwegian Ministry of Industry, Oslo (Mr. Hans Im. Ross)i 0f partic-
ular significance would be following closely the development of mining
operations in Svea at Svalbard. Norwegians from all organizations involved
in Svalbard were extremely helpful to the study team and provided much
unpublished information. A good magazine on mineral development in
Scandinavia is '"'Bergverks-Nytt," published by Mr. 0dd Valmot; Post Box 1438;

7001 Trondheim, Norway.
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1.0 GEMERAL

Planning for the future possible development of Arctic Alaska's
tremendous coal reserves will need to consider a wide variety of environ-
mental factors many of which are peculiar to the Arctic and some of which
are unique to Alaska. This appendix presents a conceptual framework for
use in assessing the impact of the environment on large-scale mining, and,
to a lesser degree, the impact of mining on the environment.

The general relationships are shown in Figures 1 and 2, while specific
relations are portrayed in Figures 3, 4 and 5. Figure 6, a matrix, high-
lights the important mining/environment interactions and is provided as a
summary document.

Analysis of the relationships becomes complicated because various
elements of mine planning interact on each other and also on the environ-
ment. Similarly, various elements in the environment interact with each
other and also with mining. Figure 2 depicts these relationships in the
form of a systems flow diagram.

The relationships shown and discussed are based on the literature
search and field trips discussed in Appendixes A, B, and C, the basic factors
emphasized in the report, and on the study team's knowledge of Alaska. This
analysis should be considered general rather than specific, as the actual
relationships that may exist will be very dependent upon the timing of
the mining operation, the technology utilized, the mine method and plan,
and the specific locational and site characteristics of the area selected.

The major factors that will influence the layge—scale development of

Arctic Alaskan coal will be the specific characteristics of the coals,
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economic incentives, market conditions and the national interests
involved in utilizing this resource. These factors are outside the

purview of the analysis.

2.0 ALASKAN ARCTIC MINING/ENVIRONMENT INTERACTION

Figure 1 portrays the general relationship of an Arctic mining oper-
ation to the physical and socio-political systems within which it will
exist and interact. The physical systems basically consist of two parts:
the lithosystem and the atmospheric-ecosystem. The former consists of
those geological forces which have created the basic structures and rock
types. This system impacts directly on coal mining since it produées the
mineable coal and the geologic enviromment in which the coal would be
exploited.

The atmospheric—ecosystem is largely the result of macroclimatic fofces
and topography which create the local and micro-climates and the vegetative
and animal environments of the surface. This system and the lithosystem
acting together create that surface and subsurface enviromment in which
mining occurs. This might be considered the mine's environmental space
and is the area that has the greatest physical impact on mining operations.
It is also the area of greatest concern for environmental protection.

For the Alaskan Arctic, the mine environmental space is characterized
by extremely low winter chill factors (to -60°F), cool mean summer temper-
atures (a maximum of +50°F), the widespread disgribution of deep, ice rich
permafrost, a shallow active zone, extensive thaw and other lake formations
in lowland areas, and sedimentary, coal bearing rock fofmations. The inter-
action between a mining operation and the mine space is a physical rela-

tionship which is increasingly controlled by government laws and regulations.
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The mine operation is also affected by federal political and national
economic systems. For Arctic Alaska, this relationship is critical as far
as development is concerned. The Federal Government controls the bulk of
the cbal»Bearing land and also the major potential transportation corridors.
The government establishes the rules and regulations which control mining
operations (safety, environmental control, taxation, leasing, health), and
has a major influence over the establishment of communities, communications,
and human amenities. The national economic system will determine both the
feasibility and the financial support to be provided for the development
of large-scale mining, and it will also be this system which wili deternine
the markets and together with the federal political system the traﬁsportation
corridors to be used to move the coal to its ultimate destination.

The mine operation, while heavily influenced by these systems, has
its greatest impact on the local and state socio-political system. TLocal
cultural, social and political values and institutions will be the ones
most affected by mining, and it is local legal, economic, and human land-
use patterns which are most likely to impinge directly on mining operations.
From a practical point of view, it is the local Native Corporations which
will be the most affected, and, depending on the locations, may control
part or all of the lands needed for mining and/or transportatiom.

The size of the arrows on TFigure 1 suggests the magnitude of the various
interactions. The lithosystem and the federal politicél and national
economic systems are the ones with the greatest impact on the development
of coal mining. However, the coal mine operation has its major effects on
the local and state systems and on the immediate physical environment;'which
can be thought of as the mine space. Over the long term, these latter rela-

tionships may become politically more important than they are at present.
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3.0 MINE DEVELOPMENT PLANNING PHASES

Planning for the development of coal mining in Arctic Alaska involves
proceeding through a series of logical phases. These can be expressed in
many ways. For the purposes of this analysis the following sequence has been

formulated. The flow of this sequence and the critical environmental relation-

ships are shown in Figure 2.
1. Objectives:

The mining operation must work toward certain defined objectives before

it is even worth considering. The objectives certainly under the
American system would include an operation which would meet economically
valid and financially profitable long term needs. 1In addition, however,
the objectives might include such factors as establishing a basic industry
able to provide employment, tax revenues, infra-structure and services,
and a stable economic base in a region which is sparsely populated and
underdeveloped. The argument that the economic future of the North
should rest on mineral resource development can not be overlooked.

2. Mining Laws:

The laws and regulations governing access to and utilization of mineral
resources constitute an important constraint in the development of
Arctic Alaskan mines, support services, and transportation corridors.

It would hardly make sense to plan for the development of a mining
operation in an area that may not be accessible due to regtrictive land-
use policies or in which mining claims or leases may not be obtainable.

3. Resource/Land Availability:

Given the objectives and the applicable laws, this phase involves deter-
mining whether the resources and the necessary land are or can be made
available under adequate conditions.

4. Transportation:

This variable may be the key to the development of Arctic Alaskan -coal
as it may represent not only the highest cost but ‘also the one requiring
the longest lead time and the greatest amount of governmental support.
The issue could be as complicated as that of the haul road from the
Yukon to Prudhoe Bay, if a market outside of Alaska is needed to satisfy
the objectives. The selection of modes and routes may involve some
complex trade-offs.

5. Technology:

Based on Eurasian experience, it is unlikely that special mining equip-
ment specifically designed around Arctic Alaskan environmental require-
ments will be developed. Assessment of technological capabilities will
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involve, therefore, equipment already developed or easily modified.
Once installed, however, this equipment is very likely to remain in
operation for many decades, so that the initial selection is a critical
parameter. The technology employed is also likely to have the greatest
effect on the surficial environment, the mine space, and on the local
human environment. It will also have to be compatible with the trans-
portation system, while the support requirements for the selected

technology will dictate in large part the infrastructure and labor force
requirements.

6. Mine Method:

The mining method will basically be a choice between surface and under-
ground mining and between a large scale and small scale operation.

The selection will be a function of the previous phases and will be a
critical variable in assessing local envirommental and human effects.
If underground mining is followed, then care must be taken in perform-
ing trade—~offs between ventilation requirements as a function of gas
content and the impact of ventilation on roof and shaft stability,
worker comfort, equipment icing, and thermal exchanges. Surface mining
will have to face the problems of operation under conditions of extremely
low wind chill factors and the impact of large scale operations on the
local physical and human environments.

7. Labor:

The labor requirements will be a derivative of the above. The proper
mix between locally available labor and imported labor will be impor-
tant in assessing the local environmental impact. In terms of commun-
ity design, this factor will also affect the requirements for amenities,
infrastructure, and other human needs. In addition, Eurasian experi-
ence suggests that the maintenance of a permanent, career engineering
staff may be highly significant for Arctic operations.

8. Mine Operation:

With the previous stages completed, the next phase would be the con-
struction and operation of the mine itself. This is the point at which
the mine begins to have a long term impact on the local environment.

9. Beneficiation:

Beneficiation is a separate phase and the selection of the most suitable
system will be a function of objectives, technology, transportation,

and the physical surficial enviromment. Effective, low cost water
washing of coal will prove difficult in a cold climate.

10. Support:

Support requirements are a derivative of all of the above.
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4.0 ARCTIC MINING/PHYSICAL ENVIRONMENT INTERACTION

Figure 3 portrays the interaction between the physical environment and
Arctic Alaskan coal mining. As can be seen, the number of environmental
factors which affect mine development increases as planning progresses
through the various phases.

Macroclimate and geology affect resource availability, while micro-
climates, water, permafrost and surficial features affect transportation and
subsequent phases. Microclimates can be measured in terms of temperature,
precipitation, relative humidity, and wind speed. TFrom a design point of
view, for winter operations on the surface one should consider mean and
extreme low temperatures and chill factors. Underground, the temperature
regime will remain fairly constant 1,000 yards or so from the opening
(Appendix A, 2.2). The range of temperatures to be encountered will be
from 24 to 320F, so that all equipment can be configured to operate in this
narrow thermal envelope., Relative and absolute humidities may show drastic
changes from season to season, resulting in special precautions against dust
generation and perhaps electrical malfunctions during the winter period;
Surface water may penetrate through cracks and fissures into underground
works, particularly if the thermal regime of the rock structures is altered,
This has been a particular problem in the Vorkuta region of the'USSR, and
could also be a problem in those parts of Arctic‘Alaska characterized By
thaw lakes, ice wedge polygons, and surface and subsurface stream flows.
Intra-permafrost water is also likely to be encountered, possibly as sudden
inflows. The mining method should assess the effects of excavations on the
total hydrogeological space to be effected (Appendix B, 2.7). In some cases,

surface water may have to be drained. Particular attention should be paid
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to removal of mine water on to the surface, as this could result in
increasing the volume of water that cycles through the mine area. This
creates not only a water control problem, but perhaps in the long run a
more significant thermal exchange problem that can lead to shaft misalign-
ment, roof collapse, and other forms of deformation. Planning on water
control should be‘undertaken long before the mine excavations enter the
region below the permafrost. The lower section of permafrost has a temper-—
ature close to freezing and can be a difficult region for mining (Appendix
B, 5.1). The water supply and control system should take into account

the effects of water on the thermal regime of the mine, especially in areas
of permafrost with a temperature close to thawing.

Wind speed and surface pressure may have an effect on altering the
pressure gradient between the surface and the mine workings, thus affecting
the ventilation system (Appendix B, 4.2). A reversible ventilation system
may be worth considering. Wind speed can also affect surface coal storage
areas, surface transportation systems, and areas of snow accumulation.
Proper designs, correct orientation of structures in relation to wind
direction, proper positioning of vehicle parks and the use of raised road
beds are factors to be considered. Wind direction and speed should be
considered in the location of coal storage areas to minimize snow accumu-
lation on the coal (and subsequent thawing and freezing of the coal) and
to prevent wind blown dust.

Permafrost has different characteristics depending upon its depth,
nature of its constitutents, ice content and history. For coal mining,
there are different problems on the surface and deeper underground. Surficial

permafrost deposits are likely to consist of alluvium and the products of
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mass wasting. Openings through this unconsolidated material must be

stronger to avoid structural deformation as the material freézes’and thaws.
Once into the rock this problem is considerably simplified (Appendii A; 2.2).
Uncensolidated materials not subject to annual thawing and at temperatures
lower than 28°F are frozen together and have great strength (Appendix B, 5.4).
Conceivably they could be mistaken for rocks, and if this happens, subse-
quent thawing induced by mine operations can cause roof support and shaft
alignment difficulties (Appendix B, 4.1-5.5). Sandstones, claystones, shales,
and other sedimentary rocks normally associated with coal seams often contain
interstitial moisture which, when thawed or removed by sublimation, can cause
rock spalling and sudden rock falls. Coal that is hard when frozen under-
ground may break into small particles when thawed. One Russian source states
that coal pillar dimensions for underground mining in permafrost should be
different from those for other climates (Sangara deposit). It appears that
freezing below 28°F increases tensile strength very significantly but has
little effect on compressive strength (Appendix B, 5.5). With proper pre-
cautions, particularly regarding thermal exchange, it may be possible to

use only limited amounts of roof support material within permafrost. How-
ever, this same characteristic may complicate adequate roof collapse in
retreat long wall mining.

Calculation of the thermal changes likely to occur within the perma-
frost over time as a result of the mining operation is necessary in the
planning stages (Appendix B, 5.4). Permafrost, if maintained, has the great
advantage that it deforms only slowly. For this reason, abandoned excava-
tions can be filled with water which, when frozen, will provide adequate,

long term roof support and prevent surface subsidence. Ice is not
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particularly difficult to remove at a later date should  the e%cavations
need to be reopened.

Introduction of ventilation air and mine water can cause a change in
the thermal regime and a gradual increase in rock and coal temperatures.
This in turn can result in an increased rate of chemical oxidation which
causes heat. Under special circumstances in the Vorkuta area, this process
appears to have contributed to spontaneous ignition and extensive under-
ground fires (Appendix B, 3.3). There may, therefore, be value in testing
the susceptibility of Arctic Alaskan coals to spontaneous ignition under a
range of temperature and ventilation conditions.

Surface mining will also be affected by permafrost. Slope stability
in unconsolidated sediments will be a continuous summer problem as the banks
thaw and erode. Thawing at the base of the excavation will also occur.

The mine is likely to receive water inflow during the summer from both sur-
face water and water from thawing permafrost. Inflow in winter is also
possible when thawed aquifers are encountered. Surface mining should,
therefore, assess the hydrogeological environment in which the operatiom is
to be conducted.

Coal dust generation is likely to be extremely high in large scale
surface mining under winter conditions. One Soviet report on the Kangalassk
and Zyryansk surface mines describes such an opgration,as creating so
much dust that visibility was near zero for equipment operators (Appendix B,
4.7, 4.8). The susceptibility of the mined coal to dust generation under
a variety of low temperature and humidity conditions might profitably be
determined in advance of mining. (At the Usibelli Mine in Alaska, coal

is blasted rather than ripped, partly to avoid dust).
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The entrance of water (or snow) into the excavation may cause the coal
to become frozen in large lumps either during transport or storage. The
désign of the excavation to minimize snow drifting; watér'inflowé; and the
affects of wind on blowing coal dust would seem to be appropriate.

If the excavation 1s subsequently abandoned, there will be some signi~
ficant choices regarding restoration. If the space is to be left as is,
the slopes will likely continue to erode as they thaw until some form of
stable slope is restored. if filled with water, the resulting lake will
freeze only to a depth of less than ten feet. The remainder of the water
will remain unfrozen throughout the year and creat a thawbowl around its
edges and below. Depending upon the depth and local microclimatic and
ecological conditions, the lake may in time £ill in with vegetation. If
it is affected by a strong dominant or prevailing wind, it may migrate
across the landscape. Whether or not the creation of such a lake would be
an advantage or a disadvantage environmentally might be a significant question.

If the excavation is backfilled with thawed materials, the result could
be the creation of a hollow due to the absence of the previously existing
ice. This would depend upon the type of backfill used. An unfrozen, dry
area can be a significant economic asset in a region of waterlogged, ice
rich permafrost. Properly utilized, it could become an excellent town site.
Natural revegetation will probably occur at a much more rapid rate than in
ice rich permafrost areas.

In the case of both surface mining and underground mining with high
speed equipment, the problem of dust suppression under winter conditions
remains unsolved (Appendix A, 2.7). Possible approaches to this problem
include respirators for equipment operators, the utilization of special

additives to water spray to reduce drastically the amount of water utilized
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for dust supression, the construction of special vacuum systems to remove
dust along the working faces; haulage ways, and at coal transfer points;
and artificially increasing the relative humidity of the mine atmosphere.
These have all been tried by the Soviets, but not with (as far as is known)
really high speed mining equipment. The reported results appear not to
satisfy the stringent requirements of U.S. mining codes.

The effects of mining operations on vegetation, animal life, water
quality and noise levels are significant not only from an environmental
.point of view, but also from a legal and human standpoint. Underground
mining, properly conducted, appears to have limited effect on the local
ecology under Eurasian Arctic conditions, primarily because of the stability
of permafrost, the general absence of acid mine water drainage, and strict
regulation of hunting and other activities by people, that might damage‘the
environment (Appendix A, 2.10). Whether or not this same situation would
pertain in Arctic Alaska is another question. Here the mining organization
would have to take into consideration not only the applicable laws, but also
the needs, interests, and cultural values of the local population and of the
State of Alaska. In addition, Eurasia lacks the migratory herds of caribéu
that characterize Arctic Alaska, a factor that would have to be considered
in mine site selection, development and operation.

Mining operations are quite likely to create a local ice fog condition,
and if situated in a valley with a winter temperature inversion, they may
cause a wintertime air pollution problem. Measures to combat this might
include the limited utilization of gasoline and diesel ?owered surface
vehicles, the removal of moisture from smokestacks, and the provision of

heating systems that produce only minimal air pollutants and moisture.
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Without proper precautions, and under the right microclimatic conditions,

a deep surface mine could conceivably create its own ice fog which in con-
junction with extremely low temperatures and .a high rate of dust generation
could develop a very unpleasant working environmment. One rather obvious
answer to this problem would be to close down operations under ice fog pro-
ducing conditions, which are likely to exist for only a small portion of the
year anyway. In interior Alaska, however, these are the very times when
coal is needed most.

5.0 ARCTIC MINING/LOCAL HUMAN ENVIRONMENT INTERACTION

The relationship between coal mine development and the local human
environment is very likely to be quite different in Alaska than it has been
in Eurasia, particularly if the operation is to be é large~scale one designed
for a distant market. From a locational point of view, it is possible that
Arctic Alaskan coal could be developed in an area that has only a sparse
or indeed no local population. However, the indigenous population of Arctic
Alaska has a tradition of utilizing large areas for subsistence hunting
and fishing, and it is quite unlikely that a large mining operation, partic—
ularly a surface mine, can be so located as not to intfude to at least some
degrée into areas used by people.

The transportation corridor and the support systems will undoubtedly
affect native Alaska, and at least a portion of the labor force may be drawn
from native Alaskans.

These factors, as suggested in Figure 4, might perhaps most appro-
rriately be considered in establishing the objectives of the mining operation
and in determining the resource and land availability, facets of mine

development that must be considered early in planning.
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This approach at least would meet the problems early, before a large
investment is made; and perhaps even enlist local support for the mine
development, a factor of no small significance in today's political environ-
ment in Alaska.

From a planning point of view, one would have to assess the existing
and possible future local land use pattern. This has three distinct aspects.
The first is the current and possible future legal status of the land itself,
since the final selections of native, state and federal lands have not yet
been completed. Then, the actual economic land-use pattern should be
assessed. This pattern is a function of the season of the year, subsistence
hunting, and animal migration patterns, and is not identical with legal
land ownership. Finally, the settlement pattern itself should be addressed,
as it may affect the transportation, support and infrastructure requireﬁents
of the mine operation, and in turn may be affected by these. The settle-
ment pattern historically in Arctic /flaska hgs also included temporary settle-—
ments established around seasonal hunting and fishing sites.

The cultural values, settlement patterns, and seasonal land—-use patterns
will affect significantly the attitudes of the indigenous population and
the local labor force. Absenteeism has been a problem in coal mines else-
where in the north using local labor. In Alaska a significant percentage
of the population is accustomed to seasonal constructiqn work. Hunting
season can be the cause of significant absenteeiém (e.g., moose and caribou
seasons in interior and northern Alaska), and this is a factor which should
be taken into account in assessing labor force requirements.

Total reliance on an outside labor force carries with it certain other
problems. Alaska is probably better provided with air travel capabilities

than any other coal basin in the Arctic, so that employees from the outside
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may not feel committed to remaining at a particular Arctic location.

These labor forcé characteristics aﬁd requiremeﬁts need to be
considered in developing transportation plans; selecting téchﬁblogy, and
formulating the mine method and plan. The mine operation, depending on its
size, location, site, and duration may also have a significant effect on

labor force characteristics, local attitudes and the infra-structure pattern.

6.0 ARCTIC MINING AND THE NATION

Mine development in Arctic Alaska will be more affected by national
political and economic systems than is true in most other states of the~Unioq.
Most of Arctic Alaska's coal resources are located in areas controlled by
the Federal Government and the development of transportation facilities to
export this coal will undoubtedly require government approval. It is not
inconceivable that large scale coal development in Arctic Alaska might
require literally an Act of Congress.

The development of a substantial export market will depend both upon
the economic situation, the capability of the economic system to make and
sustain long term commitments of both markets and financiai resources, and
also on political factors. -

As portrayed in Figure 5, government policies at the federal, state
and local level will also impact on resource and land availability, the
commitment of long term coal reserves, on transportation, and on the selection
of technology, mining method and plan, and mine Operations.

From a technical point of view, the literature search on Eurasia suggests
that modifications may be necessary in existing mine regulations particu-
larly regarding ventilation and thé use of Water_for dust suppression if
Arctic coal mining is to be successful. Ventilation in Arctic underground

coal mines affects not only the gas content of the mine atmosphere, but
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may also affect the degree of dust generation, worker comfort (wind chill
underground), roof stability, pillar strength;‘shaft deformatioﬁ and align-
ment; permafrost degradation; the possibility of spontanéous ignition; and
mine atmosphere humidity. High ventilation air volumes and velocities do
dissipate gas more effectively than low air volumes and velocities, but
they may do so at the cost of creating other problems that could be just

as serious.

High requirements for the use of water for dust suppression may not only
increase operational costs, but also cause worker discomfort, equipment
failures, coal freezing, permafrost degradation, roof instability, and defor-
mation of openings.

These two examples clearly suggest that the applicable mining codes
may have to be carefully examined for their suitability to Arctic coal
mining operations.

While undoubtedly controversial, it may also be that the laws and regu-
lations governing the environmental impact of coal mining may not in all
respects be suitable for Arctic Alaska. These laws and regulations were
developed for a temperate, humid to subhumid, non-permafrost environment,
and their unmodified application to a cold, frozen, Arctic environment may
create difficulties. For example, a requirement to completely restore the
natural environment after deep surface coal mining would logically require
recreating an ice-rich permafrost environment, whereas several alternative
environments might be equally acceptable.

Because of the magnitude of the resources and the significant role of
the Federal government in the development of Arctic coal mining, the factors
that set the Arctic Alaskan deposits apart from other deposits deserve

further study.
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7.0 ENVIRONMENTAL FACTORS MATRIX

Figure 6 is a matrii developed in order to summarize the‘sigﬁificant
possible impact of the local environment on Arctic coal mining. While not
exhaustive, it does present a check list of factors against which future
proposals for mine development and studies of Alaskan Arctic coal may be
assessed.

The vertical column lists the major factors involved in developing on
Arctic coal mine. The horizontal row lists those local environmental factors
considered most significant in the planning phase. The intersects can be
used for placing quantitative or qualitative estimates of the impact on
mining on the environment and vice-versa. The most important probable impacts

of the environment on coal mining are marked with an X.



