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PREFACE

First, I should like to recall the problem of estimating mineral and
energy reserves and resources. By definition, the reserves are geologically
well known and economically recoverable. The resources are hypothetical, or
even speculative, and/or at present subeconomic (according to the McKelvey
classification).

Unfortunately, especially for the long-term energy strategy studies that
are an objective of ITASA’s Energy Systems Program, the resources—and
their potential for being reclassified as reserves—are poorly known. This,
along with the desire to supplement our own studies, is the main motivation
for organizing an [IASA Conference on Energy Resources every year.

This conference was our third. The first two were Energy Resources,
Models and Methods of Assessment,* May 1975, covering the various meth-
ods of assessing coal, petroleum, and uranium resources, and The Future
Supply of Nature-Made Petroleum and Gas,TL July 1976, organized jointly
with UNITAR and reviewing some twelve petroleum resources and their
prospects for contributing to the world energy supply.

It was natural that our third conference should be devoted to coal and
thus end the first research cycle on fossil fuel resources.

I would like to thank some of the many people who helped to organize
this conference, to run it, and to prepare the papers for publication. First
of all, my gratitude goes to our Soviet colleagues and hosts: to Professor
J. Gvishiani, Chairman of the ITASA Council and Deputy Chairman of the
State Committee for Science and Technology of the Council of Ministers
of the USSR, for supporting our idea of holding the Third IIASA Energy
Resources Conference in the Soviet Union and for making it possible and
successful; to Academician M. Styrikovich, for chairing the Organizing Com-
mittee of the conference and for his continuous support and interest in
IIASA projects; to their collaborators, for their invaluable contributions and

*Grenon, M., ed. (1976), Proceedings of the First IIASA Conference on Energy Resources, CP-76-4,
International Institute for Applied Systems Analysis, Laxenburg, Austria.

tMeyer, R.F., ed. (1977), The Future Supply of Nature-Made Petroleum and Gas—Technical Report,
Pergamon Press, New York.
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help in organizing the conference; and to members of the State Committee
for Science and Technology and of the All-Union Institute for Systems
Studies—especially Mrs. S.L. Boitsova and Mrs. S.L. Sokolova and Messrs.
A.A. Arbatov, A.S. Astakhov, E.P. Cherkasov, B.A. Larionov, A.V. Nadezhdin,
Y .M. Pavlov, and 1.P. Shvartz.

It is also a great pleasure to thank Professor G. Fettweis, of the Montan-
universitit, Leoben, for his valuable help in drafting the conference program,
reviewing the papers, preparing the discussions, and enlightening me with his
broad coal-mining experience. I must also thank him for his help with the
difficult problem of reserves and resources, and for devoting, with indefati-
gable kindness, part of his valuable time to organizing our conference.

Finally, I owe a great debt of thanks to my colleagues at IIASA, espe-
cially M. Sachs and D. Tillotson for the enormous task of editing the papers,
B. Lewis for her valuable contribution in checking the consistency of all
names and places, and H. Frey and E. Grubbauer for redrawing a large num-
ber of figures. All of them have made this publication possible. And last but
not least, my thanks go to the staff who were with me in Moscow, who shared
the responsibility for the conference, and whose kindness and patience re-
mained unwavering during all the difficulties that always accompany such a
conference: 1. Beckey, V. Landauer, and G. Lindelof.

M. GRENON
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INTRODUCTION

This conference, the third in a series dealing with energy
resources, was more or less evenly divided between the technical
and economic aspects, and national, international, and global
coal policy problems.

From estimates of coal resources and reserves--more than

10,000 x 109 t and 640 x lO9 t respectively, according to the

last survey of the World Energy Conference--it is clear that
large, still untouched coal deposits exist. In fact, these
figures are continually being revised upward as a result of
increased world energy prices and new exploration programs.
While these programs will probably not dramatically change the
dominance of the three giants--the USSR, the USA, and China--
in world distribution of coal, large deposits are being found
in various developing countries, thus enabling them to improve
their energy situation appreciably.

It is interesting here to loock at the possible production
curve proposed by the World Energy Conference experts, with a

maximum production level of 8.7 x 109 tce per year in 2020.
Although the study does not state that there will be no further
increase, we have assumed that production will, in fact, level at

8.7 x 109 tce per year for many decades: until about 2065 if the
reserves are only 640 x 109 tce, or until 2130 if they were to

climb to 1200 x 109 tce, a possibility mentioned by the World
Energy Conference experts.

For our own studies, we have aggregated this curve with
similar curves established for o0il and gas by other World Energy
Conference experts, and have made the same (unrealistic) assump-
tion of constant production until final exhaustion. The result
is shown in Figure 1. Fossil (conventional) energy production

couid, around the year 2000, reach a peak of about 17 x 109 tce,

and more or less stabilize for a few decades at 16 x 109 tce,

half of which would be supplied by coal. This is a fairly high
level of energy consumption compared to present energy demand
scenarios. Finally, if for oil and gas we would like to maintain
not the declined but the maximum levels of 2020, this could be
achieved by progressively phasing in unconventional oil and gas--
the resources studied in our second conference--at a level of

about 4.4 x 109 tce, with maximum fossil production continuing

for a few decades at the maximum level. Thus fossil fuel, and
especially coal, is able to provide the time necessary for intro-
ducing new energy technologies, be they nuclear, solar, or
unconventional coal mining,
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Figurel. Total fossil fuels: possible production and lifetimes.

For comparison, at the right of the figure are the values
of fossil fuel demand in a IIASA reference scenario, showing a
rather high total energy demand of 35 TW in the year 2030.

To mine these huge reserves, two main types of coal extrac-
tion may be used: underground and surface. Underground mining
has now reached maturity, and has greatly benefited from increased
mechanization and automation. Hydraulic mining, pioneered in the
Soviet Union, is now being experimented with in the USA, Canada,
the FRG, and other countries. Over the long term, more radical
changes—--reviewed in a provocative paper from the UK National
Coal Board--are foreseen, from robots to hydraulic bore hole
mining, from microbiological attack to in situ liquefaction. By
far the most advanced of these futuristic but promising tech-
nologies is in situ coal gasification, also pioneered in the
Soviet Union during the last three or four decades. There is
growing interest in many countries--Poland, the USA, the FRG,
France, and others--in underground gasification (mining without
miners!), including the method of high-pressure underground gasifi-
cation proposed by Belgium. Should this method succeed, which is
not certain, it could ease the problem of the interaction of the
in situ coal process with underground water reservoirs (a WELMM
aspect of coal mining). Moreover, many coal deposits now considered
uneconomic or technically unexploitable owing to their depth would
become exploitable and could dramatically increase world coal
reserves.



Pending these long-term prospects, most of the big increase in
world coal production in coming decades is expected to come from
surface mining. Here, the trend is toward gigantism. This applies
to equipment--such as the impressive German bucket wheel excava-

tors able to "eat" 200,000 m3 of rock or coal per day--and also

to the opencast mines themselves: in the western USA, 10 to

20 x 106 tons per year; in the FRG 30 to 50 x 106 tons per year
at Garsdorf, plus a potential production of 100 X lO6 tons per
year at the planned Hambach mine in the Rhine area; and in Siberia,
at Ekibastuz (coal seam of 130 m thickness) and Kansk-Achinsk.

These developments raise the interesting question whether
there is a maximum reasonable size for large-scale coal mining
equipment and coal mines. (The trend toward gigantism--which of
course is not peculiar to coal mining, but is met also in offshore
0il exploration and production and in oil transport, as shown in
Table l--parallels some of the provocative IIASA reflections on
big scales, aiming at the "terawatt domain”.) According to some
opinions, for instance, the bucket wheel excavators at present
being built in the FRG for the Garsdorf and the future Hambach mine,

with a capacity of 200,000 m3 per day, are really approaching their
limits and will begin to face "diseconomies" of scale. This is
probably one of the open questions of future large-scale coal
mining.

The giant mines in the western USA and in Siberia will have
very low sroduction costs--a few dollars per ton compared to the
price of $100 per ton--but there is the problem of long-distance

Table 1. Comparison of some of the largest
mobile energy facilities.

Capacity Main Working Installed
. 3 Dimensions Weight Power
Equipment
quipmen [m”] (Unloaded)
Unit Daily [m] [t] [xw]
Stripping shovel 137-152 150,000 67 Boom 12,620 15,670
Walking dragline 167 165,000 100 Boom 11,940 14,926
Bucket wheel
excavator 5 X 18 200,000 200 Total 13,000 14,000
Length
Semisubmersible
0il platform - 88 %X 66 X 42 41,000 15,272
Supertanker ~600,000 - 414 X 63 77,000 47,700
(Steel)




transport by rail, by pipeline, or by wire after on site conversion
to electricity. It became clear during this conference that this
is one of the major factors in the development of a future world
coal market: wunlike o0il, coal does not seem to be supply- or
resource-constrained, but faces great difficulties in transport,
both technically and economically. The promising use of pipe-
lines was discussed, including the (expensive) proposal to use

as a transporting fluid methanol derived on site from the coal

in regions lacking water resources (like the western USA).

A final comment on these technical problems results from the
comparative experiences of our three Energy Resources Conferences.
In considering present advanced coal technologies--and still more,
future coal technologies, as described in the fascinating paper by
Messrs. Evans and Tregelles--we are more and more impressed by
the growing interchange of ideas, techniques, and processes among
the coal, o0il, and gas industries. There is a growing inter-
relationship also from the financial and organizational point of
view, especially in the USA and increasingly in the Western
countries, where 0il companies are becoming ever more involved in
the coal business. Some of the interrelationships between coal
and oil extraction technologies, illustrated in Figure 2, are the
following.

- Seismic exploration, one of the basic tools of oil research,
is now being used to look for coal (as is shown by the
paper of Farr and Peace);

- 01l shale and tar sand mining benefit from the big earth
moving equipment that is so successfully used in surface
coal mining;

- Bore hole hydraulie mining, which is being explored by
the U.S. Bureau of Mines for coal, will draw on the experience
of 0il drilling;

- Enhanced oil recovery can contribute to possible in situ
coal solvent liquefaction or chemical comminution;

- Underground coal gasification studies and in situ oil shale
retorting will probably be developed in parallel, along
with massive hydraulic fracturing for tight gas formations;

- The same probably applies to in situ microbiological
degradation.

Similar examples could be given for the various downstream
operations, from coal slurry pipelines to the production of
synthetic natural gas from coal.

We feel that this is an important evolution, and that the
great potential for the expansion of new coal technologies will
probably be enhanced by this new husbandry, which succeeds decades
of vigorous competition.
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Figure 2. Some interrelations between coal and petroleum
extraction technologies.

The second part of the conference was devoted to reviewing
and analyzing the present role of coal and its prospects for
meeting a further increasing energy demand, in line with IIASA's
Coal Task Force studies. Sixteen papers examined the situation
in the following ten countries: Austria, Czechoslovakia, the
FRG, Hungary, India, Japan, Poland, the UK, the USA, and the USSR.
The time horizon was short- to medium-term, and the main questions
addressed were those of increasing national reserves; improving
present mining techniques; planning coal production in view of
the general energy supply situation of the various national
economies; extending consumer markets for coal in order to sub-
stitute for larger fractions of the 0il and natural gas markets;
and protecting the environment from impacts of extended coal
production and consumption.

A few general conclusions, in addition to the technical
aspects reviewed above, evolved from the presentations and
discussions. One is the fact that apart from metallurgical
applications, coal consumption will expand mainly through its
increased use for electricity production; another, that long
lead times and very long-term technical choices are inherent in
the extension of the coal system. Of course, evaluations of the
prospects of coal clearly differed according to the general
economic and resource situation in the various countries.

A rather consistent outlook on the more long-term and global
prospects developed, somewhat in contrast to that for the medium-
term and national prospects. Broad interest was shown in syn-
thetic liquid and gaseous fuels, which could be produced for long
periods due to the very large coal resource base. Also, it was



clear that requirements to step up world coal trade exceed
present national plans and projections. 8Such an extension is
necessary, however, if coal is to maintain its present share of
roughly 30% of the primary energy supply. Within this framework,
liquefaction and gasification technologies depend on an ample
cheap supply of coal, which itself depends heavily on a reason-
ably cheap transport potential, as already mentioned.

Finally, emissions of C02——the combustion product of coal--

were discussed as an important global constraint on an expansion

of the long-term coal supply. Worldwide efforts in modeling the
climatic consequences of a significant further increase of
atmospheric CO2 point to climatic changes that might possibly occur

in the next century. Much more work is needed before the co, risk
can reliably be quantified.
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WORLD COAL BASINS: REGIONAL TECTONIC POSITION
AND COMMERCIAL VALUE

N.I. Pogrebnov, D.S. Safronov, and I.A. Berthels-Uspenskaya

INTRODUCTION

Present-day methods of development of coal deposits place
high demands on the fullness and reliability of geological
prospecting data and on the results of investigations of the
deposit structure, which is largely determined by the tectonic
processes at work during the formation of coal-bearing deposits.
Regional tectonics is probably the decisive factor for the
structural features of coal basins and deposits, the position of
basins and deposits within the regional structure, and, finally,
their commercial value.

Lately much attention has been given to these questions in
the USSR. Scientific studies on the tectonics of coal basins
and deposits cover a vast range of problems, from regional to
purely practical ones connected with exploitation of deposits.

In this report we shall try to approach the determination
of the tectonic position of the most important world coal basins
and to analyze their commercial value from this point of view.

As numerous published papers on the geology of coal basins
and the tectonic structure of regions show, coal basins and
deposits are associated with territories of old and young plat-
forms, with epiplatform orogens, and with areas of Paleozoic
and Meso-Cenozoic geosynclinal folded structures. The position
of coal basins in such areas is in turn predetermined by the
existence of many smaller structures and structural zones, of
which we shall examine only those associated with the most
important coal basins.

Beyond doubt, the regional structure of some basins remains

disputable due to the lack of geological data on certain regions
and to the differences in their interpretation.

COAL BASINS OF OLD PLATFORMS

Coal basins of o0ld platforms are located solely in the
sedimentary complexes of the platform cover. Four groups of
basins and deposits can be clearly distinguished by structural
features, character of coal-bearing formations, and gquality of
coals:
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- Basins confined to intraplatform synclines;

- Basins associated with grabens, rifts, and aulacogens;
- Marginal platform basins;

- Deposits of salt-dome tectonics.

The first group includes the Near-Moscow, Kama, and Dnieper
basins on the Russian platform, the Tunguska basin and the Vilyui
part of the Lena basin on the Siberian platform in the USSR;
numerous basins on the North American platform (the Michigan,
Illinois, and Texas Fort-Union basins); on the South American
platform, the Rio Grande do Sul, Santa Catarina, and Alta-
Amazona basins; and Witbank, Kalahari, and other basins on the
African-Arabian platform. Basins of the North Chinese and South
Chinese 0ld mobile platforms--for instance, the Ordos and Shansi
coal basins--are also related to this group.

Simple tectonic structure is typical of these basins. Hor-
izontal or near-horizontal layers are weakly dislocated by gent-
ly dipping secondary structures. The thickness of coal-bearing
rocks is not great (250 to 300 m, rarely up to 800 m). The en-
closing rock consists mostly of sandstones, argillites, and
clays, sometimes intercalated with limestone. The number of
seams ranges from a few to 30, their thickness being 0.7 to 3.5 m
(up to 6 to 12 m).

As a rule, the Paleozoic coals of this group are hard,
characterized by an average or low degree of metamorphism. The
Cenozoic coal-bearing formations contain brown coals or lignites.
The basins are rather large in size--tens or even hundreds of
thousands of square kilometers. The resources of such basins
are estimated to be 1012 t,.

Coal basins of the second group are widely spread on the
African-Arabian and Indian platforms and include the Damodar,
Godavari, Tete, Ruhuhu, Laungwa, and other basins. The Fitzroy
basin in Australia is conventionally included in this group.
The thickness of coal-bearing measures, represented generally
by the continental terrigenic-sedimentary rocks forming these
basins, runs up to 2000 to 3000 m. The blocky structure of
the basins, predetermined by the presence of a great number of
faults, is sometimes complicated by folding and dikes of in-
trusive rocks {(mainly dolerites).

The number of coal seams does not exceed 20 to 30. As a
rule, these are hdrd coals with average or high ash content.
The intensity of metamorphism can reach that of coking coals
but in most cases is somewhat lower. The coal resources of
such basins range from 30 to 50 x 109 t,

Deposits of the third group are represented by the basins
in the areas of marginal platform depressions adjacent to oro-
gens, for example the Lvov-Volynsk basin on the Russian plat-
form; the Irkutsk and South-Yakutsk basins, the Vilyui part of
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the Lena basin, and other basins on the Siberian platform; and
the Powder-River, Denver, and Raton-Mesa basins on the North
American platform. Such basins are characterized by a zonation
of the tectonic structure: adjacent to the orogen, lineal-
block structures are developed, generally with rather distinct
lineal folding and a great number of faults; in the zone facing
the platform, simple monoclines with a few faults are developed.
The zone adjacent to the orogen is characterized by the greatest
amount of coal and the highest seam thickness. The coal re-
sources of basins of this type are estimated to be several
billion tons.

Coal-bearing deposits of the fourth type are found in the
areas of salt-dome tectonics. Their uncomplicated tectonic
structure is represented by slightly dipping isometric troughs.
The coals are of a low degree of metamorphism. The commercial
value of such basins is insignificant.

COAL BASINS OF YOUNG PLATFORMS

In contrast with old platforms, the coal-bearing forma-
tions on young platforms developed both in the basement and in
the platform cover, which is mainly of the Meso-Cenozoic age.
Deposits associated with the basement are, in fact, formations
of folded areas, which will be considered later in this paper.

Deposits of the platform cover may be of two types:

- Basins associated with synclines, intraplatform and
marginal depressions and troughs: the Ob-Irtish basin
and the Chulim-Yenisei part of the Kansk-Achinsk
basin on the West Siberian platform in the USSR, the
Parisian and Germanic basins on the West European plat-
form, and the Mississippian basin on the Epi-Paleozoic
platform in southern North America;

- Basins associated with grabens and graben-like struc-
tures: basins of the Lower Rhine type and a group of
basins of North Afghanistan located in the southern part
of the Turanian plate, as well as the Chelyabinsk,
Turgai, and other basins on the West-Siberian platform.

Coal basins of the first type are characterized by vast
areas of coal-bearing formations. The thickness of coal-bear-
ing rocks is not great, rarely exceeding 1000 m. Coal seams
along the strike are sometimes of great, though variable, thick-
ness. The degree of metamorphism is insignificant: as a rule,
these are brown coals. The tectonics of such basins is simple;
gently dipping inherited structures weakly affected by faulting
predominate. The resources of these basins are estimated to be
some hundreds of billions of tons.

In the graben-type structures, the coal basins are consi-
derably smaller in extent, but the thickness of coal-bearing
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formations and of the seams also increases, the latter reaching
100 m. The blocky structure accounts for the complexity of the
deposit tectonics. The reserves of the graben-type coal basins
vary from a few billions to tens of billions of tons.

COAL BASINS OF EPIPLATFORM OROGENS

Among the basins of epiplatform orogens are those originat-
ing in the period of formation of the platform cover, and those
formed during orogenic transformation of platforms.

To the first group belong the coal basins of the Sierra-
Pampa orogen, which appears to be a block of the South American
platform; this block was involved in orogenesis in Cenozoic
times. Due to the intense orogenic activity of that period,
coal-bearing formations in this region were preserved in rather
narrow grabens separated by horsts. As a rule, the coal-bearing
deposits are highly deformed. Their age is determined as Carbo-
niferous, Triassic, and Cretaceous; their commercial value is
insignificant.

To the second group belong a number of basins of epiplat-
form orogen of the Rocky Mountains in North America--for instance,
the Big Horn, Wind River, Green River, Uinta, and San Juan basins,
and several smaller ones. Such basins have, as a rule, simple
tectonics. The structures are represented by relatively simple
asymmetric depressions with rather even occurrence of the seams
in the central parts and complicated limbs adjacent to the up-
lifted blocks. The western limbs of the depressions dip more
steeply than the eastern ones.

Within the depressions the basement is as low as 2000 m or
more. Along the limbs of the depressions, brachy-anticlinal and
domal uplifts are frequent. The uplifts are arranged in echelon,
forming one or more anticlinal zones.

The formation of the coal-bearing strata, varying in thick-
ness from 2 km (the San Juan and Big Horn basins) to 7 km (the
Hanna basin), coincided with the period of subdivision of this
part of the platform into several blocks in the Mesozoic folding
displayed in the Cordilleras. The coal basins mentioned above
are associated with the subsided blocks. Coal-bearing sediments
are concentrated in the upper parts of the Cretaceous sequence.
They consist mostly of aleurolites, sandstones, shales and spora-
dic limestones. The thickness of the coal-bearing strata is
about 300 m, rarely up to 1800 m. The number of coal seams
varies from 8 to 15, their thickness ranging from 0.75 m to
3.5 m and sometimes increasing to 9 to 13 m (the Uinta basin).
The coals are mostly subbituminous and partly bituminous, with
high and medium content of volatiles. The degree of metamorphism
abruptly increases near the fault blocks of the basement, which
was subjected to intensive movements accompanied by the intrusion
of magmatic rocks in Cenozoic time.
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Coal basins associated with the Rocky Mountain orogen
possess large commercial reserves of coal, but until recently
their exploitation was carried out slowly. Lately these basins
were given an important place in the US energy program as a coal-
supplier not only for the western states but also for the central
and even the eastern ones.

COAL BASINS OF FOREDEEPS

Foredeeps are mostly associated with Paleozoic and Mesozoic
geosynclinal folded areas. The largest coal basins of both the
Northern and the Southern hemisphere are connected with the fore-
deeps of Paleozoic, mainly Hercinian, folded complexes.

The Pechora basin in the USSR is of this type, as are the
Boulogne, Pas de Calais, Sydney, and Bowen basins. The coal-
bearing deposits of these basins are characterized by great
thicknesses (8 to 10 km) and a very large number of seams. 1In
the platform part the deposits are weakly dislocated: the seams
are inclined, with frequent dome development. 1In the part adja-
cent to folded complexes, long narrow folds often connected with
faults occur. The folds are dislocated by numerous faults trans-
iting into thrusts. Metamorphism is average, and the coals are
of high quality, often coking. Owing to their large reserves
(up to 1012 t) these basins take the first place in world coal
output.

From the coal-saturation point of view, foredeeps associated
with the areas of Meso-Cenozoic folding are of less interest:
the coal basins connected with them are not numerous. In the
USSR these are the Ziryanka and Bureya basins; elsewhere, the
Colville and Alberta basins. The tectonic structure of these
basins is rather complicated, especially in the zones adjacent
to folded complexes.

The tectonics is simpler in the near-platform parts where
the seams dip slightly. Metamorphism of the coal is not high
except in the Alberta basin in North America, where it reaches
the degree of anthracites. The resources of such basins amount
to tens of billions of tons.

COAL BASINS OF FOLDED AREAS

In folded areas, the coal-bearing formations are widely
spread and of various kinds. Those of the orogenic areas are
divided into three types according to location. To the first
type belong the areas of Karelian and Baikalian folding; to the
second, the areas of Caledonian folding; and to the third, the
areas of Hercinian, Mesozoic, and Alpine folding.

There are no coal-bearing formations of geosynclinal
development in the folded areas of the first type. Here the
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formations of the postorogenic stage predominate. The main
structural forms of the coal basins in the areas of Karelian
and Baikalian folding are superimposed depressions (the Chara,
Chetkanda, and Bukacha deposits of the USSR).

Caledonian Folding

The areas of Caledonian folding contain considerable coal-
bearing formations, both in inherited depressions and in super-
imposed basins. The Karaganda basin is located on Caledonides
of the Central Kazakhstan folded area in an inherited depression.
The Kuznetsk coal-bearing formation is connected with inherited
depressions of the Altai-Sayany Caledonides. The Carbonic-
Permian coal basins in West Mongolia, Scotland, and northern
England are also of this type.

Coal-bearing formations of inherited depressions are charac-
terized by thicknesses reaching 8000 to 10,000 m, a high percent-
age of coal, and rather complicated tectonics (Kuznetsk, Karaganda
basins). Inherited depressions as a rule adjoin large normal
faults, near which small folds and numerous faults occur. In
the inner parts of the depressions the tectonics is less compli-
cated. The coals are of an average degree of metamorphism.

The superimposed basins on Caledonides comprise the Maikyu-
ben, North Sokur, and Mikhailovsk basins in the Central Kazakh-
stan folded area in the USSR. A number of similar structures
located on Caledonides of the Transbaikalian area contain coal-
bearing formations (Chikoi, Khilok, Ingoda, Uda basins). The
Jurassic coal-bearing formation of the Kuznetsk and Ulugkhem
basins on the Altai-Sayany Caledonides also appears to be super-
imposed.

On Caledonides of Mongolia, especially in their eastern
part, Cretaceous, and to a lesser degree Jurassic, superimposed
depressions occur. The formation of such depressions is associa-
ted with the existence of long-lasting faults, as a result of
which their inner structure is usually complicated. The coal-
bearing formations mostly contain brown coals, the reserves of
which are not great.

The Jurassic coal basins associated with superimposed de-
pressions (Muli, Datun, Yotse, Shaou, Lishan) are located on
Caledonides of Tsilienshan and the Cathasiatic folded area. The
basins are small, and the coal seams characterized by complexity
and instability of structure; nevertheless, the coals here are
hard (except in several basins in Tsilienshan). In the south-
western part of the Cathasiatic folded system there is the Anchau
super-imposed depression formed of Triassic-Cretaceous detrital
sediments of great thickness, with which the largest coal basins
of Vietnam are connected.

On Caledonides of Asia as a whole there is general northward
rejuvenation of the Mesozoic coal-bearing formations from Triassic
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in Vietnam, and Jurassic in Cathasia and Tsilienshan, to
Cretaceous in Mongolia, and the degree of metamorphism de-
creases in the same direction from anthracites to brown coals.

On Caledonides of Australia, Cenozoic, mainly brown coal
basins are located; among them are the Latrobe Valley basin,
which is the largest in the country, and a number of Neogene
coal basins west of Melbourne.

In general, the coal-bearing formations in superimposed
depressions on Caledonides have relatively small thickness (500
to 2000 m) and carry an average percentage of coal. There are
coal seams of thickness up to 20 m, tending to split toward the
marginal parts of the depressions; more continuous seams are
located in the central parts. The degree of coal metamorphism
is not high: brown coals and hard coals with a low degree of
metamorphism. The tectonics is simple, becoming more complica-
ted from the center toward the periphery of the troughs. The
marginal parts of superimposed depressions often adjoin the
scarp of older deposits; as a result, the near-marginal parts
of troughs are often affected by faults.

Hercinian, Mesozoic, and Alpine Folding

In contrast with the Baikalides and Caledonides, the coal-
bearing formations in the Hercynides, Mesozoides, and Alpides
are developed in eugeosynclinal and miogeosynclinal complexes
(mainly in the final orogenic stage of development), and in the
younger superimposed depressions.

Coal-bearing formations of eugeosynclinal complexes are
characterized by extreme instability of composition and struc-
ture, by a wide range of thickness, by the presence of igneous
rocks, and by rather complicated tectonics. Their commercial
value is not great. To this type belong deposits of the eastern
slope of the Urals, the Irtish-Zaisan zone, the Verhoyansk, and
other folded systems of the USSR; the Rhode Island, Fivemile,
and Richmond coal basins in the Appalachians; the Matanuska,
Tantalus, and Boucer basins in the North American Cordilleras,
and some Permian coal deposits in Australia.

A special group not found outside the USSR consists of the
Donetsk and Taimyr coal basins associated with the Hercinian para-
geosynclinal folded areas of the same name. These areas were
formed on the subsided eroded basement of old platforms affected
by folding in Hercinian time. The tectonics of these basins is
characterized by lineal folding with many faults of overthrust
type. There are many thin coal seams in these basins; the coals
are of high quality; metamorphism is average to high. The coal
resources are estimated to be some hundreds of billions of tons.

Coal basins of the Alpine area of Iran represent a peculiar
group associated with the formation of Early-Alpine geosynclinal
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depressions with a shortened period of development. This group
includes the Kerman, Naband-Tabas, and Elbrus basins. The coal-
bearing continental, sometimes marine, measures forming these
basins have a thickness of up to 5 km, and dozens of coal seams
of variable thickness and structure. The degree of metamorphism
of the coal varies greatly, from gas- and long-flame coals to
anthracites. These basins represent the main coal potential of
Iran.

Coal basins of young folded areas (Cenozoic and Early Ceno-
zoic) are located on Kamchatka and Sakhalin. They are character-
ized by complicated tectonics, instability of coal seams, and
insignificant metamorphism.

MAIN CONCLUSIONS

Within continents, coal basins are irregularly distributed
in different structural and tectonic units of the Earth's crust.
The coal basins are associated with both old and young platforms,
as well as with the areas of Paleozoic and Meso-Cenozoic folded
complexes.

The commercial value of coal basins depends to a large
degree on their position in the tectonic structure of the
regions, which determines the structural-genetic features of
coal-bearing formations, the qualitative characteristics of
coals, and their type and resources.

Basins associated with foredeeps of Paleozoic folded areas
and with inherited depressions have the most commercial value.
They are characterized by great size, relatively simple tecton-
ics, and dozens of working coal seams, mostly of high quality.
Their resources amount to 1012 t (the Appalachian, Pechora,
Kuznetsk, Bowen, Sydney, Ruhr, and other basins).

Coal basins associated with syneclises and intraplatform
depressions of platform cover deposits are also of great commer-
cial value. These basins contain dozens of working seams,
mostly of a low degree of metamorphism. Their resources can
exceed 1012 t (the Tunguska, Illinois, Fort Union, Rio Grande
do Sul, Santa Catarina, Ordos, Shansi, Kansk-Achinsk, and
other basins).

Coal basins of epiplatform orogens (the San Juan, Uinta,
Green River, and Middle Asian Basins) are of less commercial
significance.

Coal basins of folded areas are generally small in size and
rather complicated in tectonic structure, and their commercial
value is not great.

Coal basins of parageosynclinal areas (Donetsk, Taimyr)
have a sgecial place; their resources are of order of 100 to
500 x 107 t of high-quality coals.
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NILZaruleczhgeologia and the Academy of Sciences of the USSR
intend to continue investigations of the tectonics of world coal
basins to determine their comparative commercial value.
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COAL RESOURCE ASSESSMENT FOR THE
WORLD ENERGY CONFERENCE, 1977%

H.-D. Schilling

GENERAL REMARKS

At Istanbul, the Conservation Commission and its allied
Resources Groups presented seven reports on the following sub-
jects:

- World energy demand,

- Energy conservation,

- 0il resources--worldwide petroleum supply limits,

- Gas resources--the future for world natural gas supply,

- Coal resources--an appraisal of world coal resources and
their future availability,

- Nuclear resources--the contribution of nuclear power to
world energy supply, and

- Unconventional energy resources.

All these contributions spanned a period from now to the year
2020. These subjects were covered by four round table discus-
sions, of which one was devoted to the coal resources report.
The reports were all essentially drafts to be revised in the
light of comments received at the conference and after. The
revised Executive Summaries are scheduled to be published by
the Conservation Commission in February 1978.

The special results of the reports on demand for oil and
gas indicated that a significant demand for coal will arise at
about the end of this century and beyond. Figure 1 shows the
main result of the report on demand which indicates that the
increasing demand for energy can only be fulfilled by a sub-
stantially increased contribution of nuclear energy and coal.

*This is a short version of the Executive Summary presented at
the World Energy Conference in Istanbul September 1977 by the
Commission of the WEC and prepared by W. Peters, H.-D. Schilling,
W. Pickhardt, D. Wiegand, and R. Hildebrandt. Some remarks fol-
lowing the discussions of the WEC have been added.
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Figure 1. Development of primary energy demand
(World Energy Conference 1977).

Figure 2 shows that the maximum oil supply must be expected within
this century and the beginning of a consequent supply gap could
occur possibly in the eighties. Figure 3 shows the possible gas
supply for the world and for Europe, including proved and undis-
covered reserves. According to the gas report, a maximum supply
on a worldwide basis must be expected at about the end of the
century; in Europe the maximum would occur in the nineties.
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Figure 2. World oil production for different reserves
(World Energy Conference 1977).
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Figure 3. Development of natural gas production—World,
Europe (West) (World Energy Conference 1977).

These figures may be revised in the light of comments received
at and after the Istanbul Conference and so the figures here may
differ a little from those in the final issue in February 1978.
Because of the gas and oil shortfalls, many eyes are looking to
coal and its potential: to what extent may coal be able to sup-
ply future energy demand.

With coal we have a raw material at our disposal, whose
utilization and refining potential is unequalled by any other
material. The product range, that can be achieved by the avail-
able conversion techniques extends from electricity, via gaseous
and ligquid fuels and chemical feedstocks, right through to coke
for blast furnace application and to activated coal to be applied
in the field of environmental protection. But there is a disad-
vantage: The production of coal requires a comparatively high
technical and economic expenditure. Furthermore coal is a low-
hydrogen, high-molecular material intergrown with mineral sub-
stances; therefore, conversion also necessitates a more or less
high technical and economic expense.

Thus it must be understood, that the question of whether
there are sufficient coal resources is not the only decisive
one. Large resources do not yet mean security of supply, es-—
pecially in the case of coal. The term "availability of these
resources" is of equal importance.



-21-

EXECUTION OF THE STUDY

This study was carried out with two main points of emphasis:
by means of an in-depth analysis of the pertinent literature, an
attempt was made to obtain a broad basis for comparative state-
ments on the world's coal resources and reserves and their avail-
ability; and with the aid of a worldwide questionnaire campaign
made at the same time, supplemented by personal talks with experts
from the main coal-producing countries, an additional effort was
made by means of specific questions to obtain up-to-date and
authentic data that would be of particular importance for esti-
mating the coal resources and reserves and their availability.

I will now discuss the main results of the study.

DEFINITION OF RESOURCES AND RESERVES

There are many valuable proposals on the classification of
the resources, for instance those of McKelvey and Fettweis, but
they have not been used by all countries so that it was not pos-
sible to refer to a worldwide uniform description and differen-
tiation. We decided to make a differentiation between two cate-
gories that seemed to us of the highest importance:

- Geological Resources: resources that will attain an
economic value to mankind at some time in the future.

- Technically and Economically Recoverable Reserves:
reserves that can be regarded as actually recoverable
under the technical and economic conditions prevailing
today, i.e. that can actually be extracted. In other
words, they include an exploitation factor. The data
given are to be distinguished, however, from the "re-
serve base”, in common use in many countries which does
not take this exploitation factor into account. Conse-
quently, those figures are not referred to in this report.

RESOURCES AND RESERVES

Figure U4 shows the result of the investigation, in comparison
to earlier data published by the World Energy Conference (WEC).

The total geological resources are 10,000 x 109 tce, 76% being
bituminous coal and anthracite, and 24% being subbituminous coal

and lignite. Only about 6% of these resources or some 640 x 109

tce are to be regarded as technically and economically recover-
able reserves. Comparison with earlier data shows that there is
an increasing trend in the resource and reserve data.

The investigation has shown that many countries have made
a reassessment of their resources and reserves after the oil
crisis of 1973, which led to higher resources and reserves. Some
countries indicated large new resources. However, these have not



-22-

(1012 1ce) [%) Perceniage oftheReserves
11~ 3 Resources (based on resources)
0] = Reserves 1

g.
8
7.

f

==

0% 1976 Wh W% 07
WEC Surveys WEC Surveys

Figure 4. Comparison of coal resources
estimated in different years.

been taken into account in the report since they appeard to be
too uncertain for the time being. If we had done so, the total
geological resources of the world would have increased to at

least 12,000 x 109 tce.

It is assumed by a number of scientists that the figures
for the resources given by some of the individual countries also
contain occurrences of such thin seams, and at such great depths,
that an economic exploitation can be practically excluded. How-
ever, nearly all the data given were accompanied with particulars
on seam thickness and depth, which in part should be regarded as
realistic under the viewpoint of extractability. In many impor-
tant coal-producing countries, the figures given for the re-
sources are moreover clearly below the figures that apply to

occurrences so that the value of approx. 10,000 x 109 tce is to
an order of magnitude that which can be regarded as realistic
for resources that may be some day of economic interest for man-
kind. 1In view of insufficient exploitation in many areas of the
world this figure might represent a lower limit.

With regard to the reserves that are considered today as
technically and economically recoverable, their share of about
6% of the resources is very low. Countries in general have ap-
plied strict criteria in assessing and evaluating this category.

It seems then that the categories of geological resources
and technically and economically recoverable reserves have a
considerable enlargement potential: New prospecting and explora-
tion activities seem to lead to the discovery of new resources;
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even slight increases in the price of oil and gas in the future
and new technologies of coal production leading to higher ex-
ploitation factors may lead to an appreciable increase in the
category of the technically and economically recoverable reserves.
In general there is considerable potential behind the resources
and reserves we know today.

Figure 5 shows the distribution of the geological coal re-
sources in the world. Figure 6 shows the distribution of the
technically and economically recoverable reserves of coal in
the world. It is conspicuous that the major part of the coal
resources and reserves are concentrated in the northern hemi-
sphere. The different distribution may be due to the fact that
the land mass of the southern hemisphere is smaller and that
exploration has not yet advanced so far there. Therefore an
increase in exploration activity might well result in the dis-

covery of further resources and reserves. The 1000 x 109 t quoted
as a maximum by Botswana, for instance, in its completed question-
naire, but not yet included in our report owing to still existing
uncertainties, and the further successful exploration projects in
Indonesia and Australia would appear to confirm this possibility.

m Bituminous coal and anthracite (h.c.) & /
= 3 Subbituminous coal andlignite {b.c.)

Figure 5. Distribution of coal resources in the world [109 tce].
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Figure 6. Distribution of technically ang economically recoverable
coal reserves in the world [107 tce].

AVAILABILITY

These large resources and reserves, however, will only
constitute an assured basis of supplies if they become available
on the energy market in good time, and in sufficient quantities.
In this context the following criteria for the future availability
of coal were subject to a closer examination:

- Conditions of the deposits,

- Infrastructure,

- Coal trade and future export plans,

- Environmental impact,

- Coal gquality,

- Coal conversion processes,

- Manpower and capital,

- Domestic coal supplies,

in the following countries:
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Australia Poland

Canada Republic of South Africa
FRG UK

India Usa

Japan USSR

People's Republic of China

which contain 92% of the technically and economically recover-
able coal reserves. In addition, the other countries of Europe
and the countries of South America were studied in lump as sep-
arate groups. The results obtained from the questionnaire cam-
paign, literature studies, and personal talks are now summarized.

Figure 7 gives a survey of the future trend in production
figures for the ten main coal-producing countries. All the
countries plan a considerable increase of their production to
the year 2020. The largest production can be expected from the
USA, the People's Republic of China, and the USSR. The following
world production figures were obtained:

9

1985 3.8 x 10° tce,
2000 5.7 x 10° tce,
2020 8.8 x 10° tce.

The corresponding average annual increase rates for the period
from 1975 to 2020 are 2.9% for the main coal producing countries
and 2.7% for the total world production. The investigation in-
dicates that these fiqures can only be obtained if all bottle-
necks and obstacles hindering an increasing coal production can
be overcome in time; there are experts who doubt that these
figures can actually be obtained.

Whilst these figures may be sufficient for regional avail-
ability it is not clear whether they are high enough for a suf-
ficient global availability. The export availability of the
coal is here of decisive importance. Figure 8 reviews the re-
sults we obtained in our study. It shows the development of the
export/production ratio (in percent) of the main coal producing
countries. From the present and current estimates of future
coal exports the following figures were obtained:

1985 308 x 10° tce,
2000 580 x 10° tce,
6

2020 786 x 10~ tce.
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That is, the average export quota of coal lies between about
7 and 10% of the world production figures.
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Figure 7. Development of coal production of main coal producing
countries (nearly 92% of the reserves in the world).

Export/Produclion Ratio (%)

60 6
8 1 USA
50 N 2 China, PR.
6 y 3 USSR
40 4 India
5 R.South Africa
Tt~ ; 6 Australia
30 1 Poland
L~ S 8 Canada
20+ B T~ 9 Germany,FR.
5 710 United Kingdom
10 =< - - Tl mw average
1980 1990 2000 2010 2020
(Year)

Figure 8. Development of the coal export rate of main coal
producing countries (nearly 92% of the reserves
in the world).
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This means that most countries, so far, seem to plan their
future coal production mainly to meet their own future require-
ments. The rates are too low to meet the demand of coal importing
countries. They are also insufficient for developing an extensive
international coal trade. Figure 9 shows the development of coal
production and coal export of the world.
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Figure 9. Development of world coal production
and coal export.

It should of course be emphasized that these results are
based on currently available information. Significant changes
in the energy market that result in high world coal prices, will
naturally constitute an increased incentive for higher coal pro-
duction, and may lead to increased exports. However, there are
a number of obstacles making it doubtful that the gap in demand,
which could well occur in the near future, can be closed with
certainty: ’

~ The recruitment of a sufficient number of qualified
miners and engineers.

- The establishment of a suitable infrastructure and of
adequate transportation facilities.

- Various environmental problems, both in production and
in consumption.

- Potential markets for coal are not yet being sufficiently
developed in many parts of the world, since other sources
of energy are still offered at lower prices. This means
that there is also a lack of interest on the part of
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potential investors to commit themselves to the develop-
ment of coal.

- The long lead times required for opening up new mines,
establishing the necessary infrastructure, transportation
facilities, etc.

The measures necessitate, among others, high capital investments,
which, due to the long lead times, have to be carried out a long
time before a shortage on the energy market occurs. This means
that the prospects of the profitability of initial capital in-
vestments are uncertain, and this compels the energy industry to
proceed extremely cautiously with their forward planning. Capital
investment funds might be deployed at a time of shortage on the
0il and natural gas market, but this might well be too late, as
the productive effects of these measures would only be felt at

a relatively late date due to the long lead times. This factor
might therefore be the most serious obstacle for coal reserves
becoming available at the right time. Action must be taken now
if the maximum use of the potential offered by coal is to be made;
appropriate policy decisions by governments in concordance with
the coal producers and consumers are imperative. These decisions
should aim at enabling potential coal consumers to commit them-
selves to long term contracts. This again, would enable and
encourage potential investors to commit themselves in time, and
without unacceptable risks, to the necessary development of coal.

During and after the Istanbul conference it was felt by
numerous participants and experts that the demand and production
figures do not take into account sufficiently the demand of the
developing nations. In fact the demand on energy would be much
higher to ensure the economic and social development of these
nations.

The main obstacle for a higher increase in coal production
is believed by all coal producers to be the missing economic
incentive. If, for instance, by an energy policy, regionally
and globally agreed, such an incentive could be provided, the
upper limit of coal output would be determined only by technical
barriers. During and after the Conference, leading energy and
coal experts expressed the view that from technical considera-
tions alone a substantially higher increase of coal production
would be feasible. This would be true specially for the coun-
tries with large coal resources, such as the USA, the USSR,
Australia, the People's Republic of China, and the Republic of
South Africa. An average annual production rate for the period
from 1977 to 2020 of about 3.7% was believed to be realistic
under such conditions. This would lead to the much higher pro-

duction of 7.4 x 109_tce for the year 2000 and 13 x 109 tce for
the year 2020. The figure for the year 2020 would mean an addi-

tional output of 5 x 109 tce which would be available for export.
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Also these figures show that to dispose of the tremendous
potential of coal to overcome an energy shortage we cannot rely
on self-regulation of the market; the support of an energy policy
appears to be necessary to make this potential available in good
time.
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DEVELOPMENT POSSIBILITIES OF USSR COAL MINING
IN THE FIRST QUARTER OF THE 21ST CENTURY

A. Astakhov

INTRODUCTION

Any outline of the possible development of the coal indus-
try in the first quarter of the 21st century requires clarifica-
tion of the points shown in the diagram below.

Present state of
the coal industry

v

Internal possibilities of
long-term development External factors that
from the coal industry's will influence development

present state

v v

Future of the "New" deposits Advances
deposits now to be further in the Demand
being worked developed fundamental for coal
¢ sciences
. - Development
Th:;iorgzgie limits of Possibilities of
chgiactéiistics used or known [ ] resource provision
technologies
¢ * Environmental
Their long-term technical- impacts and
economic indices constraints
Problems and prospects of the —
creation of new technologies

Many of these questions can be answered only with a certain
probability, and they must still be investigated. No unique
conception of so distant a future of the coal industry has yet
been developed, nor does this report present one; it merely
discusses certain hypotheses based on investigations of these
problems. The report concentrates mainly on appraisals of the
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internal possibilities of coal industry development and hardly
touches on the external factors mentioned in the diagram.

PRECONDITIONS OF THE COAL OPTION

Serious consideration of coal as one of the main alterna-
tives of the energy and fuel strategy of the USSR in the first
quarter of the 21st century is motivated by the following factors:

- The overwhelming part of USSR fossil fuel resources
consists of coal reserves--the only "inexhaustible”
reserves over the next few centuries.

- Geological coal resources are much more reliable than
oil and gas resources.

- A long lifetime is more characteristic of coal mines
than of e.g. o0il wells.

~ Coal production expenses can in principle be reduced,
mainly by means of development of opencast mining and
increased automation of mines. 0il and gas production
has no assured prospects of changeover to a new tech-
nology, and the unused possibilities of automation are
fewer. Transfer of the main oil production to the east-
ern regions of the USSR tends to increase the expenses,
because the natural conditions in the new districts are
more complicated than those in the traditional ones.
The reverse is true for the coal industry, and hence its
competitiveness will increase.

- 0il and gas would have priority over coal in the wide-
spread use of fossil fuels as chemical raw materials
and motor fuel, and in fuel deliveries to peak electric
power stations and small local consumers.

- In view of the likelihood of exhaustion of the economic
reserves of oil and natural gas, it hardly seems reason-
able to seek fundamentally new technologies for their
production and refining at the beginning of the 21st
century. Coal technology, on the other hand, should by
that time be highly developed, for the following reasons.
After exhaustion of o0il and gas reserves, coal will rep-
resent the main raw material for the chemical industry,
very likely including the production of synthetic motor
fuel. Moreover, opencast mines have a long lifetime,
so that those existing at the beginning of the 21st
century would be maintained as suppliers of raw materials
for chemistry. Thus at that time it would be more rea-
sonable to concentrate technological research not on oil
production and conversion, but on that of coal.
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COAL RESOURCES AND RESERVES

The total geological coal resources of the USSR--to a depth
of 1800 m and with a minimum seam thickness of 0.3 and 0.6 m of

bituminous coal and lignite, respectively--exceed 8.5 x 1012 t.
About 57% is found in the scarcely prospected and nearly inac-
cessible Tungus, Lena, and Taimyr basins; these resources are
virtually not worked at present, nor is it planned to exploit
them in the very near future. Coal reserves on 1 January, 1975,
were assumed at 420 x 109 t, including 83 x 109 t at Donbass,
109 x 10° t at Kuzbass, 116 x 10° t at Kansk-Achinsk, 16 x 10° t

at Karaganda, and 7 x 109 t at Ekibastuz*.

More than 47% of the coal reserves lie at a depth of less
than 600 m, about 33% between 600 to 1200 m, and about 20% below
1200 m. Bituminous coal makes up 52% of the power coal reserves
measured in tons (68% measured in tce); the rest is lignite.
Reserves suitable for opencast mining make up 35%, two thirds of
it lignite. About 75% of the total reserves are situated in the
eastern districts of the country, including almost all those
suitable for opencast mining.

The total coal reserves of the USSR that are mineable by

well-known technologies are very large, and in terms of possible
production volumes are inexhaustible for a number of decades.

PRESENT STATE OF THE COAL INDUSTRY

In 1974 in the USSR, 685 x 106 t of coal was produced, in-

cluding 213 x 106 t by opencast mining and 9 X 106 t by the
hydraulic (underground) method. For the past ten years, the
coal production volume has increased at an average annual rate
of 2%, and a higher rate in the eastern districts.

The average capacity of an underground mine and an opencast

pit is 860 x 10> and 2660 x 107 t respectively. More than 45%
of the coal is mined out of mechanized longwall faces equipped
with movable hydraulic power supports.

The most important coal basins and deposits are discussed
below.

*The reserves of USSR power coals comprise 225 x 109 tce, in-

cluding 60 x 109 at Donbass, 61 x 109 9

at Kuzbass, 58 x 107 at
Kansk-Achinsk, 7 x 109

at Karaganda, and 4 x 109 at Ekibastuz.
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Donetsk Basin

In 1974, this basin accounted for 32% of the total coal
output (40% calculated in tce), 43% of all coal mines, 54% of
the workers, and 47% of the fixed assets. The average depth
of mining is 530 m, increasing yearly by 12 m. The average
seam thickness is 1.09 m. About 10% of the coal is mined out
of steep seams. The average heat value of the coals is 6000
kcal/kg, and the ash content is 24%. 32% of the output is mined
out of fully mechanized longwall faces. Because the seams are
rather thin and at considerable depths, the cost of production
and the complete cost* for an output of 1 t of coal (in both
tons of natural fuel and tce) is higher than the average for the
industry as a whole.

Kuznetsk Basin

19% of the coal produced falls to this basin (25% in tce).
The coals are of high quality (the heat value is 5800 to 6500
kcal/kg) and high standard, valuable for energy conversion. The
average depth of mining by the underground method is 246 m; high
coal saturation is typical. The coal seams are of different
slope and some of them are thick. About one third of the coal
is extracted by opencast mining in rather small pits of an
average annual capacity of 2.1 Mt. The cost of coal production
is 1.7 times lower than in the Donbass.

Karaganda Basin

This basin provides 7% of the coal produced in the USSR.
The coal is of high quality, the depth of mining is 365 m, and
the seam thickness is up to 6 m. The basin is one of the most
fully mechanized with highly concentrated production and a low
level of expenses.

Ekibastuz Deposit

This rapidly developing region in the Kazach SSR has

relatively small geological coal resources (10 x 109 t), which
are suitable for opencast mining. The average overburden/coal

ratio is 1.5 m3/t**, and the heat value of the coals is 4250

*Complete cost I implies the expenses, calculated by the follow-
ing formula: I = C + 0.12 K, where C is production cost and X
is capital expenses (for mines to be built) or fixed assets
(for operating mines).

**This ratio will certainly increase: about half of the remaining
coal reserves lie at a depth of 300 to 600 m.
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kcal/kg. Three opencast pits with annual capacities of
10.5 x 109 t to 27 x 109 t are being exploited at present.

Kansk-Achinsk Basin

This is the most promising basin in the USSR, with tre-

mendous geological coal resources (0.6 X 1012 t) bedding in
very favorable conditions. The coal is of low heat value (3560
kcal/kg on the average) and is not economically efficient for
long-distance transport in unconverted form. In 1974, two open-
cast pits in the basin produced 26 Mt of coal. Production in-
creased 1.3 times in the period from 1971 to 1974 and should
increase another 1.7 times by 1980.

In the long term, considerable development of this region
will be possible, its scale being limited only by the technical
possibilities of coal consumption and by the financial resources
needed to develop the infrastructure.

In 1974, about one third of all coal production was divided

in equal parts among the remaining coal basins in the European
USSR, the Urals, Eastern Siberia, and the Far East.

OUTLOOK UNTIL THE END OF THE CENTURY

To the end of this century, the following trends in the
development of coal mining are probable. Annual volumes of coal
output will increase, mainly due to the rapid development of
coal production in the eastern regions. In underground coal
mining, the possibilities of further progress in technologies
now used or being planned will by then have been exhausted.

Face operations will have become totally automated for the whole
range of geological conditions. Mine haulage of coal will have
been completely automated and conveyored (in some cases, pipeline
transport and self-propelled trucks will be used). We think it
likely that equipment for hydraulic coal mining and transport
will have been perfected to the point where at least one fifth
of all underground coal output will be mined by this method. A
large number of projects for mechanization, automation, and
concentration of auxiliary operations will probably have been
completed. The average indices of face productivity could reach
a record figure in present terms (4000 to 5000 t/day), and the
average daily capacity of most mines will reach, in our opinion,
the target rate of contemporary projects, 8000 to 10,000 tons or
more. Automatic control of economic and production processes
will be widespread.

Experts estimate that labor productivity in underground
coal mining may double owing to technical progress. At the same
time, the development of underground coal mining would be inhib-
ited by a number of circumstances. 1In 25 years the average depth



-35-

of mining in the traditional coal regions will increase by ap-
proximately 250 m, reaching 850 to 900 m in Donbass and well over
1000 m in many mines. The greater mining depth, accompanied by
unfavorable changes in productive conditions--such as high pres-
sure on the set, mine shocks, unexpected coal and gas blowouts,
high temperatures--would reduce labor productivity by at least
25%. Technical progress will increase labor productivity, say
1.5 times; but it will also increase the capital and deprecia-
tion costs of underground mining. Thus on the whole no substan-
tial decrease in total production costs is likely: the complete
cost of 1 t of coal will be reduced by no more than perhaps 5%.

In some regions of traditional underground coal mining
(the Podmoskovny, Kizel, and Lvov-Volyns basins), output will
diminish or cease as coal reserves are exhausted. 1In the Donetsk
basin, as minining depths increase, mere maintenance of the pro-
duction capacity would take such huge capital investments that
development or even preservation of the large volume of coal
mined here can be considered only after all the growth possi-
bilities of opencast output have been exhausted.

We can assume that by the end of this century the total
coal output of the Donbass will have increased by 15 to 20% at
most if it happens at all; and that it will not increase in the
European part of the USSR as a whole. The iricrease. in coal out-
put by that time will be due almost entirely to the extensive
development of opencast mining in the eastern regions. The
large coal reserves and favorable conditions in the Kansk-
Achinsk and Kuznetsk basins and the Ekibastuz deposit permit
the concentration there of very great volumes of coal output.
The rate and scale of their development depends on the financial
resources available to develop the coal industry proper, the
infrastructure, and means for long-distance transport of coal or
energy. The creation of building and machine building capaci-
ties and the rate of creation and production of new, highly
productive quarry equipment will also play an important role.
Rotary bucket excavators and power shovels of high capacity would
be extensively used in these basins.

PROSPECTS IN THE FIRST QUARTER OF THE 21st CENTURY

The following circumstances limit the possible increase in
underground coal mining in the European part of the USSR.

- Unexpected discoveries of large new coal fields in these
regions are practically excluded.

- The coal reserves of a number of the basins now being
exploited (Kizel, Lvov-Podmoscovny) will by then be
almost exhausted.

- Only a small number of fields is unoccupied by operating
mines; when these are put into operation, they can only
compensate for depleted areas and complete the exhaustion
of coal reserves.
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- While the operating capacities of the Donbass mines have
growth possibilities, the preservation of existing mining
technology would require very large capital investments.
Over two thirds of the mines would have to be worked at
a depth of 1 km, and the rest at over 1.2 km. Simple
deepening of the operating shafts would not be possible;
new shafts would have to be sunk from the surface.
Construction of mines of such depth at present requires
1.3 times as much capital investment as that of mines
500 to 600 m deep; and exploitation costs increase by
30 to 35%. Expensive (and rather ineffective) measures
must be taken for degassing and air conditioning, against
rock bumps, etc.--these measures serving only to preserve
the capacity of a mine. We may also anticipate great
difficulties and costs in obtaining workers in these
conditions. Moreover, maintaining the operating capac-
ities (especially in unfavorable conditions) is never
much cheaper than creating new ones. 30% of all the
USSR capital investments in coal production are spent
on maintenance and some modernization of the operating
mines in the Donbass. Additional investments during
each 15 to 20 years of mine operation exceed the initial
construction cost.

It thus appears advisable to limit, and possibly apprecia-
bly reduce, the coal mining volumes in the European USSR after
2000, even if the national fuel and energy balance is at that
time based mainly on coal. This conclusion can be reversed only
with the advent of an utterly new (and cheaper) technology of
coal mining and utilization. Some problems in this connection
are discussed below; but note that the outlines of such a tech-
nology are not yet at all clear. A more likely development is
that the main coal mining volumes will come from the eastern
parts of the USSR. The main difficulties of this transfer are
connected with the location of most of the fuel and energy con-
sumers in the industrial districts of the European USSR, and the
increased investments for creating a particularly well-organized
infrastructure. But there is no doubt that the tendency toward
industrial development of Siberia will grow steadily, partly due
to growing resistance to the great burden on the ecology of the
inhabited industrial part of the European USSR. Thus we can
assume that the difficulties of transporting the coal and energy
to the western regions will be greatly reduced after 2000, since
much of the production can be consumed in eastern regions them-
selves. The main coal mining region of the country at that time,
the Kansk-~Achinsk basin*, is discussed below.

*The Kuznetsk basin also has great possibilities for further
development after the turn of the century. The coal reserves
of the Ekibastuz deposit, however, are concentrated in the
fields now being worked, so that no increase in output is
possible beyond the year 2000.
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KANSK-ACHINSK BASIN

General Characteristics

At present only two coal pits--Irsha-Borodinsk and Nazarovsk
--are operated in this basin. Coal output is 27.5 Mt (1975).

The average overburden/coal ratio is 1.36 m3/t, the monthly pro-
ductivity per worker 910 t, and the cost of coal mining 1.10
roubles/t. Both pits were put into operation in the late 1940s
and early 1950s, each with a rather small annual capacity of 1

to 1.5 Mt of coal. By the end of 1975 their capacity had reached
12 to 14 Mt each. The capacity of the Irsha-Borodinsk pit would
double after reconstruction.

These two operating pits give only a slight indication of
the potential and prospects of the basin. Two factors of great
importance will play a role after the end of the century: the
possibilities of practically unlimited volumes of coal output,
and the exceptional efficiency of mining. Factors that can
restrict this development are the low quality of the coal, its
lack of suitability for long-distance transport, and the remote-
ness of the basin from the consumers in the European USSR.

The Kansk-Achinsk coal basin occupies an area of 50,000 km2,
stretching for about 800 km. It consists of 24 coal fields, of
which the largest are Itatsk, Beriozovsk, Abansk, Irsha-Borodinsk,
and Urjupsk. Approximate data on geological conditions and coal
quality are shown in Table 1.

According to calculations made in 1968, the total geo-
logical resources of the Kansk-Achinsk basin amount to about

600 x 109 t, distributed as follows in terms of seam thickness:

under 2m, 22%; 2 to 3.5 m, 18%; 3.5 to 10 m, 24%; over 10 m,
36%. The forecast resources of the first and second classes
considered here account for 35 and 20% of the total geological
resources, respectively. Of the forecast resources of the first
group, about one fourth lie at a depth of 300 to 600 m, and the
rest at less than 300 m. About four fifths of the forecast
resources of the second group lie at 300 to 600 m. The proved

(balance) coal reserves amount to 116 x 109, 18% of them at

300 m depth.

On the whole, the coal seams of the basin lie in very
favorable mining conditions. 80% of the reserves is suitable
for open-cut mining, with a rather small overburden/coal ratio.
The overburden is not thick and usually consists of porous sed-
imentary rocks. Thus expenses for construction and exploitation
are low. At present the cost of production of 1 t of natural
fuel in the Kansk-Achinsk basin is slightly higher, and the
complete cost is even lower, than in the Ekibastuz deposit.
Both are 3.7 times lower than in the Kuzbass opencast mines.
The heat value of Kansk-Achinsk lignites adversely affects the
economic indices on 1 tce; but the complete cost of 1 tce is
2 times lower than in the opencast mines of the Kuzbass.
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Development Problems

The main difficulties in development of the Kansk-Achinsk
basin are connected with the transport of mined coal (or of the
electric energy to which it is converted) to the Central European
part of the USSR--2300 km to the Urals and 4000 km to Moscow. At
the same time the low thermal efficiency increases coal transport
per unit of energy produced: 0.28 kg of coal must be transported
for each 1000 kcal of energy to be produced--1.8 times more than
the Kuznetsk power coals.

The problem of the use of Kansk-Achinsk coal by consumers
in the European USSR could be solved using at least two main
variants:

- Transport of coal conversion products by rail;

- Transmission of energy obtained from large steam electric
plants near the mines.

Investigations show that thermal conversion of Kansk-Achinsk
coal into cheap, high energy, transportable fuel suitable for
energetics, metallurgy, and communal needs is possible. But we
must solve a number of important problems concerned with the
creation and mastering of large-scale coal conversion enter-
prises, the choice of the type and variants of road transport
to be developed, the complex use of chemical raw materials, the
protection of environment, etc.

Local electric energetics could be developed near the basin,
with a great concentration of power plants of great capacity.
The technical water supply conditions on the whole are favorable.
The production cost of 1 kwh of electric energy is expected not
to exceed 0.3 kopek, including 0.1 kopek for fuel. This corre-
sponds to the level of the complete cost of generating the elec-
tricity (in the basis regime): approximately 0.5 kopek per 1 kwh.
It would also be necessary to solve very complicated problems of
the economically efficient long-distance transfer of the electric
energy produced, which requires lines for electric transmission
of d.c., at first of $750 kW and later of +1200 kW.

The transfer of fuel and energy produced from Kansk-Achinsk
coal over great distances would be connected with capital invest-
ments several times as high as those for mining and conversion
of coal. 1In these conditions, it would seem expedient to develop
in the next century, large fuel and electric power production in
immediate proximity to the region.

Let us assume (conventionally) that investments per ton of
coal capacity in the basin will be about 9 roubles. Thus, to
build new pits of a total capacity of, say, 109 t by 2020 will

take 9 x 109 roubles. Assuming a factor of 1.5 for additional
expenses for maintaining the capacities built and developing
the infrastructure and construction industry, this figure would
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rise to 13 to 14 X 109 roubles—--the amount the entire USSR coal
industry now spends during 6 to 7 years. The average annual

amount would be relatively lower: about 0.3 X 109 roubles.
Total capital investments, including those necessary for develop-
ment of combined energetic-technological enterprises and the
objects of the energetics, would probably be three times higher.
A large-scale construction base would be required, including
plants for ferroconcrete structures and mining engineering,
machine building and repair shops, construction and assembly
plants, and so forth. Estimates show that the necessary volumes
of some building materials would be very great. If labor pro-
ductivity is 2000 t per man and month, 60,000 workers would be
engaged in coal mining. If this figure is multiplied by 4 to
account for workers in the applied branches of industry and
their families, development of the Kansk-Achinsk fuel and energy
complex in the first quarter of the 21st century would concen-
trate no fewer than half a million people there, most of them
through migration, which would require large-scale social
measures.

Development of this unprecedentedly powerful complex of
opencast mining, coal conversion, fuel consumption, and coal-
based chemical products would demand stringent measures for
limiting the unavoidable (and sometimes almost unexpected) eco-
logical consequences. The most significant of these impacts are
the following.

- Large plots would have to be allotted for mining works.

The land developed in one year to mine 109 t of coal
would amount to 3500 thousand ha--70,000 ha in the 20
years from 2000 to 2020. The recultivation volume would

3

exceed 10 x 106 m~ of soil per year.

- Large tracts of forest would be destroyeci.

- For every 100 Mt of fuel used by electric power stations,
0.6 to 0.8 Mt of nitrogen oxides would be released into
the atmosphere. No satisfactory means have yet been
found for ensuring that the accepted limits of atmospheric
pollution by nitrogen oxides are not exceeded. Such means
should be found, since otherwise great losses would result
from the corrosion of metal structures and the destruction
of the surrounding forests due to the concentration of
electric power stations.

- The high concentration of the energy capacity would
cause problems with the cleaning of smoke gases from the
sulfur and ash. Though Kansk-Achinsk coals are consid-
ered to be comparatively clean, about 0.25 Mt of 502 will

be emitted into the air for every 100 Mt of raw coal.
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- Electric power stations should be equipped with water
cooling basins, which requires the flooding of valuable
agricultural lands.

- Thermal coal conversion would be carried out, along with
the disposal of a great volume of phenol water. The
problem of its purification is a complicated one; the
process of evaporating, followed by burning of the con-
centrate, appears to be the most reliable at present.

Most of these ecological consequences are not related to
the specific character of the Kansk-Achinsk basin and would have
occurred under any circumstances in the rapid development of the
USSR coal industry; nor can ecological considerations lead to
preference being given to another development alternative, more
or less equal from all other points of view. Rather, ecological
consequences and the cost of protective environmental measures
must be considered in arriving at technological decisions, and
means of implementing these must be worked out.

Together with the Kansk-Achinsk basin, the Kuznetsk and
Ekibastuz basins will play important roles in the fuel and
energy complex of the USSR in the first quarter of the 21st
century.

PROSPECTS OF UNDERGROUND COAL MINING BY TRADITIONAL METHODS

At the same time, it is extremely unlikely that even the
three most promising coal basins--Kansk-Achinsk, Kuznetsk, and
Ekibastuz--could satisfy the coal needs of so large a country,
particularly since the distance from each basin to the western
and eastern borders of the USSR is 4500 km. With any coal
transport technology available at present, or with transmission
of electric power over this distance, the operating expenses
(especially the capital investments) are so great that it would
probably be more efficient to mine less distant coal fields with
economic indices that are 2 to 3 times worse. These are the
coal basins, now operated by the underground method, that lie
near the most highly developed regions of the European part of
the USSR and the Far East. However, the present level of the
economic indices of these basins is such that development or
even maintenance by means of the technologies currently used
seems economically doubtful beyond the present century.

The economic effect achieved in these and other basins during
the last ten years by perfecting the existing basic technology of
underground coal mining in general went mostly into compensating
for the unfavorable dynamics of the geological conditions of
mining, such as increasing pit depth. The quality (ash content,
etc.) of the mined coal deteriorated as the equipment types now
in use were introduced. The capital intensiveness of coal pro-
duction showed stable growth. On the whole, the tendency was
toward extensive rather than intensive technical development.

The potential for further development of present mining techniques
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will probably have been exhausted by the end of the present
century, and a radical change in the methods of coal mining and
the technology used will be necessary; but unfortunately the
nature of a future technology is not clear. The following dis-
cussion, based on the results of the investigations performed,
shows the aims of the creation of such a technology rather than
its real outlines. Two new technologies, already tested to some
extent, are an exception: hydraulic coal mining and underground
gasification of coal.

PROSPECTS OF HYDRAULIC COAL MINING

In the USSR, 9.2 Mt of coal were mined by the hydraulic
(underground) method in 1975, and more than 100 Mt since 1952.
Hydraulic mining is done in the Donetsk and Kuznetsk basins.

By the beginning of 1976, 7 hydromines and 3 hydrocomplexes

were in operation under widely differing mining conditions--thin,
poor, and thick seams that are level, inclined, and steep. A
great variety of extraction systems and equipment have been tested
and are in use for face, drifting, and transport operations in

the mine. New hydromines are being designed and constructed.
Thus, the hydraulic method is being applied on the industrial
scale; and scientific investigation and design aimed at per-
fecting the technology are continuing.

The main technological advantages of the hydraulic method
are its continuous character, the small number of inherent
operations, and the simplicity of the productive process. The
number of "joints" of the various processes is much smaller than
in traditional methods, which greatly reduces the necessary
number of miners. Hydraulic mining processes lend themselves
well to automation and remote control. As they do not demand
the presence of workers and equipment at the working face, the
space mined generally need not be supported. If the angle of
sloping of seams is more than 3°, the coal pulp can be trans-
ported by gravity. Pulp transport is mainly by continuous flow
from the mine face to the dewatering plant situated at the mine
surface or at the consumption site. The presence of hydrotrans-
port reduces the cross-section of mine transport workings (and
load shafts) and thus the corresponding mining volumes.

Probably the greatest advantage of hydromining is the great
flexibility of the hydraulic coal breaking process at the face
and its better adaptation to tectonic changes in seam bedding,
which can cause serious difficulties in using the traditional
technology of longwall faces. It also has advantages from the
point of view of health protection. The frequency of occupa-
tional injuries in hydraulic mining is 2 to 3 times lower than
with traditional methods because of the absence of workers at
the face and of rolling stock and mobile equipment at mine
workings. Air pollution by coal dust is insignificant, not

exceeding 0.25 to 0.5 mg/m3.
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The economic advantages of hydromining derive from the
technological ones. Because of the lower number of main and
ancillary operations and reduced labor consumption, monthly
productivity at operating hydraulic mines in 1975 reached 63 t
per worker in the Donbass and from 145 up to 195 t in the Kuzbass.,
This is 1.3 to 2 times higher than in traditionally worked mines.
The cost of production in hydromines is 10 to 15% lower than in
conventional mines with the same conditions in the same basins;
the cost of the hydrotransport process within a mine is 10 times
less; and the cost of fixed assets per ton of coal mined is 25%
lower.

The economic indices of large new hydromines being designed
can be greatly enhanced. With an annual mine capacity of 3.5 to
4 Mt, the capital investments are 18 to 25 as against 30 roubles/t;

the volume of mining works is 170,000 as against 420,000 m3, and
that of production buildings and enterprises 400,000 as against

760,000 m3; monthly labor productivity per worker in mining pro-

duction is 144 as against 58 t; the cost of production is 3 to
4.5 as against 6 to 6.5 roubles/t; and the complete cost is 6
to 7 as against 10 roubles/t. Fuel and electric power expenses
are 1.5 to 2 times higher than those of traditional mines, and
the amount of material used is lower.

The hydraulic method has been tested and has shown its
applicability over a wide range of geological conditions. The
best results were reached in mining seams of average thickness
or greater, but even for thin seams the economic indices are
better than with traditional technology. The method can be used
with any seam angle higher than 2°. Application is limited by
unstable roof rocks and swelling floors. Hard coals and cleavage
greatly influence the efficiency of the mechanical equipment at
faces, so the presence of cleavage can increase hydrobreaking
productivity by 8 times. Where there are hard coals and unstable
roof rocks, hydrobreaking and controlled caving of the roof can-
not be used; instead, the coal and rock must be removed by me-
chanical-hydraulic means, with timbering of the working space
and hydro-washoff after preliminary weakening of the coal massif.

There are two variants of mechanical-hydraulic coal winning.
The raw coal may be separated from the face, removed by mechanical
means, and transported to the shaft with lower-pressure water.
Alternatively, coal winning may be carried out mechanically, and
coal loading and transport by the hydraulic method. A number
of mining combines for mechanical-hydraulic coal removal have been
tested. In conditions where it is difficult to transport coal
hydraulically, the method of mechanical-hydraulic coal and rock
removal must be used: the breaking is done by the water stream
(or mechanically after rifling of the cuttings by thin jets of
superhigh pressure), and loading and transport of the cut mass
by hydraulic as well as mechanical methods. The sphere of ratio-
nal use of hydrotransport is defined by the availability of nat-
ural water sources or by the factors determining the possibilities
of the closed water system.
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The possibilities of efficient application of the hydraulic
method are summarized below.

- The range of conditions in which the method may be used
is fairly wide.

- The variety of possible technical solutions and techno-
logical means for hydromining is no less than for tra-
ditional methods; thus extensive investigation and the
design of a number of different possible solutions
should precede wide application of the method.

- Hydraulic coal excavation has an advantage over the
mechanical method in complicated tectonic conditions
of the coal seams.

- Underground hydrotransport systems could solve two
difficult problems of the contemporary Donbass:
reducing the volumes of expensive drifting mine workings,
and eliminating the labor-consuming multistage circuits
equipped with various types of transport.

As a relatively young method, hydromining has numerous
possibilities for technical perfection. For hard and viscous
coals, the pressure of the jet near the nozzle should be in-

creased to 150 to 200 kg/cmz. Intensification of hydromining
in a number of mining conditions would involve preliminary
relaxation of the coal massif by forcing the water into the
seam through special bore holes. Coal hydrobreaking by thin

water jets with pressures up to 500 kg/cmz, and the method of
hard rock destruction by pulsing water jets of high and super-

high pressures (up to 8000 kg/cm2 and more), also seem prom-
ising. Self-propelled (traveling and walking) hydrojets with
remote control should be perfected, and automated self-propelled
hydraulic breaking-out units created. Some complicated problems
must be solved in the sphere of automation of hydraulic trans-
port, dewatering of coal pulp, and water clarifying at the mine
surface.

SOME ASPECTS OF UNDERGROUND GASIFICATION OF COAL

Underground coal gasification is basically different from
other coal mining technologies. Experimental development of this
method has been carried out in the USSR for almost fifty years.

Five underground coal gasification sites mined about 1.5 x ‘109 m3

of gas per year in the Podmoskovny, Donetsk, and Kuznetsk basins
and in Angren (Uzbekistan). 1In spite of the long period of de-
velopments, no great success has yet been achieved in creating a
satisfactory technology for the process in terms of reliability,
quality of the gas obtained, and economic indices. In view of
these results and of the large reserves of cheap natural gas in
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the country, underground coal gasification is not being examined
as a possible competitor of the common coal mining technology.

The economic indices achieved at the experimental sites did
not meet the design specifications, and even in the best cases
could not compete with those achieved at coal mines. The energy

value of gas generally did not exceed 800 to 850 kcal/m3 in gasi-
fication of coals of different natural energy content (from 2700
to 6500 kcal/kg). About 40% of the expenses in gas production
fall to electric power and only 11% to labor. The unsatisfactory
indices are mainly connected with the unstable production process
and the very low capacity of the exploited sites (from 28,000 to
160,000 tce per year). At the same time these expenses were much
lower than those of obtaining "artificial gas" at the surface
from the stone coal first mined out.

Most of the potential merits of underground coal gasifica-
tion may be realized only with a significant increase in the
energy value of the gas obtained and in the stability of the
process. Presumably, better results might be achieved by blowing
enriched by oxygen for gasification of the deeper strata deposited
among dense rocks. Should it be possible to achieve process sta-
bility and production of gas of high energy value, underground
gasification has the following potential advantages over tradi-
tional technology and the use of solid coal:

- Complete elimination of the use of underground workers;

- Considerable reduction and simplification of mine
working drivage (at underground gasification sites, only
one fifth of the fixed assets goes into construction, as
against two thirds in mines);

- The possibility in principle of complete automation of
coal mining;

- Better conditions of boiler functioning;

- The possible use of gas as the domestic fuel (if its

energy value is more than 4000 kcal/m3).

If the production process were perfectly mastered and unit
capacities greatly increased, the economic indices of underground
gasification would be able to compete with those of coal mining
by the traditional method. The possible organization on this
basis of the power and chemical units of enterprises would im-
prove them yet more. PFor underground coal mining in the 21st
century, it is difficult to imagine any technology other than
underground gasification or some analogous "bore hole" geo-
chemical methods.
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FUTURE COAL-POWER-CHEMICAL ENTERPRISES

According to some opinions of the specialists, we can
formulate the following general principles as the basis of
coal mining development in the 21st century.

- Manless organization of underground processes;
- Line production and maximum automation of processes;

- Complex and maximum recovery and retreatment of useful
products from coal;

- Minimum environmental impacts, through use of the
"wasteless" technology.

Combined coal-power-chemicals groups of enterprises could
be the main type of production organization putting these prin-
ciples into operation. They would operate a closed production
cycle of recovering the coal reserves as well as converting them
into energy and chemical products. One can assume that chemical
and biochemical methods would be the basis of the mining and
conversion processes.



DEFINITIONS AND CLASSIFICATION OF RESOURCE BASE,
RESOURCES, AND RESERVES
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COAL RESERVE CLASSIFICATIONS USED
IN DIFFERENT COUNTRIES

M.S. Modelevsky, D.S. Safronov, and L.E. Egel

INTRODUCTION

A universally used classification of coal reserves does
not exist at present. The classifications adopted in different
countries, as well as those advanced by some organizations or
researchers, are generally difficult to correlate. Terms used
to characterize mineral reserves--coal, in particular--are not
standardized as are other branches of geological science. It
is not unusual that various researchers interpret the same term
in different ways. Evaluation of world coal reserves and coal
production prospects, and modeling and computerizing of the
energy resources of a country's regions and of the world as a
whole, become more complicated because there is no standard
classification.

However, the coal reserve classification used in different

countries have common fundamental provisions and thus can be
correlated.

REVIEW OF COAL RESERVE CLASSIFICATIONS

At present, the classifications most commonly used for
estimation and calculation of coal reserves are those adopted
in the USSR, the USA, Canada, Australia, France, and the FRG.

The USSR Classification

In the USSR, the sum of the discovered and undiscovered

coal in place is called "the total geological reserves". The
discovered part of the reserves is registered by the State and
divided into two groups: (1) Balance (commerctial) reserves

include the reserves that can be mined economically and comply
with certain requirements; (2) out of balance (noncommercial)
reserves include those that at present cannot be mined economi-
cally because of small quantity, thin beds, low quality or
particularly complicated exploitation conditions, but that may
become commercial in the future [4].

Each group of reserves is divided into categories A, B, Cj
and Cy (Cp is not distinguished in the noncommercial group)
according to reliability of reserve estimation, and coal quality,
and of mining conditions.
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Category A includes discovered coal reserves studied in
sufficient detail to provide the mode of occurrence and the
shape and structure of mineral bodies, as well as coal types,
commercial grades, quality, technological properties, and fac-
tors governing exploitation conditions, location and delineation
of barren and noncommercial sections. These reserves are calcu-
lated within the contour of mining openings and bore holes spaced
at 300 to 400 m or 600 to 800 m, depending on the complexity of
the geological structure. ’

Category B includes discovered coal reserves studied in
sufficient detail to elucidate the main features of the mode of
occurrence, shape, and structure of coal beds; coal grades and
types, and noncommercial sections and their exact location; of
the quality and the basic technological properties of coal, and
of the main natural factors governing exploitation conditions.
Test holes may be spaced twice as far apart as for A category.
The B category reserves are calculated within the contour of
mining openings, and in case of persistent coal bed thickness and
regular coal gquality, also within the areas in immediate contact
with the mine openings.

Category C; includes discovered reserves studied in detail
that provides in general terms the mode of occurrence, shape,
and structure of coal beds, as well as coal types, grades,
quality, technological properties, and natural factors govern-
ing exploitation conditions. The reserves of this category are
calculated on the basis of few test holes within areas adjacent
to those containing reserves of higher categories or better-known
areas of complicated structure. The Cj] category reserves are thus
outlined on the basis of mining openings and by interpolation and
extrapolation from general geological and geophysical data. Cate-
gory C; also includes the reserves within the areas explored with
many test holes but characterized by complicated structure, non-
persistent bed thickness, drastic changes in coal quality, and
the like.

Category C, includes preliminarily estimated coal reserves.
In this case, the shape, mode of occurrence, and extent of a
coal bed are ascertained from geological and geophysical data
confirmed by stripping of the coal bed at individual points or
by analogy with areas already studied. Coal quality is evalua-
ted from single specimens or from the data obtained for adjacent
areas. The reserves of this category are outlined within the
boundaries of geologically favorable structures and rock units.

To estimate the potential of large deposits, regions, or
basins, predicted--so-called prognosticated--reserves are calcu-
lated. Two groups of such reserves are distinguished.

The first group includes reserves within areas adjacent to
the explored sections, and in a number of cases to the developed
mine fields. The amount and quality of reserves are determined
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by extrapolation of parameters obtained from the explored areas.
Predicted reserves of this group include reserves in areas where
the presence of coal-bearing deposits has been proved at in-
dividual points (drill holes, mine openings, outcrops), provided
the geological knowledge of these areas suggests the regularity
of coal-bearing potential between those points. The maximum
distance between the points of coal manifestation outlining the
areas with forecast reserves of the first group is based on the
general geology.

The second group includes predicted reserves in areas adja-
cent to those containing the first group reserves. The structure
of these areas is assumed on the basis of the data from single
bore holes, outcrops, geophysical studies, and so on. This
group also includes forecast reserves in areas with known geolo-
gical structure where the presence of coal-bearing beds has been
proved at individual points but where the regularity of the
coal-bearing potential throughout the area has not been ascer-
tained.

Coal reserve classifications adopted in the other member
countries of the Council for Mutual Economic Assistance are al-
most completely correlated with the USSR classification, with
only minor differences in requirements for the degree of know-
ledge and the rules for outlining the reserves of various
categories.

The USA Classification

In the last few years, the US Bureau of Mines and US
Geological Survey adopted the coal reserve subdivision based on V.E.
McKelvey's classification, which has progressively displaced
the rather uncertain classifications used previously by business
circles, coal mining companies, and private firms.

The McKelvey classification is based on two criteria: the
degree of economic feasibility of reserve exploitation, and the
degree of geologic assurance (reliability) of reserve evalua-
tion. According to the first dimension, the total amount of
reserves, called total resources, is divided into "economic"
and "subeconomic"; resources of the second group cannot be mined
economically at present but may become economic in the future.
Depending on the degree of geologic assurance, total resources
are divided into "identified" and "undiscovered". By using both
dimensions the author distinguishes reserves and resources. Re-
sources include coal accumulations that can be mined economically
at present or in the future. The reserves proper include only
the explored part of total resources that can be extracted econ-
omically at present [2, 3, 5].

Identified reserves are calculated where a depth of coal
bed occurrence does not exceed 900 m and the bed thickness is
not less than 35 cm for anthracite and bituminous coals and
75 cm for subbituminous coal, brown coal, and lignite.
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According to degree of reliability reserves are divided
into three categories:

Measured reserves are calculated from the data on outcrops,
exploration and exploitation, and mine openings and bore holes.
The density of observation points and the data on thickness and
extent of coal beds should make it possible to calculate reserves
with an error not more than + 20%. The observation points should
be spaced at not more than 800 m. Measured reserves include
those contained within a band 400 m wide from the point of obser-
vation or coal bed outcrop.

Indicated reserves are calculated by means of coal bed sec-
tions in combination with an extrapolation based upon the geologi-
cal dat