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PREFACE

In 1960, the contribution made by coal to meeting the world's
primary energy requirements was 49 percent; by 1973 it had dropped to
29 percent. Since the advent of the petroleum crisis in the
mid-seventies, with its escalating fuel oil prices, coal production has
shown a substantial increase. Worldwide coal reserves are large, and
the technology exists to exploit these reserves. Further efforts are
needed, however, to encourage coal use. Andean countries, especially
Peru, are known to have significant underutilized coal reserves, which
could prove socially and economically attractive for energy policy and
planning and for long-term self-sufficiency.

At present, many industrial operations and electric-generating
facilities in Bolivia, Ecuador, and Peru are dependent on fuel oil from
diminishing domestic reserves or from imports. With current prices of
coal generally about half those for residual petroleum fuels (based on
energy content), the potential exists for exploitation of Andean coal
as an alternative to petroleum fuels. Greater use of coal resources
would help meet the demand for increased energy needed to improve
living standards and for increased industrialization in the area.
Moreover, in addition to creating employment in mining, transporting,
and marketing of coal, development of a domestic market for coal would
release sizeable quantities of petroleum products for export, thereby
earning needed foreign exchange.

During 1985, the world market price for petroleum continued to
weaken, but this does not justify a long-term policy of artificially
subsidized prices for domestic kerosene, gasoline, and petroleum fuels
in Bolivia, Ecuador, and Peru. Greater use of coal, therefore, 1is
still an attractive alternative. In an effort to promote awareness of
the major technological and economic issues in Andean coal development,
the U.S. Agency for International Nevelopment (AID)) sponsored a
workshop on The Utilization of Coal as an Alternative to Petroleum
Fuels in the Andean Region, held in Lima, Peru, June 24-28, 1985.
Responsibility for planning, organizing, and conducting the workshop

Copyright © National Academy of Sciences. All rights reserved.
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was shared by Empresa Promotora del Carbon, S.A. (PROCARBON), Lima,
Peru; the Ministerio de Energia y Minas, Lima, Peru; and the U.S.
National Academy of Sciences/National Research Council (NAS/NRC),
Washington, D.C. The purpose of the workshop was to bring together a
group of experts from the Andean region and the United States to
examine the opportunities for a switch from oil to coal in thermal
electric generation, industrial process heating, and other
applications. Both technical and socioceconomic factors that can
promote or impede the substitution were discussed. Such an examination
is a necessary prelude to the development of policy measures that would
stimulate the production and utilization of coal for economic
development in the Andean region.

Ing. Luis Moran, president of PROCARBON, served as general chairman
of the workshop. An inter-American panel of experts in coal production
technologies, coal utilization, and energy economics presented
technical papers and led the discussions on coal mining, transport,
use, and marketing. More than fifty participants from Bolivia,
Ecuador, and Peru attended, including industrial energy users, coal
producers, coal processors, development planners, and energy
policymakers, as well as representatives from universities and other
technical groups working in solid fuels.

This document contains the technical papers presented at the
workshop. The papers are arranged according to the agenda topics on
energy policy, social impacts of coal, coal research, coal preparation
and transport, coal utilization, and coal marketing. In an effort to
bring the papers in a timely manner to an audience of persons concerned
with these topics, there has been no systematic attempt to edit the
papers or to produce a proceedings of the workshop. The papers are the
responsibility of individual authors and do not necessarily reflect the
views of the sponsors or workshop organizers. Persons interested in
additional copies of the papers should contact individual authors.

Volume I, a summary report of the workshop with conclusions and
recommendations, may be obtained either from:

PROCARBON
Juan del Carpio 282
San Isidro, Lima, Peru

or:

Board on Science and Technology for International Development
National Research Council

2101 Constitution Avenue N.W., Room JH 219

Washiington, D.C. 20418
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COAL AND OIL POLICY IMPLICATIONS
by

Nathaniel Arbiter
(Paper presented by Eugene Thiers, SRI International)

In the two centuries since the beginning of the Industrial
Revolution a vast multiplication of the energy available to

man has occurred. Before the XVIII century, the sources of energy
were few: man's own muscles and those of the animals he domestica-
ted; the energy in the wind for sailing vessels, initially, and
after in the middle ages for windmills; and finally, the potential
energy in rivers descending to the seas for conversion to
mechanical energy, used from Roman times.

wood, the dominant fuel up to the XIX century, was used in pre-
historic times for domestic purposes and as early as several mil-
lenla before Christ; then in furnaces to smelt copper and iron and
to produce glass and ceramics, well before the Christian Era.

By the XVIII century, the growing industrial use of wood produced
the first energy crisis; In England and western Europe there was

a threat of a fuel shortage. This, in turn, even before the steam
engine led to the Increased use of coal for thermal energy, and to
the preparation of coke and its use for iron smelting. With the
growth in use of the steam engine for stationary sources of power
in the XVIII century, and for the steamboat and the railroad in
the XIX, and with the growth of chemical industries, coal use

grew exponentially.

In Great Britaln, in the 100 years from 1700 to 1800, coal consump-
tion increased from 3 million to 6 million tons per year; but by
1850 there was a ten-fold further increase to 60 million tons per
year. Industrial growth was initially slower in the U. S., coal

Copyright © National Academy of Sciences. All righgreservec—L_
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COAL AND OIL POLICY IMPLICATIONS

consumption reaching 17 million tons annually by 187]1; but it
Increased 30-fold to 550 million tons by 1970

After 1870 during the second century of the Industrial Revolution
which might more appropriately be called the Energy Revolution,
another critical change in energy availability occurred--the
discovery of large resources of petroleum and natural gas and
their raplid exploitation. Stimulated by these new energy sources
and later, stimulating their ever-widening use, came the develop-’
ment of two major consumers of combustibles: internal combustion
engines fired by petroleum fractions and used eventually for
land, alir, sea and undersea vehicles; and electricity generation.
Although developments in understanding and use of electricity
began only in the early XIX century, the first electric power
station was already in use in London by 1882, with world-wide
application spreading rapidly. In less than a century (1970)
world consumption of electric energy had reached 8 x 1012 KwH
annually, or 1800 KWH per capita.

We are now in the third century of the Energy Revolution and

other major changes are foreseeable. Although precise forecasting
here is nelther necessary nor possible, it seems clear that

both petroleum and natural gas production must eventually decrease.
U. S. production peaked in 1973 and has been relatively flat
since then, with imports increasing. Wworld production may have
peaked temporarily In 1979, but it Is possible that the decreased
production has been due to the economic slowdown. Regardless

of these short term effects, there is agreement, although it

Is not complete, that petroleum and natural gas reserves are
finite; and that in the long term they cannot continue to provide
a major proportion of the world's energy supply. This has

been the subject of concern for the past several decades, with

a search for alternative energy sources widespread.

Copyright © National Academy of Sciences. All rights reserved.
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COAL AND OIL POLICY IMPLICATIONS

world-wide in 1983, solid fuels were 1/3 of the energy supply,
and the liqulid/gaseous fuels, 2/3, with petroleunconsumption
twice that of natural gas In comparable units. Wworld-wide
petroleum use exceeded that of coal in the 1960's, particularly
as the U. S. S. R. and China shifted rapidly away from coal
toward newly developed oil reserves. The reasons for the shift
are clear:

1] much simpler recovery, processing and handling

2) simpler combustion and lack of ash disposal.
In addition the liquid/gaseous fuels had relatively minor environ-
mental problems compared with the 502 problems with coals.
The resulting lower costs both for operating and capital with
petroleum and natural gas, together with the rapid development
of major oil and gas fields were the impetus for the shift away
from coal. However, the introduction of political factors with
with the Arab embargo in 1973 and the subsequent order of magni-
tude price Increase for petroleum as well as the increasing

political instability in the Middle East completely changed
the outlook.

world use of all hydrocarbons has been stagnant since 1979.
whether pre-1979 growth trends resume or not, it appears probable
that coal must eventually return to its earlier dominant positionamg
the three hydro carbon combustibles. This follows because its
reserves and resources are far greater currently than those

of the liquid/gas hydrocarbons, with the obvious corollary that
at current use rates, coal's life expectancy Is far greater.
While this Is reassuring to a degree, it also provokes an impor-
tant question: to what extent can the disadvantages which led

to coal's displacement by petroleum and natural gas in the first
place be overcome?

This is best answered by consideration of the functions for
which major energy sources are used (Fig. 1). Although the

4
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COAL AND OIL POLICY IMPLICATIONS

the Information In the table refers to the U. S., a highly-
developed countty,. the following qualitative general conclusions
can be drawn from the distributions shown:
1] Coal as such has no application to transportation (car,
truck, rallroad, boat, airplane) for which only liquid
fuels are now sultable and for which 24% of the total
energy was required.
2) For industrial usage, coal compéetes: favorably with
both oil and gas, and would require mainly modification
of combustion devices for existing plants or suitable similar
devices for new plants.
3] For electricity generation coal is already dominant
and could replace oil/gas without difficulty.
4) For the U. S., household and commercial usage--essentially
heating, representing 21% of total energy consumption,
Is dominated by gas and oll with coal supplying a negligible
proportion. For coal iIn Jump or briquet form to substitute
in the area would require an avallable and attractively
priced upply of modern stoves and furnaces quipped to handle
the solid fuel.

From the foregoing, it is evident that coal in a developed country
can already provide energy for 55% of the applications; that

it Is excluded as such from the transportation field; and that
with simple supporting technology it might easily penetrate

the household and commercial market representing 21% of the
applications.

Developing Technology for Direct Coal Use
In thls area, the goals are to increase the efficiency of coal
combustion, to extend the range of coal types than can be used,
and to decrease environmental impacts.
Fluidized Bed Combustion
Atmospheric pressure units for industrial scale boilers
are already available under performance guarantees. It

Copyright © National Academy of Sciences. All rights reserved.
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Is also expected that these will be In use shortly for
centralized power generation. The units are smaller than
conventional bollers and can be used with lower quality
coals, with easy elimination of 502 and reduced formation
of nitrogen oxides.

Coal-o0i]l mexture technology using pulverized coal dispersed

in fuel oil 1s being developed to substitute in larger

measure for oll in existing power plants. However, this

is of little use where oil Is In short supply or avalilable
only at long distances from the coal supply.

Conversion of Coal to Liquid and Gaseous Fuels
wWith the foregoing analysis in view, the major interest

in a country with coal resources in the face of diminishing
world supplies of petroleum, and with the almost complete
inability of a solid fuel to penetrate the transportation
field, would be in the potential for providing liquid fuels
from coal. This has been under investigation for a half
century with liquefaction plants technically successful
during world war Il in Germany and other countries.

A simjilar plant (SASOC) has been operated in South Africa
since 1955. The processes require thermal decomposition

of coal to produce a hydrocarbon gas and hydrogen, with
further reaction to produce liquid hydrocarbons. The

SASOC plant has been planned to expand production and even-
tually make South Africa self-sufficient in gasoline and
diesel oil. It is an Important model for other countries
lacking In petroleum but with coal resources.

Surmmary and Policy Consideration

1]

The dominant consideration for fuel policy, particularly for
developing economies, is the possibility that coal could
become the dominant form of fuel in the long range, if not
the short. This Is related to the much greater reserves of
coal world-wide. 6
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2) For countries with no fuel reserves, three of the four major
categories of use can be adapted to coal burning, but imports
of liquid fuel: for transportation must continue until coal
to liquid fuel conversion becomes locally competitive.

3] For countries with petroleumn/gas reserves only, adaptation
of the three fuel consumption categories to Imported coal
burning In order to conserve petroleum for export should
be considered. Relative economics of oil export versus
coal import must of course be analyzed.

4] For countries with coal reserves only, adaptation of the
three fuel consumption categories to domestic coal should
also be considered to reduce petroleum imports to the mini-
mum essential to transportation. At the same time these
countries should keep abreast of developing coal to liquid
fuel conversion technology for adaptation if and when it
becomes overall competitive.

5] Changing use patterns for energy sources has been a feature
of the energy revolution. Further changes are inevitable
and will require mainly Innovative technology and forward-
looking leadership.

7
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Introduction and Summary 9

Pigure 1-3. Distribution of U.S. Energy Consumption, 1970
(Preliminary Estimates by U.S. Department of the Interior)

8
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DESARROLLO CARBONERO EN COLOMBIA

Carlos de Greiff Moreno
Bogota, Colombia
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COLOMBIA
DESARROLLO CARBONERO
CARLOS DE GRE IFF MORENO

Resumen

Las fuentes tradicionales de energfk primaria cometciﬁl en
Colombia han sido el petré&eo, el gas natural, la
hidroelectricidad y el carbon. La inestabilidad de 1las
polfiicaa de exploraci5ﬁ y produccf;n de hidrocarburos afecto en
anos pasados el volJ;en de los suministros y tuvo como efecto el
que Colombia perdiera su autosuficiencia en materia de energia y

I'd
tuviera que importar petroleo y derivados a partir de 1974.

Sin embargo, el andlisis previsivo y oportuno de los pronostcos
de demanda y suministro de energila primaria permitid evaluar la
magnitud de los faltantes y estimﬁl& el replanteamiento de los
objetivos y politicas del sector. La reforma de 1974 a la
legislacidn de hidrocarburos abrid el camino a los contratos de
asociacidon y aportd una valiosa herramienta para aprovechar
disposiciones de la Ley 20 de 1969, encaminadas a agilizar la

extraccion de los recursos mineros.

Estos instrumentos legales se tradujeron en la practica en los
términos del contrato de asociacidn acordado entre la entidad
estatal Carbocol e Intercor, filial de Exxon Corporation, para
el desarrollo de los depdsitos de carbon de El Cerrejon-Zona
Norte.

Este complejo ya ha realizado exportaciones anticipadas a las
que habran de determinar 1la iniciacion de 1la etapa de

produccidn a finales de 198S.

10
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Las divisas provenientes de las exportaciones de carbdn (de El
Cerrejon y otros proyectos é; vias de ejecucidn), sumadas a las
previstas de crudo y derivados del petrdleo, permitiridn que
Colombia recupere su calidad de pais autosuficiente en materia
de energia, asegurardn el autofinanciamiento de su sector de la
energia (incluido el sector de 1la electricidad) Yo
eventualmente, podrian generar algunos saldos para contribuir

al financiamiento global de su economia.

Antecedentes

Hasta ahora, las fuentes tradicionales de energia primaria
comercial en Colombia han sido el petroleo (42%), el gas
natural (17%), la hidroelectricidad (25%) y el carbdon (15%).
Los porcentajes entre paréntesis denotan 1las respectivas

participaciones en 1984.

El Decreto 2140 de 1955 estimuld la exploracidn y produccidn de
petrdleo con resultados muy satisfactorios que redundaron en el
descubrimiento de nuevas reservas Yy en el crecimiento de 1la
produccidon, la cual alcanzd un nivel maximo de 219 kBD en
1970. Sinembargo, la Ley 10 de 1961 establecid medidas
restrictivas a la accién de las compafilas petroleras, lo cual
se tradujo en declinacidn sostenida de 1la actividad de 1la
industria hasta la reforma de 1974, la cual establecid reglas

de juego e incentivos mis acordes con la realidad.

No cabe la menor duda de que la desestimulante legislacidn de
1961 fue el motivo principal por el cual Colombia perdid su
autosuficiencia en materia de energia y debid afrontar onerosas
erogaciones para importar crudo y productos, a partir de 1974,
a niveles de precios jamds imaginados cuando se sanciond la Ley

10 de 1961.

11
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" Pero ya, desde finales de 1970, los balances de energia
elaborados por entidades del’sector privado hablan previsto los
faltantes que habrian de registarse en la produccidn local de
petrbleo y las restricciones que en materia de suministros
habrian de configurar lo que, a partir de 1971, comenzaba a

vislumbrarse a nivel mundial como la "crisis de la energia”.

Fué asi como los prondsticos del balance de 1970, elaborados
con base en horizontes a corto (uno a dos anos), mediano (5
afios) y largo (25 afios) plazos, sugirieron un agotamiento
paulatino y eventual del petrdleo y el imperativo de buscar
nuevas fuentes y/o de desarrollar a fondo las ya disponibles.
Para Colombia, las posibilidades mas atractivas indicaban la
conveniencia y oportunidad de aprovechar las reservas
carboneras de los depdsitos de El Cerrejdon, en la peninsula de

la Guajira.

Tal iniciativa aflord en los plahteamientos que al respecto se
hicieron ante la Comisidén Nacional de Recursos de Energila
(CNRE), la cual habia sido creada por el Gobierno Nacional para
examinar la situacidn, emitir un diagndstico y recomendar 1lo

pertinente.

La emergencia se hizo piblica en el Seminario de Energia de
Medellin, (Febrero de 1972), auspiciado por el Ministerio de
Minas y Energia, la CNRE y las entidades privadas vinculadas al

sector.

Las opciones del carbdn permitirian obviar 1los faltantes
previstosy diversificar la estructura del suministro, optimizar
la eficiencia del uso y aplicaciones de la energia a todo
nively y abrir estimulantes perspectivas para la recuperacidn
de la balanza cambiaria del sector, para la generacidn de

empleo y para el desarrollo de la economia del pais.
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Tales expectativas fueron prolijamente examinadas y comprobadas
factibles en ocasion del I Seminario Internacional para 1la
Utilizacidn Integral del Carbdn, promovido al efecto vy

celebrado en Bogota en Marzo de 1974.

La Nueva Legislacidn

A partir de 1los balances de energila que aflo tras afio
actualizaban los diagndsticos) asi como del examen sostenido de
los factores constitutivos del problema y de sus posibles
soluciones, adelantado en miltiples foros, seminarios y
simposiosy y, en particular, como consecuencia de los
resultados y recomendaciones del simposio internacional sobre
el carbdon y del minucioso analisis emprendido por la CNRE, el
Gobierno Nacional introdujo la reforma de 1974, 1la cual se
protocolizd y sanciond en los términos del Decreto 2310 de ese

mismo afo.

El Decreto 2310 consignd nuevas' condiciones e incentivos en
materia de hidrocarburos, finiquitd el regimen de concesiones e
introdujo la modalidad de los contratos de asociacidn. Tal
providencia, aunada a las disposiciones que en el campo de la
mineria habia consagrado la Ley 20, de 1969, abrid el camino
para el desarrollo racional, efectivo y oportuno de las
reservas carboneras del pais. El mecanismo de los contratos de
asociacidn, en combinacidn con el de las areas de aporte que
introdujo la Ley 20 por razdn del cual se facultaba a las
empresas industriales y comerciales del Estado para acometer la
explotacidon de recursos mineros por su cuenta o en asocio de
compafilas privadas, consolidaron 1la factibilidad de varios
proyectos mineros, entre 1los cuales se destaca el de El
Cerrejon-Zona Norte, y aportaron las bases para la definicidn

de politicas actuantes y dinamicas para el sector.
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La Gestion Institucional

La provisidn legal de las areas de aporte permitid conciliar la
urgencia de acometer el estudio y evaluacidon de proyectos
especificos de desarrollo carbonero con la carencia coyuntural
de recursos institucionales especificos que facilitaran las

gestiones pertinentes por parte del estado.

En tal virtud, la Empresa Colombiana de Petrdleos (Ecopetrol),
recibid en calidad de aporte el adrea de El Cerrejdn, exceptuado
el sector central, el cual venia siendo explorado por el
Instituto de Fomento Industrial, en asocio de wuna entidad
extranjera, desde hacia ya algin tiempo, pero con limitaciones

de diversa indole.

Ecopetrol acometié de inmediato las gestiones conducentes a
definir 1las modalidades de su encargo en El_ Cerrejon.
Entretanto, el Gobierno Nacional estudiaba la creacién de una
entidad que se ocupara de acometér y dirigir el desarrollo de
los recursos carboniferos del pais . Ecopetrol abrid, a
principios de 1976, una licitacidn para la exploracidn y
desarrollo de los depdsitos de carbdn de los sectores norte y
sur del area de El1 Cerrejon. El sector central se excluyd de
la licitacidn por constituir 4&rea aportada al IFI.
Simultaneamente, el Gobierno Nacional autorizd la creacidn de
Carbones de Colombia S.A. (Carbocol), como empresa industrial y
comercial del Estado, la cual se contituyd por escritura
pGblica en Noviembre de 1976. Ecopetrol y otras entidades del
estado, relacionadas con la gestidon minera, participan en
calidad de accionistas. Una vez constituida, Carbocol
emprendid sus labores y el irea de aporte de El Cerrejon le fué

oficialmente transferida.

En la 1licitacidén abierta por Ecopetrol participaron 17
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compafilas, de las cuales 80lo tres cumplfian con todas y cada
una de las condiciones estailecidas en la misma. El contrato
le fué adjudicado a International Colombia Resources

Corporation (Intercor), compafila filial de Exxon Corporation,
constituida en 1976 y encargada de ejecutar los términos del

eventutal acuerdo. \

El contrato establece una asociacidon de la cual participan por
partes iguales Carbocol e Intercor. La maxima autoridad 1la
ejerce un Comité Ejecutivo, con representacidn paritaria, el
cual decide por consenso y ante el cual reponde Intercor, en su
calidad de Operador del proyecto. Este se desarrollara en tres

etapas:

- La etapa exploratoria cuya duraciéon se fijd en 3 afos,
prorrogables a 4 afios, durante la cual Intercor realizd la
exploracidén, toda ella por su cuenta y riesgo. Esta etapa

concluyd con la declaracidon de comercialidad del proyecto.

- La segunda etapa, a punto de concluir, es la de 1la
construccion y el montaje. Se fijo en 4 aflos, prorrogables
de afio en afio, hasta por dos afios. Esta.etapa culminara
cuando se realice el primer embarque de carbdon con destino
a la exportacidon, fecha en 1la cual deberan estar
construidas todas las instalaciones y disponibles los

estudios y programas requeridos para la produccidn.

- La tercera etapa es la de proéuccién comercial. Tiene una
duracion de 23 aflos, contados a partir de la fecha del
primer embarque de exportacidn y al término de los cuales
la propiedad total de 1los bienes e instalaciones del

proyecto deviene gratuitamente en propiedad de Carbocol.

El contrato establece que el carbdon producido por 1la
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asociacion sera de propiedad, por partes iguales, de Carbocol e
Intercor. Pero é;ta ultima pagaré' a Carbocol una regalfﬁ de
15%. En adicion a esta regalfh, Intercor pagari‘a Carbocol una
regalfa adicional, llamada "ingreso de participaci&h", la cual
se liquidari' con base en una formula que establece aumentos
progresivos de participaciéh para Carbocol, en la medida en guq
las wutilidades de Intercor sobrepasen un nivel previamente

acordado.

Se ha estimado que, durante 1los 23 anos de la etapa de
produccion, la participacion total de Carbocol y el estado serd
de aproximadamente 83% del total de los ingresos generados por
el proyecto, incluidos 1los provenientes de la venta del carbon
propiedad de Carbocol, la regalfﬁ, el "ingreso de participacion"
y los impuestos. El 17% restante le corresponderd'a Intercor.
La inversion total ascendera a US $3000 millones, apartados por
partes iguales entre Carbocol e lutercer. La construccion del
complejo se ha adelantado y se terminara dentro de los

presupuestos y plazos pervistos.

El contrato consagra a Intercor como Operador del proyecto. Tal
estipulaciéﬁ obedece mas a la complejidad gerencial y ejecutiva
del complejo que a las exigencias meramente té;nicas de 1la
minerfa del carbon. La transferencia techologica requiere
elaboradas estructuras institucionales, capaces de transferirla
y recibirla. No cabe duda de que Carbocol habra de lograr el
nivel y la estructura institucionales adecuados para acometer la
operaciéﬁ de complejos mineros, a partir de las experiencias
derivadas del proyecto de El CerrejéB-Zona Norte y de las que

administre y opere directamente.

No sobra resaltar que los terminos y las ejecutorias del
contracto vigente configuran vy determinan un  aporte
significativo y fundamental para la definicion a aplicacion de
politicas adecuadas, oportunas y retributivas para el

. . [ .
aprovechamiento de los recursos mineros y de energia de Colombia.

16
Copyright © National Academy-of Sciences. All rights reserved.


http://www.nap.edu/catalog.php?record_id=19259

Workshop on the Utilization of Coal as an Alternative to Petroleum Fuels in the Andean Region: Volume II: Contributed Papers
http://lwww.nap.edu/catalog.php?record_id=19259

También cabe hacer énfasis en la valiosisima e indispensable
contribucidn del debate inséitucional y publico que tuvo lugar
en todo momento desde que, a partir del balance de energia de
1970, se evaluaron los requerimientos de la demanda de energia
en Colombia, hasta finales del presente siglo. Este analisis
tuvo lugar a todos los niveles de la opinidn pllica del pais, a
traves de foros, seminarios, conferencias y debates adelantados
en muy diversos escenarios y abiertos a todos los estamentos
sociales, econdmicos, laborales, académicos Y
gubernamentales. El debate y su aporte contintan. Han sido y
sequiran siendo determinantes de las decisiones y del éxito de

la gestidn que en este frente se adelanta.

Aspectos Cambiarios

Tal como ya se ha enunciado, a partir de 1974, Colombia comenzd
a importar crudo y derivados del petrdleo en volumenes
crecientes. El1 valor de estas importacones afectd notablemente
la balanza cambiaria del pais. El manejo acertado de los
mercados externos y las exportacions de sobrantes de
combustdleo permitieron atemperar parcialmente el efecto neto
de estos intercambios. Pero aiin asi, estos arrojaron un saldo
neto negativo, el cual llegd a fluctuar durante algunos afios
entre US$400 y US$600 millones. Sin embargo, las reformas de
1974 y el reajuste de 1los precios internos del crudo para
refinacidn local, han reducido este impacto en los {iltimos
afios, en la medida en que ha aumentado la produccidon y ha
disminuido la demanda, esto Gltimo como consecuencia del receso

econdmico.

Cabria anotar, sinembargo, que auncuando Colombia importara

crudo (29 kBD) y productos (13kBD) durante 1985, estos
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volimenes se compensaran por los proventos de las exportacidnes
de combustdleo. Ya a partir de 1986 no serid necesario importar
mias crudo y las importaciones de derivados disminuiran
acentuadamente. En cambio, en la medida en que se incorpore a
la produccidn las reservas recientemente descubiertas en los
Llanos Orientales, aumentardn paulatinamente las exportaciones
de crudo y de sobrantes de productos lo cual redundara en

beneficio de la balanza cambiaria del sector.

Por su parte, el desarrollo de la produccidén en el complejo de
El Cerrejon, la cual deberd llegar a 15 M ton por afio en 1988,
y el de la de otros proyectos ya en operacidon o previstos para
inigiar produccidn en los proximos afios, generaran crecientes
recursos adicionales de divisas, las cuales permitirdn no sdlo
satisfacer las necesidades propias del sector de la energia,
sino que también aportaran saldos significativos para suplir

parte de los requerimientos globales del pais.

Asi, en 1990 las exportaciones de crudo y productos ascenderian
a 212 KBD y las de carbdn al equivalente de 228 kBD, lo cual
arrojaria un total de 445 kBD. En el afio 2.000 este total
podria llegar al equivalente de 479 kBD. Sin embargo, no
deberia descontarse la posibilidad de descubrimientos
adicionales de petréleo, los cuales podrian mejorar estas

cifras proyecciones.
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Professor Curt E. Harvey
Department of Economics
University of Kentucky
June 1985

COAL DEVELOPMENT: SOCIO-ECONOMIC IMPACTS, LESSONS FROM APPALACHIA.

The purpose of this presentation is to share with you some experiences we
have had during our efforts to improve the life of the people of Appalachia.

I hope that these experiences will be of interest to you and will guide you in
seeking the most suitable policies for your own special needs.

Appalachia is a mountainous, hilly region. Elevations do not exceed 1,500
meters. The region includes 13 states, which run from a southwestern to a
northeastern direction along the eastern third of the nation, a population
base of 26 million, and no large metropolitan city areas. Unfortunately it is
one of the nation's poorest regions. In central Appalachia approximately one
half of the residents live below nationally established poverty levels. The
native Americans were the Cherokee Indians. In recent years they have
experienced a rebirth of self-awareness and have made efforts at tribal unity
and independence. But there remain very few as residents,

Appalachia is blessed with unique beauty and vast natural resources. The
economically most influential resource has been coal. Vast coal reserves lie
relatively close to the surface. Those with an overburden of less than 30
meters are typically surface mined, the rest deep mined. But none of the coal
is mined as deeply as for example German coal, where shafts reach down 1,300
meters. Going down 500 meters is considered deep for Appalachia. Most coal

seams have names -~ one of the best is aptly named the 'Pokahantes Seam' -
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after the beautiful Indian princess who saved Captain John Smith's life. The
Indian legacy remains preserved even in coal.

Many other parts of the country have only lately discovered the richness
of the traditional Appalachian mountain culture. One of the most famous
department stores in Washington and New York now offers for sale Appalachian
handicraft items - quilts, pottery, carvings, musical instruments. And songs
and films of 1life in the coal fields, and the struggle to change conditions
while preserving the culture, have mushroomed in recent years.

The Appalachian heritage has been remarkably resilient in its refusal to
become simply a passive receptor of foreign mainstream culture. But the
impact of big business and commercialization has begun to change the region's
way of 1life. One hopes that the old heritage, which took form in the years
before mechanized soclety penetrated the region, will endure along with the
new,

In 1984, fifty percent of the nation's coal was mined in Appalachia -
mainly in Eastern Kentucky, West Virginia, and Pennsylvania. Other states
that produce coal are Virginia, Tennessee, Alabama, and Chio.

Appalachian coal is the nation's best - high in Btu content, low in sulfur
and ash. In 1984, 437 million short tons (396 million metric tons) were mined
in the region, of which more that one half were produced underground, the rest
on the surface. Despite its generous endowment with coal, or perhaps because
of it, Appalachia today remains a poor underdeveloped region. Historically it
has always been poor, and the post energy crisis decade unfortunately changed

little.
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Regional Economic Development in Appalachia

The economic development of any region is a complex. process that involves
more than economic variables alone. It includes a number of separate but
interrelated activites, trends, policies, and decisions. 1In Appalachia we
have encountered the full force of the complexity of the process for decades.
And even though the U.S. Congress established about 20 years ago the
Appalachian Regional Commission, the results of our development efforts have
been generally disappointing. The principal source of Appalachia's slow
progress is the region's dependence on a single industry - coal. This is an
industry, and a region, that is strongly affected by external influences. For
the most part, it responds directly to the surges and ebbs of the business
cycle, both in the demand for electric power and for steel. It must not be
forgotten that the demand for coal is a derived demand, derived from the
demand for the products it helps produce. The demand for coal as an end-use
commodity is small, confined to the portion of the market where coal is burned
directly by consumers for home heating. By far the largest source of demand
originates with the electric power producing companies - the electric
utilities. In 1984, 62 percent of Appalachia's coal output was shipped to
this user category. But this category is also quite unstable and flows with
the vagaries of the business cycle. For example, fluctuations in economic
activity directly affect coal output and employment. This in turn impacts on
the region's ability to develop, expand, and maintain the social overhead
capital that is one of the prerequisites for development. And the inability
of the region to attract new industries capable of providing alternative

employment opportunites has further exacerbated the already sensitive

gituation.
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To counteract the lack of diversification in the Appalachian industrial
base, the U.S. Congress created the Comprehensive Employment and Training Act
of 1973 (CETA). Its objective was to assist Appalachia in developing state
and local manpower training programs tailored for local needs. Several years
later, a Private Sector Initiative Program was established to enhance the role
of private industry in the local employment and training programs. But
progress has been painfully slow. The CETA program has now fallen victim to

general budget cuts and has been phased out.

The Process of Economic Development

In recent years, a number of scholars have reviewed the factors that
typically contributed to regional economic growth.1 They distinguish among
three distinct transitional development stages:

(1) The primary - resource stage

(2) The secondary - manufacturing/industrial stage

(3) The tertiary - service industry stage
Under this simplified spectrum, the Appalachian region, and most probably the
Peruvian coal region as well, are in the primary resource extraction stage.
Mining, forestry, or agriculture are the principal employment generating,
income producing industries. The second stage, where manufacturing industries
can generate significant value-added has not been attained as yet.
Consequently, Appalachia is a net exporter of raw materials which enter the
processing flow elsewhere. As a net exporter the region is highly sensitive
to the transmittal of economic fluctuations from elsewhere. Depending upon

their nature, these transmissions create boom or bust periods which have
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highly unsettling impacts on the indigenous economies and population. In the
past ten years alone, Appalachia has undergone two such periods - in 1974-75
and once again in 1980-81. Such a primary stage economy usually is also
characterized by outmigration of the region's most talented and potentially
most productive labor force. This deprives the economy of a valuable
component of its human resources.2 Finally, absentee ownership of the
resources, poor educational facilities and incestuous political and social
structures often leave such regions at a competitive disadvantage to attract
the manufacturing industries of the modern world. Appalachia is a good
example of such a situation. The population decline it has suffered during
the post World War II period 1s clear evidence of that.

There exists another hypothesis which explains regional growth. It holds
that as sales of commodities to users outside generate income, new service
sectors such asrretail trade, financial and recreational services can be
developed at home. Unfortunately, because of the undiversified nature of the
Appalachian economy, the new income derived from exporting coal is spent
mostly on imports. Hence the secondary impact effect which might have been
realized through local diversification is lost. And the tax base which might
have been tapped to make infrastructure investments in public services and
facilites remains small.

In Appalachia, the quantity and quality of raw materials is determined by
physical factors. Govermment action has little influence here. In other
regions, where the development process has matured beyond the primary stage,

physical factors play a less important role and govermment actions and
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policies can influence significantly the nature of production and
diversification.

In contrast to the physical resource base, the human resource base of the
region is much more receptive to influence from state and federal policies,
particularly in education. Although a formidable task, investment in human
capital through education can have a high return in the long run. Properly
structured, such investment can strengthen materially the competitive position
of the region to attract new industries. But it must be an investment in much
more than vocational and skills training only. It must be an investment
designed to create an enviromment for learning and understanding. It is less
the skill levels and more the comprehension levels that the industries of the
future will be working with. Many existing skills may find the demand for
their services waning as more sophisticated production techniques replace
them. Consequently it 18 the adaptable educated worker whom industry will be

seeking out first in the future.

The Development Linkages

The link between education and economic development is indivisible. It
flows mostly through economic diversification. For economic diversification
to be successful in Appalachia, where so far it has not, sizable public
investments in human capital are necessary to attract new industries to the
region. It has been true historically that the single most important factor
that accounts for the impressive rise in the real earnings of workers in
western societies is investment in education.3 But in Appalachia, such

investment has been missing, as has a sturdy infrastructure on which to build

a robust economy.
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The construction of public works such as roads, sanitation facilities,
health care and educational centers can raise the expected rate of return from
private investments significantly. It would also make the investment of
locally. generated profits and savings more attractive and stimulate economic
diversification from within., But there remain obstacles to economic
diversification and development in Appalachia. One is the scarcity of level
land for factories, related service industries, and residential areas.
Another is the long distance to major urban centers.

To overcome these and other obstacles, to attract new industries, and to
begin the development process, it will be necessary to form joint
public-private investment partnerships. These partnerships must be
sufficiently large to initiate a self-perpetuating process, because private
industry alone is unable and probably unwilling to make the necessary
investments on its own. This 1s not surprising because as with all
investments of this type, it is a long-run endeavor. Private time horizons in
contrast are short. Few social investments yleld early returns. But this
fact in no way diminishes the potential contribution to a better life which
such investments are capable of creating.

Economic development strategy contains numerous linkages. Two of them—
the forward and backward linkages--are the most important. The backward
linkage refers to the question of whether expanded coal production in
Appalachia can lead to a similar expansion of regional industries supplying
inputs to the coal industry. The answer is that it cannot because little if
any equipment used to mine or tranmsport coal is manufactured in Appalachia.

Being an extractive industry, coal mining does not use raw materials or semi-
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manufactured goods. The capital equipment needed to mine coal and to
rehabilitate the land is manufactured elsewhere, and the expanded production
of such equipment does not benefit Appalachia directly.

In contrast, the prospects for forward linkages for economic growth are
much better. Under favorable conditions, Appalachia could begin to attract
energy intensive industries that have high energy/output ratios and use coal
as an input., If, in addition, such industries use indigenous raw materials,
then the prospects are even better. In time, obstacles such as a sparse
infrastructure and low labor skill levels could be overcome. Attracting new
industry is, after all, a long run endeavor. Some non-mining industries
already have plants in Appalachia, others not yet. Included are firms
producing glass, clay products, cement, and wood products, all of which not
only use large amounts of energy, but also raw materials that are available in
abundance in Appalachia.

Other likely candidates for locating in Appalachia are the electric power
companies. Given the high costs of transporting coal, it would seem cost
effective to build coal fired power plants near the source coal instead of
some distance away. Technological advancements in electric power transmission
have significantly lowered transmission loss ratios and therefore transmission
costs. It surely is less costly to tramnsport an electric kilowatt than an
equivalent amount of coal.

Unfortunately the industries that would benefit most from locating in a
region rich in coal would also be capital intensive. Their ability to create
jobs would be limited. Therefore, i1f unemployment is to be reduced in

Appalachia and the standard of living lifted, public policy must be structured
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80 as to encourage the creation of jobs. Specifically, incentives are needed
to encourage the location in the region of small scale labor intensive
industries. In the long run this would lead to diversification and enhanced
economic stability.

In summary the key to an improved standard of life in Appalachia lies in
the development of employment opportunities in industries other than coal. In
the past, the human resource, the most valuable of the resources with which
Appalachia is endowed, has been greatly overshadowed by the emphasis placed on

coal. As a consequence, the region remains largely underdeveloped.

The Distributional Aspect of Development

There exist in Appalachia a number of counties where manufacturing and
farming are the principal sources of income for the residenté. These counties
1lie mostly on the periphery of the coal region, but are still part of
Appalachia. Recent studies conclude that in contrast with coal counties,
manufacturing counties have better health, education, housing, and sanitation
- in short a better life.a They have this even though on a per capita basis
their income is lower. The explanation is that jobs and income are more
widely distributed among the residents of the manufacturing counties. More
jobs means more working people and fewer poor people. It also means that more
people are contributing in an ongoing manner to the local economy and that
more support the furnishing of community goods and services. The coal
counties have a lower quality of life, the studies conclude, because job

opportunities are distributed less equally there. Fewer are working, although
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those who are earn relatively high incomes. Moreover, structural unemployment
in these counties creates a dependent population that is unable to contribute
to the local economy. This fact reflects the general fragility of the coal
county economies. It also permanently limits the funds available for public
investments in education, housing, health care, and other social services.

The obvious policy lesson for underdeveloped non-homogeneous regions is
that economic growth does not necessarily benefit all people in all phases.
Poor people and poor places are often bypassed by a development process that
can be unequal in the distribution of jobs and incomes. Thus an effective
development strategy must focus not only on economic growth, but also on the.
question of equality in the distribution of employment opportunities and
income. 1In the Appalachian coal counties, employment is unstable and
dependent upon volatile world energy markets. In the non-coal counties this
is less so the case. It is evident that an intervening step between the
desire to improve the quality of life of a community and its economic growth
is the question of distributiona; equity. In fact, how successful development
strategy 1s in breaking the poverty cycle depends finally upon who benefits

from economic growth,

Contemporary Issues Affecting the Appalachian Coal Industry

Twenty years ago U.S. industry faced few envirommental or other
limitations on the way it operated. The enviromment was regarded as a public

resource for all to use at no cost. But as the demand for envirommental use
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expanded, scarcities soon developed. Today, the enviromment is an important
consideration in nearly all activities. It has become clear that as an
economy develops, at zero cost too many of the good qualities of the
environment will be consumed to the detriment of public welfare. 1In
Appalachia, the quality of air, land, water resources, health and safety had
deteriorated at an unacceptable rate; environmental resources had been
depleted much more rapidly than they could be replaced.

With the possible exception of ambient air standards, Appalachian
environmental resources had been affected adversely by decades of unregulated
mining. 1In particular, the damage wrought upon the enviromment by
accelerate and often irresponsible surface mining had created irreversible
costs. From the standpoint of resource management, which 1s at the core of
most regulation of the coal industry, the market had failed because
environmental resources are not governed by a well defined and enforceable set
of property rights. They also have no prices. Consequently, a non-private,
i.e. public, intervenor was needed to restore order. The U.S. Congress became
such an intervenor and began to provide the necessary statutory foundation in
the form of the 1969 Federal Health Mine and Safety Act, the 1970 Uniform Air
Quality Standards Act (which amended the Clean Air Act of 1963) and the 1977
Surface Mining Control and Reclamation Act.

The environmental legislation passed by the U.S. Congress has led to a
considerable improvement in the use of our environmental resources.
Appalachian land is now being restored after mining much more respo sibly,
underground mining has become safer and cleaner, and over all air quality has

improved in coal using regions. But still more needs to be done. The
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northeastern states in the United States, and Canada, contend that sulfur
dioxide (802) from the industrial Midwest is carried by prevailing air
currents to their regions. This SO2 affects human health, plant life and
crops, and leads to higher concentrations of acid depositions. Lakes die,
crop yields fall, forests weaken and become diseased, and human health
deteriorates. Consequently, this continues to be an issue of considerable
concern in the U.S. Congress. In all likellhood it will lead to further
legislation.

Finally there is the unsettling question of the greenhouse effect. With
increased energy production and consumption come greater emissions of carbon
dioxide and water vapors into the atmosphere. And with that, more infrared
light and heat 1s retained in it. There is the danger that the Earth's
surface will warm to a point at which the balance of all of its life systems
will be endangered. Consequently scientists recommend improved efficiency in
the way we use energy. They also recommend the use of substitutefuels such as
solar power, nuclear fusion, biomass combustion, and technological
improvements in energy-using machinery and equipment.

Many of the 1ssués and problems discussed pertain more to industrialized
societies than to those still in the process of development. In the former
energy use is intense, in the latter it 1s not. For developing societies it
is mainly a matter of priorities. Given low levels of air pollution, the
benefits from building another electric power plant may overshadow those
derived from retrofitting existing furnaces with electro-static filters.
Ultimately this question must be decided by the appropriate public assembly or

authority.
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Footnotes

1 H.W. Richardson, Regional Growth Theory, (Loudon: Macmillan, 1973)

and Regional Economics, (Urbana: University of Illinois Press, 1979).

2 Parenthetically, this regional phenomena also can be generalized to

_describe an entire nation.

3 Theodore Schultz, "Investment in Human Capital,” American Economic Review,

March, 1961.

4 A. Tickamyer and C. Duncan, "Economic Activity and the Quality of Life in

Eastern Kentucky,” Growth and Change, Spring 1985.
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Social Impact of Coal Development

- Case of Korea -

KOREA INSTITUTE OF ENERGY AND RESOURCES

Yang, Jung Il
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I. Introduction

Korea has steadily developed with a high economic
growth the last 20 years. The annual increase of GNP
8.6% from 1965 to 1983. However, due to the international
oil shock in 1979, the real GNP fell to 4% in 1980. As a
result, energy growth rate was sharply decreased. 1In 1983

per capita income rose to 1,880 U.S. Dollars.

Energy consumption has similarly increase with the
economic growth. During the same period, energy consumption
was estimated at 49.7 million TOE which is 5 times as much
as in 1961. Although oil was largely consumed as the main
energy source since early 1970's, the coal requirment has
steadily increased as an importént energy source since.

In 1983, coal in total energy occupied 33.1% of total.
Nuclear power first introduced in 1978, amounted to about

4.5% by 1983.

According to energy consumption of the industrial
sector, coal was mainly used for industrial, residential
and commercial purposes. In 1983, coal consumption occupied
35.8% of total energy consumption in the industrial sector.
Especially, anthracite alone consumed 60.4% of the total

amounts for residential and commercial purposes.
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The consumption of anthracite has gradually increased
since early 1960, bituminous coal came into use from the
middle 1970's. Based on details on coal consumption in 1983,
anthracite consumption was 69.2% of the total coal of 31
million tons. Besides, bituminous coal consumed 30.8% of

the total.

II. 1Industrial Coal

Bituminous coal is the main source for industrial use
but a little anthracite is also supplied for the same purpose.
Most industrially used coal is imported from foreign countries
like U.S.A, Australlia, Chiné, Africa and South East Asian

countries.

Bituminous coal for electrical generation had limited
use until the early 1960's, and was again supplied in the
amount of 546,000 tons from 1983. The demand in iron and
steel industies has gradually increased from 1973.
Especially the domestic cement industry has changed its
burning system for substantial savings in fuel cost because

of the influence of international oil. shock.
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Although about 64% of total bituminous coal was used
in iron industry in 1983, it expects to increase to 13,119,000
tons by 2001. Its proportion in total demand is actually

declining to about 24% of total demand.

Coal requirment in cement industry will also decrease

from about 30% in 1983 to 10% by 2001.

However, the power generation sector requires gradually
increasing demand. 6% of total demand was required in 1983,

but its proportion will reach to about 57% of total demand.
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III. Domestic Coal

1. General Aspects

Despite that fire wood has been popularly used as a
major source of energy until early 1960's, it tended to be
reduced by the adoption of government forest conservancy

policy and coal supply expansion policy.

Anthracite is the only indigenous fossil fuel reserved
in Korea and is an important main source of domestic fuel.
It reserves approximately 1.5 billion tons and recoverable

reserves are about 0.65 billion tons.

Most coal mines are located in the north-east region
of the country which is several hundred kilometers from
Seoul, the capital city. Anthracite of about 20 million tons

is annually produced from 7 coal fields.

On the basis of investigation of number of coal mines,
54 have an annual production capacity of more than 60,000 tons
among total 346 coal mines. The remaining, 292 have a small

scale capacity of less than 60,000 tons per annum.

Those coal mines belong to 3 categories such as Daihan
coal co., Consolidated co. and private companies. 1In 1982,

62,310 people were engaged in the production of coal.
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2,

"Yontan" Coal Briquette Industry
A) Contribution of "Yontan" Coal Briquette

The only way to use Korean anthracite for domestic
fuel has to make briquettes due to its particular
inherent characteristics. Korean coal briquette, so
called "Yontan", is a great discovery with less than 50
year history. It made great contribution to low and middle

income households.

As shown in the figure, it is normally a cylindrical
briquette of 3.6 Kg with 22 holes in the axial direction.
It is usually used in a pair with one briquette placed
on top of the other. When the bottom briquette is almost
burnt, ignition is transfered to the top briquette. 1In
this case alignment of the vertical holes between two
briquettes has an important function as draft chimneys for
combustion air. When the top briquette is burnt within
almost 80-90%, it should be laid down and replaced by
new one, simultaneously by removing the completly burnt

bottom one.

During the combustion period of briquettes, the heat
can be used for dual purposes, i.e, heating household

and cooking meals.
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There are two reasons why the "Yontan" coal
briquette has been so popular for Koreans. The first thing
is that it is suitable for a heating system of the Korean
house. The room floor, finished with cement concrete,
is directly heated by heat passing through airduct system
under the room floor (Ondol system). At that case heat
can be provided fixed stove which is installed out of the
room. Recently, instead of fixed stove, a small boiler
system is popularly used. "Yontan" coal briquette is
also used to boil water in boiler, from which hot water
is circulated through plastic pipes embeded in the
concrete floor of a room. In accordance with heating the
household, house wives can also prepare cooked meals on

the burning coal briquette.

The second reason why the coal briquette is popular
is that it isvrelatively cheap price. This will be

illustrated in later column.

Actual demand for such coal briquetting has steadily
increased since early 1960's. 1In 1962, 501,000 tons of
anthracite was used for making briquettes, eventually
reaching 19 million tons in 1983, 1Its proportion of
total consumption was 87.5%. This trend will continue

to the year of 2000.
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B) Coal Characteristics

It is well known, that coal is generally classified
into four groups such as anthracite, bituminous, sub-
bituminous'and lignite. Korean coal belongs to common
anthracite ammong the anthracite group. It originally
contained high fixed carbon of 92-98% and low moisture

content of 2-8%.

According to ultimate analysis, hydrogen content
is 1.05%, which is slightly lower than of alien anthracite.
On the contrary the oxigen content is 2.8%, which

is slightly higher than that of others.

Originally it contained high quality fixed carbon.
But Korean coal was badly mingled with clayceous
materials during severe geological movements. Thus, the
faw coal naturally contains a considarable amount of ash.
When processing the coal this is an advantageous factor
in making the "Yontan" coal briquette without an
additional binder. According to proximate analysis of
raw coal, it contains normally 4,400-4,600 Kcal/Kg,

3-5% V.M, 35-45% Ash, 0.5-2% H20 and less than 1% S.
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Based on the chemical analysis of ash, it contains
47-52% Si0,, 35-40% Al,03, 0.5-1.2% Na,0 and 1.5-2.7% K,0.
Those chemical components are relatively similar to those

in common clay.

Another advantageous characteristic is that it
contains high'proportion‘of Einérs in the raw coal. The
fine size coal is more than 10mm and makes up more than
70% of raw coal. This results in a reasonable opportunity

to make coal briquettes.

C) "Yontan" Briquetting Technics

"Yontan" coal briquette is simply manufactured by a
routine process. Firstly raw coal is crushed into finer
size and then it is blended with water. The crushed coal,
containing 10% water, is poured into cylinder which is a
part of the briquetting machine. A compacting pressure
mechanism is provided to manufacture briquette at

250Kg/CmZ.

Several kinds of briquettes are produced for multi-
purposes. The coal briquette demension most popular is
150mm diameter by 142mm height with 22 vertical air
holes and 3.6 Kg weight. It can be used for 10-12 hours
when average heat value is maintained at the level of

4,600 Kcal/Kg.
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According to the test result in laboratory, the
variety of coal briquette results in many different
combustion effects. The decrease of heat value of
briquette has tendency to increase uncombustibility.

The increase of briquette weight results in increase of
burning temperature, ranged on 550°C-600°C, as well as
combustion time increases. As a result, the decision

of optimum briquette is an important factor for effective

use of the briquette.

In the use of the "Yontan" coal briquette, the worst
problem was a fatal disaster due to CO gas poisoning.
In early stages there were some fatal accidents due to
particular heating system of Korean houses. But the
problem is gradually being solved by modern inventory of
combustion facilities. On the basis of measuring gas
in laboratory, at the initial stage CO gas of 1.4%
after two hour burning. After that the CO gas content

is slowly decreased to less than 0.4%.
However this problem may not be so considerable

in the use of a movable stove in an open space where

it is used for cooking purposes.
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D) Practical Aspects on Coal Briquetting Industry

Generally raw coal is stored at the mine or a
rail terminal near the'mine. Then it is transported
to a terminal very close to the briquette manufacturer.
After manufacturing briquettes, these are distributed
either . directly to the private consumer or through

retailers to the consumer.

The manufacturing process normally includes size
reduction, blending and briquetting procedures.
Optimum particle size of coal for making briquette is
normally below 10mm. Water is sprayed on the raw coal
in the conveyer belt and water content is about 10% in
weight. For the purpose of contineous manufacture
and production, a rotary processing machine which
includes 12 pressing actions in one turn can produce
3,800 briquettes an hour. Besides, there are several

facilities necessary for mixing and conveying.

The 17 briquetting plants among 258 plants are
located in Seoul area and have production capacity of
.31.6% of total production. Besides small and medium
scale briquetting plants are almost evenly distributed
over each province. 1In the winter season about 20 million

briquettes are produced daily by these plants.
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The production cost of a briquette is roughly
estimated at 15.4 cents U.S. Main expenditure is
material cost which occupies 93.6% of the total
production cost. The final consumer's price per

briquette estimates about 20 cents, in U.S. dollars.

The price of coal briquette is relatively
competitive with other energy sources. Although some
inconveniencies may be confronted in its handling,
the advantageous aspect is off-set by price structure
per unit. Based on unit price per kilocalories, gas

is almost 4 times of coal briquette.

Daily consumption is commonly 2-3 briquettes for
heating house including 3 cooking meals. The price
of coal briquette can be roughly compared with that
of other daily commodities. A coal briquette of 3.6Kg
weight costs about 20 cents U.S. that is almost same
as of one kilogram of cabbage, a pack of milk and one

kilogram of flour.
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IV. Coal Policy
1. Industrial Coal

The country has made a great effort to promote the use
of industrial coal which it expects to import from alien
sources. Current 3 coal fired power stations are in
operation and previous 3 oil fired power stations are also
being converted to coal fired units. The cement industry,
having 34 kilns with total production of 20 million tons

have already been converted to coal fired ones.

In order to achieve a portion of the goals, Korea has
already participated in development projects in some alien
countries. And expects to import certain amount of industrial

coal in order to stabilize energy demands in the future.

2. Domestic Coal

A) The main target of domestic coal policy is the
support for low and middle income people to maintain
satisfactory lives. The domestic coal prices have
been strongly regqulated at both wholesale and retail
levels. Therefore, the country operates a complex
system of many subsidies in various sectors such as

boring and tunnelling for prospecting, mining safty,
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transportation, housing for coal miners, education for

miners childeren, R&D project and etc..

B) Current emphasis is the introduction of mechanization
in the coal mines. This mechanization is an important
program to increase productivity, safty and recovery

of reserves. 1In 1984 mechanization rate was 27% of
total, the proportion will be increased to 69% of total

by 2001.

C) Active research work is also in progress at public

centers to improve the techniques of briquetting.
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V. Conclusion

1. To achieve the 5,103 U.S. dollars per person of GNP in the
year of 2000's, Korea makes a great efforts to fullfil
effective energy policies. The total energy consumption
will increase from 49.7 million TOE in 1983 to 130 million

TOE by the year of 2001.

2. Bituminous coal had contributions not only domestic
fuel but also in industrial sectors. For the purposes of
industry in cement, iron and power sectors, the bituminous
coal demand will reach to 55.3 million tons in the year

of 2001.

3. Domestic anthracite, having great contributions to

low and middle income households, will still remain as the
most popular household fuel during the next couple of years.
Therefore the briquetting business will be protected along
with other related coal industries. Institutions like

KIER perform active research works in search of new

replaceable fuels.
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POSIBILIDADES CARBONIFERAS DEL ECUADOR

Claudio Alvarez, EPN
Byron Arroyo, INE
Juan Sosa, DGGM

INSTITUTO NACIONAL DE ENEERGIA
QUITO, ECUADOR
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Documento elaborado con motivo de la realizacidn
del Seminario-Taller "POSIBILIDADES DE EXPLOTACION
Y USO DEL CARBON MINERAL EN LOS PAISES DE LA
REGION ANDINA", organizado por el Ministerio de
Energfa y Minas de la Repdblica del Perd; bajo
los auspicios de la "Academia Nacional de Cisncias"
y de la Agencia Internacional de Desarrollo de los

Estados Unidos.

Junio, 1985
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INTRODUCCION

La gran dependencia que el sistema energético del Ecuador tiene respecto
a la produccién y utilizacidn de hidrocarburos, para el desarrollo de sus
actividades socio-econémicas, ha motivado a que el Gobierno Nacional, a
través del Instituto Nacional de Energia promueva una serie de acciones
tendientes a diversificar la oferta de energfa primaria con la incorpora
cién de fuentes alternativas de energia; para lo cual, viene trabajando
con organismos de cardcter publico y privado en. 1a investigacidn, el
conocimiento del potencial energético del Pafs y la adaptacion de tecno-
logias para el aprovechamiento adecuado de los recursos energéticos.

Dado que el carbén mineral ha retomado su importancia en varios de 1los
procesos energéticos de los sectores industrial y residencigl, principal-
mente en pafses donde el recurso petrolero es limitado o inexistente cam
consecuencia de l1os ajustes en los precios internacionales de los hidro-
carburos y considerando que la Direccifn Nacional de Geologia y Minas, ha
emprendido en trabajos iniciales de prospeccién y evaluacidn de los aflo-
ramientos carboniferos existentes, el Gobierno del Ecuador, ccn el objeto
de motivar y concientizar al pueblo acerca del uso del carbén mirzral, ha
trazado una serie de politicas tendientes a lograr tales objetives, entre
ellas tenemos:

a) Incremantar el conocimiento de 1os recursos carboniferos elaborando
su inventario, mediante la urgente realizaci6n de investigaciones y
estudios correspondientes.

b) Asimilar y desarrollar tecnologfas apropiadas que carmitan la explo-
tacion y el uso racional del carbdn.

c) Planificar el aprovechamiento de 10s recursos carboniferos, 2on 2]
contaxto de los planes energsticos nacionales.

d) Crear las condiciones institucionales y financieras apropiadas para
desarrollar la industria del carbdn mineral, a través de una entidad

ceorialie
especiaiizada. 51
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Con 1o que , se podrd elaborar el mapa indice de carbones; realizar ac-
tividades de investigacidn sobre reservas, posibilidades de explotacién
y usos; disefiar un. programa de aprovechamiento industrial; reducir las
importaciones de carbén; y, diversificar la oferta energética.

Se considera la conveniencia de la participacién integrada de los secto
res pablico, privado y universitario, para lograr los objetivos trazados
por el Gobierno.

En el presente "documento", se trata de dar a conocer los aspectos mas
sobresalientes de 1a geologfa y de las manifestaciones carboniferas del
Ecuador.

La mayor parte de la informacidn que se publica, corresponde al inventa
rio de recursos energéticos, realizado por el Instituto Nacional de E-

nergfa "INE" en 1982 y a estudios desarrollados por Direccién General
de Geologfa y Minas hasta la presente fecha.
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1. MARCO GEOLOGICO GENERAL

La confiqguracién geogrdfica del Ecuador y su divisién clasica en regio-
nes de Costa, Sierra y Oriente corresponde al resultado geomorfoldgico
de la evolucién tectbénica y sedimentaria de esta parte del continente.

En cada una de estas regiones es posible distinguir caracteristicas pro
pias que obedecen a la particularidad de su evolucidn estructural, a la
mecdnica de las deformaciones ocurridas, a la secuencia estratigrdafica
y asociacion de rocas; consecuencia de 1o cual, cada zona presenta ac-
tualmente una disposicidon de cuencas y subcuencas sedimentarias de edad,
extensi6n y profundidad diferentes. (Véase Figura Ho. 1).

En el Ecuador existen diversos tipos de cuencas, distribuidas sobre todo

en el Litoral (Costa Adentro y Costa Afuera) y en la Regién Amaz6nica
(Cuadros Nos. 1 y 2). Sus caracteristicas generales son las siguientes:

1.1 Reqidn Litoral.

Esta reaibn estd constituida por una serie de cusncas costaneras que se
extienden al oeste de la Cordillera Occidental, tanto al norts como al
sur de 1a Cordillera Chonadn-Colonche.

las cuencas (o subcuencas, segin la escala regional que se adopte como
referencia) sententrionales son las de Esmeraldas y !'znabf, separadas

de l1a plataforma submarina por el arco cordillerano que forma las monta-
fnas de Jama y Cuaque. Se trata de depdsitos cretdcices, parcialmante
erosionados y recubiertos por transgresiones de terrenos terciarios, frac
turados por fallas verticales contempdraneas de los movimientos andi-
nos. tstudios recientes, desarrollados por CEPE han permitido de-
tectar profundidades de hasta 9.000 metros, en la subcuenca Manab{

54

Copyright © National Academy of Sciences. All rights reserved.


http://www.nap.edu/catalog.php?record_id=19259

Workshop on the Utilization of Coal as an Alternative to Petroleum Fuels in the Andean Region: Volume II: Contributed Papers

http://lwww.nap.edu/catalog.php?record_id

19259

FIGURA N° 1

de
sLaye ﬂl\h

Geleg
=

0J41DVd  ONV320

<
3

ﬂ':t"

-

-a72

-

3
>

-

Civiricrw g ion

MAPA GEOLOGICO SIMPLIFICADO

.4 000000

ESC.

55

Copyright © National Academy of Sciences. All rights reserved.


http://www.nap.edu/catalog.php?record_id=19259

Workshop on the Utilization of Coal as an Alternative to Petroleum Fuels in the Andean Region: Volume II: Contributed Papers
http://lwww.nap.edu/catalog.php?record_id=19259

Al sur de la Cordillera de Chongén-Colonche (provincias de Guayas y El
Oro) se encuentra una zona de sedimentacion profunda y subsidente que
se extiendé hasta la Sierra de Amotape, en el Peri, y comprende 1las
Cuencas Progreso'y Talara, asi como la zona alta de Santa Elena y 1la
plataforma continental del Golfo de Guayaquil.

Esta regi6n estd atravesada por fallas tectdnicas de grandes dimensio-
nes, ligadas a la colisién de 1a placa ocednica, las mismas que han
ejercido un rol importante en el desarrollo estructural de esta zona,
particularmente en la conformacidon de la Isla Pund y el Canal de Jambe-
11. En el &rea del Golfo de Guayaquil, la cuenca Progreso alcanza
12.000 metros de profundidad.

En cuanto a la estratigrafia, la serie comprende un basamento o zécalo
de "rocas verdes" (doleritas, basaltos) y ag1omérados piroclasticos de
espesor no determinado. Excepcicnalmente afloran esquistos, cuarcitas
y anfibolitas. Las rocas verdes constituyen el 1lamado Complejo Pifién,
del cretdcico inferior, gereral en toda la Costa y sobre el cual reposa
una serie de sedimentos cretdcicos y terciarios detrfticos, de arenis-
cas y arcillas, localmente intercaladas por calizas arrecifales. La
nomenclatura y extensidon de las formaciones es sumamente variable, se-
gin se trate de la regidn norte o sur del Litoral (Cuadro 1).

1.2 Reqidn Amazbnica.

E1 Oriente Ecuatoriano forma parte de la cadena de cuencas que sucesi-

vamente se desarrollan desde Verezuela hasta Bolivia entre la Cordille-
ra de 1os Andes y el Cratdn Guayano-Brasilefio. Estd 1imitada al ceste

por la (C.rdillera Real, contrala cual se arriman algunos levantamientos
que corresponden a las Cordillzras de Cutuci y del Céndor y al Domo An-
ticlinal de Napo. Al este, la cusnca se eleva paulatinamente cerrando-
se contra un lavantamiento del zdcalo cenominado Saliente de Vaupss y

manteniéndose bastante sucerficial en la zona de Tiputini.
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La parte norte se continda en Colombia, entrechdndose, en la regién pe-
trolifera de Orito, en tanto que al sur se abre hasta el Perd. Una zo-
na alta orientada_ENE-NSN entre Vuano y Cononaco separa una subcuenca
septentrional, en donde se ubican las principales estructuras hidrocar-
buriferas, de otra meridional mds profunda y menos tectonizada.

Varios ejes estructurales atraviesan la cuenca en su parte mds subsiden
te, controlados generalmente por fallas submeridionales, ligadas a la
fase laramidica.

La serie sedimentaria comprende terrenos que van del Paleozéico al Me-
sozofco y Cenozdico. (VEase Cuadro No. 2).

E1 término mds antiguo de 1a cuenca es la Formacién Pumbuiza (Devonia-

no), compuesta 1itoldgicamente de esquistos grafiticos y areniscas cuar-
‘citicas. Reposa discordante sobre la anterior la Formacién Macuma (Car
- bonifero) constituida por lutitas, calizas y areniscas.

La Formacidén Santiago, datada en parte del Lidsico (Jurdsico inferior),
transgresiva sobre la anterior, se compone de calizas, areniscas y ar-
cillolitas.

Una discordancia mayor la separa la Formacién Chapiza (Jurdsico medio a

superior), caracterizada por depGsitos continentales con intercalacicnes
marinas, comportando en su parte superior un miembro de elementos piro-

clasticos violdceos (Misahualli), con lavas y tobas andesiticas y basdl-
ticas. /

En transgresidn y ligeramente discordante se desarrolla la serie creté-
cica, representada por un tiérmino inferior continental y 1litoral, la
Formaci6n Hollin, compuesta por areniscas blancas, masivas o en bancos
pctentes, de grano mal clasificado pero limpio, a menudo de aspectos sa-
caroide y estratificacion cruzada con intercalaciones de lutita. E1 tér
mino superior cretdcico constituye la Formacion Napo, de origen marino y
deltdico, compuesta por una alternancia de areniscas, calizas y lutitas.
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Esta formacién representa la parte marginal de un conjunto sedimentario
mas completo. y subsidente, desarrollado sobre todo en el Peri.

Las formaciones Hollin y Napo contienen los intervalos detriticos que
constituyen tanto la roca madre como los reservorios hidrocarburiferos
de la Regi6n Amaz6nica. Estas formaciones estdn recubiertas por terre-
nos predominantemente continentales, corresnondientes a las Formaciones
Tena, Tiyuyacu, Orteguaza, Arajuno, etc., desarrolladas luego de una fa
se de .epirogénesis precursora de paroxismo andino.

1.3 Regién Andina.

Los Andes Ecuatorianos forman dos Cordilleras mayores, separadas por un
corredor (o altiplano) interandino. La Cordillera Occidental es 1la
nrolonnaci6n natural de la de Colombia. La Cordillera Real pertenece a
la misma unidad que la Central del vecino pais, la Corcillera Oriental
se presenta como elevaciones anticlinales y se encuentra en la zona sub
andina, sus caracteres geograficos, como la sancillez de su estilo tec-
ténico, la relacionan mds con la Reqién Oriental.

En la parte septentrional, entre los paralelos 1° Ny 2°30' S, Los Andes
ofrecen su aspecto mds esquematico. Comprende dos cordilleras bien di-
bujadas y coronadas por imponentes aparatos volcdnicos cuaternarios o
actuales.

La Cordillera Real verdadera columna vertebral de Los Andes Ecuatorianos,
estd constituida por rocas metamérficas, separado del corredor interan
dino oor fallas, sobre las que se edific6 wuna alineacifn de volcanes jo-
venes. La edad de la serie metamérfica es todavia insequra y parece va-
riar seain los sectores; en alaunos sitios el metamorfismo remontaria a
principios del I'esozdico.

La Cordillera Occidental comprende esencialrmante rocas cretdceas, en las
que dominan formaciones volcdnicas y niroclésticas. Se observa también,
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intrusiones qranodioriticas postcretdcicas. Excepcionalmente en los ejes
anticlinales  asoman esquistos semi-metamérficos.

Entre las dos cadenas, el corredor, con una altura media de 2.500 a
3.000 m constituye una manera de zanj6n o "Graben" que no ha seguido el
movimiento ascendente de las cordilleras vecinas. ‘

La historia Terciaria estd marcada por alqunos depdsitos continentales y
productos volcanicos, dificilmente estudiables.en esta parte, debido al
enorme manto formado por los productos volcdnicos cuaternarios y sus de-
rivados.

En la parte meridional al S del paralelo 2°30' S, Los Andes Ecuatorianos
ofrecen un estilo muy distinto. La regién de Cuenca hace transicién, y
permite reconocer todavia las dos cordilleras, separadas por una hoya
bastante clara. Pero hacia el S, las cadenas se dividen y divergen en
un amplio abanico, a la vez morfoldgico y estructural, cuyo- ejes son to
davfa N-S en la parte oriental, pero casi E-0, en 1a vecindad de 1la
Costa.

En varios puntos de Los Andes meridionales, asoman nicleos de esquistos
semi-metamorficos de edad incierta.

E1 cretdceo marino y su fase pirocldstica se expanden y colincan con las
series metamérficas.

En cuencas mas elevadas, por ejemplo alrededor de !alacatos, Loja, Girén,
Nabon, Cuenca, Azoques, Biblidn, se formaron lagos reogénicos cuyos dep6-
sitos han sido plegados tardiamente. Se observan también en toda la zo-
na, aparatos volcdnicos desmantelados, aue corresponden al Terciario (so-
bre todo PTicceno) y Pleistoceno. Pero es notable gue.no existe ninguna
manifestacidn volcdnica holocénica en el S del fcuador.
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2. PRINCIPALES MANIFESTACIONES CARBONIFERAS DEL ECUADOR.

A través del estudio de la geologia general del Pafs, y de trabajos de
prospecci6n minera, se han determinado la presencia de numerosas mani-
festaciones carboniferas, las mismas que han sido estudiadas en mayor o
menor grado. En este sentido, las manifestaciones carboniferas han si-
do clasificadas en yacimientos, al que corresponden las acumulaciones de
carb6n, mejor estudiadas y depdsitos, que comprenden las acumulaciones o
manifestaciones en proceso de evaluacién y andlisis.

2.1 Yacimientos Carboniferos.

Los yacimientos de carbdn mineral conocidos, se localizan a 1o largo de
1a depresifn interandina, entre las cordilleras predominantes de Los An
des. Los yacimientos importantes en el actual momento estdn localiza-
dos en el Austro del Pais, especialmente en las provincias .de Canar y
Loja; dep6sitos que corresponden al Cenozdico.

Los depdsitos estdn altamente perturbados y la calidad de carbén va de
sub-bituminoso a lignito.

Existen manifestaciones interesantes en la Regidn Amazénica y en menor
grado en el Litoral.

2.1.1 Yacimientos Carboniferos de Azogues - Biblian.

Las vetas de carbdn de esta localidad, se encuentran ubicadas en la sec
ci6n mds alta de la cuenca sedimaentaria terciaria (zdad mioceno). Se
presentan dentro de alternancias de tobas de grano arueso, conteniendo

bancos de areniscas y arcillas pizarrosas obscuras.

Las vetas estan distribuidas en un espesor de 500 m. El piso y el Te-
cho de cada veta es en la mayoria de los casos de arcilla pizarrosa.
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Los depésitos explotables se encuentran al Oeste del Cerro Cojitambo, en
una franja de 1 km de ancho por 20 km de longitud, con direcci6én Norte -
Sur.

Los horizontes carboniferos de esta zona se los denomina Vashington y
Canari, en los cuales cuatro capas corresponden al primero y una capa
principal al segundo, afloran una de otra a una distancia de 500 a 700
metros, paralelas entre si, con buzamientos que oscilan de 60° a 85° ha-
cia el Oeste y en algunos casos hacia el Este, por dislocaciones de ca-
rdcter local; sus potencias varfan de 0.45 a 1.00 m en el grupo Vashing-
ton y 0.85 a 1.10 en el Cafari.

Las reservas probables calculadas para estos yacimientos oscilan en el
orden de los 22.5 millones de toneladas métricas (Véase Cuadro No 3), con
un poder calorifico de 4.880 a 5.500 kcal/kg y es tipificado desde sub-bi-
tuminoso a ' lignito, su calidad estd dada por los siguientes parametros:
humedad de 13 a 19%; voldtiles de 28 a 43%; carbdén (combustible) de 55 a
68%; cenizas del 15 al 30%; cenizas en el carbdn puro de 10 a 30%; azufre
de 3 a 7%. '

Las actividades de explotacidn en 1a actualidad se limitan al trabajo de
obreros que obtienen el carb6n de manera artesanal para el funcionamiento
de pequefias industrias y artesanias locales, principalmente caleras y
hornos de ladrillo.

2.1.2 Yacimiento Carbonifero de Loja.

En la cuenca de Loja, las capas de carbdn ocurren en la Formacidn San Ca
yetano (terciario superior), constituidas por intercalaciores de argili-
tas, lutitas y areniscas. Las cinco capas de carbdn existentes, se ex-
tienden con rumbo Norte-Sur y buzan entre los 20° y 85° al Este, separa-
dos de 3 a 10 metros entre sf, variando su potencia de 0.65 a 1.20 metros.

Las reservas calculadas como probables son del orden de 3.8 millones de
toneladas métricas (Véase Cuadro No. 4), con un poder calorifico medio de
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4,000 kcal/kg. Siendo tipificado como carbén sub-bituminoso C, su cali-
dad estd dada por los siguientes pardmetros: humedad 3 a 12%; ceniza de
8 a 48%; azufre de g a 11%.

2.1.3 Yacimiento Carbonifero de Malacatos.

La cuenca sedimentaria se encuentra al sur de Loja y toma el nombre del
pueblo de Malacatos.

Los sedimentos son de edad terciaria y tienen una alineaci6n aproximada
N-S y separadas por fallas de direcci6én Nor-Oeste, cubierta por gravas
jovenes. Tienen una inclinacidn que varia de 30° a 50° hacia el Este.
Las secuencias terciarias consisten en su parte baja de cldsticos, con-
glomerados, pizarras y arcillas; y en su parte alta, las capas de car-
b6n estdn intercaladas con pizarras, arcillas y areniscas.

Una gran parte del &rea central estd cubierta por conglomerados cuater-
narios.

E1 andlisis del carbén da los siguientes valores: humedad 1.2 a 7.5%;
contenido de ceniza 11.5 a 48.3%; azufre 2.9 a 9.9%; y, el poder calo-
rifico varfa de 2.342 a 5.033 kcal/kg y es similar al de Loja y estd
clasificado como sub-bituminoso C.

Las reservas probables calculadas para 5 capas de carbdn da un potencial
aproximado de 4.0 millones de toneladas (Véase Cuadro No. 5).

2.2 Depbsitos Carboniferos.

Se conoce de 1a presencia de aproximadarente 40 manifestaciones de car-
bén en todo el Pais (V&ase Anexo No 1), la mayoria de las cuales no han
sido suficientemente estudiadas; sin ewbargo, existen algunos trabajos

realizados por la Direccidn General de Geologia y Minas aque teniendo
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RESERVAS PROBABLES DE CARBON EN LA CUENCA DE LOJA

CUADRO N° 4

- PROMEDIO DEL ESPESOR
PROFUNDIDAD
VETA N° (m) DE LA VET?m?E CARBON RESERVAS
1 ‘ 300 1.09 240.000
2 . 300 1.00 240.000
4 300 1.10 924.000
5 300 0.80 672.000
6 300 0.80 504.000°
TOTAL 3'780.000
RESERVAS PROBABLES DE CARBON DE LOS DEPOSITOS DE MALACATOS
‘ CUADRO N° 5
ESPESOR PROMEDIO
VETA DE DE LA VETA | PESO ESPECIFICO RESERVAS DE CARBON
CARBON (m) t/m3 (TONELADAS METRICAS)
VETA 8 2.0 1.4 1'400.000
VETA 1 2.7 1.4 1'890.000
TOTAL 3'290.000
VETA "A"
VETA “B" 712.500
VETA "C"
TOTAL 4'002.329
66
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el cardcter de preliminar, han servido para elaborar un inventario de:
los principales dep6sitos carboniferos, entre los que se pueden citar:

2.2.1 Cuenca de Nabén (Provincia del Azuay).

Se trata de dos lentijas de carb6n brillante de poco espesor; 1a prime-

ra intercalada con arenisca arcillosa de grano fino, de edad terciaria,

pudiendo. reconocerse como cinta de carbén esquitosa de 0.10 a 0.20 me-

tros de potencia, cuya calidad estd dada por los siguientes parametros:

humedad 17.2%; ceniza 21.3%; voldtiles 34.7%, carbono s61ido 26.8%; 1la

segunda lentija se forma de un banco de 4 a 5 metros de espesor de ar-

cillas esquitosas carboniferas con intercalaciones de areniscas de gra

no grueso y lignito bandeado, con pardmetros que estdn dados por: hume-

dad 25.8%, ceniza 25.7%, se considera como explotable un estrato de 0.70
a 0.80 metros de potencia.

2.2.2 Cuenca "San Antonio" (Provincia de Pichincha).

Se localiza a 35 km al Norte de Quito, el yacimiento de lignito se halla
en el Pleistoceno, el techo y el lecho estdn formados de estratos fluvia
les y arenosos de grano fino, constando principalmente de cenizas volca-
nicas, socavadas con algunas bombas volcadnicas; la capa consta de wuna
lignita terrosa negra en forma de estratos delgados, con potencia de
2.30 a 2.60 m, con grandes cantidades de ceniza volcdnica y arena. Los
resultados de laboratorio son los siguientes: humedad 20.96%; voldtiles
28.86%; partes macizas 21.95%, cenizas 26.98%.

2.2.3 Cuenca de "El1 Derrumbo" (Provincia de Chimborazo).
Se localiza hacia el Oeste de la ciudad de Alausi, las formaciones geo-
16gicas del manto de carb6n consisten en capas de areniscas y arcillas

interestratificadas, que tienen un rumbo general Norte-Sur con marcadas
‘tendencias al Este.
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De una manera general, el horizonte carbonifero de "E1 Derrumbo", se en-
cuentra cubierto por una gruesa capa de toba cuaternaria.

E1 carb6n es brillante y de buena calidad, se presenta en franjas o mé-
dulos fraccionados. Todo el conjunto indica que se trata de un manto
carbonifero, con una franja de buen carbdn de 1 metro de espesor mids o
menos.

2.2.4 Cuenca "Oriental".

Son muy escasos los estudios geoldgicos 1levados a cabo en 1a Region Ama
z6nica, para la prospeccion y exploracion de yacimientos de carbdn. La
mayoria de los estudios han sido encaminados a la bisqueda de. petréleo.

En las formaciones sedimentarias del Oriente, se ha encontrado pequefios
“lentes o intercalaciones de carbén. Actualmente se estd tratando de dar
una correlacion a la presencia del carbdn en las diferentes formaciones,
gracias a los datos proporcionados por los diversos registros obtenidos
en las perforaciones petroleras, 1o cual dard una pauta para iniciar la

bisqueda de carbdn en los afloramientos de cada unidad.

Las manifestaciones mas significativas ocurren entre el cretacico y el
mioceno, en profundidades que alcanzan hasta los 12.000 pies; determinando-

se las siguientes estructuras carboniferas:

a) Formacién Arajuno (Mioceno Superior).

Se compone de areniscas y arenas de grano fino, hasta grueso de color

pardo; se presentan algunos conglomerados e intercalaciones discontinuas
de arcilla abigarrada. Es en la parte superior donde se presentan are-

nas predominantes, con algunos lignitos, arcillas ligniticas y vetas de

carbdn autéctono.
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E1 ambiente de depositacién es de agua dulce y en parte agua salobre,
aflora en el Rio Arajuno a 15 km al Sur-Este del pueblo de Napo.

b) Formacién Curara& (Mioceno Superior).

Se trata de una serie potente que comprende arcillas bien estratificadas,
de color verde, azul o rojizo, localmente yesosas, alternando con arenis-
cas de grano fino .a medio. Mezclas tobdceas, vetas de lignitoy arcillas
carbonosas negras son comunes en la parte superior.

La formacidn aflora a 1o largo del Rio Curaray, con buzamientos subho-
rizontales.

c) Formacién Chambira (Mioceno Superior).

Se conocen 3 niveles, el inferior con areniscas de grano medio a muy
" grueso, cominmente conglomerdticas con numersos horizontes de guijarros
de arcilla e intercalaciones delgadas de lutitas verde-azul, parcialmen-
te micdceas y arenosas con abundante restos de plantas; el nivel medio,
de areniscas tobdceas con magnetita dispersada y conglomerados interes-
tratificados con arcillas bentoniticas quebradizas con impresiones de ho-

jas, y el nivel superior, de capas de conglomerados bastos y de grava.
Esporddicamente, troncos lignitosos o silicificados se encuentran en la
formacion. '

d) Formacién Napo (Cretdceo Albiano - Santomiano).

Es una serie variable de calizas fosiliferas grises a negras, entremez-
cladas con areniscas calcdreas y abundantes lutitas negras y azules.

Dentro de las lutitas se presentan pequefias vetillas de carbdn brillante,
asi como lutitas carbonosas.
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e) Formacién Hollin (Cretdceo Inferior, Aptiano-Albiano).

Es una arenisca cuarzosa blanca, porosa; de grano medio a grueso, maciza
o con estratificacién cruzada, mostrando ocasionalmente ripple marks. A
veces hay capas guijarrosas delgadas e intercalaciones de lutitas areno-
sas obscuras, localmente micdceas y también de lutitas carbonosas negras
en su parte superior. En la parte superior se ha determinado la presencia
de capas de lignito con potencias de hasta 2 metros.

La caracteristica principal es la presencia de dmbar (resina fésil), con
tamanos que van de milimétricos, hasta del huevo de una gallina.
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ANEXO 3
IMPORTACIONES DE CARBON
(kg)

TIPO DE A 0 S

MINERAL 1979 1980 1981
Antracita 15.731 56.320 115.961
Coques, Semicoque
de hulla y Turba 1'240.000 197.582 1'200§700
Carbon de Retorta 124 4.975 96
Alquitrdn de Hulla 59.414 66.739 | 67.681
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REVIEW OF U.S. COAL MINING TECHNOLOGY FOR SMALL MINES:
APPLICABILITY TO THE COAL DEPOSITS OF THE ANDEAN REGION

by
DR. TONY SZWILSKI, P.E.

Writtbn for presentation at Cooperative Workshop
on the Utilization of coal as an alternative to
Petroleum Fuels in the Andean Region

June 24-28, 1985
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TITULO: TECNOLOGIA DE MINAS PEQUENAS DE CARBON:

APLICABILIDAD DE LOS YACIMIENTOS DE CARBON
DE LA REGION ANDINA.

OBJEETIVO:

PRESENTAR LA TECNOLOGI!A DE MINERIA QUE SE
PUEDE APLICAR A LAS MINAS PEQUENAS DE LA
REGION ANDINA.

CONSIDERAR LOS FACTORES TECNICOS VARIABLES
DE LOS MANTOS DE CARBON Y SU INFLUENCIA AL
SISTEMA MINERO, SELECCIONADO PARA CONDICIONES
GEOLOGICAS ESPECIFICAS.

UTILIZAR LAS EXPERIENCIAS DE LAS MINAS
CARBONIFERAS EN LAS MONTANAS DE APPALACHIA
(EE.UU).

EXAMINAR LAS CIFRAS DE COSTOS Y PRODUCTIVIDAD
DEL SISTEMA MINERO DE CAMARA Y PILARES (ROOM
AND PILLAR). '

CONSIDERAR LA APLIOABILIDAD DE VARIOS SISTEMAS
DE MINAS CARBONIFERAS DE LA REGION ANDINA.
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MINABILIDAD DE LOS MANTOS DE CARBON LOS FACTORES
INDEPENDIENTES PRINCIPALES:

e PENDIENTE DEL MANTO DE CARBON

® ALTURA (POTENCIA) DEL MENTO (Y VARIABILIDAD)
CONTINUIDAD Y TAMANO DE LAS RESERVAS DE CARBON
PROFUNDIDAD DE LOS MANTOS
COMPETENCIA DEL PISO
CANTIDAD DE LIBERACION DEL METANO
DUREZA DEL CARBON
PRESENCIA DEL AGUA
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FACTORES PRINCIPALES DE DISENO

e TAMANO DE LOS PILARES
e ANCHURA DE LAS GALERIAS

e PORCENTAJE (RENDIMIENTO)
DE EXTRACCION DEL CARBON

e LARGO DEL CORTE (AVANCE) DE
LA MAQUINA (CONTINUOUS MINER)
DURANTE LA EXTRACCION DE
CARBON
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OPTIMA PRODUCCION DE LA MAQUINARIA
DEPENDE:

® ALTURA (POTENCIA) DEL MANTO

e DUREZA DEL CARBON

e WETAS DE ROCA UBICADAS EN EL
MENTO MISMO

e AVANCE PERMITIDO DE LA MAQUINA
MINERA ANTES DE COLOCAR LOS
PERNOS

e HABILADAD DE LOS OPERADORES

LA PRODUCCION MAXIMA CON CONDICIONES
IDEALES:

e 1800 MT POR TURNO
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COSTS OF PRINCIPAL MINING EQUIPMENT FOR
ONE UNIT OPERATION (PURCHASED IN U.S.):

CONTINUOUS MINING UNIT
Cost, $
e 1x CONTINUOUS MINER 550,000
e 3 x SHUTTLE CARS (3 x $135,000) 405,000
e ROOF BOLTER 150,000
e FEEDER BREAKER ' 80,000
e LOAD CENTRE (1000 KVA) 50,000

TOTAL  $1,235,000

CONVENTIONAL MINING UNIT
(BLASTING FROM SOLID COAL)

Cost, $
e 3 x BATTERY SCOOPS (3 x $105,000) 315,000
e BATTERIES/CHARGER (3 x $20,000) 60,000
e ROOF BOLTER 150,000
e FEEDER BREAKER 80,000
e LOAD CENTRE 50,000

TOTAL $655,000
Note:
These figures do not include site preparation, installation and
ancillary equipment costs.
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MINAS DE ANTRACITA EN LAS MONTANAS DE
APPALACHIA:

e PROFUNDIDAD DE LOS MANTOS:
61 A 305 METROS

e POTENCIA DE LOS MANTOS:
0.6 A 6.1 METROS

o ANCHURA DE LAS GALERIAS:
2.4 A3 METROS

e AVANCE DEL CORTE (PRODUCCION):
2.4 A3 METROS

e PRODUCTIVIDAD: 50 A 250 MT POR TURNO
e MINEROS: 3A4
SOPORTE DE MADERA (NO HAYS PERNOS)

FACTORES QUE INFLUYE LA EFﬁCIENCIA DE
EXTRACCION (CARBON):

e RESERVAS DE CARBON Y PROBABILIDAD
DE EXTRACCION

o CONDICIONES GEOLOGICAS: POTENCIA
DE LOS MANTOS

e CAPACIDAD Y MOTIVACION DE LOS
OPERADORES (MINEROS)

Copyright © National Academy of Seiences. All rights reserved.
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JATUNHUASI COAL DEPOSIT (simplified )
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INTRODUCTION

The paper will focus on the state of the art coal mining technology
and systems in small medium sized underground mines, andé}he possible
application to the coal deposits of the Andean Region. J brief review
will also be made of surface mining of coal deposits.

Obviously, the mining conditions in the ‘Andean Region is a lot different
from those of the Appalachian Mountains. The Andean Region has sub-
stantial deposits of Lignite, Bituminous and Anthracite coal but the
geological conditions have made the coal deposits discontinuous and
generally difficult to mine, especially by mechanized methods. WhQreas,
the Appalachian mountains has good quality bituminous coal that is
relatively easy to mine, with 2 metre thick and flat coal seams being
typical. Figure 1 shows the location of coal deposits in the United
States and the Appalachian Mountain Region in particular. The coal

of Eastern Kentucky has an average calorific value of 13,540 Btu;
Sulfur 1.2%; Ash 8.9%.

Although the geological and economic condition of the Andean Region
are generally considerably different than those of the Appalachian
Region, there are many practical mining operational experiences that
may be of.benefit to the miners of the Andean Region. Unquestionably,
the mings and geologists of the Andean Region are the experts of their
mining conditions and as such, are in the best position to evaluate
and decide on the applicability of outside technology and systems-

for their coal mines.

The Room and Pillar mining method is the most productive and popular
mining method in the Appalachian Region; both continuous mining
machines and blasting/loading methods (Conventional) are used.
However, mechanized Room and Pillar mining is suitable only for coal
seams of inclination less than 20°. Mechanized mining operations
will be described for bituminous coal seams of thickness 0.76 metres
to 3.05 metres.

Anthracite is also mined in Northern Pennsylvania, see Figure 1. The
traditional methods used to mine the steep coal seams are outlined in
the case study section.
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CHAPTER I
MINEABILITY OF COAL SEAMS

Before a mining method is chosen the mining variables, associated
with the coal seam to be developed, must be examined. -

The principal independent mining variables are:

Dip of coal seam

Seam height (and variability)

Continuity and size of coal reserves

Depth of coal seam

Competence of floor

Degree of methane liberation

Hardness of coal seam (rank)

Presence of water

Many of these mining variables are interrelated combine to define
the MINEABILITY of a coal seam. For example, the hardness of coal,
presence of water and degree methane liberation are often a function
of the depth of coal seam. Also, free running water may directly or
indirectly affect the competence of the roof and floor rocks. 1In
choosing a production system and mining equipment all these factors
must be considered in the design detailsk.

Principal Design Features

® Pillar Sizes

widths (span) of entries

Percentage recovery (retreating?)

Roof support techniques

- Depth of cut.

The depth of cut, for example, together with the height and width,
affects the loading and hauling efficiency of the coal production
system. The height of cut is dependent on the coal seam height,
and the width of cut is a function of the competence of the roof.

CLASSIFICATION OF INDEPENDENT MINING VARIABLES
HEIGHT OF COAL SEAM |
- less than 1.0m
- 1.0 to 1.4m
- 1.4 to 2.5m
2.5 to 4.6m
greater than 4.6m
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FLOOR QUALITY

- Excellent: smooth, hard dry with grades less than 1k%

- Good: smooth, soft, dry, grades < 3%; possibilty of floor
heave; cautious mining operations required to maintain _
competence of floor 'i?

- Fair: soft, damp; may interfere with equipment operation,
requiring use of four wheel drive shuttle cars, floor ruts
with regular use, grades 5 to 7% occasional steep rolls.

- Poor: soft, wet; requires floor pads to support equipment;

grades > 7%; frequent steep rolls.

ROOF QUALITY

- Excellent: No roof falls; no roof support required during
initial production cycle.

- Good: No roof falls, bolting pattern 1.2m x 1.2m or 1.5m x 1l.5m
required, with bolt lengths < coal seam height; use of wooden
posts, without bolts on 1.2m x 1.2m or 1.5m x 1l.5m pattern.

- Average: Occassional roof falls: > seam height £ 2m; also
a good roof that is difficult to drill.

- Fair: Frequent spot bolting in addition to the regular bolt
pattern required; shorter or narrower cuts required.

- Poor: Roof fall certain without cave support; combination of

bolts, crossbars, posts; yielding supports; truss-type support.

DEPTH OF COAL SEAM

- Shallow: < 60m ‘

- Moderate-shallow: 90 to 120m
- Moderate: 135 to 270 m

Deep: 240 to 900m

Very Deep: > 1,000m

HARDNESS OF COAL SEAM

- Soft: Easily cut by confinuous miner; can use plow for longwall.

- Average: Easily cut by miner; use shearer for longwall.

- Hard: Difficult cutting for miner unless the lacing (pattern),
angles and sharpness of bits are well maintained; slower cutting

rate.
- Very Hard: Significant thickness of rock partings; barely cut

by miner.
' 90
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DEGREE OF METHANE LIBERATION

None: No methane detected.
Low: No methane build up at the coal face even with minimum

ventilation requirements. L
Moderate: Curtains maintained tight; tubing close to face without
these precautions the methane concentration may increase to 1l%.
High: Methane concentration will increase to 1% if miner is
operated at the normal rate, even with correct ventilation
precautions.

PRESENCE OF WATER

A

Dry:

Damp: Floor damp, no standing water.

Wet: Water collects in pools to depths of < 0.3m (0 to 0.15m for
coal seams < lm); runs to or from coal face.

Flooded: Water collects > -0.3m depth.

production system now can be chosen that best suites the mining

conditions or variables.

Example: A continuous miner would require the following minimum

mining conditions to be able to operate well:

SEAM HEIGHT: 1.4 to 2.5m

FLOOR QUALITY: Good, less than 10%
ROOF QUALITY: Fair

DEPTH OF COAL SEAM: 90 to 120m
HARDNESS OF COAL SEAM: Hard*
DEGREE OF METHANE LIBERATION: Low
PRESENCE OF WATER: Dry

*

A HARD coal seam gives greater coal recovery as coal pillars can be
small. However, of less importance, coal is more difficult to cut
by machine.
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Mining Variables
MINING METHOD Depth,Metres Dip Thickness;Metres
Room and Pillar _
e Conventional + 700 +15° 1-6
e Continuous +» 800 »18° 0.7=5
Shortwall ~ 850 +10° 1.8-3.5
Longwall
e advance » 1500 0-70° 0.5-4
® Retreat + 850
Hydraulic * 8-90° | 2.5 + b
- Open Stopes * 45-90° *

* Insufficient practical data to determine limits of mining coal seams.

Transport System Dip
Rope Haulage @ Direct Rope 10-90°
e Endless/Main 0-90°
and tail
Locomotives (special) g°
Rubber Tired Equipment 0-15°
Cat Track Equipment 0-28°
Belt Conveyors 0-18°
Hydraulic Conveyors 8-90°

PRINCIPAL MINING VARIABLES THAT DETERMINE THE APPLICABILITY OF
MECHANIZED COAL MINING METHODS TO COAL SEAMS.
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GRADE

% Degrees

6 34

8 4.6
10 5.7
12 6.9
14 8.1
16 9.2
18 . 104
20 11.5
25 14.5
31 ‘ 18.0
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COAL MINE DEVELOPMENT .
Assuming that the coal property to be developed is suitable for
mining, there are a few initial considerations that need-ip be
taken into account prior to opening the mine. —

Location of Portal

The selection of the portal site is influenced by:

e method of access

e method of mine ventilation

e type of haulage system

@ life of the coal mine
The portal area should be free of the danger of flooding (low
areas) and be close to the center of the coal properties, to be
mined, minimizing the costs of power distribution, ventilation,
water drainage and coal haulage. The portal should be as near as
possible to highways and coal transportation terminals.

Type of Portal

The type of mine entrance depends on access to and size, shape number
and depth of coal seams.
The three main types are:

e drift

e shaft .

® slope 4
The drift is the most convenient for mining purposes, but is
limited to outcropping coal seams. The drift would be especially
suitable for small underground operations working in small or
irregular coal deposits.
The vertical shaft provides the least length of portal from the
surface to the coal seam, minimizing the materials required for
linings and equipping the shaft. Shafts are particularly advantageous
for mine ventilation. (See Figure 2)
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Cost Per Town
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FIGURE 2
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CHAPTER II: ROM AND PILLAR MINING

CONTINUOUS MINING

Initial Coal Mine Development

DRIFT MINE - -

The DRIFT MINE is the simplest and most economical mining method.
There are over 2,000 small mining operations that are typically
family owned having one unit (one mining machine/section).

MULTIPLE ENTRIES are developed from the coal outcrop inbye to the
other end of the property line. The number of entries depends on
the ventilation requirements of the mine.

Generally, three entries are developed into the coal seam. At

about 60 to 70 metres inbye extra entries are added.

A barrier pillar (of coal) is left between the outcrop (hillside)
and the MAIN ENTRIES. Therefore, a small number of entries (in this
case three) developed so that the overlying rocks are not disturbed.

main entnes

|

This procedure is outlined in greater detail in the CASE STUDIES that
are presented later in the report. (Chapter III)
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o ROOF BOLTER

=g
é@  CONTINVOUS HINER
=

“SHUTTLE (AR

Now you will see the basic operations of continuous mining. Ouring the
continuous mining procedures, only three types of equipment are needed--
the conitinuous miner, which rips the coal from the face and the shuttle
cars which haul the coal to the main haulage system. After the continuous
miner finishes the face cut and moves to a new face, it is followed by
the roof bolter. The roof bolting operation that takes place in
continuous mining is the same operation you have already seen take place
in conventional mining.

After framing to the face, the continuous miner enters into the face on
the left, and mines the coal which is then brought back to a shuttle car.

917
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Then the roof bolter must come in to provide
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From the main entries, panel entries are developed. Barrier pillars

are usually left between the working sections. The room and pillars
are developed and the coal pillars extracted in a followi&é operation.

A system of BLEEDER entries are left around the perimeter;of the

working panels. The bleeders allow the waste gas products from the
waste/gob areas to filter out of the mine through the return air entries.
The typical mine layout is shown in Figure 3.
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Figure 3 SHAFTS

. Pittsburgh block room-and-pillar slicing system

The WIDTH OF ENTRIES generally vary between 5 to 6.1 metres. The
Mines Safety and Health Administration (MSHA) prohibits entries wider

than 6.1 metres, from rock mechanics principles, the wider the entries,
the less stable the roof.

Advance/Retreat Mining

Whether a coal mine can retreat i.e. extract the coal pillars, depends
on whether surface subsidence can be permited.

As the working sections (panels) are advanced/developed about 40 to 50%
of the coal is extracted.
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If retreating is allowed, the extraction of the coal pillars yields

a recovery of 70 to 85%.

Figure 4 shows the development of the MAIN ENTRIES using};.continuous

mining machine.

Continuous Miner

s I SRRV N [ SV R P
Figure 4 J l" —1A, -z ° 2 N

Typical five-heading development plan

Figure 5 shows the room and pillar working section (panels) that are
developed (turned-off) from the main entries.

Fiqgure § Typical room development section for room-and-
pillar mining.

Figure 6 shows the continuous miner extracting the coal pillars in the

RETREAT OPERATION.
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pular mining.

METHODS OF RETREAT MINING

There are numerous methods of coal pillar extraction (retreat). FigLre 7
gives some examples of these methods.

Continuous Mining Machine (Miner).

The most recent cost figures obtained from Joy Manufacturing for
continuous mining equipment, 3rd May 1985.

e 15CM Continuous Miner $550,000 o Feeder Breaker $80,000
® 21SC2 Shuttle Car $135,000 e Load Centre (1000 KV) $50,000
® RBD-8 Roof Bolter $150,000

Table 1 gives a list of specifications for various continuous miners.
Table 1. Comparative Specifications for Continuous Mining Machines

Chesse Hegnt. Cutting Hewght Oversit Lengtn Chassis Wiath, Cutting-eac

Model Wewgnt. &g (1D) mm (in.) Range. mm (i) m(m) m () wha. m (M) ¢
“10'MC 20400 451000 60 e 760-1220 (30-48) 69 N 0 200 0.6 308 (0.0
1200 38000 160.000) 70 @ 970-°960 :38-78) 10.03 (329 276 (9.0) 338472 (11018 8)
120M 43000 (95.000) 940.990 (37. M 1190-2340 (47-82) 1005 100 256 0.9) 32939 (108150
120m 46000 (102.000 nrn (68) 1420-2050 (56-120) 290 20 268 (0.7 W IST (108150
120mA $9100 (120.400) 1520 (] 1780-2970 (70-117) 1018 (3 & 217 ) 320487 (108-18.0)
11CM-1A 8000 180.000 610 3 1070-2290 (42-90) 10.49 (34 &) 291 (8 3.2 on
11CM-24 37200 (62.200) 910 38) 1170-2480 (48-90) 1088 (34 &) 251 8.)) 2 1o
120m3 41000 (60.000) 910, 1020 (8 L] 1170-2030 (46-120) 1000 (320 299 083 329472 (108159
12CMa 43000 (96.0000 127 1520-2000 (80-144) 1000 (328 297 (97%) 3.20-472 (108-159)
12CMS 38000 180.0000 910. 2030 m o 1170-2050 (48-120) 10.00 2.6 268 (0.0) 262308 (8800
12CM1 38700 (87 00 910, 1020 (38. 40y 1170-2000 (48-144) 10.00 (32.8 299 8.9 120472 (108159)
14CM3 38000 176.000) 000 28 090-1830 (357D 9284 226 283 (9.) 338 o
14Cms 38000 178.000 940 @9 0901830 (357D 99¢ (26 283 (%) 33 (1o
14CMS 35000 76.000 990. 760 (27 X0 940-2290 ()5-90) . . 30 (s
T1CM 29200 62 3000 360 122) 6101630 (32-72) . c219 (1D 263308 (8681000
12veMs 46000 (102.000: 1120 (se) 1370-2000 (54-144) 102¢ (3N 24 000 2% (X 1]
CMm248 24000 (32000 610 12¢) 090-1370 (34-54) 9248 N 7 2% () 308 on
CM288 30000 66 000 IAL] (v 1) 970-1900 (38-78) 1003 (3N 206 00 3.08 (0.0
Cm29s¢ 30000 66 000! 70 (28) 970-1990 (38-78) 1003 (329 208 80 R X ) (100
28S 31000 68 000y 790 (&1 10401930 (41-76) 9209 (324 312108 32 110 7%
306 37000 (82.000 70 (& _J] 1220-2970 (68-117) 1008 (331 227 2¢amn (60 M)
108 38500 .83.000 70 38 1220-2070 (48-121) 1008 (30 28 0% 29 1968)
[ )L ] 39500 87 000) 1200 (2] 1500-3580 (59-141) 10.13 (33 248 (00 2% 968
4y 44000 (97 000! 1380 (33) 1000-3250 (63-128) 1073 A% 202 06 318 1103
rorelCd 48000 (102 000: 1760 o 2030-4270 (00-168) 1069 (35" 208 86 312 0 2%
000L° 39400 168 000: 970 138 1220-2440 (48-96) 1012 332, 20 0 0 33 110
080> 39600 1687 «00! 1300 N 1950-2440 (61-98) 1012 2. 208 OO 33 Mo
01N $0000 110 000 1100 43 1350-2660 (53-144) 1018 1333 299 8% 2% (]l
%0128 4$000 (100 000! 1300 (1 1]] 1950-3660 (61144 1021 S 28 e 299 L]
Mara 200y ¢80 26 760-1270 (J0-50) 732 240 22 0% Vangdie Varaoe

* AMining machines $O desiGnated are operated only by SORC
* Cuthing-neaa wid:ns are specitied tor S1ngIe-Dass ODEranons
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e

Pillar extraction on a 0.78 rad (45°) angle.
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| MASONRY STOPPING
=~ CANVAS STOPPING
<= STOPPING PARTIALLY OUT
{ UNE BRATTICE
=== TRACK OR BELT
—w== DIRECTION OF AIR FLOW
3€ LOADING STATION

Pillar extraction on a flat rib line.
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AREA BOLTED e POSTS
ACCORDING
TO PLAN 8 YIELDING JACKS
Detail sequence of extraction of a block of coal
by the pocket-and-wing system.
L2060
2 came
Detail sequence of mining a
pillar by the open-end system. in-
stead of cribs, many mines employ
Lg clusters of posts or muitiple rows
&5 x o
.r.
; Y
6m
{2011;
No. § No. 6 No.7 No.8 No.9
105 rad
11X\ (0%,
6m
{20f1;] No.e No. 3 No. 2 No. 1
e 3M 6m 6m
_‘{_ (10") (20#1) {20 1) (‘IOR)
6m
‘7”‘ No 10 \ No.11 \ No.12 \ No.13 \ No 14
X
.

X ana Y are remaining stumps of coal

Typical plan for the extraction of a piilar,

Figure 7 (b)
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Coal Seam Heights

Most of the mines in the United States operate in the range 0.89 to
6.1 metres. Seam heights above 3.66 metres require MULTIPLE PASSES.
In Eastern Kentucky some success has been achieved in lowcoal seams
of about 0.76m, especially with hard floors. Mining thiﬁVlow coal
seams continues to be a large problem in Eastern Kentucky as billions
of tons of coal reserves are in thin coal seams.

Width of Entries (coal face).

The continuous miner can mine narrow entries of 3.3 to 4.7m, in a
single pass. This is usually done in areas of bad roof conditions.
The majority of the mines use continuous mining machines with cuttir-
head widths of 2.4 to 3.4 m. Multiple passes are made to mine the
coal face of 4.9 to 6.7m width.

Machine cutting and Loading

Maximum machine production rates dependson:
e SEAM HEIGHT
e HARDNESS OF COAL
e DIRT (ROCK) BANDS

DEPTH OF PENETRATION (SUMP)

OPERATORS SKILL

G

(]

Maximum coal production rates have been measured at up to 13.6 to
18.1 mt/min.

Typically the continuous miner will mine a total of 1% hours in an
8 hour shift i.e. about 19% of the available time. Under ideal
conditions, a continuous mining section has produced over 1800mt
per shift (one machine). But this is under ideal conditions as
the average production is much lower.

However, in order to assure a high average production 'PEAK PRODUCTION
RATES OF AT LEAST TWICE THE REQUIRED AVERAGE' must be attained.
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Table 2. Specification for a Continuous Miner.

Maintenance

Time Cost due to broken down machines results in lost coal production.
Additionally, there is the cost of the replacement parts. This would
be of particular importance in the Andean Region, where the transportion
and parts cost will be significantly higher. Table 3 gives an outline
of the maintenance history of a continuous miner.

Maintenance History, Miner No. 1375

Shifts worked 207 Date purchased 5-01-73
Tonnage produced 31,528 First rebuild 7-18.77
Second rebuild  9-12.79

Hr Hr
Date of Dewn- Repair Cost of
Service time Time Repair  Part No. Description of Part

1-05-80 3.00 400 $ 4115 11723 Cutterhcad motor

1-15-80 0.75 0.75 138 07663  Methane monitor
1-27-80 0.50 1.00 178 01856 Tram pump

2-13-80 2.75 2.00 205 11754  Cutter head drive shaft
2.29.80 18.00 25.00 14,903 11700 - Complete cutterhead
2-29-80 1.00 1.67 171 02333 Power pack

3-07-80 4.50 3.50 588 01823 Tram motor

3-15-80 4.00 4.50 4294 11723 Cutterhead motor
Total

through

3-15-80 3450 4242 $24,592

Cost per ton ® $ 0.78/ton

® Metric equivalent: 1 ot X 0907184 7=t¢.

Table 3
105

Copyright © National Academy of Sciences. All rights reserved.


http://www.nap.edu/catalog.php?record_id=19259

Workshop on the Utilization of Coal as an Alternative to Petroleum Fuels in the Andean Region: Volume II: Contributed Papers
http://www.nap.edu/catalog.php?record_id=19259

Size of Coal Produced

The size of coal produced by the continuous mining machine can have
an effect on the conveyance and coal preparation (cleaning) costs.
Also, the machining of coal tends to produce a greater volume of

dust. Table 4 gives a Screen-size analysis of the run-of-mine coal
produced, after being mined by a continuous miner.

Screen-Size Analyses of Material Taken by Continuous Mining Machines

Chasn-tesd Miner Rotery-Orum Miner Rotary-Orum Miner- Aotary-Orum Mener Convennonal Sechon- Conventiona Seam
2.1 m (7 m Pins 2.1 m (7 M) Pins 1370 mm (34 = ) Cosar 1350 mm (33 ) 1370 mm (34 ) 122010 1370 mm (48 t0 S
Screen Sige. . Seam. % Seam. % Grove Seam. % Ciwiton Seam. % Warsived Seam. % Oorothy Seem. %
.ol 290 7 12 . ” 170
2x 20 13 14 114 ] 170
1.2 180 2 1?2 18 17 190
1238 60 [ ] 13 1) [ [ X]
20« Ve 70 0 9 0 s .0
e « 18 100 14 129 s (X} 120
9% 10 £} 2.7 83 (X} 6o
S0 » 100 10 2 26 7 (X 8
1000 1.9 3 @2 (X} oe 1T
Totale 100.0 100 100 100.0 100.0 100.0

* ARl percentsges are Dy weight. SCreens are US Sianderd sCreens wiih round SCTeen 00eMmngs. TOLal Sverege SOMDIe WS 1@ UNANOWN.

Table 4

106

Copyright © National Academy of Sciences. All rights reserved.


http://www.nap.edu/catalog.php?record_id=19259

Workshop on the Utilization of Coal as an Alternative to Petroleum Fuels in the Andean Region: Volume II: Contributed Papers
http://lwww.nap.edu/catalog.php?record_id=19259

CONVENTIONAL MINING

The conventional (traditional) mine layout and development is very
similar to the continuous mining system. However, the CONVENTIONAL
MINING SYSTEM ulitizes a larger number of entries; as shown in

Figure 8 .
R Skid !‘
y L.,
s To
Loading and hauli iables i
conventional mm‘in.ing pl.:n m:. ::’n '::. Wim& oawa” ?f
quence of seven entry plan. l MI LOA00 i
= T
t =
!
2
!'"(g' - - l
Figure 8 ﬁgé

Figure 8 also shows the principal operations of conventional mining:
o CUTTING
e DRILLING (COAL)
o BLASTING
¢ LOADING
e BOLTING

As there are five distinct mining operations a2 minimum of five entries
is required. However, to 10 entries are preferable.

CUTTING

An undercutting machine cuts a 12.7 to 17.8 cm slot at the bottom of

the coal. The slot provides a free face for the blast, as shown in
Figure 8 .
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Cut-and-drili hole patterns used

The cuts, by the universal (chain saw) cutter are generally 2.4 to

3.0m deep.

DRILLING and BLASTING

Figure 9 shows the drill hole pattern for thick and thin coal seams.

Blasting is carried out either by chemical explosives or compressed air.

COMPARING THE CONTINUOUS AND CONVENTIONAL ROOM AND PILLAR OPERATION

Both continuous and conventional mining systems can be very productive

when th operations are organized well and the mine management and

miners are motivated.

The conventional (blasting) method usually has an advantage in hard

coal seams, such as anthracite.

Also,

in thin cocal seams where the

height clearance is too small for a continuous miner.
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G
MINING PROCEDURE FOR CONVENTIONAL ROOM AND PILLAR MININ

Often the face drilling operation is done by a hand-held drill operating
off the cutter. Face drills, 1ike the one shown here, are also used.

o ROOF BUTING
*  UNDERCUTTING
o DRILING

o SHOOTING
*  LOADING
o ROOF BOLTING

You will now see the movements of conventional mining machines and
operators. The normal sequence of movement is: roof bolting; under-
cutting; drilling; shooting; loading; and roof bolting. Again, remember
that the drawings are not to scale, but are intended to give you a clear
picture of mining operations.
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e

Here you see each of five entries or faces being worked simultaneously by
the various pieces of equipment. Actual entries are much narrower, but
in order to clearly show the operations in a coal mine, we have drawn
them a 1ittle wider. Let's give each face being worked a number. The
numbers get higher as you go from left to right--that means the first
entry on the left is entry number one. You will see that the equipment
moves in a.fixed order from right to left, or from a higher numbered
entry to a lower numbered one. ‘

e
.@é-:.v‘
¥ e, I
e e

The roof bolter goes first. . . .
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Followed by the cutting machine . . . .

Followed by the face drill . . . .
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The loader and shuttle cars. :
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The roof has been supported. Here you see the undercutter getting in

position into the face after tramming (moving along). The undercutter
is then positioned to cut. Its force cuts the face from right to left
as it moves into the face. The undercutter cuts the face square up to
the corner, moves the equipment out of the fice, and is ready to tram

to a new face to repeat the entire procedure.

After the undercutting is completed, the holes for blasting must be
drilled. Holes are drilled in special patterns in order to control the
way in which the coal falls after it is blasted. There are various
patterns used for drilling depending on the hardness of the coal and
other characteristics, such as the width of the face, height of seam,
and type of explosive used.
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The holes are now ready to receive the charges for blasting. In the
shooting operation, the operator first measures how deep the hole is.
In our example, there are six holes. The permissible explosives and
electric detonators are loaded and stemmed into the first high hole,
then the second hole, third hole, fourth hole, fifth hole, and sixth
hole. For other blasting patterns, there may be a different number o
holes. Wires from the charges are connected. )

The wire is then unreeled to a safe position far enough away from the
holes, connected to the blasting machine and the rest of the crew is
warned about the coming explosion. The warning “"fire in the hole" is

shouted.
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The charges are then set off, blowing the coal from the face. Because of
the drilling pattern used, the coal is blown down and not, for example,
blasted out of the working place into the crosscut.

Now the amount of methane over the “"shot” coal must be tested at the
level of the ceiling not less than within 12 inches of roof face and rib.
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The next operation is loading the coal in order to remove it to the outside.
After the loader has been trammed to the face, it is positioned into the
“shot" coal. The operator of the loading machine can not go inby the roof
supports. The gathering arms of the loading machine move the coal onto a
conveyor, which is part of the loading machine, then into a shuttle car.
The shuttle car carries the coal to either a mine car or conveyor.

ROOF BOLTER

Now there has been a new working area created. The roof must be supported
first. Before bolting is done, temporary roof supports are put in place.
These are either timbers or metal jacks and are placed according to a
definite plan.
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Once the temporary supports are in place according to the plan, the roof
is bolted.

First the roof bolter enters the new working area and tests the roof.

He scales the roof, sets the first post, and tests for methane. He
continues to reposition and drill and bolt, each time testing and
scaling the roof. Temporary supports are not removed until bolts are in

place.
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Figure 10 shows the 'estimated available percentage of conventional

and continuocus equipment' for different coal seam heights. It indicates
that the continuous mining machine is more efficient approaching a

coal seam height of 2 metres. This diagram gives just a_éeneral
estimation, as operation efficiency largely depends on the mining
conditions and operator skill. -

Table 5 shows the comparison of changes in productivity, from 1969

to 1974, for conventional and continuous room and pillar mining. From
1974 to 1985 there has been a overall decline in coal mine productivity
in the United States. Much of this decline can be attributed to

the increasing introduction of safety regulations and the changing
behavior and motivation of the workers. Unions also have an influence
on mine productivity. Generally, the well organized mine with motivated
personnel has a higher productivity and safety record.

Productivity of Conventional and Continuous Room-end-Pillar Mines (Tons per Unit Shift)

Seam Tons (st) per Unit Shift
Thickness, m No. of -
(n) ° Mines 1969 1970 197 1972 1973 1974
1.1 22 215 179 250 24 210
@ s 256 237 197 276 288 =2
111014 338 o7 272 257 242 215
2-54 27 a70 339 300 283 267 a7
“:w"‘m 141018 470 a7 482 ass 384 s
on 54-72 29 518 438 509 g 390 3%
18t 2.1 408 n 384 368 138 u
72-84 9 450 4 401 «a 369 mn
1.1 243 187 161 229 29 - =]
@ [} 268 208 178 252 264 257
1.1t01.4 n 261 253 249 28 7
@2-54 K<) 308 268 279 274 262 250
141018 389 327 2% 287 276 269
Contir $4-T2 @ «07 360 2 316 304 297
section 181021 349 37 307 307 304 269
72-84 2 ass 349 338 339 s 297
211024 395 65 4s3 ) $13 490
8498 7 45 $13 499 520 568 540
241030 S44 490 470 18 443 as?
96-120 3 600 $40 519 459 88 S04
Table 5
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Mine Personnel
Table 6 gives an outline of the recommended mine personnel for a
conventional and continuous mining unit.

Minimum Recommended Organization for ?yp;eal

"

Room-and-Plllar Coal Mine
Conventional Hourly Payroil/Section Salary
Cutting machine operator 1 Section foreman 1
Coal drill operator 1
Shot fireman 1
Roof boit operator 2
Loading machine operator 1
Shuttie car operator 3
Utility man 3
14
* Total 15
Continuous Hourly Psyroll/Section Salary
Continuous miner operator 1 Section foreman 1
Roof boit operator 2
Shuttie car operator 3
Utility man 3
Maintenance man _ _i
1"
Total 12
Other Hourly Payroll People Needed/Shift Selary
Timberman 2-10 Assistant general
Block mason 2-10 mine foreman 1
Beitman 1/deit Fire bosses 1
Beit controller 1 Clerks (average) 1
Pumper 24 Surveyor (average) 1
Chief electrician 1 Maintenance
_ Supervisors
Where track is used:
Trackman 2-8
Locomotive operator 12
Dispatcher 1
Hoist engineer 1
Table 6

Table 7 shows the classification of various jobs in an underground
mine that gives an indication of the order of pay scale.
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Underground Mining Job Classifications

All classitications within one group receive the same rate of
pay. lE.qh pay classification is further subdivided into job
tities which are not shown. The number of job tities within
each classification varies from 1 (for continuous mingsopera-
tors and for lirst class weiders) up to 73 (for unskilled

laborers). |
6  Continuous mining machine operator
Electrician
Mechanic
Fireboss :

Longwall machine operator
Welder, first class

S  Cutting machine operator
Oispatcher
Loading machine operator
Machine operator heiper
Ingide repairman and weider
Roof doiter

4  Driller. coal
Shooter
Precision mason constructor
Faceman
Oumper

3 ;l"otorman

uttie car operator
Beitman

Bonder

Brakeman
Bratticeman

General inside laborer
Electrician heiper
Mason

Mechanic heiper
Pumper
Timberman
Trackman
Wireman

1 Laborer-unskilied

Table 7

Mine Productivity
Table 8§ gives an outline of the estimated productivity for conventional

and continuous mining units for COAL SEAM THICKNESS 1.2, 1.5, and 1.8

metres.
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Estimated Productivity for Conventional vs. Continuous Mining,

12, 1.5, and 1.8-m (48, 60, and 72-in.) Seam Height

Production Data Conventionsl Continuous Conventional Continuous Conventionsl Continuous
Sesm hesght. m (in ) 12(48) 1.2(48) 1.5(60) 1.5(60) 1.8
. . . .8(72) 1.8(72)
mg:: o: place. m (i) 6.1(20) 6.1(20) 6.1(20) 6.1(20) 6.1(20) 6.1(20)
T of cut. m (f) 2.4 (8) S.4(18) 24 (8) S.4(18) 24 (8) S.4(18)
ons per cut. t (st) 23 (28) s3 (S8) 29 (32) 65 (72) 34 (d9) 78 (88)
Cuts per smit 20 8.7 20 83 18 8.2
Tons per shift 4 as4 s81 44 817 63s
Short tons per shift 512 $00 640 600 680 700
Work minutes per shift 400 400 400 400 400 400
Face Crew
Continuous miner -— 1 -— 1 - 1
Loading machine 2 1 1 1 2 1
Shuttie cars 2 2 2 2 2 2
Cutting machine 2 -— 2 - 2 -
Onit 1 -— 1 -— 1 -
Shooting 1 - 1 - 1 -
Roof boit machine 2 2 2 2 2 2
Totasl face crew 10 [ 10 T -N-)' —0-
Man Minutes per Cut*
Continuous miner - 310 - 3.0 - 335
Loading machine 0.0 310 0.0 330 340 1
Shuttle cars 30.0 620 0.0 8.0 .340 670
Cutting 30.0 — 30.0 - 3s.0 -
Ornilling 13.0 - 13.0 - 15.0 -
Shooting 170 -— 17.0 - 200 -
Roof doiting 30.0 720 30.0 720 0.0 78.6
Totsl man minutes 150.0 | 1960 150.0 2040 168.0 2096
per cut*® ’
Man minutes per shift
at the face* 3000 1700 3000 1700 3024 1720
Man minutes per
Ton 532 e 3.07 4.28 2.59 4.01 1
Short ton* 588 . .38 4.69 2868 4.42 3_34
Tons per manshift 48.4 75.8 $8.1 90.7 1.7 1058
Short tons per manshift' 51.2 83.3 64.0 100.0 68.0 116.6
° Workung st the face: does not inciude moving or delays. Tabl& 8

1 Short tons per 8-hr manshift.
$Go0d mining conditions suitable for either conventionsl or ContiNuOus.

Although these estimated production figures show a distinct bias
towards the continuous mining method, especially in the thicker coal
seams, they have been determined for a specific set of fixed mining
conditions (parameters).

Many of the operation parameters such as advance of continuous miner
(sump) and bolting are governed by MSHA regulations.

Profit Factor
The business factors may change in each country. But the principal
factor can be generally considered to be MAXIMISING PROFITS for a
private company. Therefore two important factors to consider are:
® SELLING PRICE
¢ PRODUCTION
¢ EMPLOYMENT
® MINING COSTS
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DETERMINING MINING COSTS

It is the intention of this report to present information that may
be of use for-the coal mines of the Andean Region. There is not
much use in giving splendid illustrations of sophisticated mining
equipment and methods which bear no relation to the scale of mining
that is anticipated for the Andean Region.

This report will present an outline of costs for a unit operation

in the mountains of Kentucky. Although the geological conditions
are dissimilar the mining in the mountains in Eastern Kentucky and
_the Andean Region have many things in common. 1In both areas, the
principal aim is to maximize productivity based on limited resources.
In this case the principal resources of LABOR and MATERIALS/SUPPLIES
are different in magnitude of cost and availability.

PLANNING a coal mine venture requires an estimation of mine costs.f
The behavior and nature of the costs are very similar from mine tos
mine, but will differ in magnitude depending on the location of the
mine and supply of the labor and materials.

PRODUCTION COSTS FOR A ONE UNIT (MACHINE) COAL MINE

The following is an outline of the costs for a small-one unit coal
mine in Eastern Kentucky. Although the cost of materials and labor
will be considerably different, the nature and behavior of the costs
should be similar, for the same type of mining operation.
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Obviously, the largest difference between the United States and
the Andean Region are:

Labor Cost Material Cost
United States High Low/Medium
Labor Cost Low High

Therefore, when choosing a mining system for the coal deposits

of the Andean Region, obviously different criteria must be used
than those of the United States. A low labor cost would favor

conventional mining.

- Until now, only the basic mining operation parameters have been
considered. Later in the report, mine costs and mine case studies
will be discussed.
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TABLE. OUTLINE OF COSTS FOR A SMALL COAL MINE IN EASTERN KENTUCKY

ITEM

COST

COMMENTS

Roof bolts

Wood supports
Roof drill bits
Roof bolt steel
Cutter bits
Coal drill bits

Coal drill augers
Blasting Powder

Blasting cable
Blasting Caps
_Rock dust
Brattice Cloth
Stoppings

Conveyor belt and
Structure

High voltage cable
Water lines

Water lines

Grease

0il

Telephone cable
and hangers

Repairs &
Maintenance

Cable splices
Welding
Shovels, picks
Fuel: FEL
Miscellaneous

$4 per assembly
$0.21/ft advance
$4.60 each
$30/month

$3 each

$7.50 each

$30 per month

$52/case of 68
sticks of TOVEX

$0.40 per metre
$410 per 500
$§0.05 per Kg
$20 per day
$1 per block
$100 per metre

$20 per metre
$7 per metre

$5 each

$10 per day
$1.7 per litre
$20 per break .

$300 per day

$40 per day
$50 per day
$7,000 per year
$9 per hour
$5,000 per year
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For thin coal:one bolt/ft of advance
2 rows x 2 headings(belt & escapeway)
3 per 10ft advance (sharpened twice)

160 per month

30 per month (bituminous coal)
with dirt bands

3 sticks per hole: 0.76 seam(4 holes)

10.91m, 1.07m, 1.22m (5 holes)

122 metres per week
one per hole _
6.4 Kg of rock dust per ton of coal
Guide for ventilation

1 block per 0.lm® of entry

Rubber belt

o

4160 volts
7.6m Diam: 6.4m sections
couplings; Average $8.20 per metre

36 litres per day

Break is the distance between
cross-cuts

Includes cable replacement
Includes rods; Oz; acetylene
Also hammers, axes, pliers
Fuel for

Road maintenance etc.
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CHAPTER II1
CASE STUDIES
MINE A: CONTINUOUS MINING AND DIESEL HAULAGE (REPLACING
CONVENTIONAL MINING) by
Location: UTAH
Topography: Flat
Overburden: eUpper Cretaceous

®60 percent Sandstone
0 40 percent Shales
¢30.5 to 46 metres deep
Coal Seam: ¢ Bituminous, 3.66 metres (12 ft) thick
¢ Rock parting 0.3 metres
¢ 12,000 BTU; 1% Sulfur; 8% thick
® Steam market quality
¢ Inclination (grade) ~ 2% (average)
Roof Bolting: 1.2 to 1.8 metres long (into sandstone)
e Spacing 1.5 metres |
e Resin bolts
Floor: ® Fire clay (dry)
Seam Conditions: s Methane free
' o Above drainage (dry)
Mine Access: ® Three (3) entries driven from the outcrop

At 76 metres, two additional entries developed.

outcrop
portal —
-
4~ Wi
4
plan g
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At 76 + 244 metres (320) seven (7) main entries were turned at
right angles to initial entries.

Entry Width: * 6 metres
e Centers 21 metres
e Pillar size = 21 - 6 = 15 metres

Coal Extraction: As shown in Figure 11, the room and pillar system
is developed to the property boundary. The coal is then taken on
a RETREAT SYSTEM, extracting five (5) pillars at a time.

CONVENTIONAL MINING SYSTEM

The mine had earlier been mining using the conventional system
of cutting, blasting and loading. Then it decided to switch to
continuous mining.

Conventional Equipment

Joy 15 RU cutter

Schroeder coal drill

Wagner LHD loaders

Lee Norse roof bolter
. Stamler feeder breaker

John Deere tractor-diesel
42 inch (1.07m) panel conveyor belt

R i

Coal Production: 500 raw tons (metric) per shift

» 364 clean tons (metric) per shift
1S

Unit Personnel: 9 miners

Coal Haulage: A diesel Teletrain hauls coal from the loader
to the feeder breaker; a maximum haul distance of 152 metres.
The panel conveyor belt is advanced every fifth cross cut (107 metres)

CONTINUOUS MINING SYSTEM

Mining Equipment

1 Marietta drum miner

2 Wagner Teletrains-diesel

1 Lee-Norse roof bolter

1 Stamler feeder breaker

42 inch (1.07 metres) panel belt conveyor
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Coal Production: ¢ 272 mt (raw) per shift INITIAL STAGES
e 820 mt (raw) per shift is planned
with gained experience.

Unit Personnel: 9 miners

o
General: Coal production on two (2) shifts is.ﬁianned.
. The third shift will bé used for maintenance and utility work.
The run of mine coal is conveyed to a grizzly chute and crusher.
The 4 x 0 coal is then stockpiled and then fed to a vibrating

feeder and jig plant (rated capacity 136 mt). The coal is hauled
by truck to a rail siding

e
— g0ooobie

000000000 0088 O DO00EC
2000000000000 0000000 8:
O 00000000C
2000000t puoutoD 0000 DE
00000GOAAPOLc000000 0oat -
Figure 11
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MINE B. CONTINUOUS MINING AND SHUTTLE CAR HAULAGE
Location: Eastern Kentucky ’
Topography: Mountains
Overburden: ¢ Shale and sandstone

e Varying depth

Bituminous
1l to 1.3 metres thick

Coal Seam:

°
e Undulates; no severe grades

Roof Bolting: e Mechanical bolts (in shale)
® 0.9 metres long
® Spacing 1.2 metres

Floor: ¢ Fireclay (dry)

Mine Access: Five (5) drift (in-seam) entries are developed

from the outcrop. At 82 metres an additional entry (6) is developed.

82 metves —»
e

MO;" ¢vr(r;¢$

portal

These main entries are advanced a further 472 metres before sub-mains
are developed at right angles. ‘Production room and pillar operations
are developed inbye from these sub-mains.

Entry Width: ¢ 5.5 metres
¢ Centres 18.3 metres -
e Pillar size = 18.3 - 5.5 = 12.8 m

A 30.5 metre barrier is left between the production section. See
Figure 12.

Continuous Mining Equipment

Jeffrey 170L, or Lee Norse 265 continuous miner
Joy 21SC Shuttle cars

Galis 300 roof bolter

Stamler feeder

Elkhorn battery-powered scoop

= =N

Power center

36 inch (0.9m) panel conveyor belt
129
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Coal Production: ® 420 mt (raw) per shift 1
® 260 mt (cean) per shift

Unit Personnel: 10 miners i

Coal Haulage: Coal is hauled from the miner to the.feeder
breaker a maximum haul distance of 128 metres. The belt

conveyor is advanced every two to three crosscuts (36 to 54 metres)
coal, produced on 2 shifts per day (1 shift maintenance and utility
work), is conveyed out of the mine to a 155 mt truck bin, outside
the portal (entrance). Coal is then hauled away by 25 mt trucks.

100 metTes

Figure 12
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MINE C:

Location:
Topography:

Overburden:

Coal Seam:

Roof Bolting:

Floor:

Mine.Access:

CONVENTIONAL MINING: 'SHOOTING OFF THE SOLID'

Eastern Kentucky

,“'l,.'_,l TY ’

Mountainous

Shales, sandstones

Varying depth, up to 275 metres
Bituminous

1.62 to 2.79 metres in thickness
Shale parting, 0.3 metres thick in lower half
of seam.

Inclination up to 2.5 percent
Metallurgical grade

Mechanical bolts, shale roof
Length 1.8 metres

Hard Shale (dry)

Four (4) entries are developed from the coal

outcrop. 61 metres inby, an additional two entries are developed,
for a total of 6.
At about the 500 metre point, rooms and pillar operations are

branched off in 7 entries on 21 metre centres. (see figure 13).

Entry width:

The six (6) entries are advance 1,000 metres.

5.5 metres
Centres. 21 metres
Pillar size = 21-5.5 = 15.5 metres

Conventional Mining Equipment
(Shooting from the SOLID)

Schroader coal drill
Elkhorn AR-75 scoops
ACME roof bolters

MSA rock duster

Rectifiers, 480 v.

1
4
2
1 S&S feeder breaker
1
2
3

6 inch (0.9m) panel belt conveyor

Ccal Production: 910 mt (raw) per shift
* 580 mt (clean) per shift
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Unit Personnel: 11l miners

Coal Haulage: Battery-powered scoops transport coal.?rom the
miner to the feeder breaker, to a maximum distance of 12} metres.
The panel belt conveyor is advanced over 3 cross-cuts {q? metres) .
The coal is conveyed to a 273 mt bin, outside the portai, and then
by truck to a cleaning plant.

4

|
=
O
o
]
1

'..
MENEDI = QO 000N QC

'fl,q
Q
0

Figure 13
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MINE D. CONVENTIONAL MINING USING BATTERY OPERATED SCOOP

LOCATION: WEST VIRGINIA
. TOPOGRAPHY: Mountains
COAL SEAM: 01.5 to 1.7 metres
e Bituminous
e Grindability No. 38
® Inclination (grade) 1k%
Floor: Fireclay
Entry Width: 6.1 metres (all entries)
- Mains entry centres: 18m x 18m
Production room and pillar centres: 15m x 15m; 12m x 12m

Equipment:
3 x S&S 488 Battery Scoop
Joy 15 RU cutting machine
320 Galis Roof Bolter
Hand held hydraulic (2700 litres/min) drills

Cost gf Equipment (in U.S.)
Battery Scoop = $105,000
3 sets of batteries = $20,000
TOTAL = $125,000

Coal Production: 1310 mt per shift
Unit Personnel: 12 miners (including forman)

Mining System: This conventional system is unique and highly productive.
The coal (hard) is drilled by hand-held hydraulic drills. The cut

or advance is 3.4 metres (average 3 metres), drilling 5 holes: 3 in

a centre wedge and one on each of the sides on 100 ms delay.

3 scoops are used; 2 for transport to the feeder breaker, 1 for

clean up. The scoops tend to spill a lot of coal and West Virginia

law requires a clean working area. The scoop hauled a maximum distance
of 200 metres.3 scoops would cost 3 x $125,000=$375,000. Three
batteries are required due to time required for charging and cooling.
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Although this mine had a maximum inclination of 1%%, the scoops
have been used successfully up to 25%.

Two unit scoop sections was used in another mine. The mine was
older and had been previously worked, also the general
geological conditions were worse than the very successfull one-unit

scoop operation. The productivity for this two unit operation
averaged 50 mt per man shift, mining on two shifts.

The hand held drills were about to be replaced by drills mounted
on the scoop, to make the hard drilling work easier.

Best Productivity seems to be attained by working:
e ONE UNIT OPERATION
e ONE SHIFT PER DAY
¢ ONE TEAM OF MINERS
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CHAPTER IV

ANTHRACITE MINING IN APPALACHIAN MOUNTAINS

The principal system of mining the steep anthracite deposits is room
(gallery) and pillar. Most of the mining is carried out;ﬁn a small
scale and relies on traditional methods that have not chéﬁged much
over 100 years. The following gives a summary of the anéhracite
mining:

Depth of mining: 61 to 305 metres

Thickness of seam: 0.6 to 6.1 metres

Width of entry (gallery): 2.4 to 3 metres

Depth of cut (blast): 2.4 to 3 metres

Production: 50 to 250 mt per shift

Mine Personnel: 3 to 4

Support: Timbers (no bolting)

General Comments: The principal mining procedure is that of forming
rooms by drilling and blasting from the solid coal. Productivity of
the mines depends on: .

e Coal reserves and availability

e Mining conditions: thickness of coal seam

e Skill and motivation of miners
Typically 3 to 4 miners will work one shift per day. The lowest and
highest productivity has been recorded at about 50 and 250 mt
respectively. The thickness of coal seams (veins) tend to change
ie in the same seam. Where the anthracite coal is more friable,
and the coal reserves justify it, sub-level caving has been tried.
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PROP SETTING IN PITCHING SEAMS

PROP SETTING IN FLAT BEDS
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STEEP SEAM MINING

For moderately dipping seams mechanized mining can be carried cut
by turning off production workings at an apparant dip. .

slope

-
”

mechanizad mining

Yoe

For Steeper Coal Seams.

The face transport is basically by gravity via sheet iron. The main
entries are driven along or near strike in order to minimize the
angle of dip.

For most of the mining systems, in steep coal seams, the coal is
either hand-loaded or organized such that the majority of the coal
falls down the chute, immediately upon blasting from the solid.
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Shakers in Adjacent places

System A. Retreat Mining
The System A is very similar to the longwall retreat mining layout,
which may be an attractive option for mining in the deeper coal seams.
However, the main drawback is the stability of multiple entries in
deep seams. Single entry development would be a better proposition.
This system may also lend itself to backfilling; to avoid subsidence.
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Face transport system
for a Retreat Mining System
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. System B. Advance Mining
System B shows the entry development and production layout for an
advance system. This system would probably be a better choice than
System A (retreat) for DEEP COAL SEAMS. That is, in deep mines efforts
are usually made to minimize entry development (ahead of production)

Shee?t iron I
'

4
’

when mined in-seam because there are likely to be more unstable in -
time. Advance mining is also better for CASH FLOW.

System C. Room and Pillar Mining

System C shows a Room and Pillar system that relies on hand-filled
loading and chain conveyor face haulage.
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System D. Slant-Chute

System D outline a slant-chute system that has been used for thick
coal seams.

Other Systems

Tapping Mining System
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Thin Seam Mining-Continuous Mining with a Bridge Conveyor
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CHAP*R V

APPLICABILITY OF MECHANIZED MINING METHODS TO THE ANDEAN REGION

@ JATUNHUASI COAL FIELD (PERU)

Although the Jatunhuasi coal field is not necessarily typical of the
Andean Region coal deposits, it will be a useful exercisé'to describe
the mining conditions and then discuss possible applicqtgans of
various mechanized mining methods. TF

A report 1 gives a detailed account of the mining conditions of

JATUNHUASI and possible methods of coal extraction. The centre of
the Junhuasi cynclinal basin consists of a series of sandy shales,
fine grained sandstones and limestones (up to 300m thick). Below
lies 50m to 75m of massive sandstones often including thick red
shale and one/two interbedded sandstones.

Mining Variables

OVERBURDEN teUp to 1100m limestones; 75m sandstones
COAL SEAMS teThickness 0.5 to 0.95m (av 0.7m)
e Subbituminous

®6,000-7,000 KCAL/Kg
eAsh 9 to 16%; Sulfur 0.6 to 2.5%
‘ e Inclination 24° to 33° (av 30°)
ROOF CONDITIONS te Thick sandstones (xy seam)
e Sandstones indulates displacing the top coal
e Competent (hard)
FLOOR CONDITIONS :e Similar to roof, grading to sandy-shale in places.

e Competent (hard)

Samp
1 Report on Jatunhuasi Mining Methods Investigation by Cerro Corporation
1970.
148

Copyright © National Academy of Sciences. All rights reserved.


http://www.nap.edu/catalog.php?record_id=19259

Workshop on the Utilization of Coal as an Alternative to Petroleum Fuels in the Andean Region: Volume II: Contributed Papers
http://lwww.nap.edu/catalog.php?record_id=19259

THE SELECTION OF MINING METHOD will depend on:
e Scale of mining (coal demand)
e Mechanization vs Non-mechanization
e Caving vs Non-caving

This discussion will focus on the latter two points ie the supply
rather than the Demand characteristic.

Mechanization vs Non-Mechanization

The factors to consider are:
e Ability of machines to perform in mining conditions
e Productivity: machines/labor intensity

The principal mining variables for the Jatunhuasi coal field are:
o Inclined shallow coal beds
® Level (or near) deeper beds
e Soft coal
® Good roof

Mobile mining machines such as shuttle cars, scoops require a grade
of not greater than 20% (12°).

The actual continuous miner and loading machine can mine on grades
up to about 25°, although a limit of 15° is more practical. As

the Jatunhuasi coal seams incline up to 33° it is quite feasible

to mine on an apparant dip. The main entries being developed along
strike. R

However, considering the LIMITED RESOURCES and generally ample

SKILLED LABOR, and probably small seale mining, the Andean Region

will probably not be preoccupied with mechanizing the mines. This
would call for high initial capital, replacement parts and maintenance
programs.

Caving vs Non-Caving methods.

N
3

As quoted in the Cerro de Pasco report, caving may NOT be an
attractive propositicn due to:

e Hard roof

® Possibility of fracturing water bearing MACHAY LIMESTONES.
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ROOM and PILLAR mining may then be a suitable method. Assuming
CONVENTIONAL MINING (higher labor intensive) the following limits
apply: . -
® Depth ¥ 700 metres
e Dip ¥ 15°
® Coal thickness 1.0 to 6 metres
(Jatunhuasi 0.5 to 0.95m)
Probably the limiting factor.

Unfortunately, as in many coalfields, the shallow seams are steep
and the deep coal is more level.

Also, the coal being soft/friable (subbituminous) will not produce
strong coal pillars in the deeper cocal. Thus, if backfilling is

not used (to prevent caving) coal recovery (percentage) will be low.
Mines in Eastern Kentucky mine coal, with the Room and Pillar system,
in level and 2 metre coal seams to 800 metres under the ridge of
the mountain. The coal pillars are generally retreated. l

LONGWALL MINING was suggested in the Cerro de Pasco report as being
an attractive alternative: However, backfilling, to PREVENT CAVING,
would be used. The longwall system would be suitable in the deeper
and inclined coal seams. A fully mechanized longwall unit, of face
length 150 metres would cost in the order of $6 million. This scale
of investment would require:

® large seale (high production/mining)

® large, continuous coal reserves

e high capital investment <

e coal seam thickness greater than 1.0 metre .

Subsequently, mechanized longwall will NOT BE SUITABLE FOR Jatunhuasi
specifically and probably in the Andean Region in general.

However, there may be a case for a less mechanized mining system.
Similar to Longwall Mining, especially in the deeper deposits.

MINING IN DEEP COAL DEPOSITS

The principal problem is the decreasing stability of the main entries
over time. The U.S. system of MULTIPLE ENTRIES has a significant
disadvantage in deeper coal, whereas a SINGLE (or even two entries)
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system would be far more stable. Also, developing multiple main
entries is usually costly. : )

THE SHORTWALL MINING SYSTEM uses a combination of:

e Longwall layout; length 50 to 60m

e Continuous cutting machine
The shortwall system requires better roof conditions than the longwall
mining system.
Therefore, single entry, labor intensive, shortwall system may be
suitable for the deeper, more level coal seams. Mining the coal with
HYDRAULIC PICKS is another alternative.

HYDRAULIC MINING is a possiblity for:

® Coal seam dips 8° to 90°

® Soft-Medium hard coal.

o Thickness, generally 2.5 metres plus.
The Jatunhuasi coal field has goodéroof and floor conditions, but,
probably the coal is too thin. Also, most hydraulic methods involve
caving. (see Appendix C)

UNDERGROUND AUGERING is probably more suitable for the thicker,
steep, anthracite deposits of the Andean Region. Also, there is a
lack of actual case studies,of full scale underground auger mining,
to be able to draw any definite conclusions on applicability of auger
mining (see Appendix B).
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APPENDIX A: FRENCH METHOD OF MINING VERTICAL COAL SEAMS

STARTING A NEW SLICE WITH VERTICAL MINERS
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THE DRESSMATIC MINER
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THE  A.N.F.  MINER
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“DRESMATIC” MINER FOR THINNER VERTICAL SEAMS
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APPENDIX B. UNDERGROUND AUGERING OF STEEP COAL SEAMS

I. CONTINUOUS BORING MACHINE AND 0.61 METRE AUGERS IN STEEP
ANTHRACITE COAL

The United States Bureau of Mines produced a report (No.%§759) in

1966 on the use of a boring machine in a 10 metre thick Anthracite
coal seam; inclined 15° to 45°. However, the boring machine could
not mine on an inclination greater than.lso (27%).

Entries (gangway) were driven with the continuous borer. Ventilation
openings between the entries were developed by a large (0.61lm)
diameter auger (described later). The blocks of coal between the
entries were mined by the long-hole (blasting) method. Conveyors}
were used to transport the mined coal.

See the Figure .

As the boring machine competely filled the circular entry advance
support could not be used. As such, a lot of ground control difficulties
were encountered.

e Average Productivity Rate = 18 mt per man-shift
The boring machine- is prototype equipment and would be too
unreliable for the needs of the Andean Region.
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Development, Method of Mining and Deploying Equipment.

Cross Section A-B of Figure 2, Showing Coalbed and Relative Position of Rock
Gangway Haulage, Rock Slope, Cross Tunnels, Coal Gangways, and Auger Holes.
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A Rotating boring elements G Hydraulic motor, water spray pump

B Cutter chain

C Chain-bar elevating jacks
D Gear case

E Head elevating jacks

F Crawier treads

H Head tilting jacks

I Control panel

J Hydraulic tramming motors
K Boom elevating jack

L Boom swing jacks

Continuous Borer Assembly.
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M Discharge conveyor

N Hydraulic pumps

O Power takeoff

P Main motor

Q Hydraulic conveyor motor
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II. HI-REAM AUGER SYSTEM

A more recent mining development (by USBM) involves the use of the
surface mining auger technology to underground coal sgéms.
The two principal uses are: ~E
® Mine out prepared panels of coal at low cost and high
recovery rates. '
® Secondary mining or to excavate coal from remnant pillars.

This system is very promising and involves relatively simple
mining technology.

Removing more coal per hole s purpose of back-reaming square: hydtaulically before withdrawing. Bags inflated by awr pressure
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