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Introduction to Coal Mining

Coal is one of the world’s most important resources of energy, fuelling
almost 40% of electricity worldwide. In many countries this figure is much higher:
Poland relies on coal for over 94 % of its electricity; South Africa for 92%; China
for 77%; and Australia for 76%. Coal has been the world’s fastest growing energy

source in recent years—faster than gas, oil, nuclear, hydro and renewable.
1. What is Coal?

Coal is a fossil fuel, which is a combustible, sedimentary, organic rock, and
it is composed mainly of carbon, hydrogen and oxygen. It is formed from vegetation,
which has been consolidated between other rock strata and altered by the
combined effects of pressure and heat over millions of years to form coal seams.

The build-up of silt and other sediments together with movements in the
earth’s crust (known as tectonic movements) buried these swamps and peat bogs,
often to great depths. With burial, the plant material was subjected to high
temperatures and pressures. This caused physical and chemical changes in the
vegetation, transforming it into peat and then into coal. Coal formation began
during the Carboniferous Period (known as the first coal age), which spanned
360 million to 290 million years ago.

The quality of each coal deposit is determined by temperature and pressure
and by the length of time in formation, which is referred to as its “organic
maturity”. Initially the peat is converted into lignite or “brown coal”—these are
coal-types with low organic maturity. In comparison to other coals, lignite is
quite soft and its color can range from dark black to various shades of brown.

Over many more millions of years, the continuing effects of temperature and
pressure produces further change in the lignite, progressively increasing its organic

maturity and transforming it into the range known as “sub-bituminoiis” coals.
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Further chemical and physical changes occur until these coals became harder
and blacker, forming the “bituminous” or “hard coals”. Under the right conditions,
the progressive increase in the organic maturity can continue, finally forming

anthracite.
2. Importance of Coal

Due to its abundance, coal has been mined in various parts of the world
throughout history and continues to be an important economic activity today.
Compared to wood fuels, coal yields a higher amount of energy per mass and could
be obtained in areas where wood is not readily available. Though historically used as a
means of household heating, coal is now mostly used in industry, especially in
smelting and alloy production, as well as electricity generation.

Coal is one of the world’s most important sources of energy since the Industrial
Revolution of the 1800s. As of 2010, coal is fuelling almost 40% of electricity
worldwide. In many countries this figure is much higher:Poland relies on coal for
over 94 % of its electricity; South Africa for 92%; China for 77%; and Australia
for 76%. Coal has been the world’s fastest growing energy source in recent years—
faster than gas, oil, nuclear, hydro and renewable.

Over 6185 million tonnes (Mt) of hard coal is currently produced worldwide
and 1042 Mt of brown coal/lignite. The largest coal producing countries are not
confined to one region—the top five hard coal producers are China, the USA, India,
Australia and South Africa. Much of global coal production is used in the country
in which it was produced; only around 15% of hard coal production is destined for

the international coal market.

Top Ten Hard Coal Producers (2010)

China 3162 Mt Russia 248 Mt
USA 932 Mt Indonesia 173 Mt
India 538 Mt Kazakhstan 105 Mt
Australia 353 Mt Poland 77 Mt
South Africa 255 Mt Colombia 74 Mt

(Source: International Energy Agency, 2011)
3. History of Coal Mining

The Industrial Revolution, which began in Britain in the 18th century, and later

spread to continental Europe and North America, was based on the availability of
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coal to power steam engines. International trade expanded exponentially when
coal-fed steam engines were built for the railways and steamships. The new mines
that grew up in the 19th century depended on men and children to work long
hours in often dangerous working conditions. There were many coalfields, but
the oldest were in Newcastle and Durham, South Wales, Scotland and the
Midlands, such as those at Coalbrookdale.

The oldest continuously worked deep-mine in the United Kingdom is Tower
Colliery in South Wales valleys in the heart of the South Wales coalfield. This
colliery was developed in 1805, and its miners bought it out at the end of the 20th
century, to prevent it from being closed. Tower Colliery was finally closed on 25
January 2008, although production continues at the Aberpergwm drift mine
owned by Walter Energy of the USA nearby.

Coal was mined in America in the early 18th century, and commercial mining
started around 1730 in Midlothian, Virginia.

Coal-cutting machines were invented in the 1880s. Before this invention, coal
was mined from underground with a pick and shovel. By 1912 surface mining was

conducted with steam shovels designed for coal mining.
4. Problems in Face of Coal Mining

Despite the tremendous importance of coal, the industry is faced with serious
problems, such as:

(1) Dust and noise pollution

(i) Dust at mining operations can be caused by trucks being driven on
unsealed roads, coal crushing operations, drilling operations and wind blowing
over areas disturbed by mining.

(ii) Main sources of noise pollution are blasting, movement of heavy earth
moving machines, drilling and coal handling plants.

(2) Mining subsidence

Mine subsidence can be a problem with underground coal mining, whereby
the ground level lowers as a result of coal having been mined beneath. The major
factors affecting the extent of subsidence are seam thickness and its depth beneath
the surface. Roof collapse will often start within 24 hours of coal extraction, but
the full effects are transmitted rather slowly upwards, eventually resulting in
subsidence at the surface. But it may be over 10 years before the surface is

completely stable again.
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(3)Water pollution

Most underground and some surface mines lie well below the water table.
Both, therefore, have the potential to pollute any groundwater that flows
through them. Waste water from coal preparation pant and mine water are other
sources of water pollution.

In addition to the obvious disturbance of the land surface, mining may affect,
to varying degrees, groundwater, surface water, aquatic and terrestrial vegetation,
wildlife, soils, air, and cultural resources. Actions based on environmental
regulations may avoid, limit, control, or offset many of these potential impacts,
but mining will, to some degree, always alter landscapes and environmental
resources. Regulations intended to control and manage these alterations of the
landscape in an acceptable way are in place and are continually updated as new
technologies are developed to improve mineral extraction, to reclaim mined lands,

and to limit environmental impacts.
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Coal is a combustible sedimentary rock formed from ancient vegetation which
has been consolidated between other rock strata and transformed by the combined
effects of microbial action, pressure and heat over a considerable time period.
This process is commonly called “coalification”. Coal occurs as layers or seams,
ranging in thickness from millimeters to many tens of meters. Coal reserves are
discovered through exploration. Modern coal exploration typically involves extensive
use of geophysical surveys, including 3D seismic surveys aimed at providing
detailed information on the structures with the potential to affect longwall operations,
and drilling to determine coal quality and thickness.

Text 1 Geologic Structure of Coalfield ¥§ M FH+3iE

Many geologic factors influence thickness, continuity, quality, and mining
conditions of coal. Some features formed during peat accumulation or shortly
thereafter, whereas others developed long after deep burial and coalification.
Several of the more common features that have been observed are described in the

following sections:
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1. Shale Partings in Coal and Split Coal

In the peat swamp in which vegetable material accumulated, streams periodically
overflowed their banks, depositing thin mud and silt layers that became bands of
shale or siltstone after the vegetable material was coalified. Particularly close to
the flooding rivers, relatively thick deposits were laid down, with reestablishment of
the swamp vegetation after the flood stage, and this resulted in one type of split
coal observed in coalfields (Fig. 1. 1).

XXOOOKK XX XXX X

Fig. 1.1 Splitting of a coal seam
2. Washouts

After plant material accumulates and is buried by various sediments, it may
be removed by the downward erosive action of streams. Its absence in the rock
sequence is termed a washout or cutout (Fig. 1. 2). Washouts may happen shortly
after deposition of the peat or much later, even after the coal has been covered by
other sediments. The channel is later filled with mud and sand deposits so that

the normal position of the coal is occupied by shale or sandstone.

PR Giacial drift =} Limestone
B> =>d Modern valley fill Black shale
——7 Groy shale Coal
B Sandstone Seat rock

Fig. 1.2 Some features affecting continuity of coals
Coal removed by modern stream erosion at A; pre-glacial erosion at B; by a stream after coal

deposition at C; and at D. The stream was present throughout the time of peat accumulation
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3. Folds

Throughout geologic time, pressed by horizontal forces, coal and rock strata
distort into a continuous wavy forms, this structure is known as a fold(Fig. 1. 3).

The basic unit of a fold is named a fold unit which is one bending. Fold units
have two patterns: closing upwards in the plane of the fold profile are known as
termed anticlines, such as ABC in Fig. 1. 3; synclines folds are those closing
downwards in the same plane, such as BCD in Fig. 1. 3.

The fold unit is described by fold parameters illustrated in Fig. 1. 4. The
parameters include: core zone, limb zone, hinge surface, hinge axis, fold hinge,

etc.

Hinge plane
Earth surface

R
e e e e P

’.’-""’.’--_——"u-u"*{n
. A~ s -

Core zone
(a) Horizontal; (b), (¢) Fold

Fig. 1.3 Folding and folds Fig. 1.4 The parameters of fold

Fold limb: beside the hinge zone.

Hinge surface: a surface dividing the two fold limbs in the middle. The
surface may be vertical, inclined, or horizontal.

Hinge axis: the intersection line between hinge surface and the earth’s
surface. Hinge axis may be a straight or curved line, the direction of the hinge
axis indicates the direction of the fold extension.

Fold hinge: the intersection line between a rock stratum surface and the
hinge surface. It may be horizontal, inclined, or wavy. Fold hinge can indicate

the fold occurrence changes along the direction of the fold extension.
4. Faults

Faults are fractures in the rock sequence along which strata on each side of

the fracture appear to have moved in different directions. The movement may be
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measured in inches, tens or hundreds of feet, or less commonly, in miles. Movement
may be in any direction, from horizontal to vertical. The two most common types
of faults observed are illustrated in block diagrams shown in Fig. 1. 5. Where
stresses are in opposite directions or tensional, rocks have “pulled apart” at the
fracture surface and displacement is as illustrated for a normal fault [Fig. 1.5
(a)]. Where horizontal compressive forces are responsible for faulting, one block
may be showed over the other in the manner illustrated in Fig. 1. 5(b) to produce
a thrust or reverse fault. A borehole drilled very close to a normal fault may have
a shortened interval between key strata, whereas in a reverse fault, part of the

sequence may be repeated in the boring.

(b)

Fig. 1.5 Faults
With Normal Fault (a) strata above fault have moved down relative to

those above; with Reverse Fault (b) strata above have moved up
The faults are divided into three kinds according to the relationship between
the fault planes strike direction and rock strike direction (Fig. 1.6). If the fault
plane strike is paralleled to the rock strike, the fault is known as a strike fault. If
the fault plane strike is perpendicular to the rock strike, the fault is known as a
dip fault. If the fault plane strike is intersected with a rock strike, the fault is

known as an intersected fault.
Foot wall

Hanging wall

(a) (b) (c)

Fig. 1.6 Block diagram illustrating the three types of faults
(a) Normal dip-slip fault; (b) Reverse dip-slip fault; (¢) Strike-slip fault



