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ABSTRACT

"Underground Methods of Working Coal' is the subject
of this'thesisb It is the purpose of .this investigation .
to summarize all the hining methods undér various con-
ditions of working,

The underground methods of mining have been classi-
fied under three headings; viz., (a) Room and Pillar,

(b) Longwall and (c) Horizon Mining. The conditions
suitable for the applicability of each system and their
relative merits and demerits are fully discussed,

The principles of the design of the workings of
both room and pillar and longwall systems to have ef-
fective roof control in the area of the workings are
pointed out.

Distinct and separate phases of development work
in room and pillar, longwali and hofizon mining are
considered involving the layout of panels and development
headings.

Finally, a large number of different methods of
extraction in all the systems of mining under various
conditions are given with the aid of suitable illustra-

tiocns.
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CHAPTER I

INTRODUCTION

All of the earlﬁ civilizations, with the exception of
China, developed in warm countfies where iny.Ver§ limited ‘
quantities of coal exist and its demand is minutely limited.
For this reason, references to coal in ancient literature
are very meager. It is generally agreed, however, thét
coal was known to be used on a commercial scale by the
Chinese long before it was so used in Europe. Its actuél
use as fuel in England was known during the Roman occupation
in the first century A.D. However, as domestic fuel, coal
was not widely introduced in Eﬁgland until the first half
of the fourteenth éentury.

" Coal mining in Germany probably began about the tenth
century A.D. Agricola mentions coal .as being in general use
in Europe‘eérly in the sixteenth century, but its development
there was probably later than it was in England.

The first reference to coal being found by Europeans
in the United States was in 1672 and since about 1720 it was
known to be mined continuously. |

The early methods of mining were primitive and limited
in extent due to lack of tools and equipment. 'Also,peopie
had no experience in the science and art of minihg. At first,
bnly those seamé which were oufcropping were exploited by
quarrying; an early and crude vefsion of the present day
system of opencast mining. When the coal became>too deep for

quarrying, it was penetrated underground by short tunnels



~and then robbed laterally until the condition became too
dangerous to work., In this way the coal was extracted
foilowing,the outcrop.- The coal was cut by wooden picks
which were shod or tipped with iron and b& iréh‘wedges..
It was carried to the surface on the backs of women, boys
and girls,and later ponies were employed underground for
drawing the loads,

In areas where coal occurred at a depth too great for
quarrying, extraction was effected by driving small "bell-
pits"™ or shafts. Because explosives were unknbwn for break-
ing rocks or coal until about the beginning of the seventeenth
century, they used a method of.heating the rock by fire and |
then quenching with water to cause spalling. This manner of
breaking rock was known to man even during the stone age when
people used to mine flint for making weapons. The coal from
the pitboﬁtom was worked by belling out as much as possible‘
without supporting the roof, after which the pit was
abandoned and another sunk nearby.

The coal was hand dragged and carried to the surface
until about the fourteenth century when windlésses ﬁorked by
hand, similar to those used for drawing water from wells,
were introduced for hoisting the coal in baskets. Later,gins
workéd by horses were introduced. This method of winding
was continued uﬁtil about the nineteenth century although
‘water wheels were used to raise cbal in some places.

‘Since the early days of coal mining, both blackdamp

and firedamp explosions were frequent due to bad ventilation.



_It was an old practice to burn out the firedamp by dgniting
it with a iight on a pole which was carried by a fireman

who was wrapped in ragé, saturated with water, and who

used to lie on the floor‘while he éxtended'hisflight towards
the face. This was a recognized method of dealing with
firedamp for a long period.

In the early stages of mining, only natural ventila-
tion was used., Furnaces for ventilation, to augment the flow
of air resulting from natural drafts,were used as early as
1732, and stoppings to regulate the course of air were used
in 1759. The location of the furnace was at the foot of the
upcast shaft thus giving risé to a chimney effect which
increased the flow §f air through the workings. Reference
of a mechanical ventilator is'found as early as the fifteenth
century but its real use, in general, was not to be found
before the beginning of the nineteenth century.

Drainage from underground workings ﬁas always a prob- |
lem, Chain-bucket pumps, operated by horses, were intro-
duced about the middle of the seventeenth century. Invention
of the steam engine and its application to mine pumping, about
‘the beginning of the eighteenth century, helped to solve the
pumping anaﬁwinding problems to a great extent.

"As the demand for coal grew due to increased indus-
trialization, haphézard working of mines underground had to
be abandoned. The earliest systematic method of underground
workings was the "Room and Pillar™ which was univeréally

adopted. But in most of such mines the largest percentage



of coal was taken from the first workings, that is, the
pillars were made small and rooms large. As a result, much
coal was lost in the pillars. Gradually, by experience,
mining engineers learned the safer methods of exploitation.
In the present day practice, about 15 to 35 percent of coal
is taken during development work so as ﬁo make the pillars
stand for subsequent extraction with minimum of loss. Room
and Pillar mining is very flexible and can give very high
outputs. It is decidedly the best method which can give
highest production per man-shift (0O.M.S.). In the United
States, the majority of coal comeswfrom‘Rdom and Pillar work
~ and gives the world's record overall output of more than 5
tons pér man—shift.j |

The Longwall method was probably introduced in the
latter partvof the seventeenth century. This method is
found useful in deep mines where strata pressures are high
and control of roof can be easily achieved. Most of the
coal in England and on the Continent, where the present
working depth is great, is worked by Lbngwall. This method
gives a much lower overall output per man-shift compared
to the Room and Pillar mining. In this case, it is about 1
to 1.5 tons. Although the overall 0.M.S. value is poor in
Longwall, this is probably the only method by wﬁich seams
at great depth can be exploited. Due to lower output per
man-shift in Longwall, the mining engineers are trying to
devise means by which Room and Pillar mining can be safely

adopted in deep mines. Some progress has been made on this
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line and probably it may not be impossible in the future to
apply successfully the Room and Pillar mining in deéper mines.

Since the introduction of the steam engine in eight-
eenth century, the growth of railroads and manufacturihg in-
dustries increased the demand for coal. As a result, the
coal mining industry grew faster. Production of coal as
well as consumer goods increased. These could be exported
to other countries from which raw materials for the manu-
facturing industries could be imported. These industrial
develcpments, during the last century had built England into
one of the most powerful nations of the world.

The coal reserves in the United States are the richest
of any nation; amounting to 30 percent of the world's known
total. In the field of energy supply where coal coﬁpetes
with alternate sources of power, or heat, coal is by far the
major contributor of British Thermal Units to United States
energy consumption. This is also true with any other indus-
trial nation. In 1954, coal .contributed (measured in B.t.u.
content) 39.8 percent of the total consumption of energy in
thé United States; petroleum products, 27.3 percent and natural
gas, 27.2 percent. So essential and substantial is the con-
tribution of coal that it obviously forms the foundation on
which is erected the entire United States pattern of B.t.u.
input and consumption. Coal has powered America®s industrial
revolution from the beginning. It is the yardstick which

other fuels use to measure their abilities to compete.
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At the present day, systematic development of workings
by both Room and Pillar and Longwall methods is practiced
in a scientific way. The great demand for coal and the
extensive size of mines led to the development of various
kinds of mining machinery that can replace manual labor.

. At the present time, the coal winning and transportation
-have been completely mechanized in many mines which can
thus produce a continuous flow of coal from the face to the
surface.

Ventilation, due to increased depth and extensive
workings, is not a great problem now. Very large mechanical
ventilators on the surface and auxiliary fans underground
are used to provide fresh air to every working place and to
dilﬁte and render harmless the inflammable and noxious
gases, In deep mines,where the strata temperature is very
high due to geothermic gradient, or where weathering of the
exposed surfaces of coal occur, air conditioning is usefully
employed to deal with the situation. |

Dust control problems are being tackled scientifically
- by systematic sampling of the air and evaluating and by
- taking measures in preventing the formation and dissipation
of dusts. Multistage turbine pﬁmps aré now available which
can pump large quantities of water at high heads., Lighting
standards underground have been considerably improved due to

the introduction of electric cap lamps and other fixed lamps.



CHAPTER II

COAL MINING METHODS
Surface Mining

Surface mining is the siﬁplest and the cheapest of
all mining methods. There are no problems of support,
ventilation or lighting. All work is done in open air
and, hence, it is called opencast or open-pit mining.

Opencast mining can be applied to thick coal seams
either outcropping or occurring under a very shallow cover.
It involves the complete removal of the overburden and then
the extraction of the coal so exposed. This method can be
applied up to a certain economic depth beyond which the
cost of mining will be prohibitive. This economic depth
varies from one country to another depending upon the degree
of mechanization and the cost of labor involved.

Recéntly, since about 30 years ago, a new technique
has been developed by which coal can be converted into gas
insitu. This method is known as underground gasification.
It may be defined as the process whereby an injected gaseous
mixpure is made to react, by burning and destructive distil-
lation, with solid coal bed so as to produce a gas containirg
the maximum of useful fuel products. The chief aim of gési-
fication is to produce cheap fuel, but certain types of
operations can produce gases suitable for chemical synthesis.

Surface mining methods will not be considered in detail
as this thesis is written on underground methods of working

only,



Underground Mining

As the seams go deepér or the thickness of overburden
increases, mining cannot be profitable by the opencast
method, In such cases, an approach to the seam is made by
shafts, inclines or adits. When the seam is reached, the
actual mining method employed depends upon depth and local
conditions. The method chosen may be Room and Pillar,
Longwall or Horizon system.,

As stated previously, the earliest system of working
a coal mine was Room and Pillar which is also variously
known as Bord and Piilar, Stoop and Room and Pillar and
Stall. The Room and Pillar»system involves the driving of
a series of narrow headings which are parallel to each
othér,and connected by crosséheadings so as to form pillars
for subsequent extraction, (Figure LO) either partial or
complete;-as geological condifions or the necessity for
supporting the surface permit.,

The Longwall system was developed later and is gradually
replacing the Room and Pillar system in deeper mines. There
are two categories of longwall system viz., (a) Longwall
Advancing and (b) Longwall Retréating. | |

LongWall\A&véncing system involves the extraction of
the panel of coal to be worked by advancing the face forward
on a broad front, leaving béhind the roadwajs serving it and
which are supported by packs of stone or other artificial
filling in the area of extraction (Figure 21). These roads
are then maintained in condition t6 provide for haulage and

ventilation,



The Longwall Retreating system is a combination of
Room and Pillar and Longwall Advancing systems. Headings
are driven in the coal, as in the case of room and pillar
mining, but large pillars are formed. These pillars are
then extracted, working back towards the roadway from which
the headings had been started (Figure 79). When this system
can be adopted, it may combine the advantages secured by
each of the other two systems, and in favorable conditions,
avoid some of their disadvantages.

The Horizon Mining system'involves the development
of different horizons in stone by a network of level road-
ways and the extraction of pitching seams of coal between
horizons by longwall method. The coal worked in between
a pair of horizons is transported through the lower of the
two horizons (Figure 25).

Room and Pillar System

Conditions Suitable for Room and Pillar System

The depth at whibh'thefpreésure of the superincumbent
strata reaches nearly the crushing strength of coal, may be
considered as the limiting depth for room and pillar mining.
In Some seams,longwall may have to be adopted earlier than
in other seams due to variation of the strength of coal.
Generally,at depths greater than 2000 ft., longwall mining
is usually adopted.

Driving entries and rooms in thick seams is very easy,
cheap and convenient. In thin seams, however, tramming is
difficult and conveyors may have to be used or costly brushing

of roof or floor of haulage entries is required.
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Seams under villages, towns, valuable buildings, roads,
railways, rivers, seas, fire areas, water-logged goafs, etc.
are worked by room and pillar system; leaving pillars for the
support of the top. If total extraction is desired, stowing
or packing has to be resorted to.

In faulted areas, longwall is not usually suitable and
room and pillar system is adopted.

As it is difficult to dispose of the dirt bands in
room and pillar mining, clean seams free from dirt bands are
suitable for the adoption of room and pillar method.

Room and Pillar method is also suitable in seams where
roof and floor are strong to enable the roof to stand well
in the bords and ﬁo prevent the floor from lifting. The coal
should also be sufficiently‘strohg to stand in the pillars
without crushing.

Advantages of Room and Pillar System

If the room and pillar system, roadways are supported
by solid pillars. Thus the roads can be maintained in safe
conditions without using much artificial supports.

Intensive mechanization can ke adopted in room and
pillar system and output per man-shift at the face is greater
than in longwall method since all operations are productive.
Labor is better utilized in room and pillar system since
its unproductive use in packing is. eliminated.

The relatively smaller size of the group of workers
encourages team spirit. Supervision and maintenance of
~discipline are facilitated and the progress of work can be

- readily checked shift by shift.
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In room and pillar work, the area is proved in advance
by driving headings. In longwall, on meeting a fault the
whole output is lost. In room and pillar, on knowing the
direction of the fault, the rest of the headings may be
accordingly driven, i.e., initial planning may be modified.
This is also possible in longwall retfeating system.

Disadvantages of Room and Pillar System

The deeper the seams, the greater is the difficulty
of working by room and pillar due to higher strata pressure.
In this method, the rate of advance is sometimes slow because
development takes greatér time. This is of course not true
for well mechanized room and pillar workings where 2 or 3
cycles per shift can be obtaihed.'

There is danger of crush dﬁring depiliaring due to
higher stresses of the superincumbent strata acting on the
pillars.:- Also, the percentage of extraction is less. Venti-
lation is more difficult; especially in gassy mines. In long
headings where auxiliary or booster fans have to be installed,
ventilation will be more costly. | |

A large number of roadways have to be driven and main-
tained in room and pillar work and their maintenance is also
costlye. 1In thin seams, a largé amount of deadwork is needed
for keeping the large number of roads open by>dressing the
roof and/or floor. -

. For the same_output, a lérge number of working places
are reduired in room and pillar work compared to longwall system.

This makes supervision difficult. If the mine is extensive,
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hauling lengths are greatly increased involving increased
haulage cost. In this system, the need of constant flitting
of the}machinery from place to place is great. So the
number of idle hours of machinery in room and pillar will

be greater than that bf longwall.

There is difficulty in extraction of contiguous seams
- especially during depillaring operations (without packing).
However, this difficulty is reduced by working the seams in
‘descending order.

The roof control is comparatively difficult during
extraction of'pillafs when no packing is adopted. If pillars.
are weak, additional stresées may be thrown on the pillars in
the depillaring'afea which ma& cause overriding of pillars
or premature collapse. If some pillars are left in the goaf,
the goaf will not settle quickly and this will produce an
undulating subsided surface.

The money invested is not always quickly returned.

In room and pillar work, winning of coal is cheap and gifes
maximum profit during extraction of pillars. This means a
longer period has to be waited until the development is
complete,

In highly mechanized mines, a high standard of planning
and organization and a larger staff of skilled technicians
is needed to achieve maximum efficiency in mining operations.

Longwall System

Conditions Suitable for Longwall Working
The system is very'suitable in thin seams., Under these

conditions, the gate roads are made large enough by ripping
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the roof or dinting the floor for efficient haulage and
ventilation énd, further,.the material so obtained can
-be used in{packs. It is also'the best method for use

at great depths from the roof control point of view. The
p;operty should be comparatively free from faults, dykes
and other geological disturbances, however.

Seams containing a number of dirt bands can be
worked efficiently by longwall method as these bands can
be, picked out underground or effiéiently separated on the
surface. The separated material can be sent down or used
for packing on the spot.

Seams having a tough roof which bends gradually
when settling ontb the packs instead of breaking heavily
over large areas at intervals are suitable'for longwall
working. Seams having a weak friable roof can also be
successfully worked by the 1ongwall method as new roof is
continually being exposed as the face advances, and is,
therefore, more secure than roof which stands for some con-
- siderable time and has been broken ub due to roof pressure.

| Gassy seams are easier to work by longwall as thére
are few roadways and ventilation presents a little problem.,
Seams 1iéb1e to spontaneous combustion can be efficiently
Worked by longwall provided that all the coalvis,extracted
and the goaf is solidly packed.

.Contiguous seams in close proximity can be more effec-
tively worked by longwall as less disturbance is likely to

be caused to adjacent seams than by room and pillar method.
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.Advantages of Longwall Advancing System

Fuil.productive operatiéns can be commenced in long-
- wall mining with comparatively little development work.
Also, this method ﬁrovides for the maximum degree of extrac-
tion from the seam. Longwall working requires a concentra-
tion of men and, therefore, large outputs can be drawn from
relatively small wérking areas.

Subsidence is uniform over the working area and its
‘rate and amount can be regulated within limits by the method

and quality of packing,

Disadvantages of Longwall Advancing System

Maintenance of roadways for hauvlage and ventilation
through goaf is ﬁore costly due to use of additional unpro-
ductive labor and material fequired for such work.

If sufficient packing materiél is not available under-
ground, it has to be transpbrted from the surface which requires
more unproductive labor and a transport system.

If packs are not pfoperly made, there is chance of leak-
age of air.through the packs which may cause sluggish venti-
lation at the face and may also cause spontaneous heating
in the goaf if coal is left in such areas.

In longwall advancing syétem, a rigid cycle of operations
is to be followed. Multiple coal-getting shifts can not be
obtained as ih'foom and pillar system.

. Faults or other geological disturbances can not be
proved.in advance, so outputs are hampered when tﬁey are met

with,
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For some distances behind the working face, the road-
ways are in moving ground. In such conditions, uninterrupted
working of roadway belt conveyors is more difficult to
ensure.

When the boundary is reached, the salvage of all support
materials and the removal of all machinery must be expeditéd
if serious losses are to be avoided, ‘This requires a large
salvage staff,

Advantages of Longwall Retreating System

The area is proved in advance. First the boundary is
reached during development and then the face recedes towards
the shaft. Hence, planning can be modified if faults are
met with. The gate roads are‘maintained in solids and, there-
fore, they are well supported. As ‘the ground is stable, the
roadway conveyor will be better installed, less liable to
damage and therefore more réliable. |

In advancing the gate roads, as the boundary is reached,
the longest length of ccnveyors, haulage tracks, etc. are
required, but in retreating, these iength go on decreasing,
thus reducing the transport cost accordinglye.

Packing goaf may be avoided completely. But if there
are contiguous seams, packing'ﬁay be requiredf The labor
required for unproductive work of packing can be reduced.
Hence, the number of productive shifts caﬁ be increased.

- No stable in the gate road is required as in longwall
advancing method since galleries are already driven, thus

saving in labor and explosive.
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There is no leakage of air. So ventilation is better
effected.

Disadvantages of Longwall Retreating System

The initial development work is extensive and hence
very costly. Full production and large output is delayed.

The roadway conditions within a few hundred feet. of
the face are not good since roof pressure due to subsidence
acts in side roads also. So a strict vigilance is required.
However, these gate roads are in better condition than those
of longwall advancing system where roads are maintained in
the goaf,

Horizon Mining

Conditions Suitable for Horizon Mining

Contiguous and pitching seams are suitable for horizon
mining system. This method may also be adopted when large
outputs are wanted at great depth where transport is a
bottleneck in conventional single level mining operations.

Advantages of Horizon Mining

There is greater flexibility available in the choice
of a main road haulage system. Since the main roads are
" level, locomotive haulage is an economical and effec-
tive method of coal haulage underground. Where man-riding
is necessary, it is easily accomplished with locomotive
haulage without additional equipment. Under similar condi-
tions. locomotive haulage is more efficient than rope haul-
age. The flexibility of locomotive the haulage system makes

it far superior for the transportation of large quantities
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of output to a single point and allows qﬁick and punctual
returﬁ of'gmﬁty mine cars to the loading points inbye. Any
-alteration>in the capacity of thé‘main,haulégé can be dealt
with easily in a loéomdtiﬁe héuiége systém by'redugingfor
1ncrea51ng the number of locomotlves or mine cars in 'use.

This method is favorable where stowage materlal
supports and other supplles-have-to be brought to the face
in large quanﬁitieso

Ventilation is more efficieﬁt as the main intake and
~main return airways'are completely separatéd; Since it is.
not necessary to prbvide air-crossings at frequent inter-
vals, leakage of air is mihimizedo The intake air is kept
almost free from ﬁethane, since the foadway_is in stone.

| The horizon mining system allows the possibility of

working several seams simuitaneously.

Dlsadvantages of Horizon Mlnlng

- There is greater initial cost’ brought about by the
driving of expensive drifts. in rock and longer time: is
required for initial development-beféré coal winning is
commenced.,

This system requires a certain minimum reserve of coal
availablé; varying with conditions buﬁ sufficient to amortise
the cost of.S£one,drifting and‘cover intérest charges. This
minimum reserve varies according to the net. proceeds, capital
expenditure required_and'the geotogical conditibns, and may

be estimated at approximately 10 millien tons per.level.
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Factors Influencing the Choice of Method

If the pitch is less and the seam is outcropping or
occurs under a shallow cover, quarrying can be done profit-
ably for a great distance in the direction of the dip. For
quarry work, the property should be extended along the strike.
If the pitch is more than 1 in 5, even though the seam is
outcropping, it cannot be worked by this method. After
the economic limit of quarrying, the seam has to be worked
by underground mining methods. As the depth increases, roof
support becomes more and more difficult since pillars, after
standing for some time, may crush or collapse due to heavy
pressure of the superincumbent~strata. At moderate depths,
room and pillar method can be adopted where the pillars can
stand well but at higher depths the pillars have to be made
large in size and the rooms would be narrow. Consequently,
the percentage of extraction in the first working, i.e.,
during development, would be very low and thus the devel-
opment cost would be very high. Moreover, standing pillars
may occur. In such cases longwall method will be the only
alternative.

Moderately pitching seams can be worked by room and
pillar method or by longwall method but when the pitch is too
steep, horizon system of mining with longwall face will be
very suitable.

Thick seams, if outcropping or occurring under a

shallow cover, can be worked by opencast method up to economic
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limit of working depth. Normally, thick seams are worked
by room and pillar method because larger amounts of packing
materials are not easily available for longwall work. In
thin seams, either the roof or the floor of the main roads
is brushed out and the brushing material can be used for
longwall working.
Quality of the seam may also play an important part
in the choice of the method of working. The physical prop-
erty such as pronounced cleat, hard of soft coal will
influence the strength of pillars and duration for which
they can be allowed to stand. These properties influence
production of slack coal and reduce the strength of pillars
causing crush of pillars. Extraction of such pillars will
become difficult if room and pillar method is adopted. The
chemical property such as a seam liable to spontaneous
combustion may require that the seam be worked by panel
system or complete packing or stowing may have to be adopted.
The actual method of extraction and layout of workings,
| both in room and pillar and longwall, is greatly influenced
by the roof and floor conditions.
' If a low pitching thick seam is outcropping but is under
a high ridge, it cannot be worked by.opencast.method due to
heaVy overburden although conditions are suitable for open-
cast mining. .if'due to geological disturbances a number of
seams: in succession are highly folded causing increase in
pitch, horizon system of mining may be a very suiéable method.
In deep mines where longwall system is adoptéd and

sufficient packing material is not available, it may be
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desirable to adopt retreating longwall instead of advanc-
ing longwall.

Longwall method of extraction of coal requires a
steady market. Where demand of coal is fluctuating the room

and pillar method can easily cope with the situation.
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CHAPTER IIX

MINE LAYOUT AND DESIGN
Strata Behavior

When a coal seam is totally extracted over a con-
siderably large area there will evidently be subsidence
of the strata right up to the surface whatever may be
the depth and thickness of the seam and the method of
working. The effects of partial extraction may, however,
be limited to movement of the strata. The extent of such
movement is dependent on the width of excavation and the
size of the coal pillars left in-situ. In coal measure
rocks, i.e., the. rocks associatéd with coal seams, the
weight of the supefincumbent_strata is about 1 p.s.i. per
foot of depth. So at great depths the weight will be
greater than the carrying power of any practical form of
artificiai supports. Mining at great depths is, there-
fore, only possible because the greater proportion of the
load due to the weigﬁt of the éuperincumbent strata over
any excavation is transferred to the sides of the expéﬁation
as gbutment loads. The object of strata control is to
" reduce the‘stresses in the working areas so the strength
of the subsiding roof mass is conserved and breakége of
the foof beds is minimized. - The'artificial;suppofts rein-
force natural pillars in ordeér to control movement of the
nether roof beds and to maintain space in the'working arease.
Control of the beds nearest to the seam has an important

bearing on the behavior of the upper beds, but artificial
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isupports are inadequate to sustain the load due to weight
of thejover;ying strata. It ie; therefore, essential that
workings should be so designed that concentration of .main
roof loads in werking afeas is avoided and provision is
made for accommodation of concentrated abutment loads on
-coal pillars of adequate dimensions or, when necessary, .

in excavated areas but in such p031t10ns as to be clear

of the roadways?

| As sooh as a roadway is driven in solid coal, the
state of equlibrium ef the straﬁa is immediately dis-
turbed due to the inability of the strata immediately

above the excavation to maimtain the weight of the super-
incumbent beds., VTﬁe nether roof beds immediately above
the.excavation for some distance mend downward. The bend-
ing of ﬁhe roof beds will cause the beds to sag away from
each other. In this way thef are no longer sﬁbjected to -
the weight of the.higher rocks and they become destreseed.
The destressed strata will lie-ﬁiﬁhin an arch known as
"pressure arch®™. The loads of the beds above the pressure
_arch are transferred to ‘the solid pillars on each side of
;the:roadway. These loads are called abutment 1oads of the
pressure erch. If the wldth of the excavation is increased
the dimension’ef‘the pressure arch also increases until a
width is.reached‘éreater than that which the.higher beds are
able to bridge. This width is called the width of maximum
_pressure.areh, The maximum pressure arch set up around the
solid perimeter of Longwall or other wide workings is shown in

Figure 1. The widtﬁ of maximum pressure arch varies with
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depth but it is influenced by the prevailing strata con-
ditions. Conditions of thé gate roads in Longwall workings
are generally good for - a certaiﬁ distance back from the
face, beyond which the gate roads begin to be disturbed.’
As the face advances, this point of disturbance in the
gate road also advances.. This is an indication of the
position of the back abutment of the pfessure arch. The
distance between the face and the position of the back
abutment may be taken approximately as the width of the
maximum pressure arch in the prevailing conditions.

From observations made on Longwall roadways, the
following figures are given>as conservative estimates of

the width of the maximum pressure arch for various depths
(48):

Depth Width of Max. Pressure

_Ft. Arch. Yd.
10O 10
600 50
800 60
1000 70
1200 80
1400 90
1600 100
1800 110

The main roof load can be transferred over a distance
not exceeding the width of the maximum pressure arch, which
thus provides a rough datum for the design of workings.

Because of the possible influence of 1oca1 strata conditions,
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ihowever, it is desirable to determine the individual pres- -
sure arch By_direct observétiong. The figures given serve
only as a general guide for design ?urposes pending actual
ascertainment.'xfor designihg wbrkings on this principle
prévision must be made for the accommodation of the abut-
ment loads on coal pillars of adequate size or in excavated
areas with positions which are clear of the roadways.
Behavior of Coal Pillars

It is known that the compressive strength of coal
is infinite if there is complete lateralAcohstraint. Coal
has planes of natural weakness and when coal pillars are
formed the sides of pillars-arg'fractured and_tend to move
towards the excavated area. The friction between thé roof
and floor and the fractured coal 6ppdses this movement and
sets up lateral constraint which increases toward the center
of the pillar. Thus, if the pillars are of sufficiently
large an area near the center, it will be completely con-
strained and it will support any load which may be imposed.
It is evident that a large coal pillaf will carry a much
. greater load than a number of small pillars of the same
-total area. Similarly, a square pillar will carry'a greater
 load than a rectangular pillar of the same area. (48)

- The width of a pillar for a particular duty~is a func-
tion of the maximum load which the pillar méy have to carry
and is therefore determined by the widths of the adjoining
excavatiéns; Observations have shown that a satisféctory
width for a pillar between comparatively wide excavations

(about three-quarters of the width of the maximum pressure
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arch) is equal to the width of the excavations. It is
deduced thét_a pillar as wide as the maximum pressure arch
will witﬁstand the abutment loads imposed by wide workings
on both sides of the pillar, and that a pillar. half as
wide as the maximum pressure arch will withstand the abut-
ment lqad imposed by wide workings on one side of the
pillar.
The Design of Mine Workings

Room and Pillar

In Room and Pillar workings, the roads are narrow
and pillars are large. The abutment loads on the coal
- pillars, due to driving of narrow roads, will therefore
be small. This is ﬁrue in the development stage. But
after development when the extraction of pillars is start-
ed on the retreat, the pillars adjoining the goaf will be
subjected to the forward abﬁtment load of maximum pressure
arch which spans the area and the baék abutment load rests
in the goaf; In this case, the width of the pillars should
not be less than half the width of the maximum pressure
arch'under the prevailing éonditions. Referencevpo the
-table on Page 23 will show that the width of the pillars
~increase from 20 yaids at -a depth of 400 feet to 55 yards
.at,a'dépth of 1800 feet, This width is the actual width
| of pillar and not the distance from center to centers The
most convenient pillar shape is a square but if réctangﬁlar
shapes are made the shortest length should be one-~half the

width of the maximum pressure arch,
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While pillars are being extracted, a straight line
of face should be maintained to avoid local concentration
of loads on the pillar. The strength of pillars should
be conserved by avoiding splitting and, in deep mines,
it is better to take slices from the sides of pillars which
are in destressed zones.

Roadways with Pillars Giving Full Support

When roadways are driven in solid coal, the width
of the supporting pillars should not be less than the
mean of the width of maximum preésure arch and the width
of a single roadway. Pillars of this width will be capable
of carrying the loads imposed by the front abutment of the
maximum pressure arch set up across the edge of wide goafs
on each side of the roadways. Figure 2 shows the layout
of narrow roadways and Figure 3 shows the layout in a thin
seam where the roadways are made wide enough to provide
space for packing the stcne from the rippings. In both
cases, pillars 2 and 3 can be reduced in size without causing
damage to the roads provided the pillafs 1 and 4, adjoining
the goafs, have widths cf the maximum pressure arch.:  In
practice, 211 the pillars should have the width of maximum
pressure arch in order to provide for the loads to be car-
ried in the final extraction stage. An abutmenf zone situ=-
ated upon solid coal tends to move forward in time and may
cause damage to roads nearest to the goafs. For this reason,
generally, two pillars are left between the outermost roads
in the panel and the goafs in the case of main roadways which

have to stand for a long time and especially at great depths.
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Yield=Pillar Technique

In‘development headings at.shallow depths, sufficiently
wide roads seldom give trouble whereas in deep mines and
especially when the dépth is more than 800 feet even narrow
roadways are difficult to maintain. This is due to the
high concentration of abutment loads on the roadsides. To
overcome this diffuculty, a new method known as Yield-
Pillar Technique has been developed. (3}

It has been seen by experiment in the Plessey Seam
at a Northumberland Colliery in England (4) that if the
length of a shortwall face for partial extfaction is not
more than three-quarters of the width of maximum pressure
arch, the roof in the working area is relieved of its load
and the main roof load is transferred to the sides of the
excavation as abutment loads and stable conditions are main-
tained if coal pillars of a width equal to that of the exca-
vation are left on each side.

Experiments have also shown that similar transference
of loads occur when comparatively wideAplaces, which are
separated by coal pillars small enough to yield, are driven
within limits fixed by the width of the maximum préssure |
arch, TheIVery minute yield, which is necessary, will be .
afforded by bands in the coal, by the roof or tﬁe floor,
without apparent change in the coal. The piilar must be
strong enough to carry the residual load due to the strata
within thé pressure arch which is set up across the panel of

roadways. When this pillar yields, the abutments of the



30

preséure arch of the wide place will fest upon the solid
cbal at some distance from the sides of the roadﬁays at

both sides of.the panel as shown in Figure 4. When the
pillaf is too wide to Yield,two independent-pressure.arches
will be formed above the two roadways as shown in Figure 5.
The smaller abutment loads do not resultlin the coal sides
yielding to the same extent and the loads acting near the
coal sides are sufficient to cause the roof to shear. The
dimensions of the pressure arch set up across a panel. of
yield-pillar workings of less overall width than that of

the maximum pressure arch will vary with the width of the
'panel'and will generally be the same for a given width what~
ever the depth. The maximum width across a panel of yield-
pillar workings must be less than the widfh of the maximum
pressure arch under the prevailihg conditions and solid coal
barriers of a width adequate to sustain the imposed abutment -
loads musf always be maintained on both flanks of the panel.
A safe limit for the width across & panel is three-quarters
of the width of the maximum pressure arch and the width»of
the barrier pillars on the flanks should not be less than
the mean of the width across the panel and the width of the
‘maximum prégsure arch.‘ The plans and elevations of Yield-
Pillar roads ih the case of thin and thick seamsiare shown

in Figures 6 and 7 respectively.

Pillars for Partial Extraction
Where only partial extraction is desirable, pillars

less than those in normal room and pillar practice may be
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fermed. To depths of about 40O feet, approximately 50%
of the coal can be extracted in this way without appreciable
subsidence of the surface. At greater depths, however, the
percentage of extraction will be much less. Because the
piliars formed by the extraction of such a small proportion
cf ccal are designed to carry only the normal cover lecad,
they would fail progressively if for any reason a concen-
trated load had to be carried and, therefore, care must be
taken not to form large areas of such pillars if it is pos-
sible that full extraction may be required later.

The extent of surface subsidence may be limited by
"crushed-pillar™ practice in which pillars small enocugh
to crush are formed on retreat§ generally, by splitting
larger pillars, which were formed in advancing.

Mechanized Room and Pillar Workings

. Mechanized room and pillar workings have hitherto
largely been limited to depths of about 400 feet, but devel-
opment of the yield-pillar technique will allow this method
to be used in the deeper seams. Figure 8 shows room and pil-
lar workings for full extraction where three rooms are driven
from each entry. In order to keep loads in the wérking area
below the normal cover load, the width across all rooms work-
ing from a pair of entries must not exceed thrée-quarters
of the width of the maximum pressure arch. The pillars
between the two rooms of each room entries form the yield-

pillars. (48)
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Longwall Workings

In longwall workings a short face is sometimes driven
ahead in the solid coal to provide opening out of other
longwall faces as shown in Figure 9. If this short face
is not more than three-quarters the width of the maximum
pressure arch under the prevailing conditions, a transverse
pressure arch will be formed across the excavation. The
rcof loads in the excavated area will be much less than
the nofmal cover load due to the abutment loads of the
pressure arch resting on solid coal on the flanks.

When the longwall faces are opened from the flanks,

" a longitudinal pressure arch is formed with its front abut-
ment resting on the solid coal in advance of the face and

the back abutment behind in the goaf., If the longwall face
is started right from the flank of the roadways leading

to the short advancing longwall face, the back abutment of
this longitudinal pressure arch will cause damage to these
roadways. The damage can be prevented by leaving coal pillars
of adequate size between the face on the flanks and the

short excavation. These pillars have to carry one abutment
load of the transverse pressure arch which spans the short
excavation and the back abutment load of the maximum pressure
arch of the face on the flank., An adequate width‘of pillar
to accommodate these loads will be not less than half the
width of the short winning face, plus half the width of the
maximum pressure arch formed on the longwall face on the

flank. Pillars of this size can be extracted without
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difficuity as their strength is ample to sustain the
abutment loads which are imposed. (48)

, Owing to the support afforded across the corners

at the rib sides of longwall faces, the front abutment
pressure zone is closer to the face near the rib side and
may tend to invade the face area. This often results in
roof damage at the fast ends of the faces. The stronger
the coal and the smaller the abutment pressure the more
likely this is to occur. It has been found that damage
from this cause can be prevented by maintaining an angle
of about 95° between the face and the rib side, as this
reduces the support across the corner and causes the abut-
ment zone to move further onto the coal.

The back abutment of the pressure arch across the
face always has an adverse effect on the gate roads- behind
advancing faces. This can often bé reduced by providing
"double packs™ which reduce the load on the roadway by con-
centrating the pressure at some distance erm the road sides.
If the back abutment of the transverse pressure arch across
the rib side also acts on a gate road, maintenance difficul-
ties will be increased. This can be reduced when the dis-
tance between the rib side and gate road is not more than
thfee-quarters of the width of the maximum pressure arch
under the prevailing conditions as shown in Figure 10.

When a number of longwall faces are advancing in
series, roof tfouble is likely to occur on the following

faces if the back abutment of the leading face is in line
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with the front abutment of the following face. This can
be avoided by keeping the length of the step between the
two faces substantially greater than the width of the
maximum pressure arch as shown in Figure 10.

In the Retreating Longwall method, trouble from
béck abutment is eliminated, but the front abutment may
- have an adverse effect on.the roadway in the solid coal
in advance of the face, The development of the Yield~-
Pillar Technique will help in averting this trouble if roads
are driven in pailrs separated by suitable yielding pillars,
as shown in Figure 11l. Since the main load is transferred
to the flanks as the yield—pillar'roadways are driven, it
can be expected that the front abutment pressure set up by
the retreating face would not act on the yielded pillar
zone, but would be deflected to the flanks and would inten-
sifyy the pressure in the abutment zones already established
by the transverse pressure arch across the two roads. It
is quite probable that the chain pillars would give effec-
tive support to the rib-side road left for ﬁhe working of
the next face,

Effect of Mechanization

The effect of mechanization on the design and layout
is considerable from the viewpoint of planning and roof con-
trol. For example, the faces in longwall workings where g
power loading-machine is used must be laid out on the best
line and at the optimum length for the particular machine

which is to be used. If, for instance, a machine can cut
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and load at a consistent rate of 25 yd. per hour and such
factors as travelling time and haulage facilities can give
six hours of actual working time at the face, it is a great
wastage of machine potential to use a face only 100 yards
long instead of the optimum,i50 yards. Planning can also
minimize the amount of road construction and other ancillary
- work which has to be done within a district. It may be
possible to use retreating panels or a combination of ad-
vancing and retreating panels.

All power loading machines in longwall workings re~
quire a good roof under which to operate and full value
can not be obtained from the machine unless this is pro-
vided. Each machine reqﬁires for ité actual working area
a certain amount of unsupported ground and the roof con-
trol, in general must be such that this space can remain
open for the time required by the machine without roof
falls interfering with the work., The actual sﬁace required
over the machine is, however, far from being the only as-
pect of roof control problem. Quick erection of permanent
supports with quick load-bearing characteristics and as
close as possible to the coal face is perhaps the most im-
portant point. Where power loading machines are used, |
supports of adjustable length, which can be easily and quick-
ly héndled are'almost essential if the erection of supports
is to keep pace with the rate of travel of the machine,
Hydraulic self-advancing supports have been recently developed

which can keep pace with the rate of travel of the face. By
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the use of this method of support, it has indicated that not
only the total roof/floor convergence is minimized but also
the differential lateral movement between roof and floor
is considerably reduced. It is felt that a wide applica-
tion of this method of support will increase productivity
on faces where high speed coal-getting machinés are used,
One great advantage which power loaders possess over

hand-working by conventional methods, from roof control
point of view, is that no precutting is necessary. The
machine and the operators work under newly exposed roof
which has not been standing weakly supported by nogged coal
fof some hours or, at weekends and holidays, for some days.
In conventional wofking, the distance from the really solid
coal at the back of the cut to the front edge of the pack
may be quite high. With some kinds of power loader such
as Dosco Miner, this distance can be reduced to as little
as 5 ft. and, when packing is completed, the face can be
.very snugly supported - a factor of special importance at
weekends and holidays .(29)

It ié known that the failure of a support system is
- often. caused by the fact thaﬁ the props are penetrating
either the roof 6; the floor at .a very low load thus allow-
' ing a considerable increase in the natural floor/roof con-
vergence., It is poésiblé to fit foot pieces to props in
order to eliminate or minimize this pentration but there
is, as.yet, ﬁo formﬁlae that can be applied so that a

pattern and density of support could be arrived. at which
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would give the maximum resistance between roof and floor
with a minimum of support settings.

For a long time it has been realized that the ini-
tial resistance offered by rigid supports was low even
when such supports were erected with care. Consequently,
bed separation is earlier and convergence is more result-
ing in hazards of roof failure. This is true whether it
is a longwall face or at roadheads where ripping is done.
In ripping lips, in addition to falls of ground due to
earlier bed separation, there is the risk of shots ignit-
ing firedamp in .breaks and such ignitions may extend to
adjacent wastes via breaks and separation cavities. The
development of yielding type of supports having high ini-
tial resistance provides a means of reducing roof conver-
gence and the consequent bed separation (6).

Figures 12 and 13 show the effect on convergence
and prop resistance when wood and hydraulic props, support-
ing roadhead girders, are used in a gate road beyond the
ripping lip up to the face. Two sets of convergence record-
ers are used; one is set between the floor and the immediate
roof, and one between the floor and some 12 ft. above the
roof of the seam. It shows, that for the same period, the
convergence is considerably reduced by the use of hydraulic
props. The initial load, in case of hydraulic érops, is about
7 tons and then rises to 22 tons at which the load remains con-
stant whereas, in case of wood props supporting girders; the

initial resistance is zero and the maximum load never remains
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constant. Thus it shows also the reliability of using
hydraulic props to control the roof movements.
The Influence of Cleat

Cleat is a cleavage plane in coal. In most of the
coal seams there are three planes of cleavage along which
coal breaks in cubical blocks. There is the cleavage
along the plane of stratification of the seam which is
parallel to the roof and floor. At right angles to this
plane of stratification two other cleavages are present,
one is more pronounced than the other. The more pro-
nounced one is called "face™ or "bord" cleat and the less
pfonbunced and irregular one is called "end™ or "butt"
cleat. Not only the coal seams but also certain surround-
ing strata bear the evidence of cleavage planes.

Figure 14 shows rooms driven at various angles to
ﬁhe main cleat and the names given to each type of room.
In general, rooms are driven "face-on™. That is, the
face of the room is parallel to the face cleats. Coal
- worked in this way produces a larger percentage of lump
coal énd requires less undercutting and blasting.

In "1ong—horn" or "long-awn", the faces make an
angle less than 45° with the face cleats. If the coal
works too-fréely face-on, this method gives support to
the ends of the coal while being cut. (24).

In "half-on" or "half and half" or awn", the face
makes an angle of 450 to the face cleats., This method is
used when coal breaks just as well on either the face or

butt cleats,
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In "short-horn®" or "short-awn", the face makes an
angle of more‘thah 45° to the facé clegts.' This method
is used when the end cleats are véry prondunced.

In "end-on"™ or “butt—én#, the face is at right
angles to the main cleats. This method is used in coal
under great pressure, It gives smaller percentage of
lump coal than face-on work but allows greater coentrol
of the face.

In seams containing gas under pressuré,‘if the rooms
are worked ®face-on", large volumes of‘gas will escape
into the workings since it will be present in the cleats.
This is dangerous from the safety point of view. Working
T"end-on™ or "butt-on™ wili allow gas to escapé slowly.

Shaft Sites and Design

Shaft sinking is a very costly part of the mining
operations and in deep mines the capital expenditure in
this phase of development might alone constitute over half
of the total cost. Proper siting of the shaft in relation
to ﬁhe area to be developed is very important as it may
effect the future success or failure of a mine. Mistakes
in 'siting are usually associated with unforeseen underground
conditions. Therefore, a thorough knowledge of the under-
lying seams and the nature of the rocks through which the
shaft is to be sunk is essential before any planning or
ginking operations are attempted.

The position of the shaft is dependent upon both sur-

face and underground conditions. The surface influences
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include (a) proximity to railway and access roads, (b)
availability éf Sufficient water.for powef plant and
washery, (c) availability of space for .housing plants,
buildings, offices, etc. on the surface, {d) adequate
space for the disposal of debris and (e) availability of
-adequate power supply. Underground, the site must be

~ considered with regard to the shape and size of the mine
boundary, the presence of geological disturbances such

as faults, folds, etc., and the amount and direction of
the seam pitch., The nature of the oveflying straﬁa should
be known to avoid sinking through strata which may require
special methods of shaft sinking. If the seams are highly
inclined and horizen sysﬁem of mining is to be adopted,
the site 6f.shafts should be so chosen és to reduce the
lengths of rock drivages to a minimum.,

Tdeally the center of the proberty may be the best
site for shafts or inclines but other conditions may so
outweight such a choice that some other suitable site might
.hafe to be chosen. Experienced mining engiﬁeers must be
able to utilize their judgementé to select the best sites.
There must be at least two shafts or outlets to any mine
for the sake of‘ventilation and safety.

Inclined shafts are almost always rectangular, though
if concrete-lined they may have arched roof. Where seams
are outcropping the inclined shafts are generally driven
along the,floof of the seam and along the pitch. But if =

the seams are at shallow depth, inclined shafts may be
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driven in rock., This facilitates haulage and permits
uninterrupted transport of coal from the face to the
surface,- Under such conditions, however, a combination
of vertical and inclined shafts may be driven depending
upon prevailing conditions so that haulage can be effected
- through the inclined shaft and man-riding and upcasting
can be effected through the vertical shaft, In deep seams
the shafts are invariably vertical because they are the
shortest and, consequently, the least expensive.

The vertical shafts may be. circular, rectangular,
square or elliptical in shape., Circular shafts are more
commonly used in coal mining. They are especially desir=
able in deep mines, where heavy side pressures have to be
resisted. For a given cross-sectional area the circular
shafts present the least rubbing surface to the ventilat-
ing current., It is also best suited to sinking under
difficult conditions and to the insertion of a water tight
lining. Circular shafts can be sunk quicker than any other
shape of the same cross-sectional area. But the greatest
disadvantage of circular shaft is that the full area of
the opening cannot be fully utilized as in the rectangular
shafts which can be divided into several compartments.(2§).

Rectangular shafts are extensively used in metal mines
for sinking in rock. The rectangular section divides natu-
rally intb rectangular compartment s with great economy of
space. It requires less excavation for a given hoisting

area and it is adopted to framed timber or steel support.
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Square shafts are similar to rectangular ones but they
are rarely used. |

Elliptical shafts aim at combining the advantages
of both circular and rectangular shafts. Elliptical
section is stronger than rectangular and shares its
. space economy. It can be designed to have a concrete
- lining but it is difficult to keep plumb during sinking.
Sometimes elliptical shafts can be modified to give straight
sides and rounded ends which combine convenience of divid-
ing into compartments with efficient air passages;

The size of the shafts should be carefully chosen.
This will depend largely upon the desired output of the
mine and the type of hoisting system, ventilation require-
ments, amount of water to be raised, character of the

ground and unit costs of sinking and operating.
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CHAPTER IV

MINE DEVELOPMENT
Opening the Mine
Careful planning is essential for proper mine devel-

opment. Therefore, a comprehensive investigation and study
‘of the configuration of the underlying seams by thorough
prospecting and boring is first necessary and then, based
on these results, the mining operations are planned in
detail for maximum efficiency.

Room and Pillar and Longwall Mining

_ The shaft-bottom layout is most important. It serves
as a link between passage through the. shaft and transport
in the-underground workings. An efficienf face organiza-
tion can be maintained only if the underground haulage
functions properly. The latter depends more on the shaft-
bottom layout to‘absorb irregular surges imposed by the
road transport than on the capacity of the~hoist. The
shaft-bottom has to opérate as a buffer between the two
'enﬁirely different transport systems and at the same time
it has to link these systems together. This can be achievéd
by having é shaft-bottom of adequate storage capacity. Any
stoppage, whethef in the shaft or in the undergrouhd haul -
age system,'should not be transmitted from one to the other
before a certain period of time has elapsed. Thié period
should be of ample duration to cover such stoppages as are
likely to occur in normal working of a mine. This storage.

capacity depends upon the type of haulage adopted, the type
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of hoist‘(skip or cage) and the desired ouﬁput.

‘Adeduate suppoftffor surface plant buildings and for
the shafts themsel&es must be left in the'form of a coal
‘pillar to ensure that there is no ground movement ip.those
areas during the period of normal mining operations; The
shape and size of the shaft pillars depend ubon the depth
and pitch of the seams and, also, the area to be supported on -
the surface.

The number, size, direction and the gradient of the
main development roadways from the shaft-bottom or drift en-
try depend upon the pitch of the seam, the type of mechaniza-
tion employed during development work, the véntilation re-
vquirements, the nature of the roof ahd floor conditions and
the layout and method of working of the'districts'éf the mine
and their interdependence upon the main roads. Previously,
only two roadways, one for the intake and the other for the
return air, were used., This is still praéticed in many mines
as shown in Figure 15, The more genéral present day prac-
'tice, however, is to have a minimum of three headings; two
for,intaké and one for return. This has become an essential
safety measure resulting from_underground fires in intake
roadways. Suchﬁa 1ayout:is shown in Figure 16, 'In more
méchanized‘mines the main development headings‘maﬁ rénge
up to five or six where continuous miﬁers are used for
development purposes. In most of the continuous mining.
operatias in United States fhe main and panel entries

consist of 3 to 8 headings. Thus, development with
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continpoué miners provides a large and éontinuous produc~
tion of coal. Mechanizéd development causes no bottléneck
in’getting a quick‘return of the money.invested. A plan
showing the layout of main and panel entries with coptin-_
uous miners is shown in Figure 17. |

Many combinations of machines may be uséd for devel-~

"opment work depending upon the pitch‘of the seam and type
of face machinery ﬁsed. Development of headings by crawler
mounted cutter and loader, electric drill and face chain
conveyors is shown in- Figure 18, This type of face machin-
ery can be used in level, dip or rise headings with the
pitch as high as 7° or 8° (1 in 8), 1In 1evei of nearly
level seams, development machinery may consist of mobile
(tire mounted) cutter, loader, electric drills and shuttle
Cars. The shuttle cars load directly on to mine cars or
belt conveyors. . Development of a set of four main entries
by continuous mining machine is shown in Figure 19. The
solid line represents the coal face at the end of a com--
“plete cycle of operations and the broken line shows the
advancé of.the coal face at the end of the next complete
cycle of operation {1 thru 6). The continuous mining ma-
chine discharges:coal onto the floor from where mobile
_ loading machine transfers it onto shuttle cars. The éoal
is transported in the shuttle cars to the unloading station
where it is dumped into an elevating conveyor which conveys
the c551 to é chain conveyor for deliverence into mine cars.

Arrangements may also be made to load directly on to mine
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cars froh the shuttle cars by preparing a suitable ramp
at thé loadiﬁg poin£“(21333Jal4 -

Development of a sét of three ﬁanel entries by con-~
tinuous miner is shown in Figure 20.~ The solid lines in-
entries 1, 2 and 3 represent the advance of the face at
the end of a complete cycle of operation and the broken
lines represent the advance of the face at the end of -
“the succeeding cycle of operations (cuts 1 thru 6). The
equipment consists of a continuous miner, two shuttle
cars, one loader and a belt conveyor.‘ |

In single level mining operations, all development
work is done in coal except in thin seams where additional
headroom is required for the main haﬁlagé and traveling
road. Such roads are heightened by bruéhing the réof or
floor. In such cases, the roadways are driven wider in
coal and the rock from the brushing is used as packing on
the sides of such brushed roads. -

Development work for the longwall édvancing system
- in single level operations is quite simple and requires
much less'time to open full production faces. The main
and panel entries for the longwall advancing system are
shown in FiguretZl. All machinefy required for development
wiil be thg same as in the case of Room and Pillar mining.
The choice depends upon the pitch ‘and thickness of the seam.
In the case of longwall retreating; gate rbads from the
panel~entries hay be driven in pairs to a certain fixed

boundary and the face is then opened by connecting the
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upper and the lower gates. Development work in the long-
wall retreating system is more costly as a longer time is
required to open production faces.

Horizon Mining

In Horizon Mining the development work is extensive
and complicated and practically all the work is done in
rock until the production face is opened. Develcpment
work in rock is very costly and consequently very careful
planning is essential for successful operation of the
mine., In horizon mining, the shafts are sunk to a depth
some distance below the seam to be worked and, from this
poiht, level drifts are then driven through barren strata
to meet the seam. At least two levels, at an appropriate
distance apart, are required to win the coal between these
levels., The upper level is always the main return airway
whereas the lower level is the main intake and haulage
rocadway. Supply and stowing materials are normally brought
to the face through the main return airway. Thus, to ex-
tract the ccal from "A®, Figure 22, No., 2 level is for
haulage and air intake and No. 1 level is the returh.
Before all the coal is taken out from "A"™ another deeper
level 3 is driven in advance so that extraction can Ee
grédually switched to section "B"™ without loss of produc—
tion. For a certain time, both Nos. 2 and 3 levels will work
as haulage roads and No. 1 as ventilation roadway. When
all the coal in the section ®A™ is extracted then No. 3

level will be the haulage and intake level and No. 2 will
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will be the ventilation level. The depth to which the
shaft is to be sunk below the point where it intersects
the seam depends upon the depth and pitch of the seam and
the distance to the next adjacent seams. This determines
the distance to be driven along the level to intersect

the coal seam. Integral in the'system'is the use of
staple pits to reach the seam at intermediate points.
These staple pits serve as connections between horizons

in order to facilitate ventilation and transport of coal,
men and materials. These staple pits may be driven either
immediately between the horizons or between the intervening
seams and the upper or lower horizons.(1X).

The main haulage horizon consists of a network of
level roads which are used for transport, ventilatioh,
access to thé intermediate seams and providing points of
attack for developing the reserves into suitable panels |
or units. These roadways are known as cross—-cuts or cfoss
‘measure drifts when driven at righﬁ angles to the strike,
as latéral drifts or lateral roads when drivéq parallel to
the strike and as gate roads, comprising mother gates,
center gates and tail gates, when driven in the seam o
handle the transport of coal, waste and supplies. A plan
and section showing the network of level roadways in a
typicallhorizon is shown in Figure 23. The cross-cuts are
driven to intersect the seams and divide the reserves in
that particular horigzon into districts of suitable size.

The cross-cut beginning at.the shaft bottom, No. 1 in
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Figure 23, is called main cross-cut. The others Nos. 2
and 3 are known as district cross-cuts. These district
cross-cuts serve to distribute ventilation by splitting
the air into several parallel circuits. The distance
between these cross~cuts depends upon the maintenance
cost of gate roads and cost of gate road conveying.
Increased rate of advance of the gate roads due to better
mechanization of the faces tends to increase the distance
‘between the cross-cuts. The usual distance preferred in
flat measures (-200) is between 800 to 1200 yards.

The main lateral roads are driven along the strike
and the cross-cuts intersect them at intervals. They are
driven as straight as possible and their gradient is
usually in favor of the loaded cars. The lateral roads
may be in the seam or in the barren strata. Generaliy,
they are driven in the rock and, in many cases, in the
strongest measures in order to reduce the maintenance costs
even if the hauling distance to the shaft is increased.
The number of lateral roads required for one horizon
depends upon the extent of the area to be worked, the
number of seams to be worked and their geological group-
ing. Generally, one is sufficient but if groups of seams
occur at certain distances apart, then two separate lateral
roads may be required.

The layout of the main return airway horizon is

based upon principles which are similar to those of the

main haulage horizon., This is because the main haulage
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horizon ultimately becomes the return airway when a new
and lower main haulage horizon has been developed. |

~~ The distance Setween the. two main-horizons, i.e.,
the main haulage and main return airway must be carefully .
chosen because once they have been planned and driven
. they remain fixed for the duration of the minihg activities.
There is an optimum distance between horizons at which
mining costs will be a minimum. These costs include the
cost due to development of the roadway network and staple
pits belonging to the new horizon, maintenance of all the
roadways and staple pits, hoisting of coal and materials
in the staple.pits, hoisting in the main shafts and, also,
the costs due to ventilation, pumping and the time for man
riding. Considering all these items of cost, a compromise
~ must be made in order to have the optimum interval between
the horizons which provides the minimum costs. The lateral
extent and the quantity of reserves at a colliery bear the
greatest influence upon the distance between horizons.
Should the coal reserves be high, the most favorable dis-
tance will be less than if the reserves are small. Thus,
the seam density or the proportion of total thickness of
coal to strata plays a major part in deciding on the most
appropriate distance to be adopted.

The seam distribution within the coal measures also

bears influence upon theAdisténce between horizons. If
the seam sequence is repeated regularly in depth, this

factor has little importance but. if the seams occur in groups,
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irregularly in depth, it is desirable to locate the main
haulage horizon at such a depth that it is possible tov
work the lowest seam of any group from ﬁhat horizon as
shown in Figure 24. If this is not done there will be
increased hoisting and other costs due to increased
. interval between the upper group of seams and the next
horizon. |

The distance between the horizons is also influenc~-
ed by the length of the face and the method of working.
In flat measures, this factor has no bearing on the inter-
val between horizons but in semi-steep (£20° to -40°) and
steep (£40°) measures the length of face to be worked has
a great influence. If a seam is pitching 306, a face 200
yards long will have a vertical interval of 100 yards and
the distance between the horizons can be made 100 yards or
ény multiple of it. If the interval is only 100 yards, no
sub-levels which increase the cost of drivages in rock will
be required. Similarly, in sfeep measures pitching at h5°,
a length of coal face 200 yards will have a vertical inter-
val of about 140 yards. Generally,main level development
is considered too‘costly to repeat at short intervals.
Thﬁs, in semi-steep or steep measures, a horizon interval
of twice to four times the vertical height of coal face
has proved to be the most suitable distance. |

In countries like Germany, Holland and Belgium where
the Horizon system of mining is largely used, the distance

between horizons in flat measures commonly varies between
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100 and 200 yards. The seam density, or the proportion

of total thickness of coal to stréta, in these areas ranges
between 0.9 and 4 percent. The, horizoﬁ interval approaches
the lower limit when the seam density is high, and the high-
er distance when it is low. The average life of the main
haulage horizon varies between 10 and 25 years with an
'average yearly output of about 1 million tons. These peri-
ods are considered to be the most favorable for redemption
of capital expenditure incurred in the development and
maintenance of horizon. In semi-steep measures, the dis-
tances between horizons vary between 100 and 125 yards_and
in steep measures the intervals vafy between 150 and 240
yards depending upon the influence of-the'coal reserves

and the length of face to be employed. (11)

Locomotive hauiage on the levels is uﬁiversally
adopted in this system of mining. This forms the cheapest
and most flexible transport system.

A typical layout for a single seam horizon.system is
shoﬁn in Figure 25. Here the main intake hahlage and main
return airway cross-cuts are driven level from the respective
shafts and touch the seam at E and F, and thus forming the
limit along the dip of the first area ABCD of coal to be
wofked. The vertical interval between the two drifts-in
this case is 450 ft. and the full dip of the seam 1 in 4.5
or 12.7°° According to I.C.F. Statham (37, pg. 307);
"Roadways are driven in the seam to form return air&ays

(giving ascensional ventilation), and to open out faces and
conveyor roadways successively, ED, EC, GZ, and HZ, the
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latter dlvidlng the area into three strips, each 230 yards
wide, on either side of the main intake roadway, suitable
for longwall advancing single-unit worklng.

MTwo 230-yd. wide faces (Strip 1) are worked simul-
taneously to predetermined distances ZD, ZC - which limit
the extent of the first area to be worked -~ the coal being
conveyed down the faces, along the bottom roadway, and -
loaded into tubs at point E.

, "When Strip 1 has been exhausted -Strip 2 is worked

in a similar manner, with the exception that the coal is
delivered from the roadway conveyor onto a spiral conveyor
(or chute) situated in the staple pit at point G, then
loaded into tubs on the main intake drift. Strip 2 is
replaced by Strip 3, the coal being loaded by way of the
staple pit at point H, into tubs on the main intake road-
WaYe

NIf stowing material is requlred it is sent down the
upcast shaft, hauled via the main return airway to pomnt F,
and then transported by conveyors along the return alrway
to the rise end of the faces.

- "When the area ABCD is exhausted, another main intake
airway drift is set out from the downcast shaft at a lower
level to intercept the seam at point J, in order to work
out the area DCKL, the intake roadway for the area ABCD
becoming the return airway for the working area DCKL, and
so on, progressively.

"Man-riding facilities are provided from the shafts
to the inbye ends of either the main intake or main return
roadway, points E and F, according to local circumstances.™
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CHAPTER V

EXTRACTION METHODS
Room and Pillar Workings

It was common practive in the pést to drive headings
and form pillars throughout the coal property before com-
mencing piilar extraction. More recently, however, it has
been recognized that by working coal in the panel systém
and leaving barriers on all sides, not only is the cost of
heading decreased to a great extent but also crushing and
over~riding of pillars can be avoided or reduced.

At the present day, most of the mines ‘are worked by
the panel system.- It has the advantage Qf;,(a) splitting
the ventilating air currént for each district andAthus pro-
viding cleaner air in all areas, (b) comparatively better
ventilation is qbtained at later stages as the worked out
districts can be effectively sealed off and thereby elim-
inating potential causes of contaminationhand spontaneous
heating, (c) explosion in 6ne district does. not affect other
districts, (d) as the panels of extraction are small in area,
lesé time is allowed for the roof weight to act upon the |
pillérs before they are extracted and, therefore, less dan-

ger to life and less wastage of coal due to crushing, (&)

there is less danger of creep and fall of roof in roomé and
(f) a large 6utput_can be obtained in a short time with com~
paratively ieSs cost k37);

The area of a panel depends upon whether the seam is

liablé to spontaneous heating and, also, upon the speed of



71

extractipn and depth., If the seams are liable to spon-
taneous heating, the_afea will depénd on the incubation
period and-the speed of éxtraction. Thé incubation period
is the time interval which extends from the time of start-
ing pillar extraction to the time when the actual fire due
. to oxidation of crushed coal appears. As can Be appreciated,
it varies from seam to seam. The area in a pahel depends also
upon the speed of extraction which, in turn, depends upon the
type of machinery usedj this fixes the maximum time available
for pillar extraction to fall within the incubation'period.
In some of the seams of India, the incubation period varies
between 4 and 12 months. The panel area, in such seams is
normally-about 600 ft. by 600 ft. in plan. It is desirable,
from the robf,control point of view, to allow subsidence to
reach the surface quite readily but, in deep mines, with
relatively small size panels and with solid barrier pillars
surrounding it, subsidence may not reach thé-surface within
the practical mining period. As a result, adjacent areas
willltake on added loads: In order to prevent this in deep-
er mines, a larger panel is used and the entire area is
developed before extraction of pillars is attempted. During
the final phase, értificial panels are formed by stoppings
whiéh enclose a small number of pillars. These panels.are
then extracted during the very latest mining stageé which
may extend into the incubation period.

Figures,zé, 27, 28 and 29 show; in line diagram, the’

layout Qf panels in a Room and Pillar system and the wvarious
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methodsiof pillar extraction. Figure 26 shows how the panel
was first fullj developed and then retreated with compiete
extraction. 1In Figure 27 the ™whole wofking“ or development
is followed by the "broken wbrking“ or pillar extraction.
The full lines show pillars already formed and the dotted
lines indicate pillars that are yet to be forméd. In this
method, the pillars are extracted as soon as they are form=-
ed so that they will not be subjected to crushing through
excessive life. In both these cases, the pillars are shown
to be extracted from two sides of the panel. Here, the
fracture or goaf lines form a "V" and roof'control diffi-
culties are likely to occur where these lines inﬁersect.
If this system of extraction cannot be avoided, it is desir-
able that the apex éngle made by the two fracture lines
should be as wide as possible in order to avoid a concentra-
tion of roof pressures on the adjoining pillars at the abéx.
The best method will be to have a single fracture line
across the whole panel which will reduce the 1iklihood of
roof trouble. This is shown in Figure 28. The ideal con-
dition, from the roof control point of view, will be to have
a "broken™ working followed closely behind the "whole™ work-
ing with a singlelfracﬁure line as shown in Figure 29.

~ Under -normal conditions, the fracture line is kePt»
diagonal and along the cleat. This is shown by the sequence
of extraction in Figure 30 where each pillar is split into &
blocks or stqoké.' In such cases, maximum support, in the -

area under extraction, is provided because each pillar is
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contributing half the pillar support. The portion of the
goaf protruding into the pillars or the area unsupported is
at a minimum when the angle is 45 degrees. If the line of
break is at right angles to ﬁhe cleat, the roof will_remaiﬂ
suspended for a long time and may cauSe excessive loading

on adjacent pillars. The line of fracture can be changed,
the amount depending upon roof conditions, to induce earlier
or delayed break of the roof. Thus, the step-diagonal line
of fracture is shown by the sequence of extraction in

Figure 31. The correct line of fracture or the correct

line of face has to be determined by actual experience

with the particular seam under extraction. In deep mines.
espécially, the cleats must be observed carefully. The
direction of splité which divide the pillars into smaller
blocks at the time of extraction depends upon local con-
ditions. JSometimes the splits may collapse if the area is
heavily stressed4and where the split is parallel to the direc-
tion of cleat. In faulted areas, usually the line of frac-
ture should not be made parallel to the fault plane. The
face in such cases should be maintained at some angle to the
fault plane.

The success of pillar extraction lies in allowing the
roof to break regularly along the line of face and, also, in
regulating the speed at which the fracture traverses across
a pillar, panel or series of panels in order to effectively
relieve the strata pressure on adjoining coal pillars. The

faster the speed of fracture travel, the more effectively

is the strata pressure diverted into the goaf.
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The method of extracting panels in a mine varies
widely and depends upon many factors such as depth, thick-
ness of seam, nature of roof and floor, ?itch of the seam
ahd, aléo, upon the type of machinery used and the preva-
lent mining practices in similar coal fields.

Planning for the purpose of exploitation in room
and pillar system can be arranged in two different ways,
€.8., (@) layouts in which the formation of pillars is
the first aim, and, as such pillars contain the majority
of coal, they are extracted subsequently; and (b) layouts
in which rooms are formed separated by thin pillars or ribs.
The majority of coal is extracted’frqm the fooms and the
ribs or the thin pillars are not extracted or partially
recovered.

In category (a), about 15 to 35 percent of the seam
is extracted in the first mining operations and, in cate-
gory (b), the percentage so extracted is much higher.

Thin Seams

| Seams less than 3 ft. in thickness are not generally
suitable for the room and pillar method of working. Séams
less than 4 ft; in thickness give rise to trouble with the
dispdsal of dirt which is produced by brushing of roof or
floor. It is deéirable, in such workings, to keep at a
miﬁimum the number of roadways required for haulage and
ventilation, because of the high cost of making such roads.
Moreover, thé efficiency of men and machines is imparied .

at the face with low headroom. However, at the present day,
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machines have been designed to work thin seams efficiently
in such workings.

Flgure 32 shows the layout of room and pillar mining
in a thin (26 inch), nearly flat seam. Piggyback units con-
sisting of Pigloader, Piggyback conveyor, chain conveyor
with crawler mounted drive, coal cutter and hand held
electric drill are used for the room work. After the three
panel headings are driven to a predetermined limit, a pair
of rooms is turned 90 degrees off each side of the entry.

A Piggybaek unit advances each pair of rooms to a pre-
determined boundary. The rooms are wide and the narrow
pillars between are not recovered. The roomlchain convey-
ors are set 2 ft. off centers to provide a roadway in the
center of the rooms for the .Pigloader which shuttles back
and forth between the two rooms. All other equipment
remains in each individual room. Roof bolts are instalied
on L~ foot centers throughout the rooms. (13).

Another method of extraction in a seam 30 inches thlck
at a depth ranging from 600 ft. to 1200 ft.,is shown in
Figure 33. Mining is done by coal cutter with hand loading
onto é room conveyor. The rooms are tgrned 90 degrees off the
entry:and driven to a predetermined boundary. The necks
of the rooms are narrow for some distance and then the width
is gradually increased to the full room width.A No cross-
cuts are made between rooms and the resulting solid pillar
is extracted from the inbye'end by the "open-end™ method. -

Extraction begins when the room has reached its full length,
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In extracting the pillar between rooms, a cross-cut is made
in the pillar at the inbye end of the room. The end of the
pillar is then cut and extraction proceeds by méking repeat-
ed cuts‘on this open end. .The cuts are so made.that thg ’
face of the pillar is at an angle of.hs-degrees to the room
line., The room is supported on the advance by using props
on L ft. cénters; During pillar extraction,<the face is
protected by wooden cribs or chocks which are advanced as
the face of the pillar retreats. The coal is hand loaded
on the face conveyor.

The equipment that is used in room and pillar workings
in  thin seams includes scrapers, chain and shaking convey-
ors which are loaded by hand, duckbills which load onto
shaking conveyors, low cépacity mobile equipment for load-
ing shaking conveyors or shuttle cars and many types of
auxiliary equipment that are used with these units. A new
auger type continuous miner has been developed in 1956 to
mine such thin seams (44). Figure 34 shows the layout of
rooms in a nearly flat thin seam where each room is pro-
'vided with one continuous miner of the auger type. Coal
is conveygd through the machine by a chain conveyor and-
pransferred to a'chain-flight bridge conveyor which is
integral with the unit. From here, the coal passes over an
extensible room belt conveyor and is fed onto the main belt
through a cross belt. The main belt con#eyor is extended
every two pillars. Figure 35.shows a roof support plan

wherein both roof bolts and timber props are used so as to
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permit easy maneuvering of the miner. -It'provides maxi-
mum protection for the workmen with a minimum of timber
removing and resetting. Figure 36 shows the development
of rooms and extraction of pillars on the retfeat by the
same miner., -

Moderately Thick Seams

.SeaMS ranging from 3 ft. to 10 ft. in thickness are
" placed in this category. Figure 37 shows the 1ay§ut and
method of extraction of a 5 foot thick, flat seam'in which
rooms are turned at an angle of 60° from the entry and
driven to a predetermined boundary. The rooms are made
wide with thin non-recoverable pillars betwéen. Room necks
are driven narrow for about 20 ft. and then gradualiy wid-
ehed to the full room width. Rooms are developed in blocks
of twelve uéing the advance in one entry and the retreat
system in the other. The coal is cut by a track mounted
cuttery, drilled and blasted and loaded onto mine cars by
a mobile loader.of the track mounted type. The rooms are
timbered systematically as shown in the figure.

Figure 38 shows the lavout and method of working in .
a flat seam which is 3 ft. 6 in. thick. In this case, the
rooms are ﬁurned_at right angles off both entry headings
and driven to a bredetermined boundary. The rooms are wide
with breakthroughs at appropriate intervals. One’ cut which
is approximatély 6 ft. deep is taken off one side of each
room pillar Qhen it can be removed safely with the loading

machine. Each room is equipped with a shortwall coal cutter.
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Figure 37

Pilan of 'Room'and Pillar workings having rooms 22 feet wide and 31
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After each cut, the face is drilled ahd blasted and a
crawler mounted loading machine moves the coal onto.a

room chain coﬁve&or.

| Figure 39 shows the layout and method of.exﬁractioﬂ
of a nearly flat seam which is 5 ft. 4 in. thick and'at an
average depth of 450 ft. The pillars formed in each panel
are mined on the retreat while maintaining a diagonal

line of fracture. They are takeh by the "pocket and wing™
method whereby each is split through the center and a
pocket is then driven in the inbye portion at right angles
to the split. A thin rib or wing is left between the pock-
et and gob. This wing is recovered after the pocket has
been completed. A pocket may be driven- along both inbye
éides of the pillar thus leaving a rib or fender,‘about 5
or'é ft. thick, between the pocket and the gob., The fender
is then recovered by ﬁining from the inbye end. The cbal
is cut by track mounted arc-wall machine,. drilled by elec-
tric drills and blasted. It is loaded by hobile loading
machines onto mine cars which are hauled by gathering loco-
motives. All places are timbered with three-piece sets on
L-foot centers and additional cross-bars and posts are set
.at the faée as required.

Figgres hO and 41 shcw a panel layout and retreat
mefhod of pillar extraction. Cuts in the pillars are sched-
uled to mainﬁain a uniform pillar line of A5-degrees to the
direction of retreat. A typical schedule is given in Figure

L1, The coal in each pillar is recovered in six lifts.
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Figure 41

Sequence of extraction of pillars in Room and Pillar workings
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Alternate lifts are made on the two gdb sides of the pillar.
This first 1ift is taken across’ the width of the pillar
parallel to the main cleat .of the roof rock which breaks
.feadily. Thus the weight of the roof is prevented from
carrying over to the unmined coal in the pillar. Créss-
bars are set on Li-foot centers in the working places, and
props with cap bieces are placed along the gob side of the
1ift as needed. Upon the completion of the 1ift, the cross-
bars and some of the props are pulled. Cutters, crawler
mounted loaders and electric drills are used for the extrac-
tion of pillars. The loaders load the coal onto shuttle
cars or directly onto mine cars.- |

Figure 42 shows a layout and methodiof extraction in
a nearly flat seam, 8 ft. 6 in. thick, by a conventional
system of room and pillar mining with mobile coal cutters,
loaders, drills and shuttle cars. - Pillars are extracted
on the retreat when the development of the panel is complete.
A pillar line is established about 30-degrees to the panel
rooms. Development in the panels ié timed so that mining
of pillars in an inbye panel is started when the pillar 1iné
ofvthe preceeding panel reaches the last entry of the ocutbye
panel. Thus, a continuous pillar line is maintained across
two or more panéls. The method of pillar extraction‘and
the sequence of cuts in each pillar are‘shown in the figure.
The first opération in extracting a pillar is to drive a
split'through'the pillar, parallel to the panel entry. This
split is not "holed through® until the inbye pillar has been
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completely mined and a roof fall occurs. This practice
-prevents loose gob from rolling into the working place and
also lessehs‘the possibilit& of the fall extending into the
split. - After the split has been completed and the pillar
has been divided intd blocks, the block next to the gob
is extracted in 1lifts. Lifts A and B are mined in succes-
sion and lifts C and E are mined together. Lifts F and D
then are mined together, and G and H are mined in succes-
sion., The stump or "push out™ in each block is recovered
as shown in the cutting sequence. A small triangular stump
is left on the gob side of the first cut in each 1ift to
keep the loose gob from mixing with the coal and to give
additional support to the o#erhanging roof. The coal is
top cup,_and a shear cut is made next to the stump to sep-
arate it from the first cut in the 1ift. When possible,
the remaining cuts in the 1lift are open ended. However, if
the timbers or stump show signs of roof pressure, additional
stumps are left '‘along the gob side of the 1lift. The timber
crew theﬁ sets five breaker pfops in the split and in line
with the rib of ihe next lift. If a.roof fall does not occur
immediately, the stumps are blasted. Figure L3 shows the
loéding arrangement and track layout in the panei.

A bian followed in mining rooms and extracting pillars
in a panel with continuous miner is shown in'Figure L.
The cuts, compfiéing a complete mining cyéle are indicated
by the broken lines. These cuts are mined in the sequence

indicated by numbers 1 to 23, inclusive.. The solid lines
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show the coal faces at the Beginning of thé mining cycle.
Before the pillars between rooms E and.F are mined, room G
is driveﬁ to'provide an escabeway; A row of room pillars
is left around the panel: to proviae a bleeder. The panel
entfy pillars and»the foom stumps’afe extracted»by abmébile
loading unit as the rooms are retreated by the coﬁtinuous
mining‘machine. Rooms, entries and crosé-cuts are driven
by making alternate cuts as shown in Figure 45. Wood

props are set along the center of a dompleted cut on L4~
fobt centers.' These props are reset when the alternate

- cut is completed and then reset along the right rib as the
continucus-mining machine advances. On pillar extraction,
.wood cribs are set along.the'gobAside of each lift, These
cribs are recovered:and moved férward with each successive
lift. . The continuous mining unit consists of a continuous
mining machine, two cable-reel shuttle cars, and one belt
conveyor, The miner loads the coal onto shuttle dars which
transport the coal to the beltkconveyor in the panel entry
and, at the discharge end of the belt conveyor, coal is
ioaded onto mine cars. |

| Another layout for the extraction of a panel by~50h-~
‘ tinﬁous;mihing machine is shown in Figure 46. When the pan-
el entries. have reached a predetermined boundary, rooms are
tupnéd up the dip.. The twélinbye rooms (A and'B) are mined
simgltaneously'by'making cuts l‘to 6, inclusive. The pillars
.between‘these rooms are extracted as shown by cuts 7 to 15

and room C is mined by making cuts 16, 17 and 18, Mining in



Continuous-mining machine starting cut B

l — -T--- b
| —
: B Continuous-mining machine 96"
________________ 21 ————
17 - 7T — -1
. | -4~ f
\o D o o o T o o OA [] o [¢] (] 7I|6H C
& 1 e
.- 4" diam, wood posts set on 4’ centers - 60" - 60 o
S S R R
17 T T T T T T J
At
fo—30'—+fe 60’ .

‘ 17I - ‘

~ Continuous-mining machine

[
. _:

, ]

Figure 45

Sequence of cuts ir roadways with Contiruvcus ¥iner shewing support system (21)



Panel entry
\\ 30" belt
/

ATy /
;0 17 ;) /! 1/ /ol Ty
/ /y A A ’/ // \\\ /! 7/ /

‘nll\kllhhlkkll\.«llb\l thlh\llei LLo S IR||I]

oT4]
C c
59
le o o®
g %
N nle : p : | P /.7n.u
® T > ) T 3 | 3
reemem T R ECa——" 1
“u @ 9 | — | L 0 wooy
e A e 7 oo A il
/oy / /)7
. VY / /]
% /. 7/ / / /
/Y /v / /
/ k\ h\ / / /
fodmm o S S Lo ]
t O | <t | N mEOOm
rany o R sk e S ey & A g e o I e |
/ .\V 1! 1y Y \\lx\ \\\u 77 \M \N 7
X ~/, , Sl A / /
%A/ \\ / \\,\\ 7/ \\ // 7/ / /7 / /7 / /
v tw i)l sl e e, \

Figure 46

Plan showing sequence of extraction of pillars by Continuous

Miner (21)



97

the panel proceeds by repeaﬁing the cycle of cuts 7 to 18,
inclusive. Panel entry pillars are‘extracted by making
cuts similar to those made in extractiﬁg the room'pillars.
A single row of wood props on h-féot centers is set in
rooms 4 ft. from the rib and, in pillar exfnaction, a single
row of wood props is set'along each rib. The céhﬁinuous
mining unit consists of a miner, two cable-reel shuttle cars
and a belt conveyor. One of the shuttle cars is used as a
surge car, and the other transports the coal from the surge
car to the unloading station. The shuttle car is equipped
with an elevating conveyor which discharges the coal onto
the belt conveyor.
The layouts in pitching seams have to be oriented
and suited to the type of haulagé and face machinery to be .
used. Mobile face equipment can be used only to certain
limiting pitches and, if the pitch is greater, they cannot
be applied and different sets of maéhinery have to be used.
The method of extraction in a seam pitching at 15°
thru 28° (1 in 3.7 thru 1 in 1.9) is shown in Figure 47.
The panel entries are driven to a predetermined boundary
-along the strike. Rooms are turned at 90° off the air
course entry and are driven up the pitch of the bed. A
working section consists of three rooms - two advancing and
one retreating on the pillar. A compartment comprising man-
way and conveyofWay is securely timbered aldng the inbye
side oftthe rooms by erecting timber sets consisting of props

and bars as shown in the figure. The area of the room
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outside the manway is timbéred wiﬁh props 6n L-foot cen-
tgrs; A crib is placed adjacent to the manway at each
room cross-dup. A1l coal is loaded onto shaker 6onveyor
which is installed in the conveyofway adjacent to the inbye
rib of the room. A material track is placed in\the maﬁway
compartment. The cleavage in the bed results in forming
a face approximately 45° to the directioh of the room.
The loading pan of the conveyor is turned along this face
by means of a swivel. Pillars are extracted by mining
acfoss the piilar at an angle of approximately 60-degrees
off the center lines of the rooms. All places are well
timbered adjacent to the conveyor line at the face. Each
-working place is equipped with a- cutting machine, portable
drill and supply track. A sheafe is attached to a timber
at the.head of the supply track in each working place, and
one electric hoist handles supplies and material for three
working places. Coal is hand shoveled onto the face con-
veyor.

A method of extraction in a seam pitching at about 7°
(1 in 8) at a depth of about 2000 ft. is- shown in Figure
L8, Thé panel consists of five parallel headings driven
falong the strike of the seam up to a predetermined boundary
forming pillars which are on 15.O’ft° centers and which are
extracted on the retreat. Each pillar is dividéd‘into
three blocks or stooks by two dipping splité as shown in
the blanf The sequence of eﬁtraction of the blocks is so

arranged that the direction of the line of fracture is
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maintained constant. Each block is taken in slices from
the goaf end, the sequence of extraction of each block
being shown in stages A, B, C D and E. The coallls cut
by & skid mounted shortwall coal cutting,machine,‘drilled
by a portable electrio drill.ahdfblasted;‘.lt is handﬂ
shoveled. onto the face chain conveyor thch‘feeds’the room
chain conveyor. The rooﬁ chain‘conveyof, in turn, 1oads
onto the ‘main belt conveyor which is installed in.the mid-
dle heading on the strike. Supports are set . as shown in
the figure, This type of face machinery and the. method of
extraction can be adopted in seams ranging from level to
pitches as high as about 180 (1 in 3) beyond which the coal
cutter will skid. - hi ‘ | |

A method of extraction inva seam pitchingvat 45° (1
in 1) is shown in Figure h9; 'Paifs of panel'entries, com—
prising haulageway and airway,'are driven off the. slope
‘along the strike of the bed, An opening, similar to room
.entries, comprising manway and air—course,‘is driven from
the‘airway of the lower entry to the haulageway of the
entry above.‘ A ladderway, chute and‘l2—inch gage material
vtrack are constructed in the manway. Rooms are turned from _
) the.manﬁay compaftmeht along the strike of the.bed, These
vrooms are driven 35 ft. wide with 30 ft. pillars in between.
Extraction of a panel is started in the chain pillar of the
top entry. A shaker conveyor is erected on‘the high side
. of thetworkiﬁg place adjacent to the pillar. Successive

diagonal slices are taken off the pillars by blasting to
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the open side. The coal uéualiy flows by gravity to- the
loading pan 6f the conveyor. Onlyra minimumramounf of
shoveling is neéeSéary. Thé conveyor discharges coal ont:
the. chute. . |

Three rooms are'worked'simultaneousiy off_an inélined
plane - two on the advance and one on the>retréaﬁ; A con-
veyor‘is ergcted along the lower rib of the foom during
"the advance of the place; Confeyor pans are léid_along
the upper side of the room and serve as a materialway
during the driving of the room. A small rubber-tired truck
is operated in this pan 1ine; This conveyof is used later
when the room pillars are extracted. Each working place
is timbered with two parallel sets of fimbers as shown in
the figure. Temporary sets areiﬁsed between the permanent
timbers and the face.

A cut, 6 ft. deep and 8 ft. wide, is made with a
shearing machine beginning at a point‘approximateiy 5 ft.
from the lower side of the'place. It is'ﬁnsafe to cut the
entire face in the steep pitch workings. The machine is
.kKept on an adjustable mounting that maintéins the machine
in A horizontal position and this mounting rests agaiﬂét'

- lagging piacéd against the props oh the lower rib side as
shown in the figure. The face is drilled and blasted. The
loading pan of the conveyor is advanced Qnto'ﬁheibottom
coal. After.this'cut hés been ioaded, théfreﬁainder of the
~face is mined toward'the-opeh end. A plank deflector is

laid between the face and the timbers to guide the-coal to



104

the loading pan of the conveyor. Only a minimum of
shoveling is necessary as the greater part of the coal
flows onto the conveyor by gravity. '

In seams pitching at 25° to 45°, a method of extrac-
tion may consist of two levels, one for intake_and_haﬁlage
and the other for return. They are driven in ﬁhe seam
and connected to the shafts by cross-measure drifts. A
pair of roads is then driven to the full rise for some 100
to 150 yards and then short "breastings" are driven on the
full rise and dip of the seam and advanced along the direc-
tion of the strike, roughly 10 yds. in length. A series
of such breastings are driven with the uppermecst face leading
as shown in Figure 50. Packing of the gates is a special
problem and packs are interlaced with wood cribs to prevent
them from sliding down the dip before roof subsidence can
censolidate them.

Thick Seams

Seams of greater thickness present a special problem
and call for special methods of working. The methods applied
vary greatly and depend upon the depth, thickness, pitch
and nature of coal and the nature of the immediate strata.

The method of extraction of a 16 ft. thick seam
pitching.at about 8° (1 in 7), at a moderate depth, is shown
in Figure 51. The seam is developed in the floor level for
a height of & ft. and the rest of the coal is taken during
depillaring on the retreat. As the depth is not very great

the pillars are split into four blocks and the blocks are



Figure 50

Method of working steep seams with

"preastings® on the strike (37)
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taken in a diagonal fashion. The block to be attacked is
prepared by brushing the 8 ft. of the roof coal on two
sides of it in the splits aﬁd supporting the roof by props
as needed. After the two sides have been fully heightened,
the 16 ft. high block is attacked from the rise side by
blasting; holes being drilled with a hand held electric drill.
Extraction of the block is continued in a half-moon fashion
and props are set systematically as extraction proceeds.
The sequence of extraction of blocks is always maintained
to get the correct line of face. |
If the mine shown in Figure 48 is deep and the thick-
ness is 15 or 16 feet, the method of extraction will be the
'same as described. In that éase, after splitting the pillar
into 3 blocks by driving two 8 ft. high splits in the floor
level, the dip split adjoining the block under extraction
is heightened the ultimate maximum and supported by 16
foot props;- Then 16 foot high slices ére taken as before.
The method of extraction of aISeam 9 to 16 ft. thick,
dipping at’23-degrees, is shown in Figure 52. Rooms are
turned on 70 ft. centers from each entfy. They are develbp;
ed in groups of three and driven up the dip at 90-degrees
with the strike of the bed. A barrier pillar of 140 ft. is
left betweén each group of three rooms. The height of the
room is the thickness of the coal seam. Where the bed
reaches the maximum thickness of 16 feet, rooms aré driven
8 ft. high on the advance and the top coal is taken down on

the retreat from the roof. Steel chutes extend from the face
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of the room to a chain cohveyor in the inbye cross—cut.
This conveyor extends across the three rooms to a chain
conveyor in the outbye room and the coal is conveyed to
the belt con&eyor in the entry.' Extraction of pillars is
started on the retreat when the three rooms are driveﬁ up
to the predetermined limit. The line of face inAthe de-
pillaring area is maintained diagonal as shown. The fallen
coal is shoveled and pushed over the steel chdﬁes that are
placed in the rcems and along the working faces to cross
chain conveyors in the next outbye cross-cuto‘ The cross
conveyor and room conveyor transport the coal to the belt
conveyor in_the entry.

The percentage of extraction from a thick seam by
caving in room and pillar workings-is low but if packing
is adopted, a very high percentage of extraction can be
attained. Following is an example'of the method of extrac-
tion of a ‘28-foot thick seam at a depth of 600 ft; to 800
fte from the surface in which sand stowing is practical.
The development was done on the floor level for a height
of 7 ft. Rooms are 12 ft., wide and pillars are 100 ft. on
centers. The seam is extracted in four 7-ft. high lifts.

During the extraction of pillars, small areas - each
enclosing about 16 pillars are worked as a unit. . The pillar
under extraction is first split into two by driving a level
split 7 ft. high and about 12 ft. wide. The dip-side half-
pillar is then extracted in three slices as shown in Figure

53° The first slice is taken out and ssowed before the
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second slice is attacked (Figure 54a). The arrangement ot
'bafricades, b, erected before startihg the stowihg, is

shown in Figure 53. When the first 1ift of the dip-half

of the pillar is extracted, the dip galiery CD (Figure

54b) is partiaily pécked with sand to provide. a level track
from the level gallery in the first llft to the gbllt gallery
position in the second lift. After the track is laid on
the sand floor, a level split is driven in the second 1ift

. (Figure 54c) and the track extended therein, The extrac-
pion of the dip-half of the pillar in the second lift fol-~
lows the same pattern as that in the first lift. As soon

as coal extraction is started in the dip-half of Pillar 1,

a split gallery is started in Pillar 2, and when the extrac-
tion of Pillar 1 is started ih the second 1lift, the extrac-
tion.of first 1ift is started in Pillar 2. |

‘When the second 1lift has been extracted and stowed in

the dip~half of Pillar 1, the track in the dip gallery be-
" tween Pillars 1 and 2 is raised on'a slight gradient from
the level gallery in the first 1ift so as to reach the third
| lift. ‘This, however, necessitates femoyal of some roof coal
from the original dip gallery, which has now become a Slight—
1y rising one (Figure"SSa).. As may be seen from the figure,
this gallery now touches the third 1ift not in the center of
the pillar but a little on the dip side so that the dip-half
~of the third 1ift is about 30 ft. wide and the rise-half is
about 46 ft. wide, The track position for taking out the
‘third 1ift in the dip-half of Pillar 1 is as shown in Figure
55a. |
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When the split gallery in the third lift is driven
and the dip side coal has been tékeh, the position is such.
that the'fullipillar has been extracted in the first 1lift,
the dip-half pillar has been extracted in the second lift
and the dip 30 ft, of coal has been extractég_in the third
1ift. | | |

Now, working from the same split gallery in the third
lift, coal is extracted towards the rise side of the pillar
ﬁntil the level of the roof of the second lift on the rise
half of the pillar is reached. From this point, the slice
driven forwafd in a dipping course in order to extract the
coal in the second 1ift in the rise half of the pillar,
When this second 1lift on the risg half of the pillar has
been taken out and stowed, Pillar 1 is left in the position
shown in Figure 55f, At this stage, the position of extrac-
tion of different lifts in different pillars is as shown in
Figure 55g. |

As the extraction of coal in the fourth 1lift of
Pillér 1l is not possible from the adjacent level gallery,
it is necessary to drive a couple of'cross-mgasuré galieries
from the rise-side level galleries (Figure 56). It is
essential that this pair of cross-measure galleries and a
level aldgg the strike, as shown in the figure, are ready
before the fourth 1ift in Pillar 1 can be extracted.

Figure 57 shows the position of the track for the
extraqtion-of the fourth lift in the dib-half of Pillar 1.
It also shows, in dotted lines, the level gallery which will
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have to be driven in the top section of the seam in order

to extract the last 1ift in the.other pillars. The position
of track for extracting the various 1lifts in different pil-
lars has been shown in the various figufee. Their grades
are always in favor of the load. The track is 1aid.as near
to the wofking faces as possible. Empties are'hand trammed
into the working faces and loads are gravitated down to

the haulage curve. There is no problem in ventilation dur-
‘ing the extraction of the first three lifts but the workings
in the fourth 1ift, however, have to be ventilated.through
the cross-measure galleries and staple pits as shown in
Figure 58.

The mine has been deVeloped in the first 1lift by using
coal cutting machines and permitted explosives, but during
the pillar extraction all work is done by pick mining.

Under these conditions pneumatic picks can be used without
difficulty to give higher outputs. As the area exposed at
any one time is only about 30 ft. by 40 ft. there is no dif-
ficulty in sﬁpporting the coal roof in the first three
1lifts, ‘During the extraction of the fourth 1ift, however,
special care has tc be taken to support the immediate roof
of-shaly sandstone which has a prominent cleavage. Syste-
matic timbering rules have to be followed and enforced at
all'stagee during the extraction of pillars. ‘About l.4 tons
of sand arebstowed for every ton.of coal extracted. The
extraetion.is 100 percent.. Although the extraction was

under buildings, tanks, etc., no subsidence has been noticed.
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Suggested Methods of Pillar Extraction

_ If a seam is less than 16 ft. thick and.at a moderate
depth, it can be developed along the floor level up to a
. height of about 8 to. 10 ft. The plllars are divided 1nto
four blocks each by driving two spllts, each ‘about 12 ft.
wide and of a helght equal to that of the rooms whlch were .
made durlng development. The adJacent plllars are split
durlng extractlon of the blocks as shown in Figure 59a.
The Junctien O is helghtened to the main roof and then .
-the roof coal is taken from the two splits along the direc-
tion of the arrows as shown. If rcof is bad, a portioﬂ of’
the roof coal at the goaf end of the split is left (Fig-
ure 59¢). This bridges the roof betﬁeen the blocks.and,
thus; serving as a bond which reduces roof trouble, - More-
over, it reduces also the height’of~the‘cribs that are set
at these points. After heightenihg'these splits, the Block
1, Figure 59a, is extracted at full height. Whén Block 1 .
is taken, Blocks 2 are extracted and the same.procedure is
adopted for extracting other\remaining blocks.

| This method is applied when the roof corditions are
fairly bad and, thus, the exposed area of the roof.ié kept
. at. a minimum, 0therw1se, if the roof is good, a modifica-
tlon of this method can ‘be’ applled in whlch case the June-
tion of the‘plllar at X (Figure 59a) 1s_helghtened and,
from this junction roof coal is takén in the direction of
the lgéel and the dip rooms adjeining the.ﬁillar under

extraéﬁion; The piilar is then divided into four blocks
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by driving two 16 ft. high splits and, finally, extracﬁing
16 ft. high blocks along the line of face adopted.

If the roof parts quickly, heightening of rooms is
not done in advance but just when it is needed. 1In no
case is héightening permitted_in-advanée in more than oné
pillar. | |

The high blocks or stooks can also be taken in
benches ﬁroceeding along the-strike or along the dip towards
the goaf (Figure 59b). The advance of the upper bench is
usually képt at atout 6 to 8 ft. The blocks can also be
taken in half-moon fashion as shown in Figure 59c.

In deep mines, the stresses due to front abutment
pressure on the pillars are quite high. In such cases,
the best practice will be to extract pillars in slices
which are taken along the goaf edges where the coal is in
a déstressed condition. This coal ‘is easy to get because
the area of exposediroof is kept at a minimum by this
method. Thus, the chances of premature collapse or over-
riding of pillars are greatly reduced. Slices of pillars
can be taken in different wa&s depending upon the direction
of cleats, nature of coal and the immediate strata and pitch
of the seam. A number of such variations are shown in
Figure 60. The arfows show the direction of advance of
extractién and the numbers indicate the sequéncg of extrac-
tion of slices. -

Longwall Advancing System
In longwall advancing, a continuous line of working

face advances in one direction towards some predetermined
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boundary and thereby leaving behind an area of "waste™,
igoaf" or "gbb“; The face may be Straigﬁt or stepped.
The sides of the roads, leading to the coal face along
Which'coal'is transported and'hen and material pass, are
supported by roadside packs. ' In the afga of the goaf,
roof is allowed to cave in, or where cdntroiléd subsidence
is desired, strip packing, i.e., alternate packs and
wastes, is done. In other céses, where no or little sub-
sidence is deéired due to-presehce of contigucus seams
above or buildings, etc., on the sufface, complete pack=-
ing of the goaved out area is~done by either hydraulic,
. pneumatic or mechanicél stowing; The gate roads which
are maintained for haulage and ventilation must be enlarged
from time to time in order to maintain the desired cross-
sectional area. This depénds upon the depth and thickness
,of'éeam, nature of roof and floor, and gquality and quantity
of packing. Such effects may be diminished by 6omplete
"packing but cannot be eliminated aitogethero
This system of mining aims at complete extraction

of the seam in one operation. The actual percentage of
extraction depends upoh'the system of supervision and '
organization and avéidance of leaving coal in any form in
thé wastese.

. Seams as thin as 12 to 1k inches thick'Can be worked
by longwsall with the type of machinery that is now avail-
able.. Seams that were unworkable due to thinness at one

time are now considered workable economically and safely
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as a result of development of mining méchinery for thin
seam workings. Coal cutting mabhihes are now available
whose minimum height is 12 inches. Coal ploﬁs have been
developed which can be used in thin seams. Conveyors of
the jigging type or specially constructed belt or chain
type are now available whose overall height is only 6
inches. On the other hand, thick seams, over 8 ft. or so
in thickness, are not easy to work in one 1ift by longwall.
Control of roof in thicker seams is difficult and requires
careful planning. In India, scme thick seams in deep
mines are being worked'by longwall advancing with hydraulic
sand stowing in the first 1lift of 8 ft. and the remaining
coal over the sand is taken by room and pillar.

| The line of face with respect to cleats has to be
carefully selected to get the best roof control. According
to M. K. Guin (20, pg. 87);
"In the design of longwall faces, cleats play an important
part. It has been found that satisfactory roof conditions
are obtained when the face line is.slightly off, being
parallel to the main cleats. This gives a yielding face
line throwing the front pressure away from the face, thereby
avoiding cutting under the front pressure. With a face
ton end!' the concentration of pressure along the coal edge
causes breaks in the roof, and coal becomes very 'live!?
with loud rumbling noises durlng the whole cutting time. The
undercut does not stand well, and falls of coal from the
face onto the jib make undercutting extremely difficult...
A yielding face line reduces the intensity of fracturing
of the roof beds, and tends to keep it as an unbroken mass.™

The conventional longwall system is applicable to

seams of all pitches from level to about 1 in 2, or
approximately 27-degrees. If the pitch is more, spe-

cial methods are usually adopted. These are generally
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modifications of the ordinary longwall methods.

In cése of strip packing, the width of gate-side
and intermediate packs and the width of wastés between
packs, as also the optimum distance from the coal face
to the packs, are to be determined by actual experlence
and, once determined, should be rlgldly followed. The
ﬁype of support system at the face dépends upon the type
of mechaﬁization adopted at-the face. The present day
~ continuous mining operatibns employed in longwall face
- require the "prop-free-front"™ system of support'which
permits the shifting of face conveyor.without dismantling
as the face advandés. The type of supports or the combina-
tion of different types of supports-to.be used, such as
wooden props, rigid and yielding steel propé, wooden and
steel bars and wood and stee1_cribs depend upon the depth
_and-thickness of seam and nature of coal, roof and floor.
The selection of a correct type of Suppoft btoth at the
face and at the gate roads. is difficult and much depends
upon the experience of the mining engineers on the job.
This is true whether it is longwall'advancing or longwall
rétreating>system.

Longwall faces can be worked by handgot operation,
by conventional mlnlng equipment or by continuous miners.
Handgot coal mining by picks is not very‘common these
days but in Germany, ppeumatié picks have been extensively
used énd produce a large pércentage of thé_nation's output.

This is a very desirable tool in areas where floor and roof
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conditions are bad and would not permit any kind of cutting.
or blasting. Conventional mining would include cutting,
drilling, blasting and loadiﬁg, by shoveling or loading
machines, whereas ip‘a cohﬁinuoﬁs mining system the coal
is cut and loaded directly onto face bqnveyors bytthe. |

continuous miner.,

Opening-out of Longwall Faces
| The method of opening out of longwall faces in advanc-
ing longwall system depehds upon thickness and depth of the
seam and the'presence or absence of dirt bands. There are
two methods which can be employed; viz., (i) by narrow
workings, and (ii) by wide workings. o
In openiﬁg-éut by narrow workings, a narrow room of

éufficient width, to allow of the installation of a conveyor
or the layiﬁg of a tub track plus a width sufficient to
allow a coal cutter to pass and make the first cut in the
new face, is driven in a direction-at right angles to the
direction of advance of longwall face (Figure 61). This
narrow room can be driven by shortwall or arcwall cutting
machine in conjunction with.a power loader or by a con-
tinuous miner. The coal from the narrow work can.bé con-
veyed either by a conveyor or by}tubs. The conveyor or the
tfack is extended as the face advances. The same conveyor
lbr track is utilized for the longwall opefétion. Supﬁorts
are set so as to facilitate the starting of the face.

| Opening-out by wide workings 1s generally adopted in

thin seams and seams containing dirt bands. The room is
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- made wide and the waste bands are used for packing as shown
in Figure~62o 'The opening-up face advances to the left and
the“longwall face yet to be opened out is indicated by arrow.
It can be seen that a cutter track is’léft-élong the future
'1Ongwall fgce and-the-convey§r used fbp Qﬁéningjuﬁ is,sqb_ :
sequently employed as the coalface boﬁveyof dn thé new face.
A meﬁhod of opening-out a face from an existing road-
WAy with a ribside pack is.Shown in Figure 63. A number
of breakthroﬁghs are madé.in tﬁe rib-side pack at appropri-
ate intervals and narrow headings are driven in> é_oal in the
direction shown by arrows. When these narrow headings
are coupled up they serve as the starting line fbr the new
1ongwa11 face., -
| A sketgh plan showing the method of forming coalfaces
by cross-gate extension is. shown in Figure 64. The develop-
_mehf-faée BCD is served by conveyors which are indicated
by arrows. When point E is reached, a,cross-géte EF is
packed out to the left frbm-the 1Qading gate ACE. When
the cross-gate reaches the point F, a face FG, at right
angles to EF, is formed and.a conveyor installed which de-
livers coalfto the cross-gate EFo When the developing face
reaches the point H, 'another cross-gate<HJ is formed.  When
-tﬁe face FG, as it‘advances, reacheS'the>crossfgate HJ_at
hJ,.the 66nveyor is turned so that coal is tfénsported to
the new gate-as-shown-by arrow.' As ﬁhe face further ad-
vanceé the right hand side 6f the cross-géte HJ is also de-

' veloped until a double unit face LMN is formed which is
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~advanced to the desired length. In the same way the other
faces RST and XYZ are formed.

Handgot Longwall Faces

A typical handgot longwall system of mining is il-
Jlustrated in-Figufe 65 where coal is éut by ﬁicks and
shoveled.into.tubs'at the face. Track is %éid‘as near to
the face aé possible and parallel.to it. Tﬁbs"can be
réﬁlaced'by conveyors at the face. The tubs loaded at the
face are transferred &t the roadheadé or stall gates Dby
either a flat iron sheet or Ey a turn table. In the stall
gate near the face, a “passbye" is made for handling ;oaded
and empty tubsi If conveyors are used, then the fape.bon—
veyor will transfer the coalvonto the.gate conveyor.

In lével seams the gate may be situated at the center
of the‘length of face buﬁ when the pitch iS'prbnounced
theAlength of face along the rise side of the gate is more
than that along the dip side to facilitate tramming. But
nowadays in pitching beds, conveyors are invariably used
at the face from the point of view of safety and efficiency
and in such cases the gate andvié‘situated at the center.
In the plan view of Figure 65, the roof bars at the‘face
are_omiﬁted for the sake of clearness, but the packs built
in the goaf with theif;dimensions and the position of cribs
.are shown clearly. The proés and bars_have-been shown in
fhe section.._Stall gates in seams L} to 6 ft. in thickness
may véry from 25 yd. to 80 yd. apart and the turnover is
usuaily between L4 ft. and 6 ft.
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Stall gates are generally at right angles to the face.
The use of cross-gates eliminates the néed to maintain long
lengths. of gate roads and facilitates the tfanspoft of coal

from the face and gates tolthe main haulage. Cross-gates

are usually turned at an angle of 30°-§o h59'to_tﬁe faces.
Their distance apart is such that the maxiﬁuﬁ effective
lift is obiained from the gates before they are cut off
by the next cross gate and abandoned, and without the need
for undue repairs; generally 80 yards is consideréﬁ to be
minimum and 150 yards as a maximum as shown in Figure 66.

The cycle of operations of handgot faces consists
of; (a) undercutting coal and spragging, (b) filling of
coal and setting of roof supports, fc) paéking of face,
fipping or brushing of roof'and.shifting of track or con-
veyor, as the case may be, towards the coal face, (d) with-
dréwal and resetting of cribs, where used, and (e) with-
drawal of props, bars, etc. from the waste. |

Mechanized Longwall Faces

The length of mechanized 1ongwa11'face varies depend-
ing upon local conditions and practices in particulgr coal-
fields and individual collieries. The factors that may
influence the problem are: (a) thickness of seam which
fixes the output of céal in ﬁoﬁs'per’unit length of face
for a gi&en turnover or buttock, (b) the nﬁthre of rgof
and floor which determines thé tyée; stréngth and number
of rodf supports required per unit length of face and the

facilities for transporting these materials along the face,
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(c) the pitch along the face, (d) the rate of gas emission
,pef ton of coal from the face which determines the quantity
of. air required to render these gases harmless, (e) quaﬁtity
of dust produced during mining operations, (f) the type
of_machinery used énd (g) the degree of develépmént of
team spirit aﬁongst vafiéus.sections of wdfkeré. ‘

| In the United Kingdom, longwall faces vary in length
from 50 to 500 yards but the usual is about 200 yards. In
Germany, the face length depends upon the distance between
horizons or distance between staple pits. In United States
some of the faces are as long as 500 ft. and in India,

the length varies between 200 and 300 ft.

The layout may be single or double unit. - In single
funit, the face has one copvéyor(delivering coal onto the
gate conveyor which is on the intake. The gate at the
other end of the face is then the return. Figure 67 shows
a layout of four single unit faces having four production
faces énd one development face from which the production
units are opened out as required.

In a double unit layout, there are two conveyors
carrying coal in opposite directions and delivering it onto
the main gate conveyor which is at or near the middle of
.fhe unit. This gate is the intake and the ﬁailfgate, at
each end Qf'the dnit,hforms the return. The layout of
‘double unit faces is shown in Figure 68. This has four

prodﬁction units and one development unit.
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Crbss-gates‘may-be constructed~at intervals to reduce
~the length of hauling. This is shown in Figure 69 in which
two double unit faces advance in one line. "These crossQ‘
gates may be driven through goaf when the goaf has settled.
Coal from the face to left of A is conveyed via the cross-
gate to road B where it is joined by cbal’frbm.the face
‘between A and B in the single main haulage road B which,
outbye of the cross-gates, serves for both the double unit
faces. ' | |

A typical layout of an advancing longwall face for
hand filling in a seam 3 ft. 6 in. thick, at a depth of :
1869 ft., at the shaft, is shown in Figure 70a, b and c.
The face, 100 yards long, is equipped with a bottem load-
‘ing belt conveyor delivering coal, by a rib-side chain |
feeder conveyor, to a bottom loading gate conveyor. A
normal longwall coal cutter and drilling equipment are
provided at the face. The cut and shot coal is filléd-‘
off ahéad of the coal cutter. As soon as sufficient coal
is cleared, the coal cutter is jibbed-in and starts cutting
along the face behind the face workers who clear the face.
When all the coal has been cleared, the face conveyor is
moved over to the new position and then packing and drawing-
off operations are commenced. The main and conveyor;gate
roads are made 12 ft.'wide and 8 ft. high by 5rushing'thé
' floor. They are supported by 12 ft. by 6 X 5 in. joists
on wooden props. The tail gate is brushed to a height

of 6 ft. and a width of 6 ft. and is supported by 5 ft. 6 in.
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wooden props and 3 X 3-in. by 6 ft, girders. Hydraulic
props and cribs or chocks are used at the face. Figure 70
shows hand filling operations in three phases: (a) befére
f£illing, face cut and fired; (b) face partly stripped, and
(c) face filled-off. Tt takes one shift to complete one
éyéle by this method. |

Figures 7la, b and ¢ show the layout of a longwall
contirvous mining face under similar conditions as described
in the preceedirg paragraph. The face, 1C0 yards long, is
equipped with a bottom loading face conveyor with rib-side
chain delivery to the gate conveyor, two shortwall coal
cuﬁters and two drills at the two gate-headings and a
cutter~loader at the face. The face layout is thé gsame as
in Figure 70, but it is provided with a 10 ft. wide stable
hole, at each end, maintained 7 ft. 6 in. ahead of the face.
The stable holes are driven by shortwall ccal cutters and
the coal is hand filled onto the face conveyor. The face
conveyor is laid within 18 inches of the sclid coal (width
of cutter-loader is 15 inches) and the cutter-loader.passes
along the face between the coél face and the conveyor;
there being no intermediate face-side props to obstruct
loading. Support of the roof is by cantilever bars whilst
the machine is passing. Packing of the face proceeds as
the cutter-loader has passed, so that, the face is completely
\fpacked and drawn-off-when the machine arrives in the stable
hole as shown in Figure 71lc. The machine gives two cuts of

2 ft. 6 in. depth each shift.
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Figure 72 gives the general afrangement and method

of support in a longwall face 178 yards long and using a
panzer conveyor which can be "sngked"™., The cutter witﬁ

a curved jib moves over the conveyor. The right-hand gate,
containing a 30 in. troughed belt conveyor and a stage
loader has already been headed in advénce of the féce by

a Joy loader. This roadway, therefore, forms the right-
hand stable hole. The left-hand stable hole is advanced
with hand getting assisted by a shortwall cdal cutter

and short portable conveyor on wheels. The face supports
consist of pivot jointed light alloy roof bars éach with
an effective length of 3 ft. 3% in., supported by steel
friction props and set with an initial resistance of
approximately 6.5 tons. As the coal is cut, blasted and
loaded, the snaking conveyor is shifted forward by rams.
This system of layout has the advantage of adopting "prop-
free-front™ system so that no time is lost in shifting

the cbnveyor. A

A plan of the layout of 1§ngwa11 mining with a

Doesco continuous miner 15 shown in Figure 73. The seam

is 6 ft. thick, with a pitch of 14 percent and a depth

of 2300 ft. The two main slopes and airways are driven
down the dip with a 100 ft. barrier pillar between and a
4,00-foot barrier pillar left on either side 6f each air-
waf. Four adjacent 500-foot longwall faces are driven
simulﬁéneouély in the direction of the strike from each side

.of the main slopes. When these four faces reach the
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predetermined boundary, the next déeper group is begun.

Cne crawler mounted éontinuous mining machine of the
ripping head type is used on each 560~foo£ face., The con-
tinuous miner discharges the coal by its transverse belt
onto the 30 ino‘féce‘belt conveyor which transports it
down the pitch to a track mounted belt conveyor inAthe
haulage entry. This, in turn, discharges the coal intd
mine cars (Figure 74). The face is supported by wood props,
bars, cribs and packWalls as shown. In theﬁhaulage roads,
the rooif supports are packwalls and steel arches lagged
with timber,

At the beginning of a cycle of opefation, the miner
is in a stall at the top of the face. If it is a single |
" unit face, the stall is pfepared by an undercutting machine
and its coal is hand-loaded tho face conveyor. Where a
number of adjacent faces are working, if the upper face is
kept 10 ft. in advance of the next lower face, the stall
is made by the Dosco miner. The miner is operated down
the dip. A short chain conveydr is moved into place when
the miner apprcaches the lower end of the face tc convey
the coal, which is mined below, up to the mine4c§r_loader.
When one cycle of cutting and loading is finished, the
miner is trammed up the face and plaéed in the prepéred
stali‘for the next production operation. .Then the belt is
fmoved five feet equal to the width of cut laterally to a

new position 12 inches from the face.
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The layocut of a double-unit longwall face with com-
plete packing by hydraulic stowing is shown in Figure 75.
The center road is left entirely in goaf with sand packs
and cribé on either side. All faces are kept slightly
staggered to facilitate drainége of stowing water without
affecting the dip face. The center gate accommodates the
top-loading belt conveyor. The dip face is equipped with
a bottom loading belt conveyor which conveys coal up hill
to the gate belt and the rise face conveys ccal threcugh
a shaker conveyor. The faces are worked alternately to
secure steady production without stoppage during the stow-
ing operation. The minimum distance between the pack and
the coal face after stowing is 9 ft. and the maximum dis-
tance that can be exposed‘consisteht with good roof control
is 21 ft. When this limit is reached, 12 ft. of the goaf
are hydraulically stowéd solid with sand by erecting box-
ings which hold the sand. The coal is cut by a longwall
coal cutter, drilled by electric drill, blasted and hand
loaded onto the face conveyor. The main support is the
sand pack. Face supports consist of wood props with lids.
When face height tends to exceed 8 ft., wooden cribs are
placed 12 ft. apart. All supports are recovered during
stowing operations.

- In steeply pitching‘seams (40° to vertical) the

longwall faces are shorter than ﬁhose.in flat beds and the
faces aré-advanced in steps; Caving is practically impos-

sible in such beds. Although the longwall faces are
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advanced in the direction of the sfrike of the coal seams,
those in steep seams are inclined at a suitable angle to
regulate the rate of flow of coal. Generally, these faces
are advanced as diagonals .between the strike and the pitch
so that the inclination of the face with the horizontal
coincides with the angle of repose for the packing material.
-The lower end of the face leads the upper end and the l
‘entire face is advanced in a series of short steps. The
width and depth of the steps are determined by such factors
as the thickness of ccal seam, the nature of the roof and -
floor, the rate of advance of the face, the proximity and
rate of advance of adjacent faces and the amount of pack-
ing material available. When short steps are advanced in
the direction of the strike, each workman is assigned to
a given step of a face which-he works throughout the life
of the longwall face (Figure 76). On short steps of face
worked in the direction of the inclination of the face,
each miner in turn starts a step of a face at the top énd
and advances it until it is cohpleted at the lower end.
He then returns to the top end and starts a new face (Fig-
ure 77). Each miner is assigned-a given rate of advance
for his step of face per shift which is governéd by the
thickness of the seam, the nature of the coal, roof and
floof and the pitch of the seam.

Face machinery includes only pneumatic picks. Men
work over fhe back filling and coal is conveyed through

dhutes.to the lower haulage-way. The ﬁpper and the lower
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Thicknass, 45 inches
Vertical height, Zgg‘feetm
Length on pitch,

Length of face, 460 feet
Pitch of bed, 65’

Angle of inclination, 28-30°
Daily advance, 3.6 feet
Daily output, 128 tons
Tons per face loader, 853
Tons per face man, 4.27
Tons per crew member, 3.88

Figure 77

Plan and section showing Advancing Longwall method with sandstowing (5)
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‘levels afe arched and timber sets are erectéd-at the
face,
Longwall Retreating System

The main difference between longwall advancing and
longwall‘retreatihg systems is that in the former case
the coal from the winning out faces is transported through
gate roads which are maintained in goaf, whereas, in the
latter, it is transported-through,previously driven road-
ways in solid coal. The coal face retreats'back towards
the entries from which it was started and, thus, leaving
behind the goaf. The prinéiples of the 1ongwail retreating
system are shown in Figures 78 and 79 in which the method
of opening out a face and the face being retreated towards
the main entries are depicted. Paifs of headings, con-
nected at intérvals by qrosseéuts are driven to a predeter-
nined boundary; the distance between the pairs of headings
form the  length of retreating face. When these pairs of
headings reach the boundary, they are coﬁnected as shoﬁn°
With‘the connection made, the féce is opened up and retreat-
ed back as shown in Figure 79.

The same type of face machinery and equipment may be
used here as in the longwall advancing system.  The method
of support at the face will also bé the same and depending
upon.roof and floor conditions, but the.packé need not be
.built except in special cases in-order_to eliminate or

reduce the effect of subsidence at the surface.
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Much of the success of this s}stem depends upon the
distance to which the requisite-nﬁmber of headings are to
be driven_in the solid. coal before the retreating faces.
are opened out and also upon the effecf of the natural
phenomena upon theée roads,'-The boundary, which may be
either that of the mine or an arbitrafy oﬁe; must bé
- chosen wisely.,

Figure 80 shows the ‘layout of a panel for a retreat-
ing longwall system in a seam which is about.B ft. thick.
Two parallel sets of three entries with break-throughs at
intervals are driven to the(boundary. The entries are con-
nected by two parallel rooms at the inbye end. Hand-load
conveyors are used for this work. Each succeedihg adjacent
‘ panel could be. developed with only threé entires and the
parallel conneéting rooms at the inbye end. The length of
face is 328 ft. and the outbye 290 ft. of solid coal is
left as a main entry barrier pillar which protects the
main éntries. The haulage gate for the face is made 21 ft.
wide and 11 ft. of the width of fhis entry along the chain
pillar rib is brushed in the floor to provide headroom.

A belt conveyor is installed in the brushed part of the entry
about 4 fﬁ. from the chain-pillar rib, All othér entries
are driven 18 ft., wide and are not brushed.

The face equipment consists of an armoﬁred double-
6hain conveyor, a coal planer or.coai plough'and 17 pneumatic
shifters to.move the conveyor as the face advances. The

conveyor can be flexed in either direction as much as 5-degrees
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from a straight line. A section of sﬁeel tube is attached
to the face side of each conveyor pan. This tube is used
as a return duct for the planer towing chain and as a guiae
for the planer.
| The coal planer unit is a continuous mining machine
that mines coal from a solid face and l§ads thevmined coal
with a ploughing action onto the face conveyor. The coal
face is retreated at least 3 inches each time the planer
moves in either direction along the face. Roof supports
consist of wood cribs and steel jacks. A detailed plan
of the planer face is shown in Figure 81l.
Horizon Mining System

The layout of the coal faces in horizon mining refers
to their length, direction of advance, distribution within
the district and their relationship to the colliery as a
whole. All the roadways for opening up the faces are driven
in the seams and their layout depends upon the method of
workingAto be adopted; whether it be advancing longwall or
retreating longwall or face advancing to the rise or to the
dip in flat, semi-steep or steep measures.

Face Development in Flat Measures

The most common practice is to have the faces advancing
along the strike with two level gate roads, b, Figure 82,
driven in the seam. The face length corresponds to the dis-
tance between the gate roads. The figure shows three seams
with the upper seam being worked. Coal is transported

throﬁgh the staple pit to the lower cross-measure drift a.
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The gate roads are driven from the respective staple
shafts. To open up the faces, the gate roads are driven
about 30 ft. on either or both sides of the staple.shaft
and the face is prepared by connecting the gate roads from
elther, or both, the rise and d1p side gate roads. When
the connection is made, the face is equipped w1th a con-~
veyor and other face machinery. The gate roads are develop;
ed as the face advancee. If desired, .both faces, advanc-
ing in opposite directions, may be woerked at the same time}
using either full caving, strip packing or solid stowing.
If a single face is worked and followed by the secend face
in the other direction, the holing is maintained until the
second face is due to start. With retreating longwail,
the gate roads are driven to the required limit, then the
holing is made and the same method of working the face is
adopﬁed. The main aisadvantage of the retreating longwall
system is the delay involved before the extraction starts
and the ﬁecessity to transport the gateway rippings out-
bye, whereas, in most cases of advancing longwall, it can
be used for packing immediately in the waste. Because of
these difficulties, the advancihg longwall system is prac-
tically unlversally adopted in the horizén system of min-
1ng. Faces, to the rise or to the dip, may also be worked
by either the advancing or the retreating system; the face
development under these conditions being completely different.
A typieal development to the rise is shown in Figure 83,

The lower gate is first driven to the full extent and the
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and the upper gate road midway along tﬁé striking length
to be worked. A rise is then driven in the seam from the
middle of the lower gate road to connect with the end of
the upper gate road. This rise serves for return venti-
lation from the faces and also for transport of stowage.
material and supplies to the faces which advance fo the
rise as a double unit.

Another method of working towards the rise is shown
in Figure 84. The two gate roads are driven to the full
extent first and then they are connected by two rises at
each end., These two rises serve for ventilation and trans-
port of material., The face is opened between the rises
which act as tail-gates to the double unit face. ‘

In comparing these two methods, it can be seen that
in the former case there are two loading points, one at
each.end of the panel and one central tipping point for the
stowage material and supply, whereas, in the 1attér case,
there are two waste tipping points, one at each end of the
panel and one central loading point. In both cases, the
loading and the tipping poinﬁs are fixed for the life of
the panel, whereas, the longwall system advancing to the
striké, these points are advanced daily with the faces.
This is a great advéntage‘for working to the rise compared
to workiﬁg along the strike.

| There is yet another systeonf development to the rise
which hay be convenient for the developmentkof short longwall

faces as shown in Figure 85. A gate to the strike is driven
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the entire length of the panel. A rise cénnecting the
upper and the lower levels is driven at the extreme end
of the panel and then a face is developed to the rise from
the striking gate road as shown.:

| In developing facés to the dip, similar methods can
be adopted. In working to the dip or to tﬁe riée, censid-
eration must be given to the limits of conveying on the
face and in the gates.

Face Development in Semi-steep and Steep Measures

The development of faces in semi-steep and steep meas-
ures is identical with the methods emplcyed in flat measures
except thet the development to the rise or to the dip is
nct te be recommended. In such cases, development along
the strike is most common.,

In steep measures, the face is worked on a diagonal
face line with the lower end cf the face leading. The face
line can be either a “stepped®"™ or “saw-blade™ fype as shown
in Figure 85. Faces of this type have already been shcwn
in detail in Figures 76 and 77.

Sequence of Extraction in Flat Measures

In horizon mining, a district is limited in depth
between the district cross-measure dfift, on the main haul-
age level, and the corresponding cross-measure drift in the
return airway level, and in the lateral direction by the
staple shafts connecting the horizons., Within this limit,
the faces developed represent a single production unit which

is also a separate split for ventilation.
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It is the normal practice to work the top seams first
and extraction progresses to the lower horizons in seduence.
Figure 87 shows a cross-seetion threugh a district which
contains three seams. The length of ceal .face is chosen
first as the number of staple shafts and their distance
apart depends up¢n the length of coal face chosen, Full
caving may bé'adopted. The firét pair of faces are develop- .
ed in fhe upper seam~and'workedlin both directions te the
strike as singlé‘unit faces.bétweeg staple shafts 1 ‘and 2..
When these faces are being wdrked, another pair of faces
beﬁween shafts'z and 3 will be opened up in the same seam
and the working. of pairs of faces is continued in sequence
between shafts 3 and 4 and between shafts 4 and 5; The
middle and the lower seams are ﬁorkgd in sequence in the
same manner; working being,donfined to only one seam at a
time, 'This sequence of extraction implies that all. the
staple shafts of the district“ére provided~in-advanée of
'extraction.pf the lower seams. These shafts must be fully
eéﬁipped, but only one shafb_is in use for winding'cbal and
one -for return air and supplies at'any period of working.
The output ffom'this=system of development is obtained from
only one pair of diverging single unit faces. If,oni& one
_singie unit is worked ab'é;time; only half the output would
be obtained and the life éffthe district would also be
double.

The disadvantage of forward staple shaft development

‘can be overcome in séveral ways as shown in Figures 88, 89,
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90 and 91, in which the sequence of working the individual
seams. between staple shaft positions is illustrated.

In the first meﬁhod, shown in Figure 88, double ﬁnit
féces in each seam are worked in desdénding«order\between
stépie shafts 1, 2 and 3‘and so on to 3, 4 and 5. The 3
double unit faces may be worked either singl& or>as divérging
faces on each side of the staple shafts or é}oss~measure‘
drift. The life of the district, if diverging double unit
faces are ﬁorked, will be half that when simply oné déuble
unit face is employed at a time. In this case, sinking
of‘staple shafts 4 and 5 can be delayed until they are-final-
ly required. With the double unit system‘of devélopment |
there is also a higher efficiency in the concentration of
output to the loading points at sﬁaple shafts 2 and 4. The
staple shaft 2 serves‘as intake and the return air from |
working faces travels up the upper‘parts_of shafts 1 and 3
to the return airway horizon. The same.system is répéated
betwéen‘shafts 3, 4 and 5.

The sequence of extraction of the faces can also be
as shown in Figure 89.‘ This is similar to that shown in
Figure 87 exéépp that double unit faces are worked instead
of single. Comparing the sequence of extraction shown-in
Figuréé 88 and 89, consideration of sﬁrface subsidence may
influence the decision to work in either case. Where
 gradﬁai subsidence»over a large area is considered better
in the cifcumstances, the system shown' in Figure 89 would

be an adﬁantage.
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If a concentration of output from the three seams
to one loading point is required, the sequence of operation
snown in Figure 90 may be employed. By this method, each
staple shaft is used to its full capacity. This system
has ﬁhe disadvantage of high concentration of wbrk within
a comparatively small area, with possible major repefcus-
sions at the surface.

The sequence of extraction in Figure 91 shows a method
of single unit development whereby the output can be raised
to the same level as with double unit faces. This is done
by staggering simultaneocus, single unit development betwéeﬁ
staple shafts 1 and 2 and shafts 3 and 4 and working the
three seams in sequence as shown in the figure. The vehi{}j
tilation system is the same as for normal single unit worg—
ing. The disadvantages of this system from the point of
view of surface damage is the same as in the case.shown in
Figure 90. Subsidence can be minimized if the éequence~of
working is organized to take place in each seam in turn
between staple shafts 1 and 2 and between shafts 3 and 4, .
followed by working between 2 and 3 and between 4 and 5,'H

always in the same seam.

Sequence of Extraction in Semi-steep and Steep Measures

The layout of faces in semi-steep seams is quite dif-
ferent from that in flat seéms. The coal faces developed,
extend from the main haulage horizon to the return airway
horizon, if possible, and staple shafts are therefore avéid-

ed or reduced to one per district. If there is no haulage
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installatioh in the return airway horizon, one staple

shaft is advisable for the transport of men, machinery and
sﬁdwage‘materialw In this case, the materials and supplies
are pransported through.phe méih hauiage horizon to the
staple shaft and then hoisted through the shaft to the
working places.,

B Figure 92 shows a district where the seams are pitch-
ihg at 359, The face is so arranged that the anglé of dip
on the face is 28°, Thus, the faces have axdiagonalllayout.
Each facé is equipped with retérding-disc conveyors., ‘Gen-
erally diverging faces on the strike are WOrkéd'simultaneous—A
ly in each seah‘in descending order.

In steep seams where the pitch exceeds 40°, it is not
alwa&s possible to develop.faceS'éxtending between horigzons.
The lehgth of faces in that case may be too great or the
horizonﬁal-ihterval severely'restricted;» The vertical inter-
vaiibetween_the horizons must therefore be sub-divided
into 2, 3 or L sections, each 60 to 90 yards in depth and
separated by sub-levels. Each of these sections will incor-
porate two faces laid out diagoﬁally and between 100 and 200
yards long acdording to the pitch of the seéms.

. There. are three~different methéds.of working these
vertibal sectiens in éteeply pitching seams as showﬁrin
Figures 93,V9h,and g5,

The first method is illustrated in Figure 93.. The
sections 5etw§en the upper and the ibWerjhor126ns are worked

in ascending order, each section consisting of two diverging -
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faces laid out diagonally and advancing in the direction

of the strike and driven from the sub-level cross-measure
drifts. Fach section is worked independently. This method
has‘the advantage that the development required before the
faces produce takes the least possible time and the gate
roads, which are driven for the waste transport in the first
instance, are later used for the transport of coal from

the next andAhigher'face between sub-levels. The disadvan-
tages are: (1) excessive gas emission from the upper suod-
level gate road which is driven in solid and (2) the last
remaining coal pillar lying at the extremities of the upper
section will probably be surrounded completely by waste.

The concentration of pressure on these pillars causes roof
trouble and possible rock bursts and so makes the extraction
of the pillars difficult. This method is therefore not
generélly recommended.

In the second method the sequence of extraction is
juét the reverse of that given in the first method. The
disadvantages of first method dd not generally arise but
other difficulties do. The gate roads which are first used
for coal transport are not in suitable conditions for further
use as waste transport roads for the ﬁgit two lower faces. u

This method is sub-divided into two systems in which
all the sections are worked simultaneously as shoﬁn in
Fiéhres 94 and 95, The methbd shown in Figure 94, in which
extraction is carried out in descending order; has a major

‘disadvantage. Coal crush occurs at the corners formed
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between the coal face aﬁd.the;upper gate roads, and this
coal may run down ontc the working face. . Ventilation is
also difficult at these junctions where pressure losses are
high and leakage through the waste ﬁo the:upper'return air-
way‘may'take place.

The alternative method, shown in Figure 95, is con-
sidered to be the best., The sharp junctions are avoided
and thé face line is almost continuous between horizdns,
Roék bursts are infrequent; the roék’pressure not being
concentrated on the remaining coal pillars since the_roof
on the whele unit has not yet settled as in the case

described in the first method.
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CHAPTER VI

SUMMARY AND CONCLUSIONS

Efficient control of the strata, associated with the
seam Or seams under extraction is of prime impofténcegto
successful minlng operatlonso Due to various indeterminate
and unpredictable factors involved, there has been a ten- |
dency to believe that the behav1or of the strata- 1n 1nd1v1-
dual mines can be discovered only by trlal and error° But
as a result of continued research 1nto_the problems caused
by-depletion of shallow seams and the consequent working.bf
seams at increased depths; Sufficient informetibn is now
available for the establishment ef the guiding pfinciples
which will eliminate much coetly'experimentai work. Such
researches have helﬁed engineers considerably in the design
of mine WOrkings;

The deveIOpment work in room and plllar mining, after
the seam is penetrated by the shafts or slopes was' once con—”
sidered to be very expensive and time consumlng. But the
present day practice of driVihg.three or more completely |
mechenized dvelopment headings for the-pufpose ofyopening
- -panels has completely changed this ceneepto Mechanization,
in such a'large number“of development headings not.only gives
'higher productlon but also 1mproves the ventilat10n° both .
during the development stage and also throughout the life
" of the mine.
| .In level or nearly level seams these development head-

ings can be worked with conventional equipment, i.es, mobile
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coalcutters, loaders, drills and shuttle cars and eiﬁher
belt or track haulage. The workings, in such seams may
also be arranged for exploitation using a continuous miner,
shuttle cars and belt or track haulage. In pitching seams
where mobile machines‘cénnot be used, the development WOrk—
ings can be equipped with non-moEile coalcuttefé; léaders
and chain and belt conveyors and the main haulage can be
éffectéd by either belt conveyor or locomotive. Similar
procedures can be adopted in the development of longwall
workings.

Extraction of panels in room and pillar.work can be
arranged in various ways depending upoﬁ pitch and thickness
~of the seam, type of equipment to be uséd’and whether sur-
face subsidence can be permittéd; The panels can be worked
with long and wide rboms or with narrow openings. In the
former case, the pefcenpage of extraction in the first
working is higher than that of the latter. In both cases,
pillars may.be taken on the retreat. When surface subsi-
dence is undersirable and caving cannot be allowed, the
rooms are made wider in the first working and small pillars
are left for permanent suppofﬁ of the overburden. In such
~cases, 4O to 50 percent coal is lost. However, if packing
ié adopted,. complete extraction can be had. During the
extraction of pillars, a diagonal fracture line islnormally
maintained,so as to produce regular breaks in the roof over
tﬁe goaf. This relieves pressure'on the adjoining pillars.
The machinery that is used during“development &prk can also

be used in working the panels.



173

Leongwall mining is best suited to déep mines where
effective roof control is essential for safe and efficient
extraction. This method can also be employed in thin-seam
workings under shallow cover where room and pillar~ﬁork
is difficult to adopt due to‘limited head roem. Faces
can be equipped with conventional machineryvsuch as the
longwall coalcﬁtter, the drill and face conveyor or they
can be arranged for continuous mining operations. Ceal
extraction is possible with or without packing; The per-
‘centage of extraction is higher in longwall operations
than in room and pillar workings. |

| Horizon mining is employed generally in deep mines
with high seam-density and pitching seams where 1arge~6ht-
puts are desired. The seams are extracted in descending
order between horizons (levels).A As the network of road-
ways in each horizon isvnearlyﬁhorizontgl and driven in
rock, the transport system can be made highly.efficiént.
The metheod 6f coal extraction within the individﬁél seams,
at each horizon, is by the longwall sfstem.

Coal mining has always been regarded as being amongst
the most dangerous of all industrial occupations with a high
death and accident rates. This was inevitable in vieﬁ of
dangers asspciated with the winning of coal. Careful study
and research on the behavior of roof and coal pillars during
different phases of mining operations have helped in the
proper design of ﬁine workings., Thus the present day mining
methods could be scientifically planned and deéigned‘for
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large outputs with a high degree of mechanization. Due
to fewer men being employed as a result of mechanization
and with increased safety due to scientific mine planning

there has been a considerable reduction in accident rates.
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