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EXECUTIVE SUMMARY

Large reserves of thick coal seams are located in the west-
ern United States. These seams are dgenerally only partially ex-
tracted when mined by underground mining methods. Current methods
employed in thick seams are not appropriate to recovering the
remaining coal in subsequent mining activities.

Longwall mining represents one approach for improving the
recovery of coal reserves. It is more appropriate to thick seams
than the room-and-pillar method when the seam thickness excludes
mining the seam in one pass. The longwall system also adapts more
easily to changes in seam thickness.

Longwall mining methods for thick seam can be classified
according to seam thickness as follows: '

o Single pass mining is currently applied
to seams with thickness ranging to 4.5 m
(14.7 ft.). Six meters (20 ft.) can be
the upper limit using the present tech-
nology. ‘ -

o) Successive slices are recommended if the
seam is regular and the thickness ex-
ceeds 6 m (20 ft.).

o Sublevel caving is more appropriate to
seams with rapid changes of thickness or
with a bad roof and applies to a 6-15m
(20-50 ft.)} thickness range.

With the introduction of shield supports, there has been a
dramatic improvement in the ability to mine thick seams by long-
wall mining systems. This trend is evident at Daw Mill Colliery
(Great Britain) as well as Warndt Mine (Saar, West Germany) or in
Poland (Zabrze Mine). Westfalen Mine (West Germany), in 1975 was
the first to apply single pass technology in a height of extrac-
tion exceeding 4 m (13 ft.). This application is a good example
of the single pass technique in conditions where the coal is soft.
Recently, face equipment with shields extendable to 6 m (20 ft.)
with telescopic legs (three extensions) have been ordered by
Westfalepn Mine.

Entry development represents an important aspect of the
longwall mining system. Longwall mining in the United States is
different from the Eurcpean method because the Federal mining
regulations require three (or two) entries for the working of a
longwall panel. In Europe, the longwalls are worked with a single
entry development systemn.
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Some European mine layouts suitable for thick seam mining
are very appealing. Some mines in West Germany successfully use
advancing longwall faces which, at the panel end, are turned 180
degrees to mine a second panel without having to move the egquip-
ment. Meyreuil Mine (France), where face-to-face moves are effi-
ciently organized, uses the layout shown in Figure 4-5, which com-
plies with Federal regulations during the panel extraction phase
but requires a single entry development,

Application of these methods would necessitate wvariances
from the Code of Federal Regulations, and are not likely to be
approved. The suggested development method is a two-entry plan,
or if necessary, a three-entry plan. The resultant entry height
will be limited to 92 or 10 feet to improve safety conditions.
Driving multiple entries in a 16 foot height is not recommended.

A consequence of the height requirement is that the size
of equipment, especially for roof support, must match the entry
size. The best approach for entry configurations at the face end
is to develop entries with top coal, when possible.

Longwall mining is a high capital cost mining method. An
acceptable return on this investment can only be obtained through
very high production. The factors limiting the production of
longwall faces in thick seams are:

o dust level

o down time caused by large lumps of coal
unable to pass under the shearer or to
turn at the delivery point

o] roof control and sloughing of the face

To reduce dust generation, a number of technigues should
be applied:

o) Reduction of the coal breakage through
deeper pick penetration by increasing
the haulage force, and reducing the
number of picks.

o Reduction of pick speed by lower revo-
luticns per minute and smaller drum
diameter.

o Utilization of a dust collector.

o Delivery of water in accordance with

the amount of coal produced.
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To reduce the downtime caused by coal lumps produced above
the shearer, it is recommended that the top coal be cut with the
shearer advancing in the direction of cocal haulage. In this case,
the wave of pressure is moving ahead of the shearer on the desired
side. Large blocks of coal falling on the headgate side of the
shearer can be efficiently hauled by side delivery and roller
curve Conveyors.

Roof control and sloughing of the face are sensitive to
face operations. With present longwall mining equipment, a 5 m
(16 ft.) height of extraction can be worked in two ways, (1) full
face cut, or (2) two bench face cuts. Full face cut is commonly

used with double ended drum shearers. In the United States, the
shearers generally cut in one direction only, to keep the miners
upwind and reduce dust exposure. The full face cut can be applied
in seams 5 meters thick; however, in thick seams, face sloughing
frequently occurs, causing delays and requiring face nailing.

By first cutting the top bench and advancing the roof sup-
port when the bottom bench is still present, and by cutting the
bottom bench when anti-spalling plates are set against the top
coal, sloughing of the face can be reduced significantly. In
addition, when using a double drum shearer to mine two successive
benches, the smaller drum diameter is beneficial to dust control.

A two bench mining method is therefore recommended for sin-
gle pass thick seam mining. The face should be equipped with:

1. A double drum shearer loader with drums
not exceeding 2 m (6.6 ft.) diameter,
1 m "wide" with less than 30 rpm and a
limited number of picks. The shearer
would use both drums to first cut the
top bench and then both drums for the
bottom bench.

2. Oone web Dback, two leg shield supports
which will be advanced as soon as the
top bench is won. Face sprags will be
set before mining the bottom bench.

3. Conveyor carrying underframe which al-
lows the use of shields with 1long base
members.

Although there are advantages relating to dust control,
there is no difference in productivity when mining in both direc-
tions or mining unidirectionally, if the top bench is cut first
and the roof supports are advanced before cutting the bottom
bench.
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Since the current mining operations in the selected mines
utilize room~and-pillar methods in a 2 foot height of extraction,
it is reasonable to apply the current results of this practice as
a basis for a comparison with the expected results of longwall
mining. The current productivity is 850 tons per producing shift,
with two producing shifts and one idle shift per day.

In longwall mining, the time required for face end opera-
tions has an important impact on the optimum face length. There~
fore, two values are considered, the minimum time required and
the minimum time plus 20 minutes of face end delay. When sumping
time is increased by 20 minutes, the machine time is reduced to
about 50% of the total available shift time. This is considered
as the base case of the economic analysis.

When studying the replacement of continuous miner opera-
tions by longwall mining '16 feet in a single pass, two questions
arise:

o What is the effect of different face
organizations {full face cut, two bench
method) and panel dimensions?

o What would be the results of extracting
only 11 feet?

Comparison of Plan 1 (16 feet full face cut), Plan 2 (16
feet two bench method), and Plan 4 (extracting 11 feet only) shows
that Plan 2 is the most favorable, Therefore, the economic study
has concentrated on varying panel dimensions (Table 6-4), using
Plans 1 and 2 and comparing to Plan 3. The sensitivity analysis
has b?en made around the base case of Plan 2 (500 feet x 3000 feet
panel).

Comparison between continuous miner and longwall is illus-
trated by three graphs which describe capital expenditures, pro-
duction levels and operating costs. In the case of a 16 foot seam
and 500 foot panel width, it is necessary to produce 6200 tons per
day in the longwall to compete with a room-and-pillar method pro-
ducing an average of 850 tons/shift. This is feasible (with
effective dust control) if sloughing of the face does not cause
important delays. At the present time, it is preferable to cut
the top coal first and then the bottom.

The extraction of a 16-17 feet high coal seam can be
achieved through single pass longwall mining methods with the cur-
rently available hydraulic powered roof supports and high capacity
coal mining machines if the cocal strength is sufficient. The
results of this study indicate that the production and economics
of such longwall mining operations would be better than room-and-
pillar or multi-slice longwall mining methods in the extraction
of such thick seams.

xviii



1.0 STATE-OF-THE-ART REPORT OF SINGLE PASS THICK SEAM
LONGWALL MINING IN THE UNITED STATES

1.1 Background

The definition of thick seam varies according to country
and mining condition, from 2.2 to 4 m. For the purpose of this
report, we consider 3 m as a practical limit because available
longwall equipment is well adapted and commonly used up to this
thickness.

The study of longwall mining a thick seam in a single pass
was limited to cases where the entire thickness of the seam is
mined at the face and the roof is caved. Hydraulic or pneumatic
stowing is not a part of this study. Also, sublevel caving meth-
ods, which may be considered as a single pass technique, are not
considered.

1.1.1 Underground Coal Reserves in Thick Seams

In addition to the United States, several countries have
important coal reserves in thick seams. Among the countries which
are mining these reserves are the USSR, India, Poland, Australia,
United Kingdom, Hungary, and Japan. Several methods were devel-
oped to mine these seams, ranging from room-and-pillar methods,
with or without pillar extraction, to longwall mining methods in
successive glices or in a single pass, with or without sublevel
caving. Hydraulic or pneumatic stowing is often used to alleviate
problems of strata control because rock movements increase with
the mined thickness.

In the past, the high performance faces were always located
in seams of 2.1 to 2.4 m (7 to 8 ft.), but following the introduc-
tion and development of shield supports, the average thickness of
the best faces increased steadily. For instance, in 1978, the 18
best faces in Germany were mining from 2.7 to 3.7 m (9 to 12 ft.)

although trials are being pursued in thicker seams (see Figure
l-l)o

1.1.2 Problems in Mining Thick Seams

In a longwall operation, the solid coal ahead of the face
line clearly plays a vital role in supporting the face. This
emerges from the simple comparison of the pressures exerted by
the roof on the solid coal and by the face supports. The results
depend mainly on the cohesion of the solid coal and the behavior
of the coal face. If the coal is soft, the coal face will tend to
spall, increasing the surface area of roof to be supported. This
phenomenon inevitably becomes more marked as the working thickness
increases (Figures 1-2 and 1-3). Figure 1-3 illustrates the mag-
nitude of strata movement in a very thick seam mined by sublevel
caving in France.. A rising face 1is disadvantageous from this
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point of view, especially where the seam is steep and the coal is
soft or is crushed by the pressures and ground movements of the
operation. On the other hand, a dipping face will be advantageous.

The roof control and, consequently, the productivity of
the longwall face, depends upon several main parameters, such as:

o coal strength

o roof quality

o roof abutment pressure

o gradient of the seam and orientation
of the face

o height of extraction

o control of the gob

o face equipment

The feasibility of applying the single pass method to a selected
site must take into account all of these parameters.

The bottleneck of most longwall faces lies in the outby
haulage or in the supply and maintenance of the entries. In mining
a thick seam, roof pressure and strata movements may generate quick
closure of the entries when the depth exceeds a limit depending on
the strata compressive strength.

The study of longwall faces currently operating in thick
seams will allow us to evaluate the upper technical limit of seam
thickness compatible with the single pass system. Also, we will
consider the economic limits which are much more important in the
U. S. market than they are in Europe, where coal mines are general-
ly state-owned, and where the amount of coal reserves is limited,

1.1.3 State-of-the-Art Report

This study of present thick seam longwall operations is
concerned with evaluating the present limits of safely and economi-
cally mining a thick seam by a longwall in a single pass. The
progress achieved during the last five years has slowly raised the
upper limit of seam thickness, but this depends on geoclogical con-
ditions. Conditions under which such an operation may be success-
fully achieved must be carefully determined to assess the applic-
ability of the method to U. 8. conditions.

Successful experience in longwall mining 4.2 m (16 ft.)
thick coal seams in a single pass is very limited. The United
Kingdom has only a few thick seams and is mining them by slices,
with the thickness of the slices gradually increasing {(up to 4 m
(13 ft.) at Daw Mill Colliery). France has a large part of its
reserves in very thick seams, but uses sublevel caving or succes-
sive slices, and the mined thickness in one pass is generally less
than 3.7 m (12 ft.). Germany had mined its few thick seams by



taking slices or by leaving some coal. Presently, the seams mined
by longwall in a single pass are up to 4.5 m (15 ft.) thick. This
is limited to a few faces.

In the Eastern European countries and the USSR (which was
the first country to mechanize sublevel caving), there are some
examples of thick seams up to 5.5 m {18 ft.) which are mined in a
single pass with caving. Czechoslovakia and the USSR (Karaganda)
recorded some good results with OMKT or KM130 shield supports. 1In
Poland, where 25% of the reserves are in thick seams, extensive
use is made of hydraulic stowing. Yugoslavia is mining thick
seams by sublevel caving. One longwall face has been recently
equipped with Alpine shields to mine 4.2 m (13.8 ft.) in a single
pass. In India, longwall mining by successive slices or with sub-
level caving is used. Australia's thick seam reserves are dgener-
ally mined by room-and-pillar. (A symposium on thick seam mining
was held at Rockhampton in 1976.) Hungary and Japan are longwall
mining thick seams by successive slices.

To obtain accurate information on most of these countries,
it is necessary to get direct information from persons who have had
the opportunity to visit some of these faces. To obtain detailed
and up~to-date reports on current operations in thick seam mining,
as well as practical recommendations from experienced coal opera-
tors, KETRON used the services of NAMCO (North American Mining
Consultants, Inc.) and of several mining equipment manufacturers.
The collected information is presented in the following pages.

1.2 USSR Practices

The Soviet coal industry has developed roof supports for
longwall mining thick seams in a sipgle pass up to 5 m (16.4 £t.).
One type of roof support used in thick seams is the KM8l1. Its main
characteristic is the fact that the advancing system is at the roof
level, and the elements are moving, suspended between their neigh-
bors. A KMBLlE support with extended legs is used in seams up to
4 m (13.1 £ft.) thick (Mikhalvolskaia Mine).

Another type, the KM120, is an extension of the OMKTM
shield support. It is combined with a four drum shearer loader for
mining thick seams up to 5 m (16.4 ft.). A short face of 60 m
(197 ft.) was visited by a foreign group in Octcober 1970 at the
Taroslavskaia 3 mine, of the Lenin-Kousnetz Group. This face was
5m (16.4 ft.) high. At this time, the setting lcad was only
20 t/m2 and the yielding load 45 t/m2.

In 1975, according to a paper in Ugol (October 1976} from
Professor Korin, Director of the Guiprouglemash, two sets of equip-
ment were used in the Raspadskaia Mine and at the aforementioned
Iaroslavskaia Mine in the Kousnetz. The maximum daily production
of one 60 m (197 ft.) face was 2500 tons, with an output per man

shift of 80 tons.



To update this information, a letter was sent in December
1979 to the Coal Ministry asking for more information. We re-

ceived, with a letter on February 8, 1980, a trilingual booklet
with the following English text and accompanying photograph (Fig-
ure 1-4),

KM-120 COAL WINNING MECHANISED SYSTEM

For the first time in world practice, the KM-
120 coal winning system solves the problem of
full mechanization of all face operations when
extracting the full seam section of flat seams
3.5-5.0 m high in a single pass. The system
provides mechanized coal cutting and loading,
roof supporting and controlled waste caving.

The system includes the following unique equip-
ment:

- +the M 120 powered support;

- the K 120 narrow-web shearer loader;
- the CHM 120 armoured face conveyor;

- a stage loadery;
- hydraulic and electric equipment.

The main design features of the M 120 support
are:

o full coverage of working face area from
gob side is ensured:

o a well protected special traveling way
through the chocks is available that
guarantees safety for faceworkers;

0 special active devices used increase
longitudinal stability of the support:

0 good side stability is ensured by means
of the increased width of the chocks
(2.2 m) and with help of special active
devices;

© hydraulically operated and power set
extension bars offer immediate support
to the newly cut rocof when the shearer
is cutting at 1its maximum speed - 10

m/min.;

o a large effective section of the support
ensures high output achieved even in the
conditions of gaseous-and-dusty mines.
The M 120 is the only support to be used
used when upper seam section is inclined.



| ' FIGURE 1-4- |
KM-120 Coal Winnying- Mechanised System



The conveyor mounted shearer is designed for
cutting in both directions. 1Its four ranging
drums cut the full seam section in one pass,
ensure frontal sumping and, as a result, allow
for stable hole elimination at both ends of the
face; the drums' spiral ' vanes ensure effective
loading of the broken coal onto the A.F.C. The
shearer is fitted with dust collectors located
near the cutting drums and a ‘dust suppression
system that feeds water directly into the cut.
The controls are positioned. on the shearer or
the machine is controlled remotely.

The inclined upper seam section with controlled
inclination formed only by the KM 120 shearer
allows face stability to be maintained when the
coal has the intensive tendency to break out of
the face. :

The conveyor 'is flexible and its' clamping
joints have a very high safety factor.

Active horizon control of A.F.C. ensures per-
fect clearing of broken coal left in the cut-
ting track and prevents - leaving a coal band on
the floor. : .

Full roof coverage by powered support shield
chocks, the inclined upper seam section formed
by the power loader, and the elimination of
hand clearing -.all these- factors Lensure safe
working conditions+in the face where the KM-120
system is operated. ' : .

The high power of the coal w1nn1ng system
allows output up to 15 t/min. and o.ni.s. up to
80 t to be achleved. e :

Due to cutting the full seam section in one
pass, the KM-120 mechanized system ensures the
following main advantages:

o0 coal losses are reduced by 10-15%;

o coal self-ignition fire risk is
considerably reduced;

o development and installation work is
reduced twice.

The hydraulic relief valve to be used in KM-=120
powered support units has been patented in the

USA.



The firm may be offered technical documentation
numbering 1000 sheets of the 24 size."

The following comments on KM 120 may be added:

o This support retains the features of the
original shields, keeping the area of
the roof to be supported at a minimum
and reducing accordingly the required

load density. The yielding load is only
114 to 140 t/m, about 60 to 70 t/m2.

0 The width of a shield is up to 2.2 m
(7'4"), double the early OMKT width.

o It is the only example we know of an
inclined upper cut.

o The conveyor is frame-mounted to allow
the use of a roof support with a long
base.

Problems encountered during the trials limited the research
to the two aforementioned sets of face equipment. The KM 130 roof
support, limited to a thickness of 4.2 m (14 ft.), seems to be more
successful,.

Table 1-1 4s a list of collieries in the Soviet Union in

which seams with a thickness of 3 to 5 m (10 to 16.4 £ft.) are
worked by fully mechanized longwall operations (as of September,

1976).
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KM 120 Roof Support

KM 120 System Technical Data

Extracted seam ranges, m (ft)
Face Length, m (£ft)

Minimum face output, t/day
Total electric motor power, kW
Voltage, V

KM 120 Powered Support (See Figure 1-5)
Unit yield load, t

Unit center, mm (ft)

Advancing ram effective stroke, mm {ft)
Unit weight, kg (t)

KM 120 Shearer

Effective web width, mm (£ft)

Range of drum adjustment, mm (ft)
Haulage pull, t

Haulage speed, m/min.

Total electric motor power, kW
Dimensions, mm (ft)

Weight (less haulage chain), kg (t)

CHM 120 Conveyor

Chain center, mm (ft)

Chain

Chain speed, m/sec (ft/sec)
Total electric motor power, kW
Weight, kg (t)

11

3,7 - 5,0 (12 - 16.9)
120 (394)

2500

1000

660

250-310

2200 (7.2)

up to 700 (up to 2.3)
14500 (14.5)

500 (1.64)

3200-5100 (10.5 - 16.7)

up to 40

up to 5

530

1210x2650x10160 (4x8.7x33.3)
43600 (43.6)

600 (2)

0 23 x 86 mm pitch
1.3 (4.28)

220

145000 (145)
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1.3 Polish Practices

In Poland, with 25% of coal reserves in thick seams, hy-
draulic stowing is extensively used. The Polish mining practice
is interesting from several points of view. The main point is a
comparison of Russian, Polish, and Western European roof sup-
ports. The second is the high strength of the coal. This latter
property especially favors the application of the single pass
thick seam longwall mining method.

The transition from top slice mining to the single pass
thick seam mining technique has taken place during the past few
years, with increasing use of Western technologies in conjunction
with the highly efficient Polish mining industry. Because of the
particular political situation, there is more information avail-
able on longwall faces egquipped with West German machines and for
this reason accessible to foreign experts. Described briefly
below are some case examples from the Upper Silesian coal field.

1.3.1 Selected Examples

Table 1-2 contains a synopsis of longwall faces represen-—
tative of the mining districts of the Upper Silesian coal field.
They are divided according to divisional headquarters, in terms
of the geological conditions, except the seam thicknesses. The
seam thicknesses of these longwall faces average between 3.6 m
(11.8 ft.) and 4.3 m (14.1 £t.). Although seams having substan-
tially greater thicknesses also occur in the Upper Silesian Dis-
trict of Poland, single pass longwall mining is presently limited
to a 4.5 m (14.8 ft.) seam thickness, due to the limited cutting
height of the winning machine and the restricted capacity of the
Polish-manufactured face conveyors.

The seam dip varies according to the mining districts.
Whereas the pits in the areas of Katowice, Myslowice and Bytom
are working in flat seams, the seams in the areas of Zabrze, and
in particular of Rybnik, dip at a high angle.

Coal strength varies, but the coal is generally stronger
than in West Germany. Seams in the areas of Katowice, Myslowice
and Bytom generally contain very hard coal, which promotes the
stability of the coal face. Of these deposits, however, the Bytom
seams are most prone to rockburst. Some of the faces in the mines
of Katowice have spalling problems even though the face heights of
these seams cannot be c¢onsidered in the thick seam category.

The coal strength of the Zabrze and Rybnik areas is some-~
what lower; the tectonic stresses, however, are higher. Dis-
turbed seams are found on the southern periphery of the Rybnik
area, as, for example, at the Borynia Colliery. Seam 409/4 has
the greatest geological difficulties of the selected longwall
faces. The average longwall face length is 155 m (510 f£t.).

14



The winning machines (double~ended ranging drum shearer
loaders), developed and manufactured in Poland, are used in all
the longwall faces listed in Table 1-2. The face conveyors are
derived from both Polish and West German sources. Currently in
the Polish bituminuous coal mining industry, most longwall faces
with working seam thicknesses of up to 3 m (9.8 ft.) are equipped
with self-advancing supports developed in Poland or manufactured
under license (licensors are predominantly West German support
manufacturers). The longwall faces with a seam thickness greater
than 3 m (9.8 ft.) are mainly equipped with self-advancing sup-
ports of foreign origin. As shown in Table 1-2, only shield sup-
ports are used in thick seams.

A feature of the longwall faces operated in the Bytom area
is that the seams are prone to rockbursts. In these longwall
operations, the coal face is stress-relieved by drillings and also
nailed against spalling. Only a few shield legs were damaged or
destroyed by severe rockbursts, or by roof falls occurring ahead
of the support.

In the Upper Silesian coal field, faulted seams with soft
coal and friable immediate roof may occur as in the West German
mines. An example of this is the Borynia Colliery. The seam 409/4
(3.8 m (12.5 f£t.) thick) was not workable by longwall mining in a
single pass until shield supports were used, with satisfactory
results. However, additional measures, such as nailing of the
coal face, are still required. -

The Katowice and Myslowice Districts present the most
favorable mining conditions. Seams with a thickness of about 4 m
(13 ft.) are worked successfully due to good geological condi-
tions such as hard, stable ccal and stable roof. Rockburst
hazards are nearly non-existent.

1.3.2 Example of Zabrze Mine

A paper was published by J. Jankowski and St. Gagewski in
Wiadomasci Gormicza 1-2/1979 entitled "One Million Tons of Coal
from a 4.5 m High Caved Longwall Face of Zabrze Mine." The paper
presents this face as the first in Poland to mine a thick seam
(3.8 to 4.5 m, 12.5 to 14.8 ft.) in a single pass with caving.

The seam, numbered 507, has a roof of sandy shale or shale

turning to sandstone, with  a gradient of 3 t6 15 degrees. The
depth is 780 m (2559 ft.):. The length of the face is 157.5 m
(516.7 ft.). The following equipment was used:

2 x 200 t two-leg shield roof supports from
Klockner Becorit

1800/3850 or 2450/4500 shield, width 1.5 m (4.9
ft.), weight 13 tons’

15
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TABLE 1-2

Selected Coal Face Operations
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short canopy of 2.1 m (7 ft.) (see Figure 1-6)

long base advancing under the conveyor (one web
back system)

Shearer loader KWB6, 1000 wvolts - 2 x 250 kw,
equipped with 2 drums ¢ 2360 mm, web 630 mm,

haulage chain 26 x 92 mm, unidirectional opera-—
tion

2 x 26 mm chains face conveyor with 736 mm wide
pans

Among the conclusions of the paper are the fol-
lowing:

o The use of short canopies (2100 mm) had a
beneficial effect due to the reduced area of
supported roof.

o The possibility of supporting the roof just
behind the winning machine 1is essential in
bad roof conditions. (One web back system.)

o Shield supports have one articulation and

are not lemniscate shields, but no @iffi-
culty was encountered. High resistance of
the support prevented coal spalling.

1.3.3 Summary

Longwall mining of thick seams in a single pass is increas-
ing in the Upper Silesian District of the Polish coal mining indus-
try due to:

o the large number of seams in the thickness
range of 3.50 to 5.00 m (11.5 to 16.4 ft.)

- predominantly located in f£lat to slightly
inclined strata,

- having generally a hard, stable coal,
- having good roof conditions,

o the recent progress achieved in winning,
support and haulage technology, partly with

the aid of West Eurocopean know-how and
licenses.
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4,54
(14.8 r1

(6.9 rT)

h 3.2 M
(10.5 fM

2 LEGS X 200 TONS = 400 T (360 ST} EXTENDED - 2.4 M (7.9 FT)

HEIGHT CLOSED - 4.5 M (14.8 FT) WIDTH - 1.5 M (4.9 FT)

FIGURE 1-6
Polish Thick Seam Shield - Zabrze Mine
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1.4 We=t Cerman Practices

In the Pitumisous coal mining industry of +the
Republic of Gevrmany. there are currentiy only a few
which seams having thicknassez of more than 3.5 m (1]
are encountered and worked. Supceh collileries are lc
the central and eastern parts of the Ruhy District {(F
Achenback® in Lunen, “Minister Stsin® i rimund and
in Hamm),., which bm]onq 5 Ruhrkohle Auquq+~
Colliery in Marl-Huls ’nund
AG 9BASF), the %West
Eschweiler Bergwer
trict {the Ensdorf,
to the Saarbergwwrkc AG).

141

Fried der Grosse and
published i) go on thick
have been cicsed for several
s coal mining diztricts of the
- Azchen and Ibbkenburen Districts)
thimkne&w are mined.

"Sachsen" (Ruhr ob59
seam mining. These
yvyears. JIn +the ocither
Federal Republic of G
no scams 0f the above-nentioned

The thick seams of the Saav District have a greater coal
strength than those 1 hr Moreover, +the thick
seams worked in the ject Lo greater stress
and are also weakene

™

The majority o
West German coal mines
such as:

o soft ccal which, in the Ruhr District, is
highly traverged by cleats and fissures

o coal faces tend to spall;

o relatively soft, freguently friable roof;

o depth of the scans;

o high abutment pressures due to unmined

pillars in overlving saamns,

Farlier attempts failed because winning and support tech-
nologies had not Dbeen mastered. Mining geams of more then 4 m
(13 ft.)} in a single pasgss with caving ls now possibie i
introduction of efficient cutting machin: having a
cutting height and, above all, o©f shield e with .
capacity, good protecticn from the gob, good stability, and
equipped with hydraulic alignment Jacks and coal face sprags.

Other important measurss which contribute o the success
of the longwall faces, are the following:
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o no unsupported roof due to shield supports
(except in case of spalling)

o holding of the c¢oal face by face sprags
which are an essential part of the self-

advancing supports,
o0 nailing and bolting of the coal face,
o bonding of the roof strata, when required.

The production results of the investigated longwall faces
are satisfactory, in regard to the amount of equipment and pro-
ductivity, but are not comparable with those from the seams having
thicknesses of 2 to 3 m (6.6 to 9.8 ft.). Longwall faces operat-
ing in the 2 to 3 m (6.6 to 9.8 ft.) range show the best results
in the German coal mines. The reason is that with a decrease in
seam thickness, there is a decrease in operational problems,
accompanied by a reduction of operational investments. Despite
these problems, the trend observed is that thick seams of above
3.5 m (11.5 ft.) are presently worked by the single pass method,
when ten years ago the slicing technique was used. The reason may
be that the modern mining techniques {(e.g., the modern winning and
supporting techniques) developed and now employed have made the
method of single pass thick seam mining both easier and safer.

1.4.1 Past Examples of Thick Seam Mining

Mining a 4 m (13.1 ft.) seam with a mechanized longwall
was first tried at Minister Achenback in 1970 with 5-leg Becorit
chocks in the Zollverein VII seam. The next trial was made in
1974 at the Sachsen Mine in the Wilhelm seam. The thickness was
limited to 3.8 m (12.5 ft.) leaving some bottom coal. The next
attempt was made at the Westfalen Mine in the EFG seam. In Novem—
ber 1975, face equipment designed for a maximum height of 5 m
(16.4 ft.) was installed. Since that time, Westfalen has mined
several panels. In regard to this 6-yvear experience, it is inter-
esting to examine in more detail the problems of operating such a
face in the A/B seam.

1.4.2 Present Experience

1.4.2.1 Westfalen Mine

Westfalen is mining double or triple seams. The A/B seam
is a double seam characterized by a parting of varying thickness.

Total mined thickness is about 4.1 m (13.5 ft.) with an
average of about 3.3 m (10.8 ft.) of coal. The net production is
75% of the raw production. The coal is soft and is traversed by
cleats and fissures. (See Figure 1.7 for longwall operating data.)
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The longwall face unit has been operating in its present
panel since May 1979, and was planned as @ slewing face. At the
time of reporting (Dec. 1979/Jan. 1980), the slewing stage was in
operation for the first time. Slewing consists of turning the
advancing longwall 90°; further slewing of 180° was planned at a
later point in mining.

This mining plan was chosen to increase the life of a
panel and to reduce the number of face-to-face moves. Long life
is of particular importance for 1longwall faces in thick seams
because large amounts of heavy equipment are installed. The max-
imum panel length for one face operation achieved by slewing at
the Westfalen Colliery exceeds 3 km (approximately 2 miles).

Both gate rcads are cut by the face winning machine so
that they are kept in line with the advancing face. The result
is the that convergence in the two gate roads can be considerably
reduced by comparison with the convergence in entries driven in
advance. Because of the thickness of the seam, the support of
the entry heading, which is advanced together with the face, is
difficult:; however, it can be successfully achieved.

The criteria required for successful operation in thick
seams at the Westfalen Colliery are the following:

o0 layout, in view of the long panel life de-
sired, to be based on slewing and, where
necessary, on heading through faults and
zones of varying thickness;

o cutting-type winning using shearer loaders
which provide better control of the coal
face;

o use of shield support with a maximum exten-
sible height of 5.5 m (18 ft.,) for control-
ling any possible drawslates or cavities;
all shields are equipped with at least 5
aligning jacks for stability and alignment

corrections:

o cutting of the entries by the face winning
machine for reducing entry convergence;

o protection of the face ends at the T-junc-
tions with the aid of specially designed
shields developed from the standard stowing
shield support:

o use of anhydrite packwalls at least 2 m (6.6
ft.) wide.
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A number of problems have been identified which relate to
the operation of longwall faces in thick seams. These are sum-
marized below.

The main problem is the instebility of the coal face,
which is due to both geological and operaticnal reasons. It may
give rise to sloughing of up to 5 m {16.4 f£t.) measured in the
direction of mining advance {as well as o cracks and cavities in
the roof ahead of the canopies). The lumps of cocal and rock
breaking out of the face and roof make haulage operations diffi-
cult and endanger the working crew.

Geological causes include:

o pressure wave effects parallel to the strat-
ification in the case of very thick seams;

0o occurrence of drawslate between 0.3 m and
105 m (190 ftu and 4:99 ft.o),“’

o unfavorable direction of the face in vrela-
tion to the direction of cleats and fissures:

o occasional poor f£filling of the gob area,
hence, the possibility of the roof strata
moving parallel to the stratification to-
wards the gob area (the result is that the

roof may cave ahead of the support and the
support loses its abutment);

o presence of dirt partings of varying thick-
ness in the seam of up to 2.2 m (7.2 £t.):

o soft coal:

¢ great depth, approximately 1,000 m (3,300
ft.):

0 thick sandstone or sandy shale beds in the
roof, which create pericdic pressures.

Operational causes include:

o unfavorable direction of cutting (to the dip
better than to the rise, varying success
when cutting in the strike):

o remaining pillars above the mined seam;

o insufficient support resistance;

o excessive delay in supporting;
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o low rate of advance;

o full face cutting method; this method in-
duces considerable delay in support opera-
tions; for this reason, selective face cut-
ting is often more favorable (cutting in two
benches). :

Measures implemented for achieving successful control of
the problem are:

o use of a 4-leg lemniscate shield with artic-
ulated canopy, which is far superior to a
circular arc shield and provides high sup-
por? capacity (up to 750 kN/m2, 7.8 st/sq.
ft.):

o use of coal face sprags on the canopies, to
be set hydraulically against the coal face
and kept in this position until shortly be-
fore the passage of the shearer loader; this
considerably reduces spalling of the c¢oal
face;

o nailing of the coal face using dowels which
are firmly clamped with an expanding wedge
at the bottom of the borehole; the use of
bonded square dowels is too expensive; glass
fibre rods were found to have too low a
shearing strength, so that quite large coal
lumps often break away despite nailing;

o bonding the c¢oal face and the roof with
polyurethane in cases of emergency only,
since this method is too expensive for con-
stant use;

o as a last resort, supporting the roof with
steel bars 3 to 4 m (9.8 to 13.1 ft.) long
if the coal face sloughs to a considerable
extent and major roof areas are exposed.

The longwall face unit has been operated with success.
From the viewpoint of roof support, the face is well controlled.
Despite very soft coal, little face spalling occurs as a result
of the combination of the above procedures. The use of the
hydraulically activated coal face sprags is the most important
factor.

In the design of the mine plan, consideration was given

to orienting the longwall face at a favorable angle to the cleats
and fissures. With the slewing operation, difficulties are
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expected; the longwall face will stand at an unfavorable angle to
the cleats and fissures and run for a short while parallel to
them.

According to past experience, output losses of 10-15% of
the normal production are to be expected during slewing. These
disadvantages are acceptable in order to reduce the frequency of
face-to-face moves. During this phase, special attention is paid
to securing the coal face (e.g., by spragging or nailing).

Table 1-3 presents a synopsis of the trend in accidents

in the selected longwall face unit No. 168 in Seam A/B from the
time it went into production until the period under review.

TABLE 1-3

Face Accidents in Face No. 168 Seam A/B, Westfalen Colliery, EBV
(Period Since Start-Up)

Number of
Lost Accidents Lost
Number of Time as per (2) Time Reasons
Accidents Caused Attributed Caused for
Month {(Total) by (2) to Thick by (4) Accidents
{shifts) Seam (Shifts) | as per (4)
Mining
(1) (2) (3) (4) (5) (6)
May 79 3 _ 41 2 19 rock-fall
Jun 79 6 82 1 17 | rock-fall |
Jul 79 10 139 | 3 72 rock- and
f coal—-fall
Aug 79 6 66 1 9 rock-£fall
Sep 79 6 81 2 34 rock-fall
Oct 79 5 79 2 28 rock~-fall
Nowv 79 5 57 1 15 coal-fall
Dec 79 5 93 1 7 face-worker
slipped
from spill
rlates
TOTAL 46 638 13 201 1
‘ |
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As Table 1-3 illustrates, the number of accidents is not
excessive. The number of accidents that could be classed as
typical of thick seam operations is quite small. The causes of
thickness~related accidents may be said to be due almost entirely
to rock and coal falls.

According to the Safety Department of the Westfalen
Colliery, the overall number of accidents in all faces, despite
mining generally in thick seams, has declined. This may well be
attributable to the constant improvements in support technology.
Today a wide range of methods are implemented to prevent the
spalling of the coal face. The places where accidents mainly
occur have shifted to the entries and to the T-junctions (more
workers are now being employed in these areas). In absolute
terms, however, the number of accidents has also decreased in
these locations.

Figures 1-8 and 1-9 contain the data on two other long-
wall units at the Westfalen Colliery, which are currently being
operated in the EFG Seam. These two longwall faces have almost
the same layout as that described above, and are also operated as
slewing faces. Except for a few technical details (e.g., shield
support of earlier design), they are identically equipped.

The difference in output of the two longwall <faces in
Seam EFG is due to Face No. 164 EFG contending with more diffi-

cult conditions, such as:

o very soft coal,
o high-degree of spalling of the coal face,

o and as a result of this -~ increased tendency
for roof-falls.

For these reasons, up to DM 2,100 ($4,200) are spent per
day on the use of polyurethane to artificially consolidate the
zoal face and the roof strata. Furthermore, large coal lumps
falling into the conveyor during spalling cause breakdowns of the
shearer. Such lumps of coal must be broken with pneumatic picks
or by blasting.

Generally speaking, all means of securing and consolidat-
inhg the coal face have proved their value in these two longwall
faces. Without such precautions, coal extraction in these seam
thicknesses would be nearly impossible under existing conditions.
Two photographs of Westfalen faces illustrate these trials. A
Sagem shearer is represented in Figure 1-10. An Eickhoff shearer
and Klockner Becorit four-leg shield are shown in Figure 1-11.

27



oS og
8T

[§]
O
1
09
o
9]
3
[y

TP PRI PO JUTGTIRN0 30y JaTUREIRITTIOSulpajang o

eeet oy o HOYIEL{N00) PUB ZojeuRay 04 BRHIUS/URY Mm
{0a} s4op Bujgaes of LLERIEYIBASL puB JOj8HRSE 40f SASE R
w & = 65 8384 UB13RLHL IR
Js4usfoto ogt = 69y 2on90f o004 yb 3o o8y duyiiag

8504 DY} 38 814211RAE a4
" fep w54
34948 w0d 9aed

e oof
‘ R W2
{vula

- epaRg TIembuoT

HINDIA

afsuey 914100 geg’y (043 vea(d
pfsuoy 9)d3vg 002°¢ 1002 A2 :bap acs eesy
33 2°6 3 8 AL°g shep wod savespy
35 L°10 8 9 6C°C ssouydyyg poupy
330714 g 9 66°E  isReuyzyyy cuag

35 949 g © 86z ‘ypbusy o3z
i1 oeg g3 Sopreg soseeng Sujbusy Enfézag SH033] coujysey Sujeulg
paeddng ppojug {3y o nn2y3) 00 ¢ praevogedsuydply  jdeddeg g

RPN LU E
T ogengy
@fdy 13y ien

duzouey jean J wopyy [ (A9)) viessy-sysesdang saytoayde] f RIWAISIA seuy :

m.um.w_ 0z 964 9P
qy g ¥ 7 tdorad
saefa §° 1poass
w { y 3 47 tonpes toddy pu3 24y
- _ g m m e . N ..45%!. - lm - o ﬂmnwm
£ 3 M, = 3 LI
= & = o= 3 suag Wy |
= w g g ] fouag 3Py |
WM - .“M [ @ 7 (2222
2 S N
4 3 3 66°¢
- - e 863 507
PRET FR pEET s
g WW §d vRdL 3 m LLLLELETLL,
51k ig 13 FEC i dury
TG o2l B wﬂ ?m
S = 52 5o k|
& g5 7 8 ga =g ; Yo iy
¢ ogE & 5 © g8 2,9/p10% Busdpes 2 F LF 4
§ogE M -t ¢ bfonon Sopppoy 2 23 W
=2 3 4 2SugEnyg 130 2.
T 0% - £°7 g tothy % i1z B
= 2y % PLoMS {34y wayoanyg} J07 3 ypeosegecanyeqly spseddng jeey | ¥ PR o
5 pooy so Bupuadop Tufis LE2' © BTL § yfo ool © oL 1ponds .
o of g i g6 tomsey P
%cwwww m8jelg Pasyedyy “etnulayy te0)sds obeyray _nEE Ewmwme o goe "m?mwm
Lo {ee 0gp®y sasy Jujasog o qlusy) ol gg e waety | e O i e e
] 3 tooqong s FOFR Supiegimernined rpieas | uy of e
aly 4 § 2 R oY e s
A 00%, "R o6 Sy 00 73 sidy dopuoy e Buybuay pop-elaeg ppovieny epst e [y e w122 W
B9 044 © WolA 10 §°F o upduay f8jqepseen adky teesy ysoer 3:0 toNeg
6% 52 8. vibuy oyppiy (wing) o43n8l 018y tedy Jaey 088 3°}
34 569 5 © 6eg dyybeay o
sopfe 2 BHILR 195 m %
Tjevesyang o34 o 03
{sonslep o) ved o 2 e:&«omh‘._.hw
v0132091p Bujsuanpa epuy wsjyenp sy :
132041 Bojsustpa epe) vepjenyysag ° /¢ & eddy
) s Lol EE:
peLess Sajoa mw\t.mo" ozwu waj1saayp Bepieeq es) pogees wjsa maﬂ-ﬂ% ._wum 5 S02(g fleg youea)
[ o 35 1 Jouer tedly de0hp § 5 o o “wepeeilN PRI m i
usfo ggoo \omno 8@3 0092 34 ByLa)isan tedhg 3 W
S
i F
91 cevy ¢ - R
943 teseg | §

28



o0’y

(R} sdep Bupxsen of

[ AR
ET UL TR S T
¥ oof .
[ARE{N Y edreel
(vr)® fvr)a
W W
P
]
B2 oMoy
mu Fen> mm
i . wm. sy
3% F550 ¢i
S
“¥i
g8 2
=g

ag o (BUIIES
LR NA seang
305 of uubien

$9T :90vd ‘H4F wedg - eIed 1T embuo’d

6 -T dTINDIA

vope ey 0 syasfunn
vornLnitey Jop siep &y

e (.—«..——:2

J3peay S0MNYS 04} 40 0w} Bujlie)
9304 84} 3¢ 0{QRLjese b0}

dep 406
35148 484 Jenodury

AN

p/sus} 34300 0g’; |eod weag

p/evey 21300 000'y (209 mes
H 9%y 3w 00c) thep 0 erueapy
8L 3 0 090 teseundpy) pevik

UR TR LN
WKy ooy

sap 204 svef

HI TETPTETH
tq1buey o34

1 00( p0) $pT0Y Jeurays bujbuey papuT-aqencg Jymudi] towindey bujeuin

o 00 Sonipf
Ao oG 2 2 tdenod
08 [0 (%7 peads
1812 tepjrd 08h) pud sajag

B 2°) 1woy)%g
ophofa ooy
poysse 0u1pi2id-un)3oa8-g js0adng

{

y )

801)2631p Sujdueape 83U} woyjRN)| W)

T

{

€9 g 918/ & oeg’y
obay
(s¢3-3 44

sopie 3y

8jdu §oGy < (40 &
of0R §'9% = (60 ¥

sfuy ot > 90l mjprey bujlieg
w/kn o094 = 9gf * B/peey Bupp(aps
191 ] 1y zoquny o
Cetg e gy tesky
PLos (347 Je(naagg) B3 g ypdedegeabuyn(y 1)doddeg jeoy
paoy oyy Bejpuadep “4f3j L62°Y © BAL'L § W/fu oo & K[ posds
di of g iy 4R ooy

z
4

14
[4

uefiy e gigt

mhmlm
il? b

]
 Joontl |-
mxlmm
FE 6
i
3

e3)845 422410213 ‘seoju(ny) thoyehg abajmey
B2 I °d o6 Aopty

°a7 luejjves

LX
LT
2 tdequay mag [seydon Bupplejdeuc;)sen~y sjestng

0ag 3 eddy sopee Soueayg Bujbuey popuj-eiqnog JoEd13 Sdepeo) g
50 gl « Gipin 18 §°) = WiBus Sojlesysen oady twusy | /!

ISy

268 82 X 2 I8 o(ppIY (V18]) olaneg Supry) tesyer

13 969 3 8 267 1yfue
809f2 34 B3(R31894 SOg

(saesbap o) uel o

Bo[oss epea gLLCo X | Ry

L't oy soping uoy30ap uglazy o3y o 791003 Jsjea 8;3. om “ ~H
oL 35 [ (swyer etk 50.60p § 3 uoh 8] tusjjewj|uy L 3oy

& IS I (ouyer :edkj

1084} Ja0y

=

A

QLI
1R ey
298 f8 2%y

s fu g0 ] o{*0 pascy foogf2 44 wi(t)iseR tedk) I

4oL ey
343 ‘s
dvressy y20p [ uepyy J (A7) vissep-sxsunbuag Jo(jerpsy [ MIWIISIA touly

LT ]

009/2 34 tieiten

30ddng PIOINS (0 J0(n201)) 807 7 Ypuedeg-sevndp(y

LU LS
¢SO I g
ofty of yhjep

%
(11 R 31 ]
241834804

LY
i%da| wapaydg

ijavddeg jooy

9 0%

oL
dpeg 1y

IIIP7PT77?.
° g6
wes o0
CLLLLLLLLLL,.

B 80°(}

[JLT
lpuws 31

29



FIGURE 1-10

A Sagem Double Ended Ranging Drum Shearer



FIGURE 1-11
An Eickhoff Shearer and Klockner-Becorit Four-Leg Shields
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1.4.2.2 Other Examples in the Federal Republic of Germany

Figures 1-12 and 1-13 present data on two longwall units
working in the thick seam Zollverein 2/3 at the Auguste Victoria
Colliery in Marl-Huls (Northern edge of the Ruhr District). Both
faces yield excellent results, although typical Ruhr District
conditions prevail, i.e.:

o the coal face tends to spall due to the soft
coal,

o the roof is soft and very friable.
For the above reasons, the following measures are implemented:

o In one of the two 1longwall faces (Figure
1-10) top coal is left standing, despite the
use of modern shield support, in order to
preserve the roof. In the event of any cav-
ities that may nevertheless occur, either

~ the roof is bonded by polyurethane, or

~ the roof cavities are filled pneumatical~
ly with anhydrite.

O Both longwall face units are operated with
an exemption of water infusion because it
weakens the coal and increases the spalling.

o Hydraulically extensible canopies and coal
face sprags are used in both longwall faces
in conjunction with shield support. They
reduce the need for nailing the face (nail-
ing is an additional measure done under
extreme conditions).

o If necessary, the roof at the face ends is
congolidated artificially by polyurethane
injections.

o Along the entry that has to be kept open for
a second use, an anhydrite packwall is con-
structed at least 2 m (6.6 ft.) wide.

The management of the August Victoria Colliery believes

that neither of the two longwall faces described in Figures 1-12
and 1-13 could be worked without the above-listed measures.

Figure 1-14 provides the operating data for a longwall

face at the Reden Colliery belonging to the Saarbergwerke AG. In
comparison to the previous case examples from the Ruhr District,
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this longwall face operates under substantially more favorable
geological conditions.

A fact to be noted is that the longwall face is worked to
the dip (inclination 16 degrees), and the c¢oal being somewhat
harder, the coal face stands without spalling. For this reason,
it is generally not necessary to apply additional equipment such
as coal face sprags, or other measures such as nailing or bonding
of the coal face. Only the T-junctions are consolidated by resin

bolts or polyurethane injections. To improve the operations in
the face, the conveyor is equipped with a frame, and the shield
support base can be advanced under the conveyor. This improves

the stability of the shield support.

1.5 State of the Art Summary

1.5.1 Comparison of Mining Conditions and Face Equipment

Starting with the KTU, which is not a support, but a
shield that relies on the soclid ccal to support the strata,
through the OMKTI, which was designed to support a narrow band of
roof, shield supports have evolved as dinosaurs did. A canopy
may reach 3 to 5 m (9.8 to 16.4 f£t.), increasing the required
load capacity to the square of the length of the canopy. The
base, which originally advanced under the conveyor o provide a
support close to the face, is now often short. Losing its con-
ceptual advantages, the shield support had to compensate by
tremendous increases in load capacity, increases which seem to
have no limit. Surprisingly, the width of the shield generally
remained unchanged, as did the length of the conveyor pan. It
is, therefore, interesting to compare the present face egquipment
and the related mining conditions. Figures 1-15 to 1-21 repre-
sent different shield supports presently used in mining seams
thicker than 3.66 m (12 ft.).

The Soviet KM120 (Figure 1-15}) shield support kept a
short canopy and a long base advancing under the conveyor. The
load density is low per unit length but high per unit area. At
the other extreme, the Japanese prototype has a canopy of 5 m
(16.4 ft.) (see Figure 1-16).

In Germany, there were two different trends: the devel-
opment of a four~leg shield, with a short base and a long canopy,
(Westfalen Mine), (see Figures 1-17 and 1-18); and a parallel
development of a two-leg shield, with a long base advancing under
the conveyor and a shorter canopy (Saar, Figure 1-1%). Westfalen
Mine recently ordered face equipment with two-leg shields extend-
able up to 6 m (20 ft.) with telescopic legs (three extensions)
and short base {(Figure 1-20 and Figure 1-21).

In Poland, where German-manufactured supports are used, a
two—-leg support is used to get the advantage of a short canopy,
and the base advances under the conveyor (Figure 1-6).
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(9.9 1)

2 LEGS X 155 T - 310 T (279 ST} EXTENDED - 5.0 M (16.4 FT)
HEIGHT CLOSED - 3.5 M (11.5 FT) WIDTH - 2.2 M ( 7.2 FT)

FIGURE 1-15
USSR KM 120 Thick Seam Shield
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4 LEGS X 180 T = 720 T (648 ST)
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FIGURE 1-16

Japanese Thick Seam Shield
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(12.2 rm)

F—m——-——SJZM —~————ﬂ‘

| i —

f——12.83 y —

(9.3 FrT)

4 ILEGS X 165 - 661 ST (727 T) EXTENDED - 5.4 M (17.7 FT)
HEIGHT CLOSED - 3 M ( 9.3 FT) WIDTH - 1.5 M ( 4.9 FT)

FIGURE 1-17
W. German - Klockner~Becorit - Thick Seam Shield
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——— 3.4 %
(11.0 ¢7)

5.3 M
(17 .4 £7)
L
(3.2 r7)
4 LEGS X 176 S TONS - EXTENDED - 5.3 M (17.4 PT) ™

705 8T (775.5 T)

| HELGHT CLOSED - 2.4 M (7.9 FT) WIDTH - 1.5 M ( 4.9 FT)

FIGURE 1-18

W. German - Westfalia Lunen - Thick Seam Shield

40



SOM
(16.4 #7]

F""‘“"“ 3,2 4—

(19,5 rT)

2 LEGS X 181 TONS = EXTENDED - 5.0 M (16.4 FT)
362 TONS (326 ST)

HEIGHT CLOSED - 2.5 M (8.2 FT) WIDTH - 1.5 M ( 4.9 FT)

FIGURE 1-19
W. German - Hemscheidt - Thick Seam Shield
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FIGURE 1-20

Westfalen Mine Face Equipment
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FIGURE 1-21
Photograph of Westfalen Mine Face Equipment
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A longer canopy generally means a larger supported roof
area. The consequence may be damaging from the point of view
of face spalling, for the roof pressure on the solid coal is in-
creased.

Based on the results obtained for the faces mining thick
seams, a conveyor carrying frame which permits the roof to be
supported closer to the face is favorable. This technique is
used in the USSR, Poland and the Saar District of Germany. A
two-leg shield is generally favorable, except in the case of a
very strong roof at shallow depths.

An increase of the shield width to 2.2 m (7.2 ft.) as it
is already done on the Russian KM 120 is recommended. This re-
duces the manufacturing cost and increases the support stability.

The best results are obviously obtained when the coal is
hard enough to have the face standing without using face sprags,

nailing or bonding. If the face must be supported, the sprag
should be hinged on an extensible part of the canopy to insure
its efficiency. If the face sprag is hinged at the end of a

fixed length canopy, it acts more as a protection against coal
falls than as a face support.

On the KM120 (Figure 1-15), an inclined coal face is
represented. The four-drum shearer provides an inclined cut with
the two upper drums. In West Germany, a methcd has been devel-
oped where the coal face can be systematically cut at a slope of
65-70 degrees. Following tests at the Bergbau-Forschung GmbH in
Essen, an underground trial was conducted at the Rheinland Com=-
bined Colliery of Ruhrkohle AG, in West Germany. A specially
designed cutting machine, with drums tilted towards the coal face
was used (the so-called cutting disc loader), in conjunction with
an appropriate shield support system. Development of this system
has not yet been concluded.

Currently, the upper limit for the shearer loader is 4.5 m
(14.8 ft.), except for the SAGEM double drum, 600 %w shearer
(Figure 1.22) and the K120 four-drum, 530 kw shearer loader,
which cut up to 5 m (16.4 ft.).

1.5.2 Summarz

Of the selected and reviewed coal mining areas of Europe
and the Soviet Union, the West German and the Polish coal min-
ing industries presently have the most efficient longwall face
units mining thick seams (4 meters) in a single pass.

The majority of the Polish longwall faces are favored by
the fact that the thick seams are comprised of hard coal that
seldom or never spalls. Additional techniques of coal or roof
consolidation are generally not necessary in the Polish mines.
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overall dimensions

SR A L

= 7300 N
; 1600 | 1500 | 4100 550
H
2000 1700 4500 800
. 2600 | 1900 | s000 | 1000
.

— Operating height : from 1,80 mte S m

general data

— Power : 600 kW
— Total weight : 30 tons

e HYDRAULIC WINCH ELECTRONICALLY CONTROLLED

Drawbar pull : 36 tons {40 tons optional)
Tramming speed : 0to 5 m/min
Size of haulage chain 1 26 x 92 mm {or 30 x 108 mm optional)

e F.L.P. 300 kW ELECTRIC MOTORS

Stator and rotor . water-cooled

Current and temperature electronically controlled

e CUTTING AND RANGING GEARHEADS

Drum diameter

Depht of cut : from 750 to 850 mm
Drum rotation speed 1 25 rpm
Length of the arms’ 1 3250 mm

Angle of ranging arm
Dust suppression

: +45°/ - 10°
: high pressure water through drum shafts

FIGURE 1-22
Sagem DTS 600 Shearer
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This is not the rule in the West German coal mines, where most of
the thick coal seams tend to spall. In addition, roof strata are
soft in most West German coal mines.

Satisfactory results in West German longwall faces are
attributed to improved -technology combining the most up-to-date
face equipment with additional means such as nailing, bonding of
the coal face, and injections of artificial resin into the coal
and the roof. Construction of anhydrite packwalls at the face
ends, use of special support structures at the T-junctions, etc.,
are also important. Modern face equipment allows successful
mining of thick seams up to 4.5 m (15 £t.).

In the coal and lignite mines of the Soviet Union, devel-
opments in mining thick seams in one single pass are similar to
those in West Germany or in Poland. Equipment is slightly dif-
ferent but the problems involved with this method are nearly the
same. The productivity rates in Soviet longwall face operations
seem somewhat lower than in West Germany or Poland. The absence
of economic pressure on the management of Eastern European coal
mines allows excessive manpower and lower efficiency.

Geological parameters, such as coal strength, the pres-
ence of cleats and fissures, composition and strength of the
strata, and type of coal, are important factors. The main factor
in mining thick seams is the coal strength, which governs the
behavior of the ccal face.

The mining Jlayout influences, either in a negative or
positive way, the behavior of the coal face, especially where
cleats and fissures are present. The behavior or the stability
of the coal face is a factor of decisive importance. It deter-
mines, above all, the success or failure of such a longwall oper-
ation. Furthermore, the selection of the mechanical equipment to
be used on longwall faces in thick seams plays an important role.
It has been shown that only shearer loaders are suitable for coal
winning in thick seams. The application limits of these are
currently around a working thickness of 4.5 to 5 m (14.8 to 16.4
ft.). Only shield or chock shield support is used in thick
seams. These supports seal off the face from the gob area, and
possess high supportive forces and good stability. Hydraulically
extensible, hinged forepoling roof-bars and hydraulically acti-
vated coal face sprags are essential to improve the efficiency of
the shield supports in thick seams. The use of a conveyor carry-
ing frame must be considered. Its use allows for improved sta-
bility of the shield and reduced distance between the tip of the
shield canopy and the coal face. The face conveyors must be able
to take the high weight of the winning machine as well as the
pull and thrust forces from the self-advancing support shifting
rams. The life of the panel should be as great as possible. For
this reason, face conveyors must have a long service life, to
avoid time and cost consuming repairs or replacement during panel
extraction. '
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Auxiliary measures for successful operations in thick
seams include the construction of anhydrite packwalls and the
injection of polyurethane at the T-junctions. In special cases,
nailing or bonding the coal face can be helpful, but it is expen-
sive and not an economical way to mine the coal.

In conclusion, after comparing the number of Ilongwall
faces in Western and Eastern European countries, including the
Soviet Union, it can be stated that:

o the extraction of thick seams (or slices) up
to 5 m (16.4 ft.) is possible from the tech-
nical viewpoint and capable of being mas-
tered even in very deep mines,

o the production results, except in a few
cases, are still 1lower than the results
which are obtained in thicknesses between
2.5 m (8.2 ft.) and 3.5 m (11.5 ft.).

Good geo-technical conditions and a proper matching of
equipment are required to insure favorable economic results. The
first essential condition for economic and technical success is
hard coal. The next factor is the selection of the proper egquip-
ment. Improper selection will necessitate the use of auxiliary
measures such as nailing or bonding to assure face stability.

Technological evolution of face equipment has steadily
increased the limit of the seam thickness mineable in one single
pass up to 5 m (16.4 ft.): however, careful selection of the
site, good planning, and the right equipment selection are still
required to insure safe and economically successful operations.

Figure 1-1 shows that the most productive coal faces in
West Germany are in the range of 2.4 to 3.6 m (8 to 12 ft.) with
soft coal. The slow increase of the mined thickness at Daw Mill
(U.K.) is shown in Table 1-4. Two slices are mined from a 9 m
(30 £t.) thick seam. The mined thickness has been cautiously
increased with the progress of face equipment. Equipment which
was delivered at the end of 1981 has a maximum height of 4 m
(13 ft.). ' : C
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TABLE

1-4

Production Results from Advancing Faces at Daw Mill Colliery

Average Output Helgih Average
Pace Length Total Weekly per wm/c af Weeskly
District Year {m) Tonnes Tonnes shi ft Extrac- C.M.8.
Tonneg tion Tonnes
1's 1965-T70 169 1047422 4206 428 1.91 11.82
i 6's 1966-80 171 163041 3891 418 1.87 11.5¢9 )
------------------------------------- e o o e o v v e e s e e e e N i ] et AT et ) b et P e i Ao A4 L0 S . Lo ke
20's 1969-74 166 1124969 5068 372 2.26 11.36
12's 1972-75 230 674460 4716 399 2.47 14,00
64's 1974-75 230 753457 7245 555 2.58 17.17
__________________________________________________________ A e e
T1's 1975-76 230 r 968169 11002 gLe 3.15 16,90
14's 1975-79 233 664472 -{ 8411 ﬂ 612 3.29 18.86
63's 1976-79 2310 | 210403 5260 524 3.22 13.70
_____________________ 15 SSUSUSES N SSRSUONSUIUS ISISUY DS SRS S
75's 197¢ 232 683288 10512 742 3.29 20.90
__________ A _.-.—.-.__._--_..u----r---4--——---——--—J——-—-——-‘-—-——-4———-—--—‘—-—.———‘-4——4‘——————-«—«———-—--»-———---—
72's 1978 226 902732 10211 743 3.20 24.96
 15's 1979 231 ‘] 136246 13668 €24 3.41 208.83
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2.0 APPLICABILITY OF THE SINGLE PASS SYSTEM TO U. S. MINING
CONDITIONS

2.1 Introducticn

There are abundant thick seam reserves in the western
United States which are recoverable by underground methods. The
USBMl estimates that at least 45.7 billion tons of sub-bituminous
coal are in seams greater than 3.1 m (10 ft.) thick. This repre-

sents 56 percent of the sub-bituminous reserve base and 35 percent
of the total underground reserve base. The data to estimate

bituminous reserves in seams greater than 3.1 m (10 ft.) was
unavailable.

Thick coal seams in the western states of the United
States are generally partially mined by underground mining meth-
ods which are not oriented to save the remaining coal for later
mining. If the first slice were completely mined, it should be
possible to mine a second slice, when after a few months or
years, the caving would be reconsolidated. This is difficult if
all pillars are not extracted.

Longwall mining is more appropriate to thick seams than
the room-and-pillar method, if two or more slices are possible.
It is also easier. to adapt to the seam thickness variation.

Longwall mining methods for thick seam can be classified,
depending on seam thickness, in single pass mining, slicing and
sublevel caving. '

© Single pass mining is currently applied to
seams with thickness ranging to 4.5 m (14.7
ft.). 8Six meters (20 ft.) would be the
upper limit using the present technology.

0 Successive slices are recommended if the
seam is regular and the thickness exceeds
6 m (20 ft.).

o Sublevel caving is more appropriate to seams

with rapid changes of thickness or with bad
roof conditions and applies to a 6-15m
thickness range.

1 Matson and White, 1975, p. 13.
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In the United States, coal seams of 11-12 feet thickness
have been mined successfully by the longwall mining system.
Presently, few longwall panels are being planned to mine up to
4.3 m (14 ft.) thickness in a single pass.

While this system could be employed in seams greater than
4.3 m {14 ft.), optimum operation is presently for a mined thick-
ness ranging between 3.1 and 3.7 m (10 and 12 ft.). To determine
the applicability of the single pass mining system to U. S. coal
resources from 3.1 to 6.1 m (10 to 20 ft.), which is the upper
limit technically possible, available resource data has been com-
piled into a comprehensive thick seam data base.

2.2 Thick Seam Resource Data Base

A resource data base for those states having considerable
thick seam cocal reserves has been compiled. Alaska, Colorado,
Montana, New Mexico, Utah and Wyoming together represent 85
percent of all identified western bituminous coal greater than
1.1 m (3.5 £t.) thick, and nearly 100 percent of all western sub-
bituminous resources greater than 3.1 m (10 £t.) thick. These
six states form the basis for the thick seam analysis and are
referred to as the thick seam states (see Table 2-1).

TABLE 2~-1
Demonstrated Coal Reserve Base of the

Thick Seam States, January 1, 1976
by Mining Method

Millions of Short Tons
Potential Mining Method
%
Rank Of Under- Strippable
Coal State ground Surface Total Resexves
Bituminous | Alaska 617.0 80,5 697.5 11.54
Colorado 8,467.9 - 676.2 9,144.1 7.39
Montana 1,385.4 —— 1,385.4 0
New Mexico 1,258.8 601.1 1,859.9 32.32
Utah 6,283.8 267.5 6,551.7 4,09
Wyoming 4,002.5 ——— 4,002.5 0
Sub- Alaska 4,805.9 640.7 5,446.6 11.76
bituminous | Colorado 3,972.1 149.2 4,121.3 3,62
Montana 69,573.5 33,843.2 103,416.7 32.73
New Mexiceo 889.0 1,846.8 2,735.8 67.50
Utah ——— —— ——— ———
Wyoming 27,644.8 23,724.7 51,369.5 46.18__i
Sources Coal Pacts 1978-1979, National Coal Association (U.S8.

Bureau of Mines data).
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The data base consists of a series of tables showing
resource estimates for thick seams in every county of the states
having thick seams. These tables have been used to identify:

o0 Beds and counties with abundant thick seam
resources.

©0 Relative importance of thick seam resources
for each state.

2.2.1 Data Socurce

The National Coal Resources Data System (NCRDS) of the
U. S. Geological Survey is the primary source for the resource
estimates used in this study. This system is both comprehensive
and detailed in its reporting of thick seams. The following is
a list of characteristics associated with the NCRDS:

0 Resources in measured, indicated and in-
ferred reliability categoriesl

0 Strippable and underground resources
o Overburden up to 914.4 m (3,000 ft.)
o Thickness ranges (Table 2-2)

- Bituminous cocal 1.1 m (3.5 ft.)
- Subbituminous coal 3.1 m (10 ft.)

TABLE 2-2

Coal Seam Thickness Categories

\ Sub-
Bituminous Bituminous
Seam Category {Inches) (Inches)
Thin 14-28 30-60
Intermediate 28-42 60-120
Thick >42 >120

1l See Appendix A for a complete discussion of resource classifica-
tions and definitions.
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2.2.2 Modifications to USGS Data Base

The use of USGS resource estimates in the analysis of
thick seam c¢oal has required adjustments for the following:

Strippable resources
Unsuitable thickness ranges
Uncorrelated resources
Resources classed by zone

00CO

Strippable Resources

A certain amount of coal recorded in the 0-304.8, 0-609.6
and 0-914.4 m (0-1000, 0-2000, and 0-3000 ft.) overburden catego-
ries is strippable under the current economic and political situ-
ation. Since only coal which can be mined by underground methods
was of interest, it was necessary to subtract a certain percentage
from the tonnage estimates. The percentage of strippable reserves
was calculated from the information provided in Table 2.1.

Table 2-1 contains information for measured and indicated
resources only. It has been assumed that these percentages also
apply to inferred resources. Assuming that these percentages
are also wvalid at the bed level, they have been subtracted from
0-304.8, 0-609.6 and 0-914.4 m (0-1000, 0-2000, and 0-3000 f£ft.)
overburden categories. These categories do not provide the
detail necessary to analyze seam thicknesses of 3.1 to 6.1 m

(10-20 ft.).

Unsuitable Thickness Ranges

KETRON has completed a county-by-county assessment of
seam thickness ranges for all coal beds in the selected thick
seam states. Those seams wWith a thickness less than 3.1 m (10
ft.) or greater than 6.1 m (20 ft.) were eliminated from the study.
For those seams having a broad thickness range {i.e., 3.1 to 15 m
(10 to 15 ft.)) a certain percentage of the resource base was ap—
plied. It was assumed that the distribution of resources was
uniform over seam thicknesses greater than 1.1 m (3.5 ft.) for
bituminous resources, and greater than 3.1 m (10 ft.) for sub-
bituminous resources.

Uncorrelated Resources

Much of the resource base in western states (especially
Montana, Wyoming and Alaska) is uncorrelated.l For those counties

1 The geological evidence necessary to trace a coal bed for any
great distance was lacking at the time of the resource esti-
mates. Detailed information (such as seam thickness and over-
burden) does exist.
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having uncorrelated resources, the following method was used to
determine thick seam resources:

1. The thickness ranges of all known seams

with sub-bituminous resources greater than
3.1 m (10 ft.) or with bituminous resources

greater than 1.1 m (3.5 ft.) were recorded.

2, The average of the midpcints of these
ranges was calculated.

3. The uncorrelated resources were distributed
uniformly around this average using a lower
limit of 3.1 m (10 ft.) for subbituminous
resources and 1.l m (3.5 £t.) for bitumi-
nous resources. The greatest seam thick-
ness recorded in the county was used as the
upper limit.

4. The percentage of uncorrelated resources
between 3.1 and 6.1 m (10 and 20 ft.) was
then calculated and applied to the USGS

data base {Tables 2-3 and 2-4).

Thickness Classed By Zone

A portion of the coal resources of Colorado and New
Mexico are classed by zone.l Nearly 45 percent (36,151 Mst) of
the USGS resource base for Colorado is sorted into this category.
Using a method similar to that described for calculating thick
seam uncorrelated resources, it was determined that an estimated
12,663)Mst have a thickness range between 3.1 and 6.1 m {10 and
20 ft.).

Over 80 percent (54,498 Mst) of the USGS resource base in
New Mexico is classed by zone. Because of this high percentage,
and a general lack of seam thickness information, another refer-
ence was chosen to supply resource data for part of New Mexico
(Fassett and Hinds, 1971, pp. 55-70). This source lists resources
greater than those listed on Figure 2-1. A ratio of the area
untderlain by coal beds 3.1 to 6.1 m (10 to 20 ft.) thick to the
area underlain by coal beds greater than 6.1 m (20 ft.) was cal-
culated. This ratio was then applied to Basin in New Mexico to
arrive at the total resources between 3.1 and 6.1 m (10 and 20 ft.)

1l A coal zone is composed of several beds. When resources are
reported by zone, the detail (such as seam thickness and over-
burden) necessary to describe individual beds is lost.
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TABLE 2-3

Summary of Thick Seam Bituminous Identified Resources

for Underground Mining in Millions of Short Tons

% of Total
Resources Identified % of USGS
10-20" Thick Bituminous Bituminous
(MST) Resources in Resources > 42"
Bach State in Each State
Colorado 17,438 24 *
New Mexico 540 11 21
Utah 8,573 34 34
Wyoming 2,560 19 26
TOTAL 29,111 26 -

* Due to differences in source consulted, this figure is
unavailable.

TABLE 2-4

Summary of Thick Seam Subbituminous Identified Resocurces
for Underground Mining in Millions of Short Tons

% of Total
Resources Identified % of USGS
10-20* Thick Subbituminous Subbituminous
(MST) Resources in Resources »>10°
Fach State in Each State
Alaska 25,352 23 41
Colorado 2,604 27 35
Montana 37,665 29 49
New Mexico 18,242 25 60
Wyoming 11,035 9 19
TOTAL 94,898 24 .
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thick. The resources in the 8an Juan Basin for Archuleta, La
Plata and Montezuma counties in Colorado were also calculated in
this manner.

2.2.3 Resource Data Base

The thick seam resource data base is contained in Appen-
dix B. Listed by county and coal field, the tables contain the
following information on known coal beds in the thick seam states:

Depth

Rank

Thickness

Reliability of data

Estimated resources between 3.1 and 6.1 m
(10 and 20 ft.)

Dip

00000

o

Thick seam resources represent 18 percent of the total
coal resources of the thick seam states. Tables 2-3 and 2-4
define the contribution of each thick seam state to the entire
underground reserves, the importance of each state's thick seam

resources relative to its total wunderground resources, and the
percentage of the original USGS resocurce estimates included.

The resource estimates presented in this study do not
reflect the quantity of thick seam coal actually available for
mining since factors such as coal quality, multiple beds, grad-
ient of the seams, and poor mining conditions have not been
accounted for. Also, only a portion of the coal available for
mining will eventually be recovered, the amount depending on the

mining system used.

2.3 Applicability of Single Pass Longwall Mining to U. S.
Thick Seam Deep Coal Reserves

KETRON contacted several U. S. coal companies owning thick
seam reserves and planning to open mines in the near future to
mine thick seams. These companies generally plan to mine only
part of the thick seams, and 4.3 m (14 ft.) seems to be considered

a maximum. However, longwall mining is generally the mining sys-
tem being selected. It appears that there is a lack of interest

in increasing the percent recovery of the in situ coal reserves,
since this increase may be offset by uncertainties stemming from
the application of an advanced and untested mining system.

The choice will be guided by economic consideration (i.e.,
the most productively mined thickness), or by institutional con-
siderations (an advanced method will require better trained miners
in areas where good miners are not easy to hire). 1In some cases,
the selective mining of part of the seam thickness may . give a
better roof, and also yield a high quality coal. By mining only
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the part of the seam that has low sulphur and low ash content, a
preparation plant may not be required. A top coal roof will pre-
vent the fall of rocks and insure a high quality R.O.M. coal.

Among the companies owning large coal reserves, Consoli-
dation Coal Company, Rocky Mountain Energy, United States Steel,
Coastal States Energy and Utah Power and Light, were contacted.
According to collected information, the following companies are
planning longwall operations in thick seams: '

Rocky Mountain Energy

Northern Coal Corporation
Coastal State Energy Corporation
Mid Continent Resources

Atlantic Richfield

Utah Power & Light

United States Steel Corporation
Colorado Westmoreland

CO0O0CO000O0

Rocky Mountain Energy Company, Denver, Colorado, owns
large amounts of reserves and is developing a new mine in a joint
venture with Dravo Corporation in Hanna, Wyoming. This mine,
Carbon County Coal Company, will exploit the No. 80 seam, with
thickness varying from 4.3 m (14 ft.) in the southwest portion to
8.9 m (29.30 ft.) in the northeast portion. At the portal, the
seam is 5.5 m (18 ft.) thick. The seam is relatively flat (10
percent gradient).

This steam coal has 11,000 BTU, 6 percent ash, .55 per-
cent sulphur, and 12 percent moisture. However, the first foot
of coal at the top has a 2 percent sulphur content. Therefore,
1 m (3 ft.) of top coal is left as a roof. The immediate roof is
black shale.

The reserves of this mine are 150 million tons. The

planned annual production is 1.5 million tons. The longwall
operations plan is to initially mine a 3.1 m (10 ft.) thickness,
increasing later to a maximum of 4.3 m (14 ft.). The coal will

not be cleaned and the main part of the surface facilities is a
loading station for unit trains. The management of this mine is
not interested in participating in the present DOE study.

Coastal State Energy Corporation, Houston, Texas, operates
SUFCo mine and will open a mine at Scofield, Utah, south of Price.
They are presently planning to mine a thickness of 3.7 m (12 ft.)
at the Skyline Mine. The seams range up to a thickness of 7.3 m
(24 ft.).

Mid Continent Resources, Inc., will test longwall multi-
lift mining in its L. S. Wood Number 3 Mine but are presently
mining along the roof only 8 1/2 feet out of their 30 feet thick

sean.
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Atlantic Richfield (ARCO Coal Company), Denver, Colorado,
is considering longwall mining of a seam of 4.3 m (14 ft.) at
Mount Gunnison, Colorado.

Northern Coal Corporation, Denver, Colorado, is studying
longwall mining of a 4.6 to 2.1 m (15 to 30 ft.) seam averaging
6.7 m to 7.3 m (22 to 24 ft.) eventually by sublevel caving.

U. S. Steel Corporation owns reserves in thick seams of
6.1 m (20 ft.) of steam coal but their exploitation first requires
a joint venture with a power utility.

Utah Power & Light, Salt Lake City, Utah, is planning to
develop thick seam resources in Utah, but not in the range of 16

feet.

Westmoreland Coal Company has a western subsidiary, Colo-
rado Westmoreland, which operates the Orchard Valley Mine in
Paonia, Colorado. :

Only three coal mines are presently interested in long-
wall mining a thick seam, up to 5 m {16 ft.) in one single pass,
and have appropriate mining conditions. They are:

o SUFCo (Southern Utah Fuel Company)
o Skyline

both subsidiaries of Coastal States Energy Company, and

o Orchard Valley Mine, Colorado Westmoreland Inc.
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3.0 SITE SELECTION

The conditions of these mines are very different. Their
common features include the variation of seam thickness and the
use of diesel vehicles.

3.1 SUFCo Mine

Coastal States Energy Company purchased the Southern Utah
Fuel Company (SUFCo) and its rich mountain deposit near Salina,
Utah, in 1973. The mine then had an annual production rate of
approximately 340,000 tons. Today the mine is producing more
than 1,900,000 tons per year. Ultimate capacity is expected to
peak at more than 2,000,000 tons annually when expansion plans
are completed.

Coastal States' SUFCo mine has in-~place reserves of
approximately 75 million tons, with an additional 20 million tons
of estimated reserves currently under Federal lease application.
With normal mining recovery, these reserves are expected to last
more than 25 years.

The SUFCo mine is the western-most bituminous coal mine
in the United States, and is one of the largest underground mines
west of the Mississippi. The product is a high-BTU, low-moisture
and low-sulphur steam coal, ideally suited for industrial and
utility use.

SUFCo's coal is mined from the Upper Hiawatha seam in the
southern Wasatch Plateau. The seam runs as thick as 5.5 m (18
ft.), is free of partings, and it can be shipped without washing.

Much of SUFCo's production is a short haul by truck to a
spur of the Denver and Rio Grande Western Railroad in nearby
Salina. This rail terminal can load fifty 75-ton hopper cars
with 3,750 tons of coal daily.

A second rail terminal at Sharp, Utah, moves SUFCo coal to
customers in the Southwestern U. S. The terminal is located 80
miles from the mine on the Provo branch line of the Union Pacific
Railroad near Levan, Utah. This rail site can handle 5,000-ton
shipments in 100-ton cars, and can be expanded to handle full
unit train loading.

The SUFCo mine has unique mining conditions. The coal of
the Upper Hiawatha Seam is extremely hard. The shale roof is not
of as good a quality as the coal; therefore, a 0.9 m (3 ft.) top
coal is left and entries are driven without roof bolting (Figure

3-1). Productivity of the continuous miner sections is excellent
due to this advantage (850 tons/shift). The mined thickness is
2.7 m (9 ft.). However, the seam thickness ranges from 3.4 to

5.8 m (11 to 12 ft.) and is in excess of 4.9 m (16 ft.) in some
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areas shown on the adjoining map (Figure 3-2). Longwall mining
could be utilized easily; however, it will be difficult to increase
the productivity of the mine because conditions are favorable for
the room-and-pillar mining method.

Longwall mining a thickness up to 4.9 m (16 ft.) under the
natural roof should not present any problem. The solid coal will
not slough and the roof will cave easily. A study of subsidence
has shown that even sandstone beds in the upper roof cave easily.
The caving will therefore occur with regularity. Very high pro-
ductivity will be required from the longwall to compete economi-
cally with the continuous miners.

In the case of longwall mining, entries should still be
driven leaving 0.9 m (3 ft.) of top coal. This top coal would be
mined only in the face. Mining the top coal in the entries would
require roof bolting, and the development productivity would be
cut in half to achieve this additional recovery.

In summary, the strength of the coal and the ability of
the roof to cave easily should be helpful in mining the full
seam. While technical difficulties are not expected, economics
are not as favorable. An investment in longwall face equipment
cannot be Jjustified by problems experienced with the room-and-
pillar method.

Finally, a trial at SUFCo would assist in the planning
and design of the Skyline Mine and the face equipment could later
be transferred to the Skyline Mine, thereby gaining additional
experience with thick seam longwall mining.

3.2 Skyline Mine

The Skyline Project is a joint venture of Coastal States
Energy Company and Getty Mineral Resources Company, with Coastal
States Energy Company as operator. Total development cost is
currently estimated at $125 million over an eleven-year period.
The mining operation is planned on 6,400 acres of federal and
county leases which encompass 270 million tons of total reserves
in three major seams. The project is located in the Manti-LaSal
National Forest on the Wasatch Plateau of central Utah, near the
town of Scofield (Figure 3-3).

Three mines, one in each seam, will be developed on the
property (Figures 3-4, 3-5, 3-6). The mines will utilize common
surface facilities which will include crushing and conveyor sys-
tems, storage silos, a unit train loading facility, offices,
maintenance facilities and an analytical laboratory. The total
combined production from the three mines at full capacity is
expected to be about 5 millicon tons per year, with a work force
of 900 employees.
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The recoverable reserves are estimated to be 125 million
tons which establishes a project operating life of over 30 years
(Table 3-1). Marketing of Skyline coal is conducted jointly by
the project participants. A high grade, low-sulfur coal will be
produced for electric utilities, industrial plants, cement plants
and other consumers.

The thickness of the three minable seams varies from 1.2
to 7.3 m (4 to 24 ft.) as shown on the adjoining map. The reserves
were estimated by limiting the mining height to 3.7 m (12 ft.).
The adjoining table shows that limiting the mining thickness to
3.7 m (12 ft.) will result in a loss of 14% of the reserves.

The Skyline Mine project was initiated in June 1980. Ini~
tial production from the first of three mines is expected in 1982.
Maximum production will be reached in 1989 from the three mines.
While it is difficult at this time to know if a panel will Dbe
available at a time suitable for the DOE single pass mining proj-
ect, Skyline should benefit from a trial at SUFCo.

3.3 Colorado Westmoreland Inc., Orchard Valley Mine

In January 1976, Westmoreland Coal Company purchased the
privately held stock of Colorado Consolidated Coal Company, there-
by acquiring several tracts of coal-bearing land in Delta County,
Colorado. Westmoreland then formed a subsidiary, Colorado West-—
moreland Inc., which is responsible for the development of these
tracts.

The coal is in the Paonia Coal Field of the Mesa Verde
formation, outcropping at 2210 m (7,250 ft.) above sea level on
the western slope of the Rocky Mountains. The Orchard Valley
Mine began operations in December 1976. The three coal seams
to be mined are:

© D seam, the first to be mined, 7.9 m
(26 ft.) thick

o C seam, 4 m (13 ft.)

o B seam, 4 m (13 ft.) thick (see Figure
3_7)0

Because of the thickness of these seams, large, diesel-powered
equipment can be used effectively, as well as electrically-
powered continuous and conventional mining equipment.

Mining is currently conducted with the room-and-pillar
method using continuous mining techniques. The equipment used
in this mine includes. diesel-powered, 10-ton shuttle cars, 6-ton
front end loaders, face drills and double-boom roof bolting
machines and electrically powered continuous miners.
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The mine's main ventilation system is comprised of two
9 m (30 ft.) diameter air shafts, 73 m (240 ft.) deep with 800 hp
electric motors driving large fans capable of moving 180,000 cfm
of air.

Storage silos and train loadout facilities are located
between Colorado Highway 133 and the Gunnison River. This facil-
ity was designed to receive coal from the crushing operation by
both truck and conveyor. The three 7,000 ton silos (21,000 ton
capacity) can load the equivalent of two fully loaded unit
trains.

The coal at Orchard Valley Mine is hard but is fissured by
cleats. The face cleavage of the "D" seam is very pronounced and
easily identified. The cleavage coupled with high ribs has created
sloughing at the rib, a problem that is difficult to control. Many
rib control alternatives have been attempted in the past; e.g.,
pillar banding, shotcrete, Fibrecrete, pillar bolting, etc., but
the most effective alternative appears to be the reorientation of
the mine workings to intersect the plane of the face cleavage at
45 degrees and to lower the advance mining height to 3 m (10 ft.).
The 45 degree orientation presently practiced should be the same
for the longwall. See Figure 3-7.

The roof is easy to cave and no special difficulties should
be expected from periodic pressures. As in the other two mines,
the use of diesel vehicles will make easier the introduction of
the face equipment and the face moves.

Longwall mining should be beneficial to this mine where
roof conditions are not too favorable. The increase of the mined
thickness from 3 to 4.9 m (10 to 16 ft.) will be an important ad-
vantage, in light of the total amount of resources being limited.

3.4 Conclusion

The Orchard Valley Mine of Coleorade Westmoreland Inc.
seems closer to the average U. S. mining conditions, than the
SUFCo Mine. However, for the purpose of "mine design” and
"equipment specifications,"” the Orchard Valley and SUFCo's Mine I
will be considered as possible selections.
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4.0 MINE DESIGN FOR LONGWALL MINING A THICK SEAM

4.1 European Practices

Mine design in Europe is based almost exclusively on long-
wall mining and single entry development. The selection of these
methods is the consequence of a greater depth and of difficult
geological conditions.

In both advancing and retreating longwall mining methods,
the headgate and maingate are single roadways, with the majority
being steel supported and arch shaped. Roof bolting is used only
in favorable conditions and sometimes in conjunction with a sup-
port. The belt conveyor entry is used for intake air. Material
transport is achieved primarily through the tailgate entry which
is on return air.

During retreat mining in Europe, roadways are driven with
air ducts and auxiliary fans at the necessary length with the power
of the fan and the size of the duct line being the only limitation.
When ventilation is interrupted, the fan can be started without
endangering risks since the fan motor is on fresh air ventilation.

Roof support must closely follow the face advance, with a
distance of 1.8 to 2.4 m (6 to 8 ft.) being the usual limit imposed
by roof quality. The safety of this mining system is mainly due to
the quality of roadway support.

The organization of all operations and the placement of all
equipment in single roadways are difficult; however, blasting does
not require a previocus cut by a shearer. As a result, only a
drilling machine and a loading machine are required for roadway

drivage.

It is evident that the foreign method of mine development,
or even panel development, will not easily comply with U. 8. regu-
lations.

A main concern in European deep mines 1is the planning of
gate road convergence which can be reduced by selecting favorable
conditions. The mining of several seams creates low and high pres-
sure zones. It is important to select a favorable position for
roadways in a low pressure zone soO as to reduce the convergence.
For advancing longwalls, the right choice of section and roadside
packwall is very important to insure that the final entry cross
section will be sufficient after convergence.

Roof bolting is used to a certain extent (30%) in Saar
(West Germany) and Lorraine (France), and where geological condi-
tions are favorable. Some rules and precautions limit the use of
roof bolting to selected geological conditions. A computer is
sometimes used for roof control design. For instance, in Lorraine
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(France), roof expansions and/or convergence are measured and
data stored in computer memory. When preset limits are exceeded
or when there is a sudden change in the speed of the roof bed's
expansion, the computer emits support reinforcement orders.

European roof bolting methods are quite different from
those used in the U. S. Bolts are generally longer and resin bolts
are widely used. Side bolts are inclined to obtain anchorage above
‘the solid coal. Wire mesh is often used in addition to the bolting
of roof and walls. Figure 4-1 shows a roof bolting pattern in a
thick coal seam.

The difficulty in maintaining entries has an impact on
panel design. - The optimum longwall face length increases as the
cost of entries increases. Face orientation is, if possible,
chosen in accordance with the general direction of faults and
cleats to keep them perpendicular to the face line.

Another interesting technique in thick seam mining is to
turn the face at the end of a panel and proceed with a second
panel at right angles to the first. This technique of "face
slewing" provides the important advantage of reducing the number
of face to face moves. However, it 1is not compatible with the
U. S. multiple entry system.

Ventilation is also very different in European mines. Due
to the single entry system and the fact that the bleeding system
does not exist, ventilation procedures vary significantly £rom
U. S. methods.

European ventilation practices could be used in U. S. mines
because of existing geological conditions but will not comply with
present mine regulations. It is doubtful that variances can be
obtained in all of the areas. The extent of the differences and
the need for variances can best be appreciated by using a European
design and evaluating each aspect of the design against U. S. regu-
lations.

Three methods can be selected: 1) retreating longwall,
2) advancing longwall, 3) mixed method. Whatever the method, the
entry main gate is single and never divided.

The most productive method is the fully retreating longwall
(Figure 4-2) where successive panels are separated by a barrier
pillar, the size of which depends on overburden depth and coal
strength. This method is sometimes used with partial extraction
to prevent surface subsidence.

If the retreating method is to be used without barrier pil-
lars, an entry can be developed along the caving when consolidated.
The conditions are very good from the strata control point of view
(destressed area), but it requires experienced miners and the use
of steel supports (Figure 4-3). '
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Advancing longwalls are used when the entries are closing
ahead of the face. That normally occurs when the depth exceeds a
limit of 600 to 900 m (2,000 to 3,000 ft.) (depending on coal and
strata strength). With an advancing longwall, the convergence of
entries is reduced when they are driven behind the face and when
a good packwall is used on the gob side. Driving a gate road 6 m
behind the face line instead of 50 m (164 ft.) ahead of the face
will reduce the convergence by half. "Where strata conditions
are good and the depth is not great, convergence amounts to a few
centimeters so that a halving of this rate is not particularly
important; however, where the surrounding rock is soft and the
depth and corresponding convergence are great, the decision to
drive gate roads with or behind the faceline and not in advance
can be of decisive importance." (Grotowsky-Banff, 1977). This
method has been successfully applied at the Westfalen Mine with
steel arches and anhydrite packwall.

A third method which combines advancing and retreating
techniques is in compliance with the U. S. regulations during the
longwall mining period, but not at the development stage. Figure
4-4 illustrates this method. The first panel 1is developed by
driving two single (non-divided) entries for the tailgate and
headgate and making a connection as an installation room for the
face. The face is retreating but the belt gate is maintained
behind, protected on one side by the solid coal of the next panel
and on the other side by a packwall or by a row of cribs as rep-
resented in Figure 4-5. The next face uses this belt gate as its
tailgate by retreating between this tailgate and a belt gate
developed beforehand in solid cocal. The belt gate is maintained
behind the face to be used as a tailgate for the following panel.
The belt conveyor is installed and extended behind the face. The
part of the belt gate in advance of the face line is convenient
as a third access (a transportation route for men and material).
There is only one packwall to be erected, but the problem is to
match the face advance with the packwall advance, so that the

face advance rate can be maintained. Figure 4-5 shows such a
face.
4.2 Adaptability to U. S. Regulations

The mining methods described in the previous section will
require several variances from the U. S. coal mining regulations
found in CFR 30 Part 75. These regqulation variances are neces-
sary for the development phase which uses an undivided single
entry with ventilation provided by the fan and the air duct.
Among these variances are the following:

Escapeways 75 1704 two separate escapeways-one in
intake
75 1707 intake escapeway separate from

belt (and trolley) entries

75



Intake

le—Belt on
_ _Intake
V/ //// e = e - —
//////////‘ ///// Packwall
/// /// +¢—New Development
GOB $
;;;// Face H
Advance ”
///-L-—Packwall ::
||
Return

Figure 4-4. 8Single Entry Longwall Mining with Packwalls

' gl
v

BSOS

AT

Packwall
Cribs

Figure 4-5. Longwall Face Layout Utilizing Packwalls

76



Ventilation 75 326 intake and return separated from

belt entry
Auxiliary 75 302.4 restoration of ventilation after
Ventilation stoppage

The safety in a single entry can be higher than in multiple
entries for two reasons. One is that roof falls cannot be toler-
ated when using a single entry. Secondly, in driving only one
entry for development of a longwall panel, it is feasible to incur
expenses, whatever the cost, for good strata control which is
essential for the longwall mining phase.

When planning a U. S. mine with necessary variances for
federal regulations, it is important to keep in mind that variances
may not be granted, and that an alternative solution requiring no
variances be in hand. Therefore, a dual mine design of longwall
panels for U. S. operations will be made and the design will be
with two or three entries. The single entry European style is
premature, and not necessary at the present stage of the project.

4.3 Conceptual Design for SUFCo Mine

SUFCo ‘is presently mining the Upper Hiawatha seam by room
and pillars using a continuous miner and three tele-trams per
section. Roof bolting is not used because 0.9 m (3 ft.) of top
coal is left to support the roof. Driving 2.7 m (9 ft.) high,
6.1 m (20 ft.) wide, a section can produce up to 850 tons/shift.
The sections work two shifts, with a third idle shift applied to
preventive maintenance of the equipment. Figure 4-6 shows the
mining sequence for extracting the pillars.

The size of the panels is 152.4 x 914.4 m (500 x 3000 ft.)
and from the strata control point of view, there will be no major
difference between longwall mining and the present method. The
pillars left between panels are 10 x 30 m (30 x 100 ft.) and are
assumed to be yielding pillars. The selection of the size is
intended to avoid periodie loading occurring at 150 m (500 f£t.)
intervals when using larger pillars.

The proposed method will keep the same pattern of devel-
opment and to retreat 152 m (500 ft.) longwalls (Figure 4-7). It
will be necessary to abandon a chain of 9 x 30 m (30 x 100 ft.)
pillars between panels. Extracting these pillars with the long-
wall cannot be recommended due to the danger of roof fall when
mining through a crosscut.

On the headgate side, the situation is different because
there is not a high pressure abutment. If the development uses a
three entry system, the first chain of pillars should be mined
with the longwall (Figure 4-8). The double entry system will not
require mining a chain of pillars and will be more appropriate for
that reason (Figure 4-9).
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It should ke noted that the safest way to mine a chain of
pillars is to fill the crosscut with a pump pack installation which
will £fill the crosscut with coal and cement, thereby replacing the
solid coal. This method was used successfully at Coventry Colliery

(Great Britain) to cross several roadways with a longwall face.

From the economic point of view, there is an optimum face
length, as there is an optimum panel length, but it is advisable to
use the present mine layout for a first trial. This layout could
be altered following the current studies of the horizontal stress
at SUFCo Mine because an excess of horizontal stress has been noted
in the direction N 32° West, reaching a value equal to the vertical
stress. However, as aforementioned, no additional problems should
occur when extracting a panel by longwall instead of using the
present method.

Higher productivity from the longwall in relation to the
existing method is required to have an economic advantage. The
equipment will be selected to meet this challenge.

4.4 Conceptual Design for Orchard Valley Mine

Orchard Valley Mine is in the development stage of opera-
tion. FEntries are driven 6 m (20 ft.) wide, 3 m (10 ft.) high and
roof bolting is on 1.5 m (5 ft.) centers with 1.8 m (6 ft.) long
bolts. Five main entries are driven on 30 x 38 m (100 x 125 ft.)
centers. Other development entries and panels are driven at 24
x 24 m (80 x 80 ft.) center,

The coal cleavage 1is very important. Its orientation is
S62°W. The mining layout will be set at 45° on the cleavage.
The seam dips at 4°.

Mining operations with room-and-pillar methods use the
following equipment per section:

1 Continuous Miner -- The mine has 3 Joy 12 CM
and 1 Lee Norse 546

Roof Bolter -~ Twin boom Fletcher

LHD

Tele-trams —--—~ Wagner 12 tons capacity

Feeder Breaker

Man Trip

Mine Jeeps

Utility Vehicle

Maintenance Vehicle

Face Fans

UlH RO e W

The R.0.M. productivity reaches 750 tons per shift with an
eight man crew.
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Figure 3-7 presents an extract of the mine sequence map.
Panels for pillar extraction will be 168 m (550 ft.) wide x 610 m
(2000 ft.). A 152.4 m (500 ft.) longwall can be substituted for
mining the panels. However, 3 m (10 f£ft.) high entries are driven
under the roof. It is preferred that for the longwall operation,
the entries be driven with top coal, if this top coal is of ade-
quate consistency. In the equipment specifications, enough flex-
ibility is planned to switch from one solution to the other.

The longwall orientation must be at 45° on the general
direction of cleavage, which will fit in the actual plan.

The mining sequence with longwall mining will be identical
to the plan for SUFCo with two notable exceptions: 1) the pillar
size will be 18.2 x 18.2 m (60 x 60 ft.) (Figure 4-10) instead of
9.1 x 30.5 m (30 x 100 ft.); and 2) a two entry system was deter-
mined to be the best way to develop this panel.

Conditions are not as good as at SUFCo and it is not ad-
visable to mine a chain of pillars with the longwall face equip-
ment. If, in the case of three entries, this is necessary, it is
strongly recommended to pump pack the crosscut before mining
through, even though the mining cost will be much higher.

Figure 4-11 shows the sequence of longwall mining in the
case of a two-entry system.
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5.0 EQUIPMENT SPECIFICATIONS

5.1 Equipment Selection Criteria

Longwall mining is a high capital cost mining method.
The return on this investment can only be obtained by very high
productivity. It is not yet accepted to keep the equipment work-
ing seven days a week, as is normally done in surface mining with
equipment of equivalent price. However, most of the longwalls
work three productive shifts, five days a week. Daily production
is the key factor in obtaining good operating costs.

The main limiting factors in present U. S. longwall faces
are:

1) dust level

2) down time caused by large lumps of coal
unable to pass under the shearer or to
turn on the delivery point

Other problem areas are:

o methane

o} roof control and sloughing of the face

o] gate - longwall juncticn

Each of these is discussed in the following subsections.

5.1.1 Dust Control

The maximum average daily concentration of respirable
dust to which coal miners can be exposed ig 2.0 mg/m3 as estab-
lished by Federal law. Mining companies have experienced great
difficulty in complying with this standard for coal mine sections
using longwall mining technigques. Over 50 percent of longwall
sections are out of compliance with the dust standard at any
given time, including about 2/3 of the longwall sections using
double drum shearers. When a longwall face broke the production
record with 15,000 tons in 24 hours, the dust level reached 10
times the mandatory concentration, even though the water supply
was 40 gallons/min. on the shearer and about 20 gallons/min. for
additional spraying.

The reduction of dust production can only be obtained by
combining all available means.

o Water injection in the coal: adverse
effects of water injection are limited
when the injection 1is conducted at low
pressure for a long periocd of time from
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drill holes parallel to the face line.
Water injection is not always possible
but should be very efficient in most of
the U. 8. coal seams where the permeabil-
ity is often high.

o Reduction of the coal breakage by reduc-

tion of the speed and number of picks and
an increase in the pick penetration using
the optimum pick lacing: the pick speed
can be reduced by decreasing the number of
revolutions per minute and also by limit-
ing the drum diameter. The pick penetra-
tion will be increased by reducing the
number of picks and increasing the haulage
force.

o Water spray arrangements, together with a
sufficient amount of water and water pres-
sure: water sprays can cause air turbu-
lence or form a water curtain. Spray
efficiency 1is related to the water pres-
sure; however, the amount of water is the
main factor. Water spraying on the drums
ig efficient not only for dust suppres-
sion, but also for preventing methane
ignition (see Section 5.1.3).

o Dust c¢ollectors built in the shearer load-
er: when mining a thick seam, enough room
is available for such a device. Under-

ground tests have already been made with
some success.

fo] Surfactants could also be added to sprayed
water.

o Unidirectional cutting to keep the miners
upwind.

5.1.2 Reduction of Downtime

Large blocks of coal that fall on the tailgate side of
the shearer often cannot pass beneath the shearer, resulting in
a pile-up of coal and a halt in the operation until the blocks
can be broken. Shearer-mounted lump breakers are not able to
handle the problem of coal lumps if their number (or their size)
is not limited by other means.

To reduce the risk of coal lump production above the
shearer, one possibility is to cut the coal with the shearer ad-
vancing in the direction of coal haulage. 1In this case, the wave
of pressure when cutting coal is moving ahead of the shearer ‘on
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the right side.

A better solution is to first cut the top coal

and to advance the roof supports before mining the bottom coal.

This method should be beneficial to face behavior.

bottom coal, face sprags should be set.

Before cutting

Large blocks of coal that £fall oh the headgate side of
the shearer tend to pile up at the face conveyor-stage loader

transfer point.

or roller curve conveyor.

5.1.3 Methane

o

A handbook entitled "Firedamp Drainage”" has

Methane Ignition. The risk of methane
ignition 1is generally due +to striking
sandstone and/or pyrite with too high of a
pick speed for this type of rock. Risk
reduction 1is obtained by choosing a low
pick speed and a good water spraying sys-
tem. A good solution is the injection of
water through the picks or behind each
pick.

Methane Drainage. Common methocds of meth-
ane contrel in U. S. mines are by means of
ventilation of gob areas, and gas drainage
through surface boreholes and also through
underground boreholes. Surface Dboreholes
can be difficult to drill with the surface
topography of selected mines. If methane
drainage 1is vrequired, the recommended
method is degasification during longwall
operations on the first panel.

The double entry system allows the methane
drainage holes to be drilled from the re-
turn entry along the solid coal (see Fig-
ure 4-9).

Borehole diameter should be at least three
inches, with +the length varying from 200
to 300 feet at a 30 degree inclination to
reach the fissured strata of the caved
area. Holes will be drilled at 60 foot
intervals. ' Drainage holes will be con-
nected through individual valves to a
methane pipeline under negative pressure
generated by a pumping station located on
the surface.

This is easily solved by using a side delivery

recently

been published by the Commission of European Communities and
gives a detajled description of present methane drainage tech-

niques.
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5.1.4 Roof Control and Sloughing of the Face

Mining a thick seam in a single pass cannot be achieved
with good results if the coal face is sloughing, which increases
the unsupported roof area. Resin injection or dowelling methods
are technically possible, but not economical. The foremost meth-
od of first cutting the top bench, and advancing the roof support
when the bottom bench is still present is better than a full face
cut method, but will only be successful if there is sufficient
coal strength. Figure 5-1 illustrates the operation's phases.

Another problem is the control of the shearer cut incli-
nation so as to limit the unsupported roof area. A 4.9 m {16 ft.)
high shearer with a 0.9 m (3 ft.) wide base is not very stable and
not easy to control. A steering underframe will be advantageous,
but compatibility with chainless haulage will necessitate having
the haulage unit in the underframe and not in the shearer itself
(Figure 5-2).

5.1.5 Gate Entry

The retreat method of longwall mining, which is predomi-
nant in the U. S., is recommended. Presently, continuous miners
are used to develop the longwall panels. Entries developed by
continuous miners have their height limited to 3 to 3.7 m (10 to
12 ft.) at the face. A second cut in the floor can be taken. The
ribs and, if necessary, the roof should be secured with mesh and
bolt. The main problem with driving a full seam entry will not
appear before the retreating phase. At this time, support of the
entry must be reinforced; cribs are generally used in U. S. coal
mines. For a high entry, individual props are preferred, when
the floor is hard. At least during the first trial, it would be
better to retain the present development method and miners who
are accustomed to existing practices. The entry height should be
limited to 3 m (10 ft.) (preferably 3.7 m (12 ft.)), even though it
will necessitate reducing the minimum size of the face equipment.

Twoe cases will be considered. If coal is strong enough,
a top coal of 1.8 m (6 ft.) will be left in the entries, which
will be driven on the floor. If it appears difficult to hold
this top coal, the entries would be driven under the roof, a
method which will require a down grade in the face {(Figure 5-3).
The equipment specification makes a provision for this unfavor-
able case which requires more flexibility in the conveyor and in
the support system.

Face Organization

With presently available longwall mining equipment, a 5 m
(16 ft.) thick seam (or 5 m high coal) can be worked in two ways,
(1) full face cut, or (2) two bench face cuts.
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with Roll Rack Haulage System
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Figure 5-3a. Longwall Mining 16 Feet Seam with 16 Feet High Entries
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Figure 5-3b. ZLongwall Mining 16 Feet Seam with 10 Feet High Entries
Developed in Lower 10 Feet of Seam
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Figure 5-3¢. Longwall Mining 16 Feet Seam with 10 Feet High Entries
Developed in Upper 10 Feet of Seam
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Full Face Cut

Full face cut is commonly used with double ended drum
shearers. In the United States, the shearers are generally cut-
ting in one direction only, to keep the miners upwind and reduce
dust exposure. The full face cut can be used in up to 5 meters
thickness but when the thickness increases, face sloughing occurs,
frequently causing delays and requiring face nailing.

Bidirectional cutting of the full face is shown on Figures
5-4a and 5-4b. When coal is hard and dust well controlled, bidi-
rectional full face cutting is feasible.

If necessary, unidirectional cutting may alleviate dust
and lumps problems.

Two Bench Face Cut

By first cutting the top bench and advancing the roof
support when the bottom bench is still present, and by cutting
the bottom bench when anti-spalling plates are set against the
top coal, sloughing of the face can be strongly reduced, and the
results improved. In addition, when using a double drum shearer
to mine two successive benches, the drum diameter can be smaller
which is beneficial to dust control.

In most seams, the two bench method (Figures 5-5 and 5-6)
is recommended and the face should be equipped with:

0 A double drum shearer-loader with drums
not exceeding 2 m (6.6 ft.) diameter, 1 m
long, with less than 30 rpm and a limited
pick number. The shearer would use both
drums to first cut the top bench and then
both drums for the bottom bench. Figures
5-5a and 5-5b show bi-directional cutting
and shearer face travel versus time.

o] One web back, two-leg shield supports
which will be advanced as soon as the top
bench will be won. Face sprags will Dbe
set before mining the bottom bench.

o) Conveyor carrying underframe which allows
the use of shields with long base members.

Suggested face organization is shown on Figures 5-5a and
5-5b. Although there are advantages relating to dust control,
there is no difference in productivity when mining in both direc-
tions (as shown in Figure 5-5) or mining uni-directionally (Fig-
ures 5-6a and 5-6b) as long as the top bench is cut first and
the roof supports are advanced before cutting the bottom bench.
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Face Length (m)
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FIGURE 5-4b.

Shearer Face Travel ("Full Face Cut")
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Face Length ({m)
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FIGURE 5-5b.

Bidirectional Shearer Travel Versus Time

(Two Bench Method)
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The equipment specifications were written based on this
two bench face organization and on calculations presented in the
following section.

5.2 Equipment Selection Calculations

5.2.1 Introduction

Equipment specifications are based on U. S. and foreign
experience and are oriented to maximize daily production. Be-
cause the dust level in longwall faces is a limiting factor,
major emphasis is placed on dust reduction calculations.

A second concern is the increase of equipment availabil-
ity not only through the reduction of down time but alsoc by
reducing maintenance during operation.

5.2.2 Dust Control

It is difficult to know during the planning stage if the
dust control procedures will permit production of the maximum
tonnhage which the equipment is technically capable of achieving.

The different factors affecting dust generation are well
known. Some are related to natural conditions, such as the rank
of coal and of the seam characteristics (moisture content and
presence of partings). Sometimes only water injection may im-
prove these natural conditions. Some factors are related to the
mining equipment, such as the depth of cut or bit type, the drum
speed, the flow of water and its distribution.

Water Infusion

Water infusion of coalbeds for dust control is not com-
monly used in U. S. coal mines, but has been tried mostly for
methane control. Concerning dust, USBM Report of Investigation
8241 has shown a recorded dust reduction of 692 to 79%, using only
two gallons of water per ton of coal.

On the other hand, water infusion is mandatory in West
Germany. For the mechanized faces in West Cerman coal mines
(i.e., more than 98% of the total), water infusion of the face is
often an essential means of keeping the concentration of dust down
to acceptable levels. With the increase of the average daily
output per face and the reduction of down time, it has become
increasingly difficult to use water infusion methods from the face
working space. The correct use of the infusion technique from the
face presently requires planning and organization of the highest
order. Continuous infusion from the accompanying gate roads has
therefore been used increasingly in recent years. These tech-
nigques are as effective as the short or longhole infusion from
the face, and should be applied by an infusion team with special
experience in drilling and sealing long infusion holes.
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As a rule, long-hole infusion parallel or diagonal to the
face from gate roads or remote pre-infusion can be better adapted
to the layout of a mine and the structure of the deposits than any
other infusion technique. The continuous infusion method is now
practiced in West Germany on more than 20 percent of the faces on
which water infusion is used. Sealing of the infusion boreholes
was made much more effective by the use of new additives and
grouting equipment. Switchable pumps were able to cope more or
less with the different infusion boreholes which had to be dealt
with simultaneously. Volume-controlling valves which work inde-
pendently of the pressure factor enable a larger number of bore-
holes to be supplied with uniform gquantities of water, and new
measuring instruments have enabled the infusion process to be
monitored in the pit control room.

Water infusion is also considered very efficient in French
coal mines. .A paperl presented at Dusseldorf in May 1976, stated
that natural moisture decreases the dust production by half when
the content is up to 6 percent. However, an additional 3 percent
infused water is very efficient. It is recommended that a slow
infusion rate (5 m3/h max) be used in advance of the face. A
system of permanent flow control has been developed to control and
record the water flow for each hole.

In Great Britain the coal is difficult to infuse, there-
fore, their main effort was oriented toward pick lacing, drum
design and wet drum. The result was the development of a large
pick drum and of phased pick face flushing.

The question is whether water infusion is possible in
U, S. coals., Because of the importance of water infusion for
dust control, it should be studied using laboratory techniques.
Utilizing petrographic analysis, samples are polished, then oxi-
dized and examined with a microscope for microfissuration (pos-
sible ways of infusion). A simpler way to measure the permeabil—
ity of the coal seam is by drilling holes and trying to inject
water at dlfferent pressures and hole configurations.

For this project, it appears that the D seam of the
Orchard Valley Mine is permeable for water infusion, but that the
Upper Hiawatha coal seam at SUFCo may be too hard.

Water Spray System

The problem with a water spray system is a dual one: what
quantity of water is required and where should it be added? Dust
reduction is closely related to the total amount of water, which

1l M. Ganier and C. Froger, CERCHAR, presented 9th World Mining
Congress, Dusseldorf, May, 1976.
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is limited by other considerations such as: coal preparation,
belt system, and also discomfort for the miners who are more sen-
sitive to water than to dusty air.

Adding, perhaps, 3 percent of water to the coal produced
means huge amounts of water are required (36 m3/h when production
peaks at 1200 t/h, or about 150 gallons/minute or 2.5 gallons/sec-
ond). However, it is then necessary to reduce this flow when the
production is reduced. It is not sufficient to start and stop
spraying when coal production starts and stops. It is necessary
and should be feasible to regulate the flow .of water in relation
to the amperage of the shearer by using a variable delivery pump
or a valve system. A pump will also help to compensate the pres-
sure drop. However, 'it is not enough to add large quantities of
water, it must be done efficiently. The efficiency of the water
spraying is related to the pressure available at the sprays. A
pressure of 150 psi will be required and the piping as well as
hose size {(at least 5 cm (2 in.)) must be chosen in accordance.

On the drum itself, pick face flushing is the best way,
according to British experience. The outer sprays should be
arranged to.confine the dust and not cause turbulence. Tests by
the Bureau of Mines were made in thinner seams but the basic idea
should be maintained for thick seams: confining the dust along
the face by a special arrangement of sprays on the shearer and, in
the case of thick seam, by additional sprays on shield canopies
(see Figure 5-7). Another possibility to increase the efficiency
of water spraying is the use of surfactants.

To summarize, the recommendations are:

1) Design the water supply on the shearer to
supply water in quantities equivalent to 3
percent of the c¢oal. Modulate water sup-
ply in accordance with production rate.

2) Arrange the spray system to confine the
coal dust along the face.

Ventilation

In a 4.9 m (16 ft.) mined thickness, the open section area
supported by a two—-leg shield support with a 3.5 m (11.5 ft.)
canopy should be 140 square feet. When the mined thickness de-
creases up to 3.7 m (12 ft.), the area is reduced up to 90 square
feet.

The selected mines have no recorded methane problems.
Ventilation will deal more with dust than with gas. The possi-

bility of dust dilution by increasing the flow of air is limited
because excessive speed will have the negative effect of increa-

sing the percentage of airborne dust. The optimum velocity,
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Figure 5-7a. Photograph of Dust Plume by a
Conventional Water Spray System

Figure 5-7b. Photograph of the Shearer-Cleaner
System Splitting the Primary Airflow
and Forcing the Dusty Split Towards
the Face
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according to current dust studies, is between 120 and 180 m/min.
(400 and 600 ft./min.). A velocity of 120 m (400 ft.) per minute
through a 90 square feet section gives a 36,000 ft3/min. quantity
of air, which should be satisfactory if the dust control is effi-
cient (Figure 5-8). Taking into account air flowing through the
gob, an air flow of 70,000 ft,3/min. should be planned for the
air intake.

As mentioned, homotropal ventilation is recommended. Ar-
rows show the proposed air flow on Figures 4-9 and 4-11, which is
consistent with the degasification during 1longwall operations
recommended in case of an unexpectedly high methane liberation.

5.2.3 Roof Support

Shield supports are generally preferred for the mining
of thick seams from the viewpoint of both safety and economics.
Shield supports are the only powered support presently used in
thick seams. Moreover, the development of shield supports has
allowed successful mechanization of seams thicker than 2.4 m
(8 ft.).

Shield support originated in the USSR coal mines. From
these origins were developed the two systems: caliper shield and
lemniscate shield. At that time, 1960, the purpose of the design

was to reduce the roof supported area and to seal the gob area.
This shield support was further developed successfully by the
German coal industry after its introduction in West Germany from

France and Hungary.

During this development period, the length of the canopy
was increased considerably as was the yielding load. However,
the width of the support elements was stabilized at the pan length
of 1.5 m (5 ft.). The yielding load was steadily increased on an
empirical rather than theoretical basis.

Yielding and Setting Load

Varied approaches were used to access the minimum values
for yielding and setting loads. The approaches, being generally
empirical, were influenced by and are representative of natural
- conditions.

In British coal mines the roof is generally soft and the
solid coal is hard. To contrel the soft roof, it is best to
reduce the distance between the so0lid coal and the first support.
A2 m (6.6 ft.) distance is the rule, which limits the width of
the conveyor and the cutting depth of the shearer. Variances had
to be granted for increasing the web width and for using shield
supports. There is no such rule in France or in West Germany for
different natural conditions. There, the emphasis is on the load
capacity, especially the setting load. The setting load is as
close to the yielding lcad as is technically feasible (80 per-
cent) .
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Figure 5-8. Respirable Dust Control in
Longwall Mining Operations
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In Germany, load capacity is calculated in proportion to
the mined thickness and to the supported area. In France, the
idea is to reduce the roof convergence with load capacity require-
ments given in accordance. Figures 5-9 and 5-10 summarize the
rules used in these two countries.

The differences of opinion on setting load requirements
disappear when steep seam mining is considered, because the set-
ting load must prevent strata beds from sliding down the hill.
The German rule is:

A = 0.23 M ton/sq ft.

where M is the maximum mined thickness in feet. This rule is rec-
ommended for defining the support capacity. This value should be
in excess of the strata control requirements taking into account
the strength of the coal, which until now has never been consid-
ered.

Operational Range

The required thickness range of a roof support is often
underestimated and the consequence is a loss of roof contrel.
Coal seams in the U. S. are generally of regular thickness, but
in some mines, the mined thickness may vary in a large extent.

A shield support in a level seam is stable. If the shield
is too short, the legs will extend at the end of their stroke and
the maximum setting pressure will be recorded without having the
shield canopy pressed against the roof. This problem is not
unique to thick seams, but it will be more difficult in thick
seams for the miner to evaluate the thickness of the seam and
impossible for him to set wooden blocks on the canopy. Therefore,
it is suggested that the roof support range be 0.3 m or 0.6 m (1
or 2 ft.) higher than the maximum cutting range of the shearer.

Canopy Length

Shorter canopies are more desirable, but it is difficult
to reduce the length below 2.4 to 2.7 m (8 to 9 ft.). 1In a thick
seam, the provision for men to travel behind the legs, regquires
an increase in the total length to almost 3.5 m {(11.5 ft.). The
canopy length should be limited to 3.5 m {(11.5 ft.). Furthermore,
a two-~-leg shield is preferable to a four-leg shield or a chock
shield (Figure 5-11).

Width of the Shield

The roof support width has always been increased reluc-

tantly, limiting the roof area to release for advancing. With
time and technological progress, width has evolved to about 1.5 m
(5 ft.). This limit can be Jjustified in European conditions,
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The statutory minimum support capacity, A, This formula reads in the U. S. system
for caving longwall in coal beds under 189

of pitch, is calculated by the following A= 0.23 M (45 + 1.5p, ton/sq. ft.
formula: 72
A> 1.6 x2Mx 2.5 x 10 kN/m2 where M = maximum mined thickness in feet
> 8M x 10 kN/mz p = pitch of the seam

The roof areas to be considered are the

where minimum area for calculating the setting load
_ . . : . and the maximum roof area for the yielding
M = maximum mined thickness in meters load.

The factor of 2 allows for caving of
the roof strata to a height of twice In both cases, this area is equal to (L + e)c
the thickness of the coal bed,

2.5 = specific gravity of rocks L length of canopy in ft.

e roof exposed between canopy tips and

1.6 = safety factor face
This formula reads in the U. 8, -system ¢ unit centers in ft.
For the setting load, the value of ey of e is
A= 0.23 M ton/sg. ft. measured with the minimum face width., That
means after shield advance.
where M = maximum mined thickness in feet For the yielding load the value of ey of e is
measured with the maximum. £ e width. That
When the gradient exceeds 18 degrees, the means after winning and before shield advance.

statutory minimum support capacity
e, - ¢, = depth of cut
1.5 1

5 % pIM x 10 kN/m2

A= (5+

where p 1s the pitch in degrees,

| o R —
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Figure 5-9. Statutory Support Capacity in West Germany
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Convergence in a longwall face is a funition of the
final subsidence and of the support resistance, The
following formula was obtained from measures made in
hundredas of longwall faces in French coal mines 2.5 t/n . Desired saring Capacity

CvT = (qw)u‘n"‘ ‘.5..19;%‘1 + 66)

with

CVT = averaqe convergence of roof and fléor in
mm/m of face advance

w = mined thickness in meter (0.8 < v < 3)

q = a2 subsidence coefficient (1 caving , 0.6
pneumatic stowing 0.15 hydraulic stowing

H = depth of operatione in meters (100 < H < 1000)

PM = gupport capacity In tons, per linear meter in
front face (20 < PM < 260}

Pigure B shows the relation between convergence and
support load per meter of fuce for a depth of 500 m,

The roof support should limit the roof convergence at a
value for which the roof is not too fractured (about ° 1 z 3
Ag mm/metre). ‘The value varias sccording to the nature Equivalant Working Thicknsss g in Metrms
of the roof.

A} Thick, strong roof
B} Stratified, strong roof
C¢) Pragile koot

Figure A gives theoretical curves, It isg not always
possible to obtain such high values if the roof is

friable or if the mined thickness ig high. <The rcof
support has therefore to deal with & rocof damaged by FPigurs A. Dasirsd Load-Baaring Capacity as a Punctioa

convergenca. A shield support is recommended in this .
case. The same rulees apply in steep szam. of the Working Thicknass Dupth 500 w (1640 fx)

ovT
-/m

200 N\ For a dapih of 500 matres ced
\ ot = (g VA b (9-:%9-) + 66)

\.\\g“ I

[ 11: =3 @

N --'—u.q-::*n-‘._-—uu_---'«-—w—-—q-u

I\ I Moin
r Ive @gielam
¥: ¢ = 0.3 m

100 150 200 250 100
Load-Bearing Capacity t/e

Pigure B. Rolationshipe Between Average Coavergonce and the Losd-Bearing
Capacity per Linsar Hetrs of the Support

Figure5-10. Recommendations for Roof Support Selection from
Experience in French Coal Mines
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Thick Seam Shield Support Conceptual Design
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mostly because transportation in narrow entries is quite diffi-
cult. In U. 8. conditions, there is no reason to abide by this
limit, and a width of about 2.1 m (7 ft.) is recommended.

The increase of shield width should be accompanied by an
equivalent increase of the pan length and of the rack length
which, in chainless haulage, could only be increased by incre-
ments in correspondence with the pitch.

Length of the Base

The advantages and disadvantages of the long base advanc-
ing under the conveyor supported by a frame, compared to a short
base, have been discussed previously. It appears that the best
results in thick seam are obtained in Saar and Poland, where long
bases are used. While there is probably no definitive reason, at
least it can be said that long bases are not an inconvenience.
Long bases have presented problems when the floor was too soft and
the resultant force is too close to the base tip. Short bases are
better in irregular deposits when faults have to be crossed by the
face. The flexibility provided by short bases is, in this case,
an advantage.

For mining a very thick seam, the long base is recommended
for the following reasons:

o When face sloughing is a major problem, an
immediate forward support can be of great
advantage.

© The lcocad required to pull the increased
shield mass can be withstood by the frame,
instead of being withstood by the conveyor
itself.

o Steps in the floor can be a major cause of
down time if the geometrical arrangement of
the equipment places the edge of the step
under the conveyor. The conveyor will stop
when the shearer presses it down (Figure
5-12). This can be avoided by increasing
the depth of the web up to 1.2 m (4 f£ft.) to
have the step wide enough to hold conveyor
and ramp plates, or by using a conveyor
carrying frame.

Adaptability of the Support to Gradient Change Along the
Line

Side shields seal the gap between successive shields. The
side shields were studied in detail from the dust production point
of view and are generally efficient. However, shields were first
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Figure 5-12. A normal conveyor (above) can be jammed when
the shearer weight presses the bottom flights against the
edge of a step in the floor, whereas, a conveyor carrying
frame (below) can straddle the step with no jamming of the
chain. Another possible solution could be to match the
web dip depth with the overall conveyor width. This may
require a 1.2 m (3.9 ft) web for a .732 m (2.4 ft) wide
conveyor,

113




developed for a mined thickness less than 3 m (10 ft.) and the
possible lateral displacement is usually limited to 10 cm (4 in.).
For a shield support designed for 6.1 m {20 ft.) this lateral dis-
placement of the side shield should be doubled.

For the thick seam single pass system, this requirement
is important. A greater flexibility will be necessary if, under

difficult mining conditions, the entry 1is driven with only 3 m
(10 ft.) under the roof and if the face must be graded down to

reach the mined thickness of 5 m (16 ft.).

Walkway

The man-travelway shall be designed inside the support
behind the row of props. An elevated walkway providing a safer
position to the miners would be advantageous. Provision will then

be made to easily remove it when the mined thickness decreases or
when the equipment has to be moved to another face.

5.2.4 Conveyor

There are several formulas for estimating the required
conveyor power. Their results are sometimes far from reality.
The power wvaries in accordance with the nature of the product,
the design of the pan, the efficiency of the transfer point, etc.
‘The accuracy of several formulas, by comparison of real and cal-
culated datal has been studied in French coal mines (Houilleres
de Lorraine) and the following formula has been selected.

Power calculation:

9.8
PEmpty = 2Lx M 1 x Vx T000 x cos?

PLoaded = Lx 0/3600 x 2 x9.8x cosV

Pror Elevation change = Lx Q/3600 x9.8x sin?

Protal = (PEmpty * PLoaded * PFor Elevation change) X §:£i§¥
where :

P = power in Kilowatts

L = length of conveyor in meters

Q = flow in metric tons/hr

1 Charbonnages de France, Publications Techniques No. 1, 1979,
p. 53.
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V = chain speed in m/sec

M = mass in Kg/m of moving parts

¥ = slope of conveyor

Hy = coefficient of friction of the moving equipment in the
pans

Wy = coefficient of friction of the product transported in
the pans

safety factor = 20% of total power

The following values for H; and l, may be used as estimates:

Double Center Chailn Double Center Chain Single Chain in
¢ 22 mm Level @ 22 mm Level Level Conveyor
Conveyor 605 mm Wide | Conveyor 500 mm Wide @ = 30 mm
V = 0.88 m/sec V = 0.94 m/sec
by 0.55 0.50 0.90
Mo 0.41 0.54 0.36

Besides the inconvenience of down time, working on the
face conveyor is hazardous in a thick seam. When doing so, pro-
tective devices must be erected to prevent coal blocks from fall-
ing from the face; for instance, by bolting the face with fiber-
glass bolts. The best method of ensuring worker safety is to
keep maintenance and repair at a minimum.

Chain maintenance can be minimized by selecting a greater

chain diameter, thus reducing risk of breakage. In the event of
chain rupture, a two chain conveyor 1is preferable to a single
chain conveyor. Working on the face side of the conveyor can be

reduced by welding the ramp plates to the conveyor instead of
bolting them, or by using a conveyor carrying frame.

Pan connection. is another weak point. A reinforced type
of connection, chainlink or dogbone, should be selected or an
additional connection between spill plates should be used.

Finally, the type of delivery should be carefully selec-
ted. Normal side delivery or roller curve have both advantages
and disadvantages. When thick seam mining is concerned with the
problems of large c¢oal blocks, the choice should be limited to
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side delivery or roller curve. The side delivery system is a
well proven system. The roller curve is still a recent develop-
ment. Equipment specifications are written for a side delivery
conveyor, but a roller curve should be an attractive alternative
in the future. The power on a roller curve conveyor is limited
but the delivery on the belt conveyor prevents carry back.

Martinka Mine, a 152.4 m (500 ft.) face in the Lower Kit-
anning seam (1.5 m (5 ft.)) is presently equipped with a roller
curve conveyor with a single 30 x 108 mm center chain using closed
bottom pans (Figure 5~13). This conveyor is driven by two 127 kw
headgate motors and one 127 kw tailgate motor. The face length
will be increasing up to 213 m (700 f£ft.). One roller curve convey-
or of a larger size (832 mm wide, 34 mm chain) is presently on
order for a thick seam in Saar, West Germany.

5.2.5 Shearer Loader

The main concerns are, on one hand, to hold the face to
avoid sloughing of the face and production of large blocks of
coal; and on the other hand, to reduce dust production. The first
problem could be solved by using a single ranging drum shearer
with a large diameter drum. The second problem is better solved
by using a double drum shearer with smaller drum diameter 1.8 to
2.1 m (6 to 7 ft.) {(Figure 5-14). Another advantage of a double
drum shearer is the doubling of the maximum power and the subse-
quent cutting force. In addition, the flexibility in choosing
the height of the top bench can compensate for the loss of time
at the face end which is greater with a double drum shearer.

The power consumption is related to many factors in addi-
tion to the coal nature: pick speed and depth of cut, number and
spacing of picks, drum design. Obviously the effort to reduce
dust production is beneficial to power consumption. If the face
equipment is designed for 12,000 ton daily production in 20 hours
available time, the shearer should be able to produce 1200 tons
an hour. That will provide a 600 ton/hour average (Figure 5-15).
The shearer is therefore assumed to cut the coal with a 6 m/min
(20 ft/min) speed with 1 m deep web. If the drum has a 30 rpm

speed, the shearer advance per revolution is 600 cm/30 rpm = 20 cm.

By using large bits, a three vane disc should be able to
cut with a 6.6 cm (2.6 in.) pick depth of cut in a coal seam with-
out parting. In the D coal seam at Orchard Valley Mine, two vanes
could be sufficient. A requirement to obtain this depth of cut
is to use a sufficient haulage force. Tangential effort on the
picks corresponding at 30 rpm and 250 kw is 80,000 N. It secems
reasonable to assume a haulage force of twice this amount to meet
the required pick penetration. A pulling force of 30 tons at 6
m/min (19.7 ft/min) seems reasonable for two drums of 2 m (6.6
ft.) diameter.
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Figure 5-13. Martinka Mine
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®

Figure 5-14. Double Ended Ranging Drum Shearer
with Chainless Haulage System
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Trackless haulage is a must from the safety point of view
and also has operational advantages. Two remarks are necessary:
the rack limits the conveyor flexibility in a vertical plane and
should be kept as low as possible. Steering underframes cannot
be used with chainless haulage if the haulage unit is not part of
the underframe. The relative arrangement of tooth sprocket and
rack is too rigid.

An advantage in thick seams is the fact that ample room
is available, The installation of scrubbers on the shearer is
therefore possible. Trials were made on an Eickhoff 340L and
Sagem DTS 300 longwall shearer (see IG 8753). Figure 5-16 repre-
sents a dust collector installation on a Sagem DTS 300 shearer.

5.2.6 Face Installation and Withdrawal

If the entries are driven only to a 2.7 to 3 m (2 to 10
ft.) height, it is likely that, at least in the first phase of this
research development, the equipment size should be reduced accord—
ingly. Therefore, the ghield support closed height should be lim-
ited to 2 m (7 £t.) even if operating range is 3.7 to 6.1 m (12 to
20 ft.). This extra reduction may be obtained mechanically. Fur-
thermore, installation and recovery room heights should be reduced
to make these operaticns easier and safer.

The width of the installation room should be in accordance
with the length of the closed shield. With the equipment pres-
ently available, a 7 m (22 ft.) width is the minimum expected.
"Any place being driven over 20 feet in width should be supported
by a Combination Roof Control Plan. The roadway should be limited
to 16 feet in width on both straight and the curves to within 10
feet of the uncut face. A row of posts should be set for each 5
feet of space between the roadway posts and the ribs. Openings
should not exceed 30 feet in width.*"l

The problem of height reduction is not as important for
the installation as it is for the recovery. In the first case,
operations are conducted in a high but relatively stable entry
and equipment is installed without disturbing the environment.
In the second case, operations are conducted between a caved area
and a coal massif subject to the abutment pressure. The shields
will have to be removed and therefore some other kind of support
will be necessary. Therefore, installation should be made in the
full thickness with the following safety precautions:

1 MSHA Underground Manual, 75.200-9, Criteria -- Combination
Roof control plan.
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o fiberglass bolting of the face with a
pattern shown in Figure 5-17,

o installation of the face sprags before
working on the face conveyor.

If it is preferred to install the face in a reduced thick-
ness of 3.7 m (12 ft.), the mined thickness will be increased pro-
gressively at each web by also using the undercutting possibility.

For withdrawal operations, it is better to reduce the
mined thickness to 3.7 to 4.0 m (12 to 13 ft.) before dismantling
the face. However, 1if a withdrawal has to be organized with the
maximum mined thickness, a minimum requirement would be bolting
of the face and the eventual addition of wire mesh when the solid
coal is fractured or is tending to slough.

If the solid coal is unstable even at the reduced height,
mesh and bolts should be used to secure the face before starting
the withdrawal operations. Fiberglass bolts or eventually wood
dowels are recommended for face installation because the shearer
will be able to mine through them (Figure 5-18). Wire mesh and

expansion bolts are better for withdrawal operations (Figure
5-19). Figure 5-20 shows shield withdrawal operations with the

use of cribs and wooden beams.

5.3 Mine Design and Equipment Specification

5.3.1 Purpose of the Specification

For the eventual first trial of this method of longwall
mining up to 4.9 m (16 £t.) in a single pass, the following speci--
fications have been established on the basis of the three mines
examined during the selection process. Mining specifications are
applicable to these mines, and to other mines, as long as the
coal is not soft, the roof is of average quality and caves easily.
The conditions of two mines, Colorado Westmoreland Inc.'s Orchard
Valley Mine and SUFCo's No. 1 Mine, are therefore described as an
example.

Production is aimed at a capacity of 12,000 US tons/day
for 3 shifts and an available working time of 20 hours per day to
insure an annual average of 4,000 to 6,000 tons/day.

The present specifications could be used for requesting

proposals for the supply of complete face equipment and technical
assistance during the installation and starting up of the face.
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Figure 5.19. Face Withdrawal Preparation with Wire Mesh and
Face Bolting. Face height reduced to 3.6 m (12 ft)
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Figure 5.20. Shield Removal Sequence with Face Props and
Beams. As one shield is removed a crib is set.
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5.3.2 Mining Conditions at Potential Sites

5.3.2.1 Colorado Westmoreland Inc.

Coalfield Site Data:

The face equipment will be installed at Orchard Valley
Mine of Coloradec Westmoreland Inc., Paonia, Colorado. The coal
seam to be mined is the D seam. The thickness varies from 1.5 to
7.3 m (5 to 24 ft.). The immediate roof consists of sandy shale,
the upper roof of sandstone. The caving in mined areas occurred
regularly when pillars were extracted. The floor consists of

shale.

Compressive strength of the various strata are as follows:
o Coal: 3,200 to 3,500 psi

o Roof: 4,000 to 7,000 psi for sandy shale,
12,000 psi for sandstone

o Floor: 4,000 to 7,000 psi

o Face Length

The length of the face is 165 m (540 ft.), and is equal
to the width of the worked panel plus twice 6 m (20 ft.) for the
two adjacent entries.

0 Seam Thickness

The worked thickness of the seam will be from 3.7 to
5.5 m (12 to 18 ft.). When the seam thickness is higher than 5.5
m (18 ft.), the bottom coal will be left.
o Gradient

The general gradient of the face will be negligible.
The face will be rising at 4 degrees.

o Roadways

Entries to the face at each end consist of two 6 m (20
ft.) wide, 3.7 m (12 ft.) high roadways driven under .9 m (3 ft.)
of top coal with 18.2 x 18.2 m (60 x 60 ft.) pillars. The pillars
will not be mined with the face. The coal panel between entries
will be 152 m (500 ft.) only.

5.3.2.2 Southern Utah Fuel Co. (SUFCo)

Coalfield Site Data

The face equipment will be installed at SUFCo Mine No. 1,
Salina, Utah. The coal seam to be mined is the Upper Hiawatha.

125



The thickness varies from 3.4 to 5.8 m {11 to 19 ft.). The imme-
diate roof consists of carbonaceous shale and shale-siltstone
above. The top coal (0.6 to 0.2 m {2 to 3 ft.}) is left in the
entries. The upper roof is of sandstone. The caving in the mined
area occurred regularly when the pillars were extracted. The

floor consists of hard shale.

Compressive strength of various strata are as follows:

o Coal: Is very hard with an average of 3,800
psi. Hardgrove grindability is 44.

o Roof: 7,825 to 21,000 psi in the first 5
feet

o Floor: 94,000 - 84,000 psi

o Face Length

The length of the face will be 165 m (540 ft.) and is
equal to the width of the worked panel plus twice 6 m (20 ft.) for
the two adjacent entries.

o Seam Thickness

The worked thickness of the seam will range from 3.7
to 5.5 m {12 to 18 ft.). When the seam thickness is higher than
5.5 m (18 ft.), the bottom coal will be left.

o0 Gradient

The gradient of the face will be negligible (2°).

o Roadways

Entries to the face at each end consist of two ©6 m
(20 ft.) wide, 3 m (10 ft.) high roadways, with 9 x 30 m (30 x 100
ft.) pillars. The pillars will not be mined with the face. Coal
panel between entries will be 152 m (500 ft.) only.

A sample of the general conditions stated in a purchase
contract for equipment and accessories is presented in Appendix D.
Specifications for all recommended equipment are detailed in the
following subsections.

5.3.3 Support System Specification

Location cf the Support System

The support system covers the length of the face and also
the 40 feet of bottom and top roads. It includes a certain quan-
tity of standard supports and some supports modified to suit the
ends. An additional support system shall also be supplied to re-
inforce the support of the entry 60 feet ahead of the face.

126



Operating Method

Prior to winning operation, rams are fully extended by a
length which is equal to the cut and the armored conveyor is close
to the face. The loading ramp edge is six inches from the face,
placing the forward end of the support canopy at 12 inches maximum
from the face.

When the top cecal is cut, the support is immediately ad-
vanced close to the armored conveyor by a length equal to the cut.
The canopy forward end is then again at 12 inches maximum from the
face if good control of the shearer has been provided.

In this position,

¢ The man-travelway shall be designed inside
the support behind the first row of props.
The clearance between support and spill
plates shall allow to reach hoses and
electric wires supported by the spill
plates, i.e., 8 inches.

o The traveling track width in the support
shall not be less than 2 feet.

© The access to the shearer controls shall
be possible from the travelway inside the
support. Support advance by one team
shall progress at a speed sufficient to
follow the shearer cutting (at a speed of
20 feet per minute). If e is the distance
in feet between support center lines, the
time required for advancing a support
shall be less than e/20 minutes.

Pump delivery and hcose sizes shall be designed in accor-
dance. After the bottom coal has been extracted, the armored con-
veyor will be advanced by snaking it behind the shearer loader,
full advance being achieved 60 feet after the shearer.

General Support Data

The supports must comply with the following reguirement:

Every unit of walking support will cover a face length of
2 to 2.25 m {6.6 to 7.4 ft.) and will present the following charac-
teristics:

o A floor base in two parts
o One single-piece canopy

o Two hydraulically telescopic legs
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O One reverse advancing ram
¢ Operating cylinders

o One hydraulic system including an
adjacent control unit

Connecting devices of legs, advancing ram, operating cyl-
inders and various other components shall be simple, strong, sas-
ily accessible and removable. The use of screws and bolts shall
be as reduced as possible. Each shield will be eguipped with a
luminaire to provide the required illumination and minimize dis-
comfort glare. The Statement of Test and Evaluation should allow
the fluctuation of mined thickness to the extent allowed by the
support.

Height
Supports will be used in a2 mined thickness from 3.7 to
5.5 m (l2 to 18 f£ft.). They sghall have the following height

requirements (Figure 5.11}:
Closed height: 2.1 o 2.4 m (7 to 8 ft.)

Open height: 6 m {20 £ft.) (0.6 m (2 ft.) more
than the shearer range)

Load Density

The load density of the support shall always be greater
than 6 tons per square foot of supported roof (58.6 metric t/m2),
The surface of supported roof is equal o the product of:

o The distance between support center lines

o By the distance f£from coal face to the
canopy rear edge

When the support is ready to be advanced after the upper
cut, the support load density to be considered is the load density
calculated with the nominal yilelding pressure.

Base

The base shall be calculated to remain within the elastic
limit under the vielding load, whatever the contact points on the
flcor may be. It shall have an adequate surface so that the pres-
sure on the floor under yield load is less than 300 psi. The base
will be equipped in its forward part with a very simple device
enabling the support to be recentered when advanced against the
armored conveyor.
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Canopy

The canopy will be of the single piece type. It shall be
calculated to remain within the elastic limit, whatever the contact
points on the roof may be under the yielding load and it shall
successfully £fulfill the strength tests.

Rear Shield

To take into account the width increase and mined thick-
ness, the stroke for the side shield will be ¥ 25.4 cm (10 in)
(50.8 cm or 20 in. total). The side shield will be hydraulically
activated by 2 jacks.

Forward Face Sprag

The forward end of the canopy will be equipped with a face
sprag plate as protection against the possible fall of coal from
the face. The main purpose is to hold the coal face. It should
be operated by a cylinder, the stroke of which shall be sufficient
to insure that the plate of the face sprag can be applied flat on
the face. In the retracted position, it shall be mechanically
locked by itself so that it does not interfere with the shearer,
whatever the mined thickness.

Legs

Legs shall be double telescopic cylinders yielding under a
constant load.

© The closed and open heights, 2.1 to 2.4 m
and 6 m (6 to 7 ft. and 20 ft.)}, shall be
reached by hydraulic or mechanical means.

o The load per square foot on setting and
yielding load will be designed as re-
guested in the paragraph on lcoad density.

Legs will be of the double acting type, corrosion- and
rust-proofed. The quality and thickness of the plating shall be

stated. All the materials used shall be of first quality. Their
main mechanical characteristic data shall be indicated by ASTM
standards. For a pressure equal to 1.5 times the nominal yield
pressure, the tubes used shall still remain within the elastic
limit.

Removing legs out of the support in an operating face

shall be simple and possible at any mined thickness in the oper-
ating range 14-20 feet.
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Advancing Ram

The advancing ram will have the following data:

~ Pull to advance support: above 3 times the
support weight.

- Push on the conveyor: comprised between 15
and 20 U. 8. tons. '

- Stroke: 101.6 cm (40 in.).

When the armored conveyor is advanced from the shield, it
will be possible to move it by:

+ 10.2 em (4 in.) minimum along the face

+ 30.5 em (12 in.) minimum vertically

On design, provision shall be made against packing of the
advancing system by coal fines so that the above flexibility is
kept.

The method for removing rams out of the support shall be
simple.

Hydraulic Arrangement

The hydraulic control shall be so arranged as to enable
the operator to securely achieve the operations from the adjacent
shield. There shall be only one feed pressure comprised between
4,300 and 5,000 psi to feed the supports. The control valve shall
be of the dead man's handle type which means that control level
will automatically be brought back to neutral point. Bidirec-
tional control may be used. However, it is expected the support
will be moved successively in the direction of the ventilation
only to minimize dust exposure.

Legs shall be fed through pilot-operated, non-return
valves.

The data of the bleed valves used shall be indicated, as
well as the approval certificates obtained from national testing
laboratories. Interval of replacement shall be given.

The hoses used shall be to S.A.E. regulations and in par-
ticular:

Return Hose - two steel-ply hoses
Pressure Hose - heavy 4-steel-ply hoses

Nipples shall be of a quick~-connection type.
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Pressure Indicator

Each leg or group of legs will be equipped with a pressure
indicator. Three 24-hour reliable pressure recorders will record
the internal pressure of a leg on three shields of the face.

Face End Support

Special side shields or sprags will be designed for the
two shields which are set at the face ends to hold the rib of the
gate entry. :

Auxiliary Gate Road Supports

100 hydraulic props will be designated for use in the
entries. These props will probably be of the closed circuit type
but the open circuit type may be quoted. The height range should
be 2.1 to 3.7 m (7 to 12 ft.) and the yield load should not be less
than 25 tons. The total weight of the individual prop must be
stated in the gquotation since portability is an important selec-
tion criterion.

Water Sprays

Each canopy will be fitted with at least one water spray
oriented at 15 degrees on the face line in the direction of the
air flow to form a water curtain dividing the air flow in two
streams. This will prevent the dusty air stream along the face
from spreading to the entire face area.

Each shield will be fitted with a water spray system
designed to control dust from the caving.

5.3.4 Shearer Specification

General Data

The shearer shall be a double-ended ranging drum shearer
equipped with chainless haulage for bi~directional cutting. It
shall be able to cut a 3.7 to 5.5 m (12 to 18 ft.) thick coal seam
with 2 m (6.6 ft.) diameter drums. It shall be possible to lower
the drums to obtain a 25.4 cm (10 in.} undercut (Figure 5-14).

The shearer must be in compliance with Mining Enforcement
Safety Administration and United States Bureau of Mine standards
and regulations.

Recommended Technical Data

Power: Minimum 500 kw

Drums: Diameter 2 m (79 in.)
Width 1 m (39 in.)
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2 or 3 helical vanes: loading capacity cal-
culations to be supplied by manufacturer.
Hydraulically or mechanically operated cowls.
The drum will e fitted with internal water
supply and sprays.

Haulage: Pulling force: 30 U. 8. tons at a haulage
speed of 5.8 m (19 ft.) per minute

Chainless The track system should leave the possibil-

Haulage: ity of snaking the conveyor by 1 m (3.3 ft.)

in 15.2 m (50 ft.) and to accept changes of
gradient of * I degrees at each connection.

Drum Speed: 30 rpm maximum

Steering The underframa shall be high enough to en-

Underframe: able the coal produced on the tail gate side
to easily pass under the shearer. The under-
frame shall be hydraulically inclinable by
T & degrees in a plane perpendicular to the
face. If necessary, because of the rigidity
of chainlesz haulage system, the haulage unit
will be part of the underframe.

A minimum of 30.5 om (12 in.)} clearance is
necessary between the shearer top and the
support canopies at the minimum mined thick-
nesgs. Underframe guiding will be through
guide shoces silding on guides fastened along
the gob side of the armored conveyor. Face
side of the shearer will be supported by
roller shoes rolling on the end of the ramp
plates.

Electric Motors

The shearer will be fitted with one or two electric motors
and fed by a 950 wvolt 60 Hz AC supply. These motors shall be
flame~proof and shall comply with Mining Enforcement Safety Admin-
istration and United States Bureau of Mines standards and regula-

tions.

Auto-Control

The shearer shall be fitted with an autc contrcl enabling
the optimization of the shearer cperations.

Control Stations

The shearer shall be remocte controlled with one manual
control station placed in the center of the sghearer. A system
recording the displacement of the shearer along the face will be

.provided.
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Electric Feeding

The shearer will be fed through one or two electric cables
protected in a cable-handler together with one or two water hoses.

Dust Control

o) The water supply hose and water distri-
bution on the shearer will be calculated
on the basis of a 1000 ton/hour procduc-
tion and an added moisture content of 3%,
30 m3/hr or 130 gallons/minute.

o} Provision will then be made to open and
shut off water spraying when production
starts and stops by using a pilot opera-
ted valve or a pump. A variable delivery
pump or another equivalent system con-
trolled by the shearer loader power
(amps) will vary the water supply in ac-
cordance with the amount of cocal pro-
duced, assumed to be related to the power
consumption. The flow of water should be
shut off when the shearer is moving with-
out cutting and be maximum (3%) when both
drums are in full operation.

o The sprays will be arranged to confine
the dust cloud to the face or at least to
avoid turbulences.

o A dust collector consisting of 5,000 to

10,000 ft3/min fan water sprays and cy-
clone will Dbe installed on the shearer.

5.3.5 Face Conveyor

The face conveyor must be capable of carrying 1200 tons
per hour on a level grade. Calculations Jjustifying the capacity
should be shown. All items of the conveyor shall be of robust
construction and all connections between the wvarious pieces of
egquipment shall be engineered to have sufficient strength to en-
sure maximum performance and life. Areas subject to heavy abra-
sion shall be specially treated. The special treatments should
be specified.

Length
The conveyor must be of sufficient length to allow the

installation of the tail drive at the face end and the installa-
tion of the side discharge at the entry center,.
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Pan Length

The pan length will be increased to 2 m or 2.25 m (6.6 or
7.4 ft.) to match the width of the shield support.

Conveyor Carrying Frame

The conveyor carrying frame will be designed in conformity
with the conveyor carrying frame developed in Saar (West Germany)
and used with success at Warndt Mine (Figure 5-21). Its length
will be equal to the pan length.

Chain

It will be of the double center strand chain type. The
double strand of chain will be made up of matched length of chain
and the link size will be 30 x 108 mm and should be supplied in
50 m (164 ft.) lengths for ease of handling in the mine. The
breaking strength of the chain should be in excess of 90 tons for
each strand of the chain. Scraper bars must be provided and must
be securely bolted tco the chains. Other fastening arrangements,
gsuch as using roll pins, are not acceptable. It is anticipated
that the scraper bars will be spaced every 10 links or 1.08 m
(3.5 ft.) apart.

It is preferred that the chain speed be kept as low as
practical consistent with the tonnage requirement, flite bar
spacing, etc., but should not exceed 1.2 m/sec. (240 ft./min.)}.

Special Pan Joints

The face conveyor (AFC) could be operated upon a longwall
in which the entries will be 2.4 to 3 m (8 to 10 ft.) high but the
coal extracted from the face will be 4.9 to 5.5 m (16 to 18 ft.)
high. If mining conditions lead to the establishment of entries
in the upper section of the seam, it will then be necessary to
grade down from the headgate entry along the face to achieve the
required mining height.

It is specifically requested that the first pan joints,
including the joints between the connection rerail pan and any
intermediate or special pans, be designed and constructed to allow
the conveyor to flex in the vertical plane sufficiently so that the
panline can accommodate the vertical curves produced when dinting
from an elevation of 2.4 m (8 ft.) below the seam roof toc 4.9 m
(l6 ft.) below the seam roof over a reasonable distance of about
15 m (50 ft.). Some allowance in the design should be made for
inexperienced operator error, and special attention must be given
to zones of high wear.

The purpose of the special joints is to avoid the destruc-~
tion of the pans and joints at the transition points due to the
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Figure 5-21. Chainless Haulage Conveyor with
Carrying Frame
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weight of the shearer on an unsupported length of conveyor. Until
operator skill is developed, it is likely that the grading opera-
tion will be less than totally satisfactory. Please note that it
is not intended to develop the face at 4.9 to 5.5 m {16 to 18 ft.}
high but to gradually mine down to that height from a starting

height of 3 to 3.7 m (10 to 12 £t.).

At the tail end of the face, it is intended to cut into the
tailgate approximately 0.6 t0 0.9 m (2 to 3 ft.) with the base of
the conveyor being kept on a level plane that is 4.9 to 5.5 m (16
to 18 ft.) below the roof. The gate road will be supported upon
wooden cribs and hydraulic props. Any remaining coal in the seam
will be left in the floor.

Delivery onto Stage Loader

In order to deal with large lumps of coal which will be
produced on this face, it is required that the delivery from AFC
to stage loader be of the side discharge type and the designed
clearances for the passage of coal be as large as practical bear-
ing in mind that the gate road can be 2.4 m (8 ft.) high and 4.9
to 5.5 m (16 to 18 ft.) wide.

Connection of AFC to Stage Loader

It is intended that the stage loader will be retreated
during each pushover of the headgate drive. Therefore, the stage
loader must be securely connected to the AFC in a manner which
will withstand the forces involved in pushing the stage loader,
including a c¢oal c¢rusher and beli-tailpiece. The crusher and
tailpiece will be addressed later.

The connection must also allow relative horizontal move-
ment such as is required when the face needs to be slewed to allow
for AFC creep.

Chain Tensioning

A chain tensioning device must be supplied. The device
must be permanently installed on the headgate drive unit and
should take as little space as practicable; protrusions of machine
parts or hydraulic hoses should be minimized to prevent breakage.

A type of chain tensioner powered by the AFC motor is
preferred. Separate hydraulic rams or other devices are not
acceptable.

Spillplates

Conveyor spillplates must be provided and these must be
not less than 1.2 m (4 ft.) high from the mining floor. The spill-
plates proposed must be of strong construction so that they will

not be damaged in the event that coal rolls off the face to strike
the spillplate.
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The extra height of the spillplate is required to give an
extra measure of safety to the personnel working on the face and
to keep the travelway clean of mined coal and thus minimize wast-
age of coal.

The spillplate-to-spillplate connection must be designed
so that there will be no gaps or spaces, which allow the wastage

of coal, even when the conveyor is flexed in its extreme positions
both horizontally and vertically.

The spillplates will also be designed so that they carry
other services, namely:

o a 2-1/2" diameter rockdust line, from

headgate to tailgate, for rock dusting
tailgate

o cable to power tailgate motor
o} shearer water hose to mid point of face

o shearer cable +to junction base at mid
point of face

o} shearer trailing cable and 2" diameter
water hose from mid point to both ends of
the face.

Cable Handling Device

It is strongly recommended to use a Bretby cable handler
of the size regquired to handle a 2" water hose.

Shearer Haulage System

The conveyor will also be arranged to carry the track
elements of the shearer haulage system chosen.

Conveyor Motors

The conveyor will be powered by two (2) 250 kw motors,
one each located at each end of the face and both on the gob side
of the conveyor. They will be oriented lengthwise with the face
conveyor and will transmit power to the conveyor chain through a
fluid coupling and bevel spur gearbox. Both the fluid couplings
and the gearboxes shall be of adequate size and capability to
withstand the 250 kw transmission plus normal overloads to ensure
econocmic durability of the eguipment.

The motors must be squirrel cage induction motors, totally

enclosed, fan cooled, explosion proof, and approved for use in
coal mines.
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Tail-End Spillplate

A special spillplate will be required which, when bolted
to the tailgate drive frame, would overlap the tailgate edge of
the last shield. The purpose of this plate is to prevent £lush-
ing between the last shield and the conveyor drive. The plate
should be 1.8 m (6 ft.) high and 2.5 cm (1 in.) thick and suitably
gussetted to maintain rigidity. The length of the plate and the
location of the gussets will depend upon the general configuration
of the shields in relationship with the conveyor drive unit.

Attachment of Shields to Conveyor

These attachments and attachment points must be given spe-
cial attention during the design stage to ensure that the large
forces involved in moving over the shields do not damage the con-
veyor or its furnishings. It will be considered to pull the
shields from an attachment on the face side of the convevor using
the frame supporting the conveyor.

Cable Routing

It is intended that the cables and hoses will be taken
onto the face from the locader but not on the longwall side of the
stage loader. Therefore, no provision is needed under the main
drive, although protective pipe work should be provided around the
stage loader tailpiece in the form of a split pipe with the halves
bolted together.

Assembly Supervision

The supplier will provide sufficient skilled personnel who
have adequate knowledge of the equipment. Such skilled personnel
will be provided, free of extra charge, to cover receipt of the
material to ensure that all necessary equipment is received and
available, during the installation period on a two shift per day
basis at the rate of one man per shift and for six weeks after the
startup date on a similar two shift basis. This period is deemed
necessary to ensure the proper functioning of the equipment.

If assembly supervision personnel were adequately trained
and skilled, it would be acceptable for individuals to supervise
more than one operation, for example, the shearer assembly super-
vision will most likely be proficient in the assembly and opera-
tion of the face conveyor and the stage loader.

Completeness

The AFC, when installed by mine personnel under the super-

vision of the suppliers representative, shall be complete in every
detail and be ready to operate both functionally and safely.
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5.3.6 Stage Loader Specification

The face .conveyor must be connected to the tailpiece of
the stage loader so that when the headgate drive is pushed over
the stage loader moves outby in the same operation.

The stage loader must have a carrying capacity 20 percent
greater than the face conveyor. The stage loader will be powered
by a 90 kw motor through a fluid coupling and bevel spur gearbox.
It will be of the double center strand chain type using 30 x 108
mm chain as used on the AFC. Scraper bar spacing should be every
sixth (6th) link which is at a spacing of 64.8 cm (25.5 in.) cen-
ters. The chain speed will be in the region of 1.3 m/sec. (260
ft./min.). The stage loader drive will be equipped with a chain
tensioning device identical to the one on the face conveyor drive.

The greatest part of the stage loader must not be greater
than 1.5 m (5 £t.) above the mine floor. The conveyor will be
horizontal with the discharge end raised to deliver onto a belt
conveyor tailpiece and will be approximately 21 m (70 ft.) long.

Sufficient spillplates are required over the full length
of the stage loader. The spillplates should permit no coal to
escape from the conveyor and special attention is required where
the spillplates and the crusher come together. From the crusher
outby to within 1.5 m (5 ft.) of the delivery point should be
fitted with bolted top cover plates. The top cover plates should
also have provision for the installation of one spray jet every
1.5 m (5 ft.) of length of cover. This provision should be in the
form of a recess in the plate as would be formed by bolting a
viece of pipe to the plate with the spray head in the pipe. The
purpose of the sprays is for dust suppression and the recess is to
prevent damage to the sprays by the coal as it is being conveyed.

The elevated portion of the conveyor from the bottom of
the gooseneck to the delivery point must use closed bottom pans.

The stage 1loader shall be provided with a hydraulically
operated advancing unit which is designed to assist the DA rams
of the shields in moving the headgate hardware and alsc to mini-
mize the effect of the stage loader jack-knifing due to the weight
of the drive and the crusher when it is being pushed from the tail
end. This unit should be in the form of two inclined hydraulic
posts, one on each side of the stage loader outby the crusher,
from the bottom of which two suitably sized hydraulic rams assist
in pulling the crushers, etc. The hydraulic power for the advanc-
ing unit shall be from the same pumps which power the shields.

It is anticipated that the hydraulic advancing unit will
have the following operating characteristics:
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0 Hydraulic props inclined

o] Setting load 630 kN at 315 bar

o Nominal load €66 kN at 230 bar

o] Stroke 1000 mm

o Advancing cylinder

o] Pushing force 480 kN at 315 bar

o Pulling foxce 237 kN at 315 bar

o Stroke 1600 mm

o} Pushing medium - water/oil emulsion
e} Operating pressure 315 bar

Provision should be made before the conveyor starts to
rise off the mine floor for a floor mounted crusher or breaker.
This breaker will be approximately 3 m (10 ft.)} long.

Stage Loader Crusher

A coal crusher is an integral part of this package and
must be capable of sizing coal to minus 15.2 om (6 in.) with a
throughput of 1500 tons per hour. The crusher should be floor
mounted and should be so arranged as to not impede the moving of
the stage lcoader during the face retreating process. The crusher
will be fitted with adequate guards to prevent injury to persons
by the crusher itself and by materials being projected from the
crusher due to the action of the crushing elements.

It will be powered by a 75 kw motor through a bevel spur
gearbox and will be fitted with water sprays for dust suppression.
The water sprays shall be located and positioned in a manner that
the venturi effect of the water movement opposes the effect of the
crusher's tendency to cause airflow and therefore dust dispersal.

Completeness

The stage lcoader, hydraulic moving unit and crusher, when
installed by mine labor under the supervision of the suppliers
representative, shall be complete in every detail and be ready to
operate both functionally and safely.

Gate Belt Tailpiece

The belt tailpiece must be designed for use with a 54 inch
wide belt and must be equipped with skirt boards and with a plow
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on the bottom belt. It will be coupled to the stage loader by
means of a turntable and will be approximately 3.7 m (12 ft.) long.
The unit will be mounted upon rubber tires and will be steerable
by means of hydraulic c¢ylinders with mechanical linkages. The

hydraulic power will be provided by a hydraulic pump connected
through gearing and chain drive to one of the bottom idlers in the

tailpiece.

The top idlers must be of the impact absorbing type and

must be troughed at 35 degrees. Top idler spacing in the area
where the cocal comes 1n contact with the belt must not exceed

30.5 em (12 in.) centers.

Belt Storage Unit

A belt storage unit will be used to automatically take up

slack belt whenever the belt tailpiece is retreated. This unit
will be hydraulically powered to a predetermined tension and will
move a trapped cluster of rollers along a track.

It is intended that the storage unit have a capacity for
152 m (500 ft.} of belt.

5.3.7 Electrical System Specification

The mine supply voltage will be 7200 volts, 3 phase, 60
Hertz and the longwall electrical distribution system must be
designed to power the following loads,

500 kw - Shearer

500 kw - Face Conveyor in 2 motors
of 250 kw each

90 kw - Stage Loader
75 kw - Crusher

120 kxw - Hydraulic Pumps in 2 motors
of 60 kw each

all at nominal 1000 volts, 3 phase, 60 Hertz, together with ade-
gquate spare outlets and twelve outlets at 480 volts as specified

below.

The electrical supplier will provide Certification Numbers
with dates of certification for all component parts of the pro-
posed equipment. Any equipment whose certification is pending
will not be considered for purchase in this package.

The electrical supplier shall provide layout drawings and
detailed specifications of the electrical system proposed.
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The electrical supplier shall, during the period of elec-
trical equipment installation, conduct all necessary examinations
and tests to ensure compliance with the Code of Federal Regula-
tions, Title 30, Part 18, and will ensure that all electrical pro-
tective devices perform to the design specification and that the
installation is as specified in the layout drawings and specifica-
tions.

All electrical equipment supplied under this contract,
including cable, which is required to have approval plates, must

carry the required designation prior to its arrival at the mine
site.

All electrical equipment which is designed to be used or
may be used in the last open crosscut or inby of the last open
crosscut must be "permissible" or "intrinsically safe"' as defined
by the regulating agencies. Ease of maintenance .of "permissibil-
ity" is an important factor.

In addition to the above electrical systems, ancillary
equipment must also be supplied. This ancillary equipment is to
include, but not be limited to, the following:

lighting system with all controls
communications and signaling
sequence control of device(s)
methane monitoring device(s)

master control system(s) with meters
pre-start warning system

000000

The electrical system outlined above and described further
below must be complete in every detail and, when installed under
the direction of the supplier, must be ready to operate function-
ally, safely, and within the requirements of the laws and regula-
tions governing the coal mine.

The Power Center

This unit shall be designed for underground coal mine
duty. This unit shall have a structural framework to which side
and top covers are attached. Unit base plate shall be a minimum
1/2 inch thick steel, side and top covers 7 gauge steel and end
plates 7 gauge steel. Lifting and pulling eyes shall be supplied
on all four corners of the enclosure. A drawbar box and pin, A-
Frame type, shall be supplied on the center of each end of the
enclosure. A 25.4 cm (10 in.) channel shall be supplied continu-
ously welded on its edge to the base plate around the perimeter of
the unit to provide the equivalent of a watertight seal to the top
of the channel.

Unit approximate overall dimensions shall be 132 cm (52
in.)} in height, 182.9 cm (72 in.) in width, and 7 m (23 ft.) in
length.
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The unit should be skid-mounted with suitable towing hooks
on each end.

A 1900 KVA power center is required. The primary voltage
will be 7200 volts, 3 phase, 60 Hertz.

The secondary output will have 1600 KVA capacity at 1040
volts, 3 phase, 60 Hertz and 300 KVA capacity at 480 volts, 3
phase, 60 Hertz with resistance grounded neutrals for each volt-
age. A 10 KVA lighting transformer will be required, the second-
ary voltage of which will be dependent upon the requirements of
the lighting system chosen.

The power center will be provided with a suitable plug
and socket with strain relief clamp suitable for the mine primary
cable.

The unit will have a loadbreak fused disconnect switch to
protect the transformer from single phasing.

Enough space will be provided in the unit for stand off
insulators, terminals and termination of the primary mine cable.

An emergency stop button will be provided together with an
adequate guard to prevent inadvertent operation. The operation of
the emergency stop button will be arranged that the incoming pilot
¢ircuit is interrupted thus switching off the power to the second-
ary outlets, or equal protection.

All cover plates which are capable of being removed and
wvhich provide access to high woltages shall be interlocked to the
ground monitoring on pilot circuits to prevent accidents to per-
sonnel.

Sufficient protection shall be provided to prevent damage
to the transformer by lightning surges.

Every effort will be made +to ensure that the minimum
impedance is achieved. It is preferred that the impedance should
not exceed 5% on either the 1040 volt or 480 wvolt systems.

Neutral grounding resistors with a continuous rating
capacity of 15 amps shall be used on both the 1040 wvolt and the
480 volt windings.

The 1040 Volt System

Eight outgoing 1040 volt 400 amp circuits will be provided
and will have nameplates: Face Conveyor #1, Face Conveyor #2,
Face Conveyor #3, Stage Loader #1, Crusher #1, Crusher #2, Shearer
#1, and Shearer #2. It is anticipated that the stage loader could
e run from the spare crusher outlet and vice versa.
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Each of the 1040 volt outlets shall be provided with the
following:

o One (1) three-pole, 1000 wvolt circuit
breaker with 800 amp thermal and 2000-
4000 amp adjustable magnetic trip, and
120 volt undervoltage release,

e} Ground monitor circuit with 1000 volt
machine filter included. This to be ac-
ceptable to MSHA.

o Instantaneous ground trip system.

o Output gear mounted receptacle for 4/0-
3/C cable, and with dust cover.

The 480 Volt System

Twelve outgoing 480 volt output circuits will be provided
as specified below.

o Three (3) 400 amp Dbreakers each with an
adjustable setting magnetic trip range of
800-1600 amps with 120 V undervoltage
release and ground monitors. Nameplates
"Hydraulic Pump #1," "Hydraulic Pump #2,"
and "Hydraulic Pump #3" must be affixed
in a noticeable location.

o One (1) 225 amp Dbreaker with an adjust-
able setting magnetic trip range of 500-
1000 amps. This unit shall include a 120
volt undervoltage release and a ground
monitoring must be provided.

o Six (6) 100 amp Dbreakers, each with ad-
justable setting magnetic trips of range
66-190 amps. Undervoltage release and
ground monitoring must be provided.

Adequate protection must be provided to minimize the pos-
sibility of damage to protruding power outlets and inlets during
the frequent moves of this unit within the mine. It is antici-
pated that the power center will be moved three to five hundred
feet every two weeks over rough terrain and around two 90 degree
corners.

The Master Control Panel

The master control panel will be a structure built on the
side of the stage loader and should be designed to be not more
than 60 inches high or 15 inches wide. The length of the unit 1is
not critical provided it is not more than 30 m (100 ft.) long.
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It must provide the following features:

1. Foot mounted
2. Selector switch 3 phase for shearer feed cable
3. Voltmeter shearer feed cable
4. Selector switch 3 phase for conveyor feed cable
5. Voltmeter conveyor feed cable
6. Selector switch 3 phase for stage loader feed cable
7. Voltmeter stage loader feed cable
8., Ammeter shearer
9. Ammeter stage loader
10, Ammeter tail face conveyor motor
11. Ammeter head face conveyor moctor
12. Emergency stop pushbutton
13. Crusher start pushbutton
14. Crusher reverse pushhutton
15. Crusher stop pushbutton
16. Crusher run indication light
17. P.T.0. on/off selector switch
18. Shearer reset pushbutton
19, Shearer stop pushbutton
20, Shearer lockout switch
21. Shearer reset light
22. Shearer run light
23. Elapse time meter
24. Sequence by-pass pushbutton
25. Auto/Mass/Off conveyor selector switch
26. Stage loader stop pushbutton
27. Stage loader forward pushbutton
28. Stage loader reverse pushbutton
29. Stage loader run light
30. Face conveyor head/tail/both selector switch
31. Face conveyor stop pushbutton
32. Face conveyor fcrward pushbutton
33. Face conveyor reverse pushbutton
34, Face conveyor head run indication light
35, Face conveyor tail run indication light
36. TFace conveyor elapse time meter
37. Pump #1/#2/both selector switch
38. Pump run pushbutton
39, Pump stop pushbutton
40. Pump run lights #1, #2
41. Pump reset pushbutton
42, Pump reset light

43. Provision for connection of methane monitor
44, Methane monitor control relay
45, Provision for connection of communiations system.

Type to be determined later, upon selection of
communications system.

The Communications System

The communications system should be provided which will
perform the following functions.

145



Pre-Start Warning Device for Stage Loader and Face
Conveyor

This device must generate a warning tone whenever the
start switch is put into the "on" or "run" position. The warning
tone must be sufficiently loud and distinctive that it can be
heard over any other noises generated around the longwall face
area. It must be able to be heard for the full length of each
conveyor protected.

The starting of the conveyor must be delayed to a suffi-
cient amount of time to enable personnel to remove themselves from
dangerous positions. The delay must not be sc long as to instill
a lack of urgency in the attitude of the miner to move into a safe
position. If the pre-start warning device is battery operated,
then it must ensure that the conveyor is inoperable 1f the batter-
ies are in a discharged state.

Conveyor Latch Out Device

The provision of a means of remotely preventing the opera-
tion of a machine is required. This is to enable personnel to
work on sections of the conveyor distant from the main controls
without the possibility of an inadvertent start of the machine.
An indication of the location of the "lockout" should be available

on the master control station.

Audic Communications

A paging type audio system is required and must not be
capable of being connected to the general mine telephcone system.

Signaling System

A pushbutton type signaling system must be provided for
two-way communications from the main control station to the fur-
thest extent of both the stage loader and the face conveyor.

System Testing

The communications system may have various features which
interact with each other but the condition of the various features
should be displayed at the master control station.

Methane Monitor

Not less than three (3) methane monitoring units shall be
provided and these will be located, one on the second last support
at the tailgate end of the face, one on the second support on the
headgate end of the face and one on or close to the stage loader
drive.
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The methane monitor shall be designed and installed so

that it will give a continucus indication at the main control that
it is in working order and also indicate the percentage of methane
present in the airstream at the area of the monitor head.

In the event of the monitor not being in proper working
condition, it should then make the electrical controls for the
system inoperable.

When that percentage of methane reaches two (2) percent,

the monitor should be arranged to cut the power from the whole
system irrespective of which monitor head sensed the 2% methane.

The methane monitor proposed must be robust enough to
withstand the normal vibrations on machinery such as the stage
loader.

Cables

The equipment shall include all control and lighting
cables and the necessary conduit, fittings, glands, etc., which
are necessary to suit the control, the lighting and communications
systems which are proposed and their specifications and lengths
should be enumerated in the proposal. All cables used must carry
the approval of the appropriate regulating authority.

Sequence Control

Sequence control must be provided between the gate con-
veyor and the stage loader, and the stage loader and the face
conveyor. The stage loader crusher should also be automatically
started before the stage loader conveyor.

Lighting System

The face lighting system proposed must be approved in
advance of delivery by the regulating agencies. It is very likely
that none of the lighting manufacturers will have an approved STE
for equipment to be used on a longwall of 4.9 to 5.5 m (16 to 18
ft.) high. It is assumed that the supplier can obtain the STE and
that the lamps do not afford too much glare. The lighting system
must be easy to maintain and to disconnect for face moves. The
use of permissible connector is recommended.

Supervision of Installation

The installation work will be done by mine personnel, how-
ever, the installaticon of the electrical system must be under the
direct supervision and control of a knowledgeable representative

of the manufacturer. The manufacturer's representative will be
made available during receipt of the equipment at the mine site
and during installation and for a maximum of six (6) weeks after
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start up to ensure that the customer receives a working system.
The date of start up shall be deemed to be the time and date
approved by MSHA Approval and Certification Center, Triadelphia.

The owner's senior representative at the mine will deter-
mine the suitability or otherwise of the manufacturer's represen-—
tative.

Recommendations for the Face-to-Face Move

The equipment shall include all special equipment required
for the face-to-face move including lifting and holisting devices.
Convenient anchorage points will be designed for equipment han-
dling. Directions will be provided to mine management on how the
equipment should be moved.

5.3.8 Summary

For longwall mining 16 feet in a single pass under the
geological conditions prevailing in U. S. coal mines, U. S. regu-
lations lead to the selection of a retreating longwall with double
entries driven on the seam floor, 9-10 feet high. Driving in all
the thickness would require a single entry system. An advancing
longwall will also require a single entry system.

The double entry sys$tem includes a yielding chain of pil-
lars to ease the roof caving when the pillars are not extracted.

When selecting equipment for longwall mining a thick seam,
the following recommendations apply:

o To reduce the roof area as much as possible
to be supported, therefore:

- the shearer will be using a steering
underframe to control the verticality
of the cut, and

- the total length of the support canopy
should not exceed 3.5 meters.

Support will be preferably a two-leg shield.
Closeness to the coal face is preferred to
a high support resistance. For the same
reason, the conveyor should be mounted on
a frame and the support bases advanced

under it.

o To prevent face sloughing, the top bench
will be cut first and the support will be
advanced when the bottom coal is still un=-
cut.
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Face-to-face move is a major problem still aggravated by

In addition, each shield will be equipped
with face sprags.

To achieve good dust control resulting in a
high rate of advance.

the low height of the entries. Face-to-face move

should be provided by the manufacturer.
for the move should always be part of any longwall face eguipment

order.

The given egquipment specifications also include
such as:

features,

O

An increase of the shield width by 50%.

That will reduce the face support cost and
simplify the shield design.

An advanced dust control system including
an automatic variable water delivery system
to adapt the amount of water to the quan-
tity of coal produced.
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6.0 ECONOMIC ANALYSIS

6.1 Scenario Selection

With presently available longwall mining equipment, a 5 m
(16 ft.) thick seam can be worked in two ways, (1) full face cut,
or (2) two bench face cuts (Section 5.1.4). The two bench method,
which is beneficial to dust control and prevents face sloughing,
is recommended. However, both will be considered in the economic
analysis.

Some European mine layouts suitable for thick seams are
very appealing, but they require single entry development. In the
United States, these methods would necessitate variances from the
Code of Federal Regqulations which are not likely to be approved.
The development method which is suggested is a two-entry develop-
ment plan, or if necessary, a three-entry plan. This results in
driving entries in a height limited to 9 or 10 feet for better
safety. The optimum development 1s a two-entry system. The
economic calculations will be based on this assumption.

The eccnomic analysis of single pass longwall mining is

based on the information derived from the conceptual mine design
and equipment specifications which have been recommended for

application to U. 8. mining conditions.

Considering that the current mining operations in the
selected mines are utilizing room—and-pillar methods at a height
of 9 feet, it seems reasonable to take the current results of this
method as a basis for comparison with the expected results of a
longwall face extracting a height of 16 feet. Longwall mining
only 11 feet is another possible comparison basis.

Selected scenarios are:

Plans 1 and 2 involve mining a 16-foot seam using a long-
wall mining system supported by two continuous miners for main,
submain, panel and face development. When development work is
completed to stay ahead of the longwall, the continuous miners
are used for room-and-pillar mining. In Plan 1, the shearer cuts
the full thickness with a 2.18 ft. wide web, when in Plan 2, two
benches are successively cut with a 3.28 ft. wide web. The speed
varies in accordance, 15 ft/min for Plan 1, 20 ft/min for Plan 2
with the same production of 1250 tons/hour. Reducing the shearer
speed to keep a web depth of 3.28 feet would be detrimental to
dust control. Keeping the same speed with a deep web 1is not
feasible with the power and haulage force of available shearers.

Plan 3 involves mining 9 feet of the seam by using six
continuous miners on a room-and-pillar basis (current mining
method) .
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Plan 4 involves mining 11 feet of the seam by using a
longwall mining system supported by two continuocus miners for
main, submain, panel and face development. As in Plans 1 and 2,
the continuous miners are used for room-and-pillar mining when
available. In Plan 4, the shearer speed is 24 ft/min. Also,
shield capital and maintenance is 20% less than in Plans 1 and 2
due to the reduced seam height.

The study requires a longwall production model, a mine
design, and a mining cost analysis model.

6.2 Longwall Production Model

It is difficult to assess the importance of delays which
may occur, even after careful selection of face equipment and
organization. Breakdowns are reduced but not eliminated through
equipment selection and preventive maintenance, and a proper face
organization can considerabkly reduce delays due to coal lumps.
For the production model, delays will be summarized in a reduction
of the available time.

The face conveyor c¢apacity is sometimes considered as a
limiting factor in a production model.  In this case, the shearer
speed is to be in accordance with the conveyor capacity. The face
equipment for this project has been selected to allow a production
rate of 1250 tons/hour while mining a 16 foot thick seam. It is
assumed that the shearer will maintain its speed across the face
with the production slowed and stopped only at the face ends to
perform the operations necessary to start a new pass (cowl and
drum inversion and conveyor snaking). These operations are shown
in detail on Figures 6-la and 6-1b for the bi-directional full
face cut method and on Figures ©6-2a and 6-2b for the two bench
method. In addition, production must be stopped for the replace-
ment of worn bits. Bits may last several webs when cutting only
cocal, but this is not the case when cutting in a hard floor. A
hard floor may be present in some areas of SUFCo's mine.

In most of the U. S. longwall faces presently operating,
the production could also be limited by the dust standard reguire-
ments if dust control is not very efficient.

Finally, longwall production is interrupted at the end of
each panel when a transfer of face equipment 1s required.

For the studied cases, the shift production can be cal-
culated using either equation (1) or (2).

Full Face Cut (Bi-directional)

Production = Pg = Ao x Vg x (SH)(WS) (D) x (FL) (L)
Per Shift (FLY + (sTy,) x (VS)
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Two Benches (Bi-directional)

Production = Pg = Ao x Vg x (SH)(WS) (D) x (FL) (2)
Per Shift 2(FL) + (STg) x (VS)

A, = Available time

Vg = Shearer speed

SL = Sump face length

FL = Face length in feet
SH = Seam height in feet
WS = Web size in feet

d = Density coal {.04 tons/cubic foot)

) ) 2 SL
8Ty, = Sumping Time = Vg + TD
SL = Length of sump face
Vg = Shearer speed
TD = Unproductive face end operations

These equations will give a production estimate according
to the various face length and assumptions of face end delay

times.

Available time

The total available shift time was estimated to be 360
minutes. The available time for machine cutting was assumed to
be 250 minutes, 69.4% of 360 minutes available after mantrips and
lunch time deduction. That represents only 52% of the 24 hours
whic? could be used (36% of the time available in a seven-day
week).

Face End Operations

The required face end operations are different from one
face organization to another. When utilizing a double ended rang-
ing drum shearer, the sumping face distance has been estimated to
bhe 100 feet. Raising and lowering the drums and inverting the
cowls takes only 3 minutes per operation. This was called unpro-
ductive face end operations.

The productive sumping operation is twice the sumping
length divided by the shearer speed.
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This calculation yields the minimum time required for face
end operations per web. To this time, some delay time may be
added varying from O to 20 minutes. The main cause of delay is
generally bit replacement, but may be waiting time for roof sup-
port advancement.

The time required for face end operations has an important
impact on the optimum face length. Therefore, two values are con-
sidered in each case. When sumping time includes 20 minutes delay
time, the machine time is reduced to about 50% of the total avail-
able shift time. This is considered as the base case of the eco-
nomic analysis.

Shearer Speed

The shearer has been selected to obtain a peak production
rate of 1250 tons/hour. If necessary, the drum design will have
to be modified to adapt the bit lacing to the seam. The difficult
point is to combine efficient dust control and shearing efficiency.
The depth of cut by the bits has to reach the maximum possible to
limit dust production. However, in the first trial the planned
depth of cut corresponding to the maximum speed can be unrealistic
and the drum will have to be modified. It has been assumed that a
20 feet/minute speed can be the normal average speed for the 500 kw
shearer loader cutting two successive benches with a 1 m wide web.

Example with the following values:

Face length = 500 feet
Seam height = 16 feet

Web width = 3.28 feet
Sumping face length = 131 feet

Available machine time = 250 minutes

45 minutes

Sumping time per pass

Shearer speed = 20 feet/minute

The production per shift is:

250 x 20 x 16 x 3.28 x 0.04 500
s * ’ {1000 - 131} + 51 x 20

2762 tons/shift

P

When using 25 minutes for sumping time:

Pg = 3498 tons/shift
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The increase in time estimated for face end operations has
a major effect on the shift production. Twelve minutes for unpro-
ductive face end operations is 19% of the machine cutting time.
Thirty-two minutes is 50% of the machine cutting time, in this
example.

Face~to—-Face Moves

An important limitation to longwall mining efficiency is
the cost and time necessary to move the face equipment from one
panel to another. This may be a major problem if these operations
are not well planned in advance. For this study, a 40 shift move
time is used, which KETRON considers to be sufficient with proper
planning. The required manpower will be supplied by the face
crews (3 x 12 = 36) and the panel development crew (2 x 7 + 5 =
19), a total of 55 men/day or 733 man days, without adding part of
the backup manpower which should be available.

Tons per year are calculated by using the following equa-
tion.

Py, = PgSp (Ny - My Np)

Py = tons per year of ROM coal

P, = Tons per shift

S = Number of shifts per day

Ny, = Number of working days éer year

M,, = Number of moves per year; each move
requiring N, working days

PL = Panel length
SH = Seam height

FL = Face length

d =‘Coa1 density

Moves per year are calculated by dividing the longwall
face yearly production by the total tonnage of a panel.

P Pg Sp (Ny - Np My)

b4

“{sH)(FL) (PL)d (SH) (FL) (PL)4

or Pg Sn Nw

Y P, S, N_ + (SH)} (FL) (PL)d
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According to the panel dimensions, moves taking 40 shifts
reduce the average daily production by 2% to 24%. Table 6-1 shows
the impact of face moves on the average annual production.

6.3 Mine Design

To compare longwall mining with room-and-pillar methods,
a hypothetical mine has been designed on the basis of real mine
data using two assumptions, 1) room-and-pillar method with six
sections, 2) longwall mining with one longwall face and two con-
tinuous miners.

6.3.1 Room-and-Pillar Mine Design

In the first year, main entries are developed with one
continuous miner section driving eight entries (18 feet by 9 feet)
with a 84-foot by 100-foot center pattern. The productivity rate
is 850 tons per producing shift on the basis of two producing
shifts and one idle shift per day, or 850 x 2 + 3 = 566.7 tons
average per shift on a three-shift basis. With this productivity,
the rate of advance of an eight-entry development will be approxi-
mately seven feet/shift as a result of the following calculation:

entry width x height x density {(number of entries
X pillar length + number of crosscuts x pillar width) =

18 x 9 x 1 x 0.04 (8 x 100 + (84 - 18) x 7) = 8178 tons

for 100 feet of advance or 81.78 tons/foot advance.

To reach this productivity level, the required equipment
is as follows:

One continuous miner $ 500,000
Three teletrams @ $180,000 540,000
Other equipment 460,000
TOTAL COST $1,500,000

The crew on both production shifts consists of seven men,
including foreman. The idle shift employs a maintenance crew of
five men. The total workforce per day will be 7 x 2 + 5 = 19
(including foreman). Backup labor has to be added by using a
multiplying factor of two.

In the second year, a second continuocus miner section is
added. The number of sections are increased to four during the
third year and reaches fthe maximum of six continuous miners the
fourth year. .
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After sufficient development of the main eight entries,
submains with six entries can be developed (9 feet high) with the
same width (18 feet) and the same pattern (84-foot by 100-foot
center). An advance of 100 feet with six entries produces

18 ft. x 9 ft. x 1 x 0.04 +/ft.3 (6 x 100 ft. +
(84 ft. - 18 ft.) 5) = 6026.4 tons

or 60.26 tons/foot. A six entry system advances at 9.404 feet/
shift in average on a three shift/day basis. Panels are then
developed and pillars extracted with the same productivity.

Panel development for room and pillars uses a three entry
pattern including a yielding pillar chain (Figures 6-3 and 6-4).

120 feet of advance represents:

0.04 t/cubic ft. x 18 ft. x 9 ft. x (3 x 120 ft. +
2 x 42 ft. + 30 ft.) = 3071.52 tons

This would require 3.614 shifts at 850 tons
or 5.42 shifts on a three shift basis (two
producing and one idle shift) or 22.14 feet/
shift.

Panel extraction by continuous miner may be represented
as a 500-foot retreating face producing an average production per
foot equal to 500 x 9 x 0.04 = 180 tons. This means 9.44 feet of
advance is required to produce 1700 tons, or 3.148 feet of advance
per shift on a three-shift basis (two producing and one idle
shift). The mining sequence is shown on Figures 6-~3 and 6-4.

It is possible to use an average figure for development
and extraction of a room and pillar panel. The width will be 626
feet instead of 500. The panel will be extracted at 80%. One
chain of 30 x 100 pillars will remain to protect the entry
against the following panel.

Total tonnage per foot of panel length is:
9 (626 - 30) x 0.04 x 0.8 = 173 tons

3.3 feet are mined per shift on a three-shift basis (10 feet/
day). Panels are retreated at a slow rate of advance. That
requires several panels mined simultaneously.

6.3.2 Mine Design for Longwall Mining

It is assumed that prior to longwall mining, development
operations will require one year with one continuous miner section
(two shifts) driving main entries (eight) at the rate of 850 tons
shift which means seven feet per shift on a three-shift basis or
5000 feet per year.
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Then the second and third vyears utilize two continuous
miner sections {two shifts producing) driving main entries (eight
entries) and submains {(six entries).

The six—~entry development rate of advance is nine feet/
shift. The total driven in three vears is:

First Second Third Total
Year Year Year Feet

(eight entries) mains 4,997 4,997 4,997 14,991

(six entries) submains 6,760 6,770 13,530

Total 4,997 11,757 11,767 28,521

This seems reasonable before starting a retreating longwall panel.
Estimations assume 18 feet wide, 9 feet high entries with a 84-foot
by 100-foot center pattern, identical with the mine design for
room-and-pillar mining.

The longwall equipment will be bought at the end of year
three. Year four will start with one longwall face equipment
ready to install and two continuous miner sections.

Equipment

Continuous miner sections are equipped identically to the
CM section for room—-and-pillar methods.

Investment cost for the longwall face eguipment mining a
thickness of 12 feet (500 feet long):

1 AFC 2 x 30 mm chain or 1 34 mm
2 X 300 kW drive ends right angle
delivery 600, 000
additional cost for side delivery 123,000
1 Shearer Loader Eickhoff 300 L 27 rpm 1,400,000
Eicotrack and ramp plates 600, 000
Shearer Breaker 75,000
104 shield 2 x 250 tons (1.8/4.00 m)
including face end shields (unit cost 65,000) 7,000,000
1 power pack 150,000
1 stage loader 350,000
1 crusher breaker : 100,000
transformer 45,000
gate boxes 100,000
cables 52,000
telephone 45,000
lighting 55,000

10,695,600

165



Alternatives shearer AM 500 1,200,000

lump breaker 120,000
roll rack 600, 000
Sagem super DTS - 1,000,000
Peratrack 450,000
Dynatrack 550,000
four-leg shield ‘ o, 500,000
addition for curved conveyor in excess
of stage loader cost 150, 000

The cost of the face equipment required to mine a 1l6-foot
seam {18 feet maximum) should be increased by 2 to 2.6 million
dollars; the price of shields being increased from $65,000 to
$85,000 or $90,000.

An increase of the shield width from five feet to seven
feet should decrease the price by 10% or $1,000,000, In this
case, the 500-foot face equipment will cost about 12,000,000 dol-
lars, The more accurate figure of $11,830,000 has been used for
the base case of a 500-~foot longwall in a 16-foot seam with the
following breakdown:

Face conveyor $1,458,000

Shearer 1,475,000
Shields 8,000,000
Others 897,000

- Labor: Segment Type 1 (panel development)
The crew for each production shift is seven
men; on the idle shift there is a mainte-
nance crew of five men. Total per day will
be 7 x 2 + 5 =19 (including foreman).
When including backup labor by using a mul-
tiplying factor of two, the manpower 1is
19 x 2 = 38 men/day.

- Labor: Segment Type 2 (longwall panel ex-
traction) The longwall is assumed +to be
working three shifts of 12 men/crew. With
the same coefficient for backup labor
(coef 2), the results are 12 x 3 = 36 at
the face and 36 x 2 = 72 men/day as a total
workforce.

Mining Strategy

At the beginning of the fourth year after three years of
development, the mining strategy is to begin with 40 shifts for
longwall face equipment installation. After which, both longwall
panel extraction and panel development proceeds. Panel and face
development is done on a two shift per day basis while longwall
extraction and longwall moves are done on a three shift per day
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basis for 240 days per year. When' the development of the next
panel, which is ahead of the longwall panel being extracted, is
completed, other development proceeds (mains or submains), except
during the face equipment move which is assumed to take 40 shifts
and requires additional manpower. A panel cycle is considered to
include a 40 shift longwall move and the longwall panel extraction.

Length of development required to develop longwall panels
varies with the size of panels. We use the basic pattern shown
above. (See Figures 6-5 and 6-6.)

That means, a main entry with 2 x 300' barriers is 606
feet wide + 600 = 1206 feet. A submain entry with 450 feet
(200 + 250) of barrier is 438 + 450 = 988 feet wide.

If a main is used for 10 longwall panels (five each side)
the development length required for one panel is:

L + 988
10 of main

300
w + 75 of submain,

if L is the panel length and w its width including the two
entries.

Example: panel length: 3000 face length: 500
3000 + 988
10 = 398.8 feet of main
300

(500 + 84 + 18) + "5 = 662 feet of submain

In a model as well as in a real mine it is difficult to
match development and panel extraction. If a continuocus miner
section could remain as a spare section for a while, the men nor-
mally working with this equipment have to be employed. It is
therefore assumed that some panels will still be mined by rooms
and pillars even in a mine using longwall mining. These panels
will preferably be of small size and/or of irregular shape, for
instance, in the vicinity of faults.

Mine Tree

The previously described organization is represented by
the two following mine trees with six continuous miner sections
(Figure 6-7) and with two continuous miner sections and one long-
wall (Figure 6-8). .
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6.3.3 Data and Assumptions for Mine Cost Analysis

6.3.3.1 Wages

For the contract year 1980-1981, the hourly and daily wages
are as follows:

Contract Year: 1980 ~ 1981

TMWA ,
Labor Hourly Per Hour Shift Daily
Grade Rate (§) Differential (¢) Wage ($)
5 9.97 20 {(2) (1) 84.52
30 (3) (2) 86.12
(3) 86.92
7 9.56 - (1) 81.28
(2) 82.88
(3) B83.68
3 9.19 - (1) 78.34
(2) 79.94
(3) 80.74
2 8.97 - (1} /6.56
{2) 78.16
{(3) 78.96
1 8.90 - (1) 75.98
(2) 77.58
(3) 78.38

{1) 1st Shift (2) 2nd Shift (3) 3rd Shift

To take into account some additional costs such as overtime
paid, an average daily wage of 87 dollars is used, with a coeffi-

cient of 1.9 for overhead and benefits. The cost of a man/day is
165.3 dollars when overhead and benefits are included.

A continuous miner section with 19 men/day has a manpower
cost of 3140.70 dollars and with backup labor at a factor of 2,
the total manpower cost is 6281.40 dollars/day. A longwall face
section with 36 men/day has a manpower cost of $5950.80/day and
with backup labor at a factor of 2, the total manpower cost is
$11901.60/day, including supervision.

6.3.3.2 Equipment Cost Assumptions

A continuous miner costs $500,000, is assumed to have a
five-year life and a maintenance cost of 25%/year, or §125,000
per year ($173.61 per shift). A teletram costs $180,000 with a
five-year life and a maintenance cost of 22%/year ($166.65 per
shift for three teletrams). Other CM section equipment costs
$460,000 with a five-year life and a maintenance of 12%. Sup-
plies are $2.44/ton.
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Longwall roof support costs $8,000,000 (for 500 feet), has
an eight-year life, with a maintenance cost of 6%/year (666.667 per
shift). Shearer loader is $1,475,000, has a five-year life, with
a maintenance cost of 20%/year (409.72 per shift). Conveyor costs
$1,458,000, has a two-year life, with a maintenance cost of 10%/
year (202.5 per shift). Other longwall equipment costs $897,000,
with a maintenance of 10%, or 124.58 per shift. Supplies are
1.29/ton.

5.3.3.3 Other Costg and Assumptions

Selling price: §13/ton

Royalty : 0.1667% of selling price
($3/ton)

Depletion s 10%

Income tax : 2%

Ten million dollars pre-productive development

The value of $10 million of pre-productive development
for a ten year study seems reasonable. It must be pointed out
that if this investment has a notable importance on financial
results, it does not seriously alter the cost comparison between
plans {(Table 6-2).

TABLE 6-2

EFFECT OF PRE-PRODUCTION DEVELOPMENT COSTS

PLAN 2 PLAN 3
PREPRODUCTION LONGWAILL CONTINUQUS MINER
DEVELOPMENT REQUIRED REQUIRED
COSTS SELLING PRICE SELLING PRICE DIFFERENCE
0 $ 8.75/ton $10.05/ton 1.3
BASE 10 11.56/ton : 12.45/ton 0.9
20 14.54/ton 15.25/ton 0.7
5.4 Mine Cost Analysis Model

To measure economic efficiency of alternate mining meth-
ods, the effect of the investment must be evaluated on the entire
mine and for a long period, if not the entire life of the mine.
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The KETRON, INC. Mining Economic Model was used to simu-

late production and determine the financial results for each mine
plan and various design parameters.

The features of this model are:

1. Simulate annual production based on mine
design and production strategy.

2. Compute standard financial measures.

3. Provide flexibility in analyzing mining
scenarios.

The sequence of mining operations must be defined to simu-
late production. Inputs are regquired that specify the advance and
production rates per shift for each mining operation. Figures 6-7
and 6~-8 show the mining sequence and timing for the operations
involved for Plans 2 and 3.

Inputs to the financial portion of this model include oper-
ating costs, capital costs, discount rate and the selling price
anticipated for production. Production is translated into revenue
flows and the costs of the operations are determined, including
taxes, depreciation, etc.

This model provides numerous outputs, including the fol-
lowing financial reports:

1. Capital expenditures

2. Production and revenues

3. Cash operating costs

4, HNon-cash operating expenses

5. Net profit

6. Cash flow

7. Summary statistics, including summaries of
the above, and return on investment (for
the estimated selling price), net present
value, and the required selling price to
provide a return on investment of 25% (in
this study).

Detailed information concerning this model is documented
in 0il Shale Cost Analysis, Volume III, 0Oil Shale Mining Economic
Model, Draft Users Guide, November 7, 1980, Contract No. U. S. DOE
ET-77-C-01-8915 (13/14}.

Rate of Return on Investment

The Rate of Return on Investment (ROI) technique evaluates
the rate of return that results from a capital investment, based
upon predicted annual (net) cash flows. This may be interpreted

174



as the interest rate that the investor would have to charge on a
capital loan of equivalent risk, in order to be indifferent
between the investment and the loan.

This calculated "interest rate" can be used by a decision-
maker for two purposes:

1. to determine if the investment provides a
sufficient rate of return +to compensate
him for This cost of <capital and for the
degree of "risk" involved in the invest-
ment, and

2. to permit meaningful comparisons of al-
ternate investments. From a purely eco-
nomic point of view, the investment with
the highest ROI would be selected.

The Rate of Return on Investment is evaluated by solving
the following equation for r:

p=_>51 + 52 P
(L + r) (1 + r)? (L + )0
where:
P = Initial Capital Investment
S1. 82, .... S, = Expected Cash Flow in Year 1, 2,...n

r = Rate of Return on Investment

Present Value

The present value is obtained from the cash flow equation
in the following manner:

py = _ 51 + 52 P - S
(1 + i) (1L+ 1)2 (1L + i)n
where:
PV = Present Value
1+ 52+ +4v. Sp = Expected Cash Flow per Year

i = Pre-selected "discounting" Rate

As stated, the factor i is the minimum acceptable rate of
return that a decision-maker is willing to accept for his initial
capital investment, given the deqree of risk involved. For
example, by cheosing i = 0.25, the decision-maker demands a rate
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cf return on investment of at least 25%. If the present wvalue

calculated with this value of i is greater than the initial capital
investment, then the criteria is met.

Alternate investments which are otherwise equivalent can
be evaluated by comparing their excess Present Value over their
required capital investment: the investment with the highest excess
Present Value would be selected.

Both Present Value and Rate of Return techniques take into

account the time value of money and are equally valid for evaluat-
ing investments,

Rate of Escalation

All calculations have been made in 1981 dollars with price
escalation on the basis of January 1981, prices and wages. Costs
and coal selling prices were not escalated. Thus dollars repre-
sent 1981 values.

6.5 Results

When studying the replacement of continuous miner opera-
tions by longwall mining 16 feet in a single pass, two questions
arise: What would be the result of extracting only 11 feet
(Plan 4): and what is the effect of differing face organizations
(full face cut, two bench method) and panel dimensions?

Table 6-3 shows a comparison of Plan 1 (16 feet full face
cut), Plan 2 (16 feet two bench method), and Plan 4 (extracting
11 feet only). Plan 2 is the most favorable. Therefore, the
remaining part of the economic study has been made by varying
panel dimensions (Table 6-4), using only Plan 2 and comparing to
Plan 3. The sensitivity analysis has been made around the base
case of Plan 2 (500 feet x 3000 feet panel).

1. Plans 1 and 2 {(longwall with two contin-
uous miners) have economic advantages
over Plan 3, (six continuous miners using
room-and-pillar mining).

2. Plan 4, longwall mining extracting only
11 feet from a 16 foot seam, shows mod-
erate reduction in economic advantages
from Plan 1 which was mining 16 feet,
This is due to the reduced 1level of pro-
duction per shift.

3. Plans 2 and 3 have essentially identical

10-year production; however, Plan 3 has
some production (thus revenue) sooner

than Plan 2 (Figure 6-9). Plan 3 (six
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TABLE 6-4
THICK SEAM ECONOMIC SUMMARY

REQUIRED
PANEL FACE SUMP SELLING
MINE LENGTH LENGTH TIME % BASE ROI PRICE*
PLAN feet feet min. | PRODUCTION % $ /TON
1 2000 300" 3.3 100% N/A $13.52
2000 800 42.3 100 N/A 12.18
2000 300 22.3 100 N/A 12.14
2000 800 22.3 100 N/A 11.11
3000 300 42.3 100 N/A 13.26
3000 500 42.3 100 N/A 12.38
3000 800 42.3 100 N/A 11.99
3000 300 22.3 100 N/A 11.77
3000 500 22.3 100 N/A 11.08
3000 800 22.3 100 N/A 10.86
4000 300 42.3 100 N/A 13.12
4000 800 42.3 100 N/A 11.85
4000 300 22.3 100 N/A 11.58
4000 500 22.3 100 N/A 10.91
4000 800 22.3 100 N/A 10.76
2 2000 300 35 100 41.43 12.72
2000 500 45 100 45.07 11.85
2000 300 25 100 46.28 11.59
3000 300 45 100 43.49 12.27
3000 350 45 100 44.09 12.10
3000 450 45 100 45.99 11.68
Base 3000 500 45 100 46.45 11.56
3000 600 45 100 47.13 11.40
3000 800 45 100 47.53 11.31
3000 300 25 100 49.09 11.05
3000 350 25 100 49.42 10.95
3000 450 25 100 50.77. | 10.67
3000 500 25 100 51.14 | 10.50
3000 600 25 100 51.58 10.48
3000 800 25 100 51.67 10.47
4000 300 45 100 43.78 12.19
4000 500 45 100 47.08 11.43
4000 300 25 100 49.40 10.96
3 — o - — 16,47 12.45
4 3000 500 16 100 21.96 17.58
3000 400 26 100 47.12 11.44

!

Longwall plus 2 continuous miners (16 feet-full face cut)
Longwall plus 2 continuous miners (16 feet-two bench method)
6 continuous miners

Longwall plus 2 continuous miners (extracting 11 feet only)

b Lo b
11

}

*Required selling price for 25% ROI; the ROI shown above is
realized when coal sells for $18 per ton.
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The longwall face equipment is installed only after three years
development, when in a room-and-pillar mining, more sections
can be added after two years. The result is a delay in produc-
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FIGURE 6-9

Plan 2 and Plan 3 Yearly Production Levels
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continuous miners) has an appreciably

larger annual operating cost than Plan 2
(longwall) but Plan 3 (Figure 6-~10) has
significantly lower c¢apital costs than
Plan 2 (Figure 6-11). The return on in-
vestment is essentially the same (46.4%)
for both plans, yet the required selling
price for coal (to return 25% on invest-
ment) is higher for Plan 3 ($12.45 per
ton) than Plan 2 {$11.56 per ton) (Table
6-3). TFor a 25% ROI, Plan 2 (longwall)
is more econcmical than Plan 3 (six con-
tinucus miners).

Comparison of the ROI and the required
selling price per ton (to earn 25% ROI)
between cases, where the longwall para-
meters in Plan 1 were varied, 1s shown
on Table 6-5.

The results of longwall parametric
variations to Plan 2 (Figure 6-12 and
Table 6-4) are summarized as follows:

Panel length. The longer the panel, the
the more economical. This reduces the
nonproductive longwall moves. Costs that
would occur as the panel length becomes
excessive are not included.

Face length. The longer the face length,
the more economical. This reduces the
nonproductive longwall sumping times.
The increased production per shift, by
reducing the face turn-around sumping
times, offsets the increased capital and
maintenance costs for shields and face
conveyors as the face is lengthened, but
costs that would occur as the face length
becomes excessive are not included.

Sumping time. Plan 2, base case, uses a
longwall sumping time of 45 minutes per
sump. This includes 20 minutes of delay
time during sumping, in addition to the
12 minutes required for nonproductive
sumping operations. When this nonproduc-
tive sumping time is reduced to 12 min-
utes for a total sumping time of 25 min-
utes, production increases per shift and,
of course, economy increases by about $1.
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Annual Operating Costs - Millions of Dollars
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FIGURE 6-10

Plan 2 and Plan 3 Annual Operating Cost Levels
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Cunulative Capital Expenditures - Millions of Dollars
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FIGURE 6-11

Plan 2 and Plan 3 Cumulative Capital Expenditures
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TABLE 6-5

SENSITIVITY ANALYSIS - PLAN 2

REQUIRED SELLING PRICE FOR PARAMETER VARIATIONS

BASE = 500 FOOT X 3000 FOOT PANEL

_ $ of Required Selling

Longwall Parameter Value Base Price $/Ton
Longwall Production Rate 1389 50% $14.52
(tons per shift) 2362 85 12.28
2778 Base 11.506
3195 115 10.99
Sump Time (minutes) 25 61 10.50
45 Base 11.56
Face Length (feet) 300 60 12,27
350 70 12.10
450 90 11.68
500 Base 11.56
600 120 11.40
800 l60 11.31
Panel Length (feet) 2000 67 11.85
3000 Base 11.56
4000 133 11.43
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FIGURE 6-12

Required Selling Price Sensitivity With Long-
wall Parameters Varied One at a Time - Plan 2
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Production. Ten million dollars of pre-
production development and other up-front
capital costs are included, making pro-
duction per shift a sensitive positive
factor towards economy. The production
from the longwall Plan 2 base case was
varied from 50% to 115% production to
observe the economic sensitivity to long-
wall production. Results vary from
$14.52 (50%) to $10.99 (115%) (Table
6-5). Plan 2 versus Plan 3 crossover
point occurs at about 83%.

In the selected case, 6200 tons per day 1is the average
annual production a 500 foot longwall should yield to compete with
a room-and~pillar method producing an average of 850 tons/shift.
This is feasible {with effective dust control) if sloughing of the
face does not cause important delays. The application of a "one
web back" shield support and a two bench method, will help to
achieve a satisfactory control of the coal face.

The results of this study indicate that the production and

economics of such longwall mining operations can be bettqr than
room-and-pillar or multi~slice longwall mining methods 1in the
extraction of such thick seams.

Resource recovery of thick coal reserves will increase
through single pass longwall mining method by 50%.
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7.0 CONCLUSIONS

The states of Alaska, Colorado, Montana, New Mexico, Utah
and Wyoming contain an estimated 125 billion tons of in place coal
reserves which can possibly be mined in a single pass (10 to 20
feet in thickness). This figure represents approximately 25% of
the total identified reserves in these states.

The present practice of extracting coal by the room—and-
pillar method limits the mined thickness to a height of 9 feet.
When longwall mining is considered, total extraction of the seam
is not planned, because of uncertainties stemming from the appli-
cation of an untested system. The maximum thickness appears to

be 4.3 m (14 ft.).

Several other countries are currently longwall mining
thick seams. Among these are the USSR, Poland, Germany, Australia
and the United Kingdom. These countries have developed methods to
mine the thick seams by longwall mining in sucessive slices or in
one pass, with or without sublevel caving. Their experience shows
a steady increase of the upper limit of extraction height from an
economic point of view. Shearers have been developed up to 5.4 m
and shield roof supports have been manufactured for 6 m heights.

Geologic parameters such as coal strength, presence of

cleats and fissures, composition and strength of the strata, and
type of coal are important factors in mining thick seams.

In the United States, where the coal mines are not as deep
as in Europe, the conditions are technically favorable for suc-
cessful implementation of a single pass longwall method up to 16
feet. On the other hand, market conditions are such that a sin-
gle pass longwall system should be very productive in the United
States,

The economic study shows that 6,200 tons per day is the
average annual production that a 500 foot longwall should yield
to compete with a room-and—plllar method producing an average of
850 tons/shift. This is feasible (with effective dust control)
if sloughing of the face does not cause important delays. To
avoid face sloughing, it is recommended that instead of cutting
the entire thickness with two large diameter drums, the top bench
be mined first with a double ended drum shearer equipped with
smaller diameter drums. The application of "one web back" shield:
supports advancing before mining the bottom bench will help to
achieve a satisfactory contrcl of the coal face.

U. S. regulations have governed the selection of a retreat-
ing longwall with a multiple entry driven on the seam floor, 9 to

10 feet high. A single entry system or an advancing longwall sys-
tem would be required for driving entries in the total thickness.
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The double entry system has been preferred to a three
entry system because it includes a yielding chain of pillars to
ease roof caving when the pillars are not extracted.

In the selection of equipment for longwall mining a thick
seam, the following are recommended:

o] Reduction of the unsupported'roof area by
using a steering shearer underframe to
control the angle of the cut.

o Limitation of the total 1length of the
support canopy at 3.5 meters. Selection
of two-leg shields.

(o) Use face conveyor underframe with the
support bases advancing under the con-
veyor for closeness to the coal face.

o Increase the shield width by 50%, thereby
reducing the face support cost and sim-
plifying the shield design.

o Dust control by using an automatic vari-
able water delivery system which adapts
the amount of water to the quantity of
coal produced.

The results of this study indicate that the production
and economics of such longwall mining operations would be better
than room-and-pillar or multi-slice longwall mining methods in
the extraction of such thick seams.

Resource recovery of thick ccal reserves will increase
through the use of the single pass longwall mining method. This
fact is not included in the economic analysis.

It is anticipated that some of the mine operators in the
western United States will commence mining 16-17 feet thick seams

and the technical and economic information contained in this study
will be utilized in such operations.
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APPENDIX A

RESOURCE CLASSIFICATIONS

AND DEFINITIONS



Resource Classifications

The U. S. Bureau of Mines (USBM) and the U. S. Geological
Survey (USGS) have defined a method of classification for coal
resources., This system classifies coal beds in terms of their
degree of geological identification and economic or technological

feasibility of recovery. The system is depicted below.

ICENTIFIED UrOISCOVERED J
Hypathetical Speculative
. {afarred L : .
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Continental U. S. Ccal Resources

For the purpose of this study, only identified resources

are considered. Estimates of undiscovered resources are too

unreliable to justify inclusion in this study. Inferred resources

are also included,



The terms used in the classification system are defined

as follows:

Resource -- A concentration of cocal in or on
the earth's crust in such form that economic
extraction is currently or potentially feasible.

Identified resources -- Specific bodies of coal

where location, gquality and quantity are known
from geologic evidence supported by engineering

measurements with respect to the demonstrated
category.

Undiscovered resources —-- Unspecified bodies of
coal surmised to exist on the basis of broad
geologic knowledge and theory.

Reserve —- That portion of the identified coal
resource that can be economically and legally
mined at the time of determination -- also
referred to as “recoverable reserve."”

Reserve base -- The component of the identified
coal resource from which the reserve is derived
by recoverability calculations.

The following definitions for measured, indicated, and
inferred are applicable to both the Reserve and Identified-

Subeconomic resource components.

Measured -- Coal for which estimates of the
quality and quantity have been computed, within
a margin of error of less than 20 percent; from
sample analyses and measurements from closely
spaced and geologically well-known sample sites.

Indicated -- Coal for which estimates of the
guality and quantity have been computed partly
from sample analyses and measurements and
partly from reasonable geologic projections.

Inferred -~ Coal in unexplored extensions of
"demonstrated" resources for which estimates
of the quality and size are based on geologic
evidence and projection.



Identified-subeconomic resources -- Coal beds
that are not "reserves," but may become so as a
result of changes in economic and legal condi-
tions.

Paramarginal -- The portion of "subeconomic
resources" that (1) borders on being economi-
cally producible, or (2) is not commercially
available solely because of legal or political
circumstances.

Submarginal -- The portion of "subeconomic
resources" that would require a substantially
higher price (more than 1.5 times the price
at the time of determination) or a major cost
reducing advance in technology.

Hypothetical resources —-- Undiscovered coal
that may reasonably be expected to exist in

a known mining district under known geologic
conditions. Exploration that confirms their
existence and reveals guantity and quality will

permit their reclassification as a "reserve" or
"identified-subeconomic resource."

Speculative resources -- Undiscovered coal that
may occur either in known types of deposits in
a favorable geologic setting where no discover-
ies have been made, or in as yet unknown types
of deposits that remain to be recognized.
Exploration that confirms their existence and
reveals quantity and quality will permit their
reclassification as "reserves" or "identified-
subeconomic resources."”




APPENDIX B

THICK SEAM DATA BASE

PART I -- BITUMINOUS RESOURCES

For bituminous coal, USGS tonnage estimates are given

for resources greater than 42 inches in thickness.
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APPENDIX B

THICK SEAM DATA BASE

PART II ~-- SUBBITUMINOUS RESOQURCES

For subbituminous coal, USGS tonnage estimates are given

for resources greater than 10 feet in thickness.
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INPUT DATA SUMMARY

Length of sump face: 131.2 ft.

Velocity of shearer: 20 ft./min.

Sumping time, excluding delay time: 13.12 min.
Available cutting time: 250 min.

Seam height: 16 ft.

Web size: 3.28 ft.

Coal density: .04 tons/cubic ft.

Face conveyor capital cost: $1458 K per 500 ft. of face
length «

Shields ;apital cost: $8000 K per 500 ft. of face length
Annual MTCE % applied to shields capital cost: 6%
Annual MTCE % applied to conveyor capital cost: 10%
Number’of shifts per work day: 3

Number of work days per year: 240

Main entry (8) adv. rate: 6.93 ft./shift
(on a 3 shift basis)

Sub-main entry (6) adv. rate: 9.4 ft./shift
(on a 3 shift basis)



LONGWALL VARIABLES
100% OF LONGWALL OPTIMUM PRODUCTION

FACE SUMPING ADV/ TONS /

LENGTH TIME SHIFT SHIFT
200 25 18.4518  2361.84
200 45 12.725 1628.8
600 25 9,71104  3729.04
600 45 7.8514 3014.94
800 25 7.8514 4019.92
800 45 6.58952  3373.83
1000 25 6.58952  4217.29
1000 45 5.6771 3633.34

. —— e —— i (s 07— —— T — — — TS (0 ) —————— ——

COSTS RELATED TO FACE LENGTH

VARIABLE OPR. COSTS
$ PER SHIFT

VARIABLE EQUIPMENT COSTS
SK PER UNIT

FACE FACE SHIELD CONVEYOR
LENGTH CONVEYOR SHIELDS MAINT. MAINT.
200 ' 583.2 3200 266.667 81
600 1749.6 9600 800 243
800 2332.8 12800 1066.67 324

1000 2916 16000 1333.33 405

c-3



FACE SUMPING
LENGTH TIME
300 25
300 45
350 25
350 45
400 25
400 45
450 25
450 45
500 25
500 45

LONGWALL VARIABLES
100% OF LONGWALL OPTIMUM PRODUCTION

ADV/
SHIFT

15.0625
11.0156

13.7954
10.3223

12.725
9.71104

11.8088
9.16816

11.0156
8.68276

TONS/
SHIFT

28%1.99
2114.99

3090.17
2312.19

) ———. . — L — S S e} — o T A T S S S N . - —

3257.6
2486.03

3400.92
2640.43

3524.99
2778.48

COSTS RELATED TO FACE LENGTH

VARIABLE EQUIPMENT COSTS

$K PER UNIT

VARIABLE OPR. COSTS

FACE FACE

LENGTH CONVEYOR SHIELDS
300 874.8 4800
350 1020.6 5600
400 1166.4 6400
450 1312.2 7200
500 1458 8000

$§ PER SHIFT

SHIELD CONVEYOR
MAINT. MAINT .
400 121.5
466.667 141.75
533.333 162

600 182.25
666.667 202.5



LO

NGWALL

VARIABLES

85% OF LONGWALL OPTIMUM PRODUCTION

ADV/
SHIFT

12.8031
9.36325

TONS /
SHIFT

2458.19
1797.74

——— ———— — — . — AT ) T . ——— ] 3} LR R L M i Lt A B

11.7261
8.77392

2626.65
1965.36

——n n v Aam v G ] — g T . S —— P T S T P — " — -

10.8163
8.25438

2768.96
2113.12

ot L ol ot R W R | T Y Ty T —— iy W WAy —— T — —— . =

10.0374
7.79293

2890.78
2244.37

— — — . ——— ) T " TS Pt Y et G Am O THE SRS R (M WR SPW W oy — ek b W

FACE SUMPING
LENGTH TIME
300 25
300 45
350 25
350 45
400 25
400 45
450 25
450 45
500 25
500 45

9.3632%
7.38035

2996.24
2361.71

- —— - — T — T W 508 il S B08 Lk b o MAL ek ik mmd i b (b b o ek oy e oy k.

COSTS RELATED TO FACE LENGTH

VARIABLE EQUIPMENT COSTS

$K PER UNIT

FACE FACE

LENGTH CONVEYOR SHIELDS
300 874.8 4800
350 1020.6 5600
400 1166.4 6400
450 1312.2 7200
500 1458 8000

VARIABLE OPR. COSTS
$ PER SHIFT

SHIELD CONVEYOR
MAINT. MAINT.
400 121.5
466.667 141.75
533.333 162

600 182.25
666.667 202.5



LONGWALL VARIABLES

50% OF LONGWALL OPTIMUM PRODUCTION

TONS /
SHIFT

1446
1057.54

1545.09
1156.09

1628.8
1243.01

1700.46
1320.21

1762.49
1389.24

FACE SUMPING ADV/

LENGTH TIME SHIFT
300 25 7.53123
300 45 5.50779
350 25 6.89771
350 45 5.16113
400 25 6.36251
400 45 4.85552
450 25 5,90438
450 45 4.58408
500 25 5.50779
500 45 4.34138

COSTS RELATED TO FACE LENGTH

VARIABLE EQUIPMENT COSTS

S$K PER UNIT

VARIABLE OPR.
§ PER SHIFT

COSTS

FACE FACE SHIELD CONVEYOR
LENGTH CONVEYOR SHIELDS MAINT. MAINT.
300 874.8 4800 400 121.5
350 1020.6 5600 466,667 141.75

400 1166.4 6400 533.333 162
450 1312.2 7200 600 182.25
500 1458 8000 ©60.667 202.5



LONGWALL VARIABLES

75% OF LONGWALL OPTIMUM PRODUCTION

TONS/
SHIFT

2168.99
1586.24

2317.63
1734.14

2443.2
1864.52

2550.69
1980.32

2643.74
2083.86

FACE SUMPING ADV/

LENGTH TIME SHIFT
300 25 11.2968
300 45 8.26169
350 25 10.3466
350 45 7.74169
400 25 9.54376
400 45 7.28328
450 25 8.85657
450 45 6.87612
500 25 8.26169
500 45 6.51207

- —— ———————— ) "] p— — — ] o oy — ) T Y A} D ot o b ey ey o

COSTS RELATED TO FACE LENGTH

VARIABLE EQUIPMENT COSTS

$K PER UNIT

FACE FACE

LENGTH CONVEYOR SHIELDS
300 874.8 4800
350 1020.6 5eoov
400 1166.4 6400
450 1312.2° 7200
500 1458 8000

VARIABLE OPR. COSTS
$ PER SHIFT

SHIELD CONVEYOR
MAINT. MAINT.
400 | 121.5
466,667 141.75
533.333 162

600 182.25
666.667 202.5
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APPENDIX D

PURCHASE CONTRACT GENERAIL CONDITIONS

The supplier shall offer all equipment which will ensure
continuocus and safe operation and will comply with the data and
guarantees stated even if parts of the equipment are omitted in

this specification.

All equipment and accessories must comply with the regu-
lations and standards of the United States Bureau of Mines (USBM)
Schedule 2G and with the Mining Enforcement and Safety Administra-
tion (MESA) Code of Federal Regulations, Title 30, Mineral Resour-

ces, Chapter I together with the individual issues of the Federal

Register. USBM approval plates shall be attached to the equipment.

All material shall conform to ASTM standards.

Agssembly Drawings

The purchase contract will require the provision of four
(4) complete sets of assembly drawings to be delivered to the

owner one month prior to receipt of any of the equipment. The

drawings will show in as simple a manner as practical the method
of assembly of the equipment. Exploded drawings may be used and
part numbers must be used whether or not part names are used. All
parts must be numbered both on the drawings and on the part itself.
Distinctive numbering must be applied by welding or with durable
paint or other appropriate marker. Loose labels or tags are not

acceptable since they are liable to become displaced and lost.



The drawings must be complete enough to allow the equip-
ment to be assembled by mining personnel who may not be familiarx

with the equipment.

Fabrication or manufacturing drawings are usually not suit-

able for this purpose and are therefore specifically not wanted.

Spare Parts

A spare parts list is required for each type of equipment
proposed. Such a 1is£ will comprise the parts necessary to ensure
that downtime is minimized. The spare parts agreed upon will be
purchased as part of the whole package. Six (6) complete parts

books will be provided for each major piece of equipment proposed.

Technical Assistance

During the period of receipt of and assembling the equip-
ment, the start up of the face, and for six working weeks there-
after the supplier shall supply, free of charge, technical assis-

tance composed at the minimum of:

O One electrical service engineer
o  Two service engineers for support
o Two service engineers for shearer

o Two service engineers for conveyors



Compatibility

It will be the responsibility of the prime contractor to
ensure the compatibility of the different equipment. Any failure
to ensure compatibility which results in increased costs to the

owner will be reimbursed to the owner by the contractor.

Equipment Warranties

All equipment proposed to be supplied will be guaranteed
to be free from defect in material, design and construction for a
specified period depending upon the type of equipment, but at least
twelve (12) months. Such warranty must not be contingent upon the

buyer returning the defective part to the seller's factory.
Prices

All gquotations shall be in U. S. dollars and must be F.O.B.
minesite with packing cases and materials included. The terms of

payment must be specified with the quotation.

Training

It is the explicit intent of any contract resulting from
this request for proposal that the assembly supervision or service
representatives will show by demonstrating and explaining how the
equipment or machinery is best operated. These demonstrations will
be conducted for the cocal miners whose job it will be to operate
the equipment as well as to the management training personnel if

mine management so require.



Maintenance Training

In order that the miner personnel may become competent to
maintain and repair the equipment, specially oriented sessions
should be held prior to installation which would then be supple-

mented by hands-on experience during installation and debugging.

Special Tools

Any special tools necessary for the installation and/or
maintenance of the proposed egquipment shall be included in this

package.

Deliverz.

The owner will have a need for the subject longwall equip-

ment by (Date) .

In order to minimize potential delays in delivery, your
proposals shall identify the termination dates of any labor con-
tracts which would adversely affect the performance of any contract

resulting from these proposals.

Your proposals upon action to be taken to further minimize

the risk of delays are solicited.

Pert-CPM Diagram

Contractor shall provide a preliminary Pert-CPM diagram to

the Company as a part of the bid documents. This Pert-CPM diagram



shall cover the scheduled status of all functions of the project

including, but not limited to, the following:

o Engineering

o Procurement

O Fabrication

o Compatibility Testing
o Transportation

o Installation

o Testing

Contractor shall, within 25 days after receipt of notifi-
cation of contract award, provide Company with a detailed Pert-
CPM diagram and, after work has started, deliver monthly to the
Company an updated Pert-CPM diagram showing changes in the pro-
ject scope, planning, or scheduling which reflects the project
status as of the end of the previous month. This diagram shall

be delivered on or before the 10th of each month.

*U'S, GOVERNMENT PRINTING OFFICE:  1982.646-069 286





