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ABSTRACT

A review of current longwall equipment characteristics
was performed to serve as a basis for an analysis of long-
wall face length constraints. The Armoured Flexible
Conveyor (AFC) is identified as an upper constraint on
longwall face length; a lower constraint on longwall face
length is found to be geotechnical in nature. Subsequently,
the development of a retreating longwall model for flat-
lying coal seams greaper than 60 inches thick is discussed.
The effects of seam height, number of development entries,
powered support design, panel development productivity,
panel entry width, panel length, seam depth and gob overhang
length on the optimum longwall face length and the optimum
project Net Present Value (NPV) are examined. A test case
is presented to demonstrate the NPV based face length design
optimization program.

Finally, it is concluded that any change in panel
geometry which causes a greater tonnage of development coal
to be produced or lengthens the time to realize positive
cash flows generated from a longwall operation will cause
the optimum face length to increase and the optimum project

NPV to decrease.
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CHAPTER I
INTRODUCTION

Longwall coal mining is becoming ever more popular
in the United States as underground coal producers struggle
to increase productivity, enabling them to compete with sur-
face mined coal and other energy sources. Longwalls, per-
haps the safest underground coal mining method in use, are
also the most capital intensive. Investments as high as
$15 million dollars may be required to equip a new produc-
tion face.

Prior to installation of a new longwall, intensive
engineering, planning and mine development must be performed
to insure attainment of economic goals. Equipment selection
must be carefully undertaken with respect to compatibility
and ultimately suitability for the site specific geologic
and mining environment.

To date, equipment selection and particularly face
length selection have been based largely on personal prefer-
ence and rule-of-thumb judgments of corporate managers.

Poor judgment on the part of management with respect to
optimum face length may cause a longwall project to fall
several million dollars short of its maximum or anticipated

return on investment.
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Because the cost of mistakes in longwall face length
selection is high, it is necessary to have some rational
engineering and economic basis for face length selection.
To jointly analyze the engineering and economic ramifica-
tions of longwall design, it is necessary to allow semi-
fixed parameters such as seam thickness and geologic
setting to interact with variables such as support type
and panel development criteria. After numerous evaluations
are made over a range of face length values, the economi-
cally and operationally optimum design may be identified.
Use of computer simulation is the most efficient method by
which to evaluate the criteria affecting face length and
ultimately select the final optimum longwall face length.
However, it should be noted that the simulator is only
intended to expedite the calculation process. It is not an
overall longwall design simulator. Further, its develop-
ment was necessitated by the feet that no other longwall
design "simulator" satisfied the objectives of this study.

In this thesis it is proposed that an economic optimum
face length does exist on a site specific basis, and that it
can be identified via the economic selection criteria known
as Net Present Value (NPV). To simplify the optimization,
the important design variables were opened for user input

while reasonable values were assumed for all other possible
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variables.
0 Overburden height
o] ThicknessAof gob bridging bed
o Gob overhang length
0 Shield support style
o Longwall face length
0o Seam extraction height
o Longwall panel length
0 Number of development entries
o Continuous miner productivity
o Development entry pillar length
o Development entry pillar width
o0 Development entry width

The important design variables idenfified are:

The optimum longwall face length is defined in this thesis as

that length at which the NPV for the project,

tons or 30 years, is maximized.

over 15 million
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CHAPTER II
LITERATURE REVIEW

Within recent years several publications have

addressed,

either directly or indirectly, optimization

and/or simulation of longwall coal mining systems. For

instance, Curth (1979) developed an equation to determine

optimum longwall face length based on selected costs and

productivities involved in longwall mining systems. The

exact equation is:

L max

Pg
Fg (ng+chg)‘(CWf+Chfc>
((1+

2
-1)C
Cug Chfl ) ) Cug

longwall productivity, tons/day
development productivity, tons/day/section
face length, ft

longwall labor costs, $/day

development labor costs, $/day

constant longwall hardware costs, $/day
cost of hardware varying with face length,
$/day

cost of development hardware, $/day/section
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This calculation procedure results in face lengths from
450 ft to 600 ft as the optimal range for U.S. coal mining
conditions. These variations are solely dependant on seam
height and therefore ignore many variables which allegedly
influence longwall face lengths.

Although some of the activities and resultant conse-
quences involved in longwall mining are considered, there
appear to be many shortcomings in this technique. Some of
these shortcomings are:

1) No consideration is given to the cost and timing of

longwall moves.

2) No consideration is given to taxation ramifications.

3) It is assumed that longwall productivity is not a

function of face length.

4) The impacts of timing and production scheduling are

not considered.

5) The impact of variations in geologic and geometric

parameters cannot be directly evaluated.

Each of the aforementioned shortcomings are believed to
have substantial impacts on the overall economics of a
longwall mining system. Therefore, the omission of these
factors negates the usefulness of this technique as a method

of selecting longwall face length.
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Breeds, et al., (1979) developed a computer simulator
to assist in the optimization of longwall face length. The
optimization can be based on any one of three objectives.

To quote Breeds, et al, they are:

1) Minimize average unit production cost

2) Minimize present value of average unit cost

3) Maximize internal rate of return (IRR) of the

project
The results suggest that the optimum longwall face length,
presumably for any condition, varies from 270 ft to 550 ft,
depending only on the evaluation criteria selected. The
latter face length results fromlminimization of average unit
production cost and the former from maximization of the pro-
Jject IRR. This study also is believed to have numerous
shortcomings, not the least of which are:

1) Equipment and support costs are assumed constant

from mine-to-mine.

2) Development costs are disregarded.

3) The optimization is based solely on equipment costs.

4) No comment is included to acknowledge the effects

of the cost and timing of longwall moves.

5) There is épparently no consideration of taxation,

production scheduling or event timing.

6) The impact of variations in geologic and geometric
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parameters cannot be directly evaluated.

As these shortcomings are believed to have significant
impacts on the economics of a longwall project, this simu-
lator is not considered useful to the current investiga-
tion. Further, it is clear that its utility in face length
selection is very limited.

The other contribution in this area was a longwall
simulation model by Manula (1978) at the Pennsylvania State
University. This simulator was intended to evaluate the
engineering selection and design of longwall mining
equipment. Typically, it may operate over a span of 10
shifts. In no way does the simulator consider overall
longwall panel mining or moving times. It has few if any
project economic computations and could not be used to
evaluate a multi-panel longwall project. As such, it is
not useful to the investigation undertaken in this study.

In general, previous efforts with model development to
select an optimum longwall face length have lacked suffi-
cient detail to be of any use to this investigation or to
any mine operator designing a longwall project. Therefore,
it was necessary to develop a longwall mining schedule
calculator detailed enough to assist in the selection of the

optimum longwall face length on a site-specific basis.
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CHAPTER III
STATE-OF-THE-ART IN LONGWALL COAL MINING EQUIPMENT

Powered Supports

The powered face supports on a longwall are perhaps the
most important units on the face. Critical as they are to
safety and production, their cost is the greatest of any
component on the face, and considerable attention must be
given to their selection. Sizing of these supports is
fairly well defined. A thorough explanation of one method
of support load calculation appears in Appendix A.

There are four types of face supports typically found
in modern use. They are chocks, two-leg and four-leg
shields, and chock-shields. Though all four of these sup-
port types are subsequently discussed, only the latter two
are considered in the following state-of-the-art longwall
model.

The chock support (Figure 1) has been used extensively
in Great Britain and to a limited degree in the United
States. Chocks may be useful in some instances, particu-
larly because of their low cost. Chocks are only 20% - 30%
as expensive as shield supports of similar capacity.

The advantages that chocks offer are:

1) Potentially larger cross-section for ventilation

purposes.

2) Potentially large support capacity.
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1 Full-width rigid canopy 7 Rear base structure

2 Leg 8 Antiflushing shield

3 Self-centering leg housing 9 Hydraulic contral valve
4 Double-acting ram 10 Hydroulic hoses

5 Front base structures .11 Srabilizer

& Walkway flaor cover 12 Frame bars

Components of chock-type powered support

Figure 1

(After Barry, 1969)
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The disadvantages of chocks are:

1) Gob flushing if the roof does not break in large

blocks.

2) The four joint design is inherently unstable.

3) Improved leg mountings are necessary for stability.

4) Canopies are 2 - 4 ft. longer than shields.

5) Roof degradation due to repeated support setting,

known as "tramping", is pronounced.

6) Chocks are subject to damage by tangential forces.

Perhaps the two most severe problems with the chock sup-
port are gob flushing and leg bending.

Gob flushing causes severe maintenance problems because
of hydraulic system damage as well as increased chock clean-
up. Gob flushing may also be a safety hazard to face
personnel.

Leg bending in chocks arises from the chock's inability
to withstand tangential forces. Tangential forces also
damage leg positioning and attachment elements. These
forces are produced by the support under the following
conditions: (Figure 2)

1) The support encounters a roof step.

2) The support retains roof contact (tip of skid lifts).

3) The support canopy slides laterally during set.

4) The support encounters oblique loading.
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@ M( Sk @

Frame,Chock
All types: M+150tons-ft 4-lagshield : M «600tons+t

2-legshield : M« 500tons-ft

Frame,Chock 2-legshield : M+1400 tons-ft
Me150tons-ft 4-legshield : M+1600 tons-f?

Sources of Tangential Loading

Figure 2
(After Irresberger, 1977)

11
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Chock-type supports probably find their greatest
application in thin seams where the travel way is maximized.
Shield-type supports are a fairly recent advance in
longwall technology. A product of the 1960's, shields were

first made in W. Germany under Russian license and have
since grown to become state-of-the-art technology in long-
wall mining. Unique to the shield support is a lemniscate
gob shield. This lemniscate linkage allows the canopy tip
to describe a vertical locus throughout its height range
and to translate most of the load on the gob shield to the
base of the support. The fact that the canopy travels a
straight path precludes variation in the unsupported area
between the face and the canopy tip with varying heights,
and thus removes the possibility of the canopy tip inter-
fering with the coal winning machine at varying heights.

The gob shield, along with side shields, provides com-
plete gob sealing as well as total coverage of the supported
roof area.

Shield supports are very resistant to tangential forces
by virtue of their three-bar construction. This resistance
to tangential forces allows the shields to be advanced while
still maintaining contact with the roof. Advancing under
contact enjoys the following advantages:

1) Minimizes degradation of the roof by "tramping".
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2)

3)
u)

13

The canopy is kept clean, prohibiting accumulation
of a cushioning pile of debris.

Small broken strata is held in place.

The cycle time for setting in good floors is

reduced.

Shields offer the following advantages over chocks:

1)

2)

3)

4)

5)

6)

7)

8)

Shields provide stable support, while creating a
forward thrust during yielding which maintains roof
strata integrity.

The shorter canopy means there is less weight to
support than with other types of supports.

The robust design is simple and easy to operate and
maintain.

Higher reliability, thus higher production than
with other supports.

Provides improved safety for face personnel.
Provides superior ground control.

Reduces the face-to-gob line distance, thus being
removed from the area of maximum convergence.
Excellent resistance to high lateral ground move-

ment.

Shield-type supports are best applicable in medium~-to-

thick seams with any roof characteristic, multi-seam mining

with a de-stressed seam, faces where spalling is a problem,
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or faces where the ventilation must be maintained at high
levels along the face.

2-Leg Shields

Two-leg shields (Figure 3) have the following general
characteristics.
1) Wide range of mining heights with low collapsed
height.
2) High support resistance.
3) High resistance to tangential forces (good for
inclined seams).
4) Travelway safe from gob flushing.
5) Smaller cross-sectional area than l4d-leg shield.
6) Keeps face airflow from escaping to gob.
7) Hydraulic system protected from debris.
8) Good in friable roof conditions, minimum tramping
effect.
9) Good in seams with roof steps or roof falls.
10) Good in medium-to-thick seams.
11) Generally recommended where shield capacity is less
than 500 tons.
12) Can create high floor pressures near base toe.

Y-Leg Shields

Four-leg shields (Figure 4) have similar characteristics

to 2-leg shields with advantages as follows:
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CarnOPY

GO8 D
LU MMSCATL JOINT
ay

ue

MIDEARIC (ONIEQL VAIVE
HIORAK RAM

M RATE

CONVITOR PAN

1.Cancpy fa)
2.Gob shiesld

3. Hinge

4.Base

3 Legs

8. Hydraullc control valve

7.Hydraulic ram

8. Spillplate

9. Conveyor pan
10.Hose

11. Antispailing piste

Figure 3
Components of a 2-Leg Shield
(After Peng, 1978)

15
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. Gob shield
. Base

. Hydraulic ram

. Spill piate

. Lag

. Control vaive

Components of a 4-Leg Shield

Figure 4
(After Peng, 1978)
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1)

2)

3)

b)

5)
6)

7)

8)
9)

17

Larger cross-sectional area than two-leg shields
for methane and dust control.

Higher support density due to two legs acting
directly on roof;

Little variation in support density with height
because of shield geometry (Figure 5).

Although two extra legs are required, there is no
overall increase in hydraulic gear because no
hydraulic cylinders are needed between the gob
shield and the top canopy to control articulation.
Canopy tip load is higher.

Stability of the support is better because the
center of gravity is near the center of the base.
The line of action of the roof load is well inside
the toe of the base which prevents toe penetration
in soft floors.

Good at overcoming large roof cavities.

Allows the use of smaller, less expensive hydraulic

cylinders.

Four-leg shields find particular application in areas

with shallow overburden or massive sandstone roofs; under

these conditions, the rear legs have the ability to create a

break-line in the roof at the rear of the canopy.
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8o

70

4-leg Shield

60

S0

40

30

20
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800

1100 1300 1500 1700 1800 2100
SEAM SECTION (mm)

Variation of Support Density with
Height for 2-Leg and 4-Leg Sheilds
Figure 5
(Dowty, 1982)
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Chock-Shield

The chock-shield (Figure 6) is a relatively recent
arrival on the longwall scene. This new, powered roof sup-
port is a hybrid between chock and shield which incorporates
most of the best aspects of both parents. Some of the
chock-shield characteristics are:

1) The legs act directly on the top canopy.

2) The yield load is constant throughout the height

range.

3) It has a rigid base.

4) It has a lemniscate linkage.

5) The side and gob shields eliminate gob flushing.

6) The support geometry assures a good travel way at

any height.

7) The front legs afford protection from spalling to

the walkway.

8) It has potentially higher support capacity than a

lemniscate shield.

9) It provides a high cross-sectional area for

ventilation.

The disadvantages of this unit include the rigid base
and longer canopy length (thus riecessitating higher support
resistance). The chock-shield's ability to resist tangen-

tial forces is not well defined. Chock-shields may be most
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comparable overall to two-leg lemniscate shields.

The following sections describe in a general context
the common components to all powered supports.
Bases

Each of the powered supports discussed has a different
load distribution as depicted in Figure 7 a,b,c,d. These
distributions are, however, only approximate. It is obvious
that there may be some load on a support at any point along
the roof canopy or base. Upon examination, it can be seen
that shield-type supports, with the exception of the chock-
shield, have high toe loads which tend to create toe sink-
ing conditions. Although the "swinging base" concept of
attaching the legs behind the toe of the base has minimized
this condition, shield advancement can become difficult if
sinking occurs. Recent shield designs which have split
bases as opposed to solid bases allow independent movement
of the bases in the vertical direction. Such independent
movement allows the negotiation of floor steps or sinking
conditions with a minimum of effort. The tunnel between the
split bases also allows loose floor material to migrate
through to the gob instead of "rolling" in front of the
base, which requires hand removal.

Base design should be considered with regard to plate

bearing test results for seam specific conditions.
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Hydraulic Cylinders

The hydraulic legs on a powered roof support device
are ultimately responsible for providing the support force.
The leg-cylinders are generally single, double-acting
cylinders, or they may be telescopic, double-acting cylin-
ders with as many as three telescoping units. Single tele-
scopic units are available with internal or external
extensions, while double telescopic units are available with
standard or constant force configurations as depicted in
Figure 8.

Standard plating thickness on the legs has been
0.0015 in.to 0.0020 in.on the hydraulic leg ram. New leg
cylinders are being specified to have 0.0030 in.to 0.0040 in.
of plating for wet, corrosive or abrasive environments.

Hydraulic Fluid

The fluids used in the powered supports are of four
types; 5% soluble oil-in-water emulsion, 40% water-in-oil
emulsion, 50% glycol-in-water solution and refined petroleum
based oil. The basic requirements of the fluid are:

1) 1low cost

2) low viscosity

3) inflammible

4) chemically non-reactive with air

5) resistant to foaming
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6) non-corrosive

7) provide lubrication to system

Hydraulic oil supply pressure on U.S. longwalls ranges
from 3500-5000 psi while it is as low as 1500-2750 psi on
British faces. This difference is attributable to differing
opinions and practices on support setting pressure.

Support Control

Support controls are of three basic types; same support
control, adjacent support control, and banked or remote con-
trol. Adjacent support control is preferable to same sup-
port control because of the safety afforded by this method.
Banked control of four to eight supports is desirable for
headgate and tailgate supports at least -- if not for all
supports. Graham has shown (Graham, 1978) that manual
advance of a support may require eleven seconds including
support mover travel time of four seconds. Banked or remote
control supports have been noted to have a comparable
advancement time of six seconds with support mover time of
zero to four seconds. Such a system not only saves time,
but it may eliminate the need for one of the support movers.

A guaranteed set pressure mechanism may be desirable.
This device guérantees that the required setting pressure is
attained in every support. With manual pressure setting,

this is often not the case. Set pressure in random supports
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may be as little as 20 percent of the desired set pressure
under manual setting conditions. Uniform set pressure on
the face helps maintain acceptable strata control.

Set Pressure

The pressure at which the powered support should be
set is the subject of much controversy. European and U.S.
thought suggests that the set pressure should be 75% of the
yield pressure, while British practice is to set supports at
50% of rated yield pressure.

There is evidence which indicates that higher setting
pressures aid in limiting roof-floor convergence by limita-
tion of bed separation or by limiting strain on jointed or
cracked roofs. Figure 9 shows the results of increased set-
ting pressures on a friable roof's convergence characteris-
ties. Figure 10 shows the recommended support load densities
and hydraulic pressure tolerances for some selected supports.

Extended Height and Vertical Hydraulic Travel

The extended height of a support must be able to vary
within limits to account for convergence and varying seam
thickness. Distance from the coal face is important in the
determination of these limits. Figure 11 shows NCB recom-
mended minimum vertical travel (travel below minimum working
height) for various distances from the face and minimum

extended heights.



CONVERGENCE ({in)

T-2804

30

ELAPSED TIME (h)
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of 2000 i in”
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Strata Behaviour at Various Sctting Pressures

Figure 9

(After Bates, 1978)
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IExtended Hcight and Travel

Conver- Nominal Height of  Contingency Minimum Extemied Height, h, in metres  Vertical Hydraulic
gence C Extraction, H Allowance, a at distance from coul fuce of 1 Travel, V
mmfm m (in) m (i) 1=125m!l—=175ml- 2250m! 300m m tenr)
41 f1) (58 /1) (82 /1)  (9:80 /1)
- 0-70 27) 0-05 ) 0-70 0-68 0-65 0-63
= 40 0-80 an 0-80 0-78 0-75 0-73
= 9:90 (35 0-90 0-88 0-85 0-83 031 ()
1-00 (39) 0-05 (2) 0-99 0-96 0-93 0-90
1-10 43) 1-14 1-11 1-08 1-08
1-14 (45) 1-18 I-15 1-12 1-09 0-31 t12)
1-20 (47) 0-10 4) 1-24 121 1-i18 1-15
1-30 (sh 1-34 1-31 1-28 1-25
§ 1-40 (5%5) 1-44 1-41 1-38 1-35
= 50 1-50 (59 1-54 1-51 1-48 1-45
s 1-52 (60) 1-56 1-53 1-50 1-47 43 1)
1-60 (63) 0-15 (6) 1-69 1-66 1-63 1-60
1-70 Gy 1-79 1-76 1-73 170
1-80 (42} 1-89 1-86 1-83 1-80
1-90 (75) 1-99 196 1-93 1-90
2-00 (79) 209 206 2:03 2-00 0-52 2hn
2-20 (87) 0-20 (8) 2:30 2:26 2-20 216
240 (95) 2-50 246 2-40 2-36
3-60 102y 270 2:60 2-60 2:56
80 2-80 (110) 290 2-86 2-80 2-76
4 3-00 (118) 310 3-06 3-00 296 ° 068 2N
= .
= 320 (126) 0-25 (1 3-30 326 320 316
3-40 (134) 3-50 346 3-40 3-36
3-60 (142) 270 366 3-60 3-56
3-80 (150) 390 3-86 3-80 376
4-00 (157) 4-10 4-06 4-00 396 ¢S2 (32)
Figure 11

(After Ashwin, 1970)
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Fore Poles/Face Sprags

Most types of supports are available with extendible
canopies (forepoles) and face sprags. Forepoles are a
valuable option in jointed or friable roots subject to falls
where the basic support design allows the generation of ade-
quate tip loads. Face sprags can be valuable if face spal-
ling is a problem, particularly during an extended period of
inactivity.

Face sprags should be considered for seams thicker than
2.5 m to assist in roof control. However, they may provide
no greater protection to face personnel than high spill
plates.

Summary
For purposes of review, Table 1 has been prepared sum-

marizing face support characteristics.



Table 1

CLASSIFICATION OF SUPPORT SYSTEMS ACCORDING TO SELECT CRITERIA

CLASSIFICATON
CRITERIA

PRIMARY COST PER
UNIT OF RESISTANCE

SCREENING AGAINST
CAVE DEBRIS
CAPABILITY OF OVER-
COMING ROOF CAVITIES
TANGENTIAL FORCE
CAPACITY-IN DIRECTION
OF ADVANCE AND
TRANSVERSE
RANGE OF HEIGHT
ADJUSTMENT
FLOOR PRESSURE
ROOF PRESSURE

SUPPORTED ROOF %

YIELD LOAD TONS

VENTILATION CONTROL

RANK 1
(OPTIMAL)

FRAME
CHOCK

CHOCK~SHIELD
2-LEG SHIELD
4-LEG SHIELD

4-LEG SHIELD

4-LEG SHEILD

2-LEG SHIELD

4-LEG SHIELD

CHOCK

2-LEG SHIELD
4-LEG SHIELD
CHOCK SHIELD

CHOCK
U4-LEG SHIELD

2-LEG SHIELD
4-LEG SHIELD
CHOCK-SHIELD

RANK 2

2-LEG SHIELD

CHOCK

CHOCK
CHOCK-SHIELD

2-LEG SHIELD

RANK 3

4-LEG SHIELD

2-LEG SHIELD

CHOCK

CHOCK-SHIELD

4-.LEG SHIELD

CHOCK
CHOCK-SHIELD

4-LEG SHIELD
FRAME

CHOCK

2-LEG SHIELD
CHOCK-SHIELD

CHOCK~SHIELD
CHOCK
FRAME

2-LEG SHIELD

2-LEG SHIELD
CHOCK-SHIELD

RANK U
(POOREST)

FRAME

FRAME

FRAME

FRAME

FRAME

FRAME
CHOCK

7087 -1

4%
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Coal Producing Machines

Types of Machines

When selecting a coal producing device, the criteria
of most interest pertain to the device's ability to maintain
a continuous or near continuous maximum coal load on the
armoured flexible conveyor (AFC), machine flexibility, sta-
bility, and cost. When a seam thickness of under 72 inches
is being considered, and particularly those below 50 in., a
double-ended, conveyor-mounted trepanner (DECMT) or an in-
web-shearer might be utilized. Furthermore, new coal plow
technology makes plowing a viable alternative, even in hard
coals.

For seam thicknesses of 72 inches or more, however,
a drum-type shearing machine is generally the best alterna-
tive. Drum-type shearing machines may have single or
double, fixed or ranging drums, the double-ended, ranging
drum shearing (DERDS) machines being most desirable.

For purposes of the model, only seams greater than 60
in. thick were considered. Therefore, only double-ended
ranging drum shearers were selected. Shearing machines
are the norm on new U.S. faces and may be considered state-
of-the-art in coal winning machines. Shearing machines are
considered only in terms of their ability to fill the AFC to

its maximum capacity and their advantages and disadvantages
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to the face as a unit.

Shearing-Type Machines

All of the shearing-type machines utilize a positive
milling action to mine coal. The result of this positive
coal breaking is that all shearing-type machines are capable
of filling the AFC to its maximum capacity while moving in
either direction on the face, depending on the AFC speed.
Because of this fact, the various shearing techniques are
not specifically discussed. It should be noted, however,
that some techniques such as "half-facing" are supposedly
better than "full face" techniques in regard to respirable
dust production. Though this may be true, such techniques
also appear to have lower machine shearing time utilization
than full face shearing, and thus lower overall productivity.

In thin seams, the in-web-shearer or the trepanner-type
machines are useful because they have a lower profile than
AFC mounted shearers and therefore provide adequate room
above the AFC pans for coal haulage.

When medium or thick seams are encountered, the machine
of choice is often a double-drum, ranging-arm shearer. Fixed
drum shearers are useful only where there is a fixed and con-
stant extraction height without any geologic disturbances.
Single-drum, ranging arm-shearers are of limited use because

they are unable to cut out both entries in narrow entry
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systems.

The cutting drums of a shearing machine may be short
cylinders or spiral scro;ls with bits mounted on the drum
or scroll facing. The scroll drum is a popular design. To
complement the clean-up provided by the cutting drums, cowls
are commonly used. The cowl is a large, position-variable
element curved to conform to the cutting drum shape. When
the scroll acts in conjunction with a variable cowl, more
complete coal clean-up is made in the web which enables
maximum AFC and powered support advance. This maximum
advance ensures maximum web depth on the following shear.
The enhanced clean-up results from the screw-conveyor effect
of the drum and cowl as well as the floor grading effect of
the lowered cowl. Drum speeds range from 60-72 rpm with
haulage forces as high as 40 tons.

The bit lacing on the drum should, as a guideline, be
such that the cutting lines are two to three times the pick
penetration. Such bit lacings are generally required to
minimize the number of picks required and prevent coal
coring effects. Such coring effects lower machine
productivity.

Dust suppression on the shearing machine, the principle
dust source on a longwall, arises from water sprays mounted

on the machine. Water sprays on the drums, perhaps to the
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extent of pick-face-flushing, along with cowl sprays and
inter-drum spray bars can do a great deal to control the
dust generated on and around the drums. Many U.S. long-
walls, however, still are not in compliance with federal
standards on respirable dust.

As a further note, shearing machines in medium or thick
seams often have a rotary chunk breaker on the tail-gate
end. This helps minimize face down-time due to large chunks
which cannot pass through the AFC tunnel on the shearing
machine. There should also be a chunk breaker on the stage
loader assembly to minimize down time of a similar nature at
the headgate.

Shearing machines derive their haulage force in one of
two ways -- by haulage chains or by "chainless" haulage.
Chainless haulage is state-of-the-art technology in longwall
mining. The following chainless haulage systems are available
in the U.S.

1) Joy traction rack (Joy Ride)

2) Pitcraft Rackatrack

3) Eickhoff Eicotrack

4) Perard Pera-track

5) Anderson Mavor rollrack

6) Bolton Barlock

7) Cerchar Gripping Hands
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The first five methods are basically panline shearing

machine rack and pinion drives. The latter two are hydraulic

ram propulsion systems with some sort of chucking mechanism

which engages a traction bar mounted on the AFC pans.

Chainless haulage has the following advantages over

chain haulage:

1)
2)
3)
4)
5)
6)
7)

8)
9)

10)
11)

Increased safety

Reduced maintenance on the haulage system
Reduced noise (no haulage chain on AFC)

No haulage anchor points

Positive captivation of shearer on AFC

Less energy consumption

Better shearer control on grades or undulating
conditions

Smoother movement causing reduced wear and downtime
Reduced damage to face supports, hydraulics, and
electrices

Increased haulage force

Increased AFC pan strength meaning less panline

wear and damage

Armoured Flexible Conveyors

The capacity of a longwall is largely depenhdent on the

capacity of the Armoured Flexible Conveyor (AFC). With

this in mind, the AFC must be carefully matched to the
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production machine, the face support's anchoring demands,
and the face length. On most modern AFC's, the most criti-
cal determination to be made by an operator pertains to the
conveyor chain.

AFC chain is available in the following sizes with

their respective breaking strengths.

19x64.15 mm 53 tons
22x86 mm 70 tons
26%x92 mm 94 tons
30x108 mm 126 tons

In addition to the link size choice, strands to control
the scraper bars and drive the conveyor may consist of
single chain, double inboard or outboard chains, or triple
chains. Multi-chain strands have proportionately higher
breaking strengths than single chains.

Single or twin-inboard strands are most popular in the
U.S. at present. These strand configurations have advant-
ages over outboard strand configurations in that they have a
lower tendancy to freeze in the conveyor races as a result
of conveyor damage or fines briquetting; they are also less
sensitive to bends and kinks in the longwall facé. Tests on
power consumption of various strand configurations have

demonstrated little difference between the types.
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In order to run correctly, AFC chains must be preten-
sioned by stretching the chain to its elastic limit
(Figure 12). Excessive pretensioning can cause high power
requirements, increasing linearly with tension. Further-
more, it can create wear and maintenance problems on chain
links, sprockets, and bearings. Excessive pretensioning
greatly increases the amplitude of tensile force oscilla-
tions on the AFC chains, particularly when the conveyor is
not loaded.

The running behavior and working life of the AFC com-
ponents are improved with decreased pretensioning; however,
low pretensions are not desirable either. Low pretensions
can lead to excessive slack on the head drive which can
result in scraper bars traveling inverted on the return race
or excessive carryback of fine coal to the return race of
the AFC. Excessive carryback can cause the AFC to "bog
down" and stop. On single chain installations, low preten-
sions may allow the scraper bars to twist and come out of
their races.

The following equation may be used as a guideline for

determining the correct pretension to apply.
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Typical Stress-Strain Curve for AFC Chain
Figure 12
(After Mason, 1979)
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Pretension = (Tq + T2 + T3+ Ty)

Ty

4

Tension induced by the tail drive at full load
torque

Tq1 - frictional loss across bottom race.
The loss across the bottom race being
approximately 4 tons for a 600 ft face and
proportional for different face lengths.

To - force induced by the head drive at
full load torque.

Tension required in the top chain at the tail
drive to pull the chain off the sprocket.
This value may be zero or negative if the

drive tolerates slack.

It should be noted that the pretension is independent

of chain size and is the total force on the chain strand.

It is important to check the pretension on new chains

or installations every shift during the "bedding in" period.

In addition to poor pretensioning, the following short-

comings in chain maintenance and utilization are common:

1)
2)
3)

Twin-inboard chains are not replaced in pairs.
New chain is not stored in a protected area.
AFC is run more than a few minutes without lubrica-

tion.
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4) The longwall face is bent.

5) Poor delivery of coal to the stage loader causes

excessive carryback of fines.

6) Missing or broken line pan connecting bolts allow-

ing scraper bars to bind.

7) Damaged chain strippers are unrepaired.

8) Excessively sharp snake-over behind shearing

machine causing scraper bars to bind.

9) Damaged scraper bars are not replaced.

The capacity of the face conveyor is dependent on the
speed of the chains and the dimension of the conveyor.
Figure 13 displays this interdependancy. Additional infor-
mation on conveyor loading with shearing type machines is
provided in Figure 14.

Increased conveyor capacity may be provided by spill
plates. Figure 15 shows the relationship between spill
plate height and AFC capacity. The figure shows that 7-in.
spill plates bring the AFC to 90% of its maximum capacity.

Higher spill plates may be desirable in thick seam
sections or conditions of large sized face spalling, both
for protection of face personnel and confinement of large
chunks to the moving AFC load.

A roller-curve device at the headgate may be useful to

minimize transfer problems at the stageloader. The use of a
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LONGWALL FACE CONVEYOR SPECIFICATIONS

Con-~ Quantity Con- Approx-~ Dis-
veyor of veyor imate Lump* Load- charge
Width x Ht Material Speed Output Size ing*¥* Rate
(in.) (ft3/ft) (fpm) (tph) (in.) (1bs/ft) (tpm)
100 174 2.90

24 x 8 1.16 210 365 10 58.0 6.09
230 400 6.67

100 240 4.00

210 504 8.40

30 x 10 1.60 230 . 552 14 80.0 9.20
260 - 624 10.40

100 360 6.00

210 756 12.60

36 x 12 2.40 230 828 13.80
260 936 15.60

o
ry

Not to exceed 10 percent of total volume.
** Coal density = 50 lbs/ft3.

After Britton, 1980

O-14 SO0

012 = AFC width O-62m (24:-5in) ~ ] .4005
- Moximum lood 1OCKg/m{ 200tyyd) « F“‘\ <
>0:10 b— Mnea density easkgm(5S \2,,0 g __§,
- 300 o
08 — g
g
3006 — 200 2
3
viooa —
< 100

o022 —

(]
© o 10 20 0 40 [le} &0 70 80 90 100

AFC__ccpocity expressed os @ percentage of maximym
Mincral discharge rate from AFC at difTerent specds

Figure 13
(After Guppy, Whittaker, 1970)
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roller curve device implies that space is available for the
5-7 ft diameter sheaves, that horsepower is limited to about
500 hp for 30x108mm chains, and that a special four link
scraper bar spacing is utilized. This scraper bar spacing
requires 2.5 times the normal number of scraper bars. The
roller-curve system may also limit the service life of
chains by 50% in some cases.

AFC Drives

AFC drives in the United States consist of an air
cooled, 1800 rpm induction motor with a fluid coupling and a
bevel spur gear.

German practice dictates the use of dual-speed, double-
wound, water-cooled motors. Starting of the AFC is done
with one-third of nominal speed which eliminates the
requirement for fluid couplings. High starting torques can
be maintained and current limited with this method. How-
ever, problems do exist with this technique. When starting
under load, the head drive is under a higher starting load
than the tail-drive; this allows the tail-drive to come to
a higher torque and speed than the head drive in an equal
amount of time. Because the chain connects the drives, the
tail-drive becomes influenced by the siower head-drive.

This mutual influencing sets up a continuous oscillation

pattern for AFC operation. The drives, under oscillation,
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accept equal loads during equilibrium operation of the AFC.
The U.S. practice of using fluid couplers eliminates this
oscillating condition by eliminating mutual influencing of
drives. It has been found that the load on the drives is
nearly the same in both drive techniques, but start time is
increased by several seconds with the fluid coupling

method.



T-2804 50

CHAPTER IV
CONSTRAINTS ON LONGWALL FACE LENGTH

Geotechnical Constraints

There appears to be no upper limit on longwall face
length imposed by geotechnical constraints. However, no
matter what the face length is, the face must advance
rapidly enough to avoid ground control problems related to
roof convergence and face support yield with time. 1In
general, Gorrie and Scott (1970) state that a face should
advance 60 ft per week to ensure that time dependent roof
closure does not give rise to ground control problems.

In contrast, there is a geotechnical lower bound to
longwall face length. This bound is the minimum width
required to promote good caving of the gob. 1In order to
cave adequately, the span must collapse under its own
weight.

The weight on the unsupported (mined out) span,
parallel to the longwall face, is assumed to be attributable
to a parabolic arch of rock. That is, the weight of all
rock under the load transfer arch. The arch is depicted in
Figure 16.

To arrive at the weight, W, it is necessary to use an
empirical load transfer distance equation (Abel, 1981) to

find the maximum arch height (dp). The maximum arch height
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multiplied by the unit weight of the rock yields the maximum
load on the roof beam of a load transfer arch "L" ft. wide.

The load-transfer equation (1) can be scaled to arrive
at the maximum arch height, dp, for an arch less than 2

LTD 's wide (equation 2).

LTD = -45.0 + .373H - 0.000082 H2 (1)
dg = A (2(LTD) (2/2) - (L/2)2)
(LTD) 2
LTD; = -45.0 + .373 di - .000082 d;°
_d
2 = L __ camyd-dH (2)
(LTD,)?2

After (Abel, 1981)

Where H is equal to the seam depth (ft) and d¢ is the
height from the seam roof to the load transfer arch at some
point other than L/p.

Assuming a rock density of 144 1b/ft3 and a beam
width of one foot, the weight W which results from dp is
W = dox144.0 1lbs/sq. ft.

The maximum moments produced by this loading and beam
configuration have been shown by Applied Engineering
Resources, Inc., 1977 to be

M center = 0.0375 WL2 (3)
M end

0.0667 WL2 (&)
It is assumed that failure of the span will occur when

there is impending tensile stress in the lower fiber edge
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of the roof beam or when the roof beam fails at its ends in
compression. Thus, when the maximum moment at the center of
the beam is equal to the horizontal compressive stress
(Mcenter = o), tensile failure is impending. This assumes
that joints have no tensile strength. For the beam in
question, the stress in the outer fiber margin (exposed

roof) is as follows.

°f=¥g=°H
oo = bulk compressive strength of rock (psf)
of = fiber stress (psf)
oy = Horizontal stress (psf)
M = Maximum moment at center
= .0375 WL2
C = distance from neutral fiber (ft)
= h/2 ft
I = moment of inertia for beam section about neutral
fiber
I = %%é (Higdon & Stilles "Mechanics of Materials")
b = Beam width = 1 ft
h = beam height

If the bulk unconfined compressive strength of the

immediate roof has been exceeded at the ends of the span,
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it is assumed the roof will fail by compression.
In this case, a bulk unconfined strength of 5000 psi

(720,000 psf) is assumed. Thus,

(oe) of + oh

e ¥§ + 144 H
The final results are that the maximum spans for

failure are as follows:

2
(Hh ) 1/2 ft

Tensile failure: L d
(.2250 (72))

L. ((SOOO-H)éhz)) /2 £t
(.4002 (%2))

Compressive failure:

The lesser of these two spans controls the minimum
width required to propagate caving to a minimum height of
four times the seam thickness. This caving height is
required based on an assumed gob bulking factor of 1.25.
A detailed explanation of the caving width equations
appears in Appendix B.

Mechanical Constraints

There is no mechanical lower bound on the longwall face
length which would practically apply. Physically, it would
be impossible to operate a ldngwall shorter than about 75
ft because of the room required to snake the shearing
machine into the coal. Such a face length is economically

unjustifiable. On the other hand, there is a mechanical
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upper bound on longwall face length. This bound is produced
by the working strength or breaking strength of the armoured
flexible conveyor chains. Though the tension in the
conveyor chains controls the maximum face length, such other
considerations as head loss in fluid power distribution,
haulage chain length, and the physical size of conveyor
drives each have a face length beyond which current system
technology in these areas becomes inadequate.

Head loss in the fluid power distribution system as
well as reservoir capacity could become a face length
constraint in the event that all pumps were located in the
headgate entry. If, however, head loss or reservoir capa-
city became a problem, a pump station or reservoir could be
installed in the middle of the face or in the tailgate entry
in addition to the headgate pump and reservoir facilities.

Since shearing machine haulage has predominately
changed from haulage chains to rack and pinion techniques,
haulage chain tension and related safety problems have been
eliminated from consideration.

The physical size of the conveyor drives could conceiv-
ably become a constraint on longwall face length. At
present, the size of the drives for an 800-ft face poses no
problems. As such, the face would have to be much longer

than current or near future chain technology is likely to
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permit for the AFC drive size to be a limiting factor.

The best current estimate of the tension in an armoured
face conveyor chain is incorporated in the Pennsylvania
State University Longwall Simulation Model. The equation is

as follows:

POtp = ww’((L-X)(WL+Wc)(COthCOSa-sina)
+ XWg (uecosa=-sina))
Py = LWe (Cycosa+sina) V¥
Where
POtp = pulling force of upper chain strand
with shearer travelling toward headgate (kg or 1b)
Pu = Pulling force in lower chain (kg or 1b)
¥ = friction factor due to conveyor snake = 1.12
g’ = friction factor due to seam undulation = 1.10
L = length of conveyor (m or ft)
W = weight of conveyor load (kg/m or 1b/ft)
X = length of empty conveyor after initial load has
reached head drive = L Vs/Ve
Vg = shearing machine haulage speed
(m/min or ft/min)
Vo = conveyor chain strand speed

(m/min or ft/min)

We = weight of chain strand (kg/m or 1b/ft)
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Co = friction factor of sliding coal on the
panline COtp = COgtt = .4
o = angle of inclination of conveyor (deg)
u = friction factor between chain strand and
conveyor pans = 0.33
Cu = friction factor of lower chain strand =
Even though the above equation is the most complete
estimate of chain tensions found, it is incomplete. To
make this estimate complete, a term to account for the
sliding friction of coal on the spill plates must be added.
Britton (1980) advocates the use of the following term to
account for spillplate contact.
%% = spill plate sliding friction (1b)
Furthermore, information from chain conveyor manufac-
tures (Long-Airdox) indicates that several constants for
friction in the Pennsylvania State University Longwall
Simulation Model are inappropriate. Long-Airdox recom-
mends the following constants.

Co = 0.4 for a moving coal pile

Co 0.60 for a stationary coal pile

e = 0.33 for steel on steel
The increased friction factor for the chain strand

seems reasonable because of minor conveyor damage. This
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increased value may also help account for such coal fines
as might be carried back in the return compartment on the
armoured flexible conveyor (AFC).

Prior to final discussion of the conveyor strand ten-
sion equation, some assumptions about the AFC should be
noted. For purposes of this investigation, the following
assumptions were made.

o The face conveyor width is 30 in.

o0 The AFC has minimum 12-in. high spill plates.

o The maximum operating load on the AFC is 106.67 1lb/ft.

o The AFC chain strand is composed of two, 30x108mm
chains at 16 1b/ft each.

0 The chain strand speed is 250 ft/min.

o The breaking strength of a single AFC chain is 93d2
where d is the diameter of the link barrel in inches
and the breaking strength is in tons.

o The endurance strength of an AFC chain is 18% of the
breaking strength for cyclic loading applications.

o0 The longwall face is approximately level.

A twin inboard chain strand is preferred because it is
probably the most satisfactory strand configuration avail-
able. 3Single chain strands are too weak for the longer

faces currently being installed. Outboard chain-strand
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configurations have too much difficulty in dealing with
snaking bends in the face; they also tend to hang-up in
their races in the sides of the conveyor pans.

A restatement of the AFC chain tension equation
follows:

POtp = ¥¥’ ((L-X) (W +W,) (CO¢pcosa-sina) +

XWe (uccosa-sina))

Py = LWe (Cycosa+sina)¥

Though the PSU simulator does not use in the lower
chain tension, there is no reason why it should not apply.
After incorporating this aspect, the new lower chain strand
tension is as follows.

Py = LWe (Cy)vy”’

The total chain strand tension is T (1b)

T = POtp + Py (5)

Though the chain is capable of withstanding 93 d2
tons, if the chain stress exceeds two-thirds of the break-
ing stress, the zone of elastic deformation will be exceeded
and the chain links will be permanently elongated. Such
elongation would adversely affect the drive mechanism and,
thus, must be avoided. Therefore, the maximum allowable
load in any chain is 62 d2 tons. Furthermore,
to ensure the expected service life, of an AFC chain, the

endurance strength, 18% of the breaking strength, must not
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be exceeded during normal continuous operation.

To calculate the maximum allowable AFC length, the type
of drives utilized must be considered. A review of current
literature indicates that electric motors may develop 2.5
times their rated torque when stalled. If the AFC is
driven by an AC motor, the maximum torque is limited to
approximately 2.5 times the rated torque. This maximum
torque must not create forces which exceed the breaking
strength of the chain strand.

For purposes of this analysis, it was assumed that the
AFC drives are fluid coupled and that the AFC is loaded
full length. Therefore,

Maximum Allowable Tension = 2.5 (T)

The worst case for breaking strength stress occurs if
the AFC is fully loaded and hung-up on the carrying side of
the AFC near the headgate drive.

Thus, solving equation (5) with the breaking strength
parameters and stated assumptions for the maximum face
length (L):

Maximum Allowable Tension = 2.5 (T)
Equating breaking strength and stated assumptions to

the maximum allowable tension:
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(2) 62 42 (2000) = 2.5 (PO¢p+ Pu)
344603 = 2.5 (POgp + Py)

137841 = (1.12)(1.10)(L) (106.67(.6)+(2)(.33)(32.0)
+12.0%
20
137841 = 1.232 (L) (64.00 + 21.33 + 7.20)
137841 = 1.232 (L) (92.53)
L = 1209 ft

L is now the maximum face length allowed by breaking
strength parameters.

However, it is possible that the endurance limit of the
chains might control the maximum face length. Equating the
endurance strength at the stated assumption of the strand to
equation (5) reduced with the AFC operating parameters, the

maximum face length by endurance criteria results.

122
+—75—)
93043 = 1.232(L) (42.668 + 21.33 + T7.20)
93043 = 1.232 (L)(71.198)
L = 1061 ft for a fluid coupled drive

Here, L is the maximum face length allowed by strand
endurance strength parameters.
For the endurance strength of the AFC at maximum

loading, the horsepower required is:
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HP = (252%688043) = 705 horsepower

AC motors composing this horsepower requirement would
not be so large as to pose a physical size problem on a

longwall operating in 60 in. or more thick coal.
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CHAPTER V
LONGWALL MODEL DEVELOPMENT

Development Sequencing

In the longwall simulation model it is assumed that
all longwall panels for each particular analysis are of
identical length, width, and seam thickness over a maximum
of 15 million tons. The capacity to simulate two and three
entry development exists, as well as the ability to test
various pillar dimensions.

The model is designed to simulate only fully retreat-
ing longwall designs. As such, continuous miner develop-
ment is executed prior to face installation. The first
panel is assumed to require continuous miner development on
three sides, and subsequent panels are developed adjacent to
the first panel with develoment being required on two
boundaries. Upon completion of the development drivage for
the first panel, the development section is moved to begin
development of the second panel. Each time a panel is mined
out after the second panel is developed, the development
crew returns to develop the next adjacent panel. Providing
that panel development is less time consuming than panel
mining, the new panel is ready prior to abandonment of the

current panel. If not, the longwall is forced to await
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completion of development drivage on the new panel. Delay
times and costs are generated to allow for development
waiting and longwall panel transfers. Maintengnce and
equipment rebuild costs are incurred as mining progresses
as per a set maintenance schedule.

Provision is also made in the simulator to set a
single row of cribs in the tail gate entry concurrent with
panel mining.

Industrial Engineering Information

Information regarding crew size and event timing on
longwall faces was obtained from the U.S. Department of
Energy "Longwall Data Bank" (1981). Time study results per-
taining to 95% of all U.S. longwall installations are con-
tained in the data. Only data from faces operating in seams
greater than 57 in. and cutting with the full-face technique
was utilized in this investigation. Event times used in the
simulator represent an average of several actual
observations.

Longwall Moving Rates

The average longwall moving rate was found to be
approximately 16 ft of linear face per three shift day.
To move at this rate, a 42 person labor force over three

shifts is required.
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Mining Cycle Times

The cycle time for one full cut from headgate to tail-
gate and back may be calculated using the following
relationship:

2 ( %;22 ) + 18.63 = min/cycle
Where
F = face length ft.
Vm = shearing machine cutting tram speed
ft/minute

The 95 ft subtracted from the face length is the dis-
tance required to snake into the coal (approximately 15
shield widths plus the shearing machine length). The length
of the shearing machine is approximated to be 20 ft.

The 18.63 minute term is a constant representing gate
related delays. This equation may be derived logically when
considering gate related delay time and the length of face
available to be sheared at full shearing tram speed.

Cycle Production
The total tonnage mined in one cycle is

Total tonnage = 2.0xFxSMx(30.0 in./12.0 in./ft)x 82.5 1b/ft3

2000 1b/ton
Total tonnage = .20625x(F)x(SM)
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Where

F Face length, ft

SM = Seam height, ft
The cutting drum width on the shearing machine is
arbitrarily fixed at 30 in.
Available Mining Time
Available mining time per shift is derived from the
following assumptions.

Total Available Time: 480.00 min

Travel, One Way: 20.00 min
Average Delay Time: 192.10 min
Average Machine Prep: 6.24 min
Average Lunch Delay: 0.00 min

Available mining time 241.66 min
Longwall Productivity
As a result of the above information, the daily produc-

tion from the longwall face for 2 shifts per day is:

2.0x241.66

2(5722)+18.63
m

) x Total Tonnage = Ton/day raw coal.

Finally, a management efficiency of 75% was applied to
this tonnage to reflect deviations from the model such as
failure to cut a full web and/or failure to cut at full

shearing machine tram speed.
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Manpower
Longwall production as outlined above requires a labor
force of 31 people over one maintenance and two production
shifts per day. The daily manpower schedule is as follows:
Production Supervisors 4
Maintenance Supervisors 1
Shearing Machine Operators
Support Movers
Headgate Operators

y
6
2
Mechanics (production) 2
Mechanics (maintenance) Yy

8

General Labors

Total Personnel 31
It is assumed that longwall development and longwall
production occur 240 days per calendar year.

Economic Evaluation

The economic evaluation portion of this program is
based on the principle of net annual after-tax discounted
cash flows. The exact format for calculating net annual

cash flows is as follows:
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Revenue
- Royalty

Revenue less Royalty
- Operating Costs
- Severance Tax
- OSM/Abandoned Lands
Property Tax

Net After Cost
Depreciation

Net After Depreciation
State Tax

Net After State Tax
- Depletion

Taxable Income
- Federal Tax
- Minimum Tax
+ Tax Credits

Net Profit
+ Depreciation
+ Depletion

Operating Cash Flow
- Capital Expenditure

- Working Capital

Net Annual Cash Flow

68

The net cash flow is then discounted to the present at

a fixed rate.
flows gives the net present value (NPV).

variable selected for optimization (maximization) during

longwall selection.

Each component in the cash flow analysis is discussed

in the following section.

Revenue
The annual revenue generated from the longwall is
assumed to be $15.00 per ton of material at the point of

placement on the panel conveyor belt.

The sum of all discounted net annual cash

The NPV is the

It is assumed that

costs out-by the panel conveyor are equal to the difference
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between the 15.00 price and a more realistic price, perhaps
$22.00 per ton. It is further assumed that there is no
significant product dilution. The annual tonnage produced is
a result of the longwall simulator.
Royalty

A production royalty of 8% of gross revenue is assumed.
Operating Costs

Annual operating costs are generated by the longwall
simulator and based on the cost breakdowns detailed in
Appendix C. Both continuous miner development costs, as
well as longwall moving and production costs, are expensed
annually.
OSM/Abandoned Lands

For bituminous coal mined underground, there is a
$0.15 per ton tax levied to assist in cleaning up and
restoring previously disturbed and unreclaimed mining sites.
Property Tax

An ad valorem property tax is assumed which is assessed
on both production and capital improvements. The appraised
value for production is the greater of the net proceeds or
25% of the gross proceeds. In this case, gross proceeds are
the revenue from production less administrative, crushing,
and transportation costs. The deductible costs are assumed

to total $2.50 per ton. Net proceeds are the gross proceeds
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less production costs.

In the case of capital improvements, the book value of
buildings and equipment, based on straight-line depreci-
ation, is assessed at 30%.

The sum of the two assessed values is then multiplied
by the mill levy, assumed to be 60 mils, to obtain the ad
valorem property tax liability.

Depreciation

The depreciation schedule is based on the Accelerated
Cost Recovery System (ACRS) brought into effect by the
Economic Recovery Tax Act of 1981. Under this system, the
mining equipment discussed in this model is subject to a
five year recovery schedule. It should be noted, however,
that the panel development equipment is assumed to have
already been depreciated or to have its depreciation charged
elsewhere. This too is true of the panel conveyor line.
Furthermore, it is assumed that the equipment is placed in
service between 1981 and 1984. The following depreciation
schedule is then specified by the ACRS.

Years of Service Recovered in Year
15%

22%
21%

21%
21%

VEWN —
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Depletion

The depletion allowance is the greater of cost/unit
depletion or statutory depletion. The statutory depletion
allowance is the lesser of 50% of net after depreciation
or the statutory percentage of gross income less royalty.
For bituminous coal, the statatory percentage of gross
income is 10%.

One intricacy is introduced where federal depletion is
a deduction from state taxable income and vice versa. 1In
the case of Colorado, the State assumed for this analysis,
the depletion allowance must be determined by the following
procedure.

State Tax = (0.0256) x Net after Depreciation

Depletion base on 50% Net Income = (Net after

Depreciation-State Tax) x 50%

Statutory Percentage Depletion = (Gross Revenue-

Royalty) x 10%

Selection of the lesser of these two depletion bases
yields the claimed depletion. Cost depletion is not con-
sidered in the model because it is rarely the claimed
depletion in cases such as the one under consideration.
State Income Tax

The state tax rate is assumed to be 5% of net income

after depletion. In any year where there is a net loss, it
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is assumed that some profitable portion of the corporate
entity will benefit from this tax benefit in the year it
occurs. Thus, there are no loss carry forward provisions.
Severance Tax

The severance tax assumed is the tax levied by the
State of Colorado. This tax is $0.30/ton on underground
mined coal, and is assessed on all production beyond the
first 8000 tons each quarter.
Federal Income Tax

The Federal income tax rate is 46% of the taxable
income. As with the state income tax, there are no loss
carry forward provisions. Further, it is assumed that the
first $100,000 each year is earned by some other unit of the
company and taxed at lesser rates.
Federal Minimum Tax

The Federal minimum tax is a 15% add-on tax levied on
tax preference items. The minimum tax base is the total of
the taxpayer's tax preferences reduced by the "greater of
(1) $10,000 or (2) the full amount of the taxpayer's income
tax liability" (Gentry and O'Neil, 1983). The tax liability
includes any investment tax credits. Preference items
considered for the purposes of longwall evaluation are

excess depreciation on real property and depletion.
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Excess depreciation is depreciation on real property claimed
beyond such depreciation as might have been claimed under
the straight-line method. However there is no real property
in this analysis.

Excess depletion is that depletion claimed beyond the
unad justed basis of the property at the beginning of the
year. For purposes of this discussion, the entire
depletion claimed is used as a tax preference item.
Investment Tax Credits

Under the Economic Recovery Tax Act of 1981, the
fraction of 5 year property qualifying for the ITC is 100%.
The amount of ITC which can be claimed in one year is the
lesser of the tax liability or $25,000 + 85% x (tax
liability over 25,000). The ITC may be carried back 3
years or forward 15 years. In the model, provisions have
been made for ITC carry forward.

Capital Expenditures

Capital expenditures are made based on manufacturers'
estimates of current purchase costs of equipment. Also
considered are the estimated rebuild costs to attain equip-
ment life and productivity goals. These capital expendi-
tures are then depreciated as described in the section on

depreciation.
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Working Capital

The initial working capital, estimated to be 25% of
the total average annual revenue, is recaptured in equal
installments during the first ten years. It is assumed
that the project itself provides working capital after the
initial working capital is recaptured. Because the parent
organization receives the benefits of the longwall project,
no interest is charged on working capital.

Present Value Calculation

The net cash flow is discounted to time zero at a
nominal discount rate of 16% annually. This discount rate
approximates current hurdle rates applied by coal producers
in project evaluations.

It is important to note that the tax codes utilized in
this document have been superceeded by the Tax Equity and
Financial Responsibility Act (TEFRA) codes. The now
outdated code was utilized because the simulation routine
was under development prior to the TEFRA standards. Updating
would have required a great deal of modification. 1Initial
tests run to evaluate the significance of using the outdated
tax codes compared to the TEFRA standards show that the
TEFRA generated NPV is within 3 percent of the simulator
generated project NPV. As such, efforts to revise the tax

computations of the simulator to conform to TEFRA standards
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were deemed unnecessary. Future revisions of state or
federal tax codes may require modification of the simulator
to maintain acceptable accuracy in comparison to the 10% or
better accuracy involved in other areas of the simulation
program.

In conclusion, it is necessary to note that an implicit
assumption is made that the project in question is associ-
ated with one division of a multi-division profitable cor-
poration. This assumption validates the assumptions regard-
ing taxation.

Test Case

A test case modeling a realistic coal mine project
scenario is presented in the following sections along with
the resulting output. This test case serves to demonstrate
the utility of the computer longwall simulator.

The parameters utilized in the test case are as
follows:

Seam Depth: 1000 ft

Thickness of the most competent overlying bed

within four seam heights: 15 ft
Length of gob overhang beyond the coal face:
23.7 ft

Shield type: 2-leg lemniscate shield

Seam Extraction Height: 10.0 ft

Longwall Panel Length: 4000 ft

Panel Development System: 3-entry.

Continuous Miner Development Productivity:

350 tons/shift
Development Entry Pillar Dimensions:

80 ft x 40 ft
Development Entry Width: 20 ft
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Results of the longwall simulator are presented in
Figure 17. In the figure, project NPV is plotted versus
longwall face length. Additional simulator output in the
form of economic and design results are presented in
Appendix D.

The results of Figure 17 are rather obvious. The NPV
rises with increasing face length prior to reaching the
economic maximum value. During this period, several factors
are interacting. At short face lengths, (approximately 100-
275 ft) the time required to develop a panel may exceed the
time required to mine out an identical panel. This circum-
stance is costly because of lost productive time and waiting
or delay costs. Also, shorter faces have a higher percent-
age of high cost development production to total production;
they also have higher fixed costs per ton mined in the panel
because of the increased number of inter-panel equipment
moves required. These ﬁwo factors tend to decrease the
economic benefits of shorter faces compared to longer faces.
Furthermore, longer longwall faces are more productive and
thus have lower production costs than shorter faces.

At face lengths beyond the economic optimum face
length, 6ther factors work to decrease the economic
benefits of longer longwall faces. Beyond the minimum

amount of face equipment, increases in face length increase
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Project NPV ($ U.S., 1983)
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Figure 17 Project NPV vs. Longwall face length
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capital costs of equipment and maintenance with a near
linear trend. As such, the marginal gain in productivity,
and thus NPV, is exceeded by increased capital costs.
Furthermore, the realization time of initial cash flows is
more lengthy than for shorter faces, thus decreasing the
present value of comparable cash flows.

The above stated factors all contribute to a fairly
broad optimal range of face lengths. The optimal range of
face length may be on the order of 100 to 200 ft, within
a tolerance of $500,000 in NPV below the optimum. In
general, it is preferable to have longwall faces slightly
longer than the optimum face length rather than slightly
shorter than the optimum face length. The reason for this
statement is that the rate of change in NPV with changing
face length is greater for sub-optimal face lengths than
post-optimal face lengths.

For this test case, the optimum face length is 600 ft
with an optimum project NPV of $21.9 million dollars (1983
U.S.). The range of optimal face lengths within $500,000 of
the optimum NPV is approximately 560 ft to 690 ft.

It must be recognized that operator certainty in such
variable factors as continuous miner development productiv-
ity will temper face length selection. For example, if the

development productivity were over estimated, the optimum
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face length would increase and the optimum NPV would
decrease. As such, choice of a slightly sub-optimal face
length might bring the final outcome as close to optimality

as possible under the prevailing conditions of uncertainty.
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CHAPTER VI
GENERALIZED RESULTS

The results presented in this section are attributable
to analyses of variations of a base case. Results which
isolate specific variables for analysis are based on depar-

tures of the variable in question from the base case condi-

tions.

The base case parameters are as follows:

Seam Depth: 1000 ft

Thickness of the most competent overlying bed in
four seam thicknesses: 15 ft

Gob overhang beyond coal face: 23.7 ft
(10 ft beyond rear of shield roof canopy)

Shield type: 2-leg

Seam Extraction Height: 10.0 ft

Panel length: 4000 ft

Number of Panel Development Entries: 3

Continuous Miner Productivity for Entry Development:
400 ton/shift

Development entry pillar dimensions: 80 ft x 40 ft

Development entry width: 16 ft

Project life: 15 million tons or 30 years, whichever
comes first

The effects of seam extraction height, number of
shield legs, development productivity, development entry
width, and longwall panel length are presented in the
following sections.

Variation of Seam Height

Figures 18 and 19, respectively, present the effects

of varying seam height and development productivity on
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Figure 18 Seam Height vs. Optimum Longwall Face
Length for 3-entry Panel Development
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Figure 19 Optimum NPV vs. Seam Height for 3-entry
Panel Development
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optimum longwall face length and optimum net present value
for 3-entry development systems. Similarly, figures 20 and
21 present the results of varying seam height and develop-
ment productivity on optimum face length and net present
value for 2-entry development systems. In both cases,
increasing the development productivity decreases the opti-
mum face length and increases the net present value of the
project. The rate of decrease of optimum face length and
increase in NPV decreases as the development productivity
rises. Eventually, as the development productivity rises,
the optimum longwall face length falls to the lower bounding
condition. At that continuous miner productivity it is no
longer desirable to operate a longwall face in comparison to
continuous miner room-and-pillar techniques -- assuming
operating conditions permit.

Variation in Number of Development Entries

Figures 22 and 23 display the aforementioned results
for 2-entry and 3-entry development on the same plot.

It is clear that optimum face lengths for three entry
development, as compared to two entry development for the
same development productivity, may be several hundred feet
longer in thick seams. The effects are lessened in thinner
seams, however. The NPV of projects with 3-entry develop-

ment, as compared to identical projects with 2-entry
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Seam Extraction Height (ft)
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Figure 20 Seam Height vs. Optimum Longwall Face
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Figure 21 Optimum NPV vs. Seam Height for 2-entry
Development
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Figure 22 Seam Height vs. Optimum Longwall Face
Length
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Figure 23 Optimum NPV vs. Seam Height
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development, may vary as much as $3.5 million dollars at
lower development productivities and lessens to near $1
million dollars at very high development productivities.

These results are reasonable when consideration is
given to the ramifications of varying seam thickness and
development productivity.

Since maximization of the project NPV is the objective
in this analysis, it is clear that producing the minimum
amount of development coal at the maximum possible rate is
desirable. This conclusion is founded on the premise that
the cost of development product is greater than the cost of
longwall mined product. This is particularly true if the
development product is more costly than its unit value on
the panel or section conveyor belt. Minimizing the amount
of development coal produced minimizes the average cost of
production throughout the project and thus maximizes the
NPV. For this reason, three entry development generally
requires longer longwall faces with resulting lower average
production costs than 2-entry developed systems.

In addition, it would appear that below a specific
seam héight 3-entry development is economically preferable
to 2-entry development. Above that seam extraction height,
the situation is reversed. Figure 24 presents these

results. Economically, the line plotted on Figure 24 is
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< Figure 24 Seam Thickness vs. Development Productivity
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the point where continuous miner produced coal has a produc-
tion cost equivalent to the longwall coal production cost.
However, this is not to be confused with the point where a
longwall is no longer economically desirable. Because of
the assumptions applied regarding continuous development
costs, the tonnage where the breakover occurs is at a

lower continuous miner productivity than the continuous
miner production room-and-pillar/longwall production break-
even production cost. This discrepancy results from
assumptions about continuous miner section depreciation,
manpower and overhead costs. Thus, continuous miner pro-
ductivity would have to increase to be equivalent to the
longwall production costs.

Increasing seam height and productivity have the effect
of lowering the fixed cost component of the total develop-
ment production cost. Thus, increasing these variables has
the effect of shortening the optimum face length necessary
to minimize the average production cost over the project
life. Therefore, at a fixed productivity, 2-entry systems
are developed more rapidly at lower total production of
development coal than 3-entry systems of comparable geometry
and thereby require shorter longwall faces to minimize the
overall coal production cost. Increasing the seam thickness

also has the effect of lengthening the optimum longwall face



T-2804 91

length and raising the project NPV. This occurs because the
longwall productivity is increased as the face length
increases and the exposed face area per unit face length
increases. Thus the overall production cost is minimized
thereby maximizing the project NPV.

Variation in Shield Style

Figures 25 & 26 display the results of using 2-leg
and 4-leg shields on optimum longwall face length and
optimum project NPV. Within the accuracy of the analysis,
there is no effect of shield design on optimum face length.
Obviously, however, the slightly lower NPV of a U-leg face
(attributable to higher capital costs) requires that the
optimum face length be slightly longer to raise productivity
and lower the overall production cost. The lengthening
involved is less than 20 ft under the conditions of the base
case and varying seam heights investigated. The lower NPV
associated with a U4-leg shield face is also negligible,
being under $200,000 throughout the range of seam heights.
investigated.

Variation of Continuous Miner Productivity

Figures 27 & 28 show the effects of varying continous
miner developmenﬁ productivity on optimum longwall face
length and optimum NPV, respectively. As the development

productivity decreases, the optimum longwall face length
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Figure 25 Seam Height vs. Optimum Longwall Face
Length for 2-leg and 4-leg shields
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Optimum NPV (Million U.S. Dollars, 1983)

Figure 26 Optimum vs. Seam Height for 2-leg and
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Figure 27 Continuous Miner Development Productivity

S vs. Optimum Longwall Face Length
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Figure 28 Optimum Project NPV vs. Continuous
Miner Development Productivity
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increases and the optimum NPV decreases.

The increase in optimum longwall face length results
from a need for lower cost production coal to balance out
the higher cost development production. In addition, the
face length where panel mining time is equivalent to panel
development time increases. Also, the length of time
required to realize initial revenues increases, thus making
the NPV of equivalent initial cash flows less.

The optimum NPV decreases with decreasing development
productivity. As above, the NPV decreases because of
increasing average production costs and cash flow timing.
Equipment capital costs also increase with increased face
length and adversely affect the NPV.

Variation of Development Entry Width

Figures 29 & 30 show the effects of variation of the
panel development entry width through the range of seam
extraction heights on optimum face length and optimum NPV,
respectively. The optimum longwall face length increases
as the entry width is increased and the optimum NPV
decreases with increasing entry width. The optimum longwall
face length and optimum NPV for a given entry width increase
with increasing seam height.

Such responses to variation in entry width are easily

explained. Increasing the development entry width requires
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Figure 29 Development Entry Width vs. Optimum
Longwall Face Length for 3-entry Development
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Figure 30 Optimum NPV vs. Development Entry Width
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the extraction of increasing quantitites of high cost
development coal and requires longer development times at a
fixed development productivity. These elements combine to
create a need for longer longwall faces with higher produc-
tivities to offset the high cost development coal. The opti-
mum NPV consequently decreases as the overall average coal
production cost is increased, and the marginal differential
between cost and revenue decreases.

At constant development entry width, increases in
seam thickness has the effect of lengthening the optimum
longwall face length and raising the optimum project NPV.
This occurs because the longwall productivity is increased
as the face length increases and the exposed area of coal on
the face increases per unit face length. Thus, overall
production cost is minimized, thereby maximizing optimum
project NPV.

Variation of Panel Length

Finally, Figures 31 & 32 show the effects of variation
of longwall panel length on optimum longwall face length
and optimum NPV through the seam height range analyzed.

The results of this section are more difficult to explain
than are those in the previous sections. In general, there
is little variation in optimum longwall face length or

optimum project NPV with varying longwall panel length. For
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8 Figure 31 Panel Length vs. Optimum Longwall Face Length
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Figure 32 Optimum NPV vs. Longwall Panel Length
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longwall panel lengths from 3000 ft to 8000 ft, the maximum
decrease in optimum longwall face length is 60 ft, with more
typical decreases being on the order of 20 ft for a given
seam height. In the lower range of seam heights, the opti-
mum face length variation is negligible. As the longwall
panel length increases through its range, the optimum pro-
Jject NPV's appear to rise to a broad peak and then decrease
with increasing panel length. As a result, there appears to
be an optimum panel tonnage related to the seam height.
Figure 33 shows this relationship.

The decrease in optimum longwall face length with
increasing panel length may be attibutable to the reduction
in fixed costs per ton associated with moving longwall
equipment from worked out panels to virgin panels. The
economic optimum related to panel length (Figure 32) for a
given seam height is difficult to explain with certainty.
Potentially, the panel length increases to an optimum as the
incremental cost per ton attributable to panel equipment
moves decreases. Beyond the optimum panel length, develop-
ment times increase as do the quantities of high cost
development coal. Possibly, the development time might
exceed the time required to mine out a virgin panel, thus
entailing a waiting cost. 1In any case, there are time value

of money and scheduling problems involved with very long
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Figure 33 Seam Height vs. Optimum Longwall Panel
Tonnage
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panels. The timing and quantity of high cost development
coal production may also influence the decline of the
optimum project NPV beyond the economic optimum panel length.

Other Variables

Seam depth and the length of roof overhang were exam-
ined and found to influence only the geotechnical parameters
such as the minimum face length necessary to propagate gob
caving and the support load density. Their effects on opti-
mum longwall face length and optimum NPV were found to be

negligible.
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CHAPTER VII
CONCLUSIONS

105

In general, any change in panel geometry or operation

which causes a greater tonnage of development coal to be

produced or lengthens the time span to realize positive cash

flows generated from longwall operations will cause the

optimum longwall face length to increase and the optimum

project NPV to decrease.

The general impact on longwall

face length of the variables of interest are as follows:

Variable

Seam Extraction

Height

Entry Systems,

3-entry

Shield Design,

2-leg

Continuous Miner
Development
Productivity

Entry Width

Panel Length

Seam Depth

Gob overhang

length

Variation

increase

2-entry
4-leg
increase
increase
increase

increase
increase

Effect on
Optimum
Longwall
Face Length

Effect on
Optimum
Project NPV

increase

decrease
negligible
decrease
increase
increase

none
negligible

increase

increase

very minor
decrease
increase

decrease
variable
none

very minor
decrease

In view of the fact that an optimum panel length and

face length occur at a fixed seam height, there also exists

an optimum panel tonnage.
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Furthermore, for a given continuous miner development
productivity and seam extraction height, there is a point
where 2-entry development is no longer economically prefer-
able to 3-entry development.

Finally, it appears to be economically preferable to
select a longwall face length slightly longer than the opti-
mum face length rather than shorter than the optimum face
length. This rule results from the rates of change of the
NPV vs. longwall face length curve on either side of the

optimum.
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RECOMMENDED ADDITIONAL STUDY

During the course of this investigation, several points
arose which were not completely understood or were not
modeled. To make this investigation more complete and
enhance its practical utility, the relationships of the
following areas to the model at hand should be further
investigated.

1. Variation of longwall panel length in a group of

panels.

2. Variation of seam height in a panel or block of

panels.

3. The effect of multi-entry panel development.

4, The effects of fully-advancing and "Z" longwall

systems.

5. The effects of entry pillar dimensions.

6. The exact cause of an optimum longwall panel

tonnage.

Although it might seem reasonable to extend this inves-
tigation to thin or steeply dipping seams being mined by
longwalls, it would probably require major computer code
revisions and extensive literature research before these
cases could be modeled because of their unique operational

and design requirements.
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APPENDIX A

Calculation of Support Load and Loading Geometry
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The modified U.S. Bureau of Mines model used to
predict face support loading is shown in Figure 34. For the
purposes of this thesis, the assumed values for variables
are as follows:

W

Weight on support (ton)

g In situ density of material (1lb/ft3) =

144 1b/ft3 (Wilson, 1982)

h = Height of cave (ft) = 4 times the extracted
section (Wilson, 1982)

A = Angle of cave (9) = 750

SM = Extraction Height (ft.)

8 = Breaking length of roof (ft)

S

Center-to-center support spacing = 5.0 ft.

W (tons)= 1.44 (SM)(1.54SM+@e)

The derivation of the support loading equation is as

follows.

((SM+@) + (SM+8) + h Tan (900-750))
(2) (2000 1b/tomn)

x h (ft) x 5 (ft) x g (1b/ft3)

W

_(2x(SM+g) + 4 SM x Tan (159)
( % 2000 Y x 4SM x 5x144

( (SM+6) + .5359 x SM) x 1.44 x SM

W (tons)= 1.44xSMx(1.5359SM+8)
This method may be considered conservative because of

the excess weight of the rock added to the carried block by
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|

=2
FACE BREAK

SM

Face Support Loading Geometry
Figure 34

(After Gentry and Stewart, 1982)
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the assumption of a vertical break ahead of the face.
reality, the break is probably stress induced and at a
similar angle to the cave angle, which is also stress

induced.

In
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APPENDIX B

Geotechnical Bounds on Longwall Face Length
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The purely geotechnical bounds on longwall face length
are derived from the following assumptions and conditions.

First, it is assumed that the weight on an unsupported
(mined out) span, parallel to the longwall face, is gener-
ated by a parabolic arch of rock. That is, the weight of
all rock under the load-transfer-arch or a scaled-down load-
transfer-arch. A load-transfer-arch is an arch, two load-
transfer-distances (LTD's) wide at the seam roof. For spans
shorter than two load transfer distances, the load-transfer-
arch is scaled down, as shown below, to represent that
portion of the load-transfer-arch affecting the opening.
Figure 35 depicts the arching situation.

To arrive at the weight W, it is necessary to use an
empirical load-transfer-distance equation (Abel, 1981) to
find the maximum arch height (d2), of a load-transfer-
arch "L" feet wide. The maximum arch height (do) multiplied
by the unit weight of the rock yields the maximum load on
the roof beam.

The load transfer equation (1) can be scaled to arrive
at the maximum arch height, dp, for an arch less than two

LTD's wide at the exposed span.



T-2804 121
= |« LTD —<— =
r /I{
/o
7~
dq y ‘}-\\\\ Roof Material
/92
/
\, Coal Seam
1/2—>t=1/2
i ekl
L = unsupported span length

LTD = Load Transfer Distance

diy = height from the span to the
Load-Transfer-Arch

do2 = maximum arch height

W = weight of unsupported span

(acting along d?2)

The Scaled-Down Load-Transfer-Arch
Figure 35
(After Abel, 1981)
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LTD = -U45.0 + .373H -0.000082H2 (1)
dy = 4 2(LTD) (L/2)-(L/2)2
(11D)2 (2(LTID) (~/2)-(~/2))
LTDp = -45.0 + .373dq -000082d
.4 L, L2 (2)
@2 = ——= Q2@ H-HD)

(LTD2)
Assuming a rock density of 144 1b/ft3 and a beam width

of one foot, the weight W which results from dp is:

W(1lb) = do x 144.0

The maximum moments produced by this loading and beam
configuration has been shown by Applied Engineering
Resources, Inc., 1977 to be:
0.0375 WLZ2 (3)
0.0667 WL2 (4)

Mecenter (1b-ft)
Meng (1b-ft)

It is assumed that the span fails at the ends of
the span in compression. Thus, when the compressive
strength of the strongest roof member in four seam heights
is exceeded, the span will collapse.

The derivation of the minimum undermined span, "L",
required to promote good caving to four seam heights above

the seam is as follows.

o¢c = bulk compressive strength of controlling roof
member (psf)

oh = horizontal in-situ stress (psf)

Of = fiber stress due to bending moment (psf)
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of = %?
M = maximum moment for center or end of beam (1lb-ft)
¢ = distance from neutral fiber to fiber edge (ft)
= h/2 ft
I = moment of inertia for beam section about neutral

fiber (ft4)
= %%3 for a rectangle

b = beam depth = 1 ft

h = beam height (ft)

H = depth to seam (ft)

The total horizontal compressive stress on a rock ele-
ment is equal to the generated fiber stress due to bending
added to the existing horizontal stress in the ground.

e = 9f + % (6)

Based on the hypothesis that through geologic time the
compressive horizontal stess will come to equilibrium at the
lithostatic stress, horizontal stress is assumed equal to
the vertical stress (Wilson, 1972).

Reducing equation (6) with these assumptions, the total

compressive stress on a rock element in the roof near the

rib is represented by equation (7).
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o bilc. + 144 H

0.0667wL2(11/2) + 144 H
(bh3)
17
=(0.0667) (144d2) (1.2) (h) (12) + l44H
3
bh

=(0.0667) (144d2) (L2) (6) + l44H (7)

bh?
The bulk compressive strength of the controlling roof

member is assumed to be 5000 psi (720,000 psf).

Setting equation (7) equal to the assumed bulk compres-
sive strength of the rock, the minimum span required to pro-
mote adequate caving (L) can be found.

(0.0667) (144d2) (L2) (6) , 1yuy

720,000 psf = >
bh

12 = (720 000 - 144H) bh2 (8)
(0.0667) (144d2) (6)

Assuming b = 1 ft, then equation (8) reduces to:

L2 = (720 000 - 144H)h2
(0.0667) (144dp) (6)

(5000-H)h2 (144)
= (.0667) (1&44) (d9) (&)

(5000-H) (h?)
= 1.0667)(8) (d2)

((SOOO—H)(hz))%
(0.400) (dp)

-

N
L]
(-f

N~
i

|
I

maximum span length for compressive failure

(ft)
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A check must also be made to determine if tensile
failure controls the maximum span length. It is assumed
that joints are cohensionless and that failure is pending
when in situ horizontal stress, assumed to be compressive,
is exceeded by the tensile beam fiber stress. Therefore,
at the center of the roof beam equation (9) represents the
tensile fiber stress-horizontal stress equilibrium at

pending tensile failure.

r="L=- %y (9)

Reducing equation (9) with the aforementioned assump-
tions, the limiting span (L) may be found.

(010375WL2) (h/2)
(bh3/12)

(0.0375) (144dp) (L2) (h) (12)
(2) (b) (h3)

(0.0375) (144d5) (L2) (6)
(b) (h2)

°H (b) (h2)
(0.0375) (144d3) ()

L2

Assume %4 = 1.0 psi/ft of depth = 144 psf/ft
of depth

2 . L44H (b) (h%)
(.0375) (144d9) (6)
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Assume b = 1 ft

2
2 - (H)(h%)
L€ = CO379) @ ®
L = ((H)(h?) %

(0.2250 (dp)

L maximum span length for tensile failure (ft)

It may also be noted that the minimum span length also
corresponds to the distance from ribside to the longwall
face, in the direction of panel length, where initial panel
caving occurs. The span to initial cave may be slightly
longer if the roof bolts in the starting entry are intact.
The added span length results from the increased strength
of that small section. On the other hand, if the starting
entry is blasted to initiate cave early, the advance
achieved prior to full cave will depend on the degree of
blast disturbance and the height to the cave controlling
member. Panels adjacent to worked out panels may be obser-
ved to cave prior to attainment of the predicted advance
because of disturbances of the roof related to the mined

out adjacent panel.
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APPENDIX C

Detailed Cost and Economic Assumptions used in the

Longwall Simulation Model
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Cost assumptions necessary to generate production cost
estimates are explained in detail in the following para-
graphs.

Included in the ventilation and roof control cost for
longwall production is a component of between $0.05 - $0.16
per-ton-produced for timber cribs in the tailgate. It is
assumed that a single row of 3-ft x 3-ft cribs on a 6 ft
center-to-center spacing is installed. The cribs are con-
structed from twin timber layers of 6 in x 6 in timbers, 3
ft long.

Further, it is assumed that there is an initial long-
wall engineering and design fee of $100,000 which is
capitalized, as a part of depreciation, over the first 10
years of project life.

Table 2 shows the daily cost of the continuous miner
personnel. These manpower figures are assumed based on
common industrial practice at unionized (United Mine Workers
of America) mines.

Table 3 shows the daily cost of longwall production
and moving manpower. These figures are based on national
statistics for longwalls in coal seams thicker than 60 in.

The production cost estimate for longwall development,
mining, and moving (Table 4) is based on cost assumptions
from the general literature and generally accepted operating

practice.
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TABLE 2

CONTINUOUS MINER PANEL DEVELOPMENT FOR LONGWALL
(as per 1981 UMW contract 12/82-3/83)

Production Personnel (2 shifts per day)

$ Wage/ Total
- Total Day Cost/Day
Continuous Miner Operators 2 102.00 204.00
Continuous Miner Helpers 2 102.00 204.00
Shuttle Car Operators Yy 95.52 382.08
Roof Bolters y 102.00 408.00
Maintenance Personnel 2 102.00 204,00
Utility Personnel 2 95.00 191.04
Subtotal 16 1,593.12
10% Absenteeism 159.31
Total Hourly Cost T,752.43
Supervisors 2 145.84 291.68
Total Production Labor 18 2,000, 11
Maintenance Personnel (1 shift/day)

Maintenance Personnel 2 95.52 191.04
10% Absenteeism 19.10
Supervisor 1 145.84 145.84
Total Maintenance Labor 3 355.98
Subtotal Development Labor 21 2,503.09
008.03

Fringes at U42% 1
Total Development Labor Cost 3,008.13



T-2804

TABLE 3

LONGWALL LABOR

Production (2 production shifts,

1 maintenance shift)

Production Supervisors

Maintenance Supervisor

Shearing Machine Operators

Support Movers

Headgate Operators

Mechanies (production)

Mechanics (maintenance)

General Laborers

Subtotal

10% Absentism Excluding
Salaried Supervisors

Subtotal Production Labor

Fringes at 42%

Total Production Labor Cost

Panel Moves (3 shifts per day)

Supervisors

Mechanics

Scoop Operators

General Labor

Subtotal

10% absenteeism
Execluding Supervisors

Subtotal Move Labor

Fringes at U42%

Total

Ln;:mnocnc—az

w
-

J:‘_s —_
NI Oy 0 Oy

Total Labor Cost for Moving Longwall

130

$ Wage/ Total
Day Cost/Day
145.84 583.36
145.84 145,84
101.76 407.04
98.48 590.88
98.48 196.96
101.76 203.52
101.76 407.04
93.20 745.60
3,280.24

255.10

3 i

1 Ld

5,020.18

145,84 875.04
101.76  1,831.68
98.48 593.88
1,118.40
T.576.00

354.10

i,770010

2,003.44

5’77305ﬁ
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TABLE 4
DEVELOPMENT PRODUCTION COST

Tonnage per shift: input by program user
Direct Labor: 3408.13 (From Table 2)
Maintenance: $1.35/ton

Ventilation & Roof Support: 0.50/ton

Subtotal 1.85/ton + 3408.13

10% Contingenty .19/ton + 340.81

Total Day Cost 2.04/ton + 3748.94

Cost/ton = Daily Production/Total Daily Cost
LONGWALL PRODUCTION COST

Day Cost
Direct Labor 5020.18 (From Table 3)
Maintenance .25/ton
Ventilation & Roof Control .40/ton
Subtotal 0.65/ton + 5020.18
10% Contingency .07/ton + 502.01
Total Day Cost 0.72/ton + 5522.20

LONGWALL MOVE COST

Direct Labor 6773.54 (From Table 3)
2 Scoops @ 400/day 800.00
Supplies 500.00
Subtotal 8073.54
10% Contingency 807.35

Total longwall moving cost/day 8880. 89
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LONGWALL EQUIPMENT COSTS
Hemscheidt Shields

Ton Ratings 2 leg 4 leg
350 $30,000 ea. $32,000 ea.
472 $35,000 ea. $37,000 ea.
582 - $39,000 ea. $41,000 ea.

Forepole Option: $3500 ea. (Sublett, 1983)
Eickhoff EDW-300L Shearing Machine $1.2mm (Mauulakis, 1983)
Halbach-Braun Face Equipment

30-in. AFC pan line (30x108mm chain, $26.85/ft)

AFC drives

Base frames

Stage loader

Crusher

Mobile belt tail piece

Installation/Training

Total $1.3mm for a 600-ft face (Easton, 1983)

All costs given in this section are May, 1983 cost
estimates supplied by the component suppliers. In most
cases, the costs are approximate as exact costs (lowest
cost) are considered propriatary. These equipment costs are
known to be in agreement with costs quoted to recent poten-
tial clients. The specific equipment manufacturers quoted

were chosen for illustrative purposes only.
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APPENDIX D

Cash Flow Tables of Sub-Optimal, Optimal, and
Super-Optimal Variations of Face Length for

the Test Case.

Sub-Optimal: 580 ft
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It should be noted that any C/F figures shown for
years beyond the end of the project have no economic
significance and do not impact simulator results. Such
figures exist only because of the output format. The end of
the project life is last year in which there is a positive
gross revenue.

All figures are in 1983 U.S. dollars and net annual
cash flows are discounted to present value at 16% compounded
monthly (17.2% annually).

These tables are shown to enable a simulator user to
examine individual annual cash flows for budgetary purposes
as well as to assist the user in error recognition and

rectification.
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APPENDIX D CONTINUED

Optimal Case: 600 ft Face
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3284622
d

T444
3863375
7243665
74442
6951966
3681254

5
16639399
1497545
3166657
726339
11248865
1264740
9984124
153¢824
745853
1747447
3545425
9

7444
4169465
6965831
74449
6673931
3214685

6
16639399
1497545
3160657
712382
11262813
6597132
1a6u3111
1530824
TToy22
8295484
3815922
4

3
4479561
667208
J
6453429
2486696

708¢C-1
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YEAR

REVELUE

KUYAL TY/GSH

OPERATING COST
PROPLERTY TAX

NET AFTER COST
DEPKFCTATICN

NET AFTEL DFPRRECIATION
DEPLETION

STATE & SEVFFANCF TAXFS
PRE-TAX FRCFITS
FEDERAL INCUME TAXES
MINIMUM TAY

TAL CREDITS

NET PIOFITS

CASH FLOW

CAPITAL EXPENDITULE

NET CASH FLOW/INC. WNRK CAP,

NET PRESFENT VALUE

7
16639399
1497545
3166657
718685
11256518
289796
10966714
1530624
794982
8643907
3974817
g

125014
4791102
6611722
12521040
5144961
1691166

8
16639399
1497545
3166657
783692
11271503
4421785
13828717
1539824
7880862
8549812
3914512
N

7444
46¢2741
6576351
74448
6285252
17623178

9
16639399
1497545
3166657
687360
11287835
339883
13948935
1530824
794848
8623162
3966654
2

Y
4656587
6527132
("
6318473
1549428

lv
16639399
1497545
3166651
713543
11261652
752769
14508882
1532824
7172898
8235967
3774744
Y

262444
4693666
6977268
2624449
4136161
843952

11
16639399
1497545
3166657
692487
11282708
951739
1¢33R969
1538824
763195
8036949
3696996
#

p
4339952
6822516
2
6822516
1187509

12
16639399
1497545
3166657
686317
11238879
65¢7¢8
12638176
15336824
778555
A328799
3831243
L}

7444
4504999
6686524
7444y
6612084
981754

7082-1L
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YEAR

REVENU®

ROYALTY/GSV

OPERATING €OST

PROPERTY TAX

NET AFIeR COST
DEPRECTATICN

NET AFTER DEPRECIATIGNM
DEPLETION

STATE & SEVERANCE TAXES
Pkiu=TAX PLCFITS

FEDEKAL INCOME TAXES
MINTHMUM TAYX

TAX CREDITS

NET PROFITS

CAsH FlQw

CAPTITAL FXPENDITURE

NET CASH FLOW/INC. WORK CHP,.
NET PEESENT VALUE

13
16639399
1497545
3166657
680L12
11295183
458619
10836564
153824
788474
8517264
3917941
")

7444
4646766
6596219
74440
6521779
8261 41

14
17062535
1535628
3193539
692346
11641320
251641
11389679
1569753
8226417
8997279
4138748
8

9
48585348
6679925
)
6679925
7211739

15
17862535
1535628
3193539
6858176
11647491
44664
116828217
1569753
833304
9199769
1231894
4

7444
4975319
6589736
T4444
6515296
608502

16
17362535
1535628
3193539
679572
1165379%
56574
11597221
1569753
833324
9194443
4229444
¥

7444
4972443
65987171
7444
6524331
512966

17
17062535
1535628
3193539
6741178
11659189
47641
11611547
1569753
833744
9268854
4235704
d

¢
4972349
6589744
2
6589744
441970

18

=37179
-7483

%708¢-L
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YEAK

REVENUE

ROYALTY /0S¥

OPERATING COST

PROPERTY TAL

NET AFTEL COST
DEPRECTATICN

NET AFTER NEPKECIATIAON
DEPLETION

STATE & SEVERANCE TAXLS
PLF-TAX PiLOFITS

FEDERAL INCUME TAXES
MINTMUM TAX

TAX CREDITS

NET PROFITS

CASH FLOW

CAPITAL FEXPENDITURE

NET CASH FILOW/INC., WOLK CAP.
NET PPRESENT VALUE

19

74¢3
-7403

~-7403

g
-7403

I

=7403
-7483

20

21

~-7403
-7403

22

9

4

%
7483
-74a3
¢
-7483

-7483
-7443

23

7087-L

7423
-74943
0]
-74¢13

R

-74013

-7403
-74¢3

1



YEAK 25 z6 217 23 29
REVEHOE e é ¥ ¢ 0
ROYALTY/OSH 4 4 if ¥ (%
OPERATLHG CUST ¥ i o J Y
PROPFLTY ThX 7403 7423 7443 7403 7403
NET AFTER COST -74¢3 =7443 ~7493 -74493 =-74¢3
DEPKECTATICN " 4 ) ) J
NET RFTEF DEPKRECIATLION ~7403 -7493 -74¢3 -7443 =743
DEPLETION b 3 J 8 (%
STATE K SEVEI ANCE TAXES 9 (] ] ' A
PRE=TAX PROFITS ~74a3 -7483 -74°73 ~7403 - -7403
FEDERAL INCOME TAXES p v 9 4 )
MINTMUM TAX 9 ] 9 ] )
TAL CREDITS 3 o 2 () )
NET PLOFITS ~7423 =743 -744a3 -7403 -7403
CASIl FLOW -74pP3 =-7423 =743 -7403 -7483
CAPLITAL EXPLNDJTULFE s ] () ¢ (%
NET CASH FLOVW/INC. WORK CAP. b 3 J 4 #
NET PKESENT VALUE (Y g g (7 0

201933399 +47

TSN 4dﬂ’ BeJPIVAAYE+RLYEAR=31F=603.8BPPRODUCTION=
WA CE I

708¢C-1
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APPENDIX D CONTINUED

Super-Optimal Case: 620 ft Face



YEAR

REVENUL

ROYN TY/CSWN

OPERATING CUST
PROPEF TY TAX

NET AFTEFR CUST
DEPKECLATICN

NET AFTER DEPRECIATION
DEPLETION

STATE & SEVEXANCE TAXES
PRE-TAX PRCFITS
FEDERAL TINCUME TAXES
MINTMUM TAX

TAX CREDITS

NET PLOFTITS

CASH FLOW

CAPITAL EXPENDITUKE

NET CASH FLOW/INC. WORK CAP.

NET PRESENT VALUE

1
2529020
2268¢0
1242465
51452
999282
14809
9689282
231849
78672
6787743
312234
)

4}
366536
6068376
[V}
404646
341769

2
6%35847
543222
1872218

316436 -

3394329
1572798
1731621
555294
169932
1346394
462941
13852
397258
926850
3N54952
7813543
-4966417
-3613992

3
16952194
1525689
32087964
767642
11458808
2519332
8944475
1559593
698486
6682395
3873902
2

3B4103
3992597
8862524
g
7854794
4875856

4
16952104
1525689
3247964
754818
11463632
1922567
9563464
1559593
729615
7273855
3345973
2

7658
393554
7395781
76588
7111383
3765678

5
16952144
1525689
32117964
741857
11476593
1299992
101766081
1559593
769292
7856715
3614889
@

7658
4258285

71089878

76588
6825553
38831174

6
16952174
1525689
32067964
1275117
11490933
677972
14812961
1559593
792114
8461257
3892178
]

]
4569878
6806645
2
6598915
25421756

7087-1
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YEAR

KEVENUE

ROYALTY/GSH

OPELATING COST
PKOPFRTY TAX

NET AFTER COST
DEPRECTATICN

NET AFTEF DEPRECIATIGN
NEPLETIUN

STATE & SEVERANCE TAXES
PRE-TAX PrLCFITS
FEDEKAL TNCOME TAXLS
MINIMUM TAX

TAX CKEDITS

NET PROFITS

CASH FLOv

CAPITAL EXPENDITURE

NET CASH FIUOW/INC. WOLK CAP,

NET PRESENT VALUE

7
169521v4
1525689
327904
733779
114846171
294989
11189682
1559593
817946
8819141
4356825

¢
127177
4889513
6744896
1271779
5264596

1732491

8
16952104
1525689
32£7964
718391
11582859
450665
11849394
1559593
883932
8685868
3995499
2

7658
4698028
6708286
76588
6423969
1841274

9
16952134
1525689
3207964
781624
11516827
345860
11179967
1559593
818912
8881362
4848626
[

g
4752735
6658189
¢
6458459
15429084

10
17236386
1548574
322411z
748529
11693169
774181
19918987
1582987
881327
8534672
3925949
(Y

271158
4879881
7237451
2711588
4317733
881u@g

11
17545424
1579384
3245643
7351782
11984913
997221
18987892
1614179
889994
8563718
39393182
' 3
7658
4632966
72432617
76588
71666179
1247413

12
17545428
1579¢88
3215643
769266
11951429
1190124
18761335
1614179
798664
8348461
3R42292
)

254354
4762523
7566826
2543548
5023286
745851

708¢-1
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YEAR
REVENUE

KROYALTY/OSN

OPERATTUG CUST

PROPERTY TAX

NET AFTER COST
 DEPRECIATICN

NFT AFTEF DEPKECIATION
DEFLETION

STATF & SEVFR ANCE TAXES
PRE-TAX FPCFITS

FEDLRAL INCOME TAXES
MINIMUM TAX

TAX CKEDITS

NET PLOFITS

CASH FLOW

CAPITAL EXPENDITULE

NET CASH FLOW/INC. WORK CAP.

NET PRESFNT VALUE

13
17545428
1579¢ 68
3245643
7582317
11962489
1281485
1#6810€¢3
1614179
794649
82721174
3895204
9

7658
4474632
73732917
76588
7293729
923415

14
17545428
1579088
3245643
T47148
11973548
879456
11094891
1614179
815304
8664608
3985719
|

7658
46865417
718a183
76588
7183595
767514

15
17545428
157988
3245643
734848
11985847
455982

-11529865

1614179
837492
9178592
4176152
)

]
499244
6972602
g
6972682
642651

16
17121625
1548946
3218729
734214
11657735
249436
114¢8299
1575189
824488
90158622
4143966
]

7658
4872314
6696942
76588
662R352
52£515

17

-311@8
~-31108

708¢-1
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YEAR

FEVENUE

ROYALTY/GSW

OPFLATING CUST

PROPERTY TAX

Ne£T AFTER CUST
DEPRECTATICH

NET AFTEPR DEPKRECIATICN
DEPLFTIUN

STATE & SEVERANCE TAXES
PRE=TAX PRCFITS

FEDERAL TNCUME TAXES
MINIMUH TAX

TAX CLFDITS

NET PROFITS

CASH FLOW

CAFITAL EXPENDITURE

NET CASH FLOW/INC. WGRK CAP,
NET PRESFNT VALUE

31178
-311e9
d
-31108
¢

e
-31128

2y

-311¢@8
-311e8

21

3i1es
-31188

-31148
b
0
-311¢38
2
]
V]
=-311v8
-31168

22

Jl1es
-311¢8

31148

-311e8

[

-31108
-31108

23

-311e8
-31108
g

-31148
-311¢8

7082-1L
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YE AI'_
REVENUFE

KOYALTY/QSY
OPERATING COST
PROPFERTY TAX
NET AFTER COST
DEPRECTATICH

NET AFTER CEPARCIATICH

DEPLETION

STATE & SEVERANCE TAXES

PRE=TAX
FEDERAL
MINTMUM

PLCFITS

INCOME TAXES

TAY

TAX CREDTITS
NET PROFITS
CASH FLOW

CAPITAL FXPENDITURE
NET CASH FLOW/INC,
NET PRESENT VALUE

2.17986
o000y

i

gs:u?, d.0UPO00RE+ABYEAR=31F=628.0@03PRODUCTION=

E+sf

WOLK CAP,

25

b

2

£
311e8
-31108
¥
~-311¢8

-31148
~3114a8
(]
¢
¢

26

]

0

¢
3l1¢ed
-311e8
i}
-311@8

-31108
-31198
g
0
]

217

-311¢8

-31168,

28

-31188
-311¢8

29

31108
-31198

-311¢8

-311¢8
B

-31198
-31148

34

)

8

g
31128
-311+8
g
-311¢e8
)

9
-31108

-311¢e8
-31168
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APPENDIX E

Longwall Test Case Design Result Tables for

Face Lengths from 160 ft to 940 ft



OYEKEURDTN THICKMESS,FT
THICKNESS CF STAONGEST BED,FT
LENGTH SF RODF GVEKHANG,FT
COAL £).TFACTION HEIGHT,FT
COLTINUOUS MINERK PRID, TPSH
ENTRY PILLEK LENGTE,FT

ENTRY PILLAx WIDTH,FT

EMTRY wICTH,FT

NUESER GF ENTEIES

LONGWALL FACE LENGIH,FT
MAYIMUM FACE LENGTH,F
MINIMUY FACE LEKGTH,FT
LINGAALL FENEL LENGTH,FT

FACE SUPPUFT DESIGK LOAD,ST
NU4BEn GF SHIELD LEGS

FACE COLVEYOS HORSLPCWE?

NPV OF LOXGWALL PRCJECT,S 1983

120«
15
23
1

35¢

1pe
15
23
17
35¢

o7
v

4¢
20

3
162
1265
88
4FprR
562
2
1¢5
11359334

leep
15
23
12
352

117
127393¢E64

1324

123
13045772

lere
15
23
1e
356
88
40
2¢

3
242
12€9
83
1972
562
2
141
13715938

708¢2-L

€61



UVERBURDEN THICKMNESS,FT
THICKNESS CF STRONGZSI 5ED,FT
LENGTH OF ROAF OVERYANG,FT
COAL EXTFACTION HEIGHT,FT
CAINTINUQONS 4INTR 2ROD, TPSH
SNTRY PILLAR LEHGTH,FT
ENTRY PILLAR WIDTH,FT

ENTRY WIDTH,FT

NUMBER GF ENTKIES

LJUGAALL FACE LENGTH,FT
MAXIMUM FACE LENGTH,FT
MIiIMUM FACE LEMNCGTH,FT
LONG#ALL PANEL LENGTH,FT
FACE SUPFORT DESIGN LOAD,ST
NU43ZR OF SHIELD LEGS

FACE CONVEYOR HORSLPOWZEP

%PV 7JF LCNGAALL PRGJZCT,$ 1533

-
L8

3
Con

23
14
354
84d
4o
24

264
1¢ 62

182
144387695

1438
15
23
13

353

284

1363

88

4J8¢

562

2

164
15112539

1324
15
23
13

350
3J
43
20

3

328

1264
83

1423

562

2
176
15847477

1424
15
23
12

353
84d
44
28

3

328

1263
a3

4449

562

2
188
16561213

1234
15
23
1

354
3¢
43
29

3

343

1e63
88

4233

562

2

199

171611€7

708¢C-1

761



OVERSURDEN THICKNESS,FT

THICKNESS CF STRCNGEST 52D,FT

LENGTH OF R00F OVERHANG,FT
COAL ZXTRACTION HEZIGHT,FT
CONTINUOMS WINER PRID, TPSH
ENTRY PILLAR LENGTH,FT
ENTRY PILLAR WIDTH,F1T
ENTRY WIDTH,FT

NUMBER CF ENTRIES

LONGAALL FACE LENGTH,FT
MAXIMUM FACZ LENGTH,FT
MININUM FACE LENGTH,FT
LGNGVALL PANEL LENGTH,FT
FACE SUPPORT DESIGN LOAD,ST
NUMBER OF SHIELD LEGS

FACE CONVEYOR HORSEPGWER

NPV GF LCONGWALL PKROJECT,S 1423

1¢%2
15
23
13
354
8¢
43
22

3
3618
1862
68
4294
562
2
211
17735298

1464
15
23
13

3€3
€3
44
23
3
382

1263
&3

4373

562

2

223
13157485

1323
15
23
14

354
82
43
29

3

433

1464
38

43@3

562

2
235
18686339

1334
15
23
12

354

1433
15
23
14

354
89
42
23

3

449

1463
88

4933

562

2
258
19643734

708¢-1
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UVERBURDEN THICKNZSS,FT
THICXNESS CF STRONGEST BED,FT
LENGTH JF ROOF JVERAANG,FT
COAL ZXTRACTION HEIGHT,FT
CUNTINUCUS MINER 2X0D,7ESH
ENTRY PILLAR LENGTH,FT

ENTRY PILLAR WIDTH,FT

ENTRY WIDTH,FT

NUMBER OF ENTRIES

LONGWALL FACE LENGTH,FT
MAXIMUM FACZ LENGTH,FT
MINIMIM FACE LZNGTIH,FT
LUNGWALL PANEL LENGTH,FT

FACE SUPPORT DESIGN LJAD,ST
NUMBEZR OF SHIELD LEGS

FACE CCNVEYOR YORSEPCAZIR

NPV TF LCNCWALL PROJECI,S 1983

353
84
4¢
24

3

463

1p68

88

4L *3

562

2

278
22251537

1323
15
23
13

3
82
49
23

3

494

1262
83

4323

562

2
282
24226778

1234
15
23
13

353
bd
44
24

3

Sa4

13648
88

4524

562

2
293
23946425

1344
15
23
18

352
84
44
28

3

523

1363
88

4202

562

2

325

2¢981844

1409
15
23
14

354
8d
48
29

3

549

1369
68

4302

562

2
317
21186521

708¢-1
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QVIRBURDEN THICKKESS,FT
THICKNESS OF STRONGEST BED,FT
LENGTH OF ROOF OVERHANG,FT
COAL EXTRACTION HEIGHT,FT
CONTINUJUS MINER PROD,TPSH
ENTRY PILLAR LENGIH,FT

ENTRY PILLAR WIDTH,FT

ENTRY WIDTHE,FT

HUMBER OF ENTRIES

LONGWALL FACE LENGTH,FT
MAXTMUM FACE LENGTH,FT
MINIMUM FACE LENGTH,FT
LO4GAALL PANEL LENCTH,FT

FACE SUPPORT DESIGN LJAD,ST
NUMBER OF SHIELD LZGS

FACE CONVEYOR HORSEPOWEK

NPY OF LONGWALL PRTJZCT,S 1373

1334
15
23
12

382
g2
43
23

3
£63

lu 64
88

1id4

562

2
329
21423551

1422
15
23
13

352
8¢
43
23

3

583

1364
88

4389

562

2
344
21716866

12¢4
15
23
14
354
88
49
23

3
633
1262
38
449¢
562
2
352
21933399

1332
15
23
13

359
84
1
29

3

629

1263
38

4399

562

2
364
21798667

1349
15
23
12

354
82
42
23

3

648

12638
68

4423

562

2
376
21791132

708¢7-1
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OVERBURDEN THICKNESS,?FT

THICKNESS QF STRCNGEST SED,FT

LENGTH QF RJIOF CVERHANG,FT
COAL EXTRACTION HEISHT,FT
CONTINUQUS MINSR PROD,TPSH
CNTRY PILLAR LENGTH,FT
CNTRY PILLAR WIDTH,FT
ZHTRY AIDTH,FT

NUMBER OF ENTRIES

LUNGWALL FACS LENGTH,FT
MAXTIMUOM FACE LENGTH,FT
MINIMUM FACE LENGTH,FT
LJ:uGYALL PANEL LENGTH,FT
FACE SUPPORT DESIGN LOAD,ST
NUMBER QF SHIELD LZGS

FACE CONVEYUR HORSEPOWER

NPV OF LCNGWALL PRUJECT,S 19§83

1472

1423
15
23
14

359
83
12
24

3
68J

1464
33

3302

562

2
399
21548499

1333
15
23
13

354
64
49
22

3

738

1864
88

4323

562

2
411
213487717

1343
15
23
13

354
§4
42
28

3
123

1464

83

4432

562

2

423
21215797

143¢
15
23
18
354
8¢
43
24

3
743
1264
84
44d¢
562
2
434
21126223

708¢-1

86T



QVZRBURDEN THICKNESS,F™
THICKNESS CF STRGNGEST BED,FT
LZNGTH OF POOF OYERHANG,FT
CIAL EXTRACTION GEIGHT,FT
CONTINUGYS MINEP 2xdD,7PSH
ENTRY PILLAR LENGTH,FT

ENTRY PILLAR WIDTH,FT

ENTRY WIDTH,FT

HUMBER OF ENTRIES

LONGWALL FACE LENGT4,FT
MALLMUM FACE LENGTH,FT
MT14T4UM FACE LENGTH,FT
LINGAALL PANEL LENGTH,FT

FACE SUPPORT DESIGN LJAD,ST
NUYBER OF SHIELD LEGS

FACE CONVEYGR HORSEPOWSK

NPV JF LCNGAALL PRIJECT,S 1993

14¢y
15
23
13
352
89

23

3

762

14€2

84

428y

562

2

446
22342454

1334
15
23
1

353
33
49
24

3

783

l4cd
&8

4434

562

2
458
24673759

1334
15
23
14

353
84
40
29

3

833

1662
88

4389

562

2
473
22639939

1292
15
23
12

353
8y
43
23

3
32¢

1264
38

4034

362

2
481
20396265

1332
15
23
14

359
83
49
28

3

849

1363
88

4294

562

2
493
23238652

708C-1L

66T



JVZSEURDEN THICKNESS,TT
THICKNESS CF STRONGEST 8ED,FT
LZNGTH OF ROOF OVERHANG,FT
CJAL EZXTRACTIAON HeIGlT,FT
CINTINUJUS MINER PROD,TPSH
ENTXY PILLAR LENGTH,FT

ENTRY PILLAR WIDTil,FT

ENTYY WIDTH,FT

NUMBER UOF ENTRIES

LJAGWALL FACE LENGTH,FT-
MAXINUM FACE LENGTH,FT
MItiLv"Ym FACE LENGTH,F?
LJuGAALL PANEL LENGTY,FT

FACE SUPPORT DESIGN LOAD,ST
NUMBER OF SHIELD LEGS

FACZ CONVEYDR HORSZIPCAER

APV OF LCMEWALL PR3J3CT,$ 1933

355
84
44
29

3

86¢

13€2

83

4523

562

2

5435
24792432

1o@¢d
i5
23
13
354
84
4y

24

3

884

1362

ad

1443

562

2

517
24782584

1yag
15
23
1a
153
8¢

24

3

934

1364

38

4503

562

2

523
19847255

1484
15
23
13

354
8d
43
23

3

92

1060
93

4433

562

bl

544

16623782

1394
15
23
12

353
8g
40
23

3

944

1362
68

4423

562

2
5§52
16453661
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APPENDIX F

Retreating Longwall Simulator User's Guide



T-2804

In order to utilize the retreating longwall computer

simulator,
meters for
H
T

SHLD

SM
PD
ENTR
TPSH

OUTPT

(fa]

162

the user must first identify the folowing para-

the specific case to be analyzed.

depth to seam, ft.

thickness of most competent overlying member
in 4 seam heights, ft.

gob overhang from coal face, ft.

shield style, 2-leg or ld-leg lemniscate
longwall face length, ft.

seam extraction height, ft.

panel length, ft.

number of development entries, 2 or 3.
continuous miner development productivity,
ton/shift.

development entry pillar length, ft.
development entry pillar width, ft.
development entry width, ft.

output desired, 2.0,3.0,

H is equal to the depth to the seam in feet. When

using values of H greater than approximately 3500 ft the

load-transfer equation begins to decay because LTDs drop

below the maximum. This occurs because the equation is

quadratic.
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SHLD

Use of 2.0 as the value of SHLD, selects 2-leg shields
and 4.0 has the result of selecting 4-leg shields.
F

For purposes of face length optimization, values of F
from 160 ft to 940 ft by 20 ft increments would be adequate
in most cases. Only after the optimum has been bracketed
might the user desire to refine optimum face length and NPV
estimates.
SM

Seam heights of 5 ft to 14 ft are within the capability
of the simulation routine.
Outpt

When 2.0 is input for the variable output, cashflow
tables and design result tables are generated for the
specific case. Use of a 3.0 will generate only design
result tables for the specific case.

It is imperative that all input values have decimal
points.

A data file named PAPDAT.SIT must be created. The
variables listed above must be input in order from top to
bottom, into the data file on one line each. The values

must be separated by commas. There must be 40 lines of

data.
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An example of such a data file, for the test case, is
shown in figure 36.

On the present C.S.M. DEC-10 computer system, a program
written in Fortran '77, as this program is, must first have
the command .PATH/NEW (CR) executed prior to execution of
the longwall simulator.

To execute the longwall simulator, the command .EXE
LWSIM.FOR (CR) is entered.

Execution will occur rapidly, often in under two
minutes.

The cash flow tables and/or design result tables will
be printed on the computer center line printer. These out-
puts may be picked-up at the dispatcher's counter.

At the same time that simulation is taking place, a
file name Result.Sit (Figure 37) is created. 1In this file,
the variable values F and TNPV exist separated by a comma.
When Column 2 is plotted against column 1 a curve of net
present value vs. face length. The graphical routine GRAPHM
can be used to plot the data of Result.Sit and generate
polynomial best-fit curves for the data. The best-fit
curves are generated for a sum of‘least squares error reduc-
tion routine. To execute GRAPHM enter .RUN GRAPHM (12,37)

(CR).
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The .SED editor as well as the substitute command of
the .S0S editor are extremely useful when manipulating the
data file.

A listing of the simulator can be found in Appendix G.
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APPENDIX G

COMPUTER SIMULATION FLOW CHART
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APPENDIX H

HAND SOLUTION OF SIMULATION EVENTS
FOR THREE INITIAL YEARS
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This appendix shows a sample simulation result over the

first three years of the model. The starting conditions

are those of the optimum face length of the test case. The

working constraints are as follows:

o

o

o

o

2 leg shields with load of 562 tons; $42,500/ea.
Double-ended, ranging-drum shearing machine,
$1,200,000/ea. Cutting tram speed: 14.0 fpm

AFC cost: 600 ft x $2,167/ft = 1,300,200

Total equipment cost: $7,600,200

Continuous miner tonnage: 700 tpd

Continuous miner production cost: $5,176.94/day
Longwall tonnage: 4942 tpd

Longwall production cost: $9,080.29/day

Longwall move cost: $8,880.89/day

Longwall moving time: 38.04 days; therefore, 39 days
Three entry development; 20 ft entry width

Entry pillars are 80x40 ft

Daily development advance: 22.3 ft

Time to develop first panel: 385.1 days; therefore,
386 days

Time to develop subsequent panels: 206 days

Panel tonnage: 990,000 tons

The annual production results and costs are as follows:
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Activity Year Event Tonnage Revenue Cost

(T) ($) ($)

Develop Initial 1 240 days at 700 tpd 168,000 2,520,000 1,242,466
Panel

Complete 2 146 days at 700 tpd 102,200 1,533,000 755,833
Development

Install 2 39 day longwall move - - 346,355
Longwall

Develop Second 2 55 days at 700 tpd 38,500 577,500 284,732
Panel

55 days at 4942 tpd 271,799 4,076,985 499,416
Total 421,499 6,187,485 1,886,336

Start Panel

2
2

Complete Second 3 151 days at 700 tpd 105,700 1,585,500 781,718
Panel

Development

Finish Mining 3 146 days at 4942 tpd 721,503 10,822,545 1,325,722
First Panel

Move Longwall 3 39 day longwall move -- - 346,355

Start 3rd Panel 3 50 days at 700 tpd 35,000 525,000 258,847
Development

Start Mining 3 50 days at 4942 tpd 247,090 3,706,350 454,015
2nd Panel

3 Total 1,109,293 16,639,395 3,166,657
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As a result of capital expenditures the depreciation

and capitalized costs for the first three years are:

Capitalized Cost Capital

Year Depreciation ($) Cost ($) Expenditure ($)
1 0.0 10,000 0.0
2 1,520,040 10,000 7,600,200
3 2,432.064 10,000 0.0

These results are equivalent to those presented in
Appendix D for the first three years of the model. The only
differences result from rounding error in the hand calcula-
tions. Thus, it may be concluded from these tables that the

model is correctly executing its basic function.
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APPENDIX I

Retreating Longwall Simulator Code Listing
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APPENDIX J

Polynomial Best-Fit Equations of Curves

Presented in the Text



Figure
No.

27

27

27

27

19

19

19

19

20

20

Opt.

Opt.

Opt.

Opt.

Opt.

Opt.

Opt.

Opt.

Opt.

Opt.

X axis

face length
12 ft.

face length
10 ft.

face length
8 ft.

face length
6 ft.

face length
12 ft.

face length
10 ft.

face len%th
8 ft.

face length
6 ft'

face length

BEST-FIT EQUATIONS OF CURVES

Y axis
X0
Develop Productivity 1681.682
3 entry

Develop Productivity 1676.327
3 entry

Develop Productivity 1491.604
3 entry

Develop Productivity 2045.904
3 entry

Opt. NPV 15.844
3 entry
3 entry
Opt. NPV 19.782
3 entry
3 entry
Seam Height -45.875

2 entry 300 TPSH

face length

Seam Height -120.000

2 entry 400 TPSH

Coefficients of XN

x1 X2 X3
-5.5837 .815U49x10-2 -.42345x10-5
-6.9368 .12978x10-1 -.88101x10-5
-6.9485 .14638x10-1 -.11377x10-4
-15.819 .50273x10-1 -.55899x10-4
.1100x10-1.88619x10-4 -.0000x10-6

.16367 -.27800x10-3 .17556x10-6

-.28865x10~1 -12490x10-3 -.104kx10-6
.95843x10~1 -.14943x10~-3 .80000x10~7
47798 -.14286x10-2 .14881x10-5

1.5400 -.61667x10~2 .83333x10-5

708¢C-1L

061



Figure
No.

20

18

18

18

18

21

21

21

21

19

X axis

Opt.

Opt.

Opt.

Opt.

Opt.

Seam

Seam

Seam

Seam

Seam

face length
2 entry

face length
3 entry

face length
3 entry

face length
3 entry

face length
3 entry

Height
2 entry

Height
2 entry

Height
2 entry

Height
2 entry

Height
3 entry

BEST-FIT EQUATIONS OF CURVES (cont.)

Y axis

Seam Height
500 TPSH

Seam Height
300 TPSH

Seam Height
400 TPSH

Seam Height
500 TPSH

Seam Height
600 TPSH

Opt. NPV
300 TPSH

Opt. NPV
400 TPSH

Opt. NPV
500 TPSH

Opt. NPV
600 TPSH

Opt. NPV

Xo

-21.000

-1.2U459

-1 L] 3333

-36.857

-39.586

-2.7900

-13.3200

-8.6400

~10.1100

-33.060

Coefficients of XN
x1 X2
. 15000 0.000
.28065x10~1 -.19383x10-4
.4948ux10~1 -.95238x10-4
42262 -.13393x10-2

.97792x10~2 -.67566x10-6

2.7633 .97500x10~1
6.6558 -.33125
5.0175 -.13125
5.5850 -.19000
13.9908  -1.2513

3

[\

[0.¢]

(]

s
x3
0.000

.7633x10~8

.99206x10-7

. 14881x10-5

.16330x10-10

-.95833x10-2

.66667x10-2

.11170x10-7

.25000x10-2

.4ou17x10-1

T6T



Figure
No.

19

19

19

25

25

26

26

29

29

29

BEST-FIT EQUATIONS OF CURVES (cont.)

X axis Y axis

Seam Height Opt. NPV
3 entry 400 TPSH
Seam Height Opt. NPV
3 entry 500 TPSH
Seam Height Opt. NPV
.3 entry 600 TPSH

Opt. face length Seam Height

2-leg shield

Opt. face length Seam Height
l-leg shield

Seam Height Opt. NPV
2-leg shield

Seam Height Opt. NPV
4-leg shield

Opt. face length Entry Width
6 ft. 3 entry

Opt. face length Entry Width
8 rt. 3 entry

Opt. face length Entry Width
10 ft. 3 entry

5
[Z®)
oo
Coefficients of XN 52
xo x1 x2 X3
8.9200 -.45250 .41125 -.2000x10-1
-27.230 12.4933 -1.0325 .32917x10-1
-143.4558 18.8789 -.72222 .97531x10-2

-1.3333  .49484x10-1 -.95238x10-% .99206x10-7

-1.3333 .49484x10-1 -.95238x10-% .99206x10~7

9.1200 =~.51416 41750 -.20208x10-1
9.8500 -.77750 L4U4625 -.21250x10~1
-138.00  1.8458 -.75000x10-2 .10417x10~4
0.00 .500x10-1 0.00 0.00

-929.000 6.0825 -.13063x10-1 .93750x10-5

4!



Figure
No.

29

30

30

30

30

31

31

31

31

X axis

Opt. face length
12 ft.

Entry Width
6 ft seam

Entry Width
8 ft seam

Entry Width
10 ft seam

Entry Width
12 ft. seam

Opt. face length
6 ft. seam

Opt. face length
8 ft. seam

Opt. face length
10 ft. seam

Opt. face length
12 ft. seam

BEST-FIT EQUATIONS OF CURVES (cont.)

Y axis

Entry Width
3 entry

Opt. NPV
3 entry

Opt. NPV
3 entry

Opt. NPV
3 entry

Opt. NPV
3 entry
Panel Length
Panel Length

Panel Length

Panel Length

Xo

403.109

197 .479

-233.780

-120.168

81.899

Equation:

27400.0

42250.00

Equation:

708C-1

Coefficients of XN
x1 X2 X3

-2.02422 .34766x102 -.19531x10-5

-30.1028 1.6686  -.30833x10-1
41,5821 -2.2u421 .40000x10-1
25.2169 -1.4336 .2667x101
-7.9654  .40786 -.75000x10-2
X=220

-70.000  0.000 0.000
-89.5833  -- --

Y=.11867x1019+.93137x1016x
-.27394x1014x2,.35786
x1011%3-.17519x108x4

€61



Figure
No.

32

32

32

32

24
33

17

BEST-FIT EQUATIONS OF CURVES (cont.)

X axis Y axis

Panel Length Opt. NPV
6 ft. seam

Panel Length Opt. NPV
8 ft. seam

Panel Length Opt. NPV
10 ft. seam

Panel Length Opt. NPV
12 ft. seam

Develop Productivity Seam Height

Opt. Panel Tonnage Seam Height
(1000's)

Face Length NPV
Longwall Test Case

Coefficients of XN

708¢-1L

Xo x1 x2 x3

10.8154  .25822x10-2 -.34487x10-6 .14965x10-10
18.7594  .76340x10-3 .23499x10-7 -.10913x10-10
15.1633  .55579x10-2 -.92981x10-6 .46252x10-10
28.0371  -.14370x10-3 .78422x%10-T -.12923x10-10

-4.1300 .33400x10-1 -, 16000x10-Y4 -

-6.6425 57131x10-1  -.72627x10-Y4 ,34282x10-7

Coefficients of XN

X° -.38182x108 x5 .43412x10-3
x1 1052767.0 X6 ~.60093x10-6

X2 -10270.94 X7 .51111x10-9
X3 57.8685 x8 ~.24319x10-12
X% -.19919 X9 .49499x10-16

761
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APPENDIX K

Data Points Used in Generation of

Polynomial Best-Fit Equations
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Seam Development 2 Entry 3 Entry
Height Productivity Development Development
(T/Shift)
Optimum NPV Optimum NPV
Face Length ($mm) Face Length ($mm)
12 ft. 300 400 27.85 740 24.49
350 340 29.51 600 26.06
400 300 30.37 500 28.15
450 260 31.67 4o 29.73
500 220 32.67 380 30.89
550 220 33.23 340 32.05
600 220 33.87 320 32.77
10 ft. 300 340 25.01 580 22.14
350 280 25.99 500 24.04
400 260 26.78 420 25.52
450 200 27.85 360 26.81
500 200 28.41 320 27.37
550 180 28.79 280 28.58
600 180 29.24 260 29.32
8 ft. 300 260 20.65 4u0 19.48
350 220 21.55 360 20.69
400 200 22.14 320 21.38
450 200 22.71 280 22.58
500 200 23.10 240 23.49
550 200 23.11 220 24,40
600 200 23.69 200 24.83
6 ft. 300 220 15.23 320 14.57
350 220 15.77 260 15.74
400 180 16.13 220 16.69
450 180 16.47 200 17.23
500 180 16.74 180 17.67
550 200 16.93 160 18.17

600 220 17.10 160 18.45



80 ft
80 ft
17 ft
18 ft
19 ft
20 ft
4 leg
3000
4000
4500
5000
5500
6000
6500
7000
7500
8000

X
X

60 ft
80 ft

entry

entry

entry

entry
shield

ft
ft
ft
ft
ft
ft
ft
ft
ft
ft

panel
panel
panel
panel
panel
panel
panel
panel
panel
panel

pillars
pillars

length
length
length
length
length
length
length
length
length
length

6 ft.
Face
Length
(ft.)
260
280
240
260
280
280
220
220
220
220
220
220
220
220
220
220
220

Seam

NPV
($mm)

16.
16.
16.
16.
16.
16.
16.
15.
.70
.86
.89
16.
17.
21

16
16
16

17

17.
.06
.05

17
17

45
38
45
45
38
19
66
82

92
17

18

8 ft. Seam
F NPV
360 21.45
400 21.05
340 21.68
360 21.49
380 21.25
400 21.00
320 21.31
320 20.98
320 21.38
320 21.80
300 21.85
320 21.79
300 21.80
300 21.69
300 21.53
300 21.26
320 20.75

10 ft. Seam
F NPV
460 24.96
520 24.19
440 25.29
500 24.69
500 24 .40
520 24.06
420 25.45
420 24,70
420 25.52
420 25.55
400 25.52
400 25.27
400 25.00
400 24.60
u20 24,52
400 24.07
4oo 23.76

12 ft. Seam
F NPV
580 27.16
620 25.96
580 27.49
580 26.96
620 26.33
660 25.74
500 28.06
540 27.87
500 28.15
500 27.99
480 27 .31
480 27.00
480 27.58
480 27.09
480 26.45
480 25.73
480 25.34

%708¢C-L
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