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ABSTRACT

In recent years, draglines have proved themselves to be 
the primary stripping machines for surface coal mining operations. 
Because of enormous capital requirements and associated operating 
costs, dragline selection and operation deserve considerable 
attention.

A new dragline reach equation is derived on the basis of 
spoil volume rather than areas of spoil from the cut-spoil diagram,

Operational methods for side casting, chop down, extended 
bench and pull back methods are described in detail.

Deterministic dragline simulation models are developed for 
simple side casting with chop down option, extended bench with 
chop down option, and pull back methods of stripping as an aid 
in dragline selection. These models are used to predict the 
effects of proposed changes in operating procedures on the 
machine’s output and costs. A three dimensional approach is 
taken in the development of the models.

The digging position of the dragline, the horizontal swing 
angle of the boom, the manner in which spoiling is conducted and 
the obliquity of the boom foot with respect to crest of the 
digging face are considered in evaluating the dragline production.

A case study is included to demonstrate the application of 
the models in selecting a dragline for a 2.5 million ton lignite, 
strip mine in Texas.

- i -
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INTRODUCTION

Purpose of the Study
In recent years, the increase in energy consumption in the 

United States indicates that abundant use of energy is funda­
mental to the strength and economy of a nation. However, the 
proportion of the energy being supplied by imports to meet 
United States' demand is increasing in a pattern that makes the 
United States more dependent on foreign countries. The 
increasing awareness of energy dependence of the United States, 
the projected shortfall of domestic oil and gas supplies and 
uncertainties regarding nuclear energy, have led the mining energy 
companies and government agencies to concentrate their efforts 
on developing the United States' principle energy resource, coal.

In the process of this development, draglines became the 
major overburden removal equipment in surface coal mines due

3to their low cost per yd and their flexibility. It is predicted 
that by 1985, 80% of western (which has two thirds of surface 
mineable coal reserves of the United States) coal tonnage will 
be produced at mines using draglines (1). Since the late sixties, 
draglines have been increasing in size tremendously to provide 
more overburden removal capability and to lower the cost. With 
the increase in size, draglines have become the highest capital 
investment item and also constitute a substantial portion of the 
operating cost. Therefore, the selection and operating procedures
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of this machine deserve considerable investigation.

Statement of the Problem

During the initial stage of mine planning and feasibility 
studies; selection of the stripping method and determination 
of the type, size and quantity of stripping equipment to achieve 
the desired production rate is a critical problem. The solution 
also affects the selection of other equipment. The overall 
success of the operation depends in a large part upon the 
selection and efficient utilization of the dragline to remove 
overburden.

Common practice by design engineers and equipment manu­
facturers has been to rely on graphical methods in dragline 
selection. The selection procedure consists of first matching 
the reach requirements and machine specifications by means of 
cut-spoil diagrams. These diagrams consider the cross-sectional 
area of dragline strip and dragline reach is determined on the 
basis of area of the spoil rather than volume. Bucket require­
ments are then determined using historic production indicies or 
by using a standard excavation sizing equation.

Unsatisfactory results may be obtained from using these 
approaches and it appears logical to take a more analytical 
approach such as mathematical modeling in selection.
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Purpose and Scope of the Thesis
The purpose of this thesis is to review various dragline 

stripping methods and operating procedures, review dragline 
selection procedures, and then to formulate models to simulate 
machine operation and perform machine selection. The following 
methods are included: side casting with a chop down option,
extended bench with a chop down option, and pull back.

The models are limited to stripping of single flat-lying 
seams.
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LITERATURE SURVEY

Most current information concerning dragline stripping 
methods and selection procedures was produced by government 
sponsored research projects or by dragline manufacturers.

The Surface Mining Supervisory Training Program (1) 
by Bucyrus-Erie Company contains comprehensive descriptions of 
strip mining methods for single, multiple and inclined coal 
seams, and equipment selection. It reviews graphical and 
analytical methods of reach determination, bucket sizing 
procedures and model selection. This manual also provides a 
number of suggestions on methods of obtaining maximum dragline 
production and minimum stripping costs.

In 1975, under a United States Bureau of Mines contract. 
Mathematics, Inc. and Ford, Bacon and Davis-Utah, Inc. published 
a three-phase report entitled "Current Surface Coal Mining 
Overburden Handling Techniques and Reclamation Practices" (2).
In this study, 159 major surface coal mines in the United States 
were surveyed to identify major production problem areas. As a 
result of this survey, background information on surface coal 
mining systems for the United States are presented and a des­
cription of the current surface mining practices, including 
dragline area mining and reclamation, are summarized.

A Skelly and Loy report entitled, "Economic Engineering 
Analysis of U.S. Surface Coal Mines and Effective Land Réclama-
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tion" (3) deals with economic aspects of current surface mining 
methods in the United States and provides unit costs of various 
operations.

Hagood (4) analyzed basic dragline selection procedures 
and cost calculations for side casting in his thesis entitled 
"An Equipment Analysis and Selection Procedures for Western 
Surface Coal Mines". In this study the method of dragline 
selection adhered to the procedure of matching machine specifica­
tions and production rate by means of cut-spoil diagrams and 
assuming an average 90° swing angle with a 60 second cycle time. 
Operating cost of the dragline is calculated on the basis of 
suggested power consumption of the machine, labor, and repair 
and maintenance cost. Ownership cost included depreciation and 
charges for interest, insurance, and taxes.

Recently, Fluor Utah, Inc. and Bonner and Moore Associates, 
Inc. (5) developed a system of computer based simulation models 
for surface coal mine planning and economic evaluations under 
a contract with Energy Research and Development (ERDA). This 
42-month project included development of three models to 
simulate the operation of draglines to remove overburden. Two of 
the models simulate the area stripping method using one single 
or tandem machines, while the third simulates the contour stripping 
method. The first simulation model is similar to Hagood's 
approach and considers cut-spoil diagrams to determine the 
range (dragline spoiling radius, dumping height and digging 
depth) required for the maximum, average and minimum overburden
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height for a given area to be mined. The model processes the 
dragline data file which includes specifications, operating 
costs, and ownership cost of all available draglines. If the 
machine being processed has the required range for the average 
conditions, then its production capability is determined on 
the basis of a 90° swing angle and the cycle time obtained from 
the data file. If the dragline spoiling radius of the machine 
is larger than required, the swing angle is reduced by the arc 
cosine of the ratio of the required radius over the available radius 
Cycle time for this machine is adjusted by reducing 7/30 of a 
second for each degree less than 90. The second dragline model, 
which is called the "Extended Bench Model", considers two drag­
lines. One of the two machines works on the bench at the 
original ground level, and spoils the material into the previous 
pit area. Depth of the material to be removed by this machine is 
determined such that when spoil from this depth of material is 
leveled, the elevation of the highwall bench will be the same as 
the elevation of the leveled spoil surface. The second machine 
works on this leveled spoil bench and removes the remaining 
portion of the highwall and the rehandle material. Based on these 
assumptions, the model processes the dragline data file and 
determines which machine has the capability to remove the first 
portion of the highwall and which machine can work from the 
spoil side. Range requirements and production rates are 
calculated as previously discussed in the single dragline model.
The third model, contour stripping, is similar to the first
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dragline model previously discussed. The difference is that 
dragline strips the area by following the outcrop contour line. 
Therefore this model considers the length of the cropline to 
determine volume to be removed by a dragline, then follows the 
same procedures and assumptions as in the first model to 
select the dragline.

In the Bonner and Moore models, productivity is computed 
without considering factors such as dragline positioning, 
moving patterns, manner of stripping and spoiling, and benching 
procedures. Therefore these models can be misleading when used 
to predict production rates. As a result, it might be necessary 
to increase machinery to meet production requirements.

D.K. Chatterjee, D. Rowlands and K.C. Siller (6) have 
developed a simulation model for a dragline operation in which 
dragline positioning, the manner of spoiling, volume of available 
spoil room, and the actual swing angles are considered to 
calculate the machine production. This model closely represents 
a real operation for side casting. It does not consider physical 
variables such as varying overburden depth for a given pit 
length, and various dragline positions for a set up.

Several articles have also been published in mining periodi­
cals pertaining to dragline selection and productivity: "Selec­
tion Procedures of Goonyella" (7) discussed the calculation and 
reasoning behind the selection of type, size and number of 
draglines for a specific application. Tom Learmont (8), in his
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paper, "Productivity Improvements in Large Stripping Machines", 
discusses the effect of changes in dragline parameters such as 
boom length, swing power, and hoist power on dragline productivity, 
and makes an analysis of dragline availability and describes 
various causes of dragline down time.

Several other articles have also been published or presented 
at various meetings for dragline applications in specific areas. 
However, the majority of these papers provided minimal informa­
tion on single seam dragline stripping operations.
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SIDE CASTING

General Description of Overburden Removal
Side casting is considered to be the basic method of 

removing overburden and is used extensively in most surface 
coal mines using draglines at some time. This technique involves 
a dragline positioned on the overburden bank and digging down 
to the top of the coal while casting material into a spoil pile 
on the side (1). Side casting does not require any chopdown 
or rehandle and the machine selected has adequate reach to 
spoil all the material into the available spoil area. A cross 
section of the side casting method is shown in Figure 1.

During the initial stage of a stripping operation, dragline 
pits are laid off for the machine to dig. The dragline first 
makes a box cut opening. After the box cut is completed the 
dragline usually walks back (deadheads) and starts on the second 
cut.

It is not usually possible to establish a competent new 
highwall slope with the dragline positioned near the edge of 
the old highwall. Therefore the dragline is positioned at the 
inside limit of the cut to make an initial key cut. This 
initial cut is made to provide a stable highwall slope as well 
as to provide an extra free face for digging the remaining 
material from the cut. Figure 2 shows dragline positions for 
the key cut. Depending on the procedure followed by the operator
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and the depth of the overburden, the dragline can either make 
1 to 3 moves to complete the key cut. The initial dragline 
position is located about 10 to 60 feet back (15,16,17) from 
the projected crest of the key. Length of the key cut is 
approximately 55 to 120 feet in length (15,16,17). The
limit which the machine can be positioned back from the crest 
of the digging face depends on the dragline boom length and the 
fairlead height. As the key gets deeper, the dragline moves 
forward to position 2 and then position .3 (Figure 2) to keep 
the drag ropes out of the dirt. Figure 3 shows graphically 
the amount of material that can be removed from each dragline 
position.

After the key cut is made, the dragline moves close to the 
edge of the highwall, position 5 in Figure 4, to remove the 
remainder of the material. In practice, there may be various 
intermediate dragline positions on a given cut segment, such 
as position 4 in Figure 4. After all the remaining material is 
removed from a given cut segment (digout) from the outside 
position, the dragline walks back to new working position 1 in 
Figure 4 and repeats the cycle.

After this brief description of the general procedure of 
overburden removal for side casting, it is appropriate to discuss 
the factors affecting the dragline selection.
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Selection of Dragline for Side Casting

The selection of a dragline is an important consideration 
for a strip coal mine since it constitutes the largest unit 
capital outlay and since its operation may account for as much 
as 60% of the total operating cost in high stripping ratio 
operations. In Table 1, percentage cost of unit operations 
for a high strip ratio dragline strip mining operation is shown. 
Hagood (4) based his dragline selection for side casting upon 
two factors: 1) Machine ability to spoil the overburden at a
sufficient distance from the highwall, and 2) Machine ability 
to provide adequate productive capacity to meet required rate of 
production. In this study, a third factor is considered in 
machine selection; selection of the machine which will provide 
minimum cost per ton of coal produced.

The primary dragline dimensions required to do the selection 
are the dragline boom length determined from the required drag­
line reach and maximum suspended load determined from the required 
bucket capacity. Knowing the required reach and maximum suspended 
load, the actual machine is then selected from available models 
with specifications closely matching the requirements. Each model 
may also have a number of combinations of boom length, boom angle, 
and maximum suspended load to suit to the particular operation.
A typical specification sheet is shown in Figure 5.
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TABLE 1
OPERATING COST AS PERCENTAGE OF TOTAL COST 

BY FUNCTIONS IN HIGH RATIO STRIP MINE (1)

Operation Percentage Cost
Stripping 60.3
Bank Preparation (Including Blasting) 9.6
Coal Preparation 8.3
Hauling 6.4
Coal Loading 4.9
Reclamation 4.5
Supervision and Mine Office 3.9
Engineering and Prospect Drilling 1.7
Roads 0.4

TOTAL 100.0
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basic 
specifications

BUCYRUS-ERtE

Walking Dragline
WEIGHTS: Boom length, ft.

N«t «Might*, domestic, approx. (*»ith bucket +  74' base) lbs..........
Working ««eight, approx. (with bucket) lbs............................................
Ballast ««eight (furnished by purchaser) lbs................

*A d d  3 7 5 ,0 0 0 #  lo r 8 0 ' d<#. a###. taOBroa.l and led u c#  b » n ##1 5 0 .0 0 0 *  
Add 8 0 .0 0 0  # lo r B locking on c # r *  «non  o s iim o iin g  ao m o tn c fto igm .

335
11.515.000
12.515.000 
1.000.000

BASE:
Outside diameter, ft.-in....................................
Bearing area. sq. f t .......................................
Circle rail diameter, ft.-m..............  ..............
Rollers, quantity................................................

average diameter, in...................
Swing rack, prtcii diameter, f t  in..................

WALKING MOUNTING:
Shoe, ««idth and length, ft.............................

combined bearing area. sq. ft___
 ̂ Overall width over shoes, ft.-in.....................

Cam diameter, f t  in........................................
Length of step, approx. ft. in.......................
Walking speed, approx. m.p.h.......................

74-0 80-0
4300 j 5027 

54-0 
100 
16 

42-8

14x72
2016
104-6

14x72
2016
110-6

REVOLVING FRAME:
Upper machinery frame, width x length, ft 86h * 99v>
Girder depth, upper frame, ft. in....................................... 12-0

ELECTRICAL EQUIPMENT:
Hoist motors (blo««n)..................................eight 625/1300 h.p.
Drag motors (biowni................................... eight 500/1045 h.p.
Swing motors (blown)...............................  four 625/1300 h.p.
Walking motors |blo««n)............................ four 500/1045 h.p.

All above motors rated at 75* continuous ana at 230/475 V 
MG Set Drives: four 3000 h.p. Synch, mtrs.. . .  3/60/6900 V. 
High Voltage Transfonner 15.000 KVA

22.900 V. primary - 6.900 V. secondary

WORKING DIMENSIONS
A Clearance radius, ft. in..................... 80-0
B Operating radius.................................
C Boom foot radius, ft m.................... 30-0
D Clearance height, ft. m..................... 14-0
E Boom foot height, ft. in ................. 16-0
F Dumping clearance*.......................... below
G Boom point height........................... . Read below
H Digging depth..................................... below
J Point sheave pitch diameter, in----- . 144

' I n c lu d * *  (H o w tn c B  lo> B u c k # !, h o i« l c n a m t.  d ick -u B  link end
10 c ie e re n c e  et ho« $t s h e e ve s .

n o t e

AoD# diamwfer m#v cA#ng# wRth hm## gmom̂ xry.
m ty  v##v OwrtOtng *tn#$ s ia b ih tv .  

B uC yroB 'E M B C om pm v f v e #  m e  figm i to  m #k# chenge# 
m  a o e c if iC f t io n s  o r o e e ig n  twhfch m i t s  oofmtom ere en 
im o ro ve m e n i o r e re  n e c e e e e ry  becewee o f w n e v # ,ie o ,i 'tv  
o f  m a te n e i f  w ttm ou t m c w rfm g  eny u e b iu tv  to m e»e sucn 
changée  on m a c h m e e  g re v io o e iy  bu«it.

kW iimum g G - F brag Moiai 1
Boom O ^ n t i n t Su«o#»Hgd

OumBing tag g ing Drum Mope Drum Mope \Angl# •Bin# Oiam. Diam. Oiam. No. Oiam. !

335 326 30* 5 20 .00 0 184 103% 170' 110 - 2 A 'T 110 " 2 4 .V  i

310 3 5 " 5 5 0 .0 0 0 208 131- 160 1 1 0 " 2 4*7- 110 2 4 l7 - j

300 38* 5 8 5 .0 0 0 222 139 '/: • 150 1 10 ' 2 4 ^ - 110 " 2 4 l | "  1

1
1

Figure 5: A TYPICAL SPECIFICATION SHEET
.After (1)
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Required dragline reach depends upon the physical conditions; 
such as, overburden depth, swell factor, high-wall angle, angle 
of repose of the spoil pile, and in some cases the thickness of 
the coal as well as design variables such as pit width, the 
manner in which material is spoiled, and the machine positioning 
due to high-wall stability. A mathematical relationship between 
dragline reach and the physical parameters can be derived from a 
cut-spoil diagram relationship (Figure 6).

Various authors (4,13,14) derived dragline reach equations 
in terms of physical and design parameters mentioned earlier.

The classical equation for dragline reach is given below:

EDR = H/TAN(A) + H(1+S)/TAN (B) + W/4

Where :
EDR = Effective dragline reach 

H = Overburden depth, ft.
A = Angle of repose for high-wall, degrees 
B = Angle of repose for spoil 
S = Swell of the material %/100 
W = Pit width

This equation is obtained from the mathematical relation­
ship for a cut-spoil diagram (Figure 6) by equalizing the area 
of the bank adjusted for swell of the material to the area of 
the spoil.
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Determination of Dragline Reach

P.K. Ghatterjee et al (6) stated that this approach is 
inherently erroneous because cut-spoil diagrams do not consider 
the fashion in which actual stripping and spoiling is done. 
Therefore, a new dragline reach equation should be derived 
considering the total volume of the overburden removed from each 
position and the volume of the necessary spoil room to store 
this material without creating rehandle.

For the purpose of this study, effective dragline reach 
(EDR) is defined as the horizontal distance from the highwall 
crest to the spoil pile peak; that is, the dragline operating 
radius (DOR) minus one-half the tub diameter, minus a safety 
margin left at the edge of the highwall. This safety margin 
is the distance between the edge of the tub and the highwall 
crest. One-half the tub diameter plus the safety margin left 
at the edge is referred to as positioning distance (P). Dragline 
operating radius (DOR) is defined as the horizontal distance 
from the center of machine rotation to the spoil peak under the 
boom point. Effective dragline reach gradually increases to its 
maximum when the swing angle approaches 90 degrees. Effective 
dragline reach, tub diameter, positioning, and dragline operating 
radius are shown in Figure 1.
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Three Dimensional Approach

Dragline positioning and the manner in which material is 
spoiled affects the required dragline operating radius. In 
Figure 7, the dragline is positioned a predetermined distance 
away from the digging face and a safety margin away from the 
high-wall crest and starts removing overburden and spoiling it 
such that the smallest swing angle can be obtained without 
necessitating rehandling. It is assumed that key cut material 
has already been removed and the machine has moved to the outside 
position (Figure 7).

The dragline spoils the material along the curvature of the 
radius starting from the last spoiling point from the previous 
position. Figure 7a shows previous dragline spoil point which 
is labeled as position 1. The length of the spoil area should 
be the same as the length of the cut from which material is 
removed. Position 2 in Figure 7a corresponds to the end of 
spoil pile to be utilized for removal of the cut. If one takes 
cross sections, one going through position 1 and the other 
going through position 2, as shown in Figure 7b and 7c, it can 
be seen that effective dragline reach corresponding to position 1 
is smaller than the one corresponding to position 2. Since the 
effective dragline reach dictates the amount of material to be 
spoiled, the volume spoiled at position 1 will be less than the 
volume spoiled at position 2.
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T L
X± . 

t_

Position 1

A  Length

Position 2 DOR-----------
Dragline Operating 

Radius
(a)

Cross sectional 
area

Key Outside
EDR£DR-ZJ c.t3

X Key / Bank

2

Cross sectional 
area(b)

EDR
EDR

Bank

1
(Pit width) HD

(c)

FIGURE 7: Plan and Cross Sections of Dragline Positions,
Spoil Location and Required Dragline Spoil 
Radius.
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The dragline reach calculated from the classical equation 1, 
assumes the dragline always dumps the spoil of a 90^ swing to 
position 2 in Figure 7a, rather than along the curvature. Because 
of this assumption, actual volume of the available spoil room is 
overestimated. Therefore, the value of the required dragline 
reach obtained from this equation is erroneous. Considering 
this fact, dragline reach can be calculated such that volume of 
the spoil room made available from a given dragline position is 
equal to the volume of the material to be removed with adjustment 
for swell.

An expression for the total volume of the spoil room along 
the cut segment (from position 1 to position 2 on Figure 7a) 
can be derived by taking unit volume and integrating this unit 
volume for the entire length of the spoil cut segment.

Unit volume = Cross Sectional Area x A L e n g t h   ------ (1)

The cross sectional area of the spoil changes (from position 1 
to position 2 in Figure 7a) along the curvature of the dumping 
radius: it becomes necessary to express the cross-sectional 
spoil area in terms of radius of curvature.

2
CSA = W X h - J- / TAN B ----------------------------  (2)

Where :
CSA = Cross Sectional Area 

W = Pit Width 
h = Spoil Height 
B = Angle of Repose for Spoil
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From Figure 7b, 7c:
h = HD X T a n B -------------------------------------  (3

and
HD = (DOR -X )"- P - Tan A TanC   (4)

Where

HD = Horizontal distance from the toe of the coal 
to the spoil point

DOR = Dragline operating radius

X = Cut segment length (also spoil length)
P = Distance from the center of dragline to

crest of the high-wall
H = Overburden height"^
A = High-wall angle
T = Coal thickness
C = Coal face angle

Substituting equation (4) into equation (3)

h = ((DOr 2-x 2) - p - X Tan B -— (5)

Substitute equation (5) into equation (2)
Î*' 2

CSA = W ((DOr 2-x 2) - P - X  ®
 (6 )
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Rearranging equation (6)
I.

CSA = W Tan B ( (DOR^-X^) - P - - |)"(6a)

Substitute equation (6a) into equation (1)

9 9  ̂ T W âUnit volume = W Tan B ((DOR -X ) - P - - j)*A X  (7)

Integrating equation (7) for a given cut length (limits 0 to X) 

Spoil volume = W Tan B {h DOR^ Sin”  ̂ X (DOR^-X^) - P • XUUK

-HiJL _ TOL_ _ Wi2L.) ____________________________(8)TanA TanC 4 ^

Since for small angles:

X XArc Sin DOR DOR

V = W Tan B (%DOR^f + h ' X (DOR^-X^)^ -

p.-v - Hl2L_ _ T O ^  _TanA TanC 4 ^

V . B - P - îllB - fisc -

V = Volume of the spoil space

Since volume of the spoil has to be equal to volume of the 
material removed adjusted for swell,

2 ..2 ^X'W'H.(1+S) = W'X'Tan B (DOR+jDOR -X ) — P —
H T _ W)

TanA TanC 4
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By rearranging the terms:

^0^ = TiHÂ + Tiïïc ^ + ! + P +

______________ xf-----------------  (10)
4 (-S—  + -1—  + H.W .tS.) + M +'TanA TanC TanB 4 '

tIHa + Tiïïc + + T + P
Where ODOR : Old Dragline Operating Radius

DOR = ODOR +
4"(ODOR)

When swing angle is 90^, which is when X = 0, equation (10) 
becomes :

ODOR = DOR = ^  + I + P which i"
the clas­
sical 
equation.

This new dragline equation takes effective dragline reach at the 
first point and effective dragline reach at the last point of 
spoiling and then averages these two to arrive at the dragline 
spoil radius.

To illustrate the use of this equation, consider an example 
where :

Overburden depth = 100'
Pit width = 100'
Swell of the material = 25% 
Highwall angle = 63.4°
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B:
T
C
X
P

Spoil angle = 38.5 
Coal thickness = 20' 
Coal angle = 90°
Cut length = 100' 
Dragline position = 50'

DOR = tIh a  = TiHc + + I + P +

4 ( J L -  + -2—  + m ± s i  + M + P) ' TanA TanC TanB 4 '

ODOR = TiïïÂ + tIh c + + I + D

ODOR = 2 82'

DOR = 282 + (100) = 291'(4) (282)

The dragline spoil radius from this new equation is 291' 
whereas from the classical equation it would have estimated to 
be 282'.

Volume of spoil room available from this dragline spoil 
radius for the cut segment of X = 100'

Spoil Volume = M.x. Tan b (20R±1D0£z£ )  -P'

______ T____W X
TanA TanC 4
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Spoil Volume = 1,249,000 ft^

Volume required to be removed = W-H.X (1+S) = 1,250,000 ft^

With the given dragline reach, all of the material can be spoiled 
without any rehandle.

Bucket Capacity

For selection of a dragline, determination of the bucket 
capacity to provide the required yardage removal capability is 
the second step after the required dragline spoiling radius 
is obtained. Required bucket capacity is primarily dependent 
on the rate at which overburden must be stripped. Proposed 
yearly coal production explicity determines the rate at which 
overburden must be stripped.

The general equation for annual dragline production is 
given below:

Annual _ ,Bucket . , Fill . ._______ 1_________.
Production Capacity Factor 1 + Swell Factor —  ------_ IT -I Year

(Yd^) (%)

( Z i î : b ï u t y )  (Job Factor)
(Sec)

This equation states that annual machine production should 
be the amount of material that can be put into the bucket times 
number of buckets that are filled and dumped in an hour. Annual 
production is the product of hourly production times number of 
hours the machine is actually removing overburden. The actual
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removing time or digging time is also the product of machine 
availability times the job efficiency factor.

Dragline scheduled hours is the time period in terms of 
hours that the dragline is scheduled to work. The scheduled hours 
make allowance for holidays, miner’s vacation, weather related 
idle time, other idle time, and in some cases scheduled main­
tenance.

The dragline mechanical availability is the factor to make 
allowance from the scheduled hours for periods of time that 
machine is not operating due to scheduled, unpredicted mechanical 
and electrical failures. Failure of mechanical systems such as 
tub, drag, hoist, and swing motors, ropes, boom, and bucket 
are some of the elements of mechanical delays.

Periods of time in which a dragline is mechanically available 
but, it is not doing productive work are referred to as job 
related delays and are accounted for in the job efficiency 
factor. Idle time, supervision, supply and lunch, shooting, 
power failures, moving power cable, dozing, deadheading, oiling 
are all elements of job related delays.

Bucket fill factor is the adjustment made to the rated 
capacity of the bucket to account for the actual volume of 
material in the bucket for each pass. This volume of the 
material is dependent on the material qualities, digging face 
angle and on the operator's ability to completely fill the 
bucket. Dragline manufacturers suggest that bucket fill factor 
values are in the 80 to 95 percent range, although it is
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possible to have a fill factor greater than 100 percent.
Swell factor is another adjustment made for the increase 

in volume of the material when displaced from the bank to 
deposition on the spoil pile. Since material loaded into the 
bucket increases in volume, the swell factor makes the necessary 
adjustment to express volume of the material spoiled in terms 
of equivalent in situ bank cubic yard. Table 2 shows approximate 
swell factor for various overburden materials.

Cycle time is the length of time it takes to fill, hoist 
and swing over, dump the bucket and return for the next. The 
elements in dragline's cycle time can be listed as follows:

1. Dig (load the bucket)
2. Hoist and swing over
3. Dump and swing back
4. Positioning

The skill of the operator has a large effect on the amount 
of time required for a cycle time. Assuming that the operator has 
reasonable skill, discussion of the other factors affecting the 
cycle time follows.

Digging time depends primarily upon how well the overburden is 
fragmented as well as the digging face angle. The method of 
blasting dictates directly the digging conditions.

Hoist and swing time of the dragline is controlled by 
horsepower limitations of the machine (8,12) and the angle 
through which the dragline swings to spoil the material.
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Overburden depth, pit width, dragline set up positions for a 
given cut, and the manner of spoiling, all affect the necessary 
swing angle to be made to spoil the material away from the coal. 
Knowing the dragline location and the manner in which spoiling is
done, the average swing angle for a particular operation can easily
be found by either using a calculator or a computer.

Determination of the average swing angle by a computer is 
discussed further in model development.

For each dragline, a swing time vs. swing angle curve can 
be obtained. It is suggested that all machines are designed to 
cycle in approximately the same time. Therefore, one swing 
time vs. swing angle curve could be used for general cases.
Table 3 lists various B-E machines and their approximate average 
cycle times for 120 degree swing angle and shows some differences 
on the order of 2 to 4 seconds as the boom length increases.
Swing time curves in Figure 8 and 9 for a specific machine
reflect boom length, horsepower, etc. Time to load a bucket 
can be, on average, assumed constant and positioning the bucket 
usually takes 3 seconds and dumping 3 seconds (15). Knowing 
the swing, load, dump, position time, and average delay time, 
total cycle time can be obtained for a given swing angle.

If the annual overburden requirement is given and the 
bucket capacity is to be determined, numerical values for known 
parameters can be substituted into annual production equations 
and required bucket capacity can be calculated.
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Suspended Load Determination

Dragline manufacturers give suspended load as the selection 
parameter for machine size. Calculated bucket capacity is 
converted into suspended load by combining weight of the bucket 
and weight of the material in the bucket. The average weight 
of the bucket itself is expressed in terms of pounds per cubic 
yard of bucket capacity. The information can be represented 
graphically (Figure 10). These weights represent medium duty 
buckets, typically used in coal stripping operations.

Weight of the material also varies with overburden type 
as shown in Table 2.

Once the required dragline reach and suspended load is 
determined, the dragline selection is made by going through 
various existing model specifications of different manufacturers. 
A machine with specifications closely matching the required 
reach and the suspended load is then selected as the candidate 
dragline for the property.

Operating and Owning Cost Determination

Once the dragline size is determined, owning and operating 
cost for the machine can be determined to estimate cost of 

overburden removal per ton of coal.
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Ownership cost for a machine traditionally consists of 
depreciation, and interest, taxes and insurance cost. Dragline 
depreciation cost is usually calculated using the straight line 
method of depreciation and life of the dragline is usually 
considered to be from 15 years to 30 years. Total dragline 
investment cost includes purchase price for the machine plus 
freight, trail cable, ballast and erection costs. Interest, 
taxes and insurance cost is often calculated as percentage of 
average annual investment. . The following equation determines 
the average investment:

Average investment = Original investment x

Interest, taxes, insurance cost = Average investment x
Percent I,I,T

Operating cost consists of power, repairs, maintenance 
and supplies, and the labor costs. The number of people assigned 
will be a function of the machine size and labor contract.

Cost of power is dependent on the power consumption for a 
given machine and the cost per KWH. Power consumption can either 
be calculated as a function of machine horsepower or from 
emperical data provided by machine manufacturers (Figure 11).

The cost of maintenance, repairs, and supplies is the 
most difficult cost item to estimate because it is influenced by 
many variables. Hagood (4) calculated R.M.S. cost as a function
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of the power cost, based on the assumption that the cost of 
repairs, parts and labor are related to electrical power cost. 
This relationship follows:

1Y = 0.004 (X) + 0.2982

Y: The ratio of maintenance cost to power cost
X: Bucket capacity, YD^

This relationship is shown in Figure 12. Information 
provided by B-E in 1978, suggested an average R.M.S. cost of 
6C/bank yard moved.

Labor cost per hour is a function of local labor rates 
and union affiliation.

Draglines are often required to operate in high overburden 
and other conditions which require use of methods other than 
side casting. When this is the case, other stripping methods 
such as chop down, extended bench or pull back methods might 
be employed. In the following pages, these methods are 
discussed.
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CHOP DOWN METHOD

General Description of the Method

Chop down stripping is a method where a portion of the 
overburden above the elevation of the dragline operating bench 
is chopped by the dragline before or after the remaining over­
burden can be removed by side casting or with extended bench.

“The dragline works at an elevation lower than the original 
ground surface and chops down portions of the overburden as 
seen in Figures 13 and 14.

Application of chop down procedures can vary from operation 
to operation. According to the Bucyrus-Erie study, most common 
applications are:

a) Dragline working pad preparation
b) Selective overburden removal
c) Extending effective dragline reach

The chop down method is commonly used to prepare a leveled 
dragline working bench, where terrain is hilly and frequent ridges 
exist or when surface conditions are soft and unsuitable for machine
support. The procedure described in the Bucyrus-Erie study
suggests that the dragline starts working at the lower elevation 
bench and prepares a stable, leveled working bench for itself by 
either chopping directly behind or from the next pit over.
Figure 15 shows this procedure in plan and cross section.
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Chopdown

Chopdown Spoil

Coal Exposed

Chopdown Bench

( Bank

Figure 13: Artist Conception and Cross Sectional
View of Chop Down Operation.
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Figure 14 : Position of Bucket Relative To Bench 
For Chop Down Procedure.
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Figure 15: Plan and Cross Sectional View of
Dragline Positions for Back Chopping 
to Prepare a Working Pad.
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Selective overburden removal is necessary for stripping 
operations where toxic overburden strata lying immediately 
above the coal bed is encountered. When the previously dis­
cussed side casting method is used to remove overburden, this 
toxic material covers the top portion of the spoil piles. This 
causes subsequent reclamation and water problems. The chop 
down method becomes viable for burial of this strata. As shown 
in Figure 16, the procedure is such that dragline removes the 
overburden material A and B by conventional side casting, then from
the same position the dragline also reaches overhand and chops 
down the bench C from the adjacent pit and places this overburden 
at the top of spoil A and B burying the toxic material.

Application of the chop down method can reduce and in 
some cases, may eliminate rehandle in stripping operations 
where dragline reach is not quite sufficient to spoil the over­
burden. Effective spoil radius of a machine can be increased 
because of the effect of the highwall angle by lowering dragline 
working level as shown in Figure 17. As the depth of the chop 
down bench increases, the amount rehandled will decrease. The 
percent rehandle decrease will be proportional to the additional 
spoil room gained by the chop down operation. The mathematical 
relationship between the chop down bench height and spoil room 
gained per unit bench height will be discussed later in the 
section on selection of dragline for chop down method.

While the chop down method provides operating flexibility.
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there are a number of disadvantages. First, the chop down 
process used in cutting the side bench material is relatively 
inefficient. Since the machine is chopping down, the bucket 
fill factor may be considerably less than for normal digging.
Chop down bucket fill factor is usually 70% compared to 90% 
for normal digging. Drag and fill time can be 20% more than 
normal (11). The swing angle required to spoil the chop down 
material is usually larger on the average, about 160 degrees.
Due to these facts, cycle time for a dragline using chop down 
method is 40-50% longer than normal cycle times. The combination 
of longer cycle time and lesser fill factor reduces dragline 
production by 40-50% and increases stripping cost per ton of 
coal exposed. This becomes an important point to consider when 
deciding the quantity of the overburden which should be chopped 
down and how much of it should be moved by other methods such 
as extended bench.

Selection of the Dragline for Chop Down Method

The conventional approach to dragline selection for side 
casting can be applied to the chop down method with some 
modification.

Reach Determination

Before using the previously derived modified reach equation 
to determine the dragline reach for the chop down method, overburden 
height has to be adjusted to take the chop down bench height 
into consideration.
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By chopping down a portion of the overburden, the dragline 
can move closer to the spoil pile because of the effect of the 
highwall angle. Yet, lowering the operating bench by chop down 
operation does not mean that spoil room gained by moving closer 
will provide enough spoil room to spoil all the material which 
is to be chopped. To calculate the effective overburden height 
reduction by chop down, the following equation is derived. For 
the derivation, refer to Figure 18.

Spoil Room Gained ADEB = Area CDFB - Area EDF - Area CAB
Area CDFB = CB x DK where
CB = W and
DK = W/2 • Tan B + X • Tan B
DK = (W/2+X) . Tan B(where X is the reach gained from 

the chop down)
Area CDFB = (W/2 + X) • Tan B • W

W^Area DEF - ACB = j • Tan B 

Therefore,

Spoil Area Gained (ADEB) = (W/2 + X) W • Tan B X
W^2 X ^  Tan B

Since: o

Y = CDBH TanA

CDBH : Height of the chopdown bench

2
Spoil Area Gained = ( f ^ * Tan B - 2 • ^  Tan B
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This spoil area gained can only hold overburden material with an 
area of;

(W-Y) • (1+SF) Where Y is the effective overburden height 
reduction from the spoil room gained.

Then
2

(W-Y) (1+SF) = ( f  + W • Tan B ~ Tan B

Y = (f + CDBH . 1 1 ^  - |) / (1+SF)

Y = (CDBH • ll^) / (1+SF)

Once this effective height reduction, due to the chop down 
is determined, the reach equation for the chop down method becomes

DOR = « ê Ê r -  + T i ^  + • ( I + S)  + 1  + | )  +

x2
+ ^  + ( 1 - )  - M )

Where Y is the effective height reduction

Bucket Capacity Determination

Bucket size determination of the dragline working with chop 
down method of digging involves the use of the standard excavator 
sizing equation previously discussed. Necessary adjustments should 
be made for cycle time and bucket fill factor to take inefficiency 
of the machine into consideration when it is chopping down.
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EXTENDED BENCH METHOD

General Description

As the overburden begins to exceed the depth capability of 
a given machine, an amount of material must be rehandled in 
order to expose the coal seam. The extended bench method of 
stripping can be used to extend the effective spoil radius of 
the dragline. The dragline builds additional bench out from 
the crest of the highwall into the previous pit and uses this 
extra width to remove all the overburden by previously discussed 
side casting (Figure 19).

Key cut, and in the case of chop down and extended bench 
combination chop down bench material, is generally used to extend 
the working bench. To extend the bench, the dragline takes the 
material from the key cut, swings approximately 120 to 160 
degrees and places this over the existing highwall in the 
direction of stripping advance. This is illustrated in Figure 
19. This material is later leveled by a dozer to form a 
leveled dragline pad. After completion of the key cut, the 
dragline moves to outside position on the extended bench to 
remove the remaining material including the material handled 
previously in the process of extending the dragline bench.

In the extended bench operations, as the overburden depth 
increases, the amount of material to be rehandled will also 
increase.
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Maximum rehandle acceptable for an operation is determined by 
the economics of the operation, and in general, percent rehandle 
should be kept to minimum.

Extended Bench With Chop Down

As previously discussed, the chop down method can be used 
to increase effective reach. As the depth of the chop down bench 
increases in a chop down/extended bench combination, the amount 
of rehandle decreases. Thus, in deep overburden, this combina­
tion can be employed to reduce the percent rehandle.

Plan and cross sectional views of dragline locations and 
typical method of extending the dragline bench using the 
material from the key and chop down are shown in Figure 20 and 
21. As seen from Figure 20, dragline utilizes positions 1, 2 
and 3 to remove and spoil the key cut material and also chop 
down material to extend the bench. From the positions 4 and 5 
in the same figure, the remaining material is removed by side 
casting..

There are various alternative locations to get chop down 
material to extend the bench. For some operations, the dragline may 
chop down directly behind on the same pit. In other operations, 
the dragline chops down the bench half way over to the 
next pit. Although there is no most correct way of doing it, the 
swing angle for chop down may be minimized by chopping down the 
bench directly behind.
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Calculation of Rehandle Volume for Extended Bench Methods
The amount of material rehandled due to bench extension 

is proportional to the overburden height that a given dragline 
will remove. The dragline operating radius required to remove 
a given overburden thickness without any rehandle can be deter­
mined from the dragline reach equation derived earlier for the 
side casting method. If the reach of the dragline is less than 
the required dragline reach, then the difference between the 
calculated reach and the actual dragline reach is the width 
the bench must be extended. The dragline must spoil adequate 
material to extend the bench. A portion of this material has 
to be rehandled in order to uncover the coal.

The calculation of this rehandle volume is discussed later 
in the model description of the extended bench method.

Selection of Dragline for Extended Bench Method
To select a dragline for a property on which the extended 

bench method will be used, various alternatives must be 
considered before making the final selection. The alternatives 
may involve choosing an overburden depth beyond which dragline 
will have to rehandle. Once the maximum overburden height to 
be used for the dragline selection is decided, the required 
dragline reach can be calculated.

The determination of bucket capacity involves calculation 
of the average percent rehandle for the entire property. Assuming
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that percentage of overburden material corresponding to various 
overburden depths are known, the percent rehandle for each 
overburden increment can be calculated. Weighting the percent 
rehandle based on percent reserve for each overburden increment, 
the average percent rehandle for the property will be obtained.

The annual overburden removal requirement is then adjusted by 
this percent rehandle before using the standard excavator sizing 
equation to calculate bucket capacity for the extended bench 
method. Cycle time should also be adjusted due to larger swing 
angles in extending the bench.

A detailed example of the dragline selection for extended 
bench is discussed later in the model application section.
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PULL BACK METHOD

General Description
An alternate to the extended bench is the pull back 

method. The method can be employed with single or tandem 
machines.

In the tandem case, the primary machine works from the 
highwall and spoils the material into the previous pit by 
side casting. The second machine, usually smaller in size, 
is located on the spoil pile, pulling back some of the material 

in order to clear all the spoil from the coal. An illustration 
of this method is shown in Figures 22 and 23.

Before the second machine moves onto the spoil, a dozer 
prepares a leveled pad by knocking down the ridge of the pre­
vious spoil (Figure 23). Then the excess spoil is dug back away 
from the highwall and spoiled behind the dragline on the top of 
the previous spoil (Figure 23).

Dragline moving patterns and swing angles for the initial 
machine are same as for side casting method. But for the pull 
back machine the dragline operates with a swing angle of ap­
proximately 180° (1,15).

The amount of material to be rehandled determines the pro­
duction of the second machine and furthermore, productivity 
of the machines must be carefully matched so they effectively 
operate as a team. The selection of the pull back machine 
will be discussed later in the model development.
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MODEL DEVELOPMENT

In order to develop a dragline selection tool, it was 
necessary to construct a series of models which would estimate 
production for each of the methods previously discussed. Com­
parison of the various combinations of machine and method 
would be made on the basis of stripping cost per ton coal and 
required inclusion in the models of a cost estimating package. 
Since reserve data is generally available on the basis of tons 
per overburden increment, the costs and production for a spec­
ific machine could be combined on the basis of a weighted average 
where the weighting is a function of the percent coal in each 
overburden increment. Comparison and selection of the proper 
machine could be based on the machine which meets the required 
production at the lowest weighted average cost.

In order to develop a first approximation of the required 
machine, a selection model was developed which provides an 
estimate of the required reach and bucket size for the property 
assuming an average overburden depth and use of the side casting 
method. Draglines in this class can then be tested to deter­
mine the optimum machine.

General Approach
A deterministic simulation modeling approach was taken 

to evaluate dragline performance and cost for each stripping 
method. Each simulation model represents the stripping system 
by a set of mathematical equations and logical relationships
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which recognize property related, design related, and machine 
related variables.

Machine production is simulated by using the standard 
excavator production equation:

Annual Production = BC x FF x y TÏÏF % SH x MA x JF x

where :
BC = Bucket Capacity (yd^)
FF = Fill Factor (%)
SF = Swell Factor (%)
SH = Scheduled Hours (Hours)
MA = Mechanical Availability (%)
JF = Job Factor (%)
CT = Cycle Time (Sec.)

The focus of these models is to determine the swing time 
component of the cycle time using a three dimensional approach, con­
sidering dragline positioning, digging location, and dumping 
location. The general dragline operating procedures used were 
previously discussed.

' For each stripping method, models are designed to output 
pertinent information such as: average swing angle, average cycle 
time, walking time, volumes removed/dragline position, annual 
production, and owning and operating costs.
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DISCUSSION OF INDIVIDUAL MODELS

General
As previously mentioned, variables for a given cut, such 

as pit dimensions, dragline positions, and digging and spoiling 
procedures directly affect the swing angle the machine must 
make to remove the overburden. Each dragline stripping method 
has characteristics associated with these variables. In the 
following sections, a discussion of each individual model 
development will identify these characteristics and how they 
are treated in each model.

Side Casting Model
The Side Casting Model assumes that the dragline is selected 

such that the machine reach is adequate to remove all overburden 
without rehandle.

The model considers dragline position, digging and 
spoiling procedures and dragline walking procedure for one cut 
in determining average swing angle and cycle time for the 
machine. Once the average cycle time is determined, annual 
machine output and ownership and operating costs per ton of 
coal uncovered and per cubic yard of overburden is calculated.

Overburden Removal
The overburden removal system in the Side Casting Model 

can be divided into two parts; removal of chop down material 
for bench preparation (optional) and removal of the main cut.
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Chop Down Bench Removal

If a bench is used, the height and coordinates of the 
centroid for the bench must be defined. This overburden 
material is removed from the first dragline position in the 
walking sequence and spoiled at the bottom of the spoil area 
(Figure 24).

Main Cut Removal

The dragline can remove the main cut in either one lift 
or two lifts. If the overburden is thick and the top of the 
key is wider than the pit width, the dragline will remove the 
overburden in two lifts. In both cases, the dragline operates 
from various positions specified as input data. The dragline's 
positions and moving sequences required to remove the overburden 
for a one lift cut are illustrated in Figures 24 and 25 . The 
dragline first makes a key cut from inside positions (Figure 
24) and then moves closer to the highwall to remove the re­
maining material (Figure 25).

For the two lift cut removals the dragline first removes 
the top lift by making an initial key cut from the inside 
positions and then moves to the outside positions to complete 
removal of the top lift. After the top lift is removed, the 
dragline makes a key cut for the lower lift from the inside 
positions and then moves to the outside positions, to remove 
the remaining portion of the lower lift. Figure 26 illustrates 
two lift cut removals.
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Figure 24: Plan and Cross Sectional Illustrations of the
Pit Geometry for the Key Cut Removal for the 
Side Casting Model.
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Figure 26; Two Lift Dragline Operation Shown in Plan 
View and Cross Sections. a and b Show the 
Top Lift, c and d Show the Bottom Lift.
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Dragline Digging Procedure
The dragline digs the material at an angle determined 

by the distance of the dragline from the crest of the digging 
face and the height of the fairlead (6). Figure 27 illustrates 
various dragline positions in plan and cross-sectional views 
and how machine position determines the digging angle. As 
the dragline positions itself closer to the crest, the digging 
angle increases and the amount of material that can be removed 
will increase. Figure 28 illustrates digging angles with re­
spect to machine positions.

Dragline Positioning
In the Side Casting Model, the user defines the dragline 

positions. A dragline position is defined as the perpendicular 
distance from the dragline center of rotation to the crest of 
the original digging face and to the crest of the highwall.
When overburden is removed in two lifts, one set of positions 
for the first lift and a second set of positions for the sec­
ond lift are required.

Overburden Volume Calculation
The overburden volume the dragline can remove from a 

given position is calculated with respect to the key and the 
main cut. Since the volume calculation for the key cut differs 
from the main cut, the dragline can only remove key cut mater­
ial from the positions designated for key cut.

A detailed explanation of the volume calculation for
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Figure 27 ; Plan and Cross Sectional Views of Dragline Positions 
with Respect to Crest of Digging Face and Highwall.
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the key cut and the main cut is presented in Appendix A.
The overburden volumes are calculated from initial data 

and digging limits assigned to the dragline at each position 
from which it operates. In both key and prime cut, three dif­
ferent situations exist depending on the value of the digging 
angle and the dimensions of the cut. From Figures 29, 30 , 31 and 
32 three cases must be considered in evaluating the areas ex­
cavated, as follows:

Case (a): Dug Area = Area 1 + Area 2 (Figure 30b)
Case (b): Dug Area = Area 1 + Area (2+3) - Area 3

(Figure 31b)
Case (c): Dug Area = Area 1 + Area 2 + Area 3 (Figure 32b)

Respective overburden volumes are then obtained by finding 
the products of cross-sectional areas and the corresponding 
widths across the cut.

Overburden Spoiling
Calculated overburden volume removed from a given position 

is spoiled along an arced ridge in the spoil area. The loca­
tion of the spoil ridge is a function of the dragline's position
and its operating radius. The dragline dumps several bucket 
loads over a period of time in the same location to build up 
the spoil pile to its capacity. The ridge location determines 
the apex of the cross sectional spoil areas. Therefore, the 
volume which can be spoiled from a position is directly pro­
portional to the ridge location, as shown in Figure 33 and 34.
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and Cross Section.
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Figure 34 : Dragline Spoil Ridge Location for Main Cut
Position in Plan and Cross Section.
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For a total cut volume, it is assumed in the model that 
the dragline spoils the overburden into the space in the spoil 
area which has a length along the pit equal to the cut length. 
The dragline starts spoiling from an initial point and grad­
ually builds up the spoil pile along the curvature of the drag­
line radius in the allotted spoil space (Figure 33). Location 
of the initial spoiling point is critical and certain assump­
tions are made to determine it.

Initial Dumping Location For a Set-Up
Two cases must be considered in determining the initial 

dumping point in removing overburden in a set-up. In the 
first case, dragline reach is only sufficient for spoiling the 
given height of overburden. The model assumes that the drag-, 
line spoils on a curve governed by the operating radius of the 
machine and that the machine swings to a maximum of 90 degrees 
from the final digging position in a set-up. The initial 
dumping point is determined by the intersection of a line per­
pendicular to the highwall which passes through the center of 
rotation of the machine at the last digging position in the 
previous set-up and the operating radius of the machine from 
the first digging position of the present set-up (Figure 35) . 
Overburden for this set-up is spoiled into the area bounded 
by lines perpendicular to the highwall passing through the 
centerline of rotation for the final position in the previous 
set-up and the final position in the current set-up as shown 
in Figure 35. The length (X) of this area is the same as
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Figure 36: Initial Dumping Point Location
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the set-up length.
In the second case, dragline reach is greater than that 

required to remove the overburden (shallow overburden). A 
smaller swing angle can be employed to spoil the material with­
out rehandle. Initial dumping starts at a position where the 
machine can dump to some average required height and place 
all the spoil into an area with the specified set-up length.
In locating the initial dumping point, the average required 
height is translated into a required effective dragline reach. 
Considering the final machine position in the set-up, the model 
determines the angle at which the effective reach could be 
obtained. This swing angle, in conjunction with the machine 
operating radius, defines the initial spoil location as illus­
trated in Figure 36 .

Spoil Volume Calculations
The model calculates the spoil volume capacity for a given 

set-up length from a number of cross-sections drawn through 
the spoil area perpendicular to the highwall. Each cross 
section represents a three dimensional slice of the spoil 
pile. The volume of each slice is calculated as the product 
of the cross-sectional area times the unit interval length 
between the cross-sections.

The model first checks the dragline location relative 
to the digging face and crest of the highwall. The overburden 
volume which can be removed from this position is then cal­
culated. Overburden is placed into the first spoil slice
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with volume available until the capacity of that slice has 
been utilized. Sequential slices are filled until the over­
burden removable from that position has been spoiled. The 
volume of overburden in each slice is stored in a two dimen­
sional array.

For the next dragline position, the process is repeated.
The available capacity of each slice is re-calculated since 
this capacity is a function of the dragline position. The 
calculated capacity of a slice is adjusted by deducting the 
volume spoiled in the slice from the previous dragline positions.

Swing Angle Determination
The model calculates dragline swing angles on the basis 

of machine position in terms of center of rotation, the loca­
tion of overburden removal, and the location of dumping from this 
position. It is assumed that the dragline will dump on the 
same point for a given spoil slice and machine position. For 
each dragline position, there are as many potential swing angles 
as cross sections.

The model weights the swing angle made for each slice 
with the amount of material spoiled in that slice. An average 
swing angle for a dragline position is calculated by dividing 
the product of swing angle and volume by the total volume 
spoiled from that dragline position.

Average Cycle Time Calculation
Cycle time is the cumulative time the dragline spends 

in loading the bucket, swinging over, dumping the bucket.
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swinging back and repositioning the bucket.
The model calculates the swing time as a function of

swing angle and assumes the digging, dumping and bucket position­
ing and average delay times are constant for a given machine.

The model determines the swing time (two way) for a swing
angle from the linear relationship defined by the user. Then,
adding all the constant times to the swing time, total cycle 
time is calculated for the average swing angle made from a 
given position. The cycle times for the key cut and chop down 
are increased in the model by 50 percent due to the inefficiency 
of the dragline when making the key cut and chopping down 
(15,16,17).

To calculate overall average cycle time for a cut, the 
model includes dragline walking time from one position to the 
next position using an input walking rate and walking preparation 
time. Based on the average cycle time determined for a position, 
the model determines the time it would take the dragline to remove 
the calculated overburden.

A summation of the dragline time spent at each position, 
plus walking times, gives the total time required to remove 
overburden in one set-up. Total volume spoiled and total time 
spent to remove this overburden permits the model to determine 
overall average dragline cycle time for a given cut.

Ownership and Operating Cost Calculation
Dragline ownership and operating costs are determined as
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discussed in the first section of this thesis.
Ownership cost for the dragline includes depreciation, 

and interest taxes and insurance cost. The model calculates the 
dragline capital cost component by using either the straight line 
method of depreciation or capital recovery factor.

To calculate the dragline cost the user must define and 
input the following variables:

1) PCH - Power demand in an hour (KWH/HR)
2) PCKH - Power cost per kilowatt hour ($/KWH)
3) LR - Labor rates per hour
4) Die - Dragline investment cost ($)
5) ITIP - Interest taxes and insurance percentage
6) CRF - Capital recovery factor (decimal fraction)

Based on these input variables, total dragline ownership and 
operating cost are determined, and expressed as costs per cubic 
yard and cost per ton of coal uncovered.

Computer Program
The computer program to execute the side casting model is 

written in FORTRAN IV to run on the Colorado School of Mines'
DEC System 10 computer.

The program consists of a main program and three subprograms. 
The main program performs the following: inputs data; determines
whether or not the dragline is operating in shallow overburden 
or medium overburden; determines whether or not a cut will be 
mined in one lift or two lifts; calculates walking distances; 
performs cost analysis for the dragline; and outputs the input 
data, operating characteristics and cost summary. The first
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subprogram calculates the cycle time for each position. The 
second subprogram calculates the removable volume for each key 
cut position, and the third subprogram calculates the removable 
volume for each main cut position.

Input Variables
The list of all the input variables, units, and their 

descriptions are included in Appendix D. Some of the more 
important input variables are described below;

Cut Segment Dimensions
The Figure 37 represents the cut profile and the dragline 

positions at the start of the simulation for the operation by 
the side casting model. It is expected that the user draws 
the cut profile and determines the dragline positions similar 
to Figure 37 before inputing the variables. The dimensions 
shown on this figure must be specified by the user for each 
simulation case to be run. The user specifies the dimensions 
shown in Table 4 to describe cut geometry.

Dragline Positions
The user inputs the coordinates for each dragline position 

for a given cut. Figure 37 shows an example drawing to illus­
trate dragline positions. The coordinates of the dragline 
positions are defined with respect to the crest of the highwall 
and the crest of the immediate digging face. The dragline 
positions must be numbered in sequence starting from the first
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Figure 37: Model Variables Illustrated in Plan and Cross Section,
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dragline position to make the key cut. When the cut is to be 
mined in two lifts, the dragline positions for the second 
lift must also be specified. The dragline positions for the 
second lift should be numbered as continuation of the first 
lift positions. Since the key cut volume calculation differs 
from the main cut, the dragline positions for the key cut 
should be specified as such.

The descriptions of the variables which are used to define 
the dragline positions and to specify the key cut positions 
are shown on Table 5 .

Setting Dragline Dimensions.

Figure 38 shows the important dimensions to be used for 
digging angle calculation. Their description follows;

1) CABHT - Cab Height (feet)
This defines the height where drag ropes enter into 
the dragline frame.

2) CABRAD - Cab Radius (feet)
The dragline tub radius is defined as cab radius

3) P - Positioning (feet)
4) FA - Face Angle (degrees)

Maximum digging face angle

Input Data
All the variables necessary for the calculations are 

input in Free Format by the file, named SIDE.Data. Table 6 
shows a sample data file. As explained earlier, input data 
includes a flag variable to control mining of a cut by one
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TABLE 6: SAMPLE INPUT DATA
FOR SIDE CASTING MODEL

H, W, CT, CD, A, B, C, FA, SF, X, WK
CDBH
XD, YD
MT
DR, BC, CABHT, CABRAD, P
DT, BPT, STl, ST2, SCC, WS, CLT
SH, AV, JF, RF, FF
Die, PCKH, PCH, LR, DOL, CRF, ITIP 
NPK, NTP, N 
DDFDF(l), DDFH(l)
DDFDF(2), DDFH(2)
DDFDF(3), DDFH(3)
DDFDF(4), DDFH(4)
DDFDF(5), DDFH(5)
I FLAG
NFSIKP, NFSLKP, NFSTP 
DDFDF(6), DDFH(6)
DDFDF(7), DDFH(7)
DDFDF(8), DDFH(8)
i:i4t05 :49:i
00010 50.,120»,5,57,71,,63, 4,35,,76,,34,,2200020 0 » 0
00030 120,,250,
00040 MAR-8050 23A
00050 285,,56,,13,,21,5,40,00060 12 , , 12 ,3,40, ,46', ,18 , ,0,25,180,00070 6800,,,88,,85,,88,,95
00080 14000000,,1650,,0,03, 13,0,20,,0,0,,1600090 3,5,5
00100 80,,90,
00110 60,,90,
00120 40,,90,
00130 40,,70,
00140 40,,40,
00150 0
00160 f),6y 8 /
00170 40,,90,
00180 40,,70,
00190 40,,40,

100 ♦ y 1 U
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or two lifts. For the initial run flag should be set equal 
to 0. If the program determines that the cut cannot be mined 
in one lift, then the program signals the user that the cut 
must be mined in two lifts. Consequently the user inputs ad­
ditional dragline positions to mine the second lift. The input 
variables to specify the first key cut position number, last 
key cut position number and total number of positions to mine 
the two lifts should be entered as the next line after the 
flag variables. In the following lines the coordinates of 
each dragline position for the second lift can be entered one 
at a time.

Model Output
Sample output is illustrated in Table 7. The output 

variables are self explanatory, and therefore they will not 
be discussed any further.

Model Flow Chart
The model flow chart is presented in Figure 39.

Dragline Selection Model

The Dragline Selection Model is designed to determine 
dragline operating radius and bucket capacity to meet a required 
annual production. The model assumes that dragline will remove 
the overburden with the side casting method and simulates its
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TABLE 7: SAMPLE OUTPUT OF THE
SIDE CASTING MODEL

PR01::'El\'TY CHARAC Ï'ER' 1S ÏICS
OVERBURDEN HEIGHT 50,0 FT
COAL THICKNESS Î 5,6 FT
HIGHWALL ANGLE 63,4 DEGREES
SPOIL ANGLE OF REPOSE 35,00 DEGREES
COAL HIGHWALL ANGLE 76,00 DEGREES
SWELL FACTOR 122,00 %
COAL RECOVERY 8 8 , 0 0 %
PIT WIDTH 120,00 FÏ
CUT LENGTH 100,00 FT
CHOP DOWN BENCH HEIGHT 0,00 FT
PIT EXTENTION : 0,00 FT

DRAGL. INE C H A A C Ï ERI Ï ICS
DRAGLINE TYPE MAR-80 50 2
DRAGLINE REACH 285,00 FT
BUCKET CAPACITY 56,00 CUBIC YARD
SCHEDULED HOURS 6800,00 HOUR8/YEAR
MECHANIC:A1... AVAILAB11... I. T Y 88,00 %
JOB FACTOR 85,00 %

DRAGLINE PRODUCTION AND COST
SUMMARY

AVERAGE SWING ANGLE : 56,60 DEGREES
AVERAGE CYCLE TIME Î 63,92 SECONDS
PRODUCTION RATE Î 2979,20 CU, YD/HR
TOTAL VOLUME SPOILED Î15 153403,0 CU,YD/YEAR
PRODUCTION RATE (BANK) Î 2441,97 CU, YD/HR
TOTAL VOLUME SPOILED (BANK):12420822,0 CU, YD/YR
TOTAL VOLUME CHOPPED : 0,00 CU,YD/YEAR
TOTAL VOLUME REHANDLED ♦ 0,00 CU,YD/YEAR
PERCENT REHANDLED t 0,00 %
PERCENT CHOP DOWN * 0, 00 %

TOTAL COAL MINED : 1167106,00 TONS

OPERATING COST J 1,27 $/TON
: 0,07 $/CU, YARD

OWNERSHIP COST : 1,60 $/TON
: 0,09 $/CU, YARD

TOTAL COST ♦ 2,87 $/TON
Î 0,17 $/CU,YARD
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TABLE 7: (Continued)

DRAGLINE PRODUCTION SUMMARY 
FOR

EACH POSITION

POSITION

VOLUME SPOILED (CU, YD) 
AVERAGE SWING ANGLE (D) 
EXCAVATING TIME (HRS) 
WALKING TIME (HRS)
TOTAL TIME (HRS)

3634,22
41,93
1,44
0,22
1,65

2270,20
47,93
0,91
0,07
0,98

POSITION 3 4
VOLUME SPOILED (CU, YD) 
AVERAGE SWING ANGLE (D) 
EXCAVATING TIME (HRS) 
WALKING TIME (HRS)
TOTAL TIME (HRS)
POSITION
VOLUME SPOILED (CU, YD) 
AVERAGE SWING ANGLE (D) 
EXCAVATING TIME (HRS) 
WALKING TIME (HRS)
TOTAL TIME (HRS)

2011,61
53,34
0,82
0,07
0,89

0,00
0,00
0,00
0,00
0,00

19195,09
60,74
5,44
0,07
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Input Data

Property Characteristics - Operational and 
Dragline Dimensions - Cost Information

Inout Flag

Calculate Required Dragline Reach

Write machine reach is 
not sufficient for overburden

Read new set of 
Dragline Positions

Calculate Required 
Key Width at the Too

Pit Width 
Wide Enough?

Write 
Cut will be mined 

in two lifts
Determine Effective Reach

STOP

Initialize Spoil Pt 
For Shallow Ovb. Initialize Spoil Pt. 

To Medium Ovb.

Any 
Chop Down?

Calculate chop down average swing 
angle and volume

Mine

Initialize Varia 
bles Accordingly nitialize Varia 

bles Accordingly'

Starting iron position one, calculate volume 
average swing angle and cycle time for oosition

Call Subroutine 
VolJtev

Call Subroutine 
t

Begin calculating individual cross sectional 
volumes, swing anales for the position

Accumulate volumes spoiled and weightea 
swino ancles for the position

H Volume Forhe position de letedV
Go to Next 

Cross Section

Figure 39 I Computer Flow Chart 
For the Side Castinc Model
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^ —  Any
More Positions

Is ^  
Flag 1 and 
^st lift mini

Increment drag. 
position by one

STOP

Call subroutine cycle to calculate 
excavating and walking times

Accumulate excavating, walking times of each 
position for the whole cut

Calculate weighted average swing angle 
for the position and walking distance

Output: Operating and Cost Information

Calculate final average swing angle 
cycle rime, dragline annual production 

ownership and operating costs

97

Figure 3 9 :  (Continued)
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operation accordingly.
The model first determines the dragline operating radius 

by using the equation derived in the first section of this 
thesis. Final average swing angle and average cycle time cal­
culations are identical to procedure discussed in the Side 
Casting Model and are based on an idealized swing time curve. 
Once the average cycle time is determined, the model calculates 
the required bucket capacity to meet predetermined production 
demand.

The dragline operating radius is the required horizontal 
distance from centroid of the tub to the point under the boom 
sheav. The effective spoil radius required for the physical 
properties can be obtained by subtracting dragline tub radius 
at safe distance from edge of the tub to crest from the drag­
line operating radius.

The method of calculation of overburden and spoil volumes 
for this model is identical to the side casting model. The 
reader may refer to the Side Casting Model for the detail dis­
cussion.

Input Data
Input data includes physical properties of the area along 

with operational variables such as pit width, cut segment 
length, idealized swing angle vs. swing time curve, and the 
generalized machine characteristics. In addition, cubic yard 
of overburden production dragline is required to removed to 
meet annual coal demand must also be input. The input data
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is read into the computer program from data file named SELECT.DAT 
Sample data file is shown in Table 8.

Computer Flow Chart
The flow chart of this model is illustrated in Figure 40 .

Sample Output
For the input data presented in Table 8, sample output 

is shown in Table 9. The required dragline operating radius 
and bucket capacity from this output is used to select candidate 
dragline from various available dragline models made by differ­
ent manufacturers.

Extended Bench Model
The Extended Bench model, as discussed earlier, assumes 

dragline reach is not sufficient to remove all the overburden 
and that the dragline has to extend the existing bench width 
to enable itself to remove the overburden clear of the coal.
The portion of the material volume used to extend the bench 
has to be handled twice by the machine. This rehandle volume, 
along with the necessary cycles the dragline has to perform 
to extend the bench, reduces the machine's annual overburden 
capacity to uncover coal for a given mine productivity.

The Extended Bench Model takes into consideration the 
rehandle volume, and the procedure to extend the bench for 
calculation of the actual yearly dragline production. The 
model also determines the dragline's operating and ownership
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Input Data

Property characteristic - Approximate swing 
Curve and annual oreduction

Input Flag

Ecual 1

Read new set of Calculate Required Key
Dragline Positions Width at Too

«̂«''■̂ ■''’'pit Width"''’-'-»^
"^"«.«.^Wide Enou^i^,**''^

Write cut will be mined 
in 2 lifts enter new dim

“  ^i»,and Is It S e c o n d _ >  —

Initialize Vari­ Initial: -e Vari-
ables Accordinqlv ables Accordingly

Start Remvoing the Material for Each Position

Key
Cut Position ' .. ...

Call Subroutine 
Volkev

Call Subroutine 
Volcut

Begin calculating individual cross sections 
volumes, swing angles for the position

Accumulate volumes spoiled and weighted 
______ swing angles for the oosition_______

Go To Next 
Zross Section

Volume For the Position Depleted

Calculate weighted average swing angle 
for the position and walkinc distance

Call subroutine cycle to calculate 
excavating and walkinc times

Accumulate excavating, and walking 
________time for the whole cut________

Increment Drag- 
Line Position bv

Calculate final average swing angle 
and cvcle time

Calculate dragline bucket capacity

Based on this bucket capacity, and cycle 
time calculate excava.ino time

Add walking time tc excavating time 
and calculate new adjusted cvcle time

Calculate new dragline bucket capacity 
based on the adjusted cycle time

Output - Fequired dragline reach 
and B. caoacitv

Figure 4 0 :  Computer Flow Chart 
For the Dragline Selection Model
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TABLE 8: SAMPLE INPUT DATA FOR
DRAGLINE SELECTION MODEL

H, CT, A, B, C, FA, 
CABHT, CABRAD, P 
DT, BPT, STl, ST2, 
AP, SH, AY, JF, FF

SF, X, W, FA 
SCC, WS, CLT

NPK, NTP, N 
DDFDF(l), DDFH(l)
DDFDF(2), DDFH(2)
DDFDF(3), DDFH{3)
DDFDF(4), DDFH(4)
DDFDF(5), DDFH(5)
IFLAG
NFSIKP, NFSLKP, NFSTP 
DDFDF(6), DDFH(6)
DDFDF(7), DDFH(7)
DDFDF(8), DDFH(8)

00010 90,,5.57,63,4,35+,76,,38,,22,,100,,120,,10»
00020 30»,30,,40,
00030 12,,12,3,40,,46,,18,,0,25,180,
00040 34880459,,6800,,0,88,0,85,0,95
00050 3,5,5
00060 80,90
00070 60,90
00080 40,90
00090 40,70
00100 40,40
00110 1 
00120 6,6,8 
00130 40,90
00140 40,70
00150 40,40
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TABLE 9: SAMPLE OUTPUT FOR THE
DRAGLINE SELECTION MODEL

REQUIRED DRAGLINE REACH 
BUCKET CAPACITY 
AVERAGE SWING ANGLE 
AVERAGE CYCLE TIME 
ANNUAL PRODUCTION

282,42
175,60
113,90
71,78

34880459,0

FT
CU YD 
DEGREES 
SECONDS 
BCY

FOR

OVERBURDEN HEIGHT 
COAL THICKNESS 
HIGHWALL ANGLE OF REPOSE 
SPOIL ANGLE OF REPOSE 
COAL ANGLE OF REPOSE 
PIT WIDTH 
CUT LENGTH

90
5

63
35
76
120
100

,00
,57
,40
,00
.00
,00
,00

FT
FT
DEGREES
DEGREES
DEGREES
FT
FT
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costs with respect to mine productivity.
The terms "dragline productivity" and "mine productivity" 

need to be defined. Dragline productivity is defined as the 
total material removed by a dragline for a given pit configur­
ation into a spoil area in a unit time. Mine productivity 
is considered to be dragline productivity less rehandling.

The operational procedures unique to the Extended Bench 
Model are described in the following sections.

Overburden Removal and Digging Procedure
The Extended Bench Model includes the option of a chop 

down bench to remove a portion of the overburden to gain reach, 
thereby reducing percent rehandled. The user specifies the 
overburden height the dragline will chop down in the model.
If a chop down bench is used, the dragline will chop down from 
the bench directly behind the machine. The model assigns this 
material to be spoiled for bench extension. Once the chop 
down is completed, the dragline makes the key cut and removes 
the remaining portion of the main cut segment. The overburden 
removal procedure for the Extended Bench model is illustrated 
in Figures 19 and 20.

When overburden height necessitates two lift cut removal, 
the model follows the two lift cut removal procedures as dis­
cussed in the Side Casting Model.
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Dragline Positioning and Spoiling
The user defines the pattern for dragline positions for 

the Extended Bench Model using the procedure described in 
Side Casting Model.

The dragline removes all the chop down bench segment from 
the first position on the bench and spoils this material to 
extend the bench. When the extended bench cannot be completed 
with the chop down material, the dragline starts digging
the key cut and uses this key cut material to complete the 
bench extension. Once the bench extension is completed, the 
remaining material is spoiled into the spoil area starting from 
an initial dumping point and continuing along the curvature of 
the dragline operating radius.

When the cut segment is mined in two lifts, a second set 
of dragline positions must be entered by the user. The main 
cut of the first lift may also be used along with the chop 
down and key material to extend the bench.

Required Volume Calculation to Extend the Bench
The equation for the amount of material required to ex­

tend the bench is derived from the cross sectional geometry 
of the pit as shown in Appendix B.

Before calculating the volume required for the pit exten­
sion, the model determines the necessary width to extend the 
bench. When a portion of the overburden is chopped down, the 
overburden height is adjusted to take the reach gained from
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chop down into consideration. The equation to adjust the 
overburden height for chop down is also derived in Appendix 
B. The model calculates the required dragline reach for the 
adjusted overburden height and compares this calculated reach 
with the actual machine reach to determine the required bench 
extension.

Spoil Volume Calculation
The volume of the spoil room available for a given set-up 

length of the overburden is calculated in the same manner as 
in the Side Casting Model. However, the capacity of the cross 
sectional area, used to calculate the spoil volume is adjusted 
by deducting the volume already filled by bench extension.
These relationships are derived in Appendix B .

Rehandle Volume Calculation
Rehandle volume is calculated by subtracting the volume 

of the bench extension material in the final spoil volume from 
the volume required to extend the bench. Rehandle percentage 
is calculated by dividing rehandle volume by the product of 
the bank volume and swell factor.

Initial Position of the Spoil Pile
The model assumes the initial position of the spoil pile 

to be a cut length distance away from the center of the drag­
line position, which is presumably located at a safe distance 
away from the digging face. This initial dumping point is
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on a line perpendicular to the highwall and going through the 
center of the final dragline position in the previous cut.

Overburden Volume Calculation
Overburden volume to be removed from a given position is 

calculated in the general manner described in the Side Casting 
Model.

Some minor modifications are made to include the volume 
of the extended bench material in the main cut volume calcula­
tion. These modifications are:

1) Pit width is redefined to include the width of the 
extended bench.

2) The angle of repose for the highwall is changed to
the angle of repose of the spoil.

3) The swell factor is adjusted so that swell for the
rehandle volume is counted once.

Other Calculations
Final average swing angle, cycle time, and operating and 

ownership cost calculations follow the same procedure for the 
Extended Bench Model as for the Side Casting Model.
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Computer Program
The program consists of a main program and five subpro­

grams. The main program performs the following: inputs data;
determines whether or not a cut will be mined in one lift or 
two lifts; calculates chop down overburden volume, swing angle, 
the cycle time and total chopping time; adjusts overburden 
height for chop down; determines required pit extension; con­
trols the spoil location; calculates average swing angles for 
all the positions; calculates walking distances; keeps track 
of the volume of the cut already spoiled, cycle times and the 
walking times for the whole cut segment; calculates dragline 
yearly production; performs cost analysis for the dragline; 
and outputs the input data, operational characteristics and 
cost summary. The first subprogram calculates the volume 
necessary to extend the bench to the required pit width. The 
second subprogram calculates the volume spoiled in the spoil 
pit area from the bench extension. The third subprogram cal­
culates cycle and walking times for each position and deter­
mines the time spent at each location. The fourth subprogram 
calculates the removable volume from each key cut position, 
and the fifth subprogram calculates the removable volume from 
each main cut position.

Input Variables
Most of the input variables for the Extended Bench Model 

are the same as the Side Casting Model. For a detailed de­
scription of these input variables the reader should refer to 
the Side Casting Model. A list of input variables along with
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program variables are listed in Appendix D.
Sample input data is presented in Table 10. The computer 

program reads the input data from the data file named EXT.DAT.

Computer Flow Chart
A computer flow chart for the Extended Bench Model is 

presented in Figure 41.

Sample Output of the Model
Sample output of the model is shown in Table 11.
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TABLE 10: SAMPLE INPUT DATA FOR THE
EXTENDED BENCH MODEL

H, W, CT, CD, A, B, C, FA, SF, X, WK
CDBH
MT
DR, BC, CABHT, CABRAD, P
DT, BPT, STl, ST2, SCC, WS, CLT
SH, AV, JF, RF, FF
Die, PCKH, PCH, LR, DOL, CRF, ITIP 
NPK, NTP, N 
DDFDF(l), DDFH(l)
DDFDF(2), DDFH(2)
DDFDF(3), DDFH(3)
DDFDF(4), DDFH(4)
DDFDF(5), DDFH(5)
IFLAG
NF, SIKP, NFSLKP, NFSTP 
DDFDF(6), DDFH(6)
DDFDF(7), DDFH(7)
DDFDF(8), DDFH(8)

[14:18; 44]
00010 110*,120,,5*57,71.,63,4 ? 35 *,76 *,34*
00020 0,0
00030 MAR-8050-23A
00040 285,5,56,,13,,21,5,40,
00050 12*,12*3,40*,46*,18*,0 ,25,180*
00060 6800,,*88,*85,,88,,95
00070 14000000,,1650,,0*03,13 *0,20*,0*0,*
00080 3,5,5
00090 8 0 <• ,90*
00100 60 *,90*
00110 40*,90
ooi ?o 40*,70,
00130 40 <■ ? 40 *
0 0140 :i.
00150 6 , 6 ,
00160 4 0 4 , 9 0 *
00170 40,,70,
00180 40*,40*
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input

Property Characteristics - Operational And 
Cost Information

110

Input Flag

Read new set or 
Dragline Positions

Calculate Required Key 
Width at the T o p

Pit Width 
ide Enough

Any 
Chop Down?

Write cut will be mined 
in 2 lifts enter new dim

Adjust dragline positions with respect to new 
h i ^ w a l l  crest

Calculate chop down average swing angle 
  and volume ___

Calculate average cycle time and total time 
spent chopping down_______________

Adjust the overburden height for chop down to 
 calculate recuired oit width extension

Calculate required dragline reach for the 
adjusted overburden weiaht and pit extension

Call subroutine to calculate the required 
__________ volume to estend the bench_________

Adjust the Extended 
/olume Accordinoly

_ Chop Down 
^ÿolume Enough For 

^ t e n s i o n

Adjust Chop Down 
Bench Heicht Tb VoL

Call subroutine to calculate volume already 
spoiled into pit from pit extension

—  —  —  «

Equal ro

Initialize Varia­
bles Accordingly

Initialize Varia­
bles Accordingly

Start removing the material for each 
position

Call subi 
Volk

Call sut3routine
'Ut

Figure 4 1: Computer Flow Chart
For the Extended Bench Model
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Ben ch Extension Finished

Calculate Average 
Swing Angle

111

Det. Volume Left 
Over for the Pos.

Calc, the swing 
angle for bench ext

-------------------
Begin spoiling into the pit and calculate cross 
________sectional volumes and swing angles

Accumulate volume spoiled, weighted swing 
angle for the position

Gn To Next 
rross Section

Calculate weighted average swing angle for 
the position and walking distance_______

o
Call subroutine c>’cle to calculate 

cycle and walking time
I ' _______Accumulate excavating, walking time for 

the whole cut

tion -I—  — - > Q

Calculate final average swing angle 
Cycle time, dragline annual production 

Ownership and operating costs

Output: Operating and Cost Information

Figure 41: (Continued)
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TABLE 11: SAMPLE OUTPUT FOR THE
EXTENDED BENCH MODEL

PROPERTY CHARACTERISTICS

OVERBURDEN HEIGHT 110,0 FT
COAL THICKNESS 5,6 FT
HIGHWALl. ANGLE 63,4 DEGREES
SPOIL ANGLE OF REPOSE 35,00 DEGREES
COAL HIGHWALL ANGLE 76,00 DEGREES
SWELL FACTOR 122,00 %
COAL RECOVERY (3C;,()<) %
PIT WIDTH 120,00 FT
CUT LENGTH 100,00 FT
CHOP DOWN BENCH HEIGHT 0,00 FT
PIT EXTENTION 40,49 FT

nRAGLINE CHAR4CTERISTICS
DRAGLINE TYPE 
DRAGLINE REACH 
BUCKET CAPACITY 
SCHEDULED HOURS 
MECHANICAL AVAILABi! 
JOB FACTOR

ITY

MAR-8050 2 
FT
CUBIC

285,50
56.00 

6800,00
88.00 
85,00

YARD
HOURS/YEAR
%
%

DRAGLINE PRODUCTION AND COST 
SUMMARY

AVERAGE SWING ANGLE 
AVERAGE CYCLE TIME
PRÜDUCÏION RATE 
TOTAL VOLUME SPOILED

t
124,34
76,18

; 2500,40
112718035,0

PRODUCTION RATE (BANK)
TOTAL VOLUME SPOILED (BANK)
TOTAL VOLUME CHOPPED 
TOTAL VOLUME REHANDLED 
PERCENT REHANDLED 
PERCENT CHOP DOWN

TOTAL COAL MINED
OPERATING COST

OWNERSHIP COST

TOTAL COST

; 2049,51
5901965,0

0,00
5517637,4

43,38
0,00

252077,41

6,43
0,10
7,42
0,11
13,85
0,21

DEGREES
SECONDS
CU, YD/HR 
CU,YD/YEAR
CU,YD/HR 

CU, YD/YEAR
CU,YD/YEAR
CU,YD/YEAR 
%

TONS
$/TON
$/CU, YARD 
$/TON
$/CU, YARD
$/TON
$/CU,YARD
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TABLE 11: (Continued)

D R A G LIN E P R 0 D I..I C T10 N S U M M A R Y 
FOR

EACH POSITION

POSITION 1 2

VOLUME SPOILED (CU, YD) 
AVERAGE SWING ANGLE (D) 
EXCAVATING TIME (HRS) 
WALKING TIME (HRS)
TOTAL TIME (HRS)

3024,71
159,80

1,73
0,24
1,97

1386,07
159,20
0,80
0,07
0,88

POSITION 3 4
VOLUME SPOILED (CU, YD) 
AVERAGE SWING ANGLE (D) 
EXCAVATING TIME (HRS) 
WALKING TIME (HRS)
TOTAL TIME (HRS)

2552,70
157,99

1,45
0,07
1,52

15294,75
162,17
5,96
0,07
6,0 à

POSITION 5 6

VOLUME SPOILED (CU, YD) 
AVERAGE SWING ANGLE (D) 
EXCAVATING TIME (HRS) 
WALKING TIME (HRS)
TOTAL TIME (HRS)

13442,74
168,31
5,32
0,13
5,45

6 9 6 , 4 S 
120,13 
3,59 
0,11 
3,70

POSITION 7 8
VOLUME SPOILED (CU, YD) 
AVERAGE SWING ANGLE (D) 
EXCAVATING TIME (HRS) 
WALKING TIME (HRS)
TOTAL TIME (HRS)

15294,75
75,21
4,57
0,07
4,64

12433,62
73,65
3,69
0,13
3,82
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The Pull Back Dragline Selection Model and the Two Machine 
Pull Back Model.

Introduction.
When a given dragline reach is not sufficient to remove 

all the overburden and one machine cannot meet production re­
quirements, it may be applicable to use two machines in tandem.

The Pull Back Machine Selection Model assumes the primary 
dragline is already selected for a property. Then assuming 
a second machine will operate from the spoil side the program 
sizes the second machine to keep pace with the primary machine. 
The Two Dragline Pull Back Model simulates the operation of 
these two machines working together to remove overburden, 
using the Pull Back method of stripping previously discussed 
in the first section. The model is designed to evaluate both 
draglines' performance in terms of annual overburden removed, 
and ownership and operating costs.

These two models consider dragline positions, digging 
and spoiling procedures and dragline walking pattern for a 
whole cut to determine overburden removal capacity of the 
primary machine. The models assume that the primary machine 
side casts into the spoil area enabling the second 
machine to "pull back" the rehandle material and uncover the 
coal seam. Then considering pit geometry and physical proper­
ties of the overburden, the model determines the amount of 
material to be pulled back and assigns this rehandle to
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the pull back machine. The Pull Back Dragline 
Selection Model determines the required bucket capacity for 
the pull back machine to remove primary machines rehandle 
output. The model also determines the operating radius re­
quired to pull back the spoil clear of the coal and sizes a 
dozer to prepare a working bench on the spoil for the pull 
back machine. The equation to determine the operating radius 
of the pull back machine is derived in Appendix C.

Overburden Removal and Spoiling Procedures.
The primary machine removes the overburden using the same 

procedure discussed in the Side Casting Model. One exception 
is that, in the Side Casting Model the dragline removes the 
overburden and gradually builds up the spoil pile along the 
curvature to its maximum capacity without causing any rehandle, 
while, the pull back model assumes that the primary dragline 
will remove the overburden by side casting and builds up 
the spoil pile by distributing the material equally along the 
curvature into the pit area. This assumption 
provides straight primary machine spoil pile peaks which 
the dozer must level off in preparing the pull back dragline 
working bench.

After the bench is prepared for the pull back machine, 
the model assumes the dragline works from this prepared bench 
and removes the excess spoil material clear of the coal and 
places it into an area between the previous spoil peaks. This
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procedure is shown in Figures 22 and 23 .

Overburden and Spoil Volume Calculations
a) Primary Machine
Overburden volume to be removed from a giving position 

of the primary dragline is calculated by following the same 
procedure as discussed in the Side Casting Model. From each 
position, the primary dragline can only remove the amount of 
material determined by the digging angle. This overburden vol­
ume calculation is included in Appendix C. Since the dragline 
distributes the calculated volume along the cut segment long 
spoil area, and material can be spoiled continuously without 
any consideration given to whether or not it will cover the 
coal seam, the capacity of the spoil segment is not limited. 
Unlike the Side Casting Model, the spoil volume calculation 
is not required for the primary machine spoil pile.

b) Pull Back Machine
The model assumes that the only material the pull back 

machine has to remove is the excess spoil which extends over 
the coal seam. Calculation of the rehandle volume determines 
the amount of overburden to be removed by the pull back drag­
line. This rehandle volume calculation is explained in Appendix 
C. Figure 22 illustrates the spoil area to be rehandled by 
the pull back machine.

c) Dozer

The amount of material the dozer has to remove is the
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portion of the spoil peak which is to be leveled for the pull 
back machine working bench. The model assumes that the dozer 
levels this ridge in such a manner that the material from the 
ridge will fill the area between the peaks when it is leveled. 
Figure 22 shows the material to be leveled by the dozer. The 
calculation of the material volume the dozer must level is 
included in Appendix C.

Swing Angle Determination

a) The Primary Machine.
The swing angle which the primary machine must make from 

a given position is calculated as an average of the swing 
angle made to spoil the material at the initial spoiling point 
and the final spoiling point. (The initial spoiling point 
starts from a cut length distance away from the final drag­
line position as discussed for the medium overburden case of 
Side Casting Model.) The model calculates the final average 
swing angle for the machine by weighing the average swing 
angles by the volume removed from each dragline position 
utilized to remove the cut segment.

b) Pull Back Machine.
The model assumes the pull back average swing angle to 

be 180 degrees (1,11).

Cycle Time Calculation
The cycle time calculation in both models is based on
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the same procedure as discussed in the side casting model.

Ownership and Operating Cost Calculation
The two machine pull back model calculates the ownership 

and operating costs for both draglines as discussed in the 
side casting model. Individual dragline cost calculations 
are based on their yearly production capacities. Dozer operating 
and ownership costs per hour are predetermined by the user and 
input into the computer before execution. Total cost per cubic 
yard includes each machine cost and it is based on the bank 
cubic yards removed in a given cut by the primary machine.

Computer Program
The pull back machine selection model consists of a main 

program and three subprograms. The main program performs the 
following: inputs data; determines whether or not a cut will
be mined in one lift or two lifts; calculates final average 
swing angle and the primary dragline annual production capacity, 
determines reach requirements of the pull back machine; calculates 
the rehandle volume to be removed by the pull back machine, and 
determines the bucket capacity required to match the 
primary machine rehandle production; sizes a dozer for bench 
preparation; and outputs the required machine specifications for 
the pull back dragline and the dozer. The first subprogram 
calculates cycle and walking times for each position of the 
primary machine and determines the time spent at each location.
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The second subprogram calculates the removable volume for each
key cut position, and the third subprogram calculates the
removable volume for each main cut position.

The two machine pull back simulation model also consists 
of a main program and three subprograms. The main program 
assumes that both draglines and a dozer have already been sized 
and performs the following: inputs data; determines whether or
not a cut will be mined in one lift or two lifts; calculates the 
final primary machine average swing angle, and walking distances; 
determines primary and pull back machine's annual outputs; 
calculates the individual machine's ownership and operating costs, 
and the total cost of all the machines per ton of coal recovered.
The three subprograms are identical to the ones discussed in the
pull back dragline selection model.

Description of Program Variables
Most of the input and program variables are identical to 

the variables discussed on the side casting model. The variables 
unique to the pull back dragline selection model and two machine 
pull back model are described in Appendix D.

Input Data
Dragline selection model reads the input data from data 

files named PUL 1. DATA and the two machine pull back model 
reads the input data from the data file PUL 2. DAT. Sample 
data files are shown in Tables 12 and 13.



T-2111 119

TABLE 12: INPUT DATA FOR PULL BACK
DRAGLINE SELECTION MODEL

H, CT, CD, A, B, C, SF, X, W, WK 
MT
DR, BC, CABHT, CABRAD, P 
NPK, NTP, N 
DDFDF(l), DDFH(l)
DDFDF(2), DDFH(2)
DDFDFO), DDFH(3)
DDFDF(4), DDFH{4)
DDFDF(5), DDFH(5)
DT, BPT, STl, ST2, SCC, WS, CLT
SH, AY, JF, RF, FF
IFLAG
NFSIKP, NFSLKP, NFSTP 
DDFDF(6), DDFH(6)
DDFDF(7), DDFH(7)
DDFDF(8), DDFH(8)

000^0 '80, ,68, ,38, ,85, ,20,,100,,120,,10,
00030 240,,60,,30,,30,,40,00040 3,5,5
00050 80,,80,
00060 60,,80,
00070 40,,80,
00080 40,,50,
00090 40,,40,
00100 12,,3,,40,,46,,18,,0,25,180,
00110 6800,,,8,0,8,,9,0,900120 1 
00130 6,6,8
00140 40,,60,
00150 40,,50,
00160 40,,40,
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TABLE 13: INPUT DATA FOR THE
TWO MACHINE PULL BACK 
SIMULATION MODEL

00010
00020
00030
00040
00050
00060
00070
00080
00090
00100
00110
00120
00130
00140
00150
00160
00170
00180
00190
00200
00210
00220
00230

PBSCC, PBWS, PBCLT 
LR(1), DIC(l), COL(l), ITIP(l)

H, CT, CD, A, B, C, SF, X, W, WK, RF 
MTl
DR, BC, FF, CABHT, CABRAD, P 
NPK, NTP, N 
DDFDF(l), DDFH(l)
DDFDF(2), DDFH(2)
DDFDF(3), DDFH(3)
DDFDF(4), DDFH(4)
DDFDF(5), DDFH(5)
DT, BPT, STl, ST2, SCC, WS, CLT 
SH(1) , AV(1) , JF(1)
SH(2) , AV(2) , JF(2)
MT2
PBDR, PBBC, PBFF 
PBDT, PBBPT, PBSTl, PBST2,
PCH(l), PCKH(l), MCPCY(l),
PCH(2), PCKH(2), MCPCY(2), LR(2), DIC(2), C0L(2), ITIP(2) 
DOCPH, DOWCPH 
IFLAG
NFSIKP, NFSLKP, NFSTP 
DDFDF(6), DDFH(6)
DDFDF(7), DDFH(7)
DDFDF(8), DDFH(8)
140..10..80..68,,38,,85,,20,,100,,120,,10,,,9 
BE 1570
240..60..0.9.30..30..40,
3,5,5
80..80,
60,,80,
40..80,
40..60,
40..40,
12..3..40..46..18..0.25.180,
6800...80..80 
6800,,.80,,80 
BE 850 
210,,15,,0,9
12..3..40..46..18..0.25.180,
2800..0.07.0.06.10..20000000..20..0.15
2000..0.07.0.06.10..10000000..20..0.15
35..25,
1
6 ,6,8
40..60,
40..50,
40..40,
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Program Flow Charts
The flow chart for both models are presented in Figures 42 

and 43.

Sample Output of the Models
Sample outputs of the pull back selection model and the 

two machine pull back model are presented in Table 14 and 15 
respectively.
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Property Characteristics 
Primary dragline dimension:

Input Flag

Flag 
Equal to 1?

Calculate required key 
 width at the too

Read new set of 
Dragline Positionr

Pit Width Wide 
•^..Enough?

Write cut will be mined 
in two lifts. Enter new 
dragline positions

STOP
• ' ^ l a g  Equal 
Ü r s t  Lift Mined?

Initialize Varia- 
bles Accordingly Initialize Varia- 

bles Accordingly

Begin to calculate average swing angle, volume 
removed for each position

r~
Key Cut 
Position
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Figure 42; Computer Flow Chart 
For the Pull Back Machine Selection Model
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Figure 4  3  : Computer Flow Chart 
For the Two Machine Pull Back Model
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TABLE 14: SAMPLE OUTPUT FOR PULLBACK
DRAGLINE SELECTION MODEL

REQUIRED MACHINE SPECIFICATIONS
FOR

PULL BACK MACHINE 

REQUIRED REACH : 254,42 FT

BUCKET CAPACITY : 28,01 CUBIC YARD

DOZER PRODUCTION : 250,93 CUBIC YARD
PULL BACK MACHINE % REHANDLE f 45,71

DOZER % REHANDLE : 7,88
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TABLE 15: SAMPLE OUTPUT FOR TWO MACHINE
PULL BACK SIMULATION MODEL

PROPERTY CHARACTERISTICS

OVERBURDEN HEIGHT 140,00 FT
COAL THICKNESS 10,00 FT
HIGH WALL ANGLE 68,00 DEGREES
SPOIL ANGLE OF REPOSE 38,00 DEGREES
COAL HIGHWALL ANGLE 85,00 DEGREES
SWELL FACTOR 1,20 %
COAL RECOVERY 0,90 %
PIT WIDTH 120,00 FT
CUT LENGTH 100,00 FT

MACHINE CHARACTERISTICS

DRAGLINE 1

DRAGLINE TYPE BE 1570
DRAGLINE REACH 240,00 FT
BUCKET CAPACITY 1458,00 CUBIC YD
SCHEDULED HOURS 6800,00 HOURS
MECHANICAL AVAILABILITY 0,80 %
JOB FACTOR 0,80 %
AVERAGE SWING ANGLE 76,54 DEGREES
AVERAGE CYCLE TIME 60,18 SECONDS
PRODUCTION RATE 3186,00 CU, YD/HR
TOTAL VOLUME SPOILED 13865472,0 CUBIC YD
COST 0,25 $/CUBIC YD

DRAGLINE 2

DRAGLINE TYPE BE 850
DRAGLINE REACH 210,00 FT
BUCKET CAPACITY 364,50 CUBIC YD
SCHEDULED HOURS 6800,00 HOURS
MECHANICAL AVAILABILITY 0,80 %
JOB FACTOR 0,80 %
AVERAGE SWING ANGLE 180,00 DEGREES
AVERAGE CYCLE TIME 69,00 SECONDS
PRODUCTION RATE 3055104,00 CU, YD/HR
TOTAL VOLUME SPOILED
COST 0,57 ♦/CUBIC YD
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TABLE 15: (Continued)

PRODUCTION SUMMARY

TOTAL COAL MINED : 962659,91 TON/YEAR
PERCENT REHANDLE

PULL BACK MACHINE 
DOZER

0,46
0,08

TOTAL COST 8,87
0,32

$/CU, YD 
♦ /TON
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APPLICATION OF THE MODELS

Use of the models is demonstrated by a case study involving 
dragline selection for a lignite property in Texas.

Case Study
The property will require 2.5 million tons per year delivered 

to a nearby power plant. Overburden in the property ranges from 
20 to 140 ft. and consists of unconsolidated and poorly consoli­
dated sandstones and shales. The property will be mined using 
conventional area methods with the exception of a 10 ft. spoil 
side ditch which will be left for pit drainage. In place 
reserve data was summarized by overburden increment (e.g.,
20-40 ft., 40-60 ft., etc.). Property characteristics are 
presented in Appendix E.

Approach
Dragline selection for the property can be made using the 

following procedure:
1. Run the dragline selection model to determine a 

range for the dragline reach and the bucket capacity based on 
average overburden thickness.

2. Select number of dragline models close to the range 
previously determined.

3. Run models for each overburden increment represented 
by the mid-point of the increment (e.g., 30 ft., 50 ft., etc.) 
at various pit widths.
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4. Combine results based on percent reserve for the 
overburden increment.

5. Select the machine which produces the lowest cost/ton 
lignite and meets the production requirements.

Results
To illustrate this procedure, first the dragline selection 

model was run for 90 ft. overburden height and 120 ft. pit 
width. The following output shows the approximate required 
dragline reach and the bucket capacity.

REQUIRED DRAGLINE REACH 
BUCKET CAPACITY 
AVERAGE SWING ANGLE 
AVERAGE CYCLE TIME 
ANNUAL PRODUCTION

282,42
175,60
113,90
71,78

34880459,0

FT
CU YD 
DEGREES 
SECONDS 
BCY

FOR

OVERBURDEN HEIGHT 
COAL THICKNESS 
HIGHWALL ANGLE OF REPOSE 
SPOIL ANGLE OF REPOSE 
COAL ANGLE OF REPOSE 
PIT WIDTH 
CUT LENGTH

90.00 
5,57

63,40
35.00
76.00 
120,00 
100,00

FT
FT
DEGREES
DEGREES
DEGREES
FT
FT

Based on this result, four Marion dragline models are 
considered to be the candidate draglines. The characteristics 
of these machines are shown on Table 16. The side casting and 
extended bench simulation models were run for 100, 120, 140, 160, 
180 and 200 ft. pit widths for each dragline model. The results
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TABLE 16. LIST OF DRAGLINES USED FOR THE CASE STUDY

MAR-8200-12A 
Dragline Operating Radius 
Bucket Capacity 
Capital Cost 
Power Consumption

292 Feet 
72 Cubic Yards
16,075,500 Dollars 
2 300 KWH/HR

MAR-8200-21R 
Dragline Operating Radius 
Bucket Capacity 
Capital Cost 
Power Consumption

310.0 Feet
67.0 Cubic Yards
16,075,500 Dollars
2.100.0 KWH/HR

MAR-8050-23A 
Dragline Operating Radius 
Bucket Capacity 
Capital Cost 
Power Consumption

295 Feet 
56 Cubic Yards
14,000,000 Dollars 
1650 KWH/HR

MAR-8750-28A 
Dragline Operating Radius 
Bucket Capacity 
Capital Cost 
Power Consumption

340.0 Feet
80.0 Cubic Yards
27.084.000 Dollars
2.800.0 KWH/HR



T-2111 130

obtained from the computer output of the models are tabulated in 
Appendix E. From this data, the weighted average annual coal 
production, the dragline hourly production and cost per ton of 
lignite are extracted and summarized in Table 17.

The data (Table 17) shows some interesting trends.
Production in BCY/Scheduled Hour and lignite production increases 
with pit width up to 160 ft. as the cost/ton lignite decreases. 
For pit widths greater than 160 ft., the opposite is true. The 
increase in production with increasing pit width to 160 ft. is 
probably caused by a number of factors:

1. Less productive key cut is a smaller percentage 
of total material moved.

2. Material per position increases, reducing the percent 
walking time for the set-up.

3. Decrease in percent rehandle in high overburden where 
extended bench with chop down was employed.

The data in Appendix E shows that for pit widths greater 
than 160 ft., the less productive extended bench method is used 
at one increment lower overburden height. This factor causes 
the production decrease for pit widths greater than 16 0 ft.

Based on minimum cost/ton lignite criteria, 160 ft. pit 
width would be selected. For this pit width, the annual coal 
production and the total cost for all the dragline models 
considered are listed on the next page.
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Annual
Dragline Model Lignite Production Cost $/Ton
Marion 8200-12A 1,114,000 5.33
Marion 8200-21R 1,088,000 5.23
Marion 8050-23A 903,000 5.51
Marion 8750-28A 1,337,000 6.05

As seen from this listing, a minimum of three draglines 
will be required to meet the annual coal production for all 
models except the Marion 8750-28A. The last model would provide 
enough production with two machines.

When the suggested number of draglines are utilized, actual 
output by the machines will be in excess of the annual require­
ment. Therefore, the selected draglines might be scheduled to 
operate less than their full capacity. Based on this assumption, 
dragline ownership costs/ton are adjusted for the total production 
of 2.5 million for all the models. Assuming that operating cost/ 
ton lignite is constant, total cost/ton lignite for 2.5 million 
tons per year production is obtained by adding adjusted ownership 
cost to the operating costs. Results are tabulated on Table 18.

The cost data in this table shows the Marion 8050-23A to be the 
optimal machine. Although this analysis is based on 2.5 million 
tons and shows that the Marion 8050-23A is the most optimal machine, 
data in Table 17 shows the Marion 8200-21R is the lowest cost 
dragline based on the actual machine production. Based on this 
analysis, it would be up to the management to decide on the final 
dragline selection. If the future production is to be no more
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than 2.5 million tons, the Marion 8050-23A would be the dragline 
for this property. If the management considers the excess 
production might come in handy in future years, then the Marion 
8200-21R would be selected.
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CONCLUSIONS AND RECOMMENDATIONS 
FOR FURTHER RESEARCH

The computer programs developed in this thesis may effec­
tively be used as a planning tool to select the correct drag­
line for a single, flat lying coal property and to determine 
the optimum strip mining method among the alternative methods 
discussed. These models can also be used as an aid to mining 
engineers and management to ascertain the effects of proposed 
changes in dragline operating procedures on the machine's 
output and operating costs with a view toward improving pro­
ductivity and cost effectiveness.

Recommendations for further research include:

1) Additional field study to refine assumptions affecting 
chopdown and key cut productivity.

2) Use of models to determine optimum dragline product­
ivity considering combinations of dragline positioning, 
pit width and set-up length. Results should be field 
tested.

3) Use of the extended bench model to determine optimum 
operating procedure from machine production standpoint

4) Refinement of the pull-back model to include alter­
native pullback methods.

5) Expand the model to allow more efficient use in regard 
to machine selection by reducing manual steps required.
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6) Include hoist function in dragline simulator.

7) Develop similar simulation techniques for;
1) One Dragline Operation

a) Single Dipping Seam
b) Multiple Seams

i) Flat Lying
ii) Dipping

2) Multiple Dragline Operations
a) Single Seam Deposit

i) Flat Lying
ii) Dipping Seam

b) Multiple Seams
i) Flat Lying Seams
ii) Dipping Seams
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APPENDIX A

Calculation of Key Cut and Prime Cut Volumes 
With Respect to Dragline Positions 

(After Chatterjee)
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Key Cut Volumes

Referring to Figure 44, the volume calculations can be 
divided into three cases, depending on the position of XINT 
(Assume a point 0 as the origin of reference.)

DLDIST Dragline distance from brow
THTAN = Tangent of the maximum free angle
DIGTAN = Tangent of the digging angle
CABHT = Height of cab
CABRAD = Radius of cab
CUT = Cut length
XINT = Co-ordinate of point of intersection
XBROW = Co-ordinate

The co-ordinate XINT must first be calculated

DLDIST (DF) OF - OA - AB
X(l) - CUT - DPETH/THTAN

DIGTAN Tan (Angle GDE)
EG/DE
EG/(DF - EF)
CABHT / (DLDIST - CABRAD)
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XINT OE - (BD + EG) / DIGTAN
X(l) - CABRAD - (DEPTH + CABHT) / DIGTAN

Depending on the value of XINT, the volumes are calculated 
as follows:

CASE (1) : XINT c  0

Referring to Figure 45:
Total Volume = Volume (1) + Volume (2)

Volume (1) 
UHT 
LHT 

MIDKEY

CUT * Average Area 
CUT * DIGTAN 
DEPTH - UHT
HOTKEY + (LHT/DEPTH) * (TOPKEY - HOTKEY))

Volume (1) = CUT * UHT * (TOPKEY + MIDKEY) /4

Volume (2) = Average length * Average area
C = -XINT * DIGTAN

BXLONG = DEPTH/THTAN - OX

Now at point P,
OX * THTAN = OX * DIGTAN + C

So BXLONG = DEPTH/THTAN - c/(THTAN - DIGTAN)
Volume (2) = BXLONG * UHT * (TOPKEY + MIDKEY) /4
TOTAL VOLUME = (BXLONG + CUT) * UHT * (TOPKEY + MIDKEY) /4
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CASE (2): 0 <  XINT c  OJ

Referring to Figure 45:

Total Volume = Volume (1) + Volume (2+3) - Volume (3)

The values of UHT, LHT and MIDKEY are determined by the 
same calculations as for case (1).
As previously.

Volume (1) = CUT * UHT * (TOPKEY + MIDKEY) /4
Volume (2+3) = OJ * DEPTH * (TOPKEY + HOTKEY) /4
Now OJ = DEPTH/THTAN

I.E. VOLUME (2+3) = DEPTH **2* (TOPKEY + HOTKEY)/(4*THTAN)
VOLUME (3) = (OJ - XINT) * LHT * (HOTKEY + MIDKEY) /4

= (XBROW - XINT) * LHT * (HOTKEY + MIDKEY) /4

TOTAL VOLUME = CUT * UHT (TOPKEY + MIDKEY) /4
+ DEPTH **2* (TOPKEY + HOTKEY)/(4*THTAN)
- (XBROW - XINT) * LHT * (HOTKEY + MIDKEY) /4

CASE 3 : XINT >  OJ

Referring to Figure 47:

Total Volume = Volume (1) + Volume (2) + Volume (3)
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Figure 44: Dragline Digging Angle
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Figure 45: Key Cut Volume
Case (1).
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Figure 46: Key Cut Volume - Case (2)
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Figure 47: Key-cut Volume - Case (3]
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Prime Cut Volumes

As shown in Figure 43, the prime cut consists of three 
zones ;

(1) Section from high-wall brow to key cut brow.
(2) Triangular section at key cut.
(3) Triangular section at high-wall.

Zone 1 :
In estimating the volumes for this zone, the cross-sectional 

areas of the cut are evaluated from diagrams 45 to 47 depending 
on the particular case involved. The volume is given by the 
product of this area and the width which is to be dug.

As for the key cut, three cases apply in the calculations, 
depending on the digging angle.

Case 1 : Area (1) = UHT * CD/2
= UHT * CD/2

Area (2) = UHT * BXLONG/2
TOTAL AREA = UHT * (BXLONG + CUT)
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Case (2); Area (1) = UHT * CUT/2 
Area (2+3) = DEPTH * OJ/2

= DEPTH * (XBROW - XFBOT) /2 
where XFBOT = 0 

Area (3) = LHT * (OJ - XINT)/2
= (DEPTH - UHT) * (XBROW - XINT)/2

Total Area = UHT * CUT/2 + DEPTH * (XBROW - FB0T)/2 
- (DEPTH - UHT) * (XBROW - XINT)/2

Case 3 ; Area (1) = DEPTH * LD/2
= DEPTH * (OJ + CD - XINT)/2
= DEPTH * (XBROW + CUT - XINT)/2

Area (2) = DEPTH * CL
= DEPTH * (XINT - XBROW)

Area (3) = DEPTH * OJ/2
= DEPTH * (XBROW - XFBOT)/2

where XFBOT = 0

Total Area = DEPTH * ((XBROW + CUT - XINT)/2
+ (XINT - XBROW)
+ (XBROW - XFBOT)/2)
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XSIDE =, UHT **2* (TOPKEY - BOTKEY - DEPTH/TAN (A))/ 
(2*DEPTH)

Volume (1) = XSIDE * CUT/2

Volume (2+3) = TXSIDE * OJ/2
= TXSIDE * (XBROW - XFBOT)/2

Volume (3) = (TXSIDE - XSIDE) * (XBROW - XINT)/2

. . Total Volume = STEEP
= XSIDE * CUT/2 + TXSIDE * (XBROW - XFBOT)/2 - 

(TXSIDE - XSIDE) * (XBROW - XINT)/2

Case (3); Referring to Figure 47:

Total Volume = Volume (1) + Volume (2) + Volume (3)

From Figure 48:

XSIDE = DEPTH * L/2
= DEPTH * (TOPKEY - BOTKEY - DEPTH/TAN (A))/

Volume (1) = XSIDE * LD/2
= XSIDE * (XBROW + CUT - XINT)/2
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Volume (2) = XSIDE * CL
= XSIDE * (XINT - XBROW)

Volume (3) = XSIDE * OJ/2
= XSIDE * (XBROW - XFBOT)/2

Total Volume = XSIDE * ((XBROW + CUT - XINT)/2 + (XINT -
XBROW) + (XBROW - XFBOT)/2)

Zone 3 ;

The principles involved in the calculation of volumes in 
this zone are basically the same as those for zone 2.

Case (1): Referring to Figure 50:

XSIDE = UHT * L'/2
Now L' = UHT/TAN (HWBAT)

XSIDE = UHT ** 2/(2* TAN (A))

From Figure 45:

Total Volume = SIDEVOL
= XSIDE * (CUT + BXLONG)/2
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Case (2): Referring to Figure 46:

Total Volume = Volume (1) + Volume (2+3) - Volume (3)

As for Case (1),
XSIDE = UHT **2/ (2 * TAN (A))

TXSIDE = Area of whole trangle 
= DEPTH * L/2 

Now L = DEPTH/TAN (A)

TXSIDE = DEPTH **2/(2*TAN (A))

Volume (1) 
Volume (2+3)

XSIDE * CUT/2 
TXSIDE * OJ/2
TXSIDE * (XBROW - XFBOT)/2

Volume (3) = (TXSIDE - XSIDE) * (XBROW - XINT)/2

Total Volume = SIDEVOL
= XSIDE * CUT/2 + TXSIDE * (XBROW - XFBOT)/2 
- (TXSIDE - XSIDE) * (XBROW - XINT)/2

Case 3: Referring to Figure 47:

Total Volume = Volume (1) + Volume (2) + Volume (3
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From Figure 50

XSIDE = DEPTH * L/2
= DEPTH **2/ (2 * TAN (A))

Volume (1) XSIDE * LD/2
XSIDE * (XBROW + CUT - XINT)/2

Volume (2) XSIDE * CL
XSIDE * (XINT - XBROW)

Volume (3) XSIDE * OJ/2
XSIDE * (XBROW - XFBOT)/2

Total Volume SIDEVOL
XSIDE * ((XBROW + CUT - XINT)/2 + (XINT 
XBROW) + (XBROW - XFBOT)/2)
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KEY
CUT

Figure 48: Strip Cross-Section.

T TOPKEY
UHT1

BOTKEY
Figure 49 : Section at Key Cut

UHT

HWBAT

L
Figure 50 : Section at High-Wall
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APPENDIX B

Extended Volume Calculation 
Calculation of Volumes Already Spoiled in Pit Area 

Determination of Necessary Overburden
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EXTENDED VOLUME CALCULATION

There are two different cases to calculate the extended 
bench volumes. The first case is illustrated in Figure 51 
and it assumes the toe of the extended width will fall into 
the spoil width area.

The second case is illustrated in Figure 52 and it 
assumes the toe of the extended width will fall beyond the 
spoil width area.

Referring to Figure 51 and 52 derivation of the volume 
equations are as follows;

From the variables given below
AG = EW = Extended Width
AE = H = Depth of the overburden
OP = W = Pit Width
ED = CT = Coal Thickness
A = Angle of Repose for Highwall
B = Angle of Repose for Spoil
C = Angle of Repose for Cost
Extended areas for both cases will be calculated to

obtain the extended volume, extended area should be multiplied 
by the cut length.
CASE 1

Referring to Figure 51 extended are AGCO is equal to; 
EA(AGCO) = Area ABCD-AREA GBC-AREA AEF-AREA EFOD,
AD = H+CT 
EF = H/TanD(A)
BC = AD
GB = BC/TanD(A)
AB — AG+GB
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VOLUME REQUIRED FOR EXTENSION 
OF GIVEN WIDTH

EW

CT
D H O U C P

4,---  W  »

Figure 51 . Extended Volume Case 1

EW

P C

Iv

Figure 52 . Extended Volume Case 2
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Calculation of the Volume Not Be Rehandled

The portion of this extended volume will not be rehandled 
because it is already within the limits of the spoil area.

There are also two different cases for calculation of 
this spoil volume already in the spoil pit area.

Figure 53, and 54 illustrates these two different 
cases. The volume not be rehandled will be the product of 
the cross-sectional area multiplied by the cut length.

Case 1
The amount of material has already been spoiled from

the pit extension in the spoil pit area is the Area OSC
in Figure 53.

Area OSC = SU**2/TanD(B)
Height SU = TU - TS 1
TS = TQ*TanD(B) 2
TQ = AG/2 where 3
AQ = AY + YQ where
AY = AE/TanD(A) + ED/TanD(C)
YQ = AD/TanD(B)
AQ = AE/TanD(A) + ED/TanD(C) + AD/TanD(B) 4

Substituting Equation 4 into 3,

TQ = (AE/TanD(A) + ED/TanD(C) + AD(TanD(B))/2

Substituting TQ into 2

TS = (AE/TanD(A) + ED/TanD(C) + AD/TanD(R)) *Tarm(B)

Substitute TS into Equation 1,
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VOLUME ALREADY SPOILED IN EACH 
CROSS-SECTION FROM 
THE PIT EXTENSION

T

HOD U C P

Figure 53. Volume already spoiled Case 1

D II O U P C

Figure 5 4 . Volume already spoiled Case 2
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Height SU = TU - (AE/TanD(A) + ED/TanD(C) + AD/TanD(B))

* TanD(B)/2.0 .

Since,

TU = (H+CT) = AD 
AE = H 
ED = CT

Height SU = (H+CT) - (H/TanD(A)+ CT/TanD(C) + (H+CT)/TanD(B))

* TanD(B)/20 .

Therefore, area equation becomes.

Area OSC = (H+CT)- (H/TanD(A) + CT/TanD(C) + (H_CT)/TanD(B)) 

* TanD(B)/2 **2 / TanD(B)

Case 2
For this case, area already spoiled into spoil cross 

sections from the extended bench is area OSRP in Figure 54

Area OSRP = Area OSG - Area PRC 
Area OSC is the same as in Case 1.

Area PRO = PG/2 * TanD(B) * PC = PC **2 * TanD(B)/2.0
PC = DC-DP
DC = AG + AD/TanD(B)
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DP = AE/TanD(A) + ED/TanD(C) + OP 
Since AG = EQ = Extended Width 

AE = H = Height 
ED = CT = Coal Thickness 
OP = W = Pit Width

Therefore,

DC = EW + (CT+H)/TanD(B)
DP = H/TanD(A) + CT/TanD(C) + W 
PC becomes
PC = EW + (CT+H)/TanD(B) - (H/TanD(A) + CT/TanD(C) + W)

Area PRC becomes,
PRC = EW+(CT+H)/TanD(B) - (H/TanD(A) + CT/TanD(C)+W) **2

* TanD(B)/2.0
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■Effective Reach Determination of the Pull Back Machine
Referring to Figure 55, effective reach of the pull back 

machine can be determined as follows:
Assuming that the dozer will knock the spoil reach to leveled 

bench, the pull back machine will have to operate behind the point 
M in Figures 55 and should be able to reach to point J.

Then effective reach of the pull back machine will be equal
to,

EFRPB = QH + HP + NO + O M -------------------------------- (1)
Where

QH = CT/TanC + WX - CT (=r-^ + “TanB TanC TanA\
' TanB'

HP = W
NO = EDR - H/TanA - CT/TanC - W (EDR is the average

effective reach of 
the primary machine

OM = WX - 4
Substituting these into equation 1

EFRPB = EDR - H/TanA + - CT • ( TanB TanC TanA.
 ̂ TanB'

EFRPB: Effective reach of the pull back machine (feet)
EDR

H
CT
W

Average effective reach of the primary machine (feet) 
Overburden height (feet)
Coal thickness (feet)
Pit width (feet)

A: Highwall angle (degrees)
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B : Spoil Angle (degrees).

C : Coal Free Angle (degrees).

WX : (feet).

WX is determined in the following way.

Area of the spoil cross section BJHPE in Figure 55 should 
be equal to overburden area UTGX plus the swell.

Area BJHPE = Total area ABCP - Coal area AFGH - area
of triangle BEC - area of the overburden
FGJ

Where :

Total area ABCP = (WX+W) * (WX + EDR - H/Tan A - CT/TanC)*Tan(B)
2

coal area AFGH = WX*CT - + fAc'

2Area of the overburden FGJ = (V7X-CT* ( 1/TanB + 1/TanC) ) *

2*(1/TanA+l/TanB)

p T* 3 RArea of the triangle BEC = (WX+W) *  ̂ q

Substituting these into equation 2 and rearranging the terms.
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Rehandle Volume Calculation for Pull Back Machine 
Referring to Figure 55,

Rehandle area JNMH = Total area of trapezoid ANMH -
Area of the coal AF GH - Area of triangle FGJ

Where :

Total area of trapezoid = WX . TanB . (EDR - + j)
(ANMH)

2CT 1 1Area of the Coal = WX.CT - (fânB TanC^
(AFGH)

1 1 ^  1 Area, of the Triangle = ( W X - C T . ( ^ ^  + ^;^) )  ̂ -------j— -
(FGJ) '^TanA TanB^

H CT 3WX WRehandle Area = WX.TanB. (EDR - ^  + 4
(JNMH)

WX.dT - (=r-Ls- + ^2 TanB TanC

1 1 ^  1 
(WX-CT. (^anB TanC^ ̂  ̂  ̂ 1 ~  T

TanA TanB

Rehandle Volume = Rehandle area * X

Where X is the cut length.
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Rehandle Volume for Dozer

Referring to Figure 55,

Area of the dozer rehandle is = BNZ

Area BNZ = . Tan B .

= ( _ w W  . Tan B

2
Dozer Rehandle Volume = (— —  . Tan B) . X
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APPENDIX E

Property Characteristics and the 
Tabulated Dragline Data for the Case Study
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PROPERTY CHARACTERISTICS

Average Coal Thickness 
Highwall Angle 
Spoil Angle of Repose 
Coal Highwall Angle 
Swell Factor 
Coal Recovery .
Cut Length
Drainage Ditch Width

5.57 feet 
63.4 degrees
35.0 degrees
76.0 degrees

122.0
88.0

100.0
10.0

per-cent
per-cent
feet
feet

JOB CHARACTERISTICS:

Schedules Hours Per Year 
Mechanical Availability 
Job Factor

6800.0
88.0

hours/year
per-cent

85.0 per-cent

JOB ECONOMIC CHARACTERISTICS

Depreciation Life 
Interest, Insurance & Taxes 
Average Labor Cost 
Power Cost

20.0 years
16.0 per-cent
13.0 dollars/hour
3.0 cents per KWH/H
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MARION 8200-12A

AVERAGE SWING ANGLE (DEGREES):

PIT WIDTH

OB.HT. 100 120 140 160 180 200

30 46.80 48.46 51.01 53.67 78.50 96.26
50 56.66 58.85 61.93 62.64 64.81 99.37
70 67.93 70.44 73.81 75.77 77.01 105.95*
90* 97.55 99.44 100.41 96.73 77.52** 78.89**

110** 104.10 100.75 98.22 96.12 94.40 93.10
130** 131.88 128.54 125.22 123.64 120.97 117.85
* Side casting with 20 ft. chop down

** Extended bench with 20 ft. chop down

AVERAGE CYCLE TIME (SECONDS)

PIT WIDTH

OB.HT. 100 120 140 160 180 200

30 64.81 63.29 62.41 62.33 66.39 69.40
50 66.75 65.18 64.32 63.58 63.31 70.17
70 71.15 69.38 68.19 67.51 67.18 64.76*
90* 78.84 77.75 77.04 75.62 75.78** 75.90**

110** 77.74 76.91 76.23 75.76 75.02 74.14
130** 81.43 80.29 79.70 78.31 77.64 77.17
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MARION 8200-12A

PRODUCTION RATE (BCY/HR):

PIT WIDTH

OB.HT. 100 120 140 160 180 200

30 3084 3139 3195 3196 3027 2859
50 2971 3083 3084 3139 3139 2859
70 2803 2859 2915 2971 2971 3084*
90* 2523 2579 2579 2635 2635** 2635**

110** 2579 2579 2635 2635 2635 2691
130** 2467 2466 2522 2523 2579 2579
* Side casting with 20
* Extended bench with

ft. chop down 
20 ft. chop down

TONS OF COAL MINED• PER YEAR (10^ T/YR):

PIT WIDTH

OB.HT. 100 120 140 160 180 200

30 2456 2501 2546 2546 2412 2278
50 1420 1474 1474 1501 1501 1367
70 957 976 995 1014 1014 1052*
90* 670 685 685 700 625** 625**

110** 365 389 415 429 439 457
130** 197 234 266 287 309 323
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MARION 8200-12A

OWNERSHIP COST PER TON RECOVERED ($/TON):

PIT WIDTH

OB.HT. 100 120 140 160 180 200

30 0.88 0.86 0.84 0.84 0.84 0.94
50 1.51 1.46 1.46 1.43 1.43 1.57
70 2.25 2.20 2.16 2.12 2.12 2.04*
90* 3.21 3.14 3.14 3.07 3.44** 3.44**

110** 5.88 5.52 5.18 5.02 4.90 4.70
130** 10.93 9.20 8.08 7.50 6.95 6.66
* Side casting with 20
* Extended bench with

ft. chop down 
20 ft. chop down

OPERATING COST PER TON RECOVERED ($/TON):

PIT WIDTH

OB.HT. 100 120 140 160 180 200

30 0.73 0.73 0.73 0.73 0.73 0.74
50 1.23 1.22 1.22 1.22 1.22 1.24
70 1.74 1.73 1.72 1.72 1.72 1.71*
90* 2.27 2.26 2.26 2.25 3.28** 3.27**

110** 5.52 5.18 4.93 4.77 4.66 4.54
130** 9.97 8.40 7.48 6.95 6.52 6.25
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MARION 8200-12A

TOTAL COST PER TON OF COAL RECOVERED ($/TON)

PIT WIDTH

OB.HT. 100 120 140 160 180 200

30 1.61 1.59 1.57 1.57 1.63 1.69
50 2.74 2.68 2.68 2.65 2.65 2.85
70 3.98 3.93 3.88 3.84 3.84 3.75*
90* 5.48 5.40 5.40 5.33 6.72** 6.71**

110** 11.40 10.71 10.11 9.79 9.56 9.24
130** 20.90 17.60 15.56 14.45 13.47 12.92
* Side casting with 20
* Extended bench with

ft. chop down 
20 ft. chop down

TOTAL COST PER CUBIC YARD OF OVERBURDEN REMOVED ($/LCY):

PIT WIDTH

OB.HT. 100 120 140 160 180 200

30 0.15 0.15 0.15 0.15 0.16 0.16
50 0.16 0.15 0.15 0.15 0.15 0.16
70 0.16 0.16 0.16 0.16 0.16 0.15*
90* 0.18 0.17 0. 17 0.17 0.19** 0.19**

110** 0.19 0.19 0.19 0.19 0.19 0.19
130** 0.20 0.20 0.20 0.20 0.19 0.19
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MARION 8750-28A

AVERAGE SWING ANGLE (DEGREES):

PIT WIDTH

OB.HT. 100 120 140 160 180 200
30 42.91 44.42 46.23 47.12 49.54 70.91
50 50.69 51.96 54.08 55.00 56.35 58.41
70 59.29 60.92 63.19 64.57 66.24 68.22
90 72.75 74.63 76.25 78.34 80.38 82.83

110* 91.39 93.08 95.09 81.90* * 80.89* * 81.15
130** 116.94 113.99 112.05 110.51 106.41 104.63

* Side casting with 20 ft. chop down
** Extended bench with 20 ft. chop down

AVERAGE CYCLE TIME (SECONDS)

PIT WIDTH

OB.HT. 100 120 140 160 180 200

30 64.85 63.12 62.19 61.34 61.21 65.07
50 65.83 64.05 62.94 62.19 61.62 61.58
70 68 . 85 66.91 65.76 64.89 64.24 63.93
90 69.07 67.82 66.96 66.49 66.15 66.19

110* 77.02 75.94 75.19 73.63** 73.20** 73.07**
130** 78.98 78.14 78.05 77.83 76.07 75.62
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MARION 8750-28A

PRODUCTION RATE (BCY/HR):

PIT WIDTH

OB.HT. 100 120 140 160 180 200

30 3426 3551 3551 3613 3613 3426
50 3364 3488 3551 3551 3613 3613
70 3239 3302 3364 3426 3488 3488
90 3239 3301 3302 3364 3364 3364

110* 2865 2928 2928 2990** 3052** 3052**
130** 2803 2866 2866 2866 2928 2928
* Side casting with 20
* Extended bench with

ft. chop down 
20 ft. chop down

TONS OF COAL MINEDI PER YEAR (10^ T/YR):

PIT WIDTH

OB.HT. 100 120 140 160 180 200

30 2729 2828 2828 2878 2878 2729
50 1608 1667 1697 1697 1727 1727
70 1106 1127 1148 1170 1191 1191
90 860 877 877 893 893 893

110* 623 636 636 559** 572** 574**
130** 306 339 359 373 393 403
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MARION 8750-28A

OWNERSHIP COST PER TON RECOVERED ($/TON):

PIT WIDTH

OB.HT. 100 120 140 160 180 200

30 1.33 1.28 1.28 1.26 1.26 1.33
50 2.25 2.17 2.14 2.14 2.10 2.10
70 3.28 3.22 3.16 3.10 3.04 3.04
90 4.22 4.14 4.14 4.06 4.06 4.06

110* 5.82 5.70 5.70 6.49** 6.34** 6.32**
130** 11.85 10.68 10.10 9.71 9.21 9.10
* Side casting with 20
* Extended bench with

ft. chop down 
20 ft. chop down

OPERATING COST PER TON RECOVERED ($/TON) :

PIT WIDTH

OB.HT. 100 120 140 160 180 200

30 0.72 0.72 0.72 0.72 0.72 0.72
50 1.21 1.20 1.20 1.20 1.20 1.20
70 1.70 1.69 1.69 1.68 1.68 1.68
90 2.18 2.18 2.18 2.17 2.17 2.17

110* 2.72 2.71 2.71 4.16** 4.12** 4.10**
130** 7.30 6.67 6.31 6.06 5.83 5.69
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MARION 8750-28A

TOTAL COST PER TON OF COAL RECOVERED ($/TON)

PIT WIDTH

OB.HT. 100 120 140 160 180 200

30 2.05 2.00 2.00 1.98 1.98 2.05
50 3.46 3.37 3.33 3.33 3.29 3.29
70 4.98 4.91 4.85 4.78 4.72 6.72
90 6.40 6.31 6.31 6.23 6.23 6.23

110* 8.54 8.41 8.41 10.65** 10.45** 10.42**
130** 19.15 17.34 16.41 15.76 15.04 14.69
* Side casting with 20
* Extended bench with

ft. chop down 
20 ft. chop down

TOTAL COST PER CUBIC YARD OF OVERBURDEN REMOVED ($/LCY);

PIT WIDTH

OB.HT. 100 120 140 160 180 200

30 0.20 0.19 0.19 0.19 0.19 0.20
50 0.20 0.19 0.19 0.19 0.19 0.19
70 0.20 0.20 0.20 0.20 0.19 0.19
90 0.20 0.20 0.20 0.20 0.20 0.20

110* 0.22 0.22 0.22 0.24** 0.24** 0.24**
130** 0.25 0.25 0.25 0.25 0.24 0.24
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MARION 8200-21R

AVERAGE SWING ANGLE (DEGREES):

PIT WIDTH

OB.HT. 100 120 140 160 180 200

30 44.48 46.06 48.34 50.50 73.97 93.30
50 63. 37 55.41 58.01 58.88 60.62 63.73
70 63.33 65.43 68.38 70.03 72.04 73.03
90* 93.65 94.97 95.68 96.92 58.39 109.32**

110** 95.93 93.36 91.74 90.64 89.49 88.19
130** 127.15 123.67 120.66 117.53 115.58 113.29
* Side casting with 20 ft. chop down

** Extended bench with 20 ft. chop down

AVERAGE CYCLE TIME (SECONDS):

PIT WIDTH

OB.HT. 100 120 140 160 180 200

30 63.84 62.36 61.46 61.28 66.92 70.14
50 65.68 64.00 63.11 62.53 62.08 62.30
70 69.85 68.02 66.79 65.97 65.48 65.37
90* 77.80 76.79 75.97 75.47 75.34 76.61**

110** 76.81 75.87 75.31 74.87 74.48 74.00
130** 80.36 79.55 78.83 78.13 77.17 76.23
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MARION 8200-21R

PRODUCTION RATE (BCY/HR):

PIT WIDTH

OB.HT. 100 120 140 160 180 200

30 2922 2973 3026 3026 2660
50 2817 2922 2974 2974 2974 2974
70 2661 2713 2765 2817 2817 2869
90* 2400 2400 2452 2452 2452 2400**

110** 2399 2452 2452 2504 2504 2504
130** 2296 2347 2347 2400 2400 2452
* Side casting with 20
* Extended bench with

ft. chop down 
20 ft. chop down

TONS OF COAL MINED PER YEAR (10^ T/YR):

PIT WIDTH

OB.HT. 100 120 140 160 180 200

30 2327 2369 2410 2410 2119
50 1346 1396 1421 1421 1421 1421
70 908 926 944 962 962 980
90* 637 637 651 651 651 637**

110** 380 403 413 430 437 443
130** 209 244 265 288 301 318
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MARION 8200-21R

OWNERSHIP COST PER TON RECOVERED ($/TON):

PIT WIDTH

OB.HT. 100 120 140 160 180 200

30 0.92 0.91 0.89 0.89 0.94 1.01
50 1.60 1.54 1.51 1.51 1.51 1.51
70 2.37 2.32 2.28 2.24 2.24 2.19
90* 3.37 3.37 3.30 3.30 3.30 3.37**

110** 5.66 5.34 5.20 4.99 4.92 4.86
130** 10.28 8.82 8.10 7.46 7.14 6.75
* Side casting with 20 ft. chop down 

** Extended bench with 20 ft. chop down

OPERATING COST PER TON RECOVERED ($/TON):

PIT WIDTH

OB.HT. 100 120 140 160 180 200

30 0.74 0.74 0.73 0.73 0.74 0.75
50 1.24 1.23 1.23 1.23 1.23 1.23
70 1.75 1.74 1.74 1.73 1.73 1.73
90* 2.25 2,25 2.28 2.28 2.28 2.29**

110** 4.97 4.75 4.63 4.51 4.44 4.38
130** 8.78 7.64 7.02 6.56 6.27 6.01
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MARION 8200-21R

TOTAL COST PER TON OF COAL RECOVERED ($/TON):

PIT WIDTH

OB.HT. 100 120 140 160 180 200

30 1.66 1.64 1.63 1.63 1.68 1.76
50 2.84 2.77 2.74 2.74 2.74 2.74
70 4.12 4.07 4.02 3.97 3.97 3.92
90* 5.67 5.67 5.58 5.58 5.58 5.67**

110** 10.64 10.10 9.83 9.50 9.35 9.24
130** 19.06 16.45 15.11 14.02 13.41 12.56
* Side casting with 20
* Extended bench with

ft. chop down 
20 ft. chop down

TOTAL COST PER CUBIC YARD OF OVERBURDEN REMOVED ($/LCY):

PIT WIDTH

OB.HT. 100 120 140 160 180 200

30 0.16 0.16 0.16 0.16 0.16 0.17
50 0.16 0.16 0.16 0.16 0.16 0.16
70 0.17 0.17 0.17 0.16 0.16 0.16
90* 0.18 0.18 0.18 0.18 0.18 0.19**

110** 0.20 0.20 0.20 0.20 0.20 0.20
130** 0.21 0.21 0.21 0.20 0.20 0.20
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MARION 8050-23A

AVERAGE SWING ANGLE (DEGREES):

PIT WIDTH

OB.HT. 100 120 140 160 180 200

30 44.37 45.22 48.86 52.65 89.67 104.20
50 52.97 55.19 58.41 58.75 61.52 99.68
70 65.48 68.01 69.14 70.96 73.08 73.93
90* 96.46 98.02 98.74 100.56 129.82***128.90

110** 100.75 97.77 95.64 93.82 92.08 90.99
130** 130.58 127.37 123.96 121.64 119.55 116.41

* Side casting with 20 ft. chop down

***

** Extended bench with 20 ft. chop down 
*** Extended bench with 0.0 ft. chop down

AVERAGE CYCLE TIME (SECONDS):

PIT WIDTH

OB.HT. 100 120 140 160 180 200

30 63.09 61.68 61.08 61.60 67.76 70.19
50 65.19 63.76 63.01 62.26 62.22 69.74
70 69.75 68.08 67.54 66.69 66.60 66.00
90* 77.83 76.82 76.21 75.72 *75.77 * *75.12

110** 77.14 76.07 75.49 74.94 74.50 73.29
130** 80.83 79.88 79.18 77.99 77.01 76.44

* * *
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MARION 8050-23A

PRODUCTION RATE (BCY/HR):

PIT WIDTH

OB.HT. 100 120 140 160 180 200

30 2486 2529 2529 2529 2311 2223
50 2398 2442 2486 2486 2486 2224
70 2224 2267 2361 2361 2355 2355
90* 2006 2006 2049 2049 2049.51**2049.51

110** 2006 2049 2049 2093 2093 2136
130** 1919 1962 1962 2006 2006 2049
* Side casting with 20 ft. chop down

* * *

** Extended bench with 20 ft. chop down 
*** Extended bench with 0.0 ft. chop down
TONS OF COAL MINED PER YEAR (10^ T/YR);

PIT WIDTH

OB.HT. 100 120 140 160 180 200

30 1980 2015 2015 2015 1841 1771
50 1146 1167 1188 1188 1188 1063
70 759 774 789 789 804 804
90* 533 533 544 544 * * *447 450

110** 298 321 332 349 355 369
130** 163 TP 3 213 233 245 261

* * *



T-2111 224

MARION 8050-23A

OWNERSHIP COST PER TON RECOVERED ($/TON):

PIT WIDTH

OB.HT. 100 120 140 160 180 200

30 0.94 0.93 0.93 0.93 1.02 1.06

50 1,63 1.60 1.57 1.57 1.57 1.76

70 2.46 2.42 2.37 2.37 2.33 2.33
90* 3.51 3.51 3.44 3.44 * * *4.18 4.16

110** 6.27 5.83 5.62 5.36 5.25 5.06
130** 11.48 9.66 8.77 8.01 7.62 7.17
* Side casting with 20
* Extended bench with
* Extended bench with

ft. chop down 
2 0 ft. chop down 
0.0 ft. chop down

OPERATING COST PER TON RECOVERED ($/TON):

PIT WIDTH

OB.HT. 100 120 140 160 180 200

30 0.76 0.76 0.76 0.76 0.77 0.77

50 1.27 1.27 1.26 1.26 1.26 1.29

70 1.81 1.80 1.79 1.79 1.79 1.79

90* 2.37 2.37 2.36 2.36 * * *3.63 3.61
110** 5.36 5.06 4.88 4.71 4.61 4.51
130** 9.56 8.16 7.40 6.86 6.52 6.22

* * *

* * *
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MARION 8050-23A

TOTAL COST PER TON OF COAL RECOVERED ($/TON):

PIT WIDTH

OB.HT. 100 120 140 160 180 200

30 1.70 1.68 1.68 1.68 1.78 1.83
50 2.90 2.87 2.84 2.84 2.84 3.05
70 4.27 4.22 4.16 4.16 4.11 4.11
90* 5.88 5.88 5.80 5.80 * * *7.81 7.77

110** 11.63 10.88 10.50 10.08 9.86 9.57
130** 21.04 17.82 16.17 14.87 14.14 13.40
* Side casting with 20 

** Extended bench with 
*** Extended bench with

ft. chop down 
20 ft. chop down 
0.0 ft. chop down

* * *

TOTAL COST PER CUBIC YARD OF OVERBURDEN REMOVED ($/LCY):

PIT WIDTH

OB.HT. 100 120 140 160 180 200

30 0.16 0.16 0.16 0.16 0.17 0.18
50 0.17 0.17 0.16 0.16 0.16 0.18
70 0.18 0.17 0.17 0.17 0.17 0.17
90* 0.19 0.19 0.19 0.19 * * *0.21 0.21

110** 0.21 0.21 0.21 0.20 0.20 0.20
130** 0.22 0.21 0.21 0.21 0.21 0.21

* * *
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APPENDIX F 

List of Computer Codes

Select. For 
Side. For 
Ext. For 
Pul 1. For 
Pul 2. For
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C
C T H IS  IS THE C O M P U T E R  P R O G R A M  TO S E L E C T  A D R A G L I N E
C FOR A S T R I P P I N G  O P E R A T I O Nc p r o g r a m e d  by k a d r i  o a g d e l e nc P R O G R A M  N A M E :  S E L E C T . F O Rc

D I M E N S I O N  D 0 P D F ( 0 / 1 5 ) , 0 D F H ( 0 / 1 5 ) f 0 T X S ( 1 5 , 0 / 3 0 ) , T V S ( 0/15) 
D I M E N S I O N  U V ( € / 1 5 , 0 / 3  0 ) , V O L C O / 1 5 ) , A S A ( 1 5 ) , T T ( 1 5 )  
D I M E N S I O N  W D ( 1 5 ) , W T ( 1 5 ) , U V T ( 3 0 ) , W S A ( 1 5 )
PE AL  JF

C
C I N I T I A L I Z E  V A R I A B L E S

D A T A  T V S F K , T V S F P , J T V S F P , T V S S , T W S A , T W n / 6 * 0 . 0 / , T V S / 1 6 * C . 0 /  
D A T A  U V / 4 9 6 * 0 . C / , V O L ( O ) / 0 . 0 / , C O N V / 5 7 . 2 9 5 7 / , U V T / 3 C * 0 . 0 /  
D A T A  W S A / 1 5 * 0 . 0 /  * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  

C INPUT  D A T A
0 P E N C U N I T = 9 , F f L E = ' S E L E C T . 0 A T ' , A C C E S S = ' S E 0 I N ' )  
R E A D ( 8 , 1 0 G ) H , C T , A , B , C , F A , S F , X , W , W K  

1 0 0  F O R M A T ( I O F )
R E A D ( 8 , 1 2 0 ) C A B H T , C A B R A D , P  

1 2 0  F O R M A T ( 3 F )
R E A D ( 8 , 1 5 0 ) 0 T , B P T , S T 1 , S T 2 , s e e , W S , C L T  

150 F 0 R M A T ( 7 F )RE ADC8 , 1 6 0 ) A P , S H , A V ,J F j F F  
160 F 0 R M A T C 5 F )

R t A D C 8 , 1 3 0 ) N P K , N T P , N  
130 F 0 R M A T ( 3 I )R E A D E R , 1 4 0 ) C D O F O F ( J ) , 0 D F H ( J ) , J = 1 , N T P )
140 F 0 R M A T C 2 F )

R E A 0 E 8 , 1 7 1 ) I F L A G
171 F O R M A T E D  

I F E I F L A G . E Q . O G O  TO 174
R E A D E 8 ,17 2 ) N F S I K P , N F S L K P , N F S T P

172 F G P M A T E 3 I )R E A 0 E 8 ,173 ) E O O F O F E J ) , O O F H E J ) , J  = N F S 1 K P , N F S T P )
173 F 0 R M A T E 2 F )
174 I F EI F L  A G . E O . O ) N F S T P  = NTP 

I F E I F L A G .  EO. D G G  TO 176 
T 0 P K F Y = E H / T A N D E A ) ) * 2 . + W K  
I F E T 0 P K E Y . G E . W - 5 . ) W R I T E E 4 , 1 7 5 )

175 F O R M A T E 1 X , 1 0 X , ' O V E R B U R D E N  IS TOO D E E P ' , /
1 l X , i C X , ' I T  W I L L  BE M I N E D  IN TWO L I F T S ' , /
1 I X , I C X , ' E N T E R  NEW SET OF D R A G L I N E  ',/
1 I X , l O X , ' P O S I T I O N S  F O R  S E C O N D  L I F T ' )
STOP

1 7 6  U I L = X / F L O A T E N )
DO 70 I = 1 , N F S T P
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D T X S ( I , C ) = D D F D F ( I ) - P + X + U l L / 2 .  '
70 C O N T I N U ED D F H ( 0 ) = n n F H ( N T P )

D D F 0 F ( 0 ) = - X + D D F D F ( N T P )
S F = 1 . 0 + S F / 1 0 0 .C

C C A L C U L A T E  R E Q U I R E D  D R A G L I N E  R E A C H
C

0 D R = H / T A N D ( A ) + C T / T A N n ( C ) + H * ( S F ) / T A N D ( B ) + W / 4 . 0 + P
D O R = X * X / ( 4 . 0 * O D R ) + O O R

J M  = 1 
M- 0
M I = N P K
J I = N T P

177 I F ( ( I F L A G . E Q . 1 ) . A N D . ( M . E Q . J I ) ) J M = N F S I K P  
I F ( ( I F L A G . E Q . 1 ) . A N D . ( M . E Q . J I ) ) N T P = N F S T P  I F C d F l A G . E C . l  ). AND. ( M . E Q .  J I ) ) N P K  = N F S L K P  
DO 75 K = J M , N T P
M = K
I F ( K . G T . N P K )  GO TO 20 
C 0 K = D D F H ( K ) - ( W - T 0 P K E Y / 2 . )
S A A = A T A N ( C O K / O D F D F ( K ) ) * C O N V  
R K = 1 . 5  
T V S C J I ) = 0 . 0  
T V S F K = T V S F K + T V S ( K - 1 )
C A L L  V O L K E Y ( D O F D F ( K ) , A ,F A ,C A B H T ,C A B R A D ,H ,X ,W K , I F L A G  

1 , V O L ( K ) )
V O L ( K ) = V O L ( K ) * S F  
V O L ( K ) = V O L ( K ) - T V S F K  
GO TO 30
C 0 K = D D F H ( K ) - ( W - T 0 P K E Y ) / 2 .S A A = A T A N C C G M / D D F D F C K ) ) * C O N V  

20  R K = 1 . 0
T V S ( N P K ) = 0 . 0
C A LL  V O L C U T ( D D F O F ( K ) , A , F A , C A B H T , C A B R A D , H , X , W , W K , I F L A G ,  

1 V Ü L C K ) )
VGKK )=VGL(K )*SF 
TVSFP=TVSFP+TVS(K-1)
V O L < K  ) = V O L ( K  ) - TV S F P  

30 DO 50 J = 1 , N
O T X S C  K , J)=l)TXS(K , J - I ) - U I L  
S A = A C O S ( D T X S ( K ,J ) / 0 0 R ) * C G N V - S A A  
U V T ( J ) = U V ( K - 1 , J ) + U V T ( J )
C G N S T 1 = W * T A N 0 ( B ) * U I L
C 0 N S T 2 = H / T A N 0 ( A ) + W / 4 . 0C 0 N S T 3 = S Q R T ( D 0 R * D 0 R - D T X S ( K ,J ) * D T X S ( K , J ) ) - O D F H ( K )  
U V ( K , J ) = C G N S T 1 * ( C 0 N S T 3 - C 0 N S T 2 ) - U V T ( J )  
I F ( U V ( K , J ) . L E . ( V O L ( K ) - T V $ ( K ) ) )  GO TO 40 
U V ( K , J ) = V O L ( K ) - T V S ( K )
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40 W S A ( K ) = W S A ( K ) + S A * U V ( K , J )
t v S ( K ) = T V S ( K ) + U V ( K , J )
I F ( T V S ( K ) . E O . V O L ( K ) )  GO TO 60

50 C O N T I N U E
60 I F ( T V S ( K ) . N E . O . O ) A S A C K ) = W S A ( K ) / T V S ( K )
6 5 W D ( K ) = S 0 R T ( ( 0 0 F n F ( K ) - D 0 F D F ( K - l ) ) + * 2 + ( D D F H ( K ) - D 0 F H ( K - l ) ) *

1 *2 )
T W n = T W D + W D ( K )
T V S S = T V S S + T V S C K )
T W S A = T W 5 A + W S A ( K )

75 C O N T I N U ET V S F K = 0 . 0  
T V S F P = C . O
I F ( ( T F L A G . E Q . 1 ) . A N D . ( M . E 0 . J I ) ) G 0  TO 177
F A S A = T W S A / T V S S
S M = ( S T 2 - 5 T l ) / 3 0 . 0A 5 T = F A S A * S M + S C C
A C T = ( A S T + D T + B P T ) * R K
B C = ( A P * S F * A C T ) / ( S H * A V * J F * 3 6 D 0 . 0 )T N 0 C = T V S S / ( R C * 2 7 . )
T C T = T N O C * A C T
T W T = T W D / W S + N T P * C L T
T T S S = T C T + T W T
A C T = T T S S / T N O C
B C = ( A P * S F * A C T ) / ( F F * S H * A V * J F * 3 6 0 0 . )  
W R I T E ( 4 , 2 4 0 ) D 0 R , B C , F A S A , A C T , A P  

2 4 0  F Q R M A T ( 1 X , 1 0 X , ' R E Q U I R E D  D R A G L I N E  R E A C H  : ' , F 1 0 . 2 , 2 X , ' F T ' /
1 i X f l O X , ' B U C K E T  C A P A C I T Y ' , 9 X , F I O . 2 , 2 X , ' C U  Y C '/
1 I X , l O X , ' A V E R A G E  S W I N G  A N G L E ' , 5 X , ' : ' , F 1 0 . 2 , 2 X , ' D E G R E E S ' /
1 I X , l O X , ' A V E R A G E  C Y C L E  T I M E ' 6 X , F l O . 2 , 2 X , ' S E C O N D S ' /
1 1 X , 1 0 X ,  ' A N N U A L  P R O D U C T I O N ' , 7 X , ' : ' , F l O . 1 , 2 X , ' B C Y ' )
W R I T F ( 4 , 2  5 0 ) H , C T , A , B , C , W , X  

2 5 0  F 0 R M A T ( / / , 2 X , 2 9 X , ' F O R ' / /
1 1 X , 1 0 X , ' O V E R B U R D E N  H E I G H T ' , 7 X , ' : ', F 1 0 . 2 , 2 X , ' F T '/
1 1 X , 1 0 X , ' C C A L  T H I C K  N E S S ' , 1 0 X, ' : ' , F 1 0 . 2 , 2 X , ' F T '/
1 1 X , 1 0 X , ' H I G H W A L L  A N G L E  OF R E P O S E : ' , F l O . 2 , 2 X , ' D E G R E E S ' /
1 I X , l O X , ' S P O I L  A N G L E  OF R E P O S E ' , 3 X , F l O . 2 , 2 X , ' D E G R E E S '
1 / 1 X , 1 0 X , ' C O A L  A N G L E  OF R E P O S E ' , 4 X , ' : ' F 1 0 . 2 , 2 X , ' D E G R E E S ' /
1 I X , 1 O X , ' P I T  W I D T H ' , 1 5 X , ' : ' , F 1 0 . 2 , 2 X , ' F T ' /
1 1 X , 1 0 X ' C U T  L E N G T H ' , 1 4 X , ' : ' , F 1 0 . 2 , 2 X , ' F T ')
END
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S U B R O U T I N E  V O L K E Y ( O L D I  S T ,A , F A ,C A B H T ,C A B R A D , H ,C U T , B O T K E Y 
1 , I F L A G , V O L )D E P T H = H
I F C I F I A G . E Q . 1 ) D E P T H = D E P T H / 2 .
T H T A N = T A N D ( F A )
DIGT A N = C A B H T / ( D L D I S T - C A B R A D )
O F = U L D I S T + C U T + D E P T H / T H T A N
O J = D E P T H / T A N D ( F A )X B R O W = O J
X I N T = O F - C A B R A O - ( ( D E P T H + C A B H T ) / O I G T A N )I F ( X I N T . G T , C U T ) X I N T = C U T
U H T = C U T * D I G T A N
I F ( U H T . G T . O E P T H ) U H T = D E P T HL H T = D E P T H - U H T
T O P K E Y = ( D E P T H / T A N 0 ( A ) ) * 2 . 0 + B 0 T K E Y  
M I D K E Y = 8 0 T K E Y + ( L H T / D E P T H ) * ( T 0 P K E Y - B 0 T K E Y )C = - X I N T * D I G T A N
B X L O N G = D E P T H / T H T A N - C / ( T H T A N - D I G T A N )
I F ( X I N T . L E . O . O )  GO TO 10 
I F C X I N T . L E . 0 J ) G O  TO 11 
I F ( X l N T . G E . O J ) G O  TO 12

10 V U L = ( B X L O N G + C U T ) * U H T * ( T O P K E Y + M I O K E Y ) / 4 . 0  GO TO 13
11 V 0 L = C U T * U H T * ( T 0 P K E Y + M I D K E Y ) / 4 . + ( ( D E P T H * * 2 )

1 * ( T 0 P K E Y + B O T K E Y ) ) / ( 4 . 0 * T H T A N ) - ( X B R O W - X I N T )
1 * L H T * ( ( B O T K E Y + M I O K E Y ) / 4 . 0 )
GO TO 13

12 A R E A = D E P T H * ( T O P K E Y + B O T K E Y ) / 2 . 0X B R G W = 0 JV O L = ( X B R O W + C U T - X I N T ) * A R E A / 2 . 0 + ( X I N T - X B R O W ) * A R E A +
1 X B R O W * A R E A / 2 . 013 R E T U R N  
END
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S U B R O U T I N E  V C L C U T (O L D  I S T ,A ,F A ,C A B H T ,C A 8 R A 0 , H ,C U T ,W , 
1 B O T K E Y , I F L A G , V O L )
D E P T H = H
I F C I F L A G . EQ. l ) D E P T H  = D E P T H / 2 .
THTAN=TANO(FA)
D I G T A N = C A B H T / ( O L D I S T - C A B R A D )
OF=OLDIST+CUT+DEPTH/THTAN
O J = D E P T H / T A N D ( F A )
X I N T = O F - C A B R A O - ( ( D E P T H + C A B H T ) / D I G T A N )
I F ( X I N T . G T . C U T ) X I N T = C U T
XBROW=GJ
U H T = C U T * D I G T A N
I F ( U H T . G T . D E P T H ) U H T = D £ P T H
L H T = D E P T H - U H T
T O P K E Y = ( D E P T H / T A N O ( A ) ) * 2 . 0 + 8 O T K E Y
P l D K E Y = B O T K E Y + ( L H T / D E P T H ) * ( T O P K E Y - B O T K E Y )
W I D T H = W - T O P K E Y
C=-XINT*DIGTAN
B X L 0 N G = D E P T H / T H T A N - C / ( T H T A N - D I G T A N )
I F C X I N T . L E . O ) G O  TO 10 
I F ( X I N T . L E . O J )  GO TO 11 
I F C X I N T . G T . G J ) G O  TO 12

10 Z l A R E l = U H T * C U T / 2 .
Z l A R E 2 = U H T * 8 X L 0 N G / 2 .
Z 1 T V 0 L = ( Z 1 A R E 1 + Z 1 A R E 2 ) * W I D T H  
X S I D E = U H T * * 2 . * X 6 R 0 W / ( 2 * D E P T H )  
Z 2 T V O L = X S I D E * ( C U T + B X L O N G ) / 2 . 0  
V 0 L = Z 1 T V 0 L + 2 . * Z 2 T V 0 L
RETURN

11 Z l A R E l = U H T * C U T / 2 .
Z l A R 2 3 = 0 E P T H * 0 J / 2 .
Z l A R E 3 = ( D E P T H - U H T ) * ( X B R 0 W - X I N T ) / 2 . 0  
Z 1 V 0 L = ( Z 1 A R E 1 + Z 1 A R 2 3 - Z 1 A R E 3 ) * W I D T H  
X S I D F = U H T * * 2 / ( 2 . * T A N D ( A ) )
Z 2 V 0 L l = X S I D E * C U T / 2 . 0T x S I D E = 0 E P T H * * 2 . / ( 2 . + T A N D ( A ) )
Z 2 V 0 L 2 = T X S I D E * X B R 0 W / 2 .
Z 2 V 0 L 3 = ( T X S I 0 E - X S I D E ) * ( X B R Q W - X I N T ) / 2 .
Z 2 T V 0 L = Z 2 V 0 L 1 + Z 2 V 0 L 2 - Z 2 V 0 L 3
V 0 L = Z 1 V 0 L + 2 . * Z 2 T V D L
R E T U P N

12 Z l A R E l = U E P T H * ( X B P 0 W + C U T - X I N T ) / 2 .
Z1 ARE2 = 0EPTH«.(XINT-XBRGW )
Z l A R E 3 = D E P T H * ( X B R 0 W ) / 2 . 0Z 1 T V 0 L = ( Z 1 A R E 1 + Z 1 A R E 2 + Z 1 A R E 3 ) * W 1 D T H
X S I D E = D E P T H * X B R 0 k / 2 .
Z 2 V O L l = X S I D E * ( X B R O W + C U T - X I N T ) / 2 .
Z 2 V 0 L 2 = X S I D E * ( X I N T - X B R G W )
Z 2 V 0 L  3 = X S I D E * X B R D W / 2 .
Z 2 T V 0 L = Z 2 V 0 L 1 + Z 2 V 0 L 2 + Z 2 V 0 L 3
V 0 L = Z 1 T V 0 L + 2 . * Z 2 T V 0 L
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R E T U R N
END
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C T H I S  IS T H E  C O M P U T E R  P R O G R A M  TO C A L C U L A T E  P R O D U C T I O N  OF A D R A G L I N E
C TO S I M U L A T E  ITS S I D E  C A S T I N G  O P E R A T I O N .
C P R O G R A M  N A M E  : S I D E . F O R
C P R O G R A M E D  BY K A D R I  D A G D E L E N
C

D I M E N S I O N  D D F 0 F ( 0 / 1 5 ) , O O F H C O / 1 5 )  , D T X S C 1 5 , 0 / 3 C ) , T V S ( 0 / 1 5 )
1 , U V ( 0 / 1 5 , 0 / 3 0 ) , V O L ( 0 / 1 5 ) , A S A ( 1 5 ) , T T ( 1 5 ) , T C T ( 1 5 ) , W D ( 1 5 ) ,
1 W T ( 1 5 ) , U V T ( 3 0 ) , W S A ( 1 5 ) , H Y P H E N ( 1 5 ) , A S ( 3 0 ) , C D S A ( 3 0 )
REAL I T I P , L R , L C H , M C H , J F  
I N T E G E R  T N OCD O U B L E  P R E C I S I O N  M T , H Y P H E N

C
C I N I T I A L I Z E  V A R I A B L E S
C

DATA T T S F P , T T S F K / 2 * 0 . 0 / , T V S S , T T S S / 2 * 0 . 0 / , T V S / 1 6 * 0 . 0 /  
1 , V O L ( 0 ) / 0 . 0 / , C O N V / 5 7 . 2 9 5 7 / , T V S F K , T V S F P , T C T E / 3 * C . C /1 , U V T / 3 0 * 0 . 0 / , W S A / 1 5 * 0 . 0 / , U V / 4 9 6 * 0 . 0 / , T W S A , T O T C T ,
1 TOT W T / 3 * 0 . G / , H Y P H E N / 1 5 * ' --------  '/
0PENCUNIT = 8 , FILER'S lOE.O AT ACC E S S='SEQIN')
KY = 6
R F A D ( 8 , 1 0 0 ) H , W , C T , C D , A , B , C , F A , S F , X , W K  

IOC F O R M A T ( l l F )
R E A D ( 8 , 1 G 5 ) C D 8 H

105 FORMAT(F)
R E A D ( 8 , 1 D 6 ) X D , Y D

106 F 0 R M A T C 2 F )
R F A O ( 8 , 1 1 0 ) M T

110 F O R M A T ( A I O )
REAO(8,12 0 ) O R , B C , C A B H T , C A B R A O , P  F 0 R M A T C 5 F )
RE A O C B , 1 5 0 ) D T , B P T , S T 1 ,ST 2 , see,WS*CLT 
F0R M A T C 7 F )
READ(8,16 0 ) S H , A V , J F , R F , F F  
F O R M A I (5F )
R E A D ( 8 , 1 7 C ) D 1 C , P C K H , P C H , L R , 0 0 L , C R F , I T I P  
F 0 R M A T C 7 F )
READ<8,13C )NPK,NTP,N 
F n R M A T C 3 I )

120

150
160
170
13C
14C

172
173

F 0 R M A T C 3 I  )
R E A 0 ( B , 1 4 C ) ( D D F D F ( J ) , D D F H ( J ) , J = 1 , N T P )
FORM A T ( 2 F  )r u I'l i v (C r j
R E A D ( 8 , 1 7 1 ) I F L A G  171 F G R M A T ( I )
I F ( I F L A G . E Q . 0 ) G Q  t o  174 
R E A n ( 8 , 1 7 2 ) N F S I K P , N F S L K P  ,NFSTP 
F O R M A I C 3 I  )
R E A 0 ( 8 , 1 7 3 ) C C D F D F ( J ) , D D F H ( J ) , J = N F S I K P , N F S T P )  

1 f3 F 0 R M A T ( 2 F )
174 I F C I F L A G . E Q . O ) N F S T P = N T P  

D D F H ( 0 ) = D D F H ( N T P )
D D F D F ( C ) = - X + D D F O F ( N T P )



T-2111  240

S F = 1 . O + S F / I C O .
B C = B C * F F * 2 7
C D V O L = 0 . 0
T V R H = 0 . 0
P R C R H = 0 . 0
D E P T H = H

C
C C A L C U L A T E  R E Q U I R E D  D R A G L I N E  R E A C H

I F C C D B H . E Q . O . O G O  t o  31 
H E = C D B H / T A N D ( A )
S R G = W * C D B H * T A N D ( B ) / T A N D ( A )
H G = S R G / ( W * S F )
H = H - H G31 0 D R = H / T A N D ( A ) + C T / T A N D ( C ) + H * ( S F ) / T A N D ( B ) + W / 4 . 0 + P  
D O R = X * X / ( 4 . 0 * O D R ) + O O R

Cc
C C H E C K  IF D R A G L I N E  R E A C H  IS A D E Q U A T E  F O R  S I DE  C A S T I N G

I F ( D 0 R . L T . D R + 3 )  GO TO 10 
W R I T E ( 4 , 6 0 C )

6 0 0  F 0 R M A T ( 1 9 X , ' D R A G L I N E  R E A C H  IS I N S U F F I C I E N T * / , 1 9 X ,
1 'USE ONE OF THE F O L L O W I N G  M E T H O D S ' /1 I X , 2 2 X , ' A ) ' , I X , ' E X T E N D E D  B E N C H ' , / 2 3 X , ' B ) ' , 1 X , ' E X T E N D E D '
1 ,' B E N C H  W I T H  C H O P  D O W N  ' , / 1 X , 2 2 X , ' C ) ' , 1 X , ' P U LL  B A C K ' )
STOPH = O E P T H - C D B H

10 I F C I F L A G . E Q . D G G  TO 11 
T 0 P K E Y = ( H / T A N D ( A ) ) * 2 . + W K
IF ( T 0 P K E Y . L E . W - 5 . ) G 0  TO 11 
W R I T E ( 4 , 1 7 5 )

175 F 0 P M A T ( 1 X , 1 0 X , ' O V E R B U R D E N  IS T O O  D E E P ' , /
1 1 X , 1 0 X , ' 1 T  W I LL  BE M I N E D  IN TWO L I F T S ' , /
1 I X , i O X , ' E N T E R  NE W S E T  OF D R A G L I N E  ',/
1 I X , l O X , ' P O S I T I O N S  FOR  S E C O N D  L I F T ' )
STOP

C
C C A L C U L A T E  V O L U M E  R E M O V E D  F R O M  EA CH  P O S I T I O N
C11 U I L = X / F L O A T ( N )

T 2 = ( D 0 R * D 0 R - X * X )
D F X S = S Q R T ( D R * D R - T 2 ) - P  
1 F ( O F X S . G T . X - P + 3 ) G O  TO 16 
DO 15 I = 1 , N F S T P  
D T X S ( I , 0 ) = D D F D F ( I ) - P + X + U I L / 2 .

15 C O N T I N U E  GO TO 18
C S H A L L O W  O V E R B U R D E N  C A S E
16 DO 17 1 = 1 , N FS T P 

D T X S ( I , 0 ) = D F X S - P + D D F D F ( I ) + U I L / 2 .
17 C O N T I N U E
18 I F ( C D B H . E Q . O . O ) G O  TO 29
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H = D E P T H - C D B H
i F C X D . L E . D O F H d ) ) X 0 1 = 0 0 F H ( 1 ) - X 0  
I F ( X 0 . & T . 0 D F H ( 1 ) ) X 0 1 = X D - D D F H ( 1 )
I F ( Y D . L T . D D F D F ( i ) ) Y D l = D D F D F ( l ) - Y D  
I F ( Y 0 . G T , 0 0 F D F ( 1 ) ) Y 0 1 = Y D - D 0 F 0 F ( 1 )  
I F ( ( X D . G T . D 0 F H ( 1 ) ) . A N D . ( Y 0 . L T . D 0 F D F ( 1 ) ) ) G 0  TO 21 
I F ( ( X 0 . L T . 0 D F H ( 1 ) ) . A N D . ( Y D . G T . D D F D F ( 1 ) ) ) G 0  TO 22
i f ( ( x o . g t . d d f h ( i ) ) . a n o . ( y o .g t . o o f d f ( i ) ) ) g o  t o  23

21 C G A S A = A T A N ( X D 1 / Y D 1 ) * C 0 N V  
GO TO 24

22 C D A S A = A T A N ( Y D 1 / X D 1 ) * C 0 N V  
GO TO 24

2 3 C D A S A = A T A N ( Y D 1 / X D 1 ) + C O N V + 9 0 .
24 00 27 K=l,l 

C D V O L = ( C D P H * X * W ) * S F  
T V S S = C D V O L
00 26 J=1 ,N
D T X S ( K , J ) = 0 T X S ( K , J - 1 ) - U I L
A S ( J ) = A C O S ( O T X S ( K , J ) / D R ) * C O N V
C 0 N S T 1 = W * T A N D ( B ) * U I L
C 0 N S T 2 = H / T A N D ( A ) + W / 4 .
C 0 N S T 3 = S 9 R T ( 0 R * D R - D T X S ( K , J ) * D T X S ( K , J ) ) - 0 D F H ( K )
U V C K , J ) = C 0 M S T l * ( C O N S T 3 - C 0 N S T 2 ) - U V T ( J )
i f (u v (k ,j ) . l e . ( c d v o l - t v s ( i ) ) ) g o  t o  25
U V ( K ,J ) = C 0 V 0 1 - T V S ( 1 )

25 U V T C J ) = U V ( K , J )
W S A ( K ) = W S A ( K ) + A S ( J ) * U V ( K , J )
T V S ( K ) = T V S ( K ) + U V ( K , J )
I F ( T V S ( K ) . E Q . C 0 V 0 L ) G 0  t o 28

26 C O N T I N U E
2 8 C D S A ( 1 ) = W S A ( 1 ) / T V S ( 1 )

I F ( ( X D . L T . O D F H ( 1 ) ) . A N D . ( Y D . G T . O O F D F ( 1 ) ) ) C O S A ( 1 ) = 1 8 0 . - C D S A ( 1 ) - 2 . * C O
C D S A ( 1 ) = C D S A ( 1 ) + C D A S A
I F ( ( X O . G T . D O F H C l )).A N D . ( Y D . G T , D D F D F ( l ) ) ) C n S A ( l ) = 3 6 0 . - C O S A ( l ) 
k S A ( l ) = C U S A ( l ) * C D V O L

27 C O N T I N U E  
H = O E P T H - C O S H  
T V S ( 1 ) = 0 . 0  
T V S S = C D V O L

29 JM=1
M=0
KI=NPK
JI=NTP
T 0 P K E Y = ( H / T A N D ( A ) ) * 2 . + W K  
I F d F L A G . E O .  1 ) T 0 P K E Y  = ( H / T A N D ( A ) )  + WK 

1 7 7  I F ( ( I F L A G . E Q . l ) . A N D . C M . E Q . J I )  ) JM = N F S I K P  
I F ( ( I F L A G . E Q . l ) . A N D . ( M . E Q . J I ) ) N T P = N F S T P  
I F ( ( I F L A G . E Q . 1 ) . A N D . ( M . E Q . J I ) ) N P K = N F S L K P  
DO 70 K = J M , N T P  
M = K
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C C H E C K  W H E T H E R  D R A G L I N E  IS IN KEY C U T
C

I F ( K . G T . N P K )  g o  t o  20c
C
C D R A G L I N E  IS IN K E Y  C U T  P O S T I O N î  C A L C U L A T E  V O L U M E  R E M O V E A B L E
C

C 0 K = D 0 F H ( K ) - ( W - T 0 P K E Y / 2 . )
S A A = A T A N C C Q K / D D F D F C K ) ) * C O N V  
RK = 1 .5 T V S ( J I ) = 0 . 0  
T V S F K = T V S F K + T V S ( K - 1 )
C A L L  V O L K E Y C D D F D F C K ) , A , F A , C A B H T , C A B R A O , H , X , W K , I F L A G ,

1 V O L ( K ) )
V 0 L ( K ) = V 0 L ( K ) * S F
V O L ( K ) = V O L ( K ) - T V S F K
T V S L K P = V 0 L ( M I )
V S F F K P = V O L ( N P K )
GO  TO  30

C
C IN P R I M E  CUT P O S I T I O N ;  C A L C U L A T E  V O L U M E  R E M O V A B L E
C

C 0 M = D D F H ( K ) - ( W - T 0 P K E Y ) / 2 .
S A A = A T A N ( C O M / D D F D F ( K ) ) * C O N V  

20 R K = 1 . 0T V S ( N P K ) = 0 . 0
T V S F P = T V S F P + T V S ( K - 1 )C A L L  V O L C U T C O O F O F C K ) , A , F A , C A B H T , C A 8 R A 0 , H , X , W , W K , I F L A G ,

1 V O L ( K ) )
V O L ( K ) = V O L ( K ) * S F
V O L ( K ) = V O L ( K ) - T V S F P

C
C C H E C K  IF D R A G L I N E  IS IN S H A L L O W  OR M E D I U M  O V E R B U R D E N
CC
C C A L C U L A T E  THE R E Q U I R E D  H O R I Z O N T A L  D I S T A N C E
C TO I N I T I A L  D U M P I N G  P O I N T  F R O M  THE D I G G I N G  F A CE
3 0 DO 5 0 J = 1 , N
CC C A L C U L A T E  S W I N G  A N G L E  TO E A C H  X - S E C T I O N  F R O M  A G I V E N  P O S T I O N
C

D T X S ( K , J ) = 0 T X S ( K , J - 1 ) - U I LS A = A C O S ( D T X S ( K , J ) / D R ) * C O N V - S A A
CC C A L C U L A T E  V O L U M E  S P O I L E D  INTO EA CH  X - S E C T I O N
C U V T C J ) = U V ( K - 1 , J ) + U V T ( J )

C 0 N S T 1 = W * T A N D ( 8 ) * U I L
C G N S T 2 = H / T A N D ( A ) 4 W / 4 . 0C 0 N S T 3 = S C R T ( D R * D R - D T X S ( K ,J ) * O T X S ( K ,J ) ) - O D F H ( K )
U V C K ,J ) = C 0 N S T 1 * C C 0 N S T 3 - C 0 N S T 2 ) - U V T C J )
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C
C C H E C K  IF V O L U M E  R E M O V A B L E  M I N U S  T O T A L  V O L U M E  S P O I L E D
C F R O M  A G I V E N  P O S I T I O N  IS E N O U G H  TO F I L L  THE G I V E N
C X - S E C T I O N A L  V O L U M E
C I F C U V C K , J ) . L E . ( V O L ( K ) - T V S ( K ) ) )  GO TO 40 

U V ( K , J ) = V O L ( K ) - T V S ( K )
C
C W E I G H T E D  S W I N G  AN G L E
C
4 0 W S A ( K ) = W S A ( K ) + S A * U V ( K , J )
C
C F I N D  T O T A L  V O L U M E  S P O I L E D  F R O M  A P O S I T I O N  BY S U M M I N G
C H O W  M U C H  V O L U M E  IN E A C H  X - S E C T I O N A L  V O L U M EC

T V S ( K ) = T V S ( K ) + U V ( K , J )C
C C H E C K  W H E T H E R  V O L U M E  R E M O V E A B L E  F R O M  A P O S I T I O N  D E P L E T E D
C

I F ( T V S ( K ) . E Q . V O L ( K ) )  GO TO 60
C
C IF Y E S  M O V E  TO N E X T  P O S I T I O N ,  IF NOT K E E P  S P O I L I N G
C
50 C O N T I N U E
C
C C A L C U L A T E  A V E R A G E  S W I N G  A N G L E  N E C E S S A R Y  F O R  A G I V E N  P O S I T I O N
C
60 I F ( T V S C K ) . E O . O . O ) G O  TO 64

A S A ( K ) = W S A X K ) / T V S ( K )
I F C K . E Q . l ) A S A C 1 ) = W S A C 1 ) / ( T V S C l ) + C O V O L )
GO TO 65

64 A S A ( K ) = G . O
C C A L C U L A T E  T H E  D I S T A N C E  D R A G L I N E  W A L K S  TO A G I V E N  P O S I T I O N
C
65 W D C K ) = S O R T ( ( D D F D F ( K ) - D D F D F ( K - l ) ) * * 2 + ( D D F H ( K ) - D D F H ( K - l ) ) *

1 *2 )
C
C C A L L  S U B R O U T I N E  TO F I N D  A V E R A G E  C Y C L E  T I M E
C

C A L L  C Y C L E ( S T 1 , S T 2 , S C C , A S A ( K ) , R K , T V S ( K ) , B C , W D ( K )
1 , W S , C L T , M , C D V O L , T T ( K ) , T C T ( K ) , W T ( K ) , D T , B P T )

C
C . F I N D  TOTA L T I ME  S P E N T  FOR THE S E G M E N T  
C

T T S S = T T S S + T T ( K )
C
C F I N D  T O T A L  V O L U M E  S P O I L E D  FOR THE S E G M E N T
C

T V S S = T V S S + T V S ( K )T k S A = T W S A + W S A ( K )
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C F I N D  T O T A L  C V Y C L E  T I M E  A N D  W A L K I N G  T I M E  F O R  THE S E G M E N TC
T O T C T = T O T C T + T C T ( K )
T 0 T W T = T 0 T W T + W T ( K )

7 0  C O N T I N U E
T V S F K = 0 . 0  
T V S F P = 0 , G
I F ( ( I F L A G . E G . 1 ) . A N D . ( M . E O . J I ) ) G O  TO 177
T V S ( 1 ) = T V S ( 1 ) + C D V 0 L
T N O C = T V S S / B CC

C F I N D  F I N A L  A V E R A G E  C Y C L E  T I M E , A N D  D R A G L I N E  P R O D U C T I O N
C

F A C T = T T S S / T N O C  
N 0 C P H = 3 6 0 0 . 0 / F A C T  

C F I N D  F I N A L  A V E R A G E  S W I N G  T I ME
0 P P H = N 0 C P H * 8 C  
O P P H = O P P H / 2 7 . 0  
O P P H B = O P P H / S F  
B C = B C / ( 2 7 . 0 * F F )
F A S A = T W S A / T V S S

C
C C A L C U L A T E  C O S T  OF P R O D U C T I O N
C

P C O S T H = P C H * P C K H
M C H = 0 . 0 6 * D P P H B
L C H = 3 . 0 * L R
T O C H = P C O S T H + M C H + L C H
D C Y = O T C / D O LI F ( C R F . N E . O . C ) D C Y = D I C * C R F
o c h = d c y / s h
A V I = D I C * ( D 0 L + 1 . 0 ) / ( 2 . 0 * O O L )I T I = I T I P * A V I
I T I H = I T I / S HT 0 W C H = D C H + I T I H
T C H = T O C H + T G W C H
E T = S H * ( A V ) * ( J F )
D A P = F T * D P P H
D A P B = O A P / S F
A D = ( D A P B * 2 7 . 0 ) / O E P T H
C V = A D * C T
C T O N  = ((C V * C D  ) / 2 0 0 0 . C ) * R F
C T H R = C T O N / S H
T G C T O N = T G C H / C T H R
T O W C T N = T O W C H / C T H R
T C T O N ^ T O C T G N + T O W C T N
t o c y d = t o c h / d p p h
T G W Y D = T O W C H / D P P H
T C Y D = T 0 C Y 0 + T 0 W Y D
H = H + C O B H
P R C C D = ( C D V O L / T V S S ) * 1 0 0
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TVSC MI) = T V S L K PT V S ( N P K ) = V S F F K P
S F = S F * 1 0 C .
R F = R F * 1 0 0 .
A V = A V * 1 0 0 .
J F = J F * l ü C .
00 195 K = 1 , N T P  
T V S ( K ) = T V S C K ) / 2 7 . 0  
T C T ( K ) = T C T ( K ) / 3 6 C 0 . 0  
W T ( K ) = W T ( K ) / 3 6 0 0 . 0  
T T ( K ) = T T ( K ) / 3 6 C O . O  

195 C O N T I N U E
W R I T E ( K Y , 2 0 0 ) H , C T , A , B , C , S F , R F , W , X , C D B H , E W , M T , D R , B C , S H , A V ,

1 JF2 00 F O R M A T C I X  , 2 8 X , ' P R O P E R T Y  C H A R A C T E R I S T I C S ' , / / , I X , 1 8 X ,
1 ' O V E R B U R D E N  H E I G H T ' , 9 X , ' : ' , F l O . 1 , 2 X , ' F T ' , / I X , 1 8 X ,
2 'C OA L  T H I C K N E S S ' , 1 2 X , ' Î ',FI 0 . 1 , 2 X , ' F T ' , / , I X , 1 8 X,
3 ' H I G H W A L L  A N G L E ' , 1 2 X , ' : ' , F 1 0 . 1 , 2 X , ' D E G R E E S ' ,
4 / , I X , 1 8 X , ' S P O I L  A N G L E  OF R E P O S E ' , 5 X , ' : ' , F 1 C . 2,
5 2 X , ' D E G R E E S ' , / , I X , 1 8 X , ' C O A L  H I G H W A L L  A N G L E ' , 7 X , ' : ' ,
6 F 1 0 . 2 , 2 X , ' D E G R E E S ' , / , I X , 1 8 X , ' S W E L L  F A C T O R ' , 1 4 X ,
7 F l O . 2 , 2 X , ' % ' , / , I X , 1 8 X , ' C O A L  R E C O V E R Y ' , 1 3 X , ' :',
8 F i C . 2 , 2 X , ' % ' , / 1 9 X ' P I T  W I D T H ' , 1 7 X , ' : ' , F 1 0 . 2 , 2 X , 'FT',
8 /I 9 X , ' C U T  L E N G T H ' , 1 6 X , ': ' , F 1 0 . 2 , 2 X , ' F T ' ,
8. / 1 X , 1 8 X , ' C H O P  DO WN B E N C H  HE IGHT ' ,4 X , ' : ' , Fl 0 . 2 , 2 X , 'FT ' ,
P / 1 X , 1 8 X , ' P I T  t X T E N T I 0 N ' , 1 3 X , ' : ' , F l G . 2 , 2 X , ' F T '
8 / / , I X , 2 7 X , ' D R A G L I N E  C H A R A C T E R I S T I C S ' ,9 / / , 1 X , 1 8 X ,  ' D R A G L I N E  T Y P E ' , 1 3 X , ' : ' , 5 X , A 1 0 , / , 1 X , 1 8 X ,
1 ' D R A G L I N E  R E A C H  ' , 1 2 X , ' : ' , F 1 0 . 2 , 2 X , ' F T ' , / , 1 X , 1 8 X ,
2 ' B U C K E T  C A P A C I T Y ' , I I X , F l O . 2 , 2 X , ' C U B I C  Y A R D ' , / , I X ,
3 1 8 X , ' S C H E D U L E D  H O U R S  ' , 1 1 X , ' : ' , F l O . 2 , 2 X , ' H O U R S / Y E A R ' , / I X ,
4 1 8 X , ' M E C H A N I C A L  A V A I L A B I L I T Y ', 3 X , F l O . 2 , 2 X , ' % ' , / , I X , I P X ,
5 'JOB F A C T O R ' , 1 6 X , F l O . 2 , 2 X , ' % ' , / / )
W R T T F C K Y , 4 5 0 ) F A S A , F A C T , O P P H , D A P , O P P H B , D A P B , C D V O L , R H V O L ,

1 P R C R H , P R C C D , C T O N , T O C T O N , T O C Y D , T O W C T N , T O W Y O , T C T O N , T C Y O  4 5 0  F 0 R M A T ( 1 X , 2 8 X , ' D R A G L I N E  P R O D U C T I O N  AND C O S T ' , / , 1 X , 3 9 X ,
1 ' S U M M A R Y ' , / / , I X , 1 8 X , ' A V E R A G E  S W I N G  A N G L E ' , 8 X ,' : ' ,F l O .2,
2 2 X , ' D E G R E E S ' , / , I X , 1 8 X , ' A V E R A G E  C Y C L E  T I M E ' , 9 X , ':',3 F 1 0 . 2 , 2 X , ' S E C O N D S ' , / / , I X , 1 8 X , ' P R O D U C T I O N  R A T E  (LOOSE ) ' , 4 X '
3 F I G . 2 , 2 X , ' C U .  Y D / H R ' , / , I X , 1 9 X , ' T O T A L  V O L U M E  S P O I L E D  ( L S ) ' , 2 X ,
4 ' : ' , F 1 C . 1 , 2 X , ' C U . Y 0 / Y E A R ' , / / , 1 X , 1 8 X , ' P R O D U C T I O N  P A T E ' ,
4 ' ( B A N K )  ' , 4 X , ' ; ' , F i 0 . 2 , 2 X , ' C U .  Y D / H R ' , / , I X , I P X ,
4 'TOTAL V O L U M E  S P O I L E D  ( B A N K ) F l O . 1 , 2 X , ' C U .  Y D / Y R '
4 , / / , 1 9 X , ' T O T A L  V O L U M E  C H O P P E D '1 , 7 X , ' : ' , F 1 C . 2 , 2 X , ' C U . Y D / Y E A R ' / I X , l e x ,
5 'TOT A L V O L U M E  R E H A N O L E D ' , 5 X , ' : ' , F l O . 2 , 2 X , ' C U . Y D / Y E A R ' ,
6 / , I X , I P X , ' P E R C E N T  R E H A N O L E D ' , 1 0 X , ' : ' , F l O . 2 , 2 X , '%',
6 / , I X , 1 8 X , ' P E R C E N T  C H O P  D 0 W N ' , 1 0 X , F l O . 2 , 2 X , '%',//,
7 1 9 X , ' T O T A L  C O A L  M I N E D ' , 1 I X , ' : ' , F l O . 2 , 2 X , ' T O N S ' , / / , 1 9 X ,
8 ' O P E R A T I N G  C O S T ' , 1 3 X , ' : ' , F 1 0 . 2 , 2 X , ' $ / T O N ' , /
8 1 X , 4 5 X , ' : ' , F 1 0 . 2 , 2 X ,  '$/C U .  Y A R 0 ' , / / , 1 X , 1 8 X ,
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1 ' O W N E R S H I P  C O S T ' , 1 3 X , ' : ' , F 1 0 . 2 , 2 X ,
2 ' $ / T 0 N ' , / , l X , 4 5 X , ' : ' , F 1 0 . 2 , 2 X , ' $ / C U .  Y A R D ' ,
3 / / , I X , 1 8 X , ' T O T A L  C O S T ' , 1 7 X , ' : ' , F 1 0 . 2 , 2X,
4 ' $ / T 0 N ' , / , l X , 4 5 X , ' : ' , F 1 0 . 2 , 2 X , ' $ / C U . Y A R D ' / / )
W R I T E ( K Y , 1 9 8 )

19 8  F O R M  A T ( I X , 2 8 X , ' D R A G L I N E  P R O D U C T I O N  S U M M A R Y ' , / , I X ,
1 4 0 X , ' F O R ' , / 1 X , 3 5 X , ' E A C H  P O S I T I O N ' , / / )
IJ = 1

2 9 0

300
3 5 0
4 0 0
4 1 0
4 2 0
4 3 0
44 0

IL = 2 
00 445  J = 1 , N T P  
W R I T E ( K Y , 2 9 0 )  
F 0 R M A T ( 1 9 X , '-

1 ' ')
W R I T E ( K Y , 3 0 G ) ( K , K = I J , I L )
F Q R M A T ( 1 X , 1 S X ,  ' P O S I T I O N ' , 2 4 X , 1 5 ( 1 2 , 1 3 X ) )
W R I T E ( K Y , 2 9 0 )
F 0 R M A T ( 1 X , 1 8 X , 1 5 A 5 )
W R I T E ( K Y , 4 0 0 ) ( T V S ( K ) , K = I J , I L )
F G R M A T C I X , I B X , ' V O L U M E  S P O I L E D  CC U.  YD ) ' , 3 X , 2 ( F 10 . 2 , 4 X ) ) 
W R I T E ( K Y , 4 1 0 ) ( A S A ( K ) , K = I J , I L )
F Q R M A T ( 1 X , 1 8 X , ' A V E R A G E  S W I N G  A N G L E  ( D ) ' , 3 X , 2 ( F l 0 . 2 , 4 X )) 
W R I T E ( K Y , 4 2 0 ) ( T C T ( K ) , K = I J , I L )
F G R M A T C I X , 1 8 X , ' E X C A V A T I N G  T I M E  ( H R S )' , 5 X , 2 ( F 10 .2  ,4 X )) 
W R I T E ( K Y , 4  30 ) C W T ( K ) , K  = I J , I L )
F O R M A T ( 1 X , 1 8 X , ' W A L K I N G  T I M E  ( H R S  ) ' , 8X , 2 ( F 10.2 , 4 X )) 
W R I T E ( K Y , 4 4  0 ) ( T T ( K ) , K = I J , I L )
F G R M A T C I X , 1 8 X , ' T O T A L  T I ME  ( H R S ) ' , 1 O X ,2 ( F 1 0 . 2 , 4 X )) 
I F ( I L . E Q . N T P ) S T G P
r u K r i A l v l A j l o A ,  I U

I F ( I L . E Q . N T P ) S T G P  
I J = I L + 1  
I L = I L + 2
I F ( I L . G T . N T P ) I L = N T P
r.DNT TNHF

I L = I L + 2
I F C I L . G

445 C O N T I N U E
E N D



T-2111 247

s u b r o u t i n e  C Y C L E C S T l , S T 2 , S C C , A S A , R K , T V S , B C , W D , W S , C L T ,  
1 K , C D V O L , T T , T C T , W T , D T , B P T )
S K = ( S T 2 - S T l ) / 3 0 .
A S T = ( A S A * S M + S C C )
A C T = ( A S T + D T + B P T ) * R K
N O C = ( T V S / B C )
I F ( M . E Q . 1 ) N 0 C = ( T V S + C D V 0 L ) / B CT C T = F L O A T ( N O C ) * A C T  
W T = W D / W S + C L T  
I F ( T V S . E G . 0 . 0 ) W T = 0 . 0  T T = T C T + W T
R E T U R N
E N D



T-2111  24 8

S U B R O U T I N E  V O L K E Y ( D L D I S T ,A ,F A ,C A B H T ,C A 8 R A O , H ,C U T  , B O T K E Y 
1 ,I F L A G , V O L )
0 £ P T H = H
I F ( I F L A G . E Q . 1 ) D F P T H  = D E P T H / 2 .
T H T A N - T A N O ( F A )
Û I G T A N = C A B H T / ( O L O I S T - C A B R A D )
O F = D L D I S T + C U T + D E P T H / T H T A N
O j = n E P T H / T A N D C F A )
X B R G W = O J
X l N T = O F - C A B R A O - ( ( O E P T H + C A B H T ) / D I G T A N )
I F ( X I N T . G T . C U T ) X I N T = C U T
U H T = C U T * D I G T A N
L H T = D E P T H - U H T
T O P K F Y - ( D E P T H / T A N D ( A ) ) * 2 . 0 + B O T K E Y
M I D K E Y = B G T K E Y 4 ( L H T / 0 E P T H ) * ( T O P K E Y - B O T K E Y )
C = - X I N T * D I G T A N
8 X L 0 N G = D E P T H / T H T A N - C / ( T H T A N - D I G T A N )
I F C X I N T . L E . 0.0)  GO TO 10 
I F ( X I N T . L E . G J ) G 0  TO 11 
I F ( X I N T . G E . 0 J ) G 0  TO 1210 V O L = ( B X L O N G + C U T ) * U H T * ( T O P K E Y + M I O K E Y ) / 4 . 0  
GO TO 13

11 V 0 L = C U T * U H T * ( T 0 P K E Y + M I D K E Y ) / 4 . + ( ( 0 E P T H * * 2 )
1 * ( T O P K E Y + B O T K E Y ) ) / ( 4 . 0 * T H T A N ) - ( X B R O W - X I N T )
1 * L H T * ( ( B 0 T K E Y + M I D K E Y ) / 4 . 0 )
GO TO 13

12 A R E A = O E P T H * ( T O P K E Y + B O T K E Y ) / 2 . 0  
X B R O W = O JV n L = ( X 6 R 0 W  + C U T - X I N T ) * ARE A / 2 . 0 4 ( X I N T - X B R O W ) * A R E A  +

1 X B R O W * A R E A / 2 . 0
13 R E T U R N

END
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S U B R O U T I N E  V G L C U T C D L D I S T ,A ,C A 3 H T , C A B R A D , H , C U T , W ,
1 B O T K E Y , I F L A G , V O L )
D E P T H = H
I F C I F L A G . E Q . l ) D E P T H = D E P T H / 2 .
T H T A N = T A N D ( F A )
D I G T A N = C A B H T / ( O L D I S T - C A f i R A D )
O F = O L D I S T + C U T + D E P T H / T H T A N  
O J - O E P T H / T A N D ( F A )
X T N T = 0 F - C A 8 R A D - ( ( D E P T H + C A 8 H T ) / D I G T A N )
I F ( X I N T . G T . C U T ) X I N T = C U T
X B R Ü W= GJ
U H T = C U T * D I G T AN
L H T = D E P T H - U H T
T O P K F Y = ( D E P T h / T A N O ( A ) ) * 2 . 0 + B O T K E Y
MÎDK F Y = 8 G T K E Y  + ( L H T / D E P T H  ) * ( T 0 P K £ Y - 8 0 T K E Y )
W I D T H = W - T O P K E YC - - X I N T * D I G T A N
6 X L 0 N G = D E P T H / T H T A N - C / ( T H T A N - D I G T A N )
I F ( X I N T . L E . O ) G O  TO 10 
I F ( X I N T . L E . O J )  GO TO 11 
I F ( X I N T . G T . O J ) G O  TO 12

10 Z l A R E l = U H T * C U T / 2 .
Z 1 A R E 2 = U H T * B X L O N G / 2 .
Z 1 T V 0 L = ( Z 1 A R E 1 + Z 1 A R E 2 ) * W T D T H
X S I D E = U H T * * 2 . * ( T 0 P K E Y - B 0 T K E Y - D E P T H / T A N 0 ( A ) ) / ( 2 . * D E P T H )
Z 2 T V 0 L = X S I D E * ( C U T + S X L 0 N G ) / 2 . 0
V 0 L = Z 1 T V 0 L + 2 . * Z 2 T V 0 LR E T U R N

11 Z l A R E l = U H T * C U T / 2 .
Z l A R 2 3 = D E P T H * 0 J / 2 .
Z l A R E 3 = ( D E P T H - U H T ) * ( X B R 0 W - X I N T ) / 2 . 0  
Z 1 V G L ^ C Z l A R E 1 + Z 1 A R 2  3 - Z 1 A R E 3 ) * W I D T H  
X S I D E = U H T * * 2 / ( 2 . * T A N D ( A ) )
Z 2 V O L 1 = X S I D E * C U T / 2 . 0T X S I D E = D E P T H * * 2 . / ( 2 . * T A N 0 ( A ) )
Z 2 V O L 2 = T X S I D E * X B R O W / 2 .
Z 2 V 0 L 3 = ( T X S I D E - X S I D E ) * ( X B R 0 W - X I N T ) / 2 .
Z 2 T V 0 L = Z 2 V G L 1 + Z 2 V 0 L 2 - Z 2 V 0 L 3
V 0 L = Z 1 V 0 L + 2 . * Z 2 T V 0 L
R E T U R N

12 Z l A R F l = D E P T H * ( X B R G W + C U T - X I N T ) / 2 .
Z1 Æ R E 2 = 0 E P I N « C X I N T - X B R O W )
Z 1 A R E 3 = D E P T H * ( X B R G W ) / 2 . 0Z l T V 0 L = ( Z l A R E i + Z l A R E 2 + Z l A R F 3 ) * W I 0 T H
X S I 0 E = D E P T H * * 2 . / ( 2 . * T A N D ( A ) )
Z 2 V O L i = X S I D E * ( X B R O W + C U T - X T N T ) / 2 .
Z 2 V O L 2 = X S I D E * ( X I N T - X B R 0 W )
Z 2 V 0 L 3 = X S I D E * X B R 0 W / 2 .
Z 2 T V 0 L = Z 2 V 0 L 1 + Z 2 V 0 L 2 + Z 2 V 0 L 3
V 0 L = Z 1 T V 0 L + 2 . * Z 2 T V 0 L
R E T U R N
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C TH IS  IS T H E  C O M P U T E R  P R O G R A M  TO C A L C U L A T E  P R O D U C T I O N  OF A D R A G L I N E
C TO S I M U L A T E  ITS C H O P O O W N  E X T E N D E D  B E N C H  O P E R A T I O N .
C P R O G R A M E D  BY K A D R I  D A G D E L E N
C P R O G R A M  N A M E  : E X T . F O R
C 
C
C I N I T I A L I Z E  V A R I A B L E S
C

D I M E N S I O N  D 0 F D F ( 0 / 1 5 ) , D 0 F H ( 0 / 1 5 ) , O T X S C 1 5 , 0 / 3 0 )  , T V S ( 0 / 1 5 )
1 , U V ( 0 / 1 5 , 0 / 3 0 ) , V O L ( 0 / 1 5 ) , A S A ( i 5 ) , T T ( 1 5 ) , T C T ( 1 5 ) , W D ( 1 5 ) ,
1 k T ( 1 5 ) , U V T ( 3 0 ) , W S A ( 1 5 ) , T V S B ( 1 5 )R E A L  I T I P , L R , L C H , M C H , J F  
D O U B L E  P R E C I S I O N  MT
D A T A  T T S F P , T T S F K / 2 * 0 . 0 / , T V S S , T T S S / 2 * 0 . 0 / , T V S / 1 6 * C . 0 / ,

1 U V / 4 9 6 * 0 . 0 / , V O L ( 0 ) / 0 . 0 / , C O N V / 5 7 . 2 9 5 7 / , T V S F K , T V S F P , T C T F B /
1 3 * 0 . 0 / , U V T / 3 0 * 0 . 0 / , W S A / 1 5 * 0 . 0 / , T W S A , T O T C T , T O T W T / 3 * 0 . 0 / ,
1 T V S B / 1 5 * 0 . 0 / , T T / 1 5 * 0 . 0 / , C D V O L / 0 . 0 / , T C T C O / 0 . 0 / , C D A S A / 0 . 0 /
0 P E N ( U N I T = 8 , F I L E = ' E X T ' , A C C E S S = ' S E Q I N ' )
W R T T F f A . q p )c

C 9 8  
C

W R I T E ( 4 , 9 8 )
F G R M A T d O X f ' D O  Y O U  W A N T  THE O U T P U T  ON THE L I N E  P R I N T E R ? ' ,
1 / 1 C X , ' T Y P E  YES OR N O ')

C R E A D ( 4 , 9 9 ) A N S
C 9 9  F Q R M A T C A 5 )
C I F ( A N S . E Q . Y E S ) K Y = 6
C I F ( A N S . E Q . N 0 ) K Y = 4

K Y = 6R E A O ( 8 , i O O ) H , W , C T , C D , A , B , C , F A , S F , X , W K  
100 F 0 R M A T ( 1 2 F )I V 1 f r V

R E A O ( 8 , 1 0 5 ) C O 3 H  
105 F O R M A T ( F )
110  

120 

150 
1 60
1 7 0  
130 
140
171

172

R E A D ( 8 , 1 1 0 ) M T
F O R M A T C A I O )R E A D ( 8 , 1 2 C ) D R , B C , C A B H T , C A B R A D , P  
F 0 R M A T ( 5 F )
R E A D ( 8 , 1 5 C ) D T , B P T , S T 1 , S T 2 , S C C , W S , C L T  
F 0 R M A T ( 7 F )R E A 0 ( 8 , 1 6 0 ) S H , A V , J F , R F , F F  
F O RM  A T (5 F  )
R £ A O ( 8 , 1 7 C )ü I C , P C K H , P C H , L R , D O L , C R F , I T I P  
F O R M A T ( 7 F  )
R E A D ( 8 , 1 3 0 ) N P K , N T P , N  
F O R M A T (31)
R E A 0 ( 8 , 1 4 C ) ( D D F D F ( J ) , D D F H ( J ) , J = 1 , N T P )
F O R M A T ( 2 F  )
R E A 0 ( 8 , 1 7 1 ) I F L A G  
F O R M A T ( I  )
I F d F L A G . E Q . O G O  TO 174 
R E A 0 ( B , 1 7 2 ) N F S I K P , N F S L K P , N F S T P  
F O R M A T O I )
R E A D ( 8 , 1 7 3 ) ( C O F D F ( J ) , D O F H ( J ) , J = N F S I K P , N F S T P )
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1 7 3  F 0 R M A T C 2 F )  ç 
I F d F L A G . E O . D G G  TO 1761 7 4  T 0 P K E T = ( H / T A N 0 ( A ) ) * 2 . + W K  
I F C T O P K E Y . L E . W - 5 . ) G 0  TO 176 
W R I T E ( 4 , 1 7 5 )

1 7 5  F O R M A T ( 1 X , 1 0 X , ' O V E R B U R D E N  IS TOO D E E P ' , /
1 1 X , 1 0 X , ' I T  W I L L  BE M I N E D  IN TWO L I F T S ' , /
1 I X , l O X , ' E N T E R  NEW SET OF D R A G L I N E ' , /
1 I X , I C X , ' P O S I T I O N S  F O R  S E C O N D  L I F T ' )
STOP

C I N I T I A L I Z E  V A R I A B L E S176 S F = 1 . C + S F / I G C .
I F C I F L A G . E Q . C ) N F S T P = N T P  
P O R = D R
FA = A
8 C = B C * F F * 2 7 . CU I L = X / F L O A T ( N )DO 15 I = 1 , N F S T P  
D T X S ( I , 0 ) = D O F D F ( I ) - P + X + U I L / 2 .

15 C O N T I N U E  D E P T H = H  
S W E L L = S F
I F ( C D B H . E Q . O . ) G O  TO 301 
H E = C D B H / T A N D ( A )
00 16 J = 1 , N F S T P  D D F H C J ) = D D F H ( J )

16 C O N T I N U E
C C A L C U L A T E  A V E R A G E  S W I N G  A N G L E  F O R  C H OP  D O W N  

Y D = ( 3 . / 2 . ) * X - D D F 0 F ( 1 )
X D = W - D D F H ( K )
C D A S A = ( ( A T A N ( X D / Y D ) ) + ( AS I N < O O F H C K ) / D R ) ) ) * C O N V
C D V O L = ( C D B H » X * W ) * S F
T V S S = C O V O L

C
C C A L C U L A T E  A V E R A G E  C Y C L E  T I ME  FOR C H O P  D O W N  

S M = C S T 2 - S T l ) / 3 0 . 0  
A S T = ( C D A S A * S M + S C C )
A C T = ( A S T + D T + B P T ) * 1 . 5

CC C A L C U L A T E  T O T A L  T I ME  S P E N T  F O R  C H O P I N G  D O W N  
N 0 C = C D V 0 L / ( 3 C * C . P )T C T C 0 = F L 0 A T C N O C ) * A C T

C
C SP OI L  R O O M  G A I N E D  F R O M  C H O P P I N G  

S R G = W * C D B H * T A N D ( B ) / T A N D ( A )
CC E F F E C T I V E  H E I G H T  R E D U C T I O N  F R O M  C H O P P I N G  

H G = S R G / ( W * S F )
H = H - H G

C
C R E Q U I R E D  D R A G L I N E  O P E R A T I N G  R A D I U S
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301 O D R = H / T A N D ( A ) + C T / T A N O ( C ) + H * S F / T A N D ( B ) + W / 4 . 0 + P  
D O P = O D R + X * * 2 / ( 4 . 0 * O D R )
I F ( O R . G T . D O R )  W R I T  EC 4, 302)

3 0 2  F O R M A T C l O X , ' D R A G L I N E  HAS E N O U G H  R E A C H ' ,
1 / 1 0 X , ' R U N  " S I D E  C A S T I N G  M O D E L " ' )
IF ( D R . G T . D O R ) S T O P
H = D £ P T H - C O B H

C
C R E Q U I R E D  PI T W I D T H  E X T E N S I O N  

E W = D O R - O R
IF C E W . L E . 0 . C ) E W = 0 . 0 
D O F H ( 0 ) = D D F H ( N T P ) - E W  
O D F D F ( 0 ) = - X + C D F D F ( N T P )

C
C V O L U M E  OF THE M A T E R I A L  R E Q U I R E D  TO E X T E N D  T H E  B E N C H  

C A L L  E X V 0 L ( H , C T , E W , X , W , A , 8 , C , E V )
C a l l  THE C H O P  D O W N  M A T E R I A L  U S E O ; C A L C U L A T E  V O L U M E  N E E D E D  F R O M  THE KEY C3 0 3  E V B = E V  

I F ( C D V 0 L . G E . E V ) C D V 0 L = E V  
C D G H = C O V O L / ( W * X * S F )
E V = £ V - C D V O LC

C C A L C U L A T E  TH E  V O L U M E S  A L R E A D Y  S P O I L E D  F R O M  THE 
C, E X T E N D E D  B E N C H  I N T O  THE C R O S S  S E C T I O N A L  I N T E R V A L S  

CA LL  V O L S ( H , C T , E W , W , A , B , C , U I L , V O L A S )
V O L A S C = ( V O L A S / U I L ) * X  
00 12 J = 1 , N  
U V T ( J ) = V O L A S  

12 C O N T I N U ER H V 0 L = E V 6 - V 0 L A S C
T 0 P K E Y = ( H / T A N 0 ( A ) ) * 2 . + W K
I F ( I F L A G . E 0 . 1 ) T 0 P K E Y = ( H / T A N D ( A ) ) + W K
JM = 1
M=0
M I = N P K
J I = N T P

1 7 7  I F ( ( I F L A G . E Q . l ) . A N D . ( M . E O . J I ) ) J M = N F S I K P  
I F ( ( I F L A G . E O . l ) . A N D . ( M . E O . J I ) ) N T P = N F S T P  I F ( ( I F L A G . E Q . l ) . A N D . ( M . E Q . J I ) ) N P K = N F S L K P  
T V S L = T V S ( J I )

C
C F I N I S H  THE B E N C H  E X T E N T I O N  A N D  S P O I L  THE R E S T  BY S I DE  C A S T I N G  

DO 7 0 K = J M , N T P
C
C C H E C K  W H E T H E R  D R A G L I N E  IS IN KEY CUT
C

I F ( K . G T . N P K )  GO TO 20
C
C
C D R A G L I N E  IS IN KEY CUT P O S T I O N ;  C A L C U L A T E  V O L U M E  R E M O V E A B L E
C
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C O K = O D F H ( K ) - ( W - T O P K E Y / 2 .  )
S A A = A T A N ( C O K / O D F D F ( K ) ) * C O N V
R K = 1 . 5
T V S ( J T ) = 0 . 0
T V S ( N T P ) = 0 . 0T V S F K = T V S F K + T V S ( K - 1 )
C A L L  V O L K E Y C D D F D F C K ) , A , F A , C A B H T , C A B R A O , H , X , W K , I F L A G , V O L ( K ) )  
V O L C K  ) = V O L C K ) * S F  
V 0 L ( K ) = V 0 L C K ) - T V S F K  
V S F L K P = V O L ( M I )V S F F K P = V O L C N P K )
GO TO 30

C
C IN P R I M E  C U T  P O S I T I O N ;  C A L C U L A T E  V O L U M E  R E M O V A B L E
C

C 0 M = D D F H C K ) - C W - T 0 P K E Y ) / 2 .
S A A = A T A N C C O M / D D F D F C K ) ) * C O N V
IF C K . N E . N I P ) G O  TO 2 0 
I F ( E W / 2 . . G T . 0 0 F H ( N T P ) ) G 0  TO 18 
C 0 F B = D D F H C N T P ) + E W / 2 .
S A A = C A T A N C C O E B / O D F D F C N T P ) ) * C O N V )

18 C û E B ^ C E W / 2 . 0 - D D F H C N T P ) )
S A A = - C A T A N C C O E B / O D F D F C N T P ) ) * C n N V )

20 R K = 1 . 0
I = K
T V S ( N P K ) = C . O  
T V S F P = T V S F P + T V S C K - 1 )
CA LL  V O L C U T C D O F D F C K )  ,J ,J I ,A ,B ,F A , C A B H T ,C A B R A D ,H ,C T , X ,S F ,W ,

1 E W , W K , I F L A G , R H V O L , N T P , V O L C K ) )
V O L C K )  = V G L C K  )
V O L C K ) = V O L C K ) - T V S F PC

C C H E C K  IF ANY M O RE  M A T E R I A L  N E E D E D  TO E X T E N D  THE B E N C H  
30 I F C E V . L E . C . O G G  TO 304
C IF YES E X C A V A T E  F R O M  F R O M  THE K E Y C U T  TO E X T E N D  THE B E N C H  

E V = E V - V O L C K )
I F C E V . L E . 0 . 0 )  GO TO 305 

C A V E R A G E  S W I N G  A N G L E  TO E X T E N D  THE B E N C H
A SA CK  ) = 9 0 . 0  + C A C O S C D O F H C K ) / D R ) ) * C O N V - S A A  
T V S C K ) = V O L C K )
GO TO 65 

305 T V S B C K ) = V O L C K ) + E V
S A = 9 0 . 0 + C A C 0 S C D D F H C K ) / D R ) ) * C 0 N V - S A A
W S A C K ) = S A * T V S B C K )
V 0 L C K ) = V 0 L C K ) - T V S B C K )

C C A L C U L A T E  V O L U M E  S P O I L E D  F R OM  EA CH  P O S I T I O N  I N T O  E A C H  X - S E C T I O N
Cc
30 4 I F C K . E O . N T P ) D R = D R + E W  00 50 J = 1 , N

D T X S C K ,  J) = D T X S C K ,  J - D - U I L
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UVT( J ) = U V T (  J.) + U V ( K - 1  , J )
S A = A C O S ( O T X S ( K i J ) / D R ) * C O N V - S A A
C 0 N S T 1 = W * T A N 0 ( B ) * U I L  
C 0 N S T 2 = H / T A N D ( A ) + W / 4 .0C O N S T 3 = S Q R T C D R * O R - O T X S ( K , J ) * D T X S ( K , J ) ) - O D F H ( K )
UV(K , J ) = C 0 N S T 1 * ( C 0 N S T 3 - C 0 N S T 2 ) - U V T ( J )
I F ( U V ( K , J ) . L T . 0 . G ) U V ( K , J ) = G . 0I F C U V C K , V O L ( K ) - T V S C K ) ) )  GO TO 40
UVCK , J ) = V O L ( K ) - T V S ( K )

4 0 W S A ( K ) = W S A ( K ) + S A * U V ( K , J )
T V S ( K ) = T V S ( K ) + U V ( K , J )
I F C T V S ( K ) . E O . V O L C K ) )  GO TO 60 

50 C O N T I N U E6 0 T V S ( K ) = T V S B ( K ) + T V S ( K )
I F C T V S C K ) . N E . O . O ) A S A C K ) = W S A ( K ) / T V S C K )

6 5 W D ( K ) = S Q R T ( ( C D F D F ( K ) - D D F 0 F ( K - 1 ) ) * * 2 + ( D D F H ( K ) - D D F H ( K - 1 ) ) *
1 *2)
I F ( K • E Q . N T P ) W D ( K ) = W D ( K ) + E W

C
C C A L L  S U B R O U T I N E  TO F I N D  A V E R A G E  C Y C L E  T I M E
C

I F ( K . E Q . 1 ) W S A ( 1 ) = A S A ( 1 ) * T V S ( 1 ) + C 0 V 0 L * C D A S A
A S A ( 1 ) = W S A ( 1 ) / ( T V S ( 1 ) + C 0 V 0 L )C A L L  C Y C L E C S T l  , S T 2 , S C C , A S A ( K  ),RK r r r S < K ) , B C , W D C K ) , W S ,

1 C L T , D T , B P T , T T ( K ) , T C T ( K ) , W T ( K ) )
IFCK'.EQ.l ) T T C 1 )  = TTC D  + T C T C D  
T T S S = T T S S + T T ( K )
T V S S = T V S S + T V S ( K )W S A ( K ) = A S A ( K ) * T V S ( K )
I F ( K . E Q . 1 ) W S A ( 1 ) = A S A ( 1 ) * ( T V S ( 1 ) + C 0 V 0 L )
T W S A = T W S A + W S A ( K )T O T C T = f O T C T + T C T ( K )
T O T W T = T O T W T + W T ( K )  
v, = K

70 C O N T I N U E  T V S F K = C . O  
T V S F P = 0 . 0
D R = P D R
I F ( I F L A G . E 0 . 1 ) S F = S W E L LI F C C I F L A G . E Q . l ) .  A N D . ( M . E O . J I ) ) G O  TO 177
T N 0 C = T V S S / 8 C
F A C T = T T S S / T N O C
N 0 C P H = 3 6 0 0 . 0 /FACT0 P P H = N G C P H « B C / 2 7 .
D P P H B = D P P H / S F
B C = 8 C / ( 2 7 . * F F )
F A S A = T W S A / T V S S  
B V = ( W * D E P T H * X ) * S W E L L  
P R C R H = ( R H V O L / B V ) * 1 0 0 .P P C C n = ( C D V O L / B V ) * 1 0 0 . 0
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C C A L C U L A T E  C O S T  OF P R O D U C T I O N
C

P C O S T H = P C H * P C K H
M C H = 0 . 0 6 * O P P H 8
L C H = 3 . 0 * L R
T O C H = P C O S T H + M C H + L C H
D C Y = D I C / D O LI F C C R F . N E . O . 0 ) D C Y = D I C * C R F  
O C H = D C Y / S H
A V I = D I C * ( O O L + 1 . 0 ) / ( 2 . 0 * D O L )I T I = I T I P * A V I  
I T I H = I T I / S H  
T 0 W C H = D C H + I T 1 H  
T C H = T O C H + T O W C H  E T = S H * ( A V ) * C J F )
D A P = E T * O P P H
D A P B  = 0 A P / S F - C ( D A P / S F ) * P R C R H / 1  00 .)
A D = 0 A P B * 2 7 . / D E P T H  
C V = A O * C TC T O N = ( ( C V * C O ) / 2 0 0 0 . 0 ) * R F
C T H R = C T O N / S H
T O C T O N = T O C H / C T H R
T O W C T N = T O W C H / C T H R
T C T O N = T O C T O N + T O W C T N
t o c y d = t o c h / d p p h
T 0 k Y 0 = T 0 W C H / D P P H
t c y o = t o c y d + t o w y d
R H V O L = O A P * P R C R H / 1 0 0 .
T V S ( 1 ) = T V S ( 1 ) + C D V 0 L
C O V G L = D A P * P R C C O / 1 0 0 .
T V S ( M I ) = V S F L K P
T V S ( N P K ) = V S F F K P
T V S ( J I ) = T V S LH = D E P T H
S F = S W E L L * 1 0 0 .
R F - R F * 1 0 C .
A V = A V * 1 0 0 .
J F = J F * 1 0 0 .
DO 195 K = 1 , N T P  
T V S ( K ) = T V S ( K  ) / 2 7 . 0  
T C T ( K ) = T C T ( K ) / 3 6 0 0 . 0  
WI CK  ) = W I C K )/ 3 6 0 0 . 0  
T T ( K ) = T T C K ) / 3 6 C 0 . 0  1 9 5  C O N T I N U E
W R I T E ( K Y , 2 0 0 ) H , C T , A , B , C , S F , R F , W , X , C D R H , E W , M T , D R , B C , S H , A V ,  

1 JF
2 00 F O R M A T ( I X  , 2 8 X , ' P R O P E R T Y  C H A R E C T E R I  S T I C S ' , / / , I X , 1 8 X ,

1 ' O V E R B U R D E N  H E I G H T  ',9X, ' : ' , F 1 0 . 1 , 2 X , ' F T ' , / 1 X , 1 6 X ,
2 'COA L T H I C K N E S S ' , 1 2 X , ' : ' , F I D . 1 , 2 X , ' F T ' , / , l X , 1 8 X ,
3 ' H I G H W A L L  A N G L E ' , 1 2 X , ' : ' , F 1 G . 1 , 2 X , ' D E G R E E S ' ,
4 / , I X , 1 8 X , ' S P O I L  A N G L E  OF R E P O S E ' , 5 X , ' : ' , F l C . 2,
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5 2X , ' D E G R E E S ' , / , I X , 1 8 X , ' C O A L  H i G H w A L L  A N G L E ', 7 X ,
6 F l O . 2 , 2 X , ' D E G R E E S ' , / , I X , 1 8 X , ' S W E L L  F A C T O R ' , 1 4 X , ' : ' ,
7 F l O . 2 , 2 X , ' % ' , / , I X , 1 8 X , ' C O A L  R E C O V E R Y ' , 1 3 X ,':',
8 F 1 0 . 2 , 2 X , ' % ' , / 1 9 X ' P I T  W I D T H  ' , 1 7 X , ' : ' , F 1 0 . 2 , 2 X , ' F T ',
8 / 1 9 X , ' C U T  L E N G T H ' , 1 6 X , ' ; ' , F i 0 . 2 , 2 X , ' F T ' ,
8 / 1 X , 1 8 X , ' C H O P  D O W N  B E N C H  HE I G H T ' , 4 X F l 0 . 2 , 2 X , ' F T ',
8 / I X , 1 3 X ,  'PIT E X T E N T I O N ' , 1 3 X , F l O . 2 , 2 X , ' F T '
8 / / , 1 X , 2 7 X , ' D R A G L I N E  C H A R E C  T E RI ST ICS ',
9 / / , I X , 1 8 X , ' D R A G L I N E  T Y P E ', 1 3 X , 5 X , A 1 0 , / , 1 X , 1 8 X ,
1 ' D R A G L I N E  R E A C H ' , 1 2 X , ' : ' , F 1 0 . 2 , 2 X , ' F T ' , / , l X , i e X ,
2 ' B U C K E T  C A P A C I T Y ' , 1 1 X , ' : ' , F 1 0 . 2 , 2 X , ' C U B I C  Y A R D ' , / , I X ,
3 1 8 X , ' S C H E D U L E D  H O U R S  ' , 1 1 X, ': ',F l 0 . 2 , 2 X , ' H O U R S / Y E A R ' , / I X ,
4 1 8 X , ' M E C H A N I C A L  A V A I L A B I L I T Y ' , 3 X , F l O . 2 , 2 X , ' % ' , / , I X , 1 8 X ,
5 'JOB F A C T 0 R ' , 1 6 X , ' : ' , F 1 0 . 2 , 2 X , ' % ' , / / )
W R I T E C K Y , 4 5 0 ) F A S A , F A C T , D P P H , D A P , D P P H B , D A P B , C D V O L , R H V O L ,

1 P R C R H , P R C C D , C T O N , T O C T O N , T O C Y D , T O W C T N , T O W Y D , T C T O N , T C Y D
4 5 0  F G R M A T C I X , 2 8 X , ' D R A G L I N E  P R O D U C T I O N  A N D  C O  S T ' , / , 1 X,39X,

1 ' S U M M A R Y ' , / / , I X , 1 8 X , ' A V E R A G E  S W I N G  A N G L E ' , 8 X , ' : ' , F l O . 2,
2 2 X , ' D E G R E E S ' , / , I X , 1 8 X , ' A V E R A G E  C Y C L E  T I M E ' , 9 X , ' î ' ,
3 F l O . 2 , 2 X , ' S E C O N D S ' , / / , I X , 1 8 X , ' P R O D U C T I O N  R A T E  C L O O S E ) ' , 4 X , ' î '
3 F 1 0 . 2 , 2 X , ' C U .  Y O / H R ' , / , I X , 1 8 X , ' T O T A L  V O L U M E  S P O I L E D  C L S ) ' , 2 X ,4 ' ; ' , F 1 0 . 1 , 2 X , ' C U . Y D / Y E A R ' , / / ,
4 I X , 1 8 X , ' P R O D U C T I O N  R A T E  C B A N K )  ' , 5 X , ' : ' , F 1 0 . 2 , 2 X , ' C U . Y D / H R ',
4 / , I X , 1 8 X , ' T O T A L  V O L U M E  S P O I L E D  C R A N K ) F l O . 1 , 2 X ,
4 'CU. Y D / Y E A R ' , / / , 1 9 X , ' T O T A L  V O L U M E  C H O P P E D '
1 , 7 X, ':' , F 1 0 . 2 , 2 X , ' C U . Y D / Y E A R ' / I X , 1 8 X ,
5 'TOT A L  V O L U M E  R E H A N O L E D ' , 5 X , F l O . 1 , 2 X , ' C U . Y 0 / Y E A R ' ,
6 / , I X , 1 8 X , ' P E R C E N T  R E H A N D L E D ',1 O X , ' : ' , F 1 0 . 2 , 2 X , % ,
6 / , I X , 1 8 X , ' P E R C E N T  C H O P  D O W N ' , l O X , ' : ' , F l O . 2 , 2 X , '%',//,7 1 9 X , ' T O T A L  C O A L  M I N E D ' , I I X , '  , F 1 0 . 2 , 2 X , ' TONS ' , / / , 1 9 X ,
8 ' O P E R A T I N G  CO ST ' , 1 3 X , ' : ' , F 1 0 . 2 , 2 X , / T O N  ',/
8 1 X , 4 5 X , '; ' , F 1 0 . 2 , 2 X , ' $ / C U .  Y A R O ' , / / , 1 X , 1 8 X ,
1 ' O W N E R S H I P  C 0 S T ' , 1 3 X , ' : ' , F 1 0 . 2 , 2 X ,
2 ' $ / T 0 N ' , / , l X , 4  5 X , ' : ' , F 1 0 . 2 , 2 X , ' $ / C U .  Y A R D ' ,
3 / / , I X , I B X , ' T O T A L  CO ST ' , 1 7 X , ' :' , F 1 0 . 2 , 2 X ,
4 ' $ / T O N ' , / , 1 X , 4 5 X , ' : ' , F 1 C . 2 , 2 X , ' $ / C U . Y A R D ' / / )
W R I T E C K Y , 1 9 8 )

1 9 8  F O R M A T C I X  , 2 8 X , ' D R A G L I N E  P R O D U C T I O N  S U M M A R Y ' , / , I X ,
1 4 0 X , ' F O R ' , / 1 X , 3 5 X , ' E A C H  P O S I T I O N ' , / / )
IJ = 1 IL = 2
DO 445 J = 1 , N T P  
UR T I E ( K Y , 290 )

2 9 0  F 0 R M A I C 1 9 X , ' - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - ',
I r--------------------')
W R I T E C K Y , 300 )CK,K = I J , I L )

3 0 0  F O R M A T C I X , 1 8 X , ' P O S I T I O N ' , 2 4 X , 1 5 C I 2 , 1 3 X ) )
W R I T E C K Y , 2 9 0 )

3 50 F O R M A T C I X , 1 8 X , 1 5 A5)
W R I T E C K Y , 4 0 0 ) ( T V S ( K ) , K = I J , I L )

4 0 0  F O R M A T C I X , I B X , ' V O L U M E  S P O I L E D  CCU. Y D ) ' , 3 X , 2 C F 1 0 . 2 , 4 X ))
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W R Î T E C K Y , 4 1 0 ) ( A S A C K ) , K = I J , I L )
4 1 0  F O R M A T C I X , 1 8 X , ' A V E R A G E  S W I N G  A N G L E  C 0 ) ' , 3 X , 2 C F 1 0 . 2 , 4 X ) ) 

W R I T E C K Y , 4  2 0 ) C T C T C K ) , K = I J , I L )
4 2 0  F G R M A T C I X , 1 8 X , ' E X C A V A T I N G  T I M E  C H R S )' , 5 X , 2 C F l 0 . 2 ,4X ) ) 

W R I T E C K Y , 4  3 0 ) C W T C K ) , K = I J , I L )
4 3 0  F O R M A T C I X , I B X , ' W A L K I N G  T I M E  C H R S  ) ' , 8 X , 2 C F 1 0 . 2 , 4X ) ) 

W R I T E C K Y , 4 4 0 ) C T T C K ) , K = I J , I L )4 4 0  F O R M A T C I X , 1 8 X , ' T O T A L  T I M E  C H R S ) ' ,1 O X , 2 C F 1 G . 2 , 4 X )) 
I F C I L . E O . N T P ) S T O P  
I J = I L + 1  
l L = I L + 2
I F C I L . G T . N T P ) I L = N T P  

4 4 5  C O N T I N U E  END
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S U B R O U T I N E  E X V O L ( A E , E D , A G , X , W , A , B , C , E V )  
OP = W
A D = A E + E O
E F = A E / T A N D ( A )BC = AO
G 8 = 9 C / T A N 0 ( B )
A B = A G + G B  
FH = ED
H 0 = F H / T A N D ( OD P = E F + H O + O P
P C = A B - D P
I F ( P C . L 6 . 0 . C ) P C = C . 0
EA1=AB*A0.
E A 2 = G B * B C / 2 . 0
E A 3 = A E * E F / 2 .
E A 4 = E F * E D + F H 4 H 0 / 2 . 0
E A 5 = P C * * 2 . * T A N D ( B ) / 4 .
E A = E A 1 - ( E A 2 + E A 3 + E A 4 + E A 5 )
E V = E A * XR E T U R N
E N D
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S U B R O U T I N E  V O L S ( A E , E O , A G , W , A , B , C , U I L , V O L A S )
T U = A E + e O
A O - T U
A Y = A E / T A N D ( A ) + E D / T A N O ( C )
Y Q - A D / T A N D ( B )
A O = A Y + Y Q  
T Q = ( A Q - A G ) / 2 .T S = T Q * T A N D ( 8 )
S U = T U - T S
A R 0 S C = S U * * 2 . / T A N D ( B )

C O N S I D E R  THE S E C O N D  C A S E  
G B = A O / T A N D C B )
A B = A G + G 8  
E F = A E / T A N D ( A )
H O = E D / T A N D ( C )
OP=£F-fHO+W
P C = A B - D P
I F ( P C . L E . O . 0 ) P C = O . O
A R P R C = P C * * 2 . * T A N 0 ( B ) / 4 .
V 0 L A S = ( A R 0 S C - A R P R C ) * U I L
R E T U R N
E ND
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S U B R O U T I N E  C Y C L E ( S T 1 , S T 2 , S C C , A S A , R K , T V S , B C , W D , W S , C L T ,  
1 D T , B P T , T T , T C T , W T )
S M = ( S T 2 - S T l ) / 3 0 .
A S T = ( A S A * S M + S C C )A C T = ( A S T + D T + B P T ) * R K
N O C = C T V S / B C )
T C T = F L O A T ( N O C ) * A C T
W T = W D / W S + C L T
TT = TC T + WT
R E T U R N
E N D
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S U B R O U T I N E  V O L K E Y COLD  I S T i A ,F A ,C A 8 H T ,C A B R A D , H ,C U T , 
1 B O T K E Y , I F L A G , V O L )
D E P T H = H
I F ( I F L A G . E Q . l ) D E P T H = D E P T H / 2 .
T H T A N = T A N O ( F A )
D I G T A N = C A B H T / ( O L O I S T - C A B R A D )
O F = D L D I S T + C U T + D E P T H / T H T A N
0 J = D F P T H / T A N D ( F A )
X 6 P 0 k = 0 J
X I N T = O F - C A B R A D - ( ( D E P T H + C A B H T ) / D I G T A N )
I F ( X I N T . G T . C U T ) X I N T = C U T
U H T = C U T * D I G T A N
L H T = D E P T H - U H T
T O P K E Y = ( D E P T H / T A N D ( A ) ) * 2 . 0 + B O T K E Y
M I D K E Y = B O T K E Y + ( L H T / D E P T H ) * ( T O P K E Y - B O T K E Y )
C = - X I N T * D I G T A N
b x l o n g = d e p t h / t h t a n - c / c t h t a n - d i g t a n ) 
I F ( X I N T . L E . O . O )  GO TO 10 
I F C X I N T . L E . G J ) G O  TO 11 
I F ( X T N T . G E . O J ) G O  TO 12

10 V O L = ( B X L O N G + C U T ) * U H T * ( T O P K E Y + M I D K E Y ) / 4 . 0  
GO TO 13

11 V 0 L = C U T * U H T * ( T 0 P K E Y + M I D K E Y ) / 4 . + ( ( 0 E P T H * * 2 )
1 * ( T 0 P K E Y + B 0 T K E Y ) ) / ( 4 . 0 * T H T A N ) - ( X B R 0 W - X I N T )
1 * L H T * ( ( B 0 T K E Y + K I D K E Y ) / 4 . 0 )
GO TO 13

12 A P E A = D E P T H * ( T O P K E Y + B O T K E Y ) / 2 . 0  
X B R O W = O JV 0 L = ( X B R O W + C U T - X I N T ) * A R E A / 2 . 0 + ( X I N T - X 8 R 0 W ) * A R E A +

1 X B R O W * A R E A / 2 . 0
13 R E T U R N  

E N D
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S U B R O U T I N E  V O L C U T C O L D  1ST f I ,J I ,A ,B ,F A ,C A B H T  , C A B R A O  , H ,C T ,C U T , 
1 S F , W , S E W , B O T K E Y , I F L A G , R H V O L , N T P , V O L )
E W = S E W
D E P T H = H
I F C I F L A G . E Q . l ) D E P T H = 0 E P T H / 2 .
T H T A N = T A N D ( F A )
D I G T A N = C A B H T / ( D L D I S T - C A B R A D )
O F = D L O I S T + C U T + D E P T H / T H T A N
O J = D E P T H / T A N D ( F A )
X I N T = O F - C A B R A D - ( ( O E P T H + C A B H T ) / D I G T A N )
I F ( X I N T . G T . C U T ) X I N T = C U T
X 8 R 0 W = 0 J
U H T = C U T * O I G T A N
L H T = D E P T H - U H T
T O P K E Y = ( D E P T H / T A N D ( A ) ) + 2 . 0 + 8 0 T K E Y
M I D K E Y = B 0 T K E Y + ( L H T / 0 E P T H ) * ( T 0 P K E Y - 6 0 T K E Y )
W I D T H = W - T 0 P K E YC = - X I N T * n i G T A N
B X L O N G = O E P T H / T H T A N - C / ( T H T A N - D I G T A N )
I F C X I N T . L E . 0 ) G O  TO 10 
I F ( X I N T . L E . O J )  GO TO 11 
I F ( X I N T . G T . 0 J ) G 0  TO 12

10 Z l A R E l = U H T * C U T / 2 .
Z l A R E 2 = U H T * B X L 0 N G / 2 .Z 1 T V 0 L = ( Z 1 A R E 1 + Z 1 A R E 2 ) * W I 0 T H
X S I 0 E = U H T * * 2 . * ( T 0 P K E Y - B 0 T K E Y - 0 E P T H / T A N D ( A ) ) / ( 2 . * C E P T H )
Z 2 T V 0 L = X S i n E * ( C U T + 8 X L 0 N G ) / 2 . 0V 0 L = ( Z 1 T V 0 L + 2 . * Z 2 T V 0 L ) * S F
R E T U R N

11 Z l A R E l = U H T * C U T / 2 .
Z l A R 2 3 = D E P T H * 0 J / 2 .
Z 1 A R E 3 = ( D E P T H - U H T ) * ( X B R O W - X I N T ) / 2 . 0  
Z 1 V 0 L = ( Z 1 A R E 1 + Z 1 A R 2  3 - Z 1A R E 3 ) * W I D T H  
X S I D E = U H T * * 2 / ( 2 . * T A N D ( A ) )
Z 2 V O L 1 = X S I O E * C U T / 2 . 0  T X S I D E = D E P T H * * 2 . / ( 2 . * T A N D ( A ) )
Z 2 V 0 L 2 = T X S I D E * X B R 0 W / 2 .Z 2 V O L 3  = ( T X S I D E - X  S I D E ) « ( X B R 0 W - X l N T ) / 2 .
Z 2 T V 0 L = Z 2 V 0 L 1 + Z 2 V 0 L 2 - Z 2 V 0 L 3
V 0 L = ( Z 1 V 0 L + 2 . * Z 2 T V 0 L ) * S F
R E T U R N

12 Z l A R F l = 0 E P T M * ( X B R 0 W + C U T - X I N T ) / 2 .
7 1 A R E 2 = n E P T H * ( X I N T - X B R 0 W )
Z l A R E 3 = D E P T H * ( X 8 R 0 W ) / 2 . 0Z l T V 0 L = ( Z l A R E l + Z l A R E 2 + Z l A R E 3 ) * k I D T H
X S I 0 E = D E P T H * * 2 . / ( 2 . * T A N 0 ( A ) )
Z 2 V 0 L l = X S I D E * ( X B R 0 W + C U T - X I N T ) / 2 .
Z 2 V 0 L 2 = X S I D E * ( X I N T - X B R 0 W )
Z 2 V 0 L 3 = X S I 0 E * X B R 0 W / 2 .
Z 2 T V 0 L = Z 2 V 0 L 1 + Z 2 V 0 L 2 + Z 2 V 0 L 3V 0 L = ( Z 1 T V 0 L + 2 . * Z 2 T V 0 L ) * S F
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I F C I . N E . N T P ) R E T U R N
E W l = D E P T H / T A N n ( A )
I F ( E W . L T . E W 1 ) G 0  TO 13
E V R 1 = ( D E P T H * * 2 / ( 2 . * T A N D ( A ) ) + ( E W - D E P T H / T A N D ( A ) ) * D E P T H  

1 + D E P T H * * 2 / ( T A N D ( B ) * 2 . ) ) * C U T
GO TO 15

13 E V B 1 - ( E W * D E P T H + D E P T H * * 2 / ( 2 . * T A N D ( B ) ) - D E P T H * * 2 / ( 2 . * T A N D ( A ) ) ) * C U T
15 I F ( ( I F L A G . E Q . 1 ) . A N D . ( I . L E . J I ) ) E V B = E V B 1

IF(( I F L A G . E O . D . A N O . C  I.GT. J I ) ) E V B  = R H V 0 L - E V B 1
I F C I F L A G .  E Q . O E  VB = R H V O L
V 0 L = V 0 L + E V 3R E T U R N
END
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C T H I S  IS TH E  C O M P U T E R  P R O G R A M  F O R  P U L L B A C K  O P E R A T I O N  
C P R O G R A M E D  BY K A D R I  D A G O E L E N

D I M E N S I O N  D 0 F D F ( 0 / 1 5 ) , O D F H ( 0 / 1 5 ) , O T X S ( 1 5 , 0 / 3 0 ) , T V S ( 0 / 1 5 )  
1 , V O L ( 0 / 1 5  ) , A S A ( 1 5 ) , T T ( 1 5 ) , T C T ( 1 5 ) , W D C 1 5 )  , W T ( 1 5 )
1 , S A 1 ( 1 5 ) , S A 2 ( 1 5 )
RE AL  JF
D O U B L E  P R E C I S I O N  MT 

C I N I T I L I Z E  V A R I A B L E S
C

D A T A  T T S F P , T T S F K / 2 * 0 . 0 / , T V S S , T T S S / 2 * 0 . 0 / , T V S / 1 6 *1 0 . C / , V O L ( 0 ) / 0 . 0 / , C O N V / 5 7 . 2 9 5 7 / , T V S F K , T V S F P
1 /2 *C  . 0 / , T W S A / 0 . 0 / , T O T C T , T G T W T / 2 * 0 . 0 /
O P E N  CUNI,T = 8 , FIL E  = ' 0 R G 1 . 0 A T  A C C E S S = ' S E Q I N ')
RE A D C 8,1 G O ) H ,C T ,C D , A ,B ,C , S F ,X ,W ,WK 

100 F O R M A T  ( I G F )
C

R E A D ( 8 , 1 1 C ) M T  
110 F O R M A T C A I O )

R E A 0 ( 8 , 1 2 0 ) D R , B C , C A 8 H T , C A B R A D , P  120 F 0 R M A T ( 5 F )
R E A D ( 8 , 1 3 C ) N P K , N T P , N  

1 3 C F 0 R M A T ( 3 I )
R E A D ( 8,14 0 ) ( D D F D F ( J ) , D D F H ( J ) , J = 1 , N T P )

140 F 0 R M A T C 2 F )
R E A D  ( 8 , 1 5  0 ) D T , B P T , S T 1 , S T 2 , S C C , W S , C L T  150 F 0 R M A T C 7 F )
R E A 0 C 8 , 1 6  0 ) S H , A V , J F , R F , F F  160 F 0 R M A T ( 5 F )
R E A D ( 8 , 1 7 1 ) I F L A G

171 F O P M A T ( I )
I F C I F L A G . E O . O G O  TO 174 
R E A D C 8 , 1 7 2 ) N F S I K P , N F S L K P , N F S T P

172 F 0 R M A T C 3 I )R E A D C 8 , 1 7 3 ) C D D F D F C J ) , D D F H C J ) , J = N F S I K P , N F S T P )1 7 3  F 0 R M A T C 2 F )
1 7 4  I F C I F L A G . E Q . O ) N F S T P = N T P  

I F C I F L A G . Ê O . D G O  TO 176 
T 0 P K E Y = C H / T A N D C A ) ) * 2 . + W K  
I F C T 0 P K E Y . L E . W - 5 . ) G 0  TO 176 
W R I T E ( 4 , 1 7 5 )

175 F O R M A T C 1 X , 1 0 X , ' O V E R B U R D E N  IS TOO D E E P ' , /
1 ] X , 1 0 X , ' I T  W I L L  BE M I N E D  IN TWO L I F T S ' , /
1 I X , I C X , ' E N T E R  NEW SET OF D R A G L I N E  ',/
1 I X , l O X , ' P O S I T I O N S  F O R  S E C O N D  L I F T ' )
STOP

1 7 6  D O F H C O ) = D O F H C N T P )
D O F O F C O ) = - X + D D F D F C N T P )
S F = 1 . 0 + S F / 1 0 0 . 0
B C = B C * F F * 2 7 .

C
C C A L C U L A T E  A V E R A G E  S W I N G  A N G L E  FOR P R I M A R Y  M A C H I N E
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JM = 1 
0

M I = N P K
J I = N T P

177 I F C C I F l A G . E Q . l ) . A N D . C M . E O . J I ) ) J M = N F S I K P  
I F C C I F l a G . E Q . l ) . A N O . C M . E Q . J I ) ) N T P = N F S T P  I F C ( I F L A G . E 0 . 1 ) . A N D . ( M . E Q . J I ) ) N P K = N F S L K P  
00 10 K = J M , N T P  
M = K
S A l ( K ) = A C O S ( ( D O F n F ( K ) - P + X ) / D R ) * C O N V  
S A 2 ( K ) = A C 0 S ( ( 0 n F D F ( K ) - P ) / 0 R ) * C 0 N V  
A S A ( K ) = ( S A l ( K ) + S A 2 ( K ) ) / 2 . 0  

C C A L C U L A T E  V O L U M E  S P O I L E D E D  F R O M  A G I V E N  P O S I T I O N  
I F ( K . G T . N P K ) G 0  TO 20

C
C D R A G L I N E  IS IN KE Y  C U T  P O S I T I O N  R K = 1 .5 

T V S ( J I ) = C . 0T V S F K = T V S F K + T V S ( K - 1 )
C A L L  V O L K E Y ( D D F O F C K ) ,A , C A B H T , C A 8 R A O , H , X , W K , I F L A G , V O L ( K ) )
V O L ( K ) = V O L ( K ) * S F
V O L ( K ) = V O L ( K ) - T V S F K
GO TO 30

C
C IN P R I M E  CUT  P O S I T I O N ;  C A L C U L A T E  V O L U M E  R E M O V E D  
C ;
20 R K = 1 . G

T V S ( N P K ) = 0 . 0  T V S F P = T V S F P + T V S ( K - 1 )
C A L L  V O L C U T  ( 0 D F D F ( K ) , A ,C A B H T ,C A 8 R A D ,H ,X ,W ,W K , IFLA G ,

1 V O L ( K ) )
V O L C K ) = V O L ( K ) * S F  
V O L ( K ) = V O L ( K ) - T V S F P

C
30 T V S ( K ) = V O L ( K )
CC C A L C U L A T E  THE D I S T A N C E  D R A G L I N E  W A L K S  TO  A G I V E N  P O S I T I O N  W D ( K ) = S U R T ( ( D D F 0 F ( K ) - D D F D F ( K - 1 ) ) * * 2 + ( D D F H ( K )

1 - D D F H ( K - 1 ) ) * * 2 )C A L L  C Y C L E  ( S T 1 , S T 2 , S C O , A S A (K ) , R K ,T V S ( K ) , B C ,W O ,W S ,C L T ,
1 D T , R P T , T T ( K ) , T C T ( K ) , W T ( K ) )
T T S S = T T S S + T T ( K )
T C T C T = T O T C T + T C T ( K )
T O T W T = T O T W T + W T ( K )

C
C F I N D  T O T A L  V O L U M E  S P O I L E D  FOR THE S E G M E N T
C

T V S S = T V S S + T V S ( K )
T W S A = T W S A + A S A ( K ) * T V S ( K )
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10 C O N T I N U E
t v s f k = o . o
T V S F P = C . O
I F ( ( I F L A G . E O . l ) . A N D . ( M . E Q . J I ) ) G O  TO 177 
F A S A = T W S A / T V S S

C
C C A L C U L A T E  D R A G L I N E  P R O D U C T I O N  
C

T N O C = T V S S / B C  
F A C T = T T S S / T N O C  
N O C P H = 3 6 0 0 . 0 / F A C T  
D P P H = N O C P H * B C

CC D R A G L I N E  P R O D U C T I O N  FOR P R I M E  M A C H I N E  IS K N O W N  
C C A L C U L A T E  P U LL  B A C K  M A C H I N E  R E A C H  AND B U C K E T  C A P A C I T Y  
C
C R E A C H  OF THE S E C O N D  M A C H I N E
C

E S R = ( S Q R T ( O R * D R - X * X ) + D R ) / 2 . 0 - P  C C A L C U L A T E  THE B U C K E T  C A P A C I T Y  
C
C A M O U N T  OF M A T E R I A L  TO BE R E H A N D L E  BY THE P U LL  B A C K  M A C H I
C

U A S = W * H * S F
C C O N S T A N T S  OF S E C O N D  D E G R E E  E Q U A T I O N

C A = 3 * T A N D ( B ) / 4 .
C B = T A N D ( B ) * ( E S R - H / T A N D ( A ) - C T / T A N D ( C ) - C T / T A N D C B ) + W / 2 . )  
C C = W * T A N D ( B ) * ( E S R - H / T A N D ( A ) - C T / T A N D ( C ) ) + ( C T * C T / 2 . )

1 * ( l / T A N D ( B ) + l / T A N 0 ( C ) ) - W * W * T A N D ( B ) / 4 . - U A S  
Y K = $ C R T ( C B * C B - 4 . * C A * C C )

C T H E  R O O T S  OF THE E Q U A T I O N
W X = ( - C B + Y K ) / ( 2 . 0 * C A )C O N S T 3 = W X * T A N O ( B ) * ( E S R - H / T A N O ( A ) - C T / T A N D ( C ) + 3 * W X / 4 .

1 + W / 4 . 0 )C O N S T 4 = W X * C T - ( C T * C T / 2 . 0 ) * ( 1 / T A N O ( 8 ) + 1 / T A N O ( C ) )  P B O R = E S R - H / T A N D ( A ) - C T * ( 1 / T A N D C B ) + l / T A N D ( C ) )+
1 ( 7 * W X + W ) / 4 . 0

C
C R E H A N D L E  V O L U M E  FOR U N I T  L E N G T H
C

R H A = C C 0 N S T 3 - C 0 N S T 4 )
T O T S A = W * H * S F

C
C P E R C E N T  R E H A N D L E  IN T O T A L  P R O D U C T I O N

P E R R E H = R H A / T O T S A
CC A M O U N T  OF M A T E R I A L  R E H A N D L E D  BY D O Z E R

D R V = C C W X + W ) * C W X + W ) / 1 6 . ) * T A N 0 C B ) * X  
D P E R R H = D R V / C W * H * X * S F )
D 0 P P H = D P P H * D P E R R H / 2 7 .
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40

H O U R L Y  P R O D U C T I O N  R E Q U I R E D  F R O M  P U L L  B A C K  M A C H I N E  
P B M P P H = P E R R E H * D P P H / 2  7.
A S S U M E  1 8 0 . 0  S W I N G  A N G L E  F O R  P U L L  B A C K  M A C H I N E  
C A L C U L A T E  C Y C L E  T I M E
P B A S A = 1 8 C . O
S M = ( S T 2 - S T 1 ) / 3 G . 0
P R A S T = ( P B A S A * S M + S C C )A C T = ( P B A S T + D T + B P T )
C A L C U L A T E  B U C K E T  C A P A C I T Y  FOR THE S E C O N D  M A C H I N E
C A L C U L A T E  H O W  M A NY  C Y C L E S  IN H O U R
N 0 C P H = 3 6 0 0 . / A C T
P B B C = P B M P P H / N O C P H
P E R R E H = P £ R R E H * 1 0 0 . 0
O P E R P H = O P E R R H * I O O . O
W R I T E ( 4 , 4 0 ) P B D R , P B B C , D 0 P P H , P E R R E H , D P E R R H  
F O R M A T C l O X , ' R E Q U I R E D  M A C H I N E  S P E C I F I C A T I O N S ' /  1 X , 2 4 X , ' F 0 R ' /

1 6 X , ' P U L L  B A C K  M A C H I N E ' / /
1 O X , ' R E Q U I R E D  R E A C H ' , 4 X , ' : ' , F 1 0 . 2 , 2 X , ' F T ' / /  
l O X , ' B U C K E T  C A P A C I T Y ' , 3 X , ' : ' , F I G . 2 , 2 X , ' C U B I C  Y A R D ' / /

IX
IX
IX
IX
IX
IX

E N D

I C X , ' D O Z E R  P R O D U C T I O N ' , 2 X , , F 1 0 . 2 , 2 X , ' C U B I C  Y A R D ' / /
I C X , ' P U L L  B A C K  M A C H I N E  % R E H A N D L E , F 1 0 . 2 / /
Î O X , ' D O Z E R  % R E H A N D L E ' , 2 X , F 1 0 . 2 )
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S U B R O U T I N E  V O L K E Y C D L D I S T , A , C A B H T , C A B R A D , H , C U T , B O T K E Y 
1 , I F L A G , V O L )
D E P T H = H
I F ( I F L A G . E Q . 1 ) 0 E P T H = 0 E P T H / 2  
T H T A N = T A N D ( A )
D I G T A N = C A B H T / ( D L D I S T - C A B R A 0 )
0 F = 0 L 0 I S T + C U 7 + 0 E P T H / T H T A N
O J = O E P T H / T A N D ( A )
X B R 0 W = 0 J
X I N T = 0 F - C A B R A 0 - ( ( 0 E P T H + C A 8 H T ) / 0 I G T A N )
I F ( X I N T . G T . C U T ) X I N T = C U T
U H T = C U T * O I G T A N
L H T = O E P T H - U H T
TOPK EY = C O E P T H / T H T A N ) * 2 . 0  + B 0 T K E Y
M I D K E Y = B O T K E Y + ( L H T / D E P T H ) * ( T O P K E Y - B O T K E Y )
C = - X I N T * 0 I G T A N
B X L 0 N G = D E P T H / T H T A N - C / ( T H T A N - D I G T A N )
I F C X I N T . L E . 0 . 0 )  G O  T O  10 
I F ( X I N T . L E . 0 J ) G 0  t o  11 
I F ( X I N T . G E . O J ) G O  t o  12

10 V O L = ( B X L O N G + C U T ) * U H T * ( T O P K E Y + M I O K E Y ) / 4 . 0  
GO TO 13

11 V D L = C U T * U H T * ( T 0 P K E Y + M I 0 K E Y ) / 4 . + ( ( D E P T H * * 2 )
1 * C T O P K E  Y + B 0 T K E Y ) ) / ( 4 . 0 * T H T A N ) - ( X B R O W - X I N T )
1 * L H T * ( ( B 0 T K E Y + M I D K E Y ) / 4 . 0 )
GO TO 13

12 A R E A  = D E P T H * C  T O P K E Y + B O T K E Y ) / 2 . 0  X B R O W = O J
V O L = ( X 8 R O W + C U T - X I N T ) * A R E A / 2 . 0 + ( X I N T - X B R O W ) * A R E A +

1 X B R O W * A R E A / 2 . 0
13 R E T U R N  

END
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S U B R O U T I N E  V G L C U T C D L O I S T , A , C A B H T , C A B R A O , H , C U T , W ,  
1 B O T K E Y , I F L A G , V O L )
D E P T H = H
I F C I F L A G . E Q .  1 ) 0 E P T H  = D E P T H / 2  
T H T A N = T A N D ( A )
d i g t a n = c a b h t / c o l d i s t - c a b r a d )
O F = D L D I S T + C U T + D E P T H / T H T A N
O J = D E P T H / T A N C ( A )
X I N T = O F - C A B R A O - ( ( O E P T H + C A B H T ) / O I G T A N )
IFCX I N T . G T . C U T ) X I N T  = C U T
X B R O W = O J
U H T = C U T * O I G T A N
L H T = D E P T H - U H T
T O P K E Y = ( O E P T H / T H T A N ) * 2 . 0 + 8 O T K E Y
M l D K E Y = B O T K E Y + ( L H T / O E P T H ) * ( T O P K E Y - B O T K E Y )
W l D T H = W - T O P K E Y
C = - X I N T * D I G T A N
8 X L 0 N G = 0 E P T H / T H T A N - C / ( T H T A N - D I G T A N )  
1 F ( X I N T . L E . 0 ) G G  TO 10 
I F ( X I N T . L E . O J )  GO TO 11 I F ( X l N T . G T . O J ) G n  TO 12

10 Z l A R E l = U H T * C U T / 2 .
Z l A R E 2 = U H T * 9 X L 0 N G / 2 .
Z 1 T V 0 L = ( Z 1 A R E 1 + Z 1 A R E 2 ) * W I 0 T H
X S I D E = U H T * * 2 . * X B R 0 W / ( 2 * D E P T H )
Z 2 T V 0 L = X S I D E * ( C U T + B X L 0 N G ) / 2 . C
V 0 L = Z 1 T V 0 L + 2 . * Z 2 T V 0 LR E T U R N

11 Z l A R E l = U H T * C U T / 2 .
Z l A R 2 3 = D E P T H * 0 J / 2 .
Z 1 A R E 3 = ( 0 E P T H - U H T ) * C X B R O W - X I N T ) / 2 .0
Z 1 V 0 L = ( Z 1 A R E 1 + Z 1 A R 2 3 - Z 1 A R E 3 ) * W I D T H
X S I D E = U H T * * 2 / ( 2 . * T A N D ( A ) )
Z 2 V O L 1 = X S I D E * C U T / 2 . 0T X S I D E = D E P T H * * 2 . / ( 2 . * T A N D ( A ) )
Z 2 V O L 2 = T X S I O E * X B R O W / 2 .
Z 2 V 0 L 3 = ( T X S I D E - X S I D E ) * ( X B R 0 W - X I N T ) / 2 .
Z 2 T V O L = Z 2 V O L 1 + Z 2 V O L 2 - Z 2 V O L 3
V 0 L = Z 1 V 0 L + 2 . * Z 2 T V 0 L
RE t u r n

12 Z l A R F l = D E P T H * ( X B R 0 W + C U T - X I N T ) / 2 .  
Z 1 A R E 2 = 0 E P T H * ( X I N T - X B R 0 W )  
Z 1 A R E 3 = D E P T H * ( X B R O W ) / 2 . 0  Z 1 T V 0 L = ( Z 1 A R E 1 + Z 1 A R E 2 + Z 1 A R E 3 ) * W I D T H  
X S I D E = 0 E P T H * X B R 0 W / 2 .
Z 2 V O L 1 = X S I D E * ( X B R 0 W + C U T - X I N T ) / 2 .  
Z 2 V 0 L 2 = X S I D E * ( X I N T - X 8 R 0 W )
Z 2 V 0 L 3 = X S I D £ * X B R 0 W / 2 .
Z 2 T V O L = Z 2 V O L 1 + Z 2 V O L 2 ? Z 2 V O L 3
V 0 L = Z 1 T V 0 L + 2 . * Z 2 T V 0 LR E T U R N
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E N D
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C T H I S  IS T H E  C O M P U T E R  P R O G R A M  F O R  S I M U L A T I O N  OF  P U L L B A C K
C O P E R A T I O N  BY T W O  M A C H I N E S .
C P R O G R A M M E D  BY K A D R I  D A G O E L E N
C P R O G R A M  N A M E  : P U L 2 . F 0 R

D I M E N S I O N  D O F D F ( C / 1 5 ) , D D F H ( 0 / 1 5 ) , O T X S ( 1 5 , 0 / 3 0 ) , T V S ( G / 1 5 )  
D I M E N S I O N  V O L C O / 1 5 ) ,A S A C 1 5  ) , T T C 1 5 ) , T C T C 1 5 ) , W D ( 1 5 )  
D I M E N S I O N  W T ( 1 5 ) , D P P H ( 2 ) , P C H ( 2 ) , P C K H ( 2 ) , L R ( 2 ) , D I C ( 2 )  
D I M E N S I O N  D 0 L ( 2 ) , I T I P ( 2 ) , M C P C Y ( 2 ) , S H ( 2 ) , A P ( 2 ) , C C Y D ( 2) 
D I M E N S I O N  0 C H ( 2 ) , A V ( 2 ) , J F ( 2 ) , 0 W C H ( 2 ) , C P H ( 2 ) , 0 C C Y D C 2 ) 
D I M E N S I O N  0 W C C Y D ( 2 ) , E T ( 2 )REAL I T I P j L R , L C H , M C H , J F , M C P C Y  
D O U B L E  P R E C I S I O N  M T l , M T 2  

C I N I T I A L I Z E  V A R I A B L E S
D A T A  T T S F P  , T T S F K / 2 * 0 . 0 / , T V S S , T T S S / 2 * 0 . 0 / , T V S / 1 6 * 0 . 0 /

1 , V O L ( 0 ) / 0 . C / , C O N V / 5 7 . 2 9 5 7 / , T V S F P , T V S F K / 2 * 0 . 0 / , T O U C H ,
1 T O C H / 2 * 0 . 0 /
0 P F N ( U N I T = 1 1 , F I L E = ' P U L 0 A T ' , A C C E S S = ' S E G I N ' )
R E A D  ( 1 1 , 1 0 0 )  H , C T , C D , A , B , C , S F , X , W , W K , R F  

100 F O R M A T  ( I I F )
R E A D  ( 1 1 , 1 1 0  MTl 

lie F O R M A T  ( A l O )
R E A D  ( 1 1 , 1 2 0 )  D R , B C , F F , C A B H T , C A B R A O , P  

120 F O R M A T  ( 6 F )
R E A D  ( 1 1 , 1 3 0 )  N P K , N T P , N  

130 F O R M A T  ( 3 1 )
R E A D  ( 1 1 , 1 4 0 )  C D D F O F C J ) , D D F H C J ) , J = 1 , N T P )

1 4 0  F O R M A T  ( 2 F )
R E A D  ( 1 1 , 1 5 0 )  D T , B P T , S T 1 , S T 2 , S C C , W S , C L T  

150 F O R M A T  ( 7 F )
R E A D  ( 1 1 , 1 6 0 )  ( S H ( K ) , A V ( K ) , J F ( K ) , K = 1 , 2 )

160 F O R M A T  ( 3 F )R E A D  ( 1 1 , 1 7 0 )  MT2
170 F O R M A T  ( A l O )

R E A D  ( 1 1 , 1 8 0 )  P 8 D R , P B B C , P B F F  
180 F O R M A T  ( 6 F )

R E A D  ( 1 1 , 1 9 0 )  P B D T , P B B P T  ,PBS T 1  , P B S T 2 , P B S C C , P B W S , P B C L T  
190 F O R M A T  (7F)

RE AD  ( 1 1 , 2 0 0 )  ( P C H ( I ) , P C K H ( I ) , M C P C Y ( I ) , L R ( I ) , D 1 C ( I ) ,
1 D G L ( I ) , I T 1 P ( I ) ,  1 = 1 , 2 )

2 00 F O R M A T  (7 F )
R E A D  ( 1 1 , 2 1 0 )  D O C P H j D G W C P H  

2 1 0  F O R M A T  (? F )
'RE A D ( 1 1 , 17 1) I F L A G171 F O R M A T ( I )
I F C I F L A G . E Q . C O G O  TO 174 
R E A D C l i , 1 7 2 ) N F S I K P , N F S L K P , N F S T P

172 F 0 R M A T C 3 I )
R E A 0 ( 1 1 , 1 7 3 ) ( D D F 0 F ( J )  , D D F H ( J ) , J  = N F S I K P , N F S T P )1 7 3  F 0 R M A T C 2 F )
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174 I F C I F L A G . E Q . C ) N F S T P = N T P  
I F C I F L A G . E Q . D G G  TO 17 6 
T 0 P K E Y = ( H / T A N 0 ( A ) ) * 2 . + W K  
I F ( T 0 P K E Y . L E . W - 5 . ) G 0  TO 176 
W R I T E ( 4 , 1 7 5 )

175 F 0 R M A T ( 1 X , 1 G X , ' O V E R B U R D E N  IS TOO D E E P ' , /
1 1 X , 1 D X , ' I T  W I L L  BE M I N E D  IN T W O  L I F T S ' , /
1 I X , l O X , ' E N T E R  NEW SET OF D R A G L I N E  ',/
1 I X , l O X , ' P O S I T I O N S  F O R  S E C O N D  L I F T ' )
STOP

1 7 6  P B S H = S H ( 2 )P B A V = A V ( 2 )
P B J F = J F ( 2 )
O D F H ( 0 ) = D D F H ( N T P )
D D F D F ( 0 ) = - X + D O F D F ( N T P )
S F = 1 . 0 + S F / 1 0 0 .
8 C = B C * F F * 2 7 .
P B 8 C = P B B C * F F * 2 7 .

C C A L C U L A T E  A V E R A G E  S W I N G  A N G L E  F O R  P R I M A R Y  M A C H I N E
JM = 1 
M = 0
M I = N P K
J I = N T P

177 I F ( ( I F L A G . E G . 1 ) . A N D . ( M . E Q . J I ) ) J M = N F S I K P  
I F C C I F L A G . E Q . l ) . A N D . C M . E O . J I ) ) N T P = N F S T P  
IFCC I F L A G . E Q . l ) . A N D . ( M . E Q . J I ) ) N P K  = N F S L K P  
DO 10 K = J M , N T P
M = K
S A 1 = A C 0 S ( ( D D F D F ( K ) - P + X ) / D R ) * C O N VS A 2 = A C O S ( ( O D F D F ( K ) - P ) / D R ) * C O N V  
A S A C K ) = ( S A l + S A 2 ) / 2 . 0  

C C A L C U L A T E  V O L U M E  S P O I L E D  F R O M  A G I V E N  P O S I T I O N
IF ( K . G T . N P K )  GO TO 20 

C D R A G L I N E  IS IN K E Y C U T  P O S I T I O N
R K = 1 .5 
T V S C J I ) = 0 . 0  
T VSFK = T V S F K + T V S ( K - 1 )CA LL  V O L K E Y C D D F D F C K ) , A , C A B H T , C A B R A D , H , X , W K , I F L A G , V O L C K ))
V O L ( K ) = V O L ( K ) * S F
V O L C K ) = V O L ( K ) - T V S F K
GO TO 30

C IN P R I M E  CUT p o s i t i o n ; C A L C U L A T E  V O L U M E  R E M O V A B L E
2 0 R K = 1 . C

T V S ( N P K ) = 0 . 0  
T V S F P = T V S F P + T V S ( K - 1 )
C A L L  V O L C U T ( O O F D F ( K ) , A , C A B H T , C A B R A n , H , X , W , W K , I F L A G ,1 V O L C K ) )
V O L C K ) = V O L ( K ) * S F  
V O L C K ) = V O L ( K ) - T V S F P  

30 T V S ( K ) = V O L ( K )
C C A L C U L A T E  THE  D I S T A N C E  D R A G L I N E  W A L K S  TO A G I V E N
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C P O S I T I O NW D ( K ) = S 0 R T ( ( D 0 F 0 F ( K ) - D Ü F 0 F ( K - 1 ) ) * * 2 + ( D D F H ( K )
1 - D D F H ( K - 1 ) ) * * 2 )
C A L L  C Y C L E ( S T 1 , S T 2 , S C C , A S A ( K ) , R K , T V S ( K ) , B C , W D , W S , C L T ,1 D T , B P T , T T ( K ) , T C T ( K ) , W T ( K ) )
T T S S = T T S S + T T ( K )
T O T C T = T O T C T + T C T ( K )
T O T W T = T O T W T + k T ( K )

C F I N D  T O T A L  V O L U M E  S P O I L E D  FOR S E G M E N T
T V S S = T V S S + T V S ( K )
T W S A = T W S A + A S A ( K ) * T V S ( K )

10 C O N T I N U E
T V S F K = C . 0  
T V S F P = 0 . 0I F ( ( I F L A G . E O . l ) . A N D . ( M . E O . J I ) ) G O  TO 177 
F A S A = T W S A / T V S S  

C C A L C U L A T E  D R A G L I N E  P R O D U C T I O N  IN H O U R
T N O C = T V S S / B C  
F A C T = T T S S / T N O C  
N O C P H = 3 6 0 0 . 0 / F A C T  O P P H C l  ) = N 0 C P H * B C / 2  7.

C A S S U M E  180 D E G R E E  S W I N G  A N G L E  FOR P U L L B A C K  M A C H I N E
C C A L C U L A T E  P R O D U C T I O N  OF THE S E C O N D  M A C H I N E

PB A S A = 1 8 0 . 0
P R S M = ( P 6 S T 2 - P B S T l ) / 3 0 . 0
P B A S T = ( P B A S A * P B S M + P B S C C )
P B A C T = P B A S T + P B D T + P B B P T
N O C P H = 3 6 D O . O / P B A C T0 P P H ( 2 ) = P B B C * N 0 C P H / 2 7 .
P B A P = P 6 S H * * P B A V * P B J F * D P P H ( 2 )

C C A L C U L A T E  C O S T  OF P R O D U C T I O N  F O R  T W O  D R A G L I N E S  AND THE
C D O Z E R

DO 2 2 0  L = l , 2  
P C O S T H = P C H ( L ) * P C K H ( L )
M C H = M C P C Y ( L ) * D P P H ( L )
L C H = 3 . 0 * L R ( L )
O C H ( L ) = P C O S T H + M C H + L C H
D C Y = D I C ( L ) / D O L ( L )
O C H = D C Y / S H ( L )
A V I = D I C ( L ) * ( D O L ( L ) + 1 . 0 ) / ( 2 . G * D O L ( L ) )
I T I = I T I P C L ) * A V I  
I T I H = I T I / S H ( L )
O W C H C L ) = O C H + I T I H  
E T ( L ) = S H ( L ) * A V ( L ) * J F ( L )
A P ( L ) = E T ( L ) * D P P H ( L )
O C C Y D ( L ) = O C H ( L ) / D P P H ( L )
O W C C Y D ( L ) = O W C H C L ) / D P P H ( L )
C C Y D ( L ) = O W C C Y D ( L ) + O C C Y D ( L )
T O C H = T O C H + O C H ( L )
T O W C H = T O W C H + O W C H ( L )

2 2 0  C O N T I N U E
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T O C H = T O C H + D O C P H  
T 0 W C H = T 0 W C H + D 0 W C P H  
C A L C U L A T E  C O A L  T O N N A G E  
A D = ( A P ( 1 ) * 2 7 . ) / H  
C V = A D * C TC V = A D * C T  C T O N = C V * C D / ( 2 0 0 0 . 0 ) * R F  
C T H R = C T 0 N / S H ( 1 )  
T O C T O N = T O C H / C T H R  
T O W C T N = T O W C H / C T H R  
T C T O N = T O C T O N + T O W C T N  
T O W C Y O = T O W C H / ( D P P H (
T C T O N = T O C T O N + T O W C T N
T 0 W C Y 0 = T 0 W C H / ( D P P H ( 1 ) + 0 P P H ( 2 ) )
T O C C Y D = T 0 C H / ( 0 P P H ( 1 ) + D P P H ( 2 ) )
T O T C H = T O C H + T O W C H
T C C Y D = T 0 T C H / ( 0 P P H ( 1 ) + D P P H ( 2 ) )

R E H A N D ( H , C T , S F , P , W , A , B , C , O R , X , P E R R E H , O P E R R H )  
I ) = T V S L K P
O 1/ A — WCCCTl/D

300

310

320

330

340

u r o K c t o )
JTE ( 4,310) B , C , S F , R F , W , X
IRMAT ( I X , I C X , ' S P O I L  A N G L E  OF R E P O S E ' , 4 X , ' : ' , F 1 0 . 2,
2 X , ' D E G R E E S ' / I X , l O X , ' C O A L  H I G H W A L L  A N G L E ' , 6 X , ' : ' ,  
F 1 0 . 2 , 2 X , ' D E G R E E S ' / I X , I C X , ' S W E L L  F A C T O R ' , 1 3 X , ' : ' , F 10 . 2 , 
2 X , ' % ' , / 1 X , I C X , ' C O A L  R E C O V E R Y ' , 1 2 X , ' : ' , F 1 0 . 2 , 2X, 
' % ' , / l X , 1 0 X , ' P I T  W I D T H ' , 1 6 X , ' : ' , F 1 0 . 2 , 2 X , ' F T ' , /
IX, 1 OX, 'CUT L E N G T H ' , 1 5 X , ' : ' , F i 0 . 2 , 2 X , ' F T ' / / )

W R I T E  ( 4 , 3 2 0 )
F O R M A T  ( 2 3 X , ' M A C H I N E  C H A R A C T E R I S T I C S ' / /

1 X , 2 1 X ,  '- - - - - - - - - - - - - - - - - - - - - - - ',/
1 X , 2 7 X , ' D R A G L I N E  1'/
1X,21X, '- - - - - - - - - - - - - - - - - - - - - - - '/)

W R I T E  (4 , 330 ) MTl ,DR , B C ,S H C 1 ) , A V ( 1) ,J F ( 1)
F O R M A T  ( I X , I C X , ' D R A G L I N E  T Y P E 1 2 X 4 X ,A 1 C /

I X , I G X , ' D R A G L I N E  R E A C H ' , 1 1 X , ' : ' , F 1 0 . 2 , 2 X , ' F T ' /
I X , l O X , ' B U C K E T  C A P A C I T Y ' , 1 0 X , ' : ' , F 1 0 . 2 , 2 X , ' C U B I C  YD'/ 
IX, 1OX, ' S C H E D U L E D  H O U R S ' , 1 0 X , ' : ' , F 1 0 . 2 , 2 X , ' H O U R S ' /
I X , i O X , ' M E C H A N I C A L  A V A I L  A B I L I T Y ' , 2 X , ' : ' , F 1 0 . 2 , 2 X , ' % ' /  
1 X , 1 0 X , ' J 0 B  F A C T O R ' , 1 5 X , ' : ' , F 1 0 . 2 , 2 X , ' % ' )

W R I T E  ( 4 , 3 4 0 )  F A S A , F A C T , D P P H ( 1 ) , A P ( 1)
F O R M A T  ( I X , l O X , ' A V E R A G E  S W I N G  A N G L E  ' ,6 X , ' : F I O • 2 , 2 X , 

' D E G R E E S ' , /
I X , l O X , ' A V E R A G E  C Y C L E  T I M E ' , 7 X , ' : ' , F I O . 2 , 2 X , ' S E C O N D S ' , /
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1 I X , l O X , ' P R O D U C T I O N  R A T E  ' , i O X , ' F l O . 2 , 2 X , 'CU. Y D / H R ' , /  
1 I X , l O X , ' T O T A L  V O L U M E  S P O I L E D ' , 5 X , F I O . 1 , 2 X ,
1 'CUBIC Y D ' )
W R I T E  ( 4 , 3 5 0 )  C C Y D ( l )

35 0 F O R M A T  ( 1 X , 1 0 X , ' C O S T ' , 2 1 X , ' : ' , F 1 0 . 2 , 2 X , ' $ / C U B I C  Y D ' / )  
W R I T E  ( 4 , 3 6 0 )

3 6 0  F G R M A T ( 1 X , 2 1 X , ' - - - - - - - - - - - - - - - - - - - - - - - '/
1 1 X , 2 7 X ,  ' D R A G L I N E  2 ' , /
1 1 X , 2 1 X , ' ------ - - - - - - - - - - - - - - - - '/)
W R I T E  ( 4 , 3 3 0 )  M T 2 , P B D R , P B B C , P B S H , P B A V , P B J F  
W R I T E  (4 , 3 4 0 )  P 8 AS A ,P B A C T ,D P P H ( 2 ) , A P (2)
W R I T E  ( 4 , 3 5 0 )  C C Y D ( 2 )
W R I T E ( 4 , 3 7 0 )

37 0 F O R M  A T ( 2 3 X , ' P R O D U C T I O N  S U M M A R Y ' , / / )W R I T E ( 4 , 3 8 0 ) C T O N  
3 8 0  F O R M  a t ( 1 X , 1 O X , ' T O T A L  C O A L  M I N E D  ' ,9 X , ' : ' , F 1 0 . 2 , 2 X ,1 ' T O N / Y E A R ' , / )

W R I T E ( 4 , 3 9 0 )
3 9 0  F 0 R M A T ( 1 X , 1 0 X , ' P E R C E N T  R E H A N D L E ') 

W R I T E ( 4 , 4 0 0 ) P E R R E H , D P E R R H  
4 0 0  F G R M A T ( 1 X , 1 4 X , ' P U L L  B A C K  M A C H I N E ' , 4 X , ' I ',

1 F 1 0 . 2 , 2 X , ' % ' , /
1 I X , 1 4 X , ' D O Z E R ' , 1 6 X , ' : ' , F I O . 2 , 2 X , '%',/) 
W R I T E ( 4 , 4 1 0 ) T C C Y O , T C T O N  

4 1 0  F Q R M A T C l X . l O X , ' T O T A L  C OS T  ' , 1 5 X , ' : ' , F 1 0 . 2 , 2 X , ' $/CU. YD'/ 
i;

E N D
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S U B R O U T I N E  C Y C L E ( S T 1 , S T 2 , S C C , A S A , R K , T V S , B C , W D , W S , C L T ,  1 D T , B P T , T T , T C T , W T )
S M = ( S T 2 - S T 1 ) / 3 C .
A 5 T = ( A S A * S M + S C C )A C T = ( A S T + D T + B P T ) * R K
N O C = ( T V S / B C )
T C T = F L 0 A T ( N Q C  )*AC T
W T = k D / k S + C L T
T T = T C T + W T
R E T U R N



T-2111 279

S U B R O U T I N E  R E H A N D C H ,C T ,S F ,P ,W ,A , 8 , C ,O R ,X ,P E R R E H ,OP F R R H )
E S R = ( S O R T ( D R * O R - X * X ) + D R ) / 2 . - PU A S = W * H * S F
C A = 3 . * T A N D ( B ) / 4 .
C B = T A N D C B ) * ( E S R - H / T A N D ( A  ) - C T / T A N D ( C ) - C T / T A N D C B ) * W / 2 .) 
C C = W * T A N D ( B ) * ( E S R - H / T A N 0 ( A ) - C T / T A N D ( C ) ) + ( C T * C T / 2 . )

1 * ( l / T A N D ( B ) + l / T A N D ( C ) ) - W * W * T A N D ( B ) / 4 . - U A S  
Y K = S Q R T ( C B * C B - 4 . * C A * C C )W X = ( - C B + Y K ) / ( 2 . * C A )
C 0 N S T 3 = W X * T A N D ( B ) * ( E S R - H / T A N D ( A ) - C T / T A N D ( C ) + 3 . * W X / 4 .

1 + W / 4 . 0 )
C 0 N S T 4 = W X * C T - ( C T * C T / 2 . 0 ) * ( 1 / T A N D ( B ) + 1 / T A N D ( C ) )
R H A = ( C 0 N S T 3 - C 0 N S T 4 )T O T S A = W * H * S F  
P E R R E H = R H A / T O T S A  
0 R V = ( ( W X + W ) * * 2 / 1 6 . ) * T A N D ( B ) * X  D P E R R H = D R V / ( W * H * X * S F )
R E T U R N
E N D
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S U B R O U T I N E  V O L K E Y C O L D I S T ,A , C A B H T , C A B R A D , H , C U T , B O T K E Y  
1 ,I F L A G , V O L )D £ P T H = H
IF C I F L A G . E Q . l ) D E P T H  = D E P T H / 2 .
T H T A N = T A N D ( A )
D I G T A N = C A B H T / ( D L O I S T - C A B R A D )
O F = D L D I S T + C U T + D E P T H / T H T A N
0 J = 0 E P T H / T A N D ( A )X B R O W = O J
X I N T = 0 F - C A R R A O - ( C D E P T H + C A B H T ) / D I G T A N )
I F ( X I N T . G T . C U T ) X I N T = C U T
U H T = C U T * O I G T A N
L H T = D E P T H - U H T
T O P K E Y = ( D E P T H / T H T A N ) * 2 . 0 + B O T K E Y
M I 0 K E Y = 8 0 T K E Y + ( L H T / D E P T H ) * ( T 0 P K E Y - B 0 T K E Y )
C = - X I N T * D I G T A N
8 X L 0 N G = 0 £ P T H / T H T A N - C / C T H T A N - 0 I G T A N )
I F C X I N T . L E . 0 . 0 )  GO TO 10 
I F C X I N T . L E . 0 J ) G 0  TO 11 
I F C X I N T . G E . O J ) G G  TO 12

10 V 0 L = C 8 X L 0 N G + C U T ) * U H T * C T 0 P K E Y + M I 0 K E Y ) / 4 .0 
GO T O  13

11 V 0 L = C U T * U H T * C T 0 P K E Y + M I D K E Y ) / 4 . + C C 0 E P T H * * 2 )
1 * C T O P K E Y + B O T K E Y ) ) / ( 4 . 0 * T H T A N ) - C X B R O W - X I N T )
1 * L H T * ( ( B 0 T K E Y + M I D K E Y ) / 4 . 0 )
GO T O  13

12 A R E A = D E P T H * C T 0 P K E Y + B 0 T K E Y ) / 2 . 0X B R G W = O J
V O L = C X B R O W + C U T - X I N T ) * A R E A / 2 . 0 + C X I N T - X B R O W ) * A R E A +

1 X B R O W * A R E A / 2 . 0
13 R E T U R NEND



T-2111 281

S U B R O U T I N E  V G L C U T C D L O I S T , A , C A B H T , C A B R A D , H , C U T , W ,  
1 B O T K E Y , I F L A G , V O L )
o e p t h = h
I F C I F L A G . E Q . D D E P T H = D E P T H / 2 .
T H T A N = T A N D C A )D I G T A N = C A B H T / C 0 L 0 I S T - C A B R A D )
0 F = D L 0 I S T + C U T + D E P T H / T H T A N
0 J = D E P T H / T A N 0 C A )
X I N T = O F - C A B R A 0 - C C D E P T H 4 C A B H T ) / 0 I G T A N )
I F C X I N T . G T . C U T ) X I N T = C U T
X B R O W = O J
U H T = C U T * O I G T A N
L H T = D E P T H - U H T
T O P K E Y = C D E P T H / T H T A N ) * 2 . 0 + B O T K E Y
M I O K F Y = 3 0 T K £ Y 4 C L H T / D E P T H ) * C T 0 P K E Y - B 0 T K E Y )
W I O T H = W - T O P K E Y
C = - X I N T * D I G T A N
B X L 0 N G = 0 £ P T H / T H T A N - C / C T H T A N - 0 I G T A N )  
I F C X I N T . L E . 0 ) G G  TO 10 
I F ( X I N T . L E . O J )  GO TO 11 I F C X I N T . G T . O J ) G O  TO 12

10 Z l A R E l = U H T * C U T / 2 .
Z l A R E 2 = U H T * B X L 0 N G / 2 .Z 1 TV0L = C Z l A R  El + Z I A R E 2 ) * W I D T H
X S I D E = U H T * * 2 . * X B R 0 W / C 2 * D E P T H )
Z 2 T V 0 L = X S I D E * C C U T + B X L 0 N G ) / 2 . 0
V 0 L = Z 1 T V 0 L + 2 . * Z 2 T V 0 L
R E T U R N

11 Z l A R E l = U H T * C U T / 2 .
Z 1 A R 2 3 = D E P T H * 0 J / 2 .
Z 1 A R E 3 = C D E P T H - U H T ) * C X 8 R 0 W - X Ï N T ) / 2 . 0 
Z 1 V O L = C Z 1 A R £ 1 + Z 1 A R 2 3 - Z 1 A R E 3 ) * W I D T H  
X S I D E = U H T * * 2 / C 2 . * T A N D C A ) )
Z 2 V 0 L l = X S I O E * C U T / 2 . 0
T X S I D E = 0 E P T H * * 2 . / C 2 . * T A N D C A ) )
Z 2 V 0 L 2 = T X S I 0 E * X B R 0 W / 2 .
Z 2 V 0 L 3 = ( T X S I D E - X S i n E ) * C X B R 0 W - X I N T ) / 2 .Z 2 T V 0 L = Z 2 V 0 L 1 + Z 2 V 0 L 2 - Z 2 V 0 L 3
V 0 L = Z 1 V 0 L + 2 . * Z 2 T V 0 LR E T U R N

12 Z l A R E l = D E P T H * C X B R 0 W + C U T - X I N T ) / 2 .
Z 1 A R F 2 = D F P T H * C X I N T - X B R 0 W  )
Z 1 A R E 3 = D E P T H * C X B R O W ) / 2 . 0  Z 1 T V 0 L = C 7  1 A R E 1 + Z 1 A R E 2 + Z 1 A R E 3 ) * W I D T H  
X S I 0 E = 0 E P T H * X B R 0 W / 2 .  
Z 2 V 0 L l = X S I 0 E * C X B R 0 W + C U T - X I N T ) / 2 .
Z 2 V 0 L 2 = X S I 0 E * C X I N T - X B R 0 W )
Z 2 V O L 3 = X S I D E ♦ X B R O W / 2 .
Z 2 T V 0 L = Z 2 V 0 L 1 + Z 2 V 0 L 2 + Z 2 V 0 L 3V O L = Z 1 T V O L + 2 . * Z 2 T V O L
R E T U R N
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END


