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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.



TABLE OF CONTENTS

ABSTRACT . . . - . . - . . . . . 3 . . . . .

LIST OF TABLES e e o e e o e o o & o e o o

LIST OF FIGURES . . . ¢ ¢ ¢ ¢ ¢ ¢ o o« o o &

ACKNOWLEDGEMENTS . . ¢ ¢ « ¢ o « o « o o o &«

INTRODUCTION &« & o ¢ o o o o o o o o o o o =

Purpose of the Study . . . . . . . « &
Statement of the Problem . . . . . . .

Scope of the Thesis . . . . . . . . . .

LITERATURE SURVEY . . . ¢ o ¢« o o ¢ « o o o«

SIDE

CHOP

CASTING L3 e L3 L - - L4 . . - L] L) . L4 L] L

General Description of Overburden Removal

Selection of Dragline for Side Casting

Determination of Dragline Reach . . . .
Three Dimensional Approach . . . . . .
Bucket Capacity « « « ¢ o ¢ o « « o o @
Suspended Load Determination . . . . .
Operating and Owning Cost Determination
DOWN METHOD .+« ¢ o o o o« o o o o o o o o
General Description of the Method . . .
Selection of the Dragline for Chop Down
Reach Determination . . . .« « . « .« « .

Bucket Capacity Determination . . . . .

- ii -

o

15
20
21
28
37

37

43
50
50

53



General Description . . . . . . .
Extended Bench With Chop Down . .

Calculation of Rehandle Volume for
Bench Methods . . . ¢« ¢ « o « &

Selection of Dragline for Extended

PULL BACK METHOD . . . . « ¢« ¢ ¢ « « &

General Description . . . . . . .

MODEL DEVELOPMENT . . . . . . . « « .« .

General Approach . . . . . . . . .

DISCUSSION OF INDIVIDUAL MODELS . . . .

General . . . . 4 ¢ ¢ ¢ e e o . .
Simple Side Casting Model . . . .
Overburden removal . . . . .
éhop down bench removal . . .
Main cut removal . . . . . .
Dragline digging procedure .
Dragline positioning . . . .
Overburden volume calculation

‘Overburden spoiling . . . . .

Initial spoil point for a set-up

Spoil volume calculations . .

Swing angle determination . . . .

Average cycle time calculation

EXTENDED BENCH METHOD . . . . o & ¢ ¢ ¢ ¢ ¢ &« « o« o &

Extended

Method

Ownership and operating cost calculation .

Computer program, . . . . .

- iii -

59
59
61
61
64
64
66
66
66
66
61
61
71
71
71
74
79
81
82
e2
83
84



Input variables . . . . ¢ ¢« « ¢« ¢ ¢ ¢ o @
Setting segment dimensions . . . . . .

Setting dragline positions . . . . . .

Input data . « . ¢ v ¢ o o o o o o o o
Model output . . . . . ¢ . ¢« ¢ ¢ ¢ . . .
Model flow chart . . . . . . . . . . . .
Dragline Selection Model . . . . . . . . . . .
Input data . . . . . . . .« < ¢ . . . . .
Computer flow chart . . . . . . . . . . .
Sample output . . . . . . . . . . ¢ . . .
Extended Bench Model . . . . . . . . . . . . .
Overburden removal and digging procedure
Dragline positioning and spoiling . . . .
Required volume calculation to extend the
Spoil volume calculation . . . . . . . .
Rehandle volume calculation ., . . . . . .
Initial position of the spoil pile ., . .

Overburden volume calculation . . . . . .

Other calculations ., . . . . ¢ ¢ v o « o

Computer program . . . . + ¢ « « &« o« « =
Input variables . . . . . . . . . . . . .
Computer flow chart . . . . . . . . . . .

Sample output of the model. . . . . . . .

The Pull Back Selection Model and The Two Machine

Pull Back Model . . . ¢ ¢ ¢ ¢ o« o o o o o @

- iv -

Page

. 85

. 85

. 93

. 93

98
99
99
99
103

104

. 104

. 105
105
105
106

.106

.107

.107

.108

. 108

. 113



Introduction . . . o ¢ ¢ ¢ o ¢ o« o o o o o
Overburden removal and spoiling procedures .
Overburden spoil volume calculation . . . .
Primary machine . . ¢« ¢ ¢ ¢ o « o « o &
Pull back machine . . . . « ¢ &« ¢ o « &
DozZer . o o o o o o o o o o o o 8 o o
Swing angle determination . . . . . . . . .
Primary machine . . . ¢ ¢ o o « « o +« o«
Pull back machine . . . . . « . « . . .
Cycle time calculation « « o« o « « o « o « &
Ownership and operating costs calculations .
Computer Program « .« e « o o o « o o o o o o
Description of program variables . . . . . .
Input data « ¢« ¢ ¢ ¢ ¢ ¢ ¢ ¢ o o o o o o o
Program flow chart . . . ¢« ¢ o ¢ o o o o« o &

Sample output of the models . . . . . . . .

APPLICATION OF THE MODELS . &« ¢ o o o o o ¢ o o o
Case study o o o o o ¢ o o o « o o o o o o o o o«
APProach « o« o o « o o o o o o o « o o o o o o

ReSUltS . . . . . [ . .. [ . . [ . . . . . L] . L]

CONCLUSIONS AND RECOMMENDATIONS FOR FURTHER RESEARCH
SELECTED REFERENCES . ¢ ¢ o ¢ & o ¢ o o o o o « o =
Appendix A L] ° L] . L] L] . - L] L4 L] . . L] L . L . *

Appendix B [ L] . L] . . . L] [ ] . . 3 e [ . . . 3 3

113
114
115
115
115
115
116
116
116
116
117
117
118
118
123

123

127
127
127

128

136
138
140

155



Page

Appendix C ¢ o ¢ & ¢ &« 4 o 4 4 o o o o o o o « « 163.
Appendix D . . . . . . . . . . . . . . . . . . . 171
AppendiX E . ¢ ¢ ¢ ¢ ¢ 4 4 ¢ 4 e o s e o o s e « 190

Appendix F . o ¢ ¢ ¢ ¢ 4 4 e 4t e e e e e e e o . 232

- vi -



Table

Table

Table
Table
Table
Table
Table
Table
Table
Table
Table

Table

Table

Table

Table

Table

Table

Table

Table

13:

14:

15:

16:

17:

18:

19:

LIST OF TABLES

Operating Cost As Percentage of Total Cost
By Functions in High Ratio Strip Mine . . . .

Typical Material Specific Gravities and Swell
Factor . . . L3 . . . . . . - . . [ . . . . .

Various Bucyrus-Eries Dragline Cycle Time Data
Important input Dimensions . . « +. + ¢ « o o o
Input Variables for Dragline Positions . . . .
Sample Input Data for Side Casting Model . . .
Sample Output of the Side Casting Program . .
Sample Input for the Dragline Selection Model
Sample Output for the Dragline Selection Model
Sample Input Data for the Extended Bench Model
Sample Output for the Extended Bench Model . .

Sample Input Data for Pull Back Machine
Selection Model . . . . « « - « ¢« « &« & o .« .

Sample Input Data for Two Dragline Pull Back
Model . ¢ ¢ ¢ v 4 4 v e 4 e e e e e e e e e

Sample Output for Pull Back Dragline Selection
Model . L] . - - . L] . L] . . L3 L3 . . . - L] . L]

Sample Output for Two Machine Pull Back
Simulation Model . . . . . . . . ¢ ¢« « « « < .

List of Draglines Used for the Case Study . .

Tabulated Results of Candidate Draglines
Production and Cost . . .« ¢ ¢« ¢ v v ¢« + « « .

Final Cost Comparison for 2.5 Million Tons of
Lignite from 100 Ft. Pit Width . . . . . . . .

List of Input Variables for all Models . . . .

- vii -

Page
16
31

33

90

92

94
101
102
109

112

119

120

124

125

129

131

134

172



Table

Table

Table

Table
Table
Table

Table

20:

21:

22:

23:
24:
25:

26:

List of Program Variables

List of Program Variables
Bench Model . . . . . . .

List of Program Variables
Machine Selection and Two

for all the Models

Unique to Extended

. . . . . . . . . .

Unique to Pull Back
Machine Pull Back

Model . ¢ ¢ ¢ ¢ ¢ ¢ ¢ o o 4 s e e e s e e .
Tabulated Data for Dragline 8200-12a . . .
Tabulated Data for Dragline 8750-28a . . .
Tabulated Data for Dragline 8200-21R . . .

Tabulated Data for Dragline 8050-23a . . .

- viii -

Page

177

.184

.186
.196
.206
.216

.226



Figure

Figure

Figure

Figure

Figure
Figure

Figure

Figure

Figure

Figure

Figure
Figure

Figure

Figure

Figure

Figure

Figure

1:

3:

LIST OF FIGURES

Page
Cross Sectional View of Dragline With Respect
to Pit Geometry . « ¢ ¢ ¢ ¢ 4+ 4 e e ¢ e e o o« o . 10
Plan and Cross Sectional Views of Dragline Move-
ments for Making the Key Cut . . . . . . . . . . 11

Cross Sectional Areas of Material Removed from
Each Dragline Position to Make the Key Cut . . . 13

Plan and Cross Sectional View of Dragline
Positions to Remove Bank Material . . . . . . . . 14

A Typical Specification Sheet . . . . . . . . . . 17
Cut-Spoil Diagram for a Dragline Operation . . ., 19

Plan and Cross Sections of Dragline Positions,
Spoil Location and Required Dragline Spoil Radius 22

Swing Angle vs. Swing Time Cycle for the Bucyrus-

Erie Model 1570 Machine . . . . ¢ ¢« & ¢ « « « « . 35

~Swing Angle vs. Swing Time for the Marion 8750

Machine . . ¢ ¢ ¢ ¢ ¢ & ¢ ¢ o o« e o o o « « « « . 36
3

Dragline Bucket Capacity vs. Weight Per Yd
Capacity for Medium Weight Buckets . . . . . . . 38

Bucket Capacity vs. Kilowatt-Hours/Hour . . . . . 40
Bucket Capacity vs. Maint/Power Cost Ratio . . . 42

Artist Conception and Cross Sectional View of
Chop Down Operation . « « ¢« ¢« « ¢ o « &« o« « « « o 44

Position of the Bucket Relative to Bench for
Chop Down Procedure® . . « « « o o s o s o o« o« o« o 45

Plan and Cross Sectional View of Dragline Positions
for Back Chopping to Prepare a Working Pad . . . 46

Plan and Cross Sectional View of Dragline Positions
for Chop Down Method for Selection Overburden
Removal . . . & ¢ ¢ o o o o o o o o o o o o o« o . 48

Effect of Chop Down on Dragline Reach . . . . . . 49

- ix -



Figure 18: Cross Sectional View of a Spoil Room Gained
by Chop Down Operation . . . . « o « ¢ ¢ « o &

Figure 19: Plan and Section Views of Dragline Locations
for Extended Bench Method . . . . . . . . .« .

Figure 20: Plan View of the Dragline Locations for
Extended Bench With Chop Down Method . . . . .

Figure 21: Cross Sectional Views of Bench Extension With
Chop Down and Key Cut Material . . . . . . . .

Figure 22: Plan and Cross Sectional View of the Primary
Dragline Operation for Pull Back Method . . .

Figure 23: Plan and Cross Sectional View of the Pull Back
Machine Operation . . . . .« ¢ ¢ &« ¢« « « o« « &

Figure 24: Plan and Cross Sectional Illustration of the
Pit Geometry for the Key Cut Removal for the
Side Casting Model . . . « « ¢ ¢ ¢ ¢ o o « « &

Figure 25: Plan and Cross Sectional Views of Pit Geometry
for the Main Cut Removal of Side Casting Model

Figure 26: Two Lift Dragline Operation Shown in Plan View
and Cross Sections: a and b show the top 1lift,
c and d show the bottom lift. . . . . . . . .

Figure 27: Plan and Cross Sectional Views of Dragline
Positions with Respect to Crest of Digging
Face and Highwall . . . . . . . . . « . « .« .

Figuré 28: Cross Sectional Areas of Material Removed From
Each Dragline Position to Make the Key Cut .

Figure 29: Cross Sectional View of the Dragline Digging

Angle . ¢ ¢ 4 i e e e e e e e e e e e . .
Figure 30: Key Cut Volume - Case (1). . . . . . « . « . .
Figure 31: Key Cut Volume - Case (2). . v ¢« « « « & & o =
Figure 32: Key Cut Volume - Case (3). .« « « ¢ « « « « .

Figure 33: Dragline Spoil Ridge Location For Key Cut
Position and Cross Section . « « ¢ ¢ o« o« o « &

Dragline Spoil Ridge Location For Main Cut

Figure 34
Position on Plan and Cross Section . « « « .« .

- Y} -



Figure
Figure
Figure
Figure

Figure

Figure
Figure
Figure
Figure
Figure

Figure
Figure
Figure
Figure
Figure
Figure
Figure
Figure
Figure
Figure

Figure

35:

36:

37:

38:

39:

40

41:

42

43:

44

.o

45:
46:
47:
48:
49:
50:
51:
52:
53:
54:

55:

Initial Dumping Point Location For Medium

Overburden Case . . . .

. . . . . . . . . . . .

Initial Dumping Point Location For Shallow

Overburden Case . . . .

Model Variables
Section . « « « ¢ o o

Illustrated in Plan and Cross

Dragline Variables To Determine Digging Angle
Are Illustrated in Cross Section . . . . . . .

Computer Flow Chart For

Computer Flow Chart For
Model . . . . « .+ . . .

Computer Flow Chart For

) MethOd . . . . . . . .

Computer Flow Chart
Selection Model . . . .

Computer Flow Chart
Model . . . . . .

Cross Sectional View of
For Volume Calculation

Key Cut Volume - Case
Key Cut Volume - Case
Key Cut Volume - Case
Strip Cross Section . .
Section at Key Cut . .
Section at Highwall . .
Extended Volume Case 1

Extended Volume Case 2

Volume Already Spoiled Case

Volume Already Spoiled Case

Cross Sectional View of
Pull Back Method . . .

- xXi -

The Side Casting Model.

The Dragline Selection

Extended Bench

- . . . . . . . . . . .

Pull Back Machine

. . . . . . . . . . . .

Machine Pull Back

Dragline Digging Angle

. . . . . . . . . . . .

(1) ¢ ¢ ¢ ¢ o« o« o o o ..
(2) ¢ « ¢« ¢ o v o e o

(3) « « ¢ v ¢ ¢ 0 . ..

. . . . . . . . . . . .

(2) « ¢ v« ¢ v .

the Geometry for

Page

. 100

. 110

. 122

- 123

- 145
- 145
- 146
- 146
- 154
- 154
- 154
- 157
. 157
. 160

- 160

- 165



T-2111
ACKNOWLEDGEMENTS

The author wishes to express his appreciation to all
individuals and organizations who have made contributions to
this thesis:

Prof. Matthew J. Hrebar, thesis advisor, for his guidance,
assistance and constructive criticism during the course of this
study. R

Dr. Thys B. Johnson for his advice, encouragement and
willingness to assist were invaluable.

Dr. William Hustralid for reviewing the manuscript.

Mr. Benton Kelly for his suggestions and help.

The 'Etibank' State Mining Company of Turkey for sponsoring
the author's education in the U.S.A.

The Mining Engineering Department for providing the
financial aid and giving the opportunitx to obtain a valuable
experience as a teaching assistant.

All my fellow graduate students for valuable discussions

and encouragements.

- xii -



T-2111 1

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 0il 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
to their low cost per yd3 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 (1l). 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

seamnms.
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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
produétion 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 informatién 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 Reclama-
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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". 1In 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) developéd 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 usingrsne 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 remainiﬁg
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 éingle 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 procedﬁres 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 c¢ross
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 0l1d 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
positionf |

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 wvarious
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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Material Removed

Position 1

B (a) Dragline Position 1 B

Position 2

B (b) Dragline Position 2 B~

Material Removed

B (c) Dragline Position 3 B

FIGURE 3: C(Cross Sectional Areas of !laterial Removed
from Each Pragline Position to Make the Key
Cut.
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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
Stripping
Bank Preparation (Including Blasting)
Coal Preparation
Hauling
Coal Loading
Reclamation
Supervision ahd Mine Office
Engineering and Prospect Drilling

Roads

TOTAL

Percentage Cost

60.3

16
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basic
specifications

29701

Walking Dragline

WEIGHTS: Boom tength. f1. 338
Net weight®. domestic, approx. (with bucket + 74’ base) Ids............ et te e, 11.515.000
Working weight. approx. (with bucket) 1bs.............uuu..... e, 12.515.000
Baliast waight (furnished by purchaser) ibs. ... ... .. ettt 1.000.000

*Add 375.000# for 80' dia. Dess. (BDOrOX.} ST reCuCe Datiast 50,000 o

Add 9$0.000 # for blocking On Cars when eslimating Gomestic fregnht.

BASE:
Outside diameter, f.oin........ N
Bearing ares, 5q. ft. ..
Circle rail diameter, ft.-in,
Rollers, quantity..... PP
average diameter, in. . .
Swing rack, pitchi diameter, ft-in. ........ .

WALKING MOUNTING:

Shoe, width and jength, .. ... ... ........
combined bearning ares, sq. ft. ...

Oversil width over shoes, ft.-in............

Cam <igmeter, ft-in. .......... Cereoronns

Length of step. approx. ft.-in,

Walking speed, approx. mp.h,........... .

—

REVOLVING FRAME:

740 | 80-0 Upper machinery frame. width x length, ft... ... .86% x 99%

4300 “ 2027 Girder depth, upper frame, f.n..........cocuouinan 12-0
100 ELECTRICAL EQUIPMENT:

4‘:8 Hoist motors (blown) . ................ sight 625/1_300).9‘

Orag motors (blown). .............. ... eight 50071045 h.p.

Swing motors (biown) .. ............... four 62571300 h.p.

1ax72]| 14x72 Walking motors (blown) . . ............. four 500/1045 h.p.

2016
1046
10-0

110-6

2016

All sbove motors rated at 75° continuous and at 230/475V.
MG Set Drives: four 3000 h.p. Synch. mers....3/60/6900 V.

High Voitage Transformer 15,000 KVA
22.900 V. primary - 6,900 V. sacondary

WORKING DIMENSIONS

Clearance radius, ft.in....................
Operating radius
Boom foot radius, Mt.in. ... ..... e
Clearance height, ft.an. ..,
. Boom foot height. ft.-in
" Dumping clesrance® .............
Boom point height ..
Digging depth
Point sheave pitch diameter, i

'inciudes aitowasnce f0r Bucker, No1st Chaing. Dick-ud ink and
10" clearance at hoist shesves.

NQOTE

11} Rope diameter may change with hingl geomaetry.

(2! Bsttast requirements may vary pending Hinat stadiiity.

(3} Bucyrus-EneCompany reserves the right to make changes
In S0OCIHiCIUONS OF 0OSIGN WRICh 1A ITS ODIAION e an
1IMOrOVeMeNn! Or 818 NECESSaly DECAUSS Of UNaVE:IaD: ity
of materiais. withoutl nCurnng any Hadilily 10 Maxe sucn

80-0

LIODTMOO®>»

hanges on ° v Butt.
G-F Dreg HoIst ]
2 Me x1mum ]

Soom Oversting | B0om | 5,50 Soom p1, | Aoproximete | 595,09 [ Oru R ) "o
Lengm Radius Angle Load (tbe.} Height O::::‘-:o Deotns Di.n’: o °°;i.m. o,’:,: o | :‘.m. 1’
335 326 30" 520.000 184" 103%° 1700 1 1107 2 4% 1 ne 2 4
310 35° §50.000 208 1317 160° 110" 2 ah- {1107 2 aq- |
30Q° 38° 585.000 222 139Y: 150° | 10| 2 | ekt [10m f2 | ek
L 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

Where:

EDR

W

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

Effective dragline reach

Overburden depth, ft.

Angle of repose for high-wall, degrees
Angle of repose for spoil

Swell of the material %/100

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. Chatterjee 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.
Trherefore, a new dragline reach eguation 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 draglineA;each
(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 positioniﬁg and the manner in which material is
spoiled affects the required dragline operating radius. 1In
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 Fidgure 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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A}

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 Length =---===---- (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.

w2
CSA = W x h - 37— x TAN B ==-==---==——emm—mem oo (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 TanB =====—mm— e oo (3)

and

_ 2_,2 %_ _ H - T
HD = (DOR"-X")"= P - s=rg TanC = --—-=—-mm- (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

Overburden height”

fas]
I

A = High-wall angle
T = Coal thickness
C

= Coal face angle
Substituting equation (4) into egquation (3)

5
_ 2_,2 _ _ H _ T e
h = ((DOR"-X7) P Tanh Tanc ) x Tan B (5)

Substitute equation (5) into egquation (2)

1 2

_ 2 2. ° H T W
CSA = W ((DOR“-X") - P FanE~ ~ Tant® )Tan B v Tan B
-==(6)
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Rearranging equation (6)

5
- 2 2 H T I P
CSA = W Tan B ((DOR“-X") - P - Tanh ~ TanC 4) (6a)

Substitute equation (6a) into equation (1)

%
. o 2_,2,°_ _ T _ W
Unit volume = W Tan B ((DOR"=-X") 2 TanC 4) Ax ___(7)

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

. 2 -1 X 2 2 g
Spoil volume = W Tan B (% DOR“ Sin 568 * ¥ X (DOR“-X") - P X
JH-X _ T-X WX, (8)
TanA TanC 4 1 TTTTTTTETTTTETET T T TR
Since for small angles:
. X _ X
Arc Sin 55? = DOR
L
V=WTan B (%DOsz 55— + % « X - (DOR2—X2)2—
OR
x - BX _ T.-X _ WX
P-X TanA TancC 7))
V = W.X.Tan B (DOR+(DOR2'XZ) -p-A_ - I __W (9
: 2 TanA  TanC 4’"
V = Volume of the spoil space

Since volume of the spoil has to be equal to volume of the

—~

material removed adjusted for swell,

%
22_y2
XeW-H.(14S) = WX Tan B (DOR+(D2R -X7) _p -

H_ _ T _W
TanA TanC 4
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By rearranging the terms:

H T + H(1+S) W

DOR = Fana * Tanc TanB tg v P
X2 e (10)
H T H(1+S) W
4 (TanA + TanC + TanB + 4 + P)
o H T H(1+S) . W i
I£/ODOR = Tand | TanC | TanB tzt?P

Where ODOR : 01d Dragline Operating Radius

x2

4- (ODOR)

DOR = ODOR +

When swing angle is 900, which is when X = 0, equation (10)

becomes:

_ _H T H(1+S) , W L
= Tana T TanC %'TanB tzt P which is
the clas-

sical

ODOR = DOR

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:

H: Overburden depth = 100'
W: Pit width = 100"
S: Swell of the material = 25%

A: Highwall angle = 63.4°
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B: Spoil angle = 38.5°
T: Coal thickness = 20°'

C: Coal angle = 90°

]

X: Cut length 100"

P: Dragline position = 50'

H R + H(1+4S) W

DOR TanA  TanC TanB tgz P A
X2
H T H(1+48) 1
4 ( TanA + TanC + TanB + 4 + P)
_ H T _H(14S) , W :
ODOR = Tand TanC + Tand | 2 + P
ODOR = 282"

2
= (100) =
DOR = 282 + ) (282) — 291"

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°'

L
. 2 22
Spoil Volume = W.X. Tan B(DOR+(%?R —X) -P-
H _ T __W,
TanA TanC 4
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Spoil Volume = 1,249,000 ft3
Volume rgguired to belremoved = W.H.X (1+S) = 1,250,000 ft3

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 )(chiiiied)
Production Capacity Factor 1 + Swell Factor —~Year —
(va3) (%)
Mechanical 3600
(Availability) (Job Factor) (Cycle Time)

(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
arensome 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. 1Idle 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 retﬁrn 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 weighg 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
yvard 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 selectiop 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 I1,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:

1

¥ = §.004 (X) + 0.2982

Y: The ratio of maintenance cost to power cost

X: Bucket capacity, YD3

This relationship is shown in Figure 12. Information
provided by B-E in 1978, suggested an average R.M.S. cost of
6¢/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. 1In 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 Bﬁcyrustrie‘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 Qorking bench, where terrain is hilly and freéuent ridges
exist or when surface conditions are.soft .and unsuitable for machine
support. The procedﬁre 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
e;ther-chopping directly behind or from the next pit over.

Figure 15 shows this procedure in plan and cross section.
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Figure 13: Artist Conception and Cross Sectional
View of Chop Down Operatinn.
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Figure 14:

Position of Bucket Relative To Bench
For Chop Down Procedure.
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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 guantity 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

Area DEF = ACB = %2 - Tan B

Therefore,

Spoil Area Gained (ADEB) (W/2 + X) W. Tan B X

2
2 X %— Tan B
Since: o
_ CDBH
X = Tana

CDBH : Height of the chopdown bench

W CDBH, -

Spoil Area Gained = ( 5+ %) W:* Tan B - 2 - Tan B

‘hlz
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This spoil area gained can only hold overburden material with an
area of:

(W-Y) = (14SF) Where Y is the effective overburden height
reduction from the spoil room gained.

Then:
2
W CDBH W
(W’Y) (l+SF) (—2- + m) W - Tan B -2— Tan B
- (W TanB _ W
Y = (2 + CDBH ——TanA 2) / (1+SF)
_ . TanB
Y = (CDBH T——anA) / (1+SF)

Once this effective height reduction, due to the chop down

is determined, the reach equation for the chop down method becomes:

_ ,(H=Y) T (H-Y) W P
DOR = (TanA Y Tanc Yt TanB (1+5) + z 7 Z) +
X2

(H-Y) T (H-Y) W P
4(TanA * Tanc T TanB (1+5) + 7+t 7

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.



T-2111

CuJ

Length

L

Crest of the ,

Digging Face

Initiat Spoiling

Position

New
Highwall
Crest

Original
Highwall
Crest

[}
Extended
Wwidth ]

)

pr———

j¢——————— EDR

T T T T T TBpoil
- = = = ——=Lencth

Extended

\
\ Key
\ Cut /

Plan and Section Views of
Dragline Locations for Ex-
tended Bench Method.

55



T-2111 56

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 requi;ed
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:

. _ 1 3600
Annual Production = BC x FF x 175F X SH x MA x JF x el

where:
BC = Bucket Capacity (yd3)
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 sw%ng 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. 1In 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 poéition 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. 1If 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. 1In both cases, the dragline operates
from various positions specified as input data. .The dragline's
positiéns 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 1lift. Figure 26 illustrates

two 1lift cut removals.
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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 1lift and a second set of positions for the sec-

ond 1lift 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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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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Figure 29: Dragline Digging Angle
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Figure 33: Dragline Spoil Ridge Location for Xey Cut Position
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 céses 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 35: 1Initial Dumping Point Location
For Medium Overburden Case.
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Figure 36: Initial Dumping Point Location
For Shallow Overburden Case.
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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. 1Initial 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 positién 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 ié 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 ré£e 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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discﬁssed 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 st;aigﬁt 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) DIC - 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 1lift 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

85
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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, ¢T, CD, A, B, C, FA, SF, X, WK
CDBH

XD, YD

MT

DR, BC, CABHT, CABRAD, P

DT, BPT, ST1l, ST2, SCC, WS, CLT
su, Av, JF, RF, FF

DIC, PCKH, PCH, LR, DOL, CRF, ITIP
NPK, NTP, N

DDFDF (1), DDFH(1)

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)

14805249

00010 G0es 1204 eU.879 7196304935, 578,984,922,9100.910.
QCO20 QL0

Q0030 120405250,

0004¢ MAR-8O050 236

00050 280,906, 913,921.5540,

00060 12691203540, 546.518.90.25,180,

00070 6800,y .88y .85y .88y .95

00080 140000002 1650.50.03+s13.0920,50.0v.16
00090 39895

00100 80,90,

G110 GO e R0,

00120 40,990,

0013X0 40,970,

00140 40 v40.

Q0150 0

00140 Gréhy B 2

00170 404990,

00180 40. 970,

00190 40,540,
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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 l1ift, 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 1lift. 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:

FROFERTY CHARACTER

OVEREBURIEN HEIGHT
COAL THICKNESS
HIGHWALL ANGLE

SFOTL ANGLE OF REFOSE
COAL HIGHWALIL ANGLE
SUWELL FAUTOR

COal. RECOVERY

FIT WIDTH

CUYT LENGTH

CHOF DOWN BENCH HEIGHT
FIT EXTENTION

*e 24 24 BY DO AP 00 O O O6 S

DRAGLINE CHARACTERT

DRAGL INE TYPE

DRAGLINE REACH

RUCKET CAFACITY
SCHEDULED HOURS
MECHANICAL AVATLABILITY
SJOB FACTOR

46 28 e o4 o S@

DRAGL.INE FRODUCTIO
SUMMARY

AVERAGE SWING ANGLE
AVERAGE CYCLE TIME

*s +4

FRODUCTION KATE :
TOTAL VOLUME SFOILED :

FRODUCTION RATE (RANK? b
TOTAL VOLUME SFOILED (RBANK) S

TOTAL VOLUME CHOFFED
TOTAL VOLUME REHANDLED
FERCENT REHANDLED
FERCEHT CHOF DOWN

cs 00 4o e

TOTAL COAL MINED :

OFERATING COST :
OWNERSHIF COST :

TOTAL COST

*> oo

ISTICS

H90.0
Ded
63.4
35,00
7600
122,00
88.00
120,00
100.00
0.00
0.00

8TICS

SAMPLE OUTPUT OF THE
SIDE CASTING MODEL

ET
ET

NEGREES
DEGREES
DEGREES

T T T
— = -

MAR~B80%0 2

285.00
G600
4800.00
88.00
85.00

N AND COST

G564 60

63.92

297920
15153403.0

2441 ,97
12420822.0

0.00
Q.00
0,00
Q00

11671046,00

1.27
0.07

1 L3 é) ()
0.09

2.87

0.17

FT
CURLC YAaRD
HOURS/YEAR
%
A

DEGREES
SECONDS

CU. YDR/HR
CU.YO/7YEAR

CUs YI/HR
CUs YI/ZYR

CUYDLIYEAR
CU.YI/vEaR
“

TONG

$/TON
$/CU. YARD

$/TON
$/CU. YARD

4/ TON
$/CU. YARD
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TABLE 7: (Continued)

DRAGLINE FRODUCTION SUMMARY
FOR
EaCH FOSITION

FOSITION 1 2

VOLUME SFOILED {(CU. YID 34634.22 2270.20
AVERAGE SWING ANGLE (I 41,93 47 .93
EXCAVATING TIME (HRS) 1.44 0.91
WALKING TIME (HRS) 0.22 Q.07
TOTAL TIME (HRS) 1.65 0.98
FOSTITION 3 4

VOLUME SFOILED (CU. YID 2011.61 1919509
AVERAGE SWING ANGLE (ID 53,34 O 74
EXCAVATING TIME (HRS) 0.82 Ge44
WALKING TIME (HRS) 0.07 007
TOTAL TIME (HRS) 0.8¢ G H2
FOSITION G

VOLUME SPOILED (CU. YID Q.00

AVERAGE SWING ANGLE (I0) 0.00

EXCAVATING TIME (HRS) 0.00

WALKING TIME (HRE) 0.00

TOTAL TIME (HRS) 0.00
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Input Data

Property Characteristics - Operational and
Dragline Dimensions - Cost Information

[ Input Flag ]

|

[ Calculate Required Dragline Reach

Dragline
Reach Sufficient?

Flag
Equal to 1?
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[ Read new set of
D Key Width at the Too

ragline Positions

Pit Width

Write machine reach is
not sufficient
for overburden

STOP
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Write
Determine Effective Reach Cut will be mined
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Y N

Initialize Spoil P
For Shallow Ovb.
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To

Medium Ovb.

Any

N
Chop Down?
Calculate chop down average swing
angle and volume

Flac 1
irst Lift Mined
2

Initialize Varia-
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I

Starting Irom position one, calculate volume
average swing angle and cvcle time for nosition

Key
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Volxay
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|
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ition
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|

Go to Next N - Vgég@g goge
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'
1
1
'
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i
]
]
|
]
:

Figqure 39: Computer Flow Chart
For the Side Casting Model
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Calculate weighted average swinc¢ angle
for the position and walking distance

Call subroutine cycle to calculate
excavating and walking times

|

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

Any
More Positions

<

Increment dragdt _
osition by one

Calculate final average swing angle
cycle time, dragline annual proauction
ownership and operating costs

Output: Operating and Cost Information

[ STOP

Figure 39 : (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. 1In 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 production

i
[ Input rlag |

Flag

Ecual 1
2

Read new set of [Sélculate Required Key]
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Pit Width
Wide Enough

No
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Write cut will be mined
in 2 lifts enter new dim
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Initialize Vari- Initiali-e Vari-
Accordinglv ables Accordinclv

[
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Y Key N
. Cut Position
I Call SubroutineAAI lCall Subroutine 1
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Begin calculating individual cross sections
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Figure 40: Computer Flow Chart
For the Dragline Selection Model
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00010
00020
00030
00040
00059
00060
00070
00080
00090
00100
00110
00120
00130
00140
00150

TABLE 8: SAMPLE INPUT DATA FOR
DRAGLINE SELECTION MODEL

H, CT, A, B, C, FA, SF, X, W, FA
CABHT, CABRAD, P

prT, BPT, ST1l, ST2, SCC, WS, CLT
AP, SH, AY, JF, FF

NPK, NTP, N

DDFDF (1), DDFH(1)

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)

P0:+95:57 963449330976 ¢938.92249100,9120.910,
300 9300 !400
124212:3940.946.918,90.25+180.
34880459.96800.90.8890.,8590.995
3955

80y90

460920

40590

40470

40540

1

br6+8

4090

40,70

40940

101



T-2111

TABLE 9: SAMPLE OUTPUT FOR THE
DRAGLINE SELECTION MODEL

282.42

REQUIRED' DRAGLINE REACH

BUCKET CAFACITY : 175.60
AVERAGE SWING ANGLE : 113.90
AVERAGE CYCLE TIME : 71.78
ANNUAL PRODUCTION $+34880459.0
FOR
OVERBURDEN HEIGHT : 90.00
COAL THICKNESS : S.57
HIGHWALL ANGLE OF REFOSE? 63.40
SFOIL ANGLE OF REFOSE H 35.00
COAL ANGLE OF REFOSE : 76,00
PIT WIDTH : 120,00
CUT LENGTH : 100.00

FT
CU YD
DEGREES
SECONDS
BCY

FT
FT
DEGREES
DEGREES
DEGREES
FT
FT

102



T-2111 103

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 coﬁpleted, 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 1lift cut removal,
the model follows the two 1lift 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 spoiis 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 1lift 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 mainprogram 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 1lifts; 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, ¢r, CD, A, B, C, FA, SF, X, WK
CDBH
MT
DR, BC, CABHT, CABRAD, P
pT, BPT, ST1l, ST2, SCC, WS, CLT
sH, Av, JF, RF, FF
DIC, PCKH, PCH, LR, DOL, CRF, ITIP
NPK, NTP, N
DDFDF (1), DDFH (1)
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)
L14:188447
0010 110912009557 57102630473%5.,976¢r34,922.5100,510,
00020 0.0
OO0E0  MAR-8050-23A
2E% S5 5ber 1302105940,

0G0
00050
000560
QOO0
DOOHO
OGO G
Q0L o0
00110
GOL2G
Qo130
Q014G
D01E0
00140
O0170
00180

A
]

120712&37400 94\{)0!180 900259'800
HBOO, » .88y .85y .88y ,99
14000000.916%50.920.03913,0720,90.0r,16

Folie
B0y 20,
ECer 70,
40950
AQ L 270,
A0 40,
1

HebheH

40, v F0 .
40,970,
40,940,
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tnput
Property Characteristics - Operational And
Cost Information

]

L Input Flag ]

Flag
Equal to 1

ea new set O
Dragline Positions

Pit wWidth N
ide Enough
v
I nﬁééﬁg%g:ﬁ?é&ééécipgﬂ Write cut will be mined
=S LR in 2 lifts enter new dim

Chop Down? Stoe

Y
I Adjust dragline positions with respect to new
highwall crest

[ Calculate chop down average Swing angle 1
and volume

Calculate average cgcle(time and total time
spent chopping down

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

Calculate required dragline reacn for the
djusted overburden weicght and pit extension

[ Call subroutine to calculate the required l
volume_ to estend the bench

Chop Down
Volume Enough For
Xtension

Adjust the Extend
olume Accordinaly

Adjust Chop Down
ench Heicht To Vol

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

a e — m e m e~ m——m e —mma————
Y Is u
MDD S— Flag Equal To PRSI
Initialize Varia- Initialize Varia-
bles Accordingly bles Accordingly

1

I Start removing the material for each
position

,Call subroucine J fCall subroutine l
Volkev Jolcout

Fiqgure 41 Computer Flow Chart
For the Extended Bench Model
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Bench

o No. Extension
Finished
Calculate Average Det. Volume Left |
wi n Over for the Pos.

_——-I Calc. the swing J

ngle for bench ex

R b s 3

gin spoiling 1into the pit and calculate cross
sectional volumes and swing angles

I Accumulate volume spoiled, weighted swing ]
angle for the pogition

[}
3
+
'
i
'
]
]
]
]
'
]
L

Go To Next
Fross Section

rcalculate weighted average swing angle for I
the position and walking distance

l Call subroutine cycle to calculate l
cycle and walkinc time

I Accumulate excavating, walking time for ]
the whole cut

More Positions

Calculate final average swing angle
Cycle time, dragline annual production
Ownership and operating costs

I

Output: Operating and Cost Information

L STCP

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

FROFERTY CHARACTERISTICS

OVERBURDIEN HEIGHT
COAL THICKNESS
HIGHWALL ANGLE

SFOIL ANGLE OF REFOSE
COAL HIGHWALL ANGLE
SWELL FACTOR

C0AL RECOVERY

FIT WINTH

CUT LENGTH

CHOF TOWN BENCH HETGHT
FIT EXTENTION

110.0 FT
5.6 FT
63.4  DEGREES

35.00 DEGK

76,00 NEGREES
122,00 %

86.00 %
120,00 FT
100,00  FT

0.00 FT

40.4% FT

GE 08 SO 20 BB HE OC 4 e 2O 44

TDRAGLINE CHARATTERISTICS

MAR-8050--2
28%.50 FT
34.00  CURIC YARD
6800.00 HOURS/YEAR
83.00 %
84,00

DRAGLINE TYPE

DRAGLINE REACH

BUCKET CAFACITY
SCHEDULED HOURS
MECHANTICAL AVAILABILITY
SO08 FAaCTOoR

P4 G0 S 44 +4 OF

DRAGLINE FRODUCTION ANIY COST
SUMMARY

124,34 DEGREES
76.18  SECONDS

AVERAGE SWING AMGLE
AVERAGE CYCLE TIME

*e oo

FRODUCTION RATE : 2500.40 CUe YO/7HE
TOTAL VOLUME SFOILED $1271803%.0  CUYD/YEAR

FRODUCTION RATE (RANK) : 2049.351 CU.YD/HR
TOTAL VOLUME SPOTLED (BANK)$ G201965.0  CU. YO/YEAR

TOTAL VOLUME CHOPPED : 0.00 CUYOA/YEAR
TOTEL VOLUME REHANDLED $BS17637.4  CULYIYEAR
- WY REHANDLED : 43,38 %

FE WT DHOF DOWN : 0.00 X

TOTAL CO&L MINED ¢ RHBR0VT AL TONS

OFERATING COST : 643 $STON

: 0.10 $/CU. YARD
OWNERSHIF COST : 7.42 $/TON

: 0.11 $/CU. YARD
TOTAL COST " 13.8%5  $/TON

¢ 0.21  $/CU.YARD
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TABLE 11: (Continued)

DRAGLINE FRODUCTION SUMMARY
FOR
EAUH FOSTITION

FOS llI(lN 1 2

VOLUME SPOTLED (CU. YIND 3024,71 13846.07
AVERAGE SWING ANGLE (IN 159.80 B9 20
EXCAVATING TIME (HRS) 1.73 0.80
WALKING TIME (HRS) 0,24 0.07
TOTAL TIME (HRS) 1.97 0.88
FOSITION 3 4

VOLUME SFOTLED (CU. YID ?qq?o/o
AVERAGE SWING ANGLE (1IN 157.99
EXCAVATING TIME (HRS) 1.4%
WALKING TIME (HRS) Q.07
TU!A! TIME (HRS) ].;h

F’OolTION 5 &

VOLUME SFOILED (CU. YID 13443«/4 GPHR. 48
AVERAGE SWING ANGLLE (I 1468.31 120.1%
EXCAVATING TIME (HRS) B3R 3.59
WALKING TIME (HRS) 0.13 O.11
TOTAL TIME (HRS ) . Ge4% 270
PUSITTON 7 3

UU[ UML ql UII l"rl ((:Uo YIi) 15294,.78 124%33.62
AVERAGE SWING ANGLE I FAvRetS] PR A
EXCAVATING TIME (HRS) A,u7 ﬁun
WALKING TIME (HRES) 0.07 Q.13
TOTAEL TIME (HRS) 4,464 F.an
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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 enabliné 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-
guired 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
éurvature to its maximum capacity without causing any rehandle,
while, the pull back model assumes that the primary dragline
will remove the overburden by side caséing 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 1lift 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 reqﬁired 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.
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00010
00020
00030
00040
00050
00060
00070
00080
00090
00100
00110
00120
00130
00140
00150
001460

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 (1), DDFH(1)

DDFDF (2), DDFH(2)

DDFDF (3), DDFH(3)

DDFDF (4) , DDFH (4)

DDFDF (5) , DDFH(5)

DT, BPT, STl1, 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)

14007100 780o y68. y38. ’850 !200’1000'1200’100
EE 1570 . '
2400,600 !300 7300 ’400

I3y595

8()0 7800

$0.980,

400 !800

400 '500

400"400
12,93.940.946.518.+0.25,180,
680007089008909’009

1

62648

40,560,

400 7500

400 ’400

119
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00010
00020
00030
00040
00050
00060
00070
00080
000%0
00100
00110
00120
00130
00140
00150
00150
00170
00180
00190
00200
00210
00220
00230

TABLE 13:

INPUT DATA FOR THE
TWO MACHINE PULL BACK
SIMULATION MODEL

H, CT, CD, A, B, C, SF, X, W, WK, RF

MT1

DR, BC, FF, CABHT, CABRAD, P
NPK, NTP, N

DDFDF (1),
DDFDF (2) ,
DDFDF (3),
DDFDF (4) ,
DDFDF (5) ,
DT, BPT, ST1,

DDFH (1)
DDFH(2)
DDFH (3)
DDFH (4)
DDFH (5)

sT2,

SCC, WS, CLT

SH(l), AV(l), JF(1)

SH(2), AV (2),

MT2

PBDR, PBBC, PBFF
PBDT, PBBPT, PBST1l, PBST2, PBSCC, PBWS,

PCH(1), PCKH(1l), MCPCY(1l), LR(1l), DIC(1l), COL(1),
LR(2), DIC(2), COL(2),

PCH(2),

PCKH(2), MCPCY(2),

DOCPH, DOWCPH

IFLAG

JF(2)

NFSIKP, NFSLKP, NFSTP
DDFDF (6) , DDFH(6)
DDFDF (7) , DDFH(7)
DDFDF (8) , DDFH (8)

1400!100’800’680'380!850!200!1000712007100709

EE 1570

2400’60'!009!300'3009400

39595

8009800
60,980,
4009800
404960,
40.v40,

120!30!400!460!180!0025!1800
68000!080!080
680007080’080

EE 850

210.915,,0,9
12,93,940,546.918.,90.25+,180.,
2800,90,0790.06910.920000000,220,90,15

20004+90.,0790.06510.510000000.,920420.,15

el

'350!&50

1

69618
400!600
400!500
40.940,

120

ITIP (1)
ITIP(2)
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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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Input Variables
Property Characteristics
Primary dragline dimensions

1

l;, Input Flag 4]

Flag
Egual to 1?

I N

Read new set of ] ]Calculate reguired key
Dragline Positionc width at the top

irst Lift Mined?

Pit Width wide N
Enough?
Write cut will be mined
in two lifts. Enter new
dragline positions
. STOP
N Flag Equal Y

Initialize Varia-
bles Accordingly

Initjalize Varia
bles Accordingly

2

|

verage swing angle, volume
o) ea position

Key Cut
Position

Call Subroutine

Vo

o]

Call Subroutine
Volcut.

|

1

Calculate weighted.average swing angle, volume
spoiled and walking distance for the position

Call subroutine cycle to calculate excavating

l Accumulate excavating, walking times of AJ

each cosition for the whole cut

Increment Drag-} .
line POSition, j==na
by one

Any More
Positions?

Calculate final average swing angle, cycle time,
primary dragline yearly production capacity

i
Calculate pull back dragline operating
radius and amount to be rehandled

]

l, Calculate amount t9 be rehandled by dozer l

Determine pull back negative buckect capacity to
rehancdle material from the primary machine

Output reguired pull back machine arnd dezer
capacities to match with the prizary drag

T

l47 STOP gJ

Figure42: Computer Flow Chart
For the Pull Back Machine Selection Model
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Input
Property Characteristics - Primary and Pull
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|
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bles Accordingly

Initialize Varia-
bles Accordingly

gin to calculate average swing angle, volume

e
Ei removed for each position
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Key Cut
Position?

Call Subroutine l I Call Subroutine |
. Volcut

Vol

xev

Calculate weighted average swing angle - volume

]

spoiled and walking distance for position

Call subroutine "cycle" to calculate
excavating and walking times

[Accumulate excavating, walking times of each I

position for the whole cut

Increment Drag- N
line Position -=-
2y _0ng

g
Last Position Of
irsg Li

time, orimary dragline vearly production
capacityv

Calculate final averace swing angle, cycle

T

Based on the 180° swing angle calculate
pull back dragline productivity

|

Calculate orerating and ownership cost of
* both draglines aud dozer per ton and per yd

]

Write operating and cost summary of
all the machines

i

[:; STOP J

Figure 43 :Computer Flow Chart
For the Two Machine Pull Back Model
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TABLE 14: SAMPLE OUTPUT FOR PULLBACK
: DRAGLINE SELECTION MODEL

REQUIREDI' MACHINE SFECIFICATIONS
FOR
FULL BACK MACHINE .

REQUIRED REACH : 254.42 FT

BUCKET CAFACITY : 28.01 CURIC YARD
DOZER PRODUCTION ¢ 250.93 CURIC YARD
FULL BACK MACHINE % REHANDLE 3 45.71

7.88

e

LDOZER % REHANDLE
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TABLE 15: SAMPLE OUTPUT FOR TWO MACHINE
PULL BACK SIMULATION MODEL

FROFERTY CHARACTERISTICS

OVERBURDEN HEIGHT : 140.00
COAL THICKNESS : 10.00
HIGH WALL ANGLE : 68.00
SFOIL ANGLE OF REFOSE : 38,00
COAL HIGHWALL ANGLE : 85.00
SWELL FACTOR H 1.20
COAL RECOVERY : 0.90
FIT WIDTH : 120,00
CUT LENGTH : 100.00

MACHINE CHARACTERISTICS

DRAGLINE 1
DRAGLINE TYFE : EE 1570
IRAGLINE REACH : 240,00
RUCKET CAFACITY : 1458.00
SCHEDULEID' HOURS : 6800.00
MECHANICAL AVAILAERILITY ¢ 0.80
JOE FACTOR : : 0.80
AVERAGE SWING ANGLE : 76.54
AVERAGE CYCLE TIME H 60.18
FRODUCTION RATE : 3184.00
TOTAL VOLUME SFOILED $13865472.0
COST : 0.25

DRAGLINE 2
IIRAGLINE TYFE : EE 850
IRAGLINE REACH : 210.00
EUCKET CAFACITY : 364,50
SCHEDULED HOURS : 6800.00
MECHANICAL AVAILARILITY 0.80
JOE FACTOR : 0.80
AVERAGE SWING ANGLE : 180.00
AVERAGE CYCLE TIME : 69,00
FRODUCTION RATE $3055104.00
TOTAL VOLUME SFOILED :
CosT : 0.57

FT

FT
DEGREES
DEGREES
DEGKEES
%

%

FT

FT

FT
CUEIC YD

HOURS
A

%

DEGREES
'SECONDS

CU. YID/HR
CURIC YD
$/CURIC YD

FT
CUEIC YD
HOUKS

%

%

DEGREES
SECONIDS
CU. YD/HR

$/CURIC YD
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TABLE 15: (Continued)

FRODUCTION SUMMARY

TOTAL COAL MINED ¢ 962659.91 TON/YEAR

FERCENT REHANIDLE
FULL RACK MACHINE
[OZER

e oo

0.46 Z
0.08 %
TOTAL COST 8.87 ¢$/CU. YD
0.32 $/TON

*e oo
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APPLICATION OF THE MODELS

Use of the models 1is 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 ¢ 282.42 FT
BUCKET CAFACITY : 175.60 CU YD
AVERAGE SWING ANGLE H 113.90 DEGREES
AVERAGE CYCLE TIME : 71.78 SECONDS
ANNUAL PRODUCTION +34880459.0 BRCY

FOR

OVERBURDEN HEIGHT

COAL THICKNESS

HIGHWALL ANGLE OF REFOSE
SFOIL ANGLE OF REFOSE
COAL ANGLE OF REPOSE

FIT WIDTH

CUT LENGTH

90.00 FT

.97 FT
63.40 DEGREES
35.00 DEGREES
76.00 DEGREES
120.00 FT
100.00 FT

S S6 06 SO 4 ¢¢ 0

Based on this result, four Marion dragline models are
considered to be the candidate draglines. The characteristics
of these machines are éhown 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

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

Power Consumption

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

Power Consumption

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

Power Consumption

292 Feet
72 Cubic Yards
16,075,500 Dollars

2300 KWH/HR

310.0 Feet
67.0 Cubic Yards
16,075,500 Dollars

2,100.0 KWH/HR

295 Feet
56 Cubic Yards
14,000,000 Dollars

1650 KWH/HR

340.0 Feet
80.0 Cubic Yards
27,084,000 Dollars

2,800.0 KWH/HR
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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 heighg. This factor causes
the production decrease for pit widths greater than 160 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 hinimum 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 thc
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.



T-2111

136

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)

2)

3)

4)

5)

Additional field study to refine assumptions affecting

chopdown and key cut productivity.

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.

Use of the extended bench model to determine optimum

operating procedure from machine production standpoint.

Refinement of the pull-back model to include alter-

native pullback methods.

Expand the model to allow more efficient use in regard

to machine selection by reducing manual steps required.
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6)

7)

Include hoist function in dragline simulator.

Develop similar simulation techniques for:

1)

2)

One Dragline Operation
a) Single Dipping Seam
b) Multiple Seams

i) Flat Lying

ii) Dipping

Multiple Dragline Operations
a) Single Seam Deposit
i) Flat Lying

ii) Dipping Seam

b) Multiple Seams
i) Flat Lying Seams

ii) Dipping Seams

137
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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

Let DLDIST =
THTAN =
DIGTAN =
CABHT =
CABRAD =
CuT =
XINT =

XBROW =

The co-ordinate

DLDIST (DF)

DIGTAN

the origin of reference.)

Dragline distance from brow

Tangent of the maximum free angle
Tangent of the digging angle

Height of cab

Radius of cab

Cut length

Co-ordinate of point of intersection

Co-ordinate

XINT must first be calculated.

OF - OA - AB

= X(1) - CUT - DPETH/THTAN

= Tan (Angle GDE)
= EG/DE
= EG/(DF - EF)

= CABHT / (DLDIST - CABRAD)
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XINT = OE - (BD + EG) / DIGTAN

X(1l) - CABRAD - (DEPTH + CABHT) / DIGTAN

Depending on the value of XINT, the volumes are calculated

as follows:

CASE (l1): XINT < O

Referring to Figure 45:

TotalvVolume Volume (1) + Volume (2)

CUT * Average Area

Volume (1)

UHT = CUT * DIGTAN
LHT = DEPTH - UHT
MIDKEY = BOTKEY + (LHT/DEPTH) * (TOPKEY - BOTKEY))

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

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

DEPTH/THTAN - OX

It

BXLONG

Now at point P,

OX * THTAN OX * DIGTAN + C

Il

So BXLONG DEPTH/THTAN - c/(THTAN - DIGTAN)

BXLONG * UHT * (TOPKEY + MIDKEY) /4

.". Volume (2)

.. TOTAL VOLUME (BXLONG + CUT) * UHT * (TOPKEY + MIDKEY) /4
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CASE (2): 0 < XINT < 0OJ
Referring to Figure 46:
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) O0J * DEPTH * (TOPKEY + BOTKEY) /4

Now OJ DEPTH/THTAN

I.E. VOLUME (2+3) DEPTH **2* (TOPKEY + BOTKEY)/ (4*THTAN)

VOLUME (3) = (0J - XINT) * LHT * (BOTKEY + MIDKEY) /4

(XBROW = XINT) * LHT * (BOTKEY + MIDKEY) /4

TOTAL VOLUME CUT * UHT (TOPKEY + MIDKEY) /4

+

DEPTH **2* (TOPKEY + BOTKEY) /(4 *THTAN)

(XBROW - XINT) * LHT * (BOTKEY + MIDKEY) /4

CASE 3: XINT > OJ

Referring to Figure 47:

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

Volume (1)

Volume (2)

Volume (3) =

TOTAL VOLUME

area of cross-section of key-cut

DEPTH * (TOPKEY + BOTKEY) /2

LD * Average area
(OJ + CD -~ XINT) * AREA /2

(XBROW + CUT - XINT) * AREA/2

CL * Area

(XINT - XBROW) * AREA

0J * Average area

XBROW * AREA/2

(XBROW + CUT - XINT) * AREA/2

+ (XINT - XBROW) * AREA

-+

XBROW * AREA/2

144
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Figure 44: Dragline Digging Angle

(a)

BOTKEY

BHT D

(c)

:
.......... d\:'\
! BXLONG
'
'

Figure 45:

Key Cut Volume -
Case (1).
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TOPKEY

Figure 46: Key Cut Volume - Case (2)

(a)

(b)
C L
B
[}
'
3:2v_
(e
1 74
0 J

DEPTH

Figure 47: Key-cut Volume - Case (3)
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Prime Cut Volumes

As shown in Figure 48, 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

n

. TOTAL AREA UHT * (BXLONG + CUT)
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Case (2): Area (1) = UHT * CUT/2

Area (2+43) DEPTH * 0J/2

DEPTH * (XBROW - XFBOT) /2
where XFBOT = 0
Area (3) = LHT * (0OJ - XINT)/2

(DEPTH - UHT) * (XBROW -~ XINT)/2

UHT * CUT/2 + DEPTH * (XBROW - FBOT) /2

I

.. Total Area

- (DEPTH - UHT) * (XBROW - XINT)/2

Case 3: Area (1) = DEPTH * LD/2

= DEPTH * (0OJ + CD - XINT)/2

*

= DEPTH (XBROW + CUT - XINT)/2
Area (2) = DEPTH * CL

= DEPTH * (XINT - XBROW)

Area (3) = DEPTH * 0J/2
= DEPTH * (XBROW - XFBOT)/2

where XFBOT = 0

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

+ (XBROW - XFBOT)/2)
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Zone 2:

The triangular section in Figure 48 contributes to the
total volume excavated. The volume is calculated for this
element by taking a section perpendicular to the strip direc-

tion, and not parallel to it, as for zone (1).

Let XSIDE = Cross-sectional area of triangular segment.

Case (l): Referring to Figure 48,
XSIDE = UHT * L /2
Now L = L & UHT/DEPTH

and L = TOPKEY - BOTKEY - D
= TOPKEY ~ BOTKEY - DEPTH/TAN (A)
i.e.L = UHT * (TOPKEY - BOTKEY - DEPTH/TAN (A))/DEPTH

(7)

.". XSIDE = UHT **2* (TOPKEY - BOTKEY - DEPTH/TAN (A))/(2*DEPTH)

From Figure 45:

Total Volume STEEP

XSIDE * (CUT + BXLONG)/2

Case (2): Referring to Figure 46:
Total Volume = Volume (1) + Volume (2+3) = Volume (3)

As for Case (1),
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XSIDE UHT **2* (TOPKEY - BOTKEY - DEPTH/TAN (A))/

(2*DEPTH)

Volume (1) XSIDE * CUT/2

Volume (2+3) TXSIDE * 0J/2

= TXSIDE * (XBROW - XFBOT)/2

f

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))/

XSIDE * LD/2

Volume (1)

XSIDE * (XBROW + CUT - XINT) /2
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Volume (2) = XSIDE * CL
= XSIDE * (XINT - XBROW)
Volume (3) = XSIDE * 0J/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 (l): 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))

Area of whole trangle

TXSIDE
= DEPTH * L/2

Now L. = DEPTH/TAN (A)

. . TXSIDE

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

Volume (1) = XSIDE * CUT/2
Volume (2+3) = TXSIDE * 0J/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 * 0J/2

= XSIDE * (XBROW - XFBOT) /2

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

XBROW) + (XBROW - XFBOT)/2)
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Figure 48: Strip Cross-Section.
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Figure 49 : Section at Key Cut
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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



T-2111 156

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

Pit wWidth

OP =W

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
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Figure 51 . Extended Volume Case 1
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Figure 52 . Extended Volume Case 2
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FH = ED
HO = FH/TanD(C)
DP = EF + HO + OP

PC = AB - DP

Area ABCD = AB * AD

Area GBC = GB * BC/2.0

Area AEF AE * EF/2.0

Area EFOD

EF*ED + FH*HO/2.0
Extended Area = AB*AD - (GBxBC/2.0+AE°*EF/2.0+ (EF*ED+FH*HO0/2) .

H+G

= (EW +TanA

) - (II4+CT) - (1+CT2/2 - TanA + H - CT+CT2/TanC)

EXTENDED AREA CALCULATION FOR CASE 2

From Figure 52, extended area is equal to:

EA (AGPO) = Area ABCD - Area GBC - Area AEF - Area EFOD - Area PRC

Area ABCD = AB*AD

Area GBC = GB*BC/2.0

Area AEF = AEXEF/2.0

Area EFOD - EF x ED + FH * HO/2.0

Area PRC = PC**2.,0/(4*TanD(B) )

EA = AB*AD - GB*BC/2.0-AE*EF/2.0-EF*ED+FH*HO/2.0 -

PC**2.0/(4*TanD(B) )

H+ '
EA = (Ew+Ta§§)-(H+CT)-((H+CT)2/2-TanA+H'CT+CT2/TanC +
+
(Ew+EXET) L4 /TanA + CT (Tanc+y)

TanA
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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 0SC

in Figure 53.

Area 0OSC = SU**2/TanD(B)

Height SU = TU - TS 1
TS = TQ*TanD(B) 2
TQ = AG/2 where 3

AQ = AY + YOQ where
AY = AE/TanD(A) + ED/TanD(C)
YQ = AD/TanD(B)

‘A0 = 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)) *Taz?(B)

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

Figure 53. Volume already spoiled Case 1

Figure 54, 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)

* TanD(B) /20 .

Therefore, area equation becomes,

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

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

2

+ (H+CT)/TanD(B))

+ (H_CT) /TanD(B))

For this case, area already spoiled into spoil cross

sections from the extended bench is area OSRP in Figure 54.

Area OSRP = Area 0OSG - Area PRC

Area OSC 1is the same as in Case 1.

Area PRG = PG/2 * TanD(B) * PG = PG **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

OoP 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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APPENDIX C

Effective Dragline Reach Determination for
Pull Back Machine
Rehandle Volumé Calculation for
for Pull Back Machine

Rehandle Volume Calculation for Dozer
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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 egual

tO,
EFRPB = QH + HP + NO + OM =—===-=-memme e o (1)
Where .
QH = CT/TanC + WX - CT ( 1 .1 ) - 1
TanB TanC TanA
(1 +7—%)
TanB
HP = W
NO = EDR - H/TanA - CT/TanC -~ W (EDR is the average
effective reach of
the primary machine)
oM = wx - {HEH)
Substituting these into egquation 1
_ _ TWX+W . 1 _ 1 . 1
EFRPB = EDR H/TanA + T CT ( TanB TanC) Tanh
(1+Tmm)

EFRPB: Effective reach of the pull back machine (feet)
EDR: Average effective reach of the primary machine (feet)
H: Overburden height (feet)
CT: Coal thickness (feet)
W: 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)

CT2

2

(e + )
TanB TanC

Coal area AFGH = WX*CT -
Area of the overburden FGJ = (WX-CT*(1/TanB + l/TanC))2 *

1
2*(1/TanA+1/TanB)

Area of the triangle BEC = (WX+W)2 * T4an53

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:
i3 = __H _ CT _3WX_ W
Total area of trapezoid = WX . TanB . (EDR Tanh TanC'+ 7 -+4)
(ANMH)
Area of the Coal = WX.CT - CT2 ( 1, 2 )
* 2 TanB TanC
(AFGH)
Area of the Triangle = (WX-CT.( 1 + 1 ))2 1
: El ‘'TanB ¥ Tanc I S E
(FGJ) " ‘TanaA TanB
- _ _H _ crT WX , W
Rehandle Area = WX.TanB. (EDR Tank Tanc + 7 + 7
(JNMH)
.. ¢t 1 1
WX.CT - >~ (FanB * Tanc
2
1 1 1
(WX-CT. (TanB + TanC)) ° 2. ( 1 + 1 )
. } **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

WX+W WX+W

Area BNZ = 3 ) .

|
~~

Tan B . (

WX+W)2

= (T— . Tan B)

WX+W) 2

Dozer Rehandle Volume = ( Te . Tan B) . X
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APPENDIX D

Description of Model's

Input and Program Variables
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APPENDIX E

Property Characteristics and the

Tabulated Dragline Data for the Case Study



T-2111

PROPERTY CHARACTERISTICS:

Average Coal Thickness
Highwall Angle

Spoil Angle of Repose
Coal Highwall Angle
Swell Factor

Coal Recovery .

Cut Length

Drainage Ditch Width

JOB CHARACTERISTICS:

Schedules Hours Per Year
Mechanical Availability

Job Factor

JOB ECONOMIC CHARACTERISTICS:

Depreciation Life
Interest, Insurance & Taxes
Average Labor Cost

Power Cost

35.0
76.0
122.0
88.0
100.0

10.0

6800.0
88.0

85.0

feet
degrees
degrees
degrees
per-cent
per-cent
feet

feet

hours/year
per-cent

per-cent

years
per-cent
dollars/hour

cents per KWH/H
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MARION 8200-12A

AVERAGE SWING ANGLE (DEGREES):

PIT WIDTH
OB.HT. 100 120 140 160
30 46.80 48.46 51.01 53.67
50 56.66 58.85 61.93 62.64
70 67.93 70.44 73.81 75.77
90* 97.55 99.44 100.41 96.73
110** 104.10 100.75 98.22 96.12
130** 131.88 128.54 125.22 123.64

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

AVERAGE CYCLE TIME (SECONDS):

PIT WIDTH
OB.HT. 00 120 140 160
30 64.81 63.29 62.41  62.33
50 66.75 65.18 64.32  63.58
70 71.15 69.38 68.19 67.51
90* 78.84  77.75 77.04  75.62

110** 77.74 76.91 76.23 75.76

130** 81.43 80.29 79.70 78.31

78.50
64.81

77.01

77.52%%*

94.40

120.97

66.39
63.31
67.18
75.78%%
75.02

77.64

20

96.26
99.37
105.95%
78.89%**
93.10

117.85

69.40
70.17
64.76*
75.90%**
74.14

77.17
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MARION 8200-12A

PRODUCTION RATE (BCY/HR):

OB.HT.

30
50
70
90*
110**

130**

100

3084
2971
2803
2523
2579

2467

20

—

3139
3083
2859
2579
2579

2466

PIT WIDTH

140

3195
3084
2915
2579
2635
2522

160

3196
3139
2971
2635
2635

2523

* Side casting with 20 ft. chop down

** Extended bench with 20 ft.

TONS OF COAL MINED PER YEAR (lO3 T/YR) :

chop down

OB.HT.

30
50
70
90*
110**

130**

2456
1420
957
670
365

197

2501
1474
976
685
389

234

PIT WIDTH

140

2546
1474
995
685
415

266

2546
1501
1014
700
429

287

180

3027
3139
2971
2635*%%
2635

2579

2412

1501

1014
625*%*
439

309

193

200

2859
2859
3084*
2635%**
2691

2579

[\
o
o

2278

1367

1052%
625%*
457

323
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MARION 8200-12A

OWNERSHIP COST PER TON RECOVERED ($/TON) :

PIT WIDTH
OB.HT. 100 120 14 160 180
30 0.88 0.86 0.84 0.84 0.84
50 1.51 1.46 1.46 1.43 1.43
70 2.25 2.20 2.16 2.12 2.12
90* 3.21 3.14 3.14 3.07 3.44%%*
110** 5.88 5.52 5.18 5.02 4.90

130** 10.93 9.20 8.08 7.50 6.95

* 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
30 0.73 0.73 0.73 0.73 0.73
50 1.23 1.22 1.22 1.22 1.22
70 1.74 1.73 1.72 1.72 1.72
90 * 2.27 2.26 2.26 2.25 3.28%%
110%** 5.52 5.18 4.93 4.77 4.66

130*% 9.97 8.40 7.48 6.95 6.52

194



T-2111 195

MARION 8200-12A

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

PIT WIDTH
OB.HT. 100 120 140 160 18 200
30 l1.61 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 ft. chop down
** Extended bench with 20 ft. chop down

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

PIT WIDTH
OB.HT. 100 120 140 160 180 20
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** (.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):

OB.HT.

30
50
70
90
110*

130**

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

100
42.91
50.69
59.29
72.75

91.39

116.94

120
44.42
51.96
60.92
74.63
93.08

113.99

PIT WIDTH

140
46.23
54.08
63.19
76.25
95.09

112.05

AVERAGE CYCLE TIME (SECONDS) :

OB.HT.

30
50
70
90
110%

130**

64.85
65.83
68.85
69.07
77.02

78.98

63.12
64.05
66.91
67.82
75.94

78.14

PIT WIDTH

62.19
62.94
65.76
66.96
75.19

78.05

160
47.12
55.00
64.57

78.34

180
49.54
56.35
66.24

80.38

200
70.91
58.41
68.22

82.83

81.90** 80.89** 81.15**

110.51

chop down
chop down

61.34
62.19
64.89
66.49
73.63%*

77.83

106.41

61.21
61.62
64.24
66.15
73.20%%

76.07

104.63

65.07
61.58
63.93
66.19
73.07**

75.62
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MARION 8750-28A

PRODUCTION RATE (BCY/HR):

OB.HT.

30
50
70
90
110%*

130**

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

100

3426
3364
3239
3239
2865

2803

120

3551
3488
3302
3301
2928

2866

PIT WIDTH

140
3551
3551
3364
3302

2928
2866

3

160

3613
3551
3426
3364
2990**

2866

chop down
chop down

TONS OF COAL MINED PER YEAR (10~ T/YR):
PIT WIDTH

OB.HT. 100 120 140 160
30 2729 2828 2828 2878
50 1608 1667 1697 1697
70 1106 1127 1148 1170
90 860 877 877 893
110* 623 636 636 559*%*
130** 306 339 359 373

80

3613
3613
3488
3364
3052*%*

2928

2878

1727

1191
893
572*%

393

203

20

3426
3613
3488
3364
3052**

2928

200

2729

1727

1191
893
574*%*

403
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OWNERSHIP COST PER TON RECOVERED ($/TON) :

MARION 8750-28A

OB.HT.

30
50
70
90
110%*

130**

* GSide casting with 20 ft.
** Extended bench with 20 ft.

OPERATING COST PER TON RECOVERED ($/TON) :

2.25
3.28
4,22

5.82

11.85

10.68

PIT WIDTH

10.10

chop down
chop down

OB.HT.

30
50
70
90

110*

130%*

1.21

1.70

0.72
1.20

1.69

PIT WIDTH

140

0.72
1.20

1.69

4.16%*

6.34**

9.21

0.72
1.20
1.68
2.17
4,.12%%

5.83

0.72
1.20
l1.68
2.17
4.10%%

5.69
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MARION 8750-28A

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

PIT WIDTH
OB.HT. 00 120 140 160 180 20
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

* GSide casting with 20 ft. chop down
** Extended bench with 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):

OB.HT.

30
50
70
90*
110**
130**

* Side casting with 20 ft.

44.48
63.37
63.33
93.65
95.93
127.15

46.06
55.41
65.43
94.97
93.36
123.67

PIT WIDTH

48.34
58.01
68.38
95.68
91.74

120.66

50.50
58.88
70.03
96.92
90.64

117.53

chop down

** Extended bench with 20 ft. chop down

AVERAGE CYCLE TIME (SECONDS) :

OB.HT.

30
50
70
90*
110**

130**

100

63.84
65.68
69.85
77.80
76.81

80.36

62.36

64.00

68.02

76.79

75.87

79.55

PIT WIDTH

61.46
63.11
66.79
75.97
75.31

78.83

61.28
62.53
65.97
75.47
74.87

78.13

73.97
60.62
72.04
58.39
89.49

115.58

66.92
62.08
65.48
75.34
74.48

77.17

20

93.30
63.73
73.03
109.32**
88.19

113.29

200

70.14
62.30
65.37
76.61%*
74.00

76.23

212
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MARION 8200-21R

PRODUCTION RATE (BCY/HR):

OB.HT.

30
50
70
90*
110**

130**

00

2922
2817
2661
2400
2399
2296

120

2973
2922
2713
2400
2452

2347

PIT WIDTH

40

3026
2974
2765
2452
2452

2347

60

3026

2974

2817

2452
2504

2400

* Side casting with 20 ft. chop down

** Extended bench with 20 ft. chop down

TONS OF COAL MINED PER YEAR (10~ T/YR):
PIT WIDTH
OB.HT. 100 120 140 160
30 2327 2369 2410 2410
50 1346 1396 1421 1421
70 908 926 944 962
90* 637 637 651 651
110%* 380 403 413 430
130%** 209 244 265 288

2974
2817
2452
2504
2400

1421
962
651
437

301

200

2660
2974
2869
2400%**
2504

2452

2119

1421
980
637**
443

318
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MARION 8200-21R

OWNERSHIP COST PER TON RECOVERED ($/TON) :

PIT WIDTH
OB.HT. 00 20 40 60 180 200
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. 00 120 40 160 180 200
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 2.209%**
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 20 40 160 80 200
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 ft. chop down
** Extended bench with 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
* % % %* %k %
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.RT. 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 68.05 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):

OB.HT.

30
50
70
90*
110**

130**

00

2486
2398
2224
2006
2006

1919

2529
2442
2267
2006
2049

1962

PIT WIDTH

2529
2486
2361
2049
2049
1962

160

2529
2486
2361
2049
2093
2006

* Side casting with 20 ft. chop down

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

3

TONS OF COAL MINED PER YEAR (10~ T/YR):
PIT WIDTH
OB.HT. 100 120 140 160
30 1980 2015 2015 2015
50 1146 1167 1188 1188
70 759 774 789 789
90* 533 533 544 544
110%** 298 321 332 349
130** 163 102 213 233

180

2311

2486

2355

* &
2049.51

2093

2006

223

200

2223

2224

2355

* * ok k
2049.51
2136

2049
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MARION 8050-23A

OWNERSHIP COST PER TON RECOVERED ($/TON) :

PIT WIDTH
OB.HT. 100 120 14 160 180 200
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 ft. chop down

** Extended bench with 20 ft. chop down

***x Extended bench with 0.0 ft. chop down
OPERATING COST PER TON RECOVERED (S$/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
’ * % % * & %

°0* 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) :

OB.HT.

30
50
70
90*
110**

130**

11.63

21.04

£.88
10.88

17.82

PIT WIDTH

10.50

16.17

5.80
10.08

14.87

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

chop down
chop down

14.14

225

9.57

13.40

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

OB.HT. -

30
50
70
90*
110**

130**

PIT WIDTH

0.16
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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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LR R 2 R s R e s s SRR

THIS IS THE COMPUTER PROGRAM TO SELECT A DRAGLINE
FOR A STRIPPING OPERATION

PROGRAMED BY KADRI DAGDELEN

PROGRAM NAMEZ SELECT.FOR

S S R I T T I T I s T I I T s 1113 1311733123173 T

O HROOOOOO

DIMENSION DDFDF(C/15)9yDDFHCG/15)9DTXS(1540/3C),TVS(C/15)
DIMENSION UV((/1590730),Y0LC0/15)yASAC15),T7TC15)
DIMENSION WDC15)sWT(15),UVT(30)sWSACLIS)

REAL JF

C INITIALIZE VARIABLES
DATA TYSFKsTVSFPyJTVSFPoTVSSsTWSA,TWD/6%0.0/sTVS/16%5,07
DATA UV/496%040/,VOLCO0)/0e0/sCONV/5742957/UVT/30%0407/
DATA WSA/15%0.07
Tk a ke bk kR kA k ok kkokok ok okokk ko hk ko k¥ ko hkkkkk ok
o INPUT DATA
OPENCUNIT=8,FILE="SELECT.DAT",ACCESS="SEQIN")
RELD(8y100)DHsCT9A 3B gCoFAySF Xy WeWK
100 FORMATCLI0F)
READC(B8,120)CABHTyCABRAD,P
12¢ FORMAT(3F)
READC8,150)DT4BPT,ST1,5ST2,SCCyWSHCLT
150 FORMAT(TF)
READ(B,160)APySHyAV 3 JF oFF
160 FORMAT(S5F)
READCB,13CINPKsNTP,N
13¢ FORMAT(3I)
READCR y140)CDOFOF(JIIsDDFH(J) 9yJ=1,NTP)
140 FORMAT(2F)
READ(8,171)IFLAG
171 FORMAT(I)
IFCIFLAGLEG.CIGO TO 174
READ(83172INFSIKP 4yNFSLKP 4NFSTP
172 FOPMAT(3I)
READCE4173)CDDFOF(J) sDOFHCJ) 9y J=NFSIKPyNFSTP)
173 FORMAT(2F)
174 IFCIFLAG.EQ.OINFSTP=NTP
IFCIFLAG.EQR.IDGO TO 176
TOPKFY=(H/TANDCA) ) %24 +WK
IFCTOPKEY o GE ali=5e)WRITE(44175)
175 FORMAT(IX,10X,y"OVERBURDEN IS TOO DEEP",/
1 1Xs1CXs”IT WILL BE MINED IN TWO LIFTS®y/
1 1Xy10Xe” ENTER NEW SET OF DRAGLINE 7,/
1 1X,10X,“POSITIONS FOR SECOND LIFT”)
STOP
176 UIL=X/FLOAT(N)
DO 70 I=1,NFSTP
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DTXS(I+C)=DDFDF(ID-P+X+UIL/2.
70 CONTINUE

DDFHCC)=DPDFH(NTP)

DDFDF(0)=~-X+DDFDF(NTP)

SF=1.0+SF/7100.

CALCULATE REQUIRED DRAGLINE REACH

[eNeEeal

ODR=H/TANDCADX+CT/TANDCC)+H=(SFI/TAND(BI+4/ 4, 04P
DOR=X%X/(4.0%0DR)+0DR

e Nel

JM=1
p=0
MI=NPK
JI=NTP
177 IFCCIFLAG.EQel) d AND (M EQ.JID)IJIM=NFSIKP
IFCCIFLAG.EQel) e ANDo(MeEQ.JIDINTP=NFSTP
IFCCIFLAG.EQel1) e ANDe(MoEQeJIDINPK=NFSLKP
DO 75 K=JM4yNTP
M=K
IF(K.GT.NPK) GO TO 20
COK=DDFH(K)=-(W~TOPKEY/2.)
SAA=ATANCCOK/DDFDF(K))XCONYV
RK=1.5 ’
TVS{JId=0.0
TVSFK=TVSFK+TVS(K=-1)
CALL VOLKEY(DODFDF(K) g2 4yFALCARHTCABRAD H X yWKHyIFLAG
1 »VOLIK))
VOGLCKD)=v0OL{KD)=*SF
VOL(K)=VOL(KI)-TVSFK
Gt 10 30
COM=DDFH(K)-(W-TOPKEY)/2.
SAA=ATANCCOM/DDFDF(X))=CONV
24 RK=1.0
TVS(NPKI=0.0
CALL VOLCUT(ODFDF(K) gAyFAZCABHTSCABRADyH X s W WK IFLAG,
1 voL((K))
VOL(K)=VyOL(K)%SF
TVSFP=TVSFP+TVS(K~1)
VOL(K)=VOL(K)-TVSFP
30 00 50 J=1,N
DYIXSCK,I)=DTXS(KyJ=1)-UIL
SE=ACOSCDTXS(K9yJ)/DORDI*CONV=-SAA
CUVTCII=UV(K=1,d)4+UVT(Y)
CONST1=WxTAND(B)*=UIL
CONST2=H/TAND(A)+W/ 4.0
CONST3=SQRT(DOR*DOR~-DTXS(KsJ)*DTXS(KyJ))=DDFH(K)
UV(K yJ)=CONST1x(CONST3-CONST2)-UVT(J)
IFCUV(KyJ) e LE.(VOL(KD)=-TVS(KD)) GO TO 40
UV(K,J)=VOL(K)-TVS(K)
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50
60
65

15

250

1

WSACK)=WSACK)+SA*UV(K,yJ)

TVSCKI=TVS{K)I+UV(KyJ)

IFC(TVS(K)LEQ.VOL(K)) GD TO 60

CONTINUE

IFCTVSCK) dNEDLODASACKI=WSACKY/TVS(K)

WDC(K)=SQRT((DDFNF(K)-DDFDF(K=1))*%2+(DDFH(K)~DOFH(K~-1))x
%2)

TWN=TWDO+WD(K)

TvSS=TVSS+TVS(K)

TWSA=TWSA+WSALK)

CONTINUE

TVSFK=G,0

IFCCIFLAGEQel) e ANDS(M.EQLJIIIGO TO 177

FASA=TWSA/TYSS

SM=(ST2-ST1)730.0

RST=FASA®SM+SCC

ACT=(AST+DT+BPTI%*RK

BC=(AP*SF#ACT)/ (SH*AV%JF%3600.0)

TNOC=TVSS/7(BRC%27.)

TCT=TNOC%ACT

TWT=TWD/WS+NTPXCLT

TISS=TCT+TWT

ACT=TTISS/TNOC

BC=(APXSFXALT)/(FFxSHxAV*JF%3600.)

WRITE(443240)DDRWBLFASAZACTHAP

FORMAT(1Xs10X,y"REQUIRED DRAGLINE REACH $7,F10.242Xs°"FT°/
IX910Xy "BUCKET CAPACITY "y9Xy "2 3F104242%Xy°CU YL */
1X910Xy "AVERAGE SWING ANGLE 45Xy 27 4F10.292Xe “DEGREES /
IXe10Xs “AVERAGE CYCLE TIMETOX 9 2" 9F104292%X9°SECONDS Y/
IXe1GXy “TANNUAL PRODUCTION 97Xy "2 79F10e142XyBCY")

WRITE(49250)HsCToAsBeCelWoeX

FORMAT( /792X 929X, "FOR Y/
1X91CGXs “OVERBURDEN HEIGHT 97Xy 2 ¢yF10e292Xy°FT7/
I1X910Xy“COAL THICKNESS 910X, "2 9F10e292Xy"FT7/
1X310Xy "HIGHWALL ANGLE OF REPOSEI"9F10.292Xy “DEGREES "/
1X910Xy “SPOIL ANGLE OF REPUOSE 93Xy 3"9F1042¢2Xy"DEGREES”
/1Xs10X 4 COAL ANGLE OF REPOSE")4Xy "2 F10e292Xy ‘DEGREES Y/
IXsI0Xs"PIT WIDTH 315X 9 27 3F10e292Xy FT°7
IXeINX“CUT LENGTH 914Xy "t 3F10e242X%Xy °FT7)

END

235
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13

SUBROUTINE VOULKEY(DLDIST,A,FA,CABHTyCABRADyHyCUT4BOTKEY
1 HLIFLAG,VOL)

DEPTH=H

IFC(IFLAG.EQ.1)DEPTH=DEPTH/2.
THTAN=TAND(FA)D
DIGTAN=CABHT/(DLDIST-CABRAD)
OF=DLOIST+CUT+DEPTH/THTAN
O0J=DEPTH/TAND(FA)

XBROW=0J
XINT=0F-CABRAD-((DEPTH+CABHT)/DIGTAN)
IFCXINTLGTLCUTIXINT=CUT

UHT=CUT*DIGTAN

IF(UHT.GT.DEPTH)UHT=DEPTH

LHT=DEPTH-UHT
TOPKEY=(DEPTH/TAND(A))*2,0+BOTKEY
MIDKEY=BCTKEY+(LHT/DEPTHI*(TOPKEY-BOTKEY)
C==XINT*DIGTAN
BXLONG=DEPTH/THTAN-C/(THTAN-DIGTAN)
IF(XINT.LELO.0) GO TO 10

IF(XINT.LE.OJIGO TO 11

IF(XINT.GE.DJIGO TO 12
VOL=(BXLONG+CUTI*UHT*(TOPKEY+MIDKEY) /4.0
G0 TO 13
VOL=CUT*UHT*(TOPKEY+MIDKEY)/4 e+ ((DEPTH%%2)
1 *(TOPKEY+BOTKEY))/(4.04#THTAN)-(XBROW=-XINT)
1 *LHT*((BOTKEY+MIDKEY)/4.0)

GO 70 13

AREA=DEPTH*®(TOPKEY+BOTKEY) /2.0

‘XBROW=0J
VOL=(XBROW+CUT=-XINT)I*AREA/2.,0+(XINT-XBROW)I*AREA+
1 XBROW*AREA/2.0

RETURN

EnD
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SURROUTINE VCOLCUT(DLDIST A,FAJCABHTCABRADsHsCUT 4,

BOTKEYZIFLAG,VOL)
DEPTH=H
IFCIFLAGLEQ.1)DEPTH=DEPTH/ 2,
THTYAN=TANDCFA)
DIGTAN=CABHT/(DLDIST-CABRAD)
OF =DLDIST+CUT+DEPTH/THTAN
0J=DEPTH/TAND(FA)
XINT=0F-CABRAD-((DEPTH+CABHT)/DIGTAN)
IFCXINT.GTLCUTIXINT=CUT
XBROW=0J
UHT=CUT*DIGTAN ‘
IF(UHT.GTDEPTHIUHT=DEPTH
LHT=DEPTH-UHT
TOPKEY=(DEPTH/TAND(A)I*2 0+BOTKEY
MIDKEY=ROTKEY+(LHT/DEPTHI*(TOPKEY-BOTKEY)
WIDTH=K-TOPKEY
C==XINT*DIGTAN
BXLONG=DEPTH/THTAN-C/(THTAN-DIGTAN)
IFCXINTLLESLDDGO TO 10
IF(XINTLLELOJ)Y GO TO 11
IF(XINT.GT.0J)GO TO 12
Z1ARE1I=UHT*CUT/2.
Z1ARE2=UHT*BXLONG/2.
Z1TVOL=CZ1AREI+7Z1ARE2)*WIDTH
XSIDE=UHT#%2 o XBROW/(2%DEPTH)
22TVOL=XSIDE*(CUT+BXLONG)/2.0
VOL=Z1TVOL42.%727Tv0OL
RETURN
J1ARE1I=UHT*CUT/2.
Z1AR23=DEPTH%0J/2.
Z1ARE3=(DEPTH-UHTI*(XBROW=-XINT)/2.C
Z1VOL=(21ARE1+4Z1AR23-Z1ARE3I*WIDTH
XSIDE=UHT*%2/(2.%TANDCA))
22VCOL1=XSIDE%CUT/2.9
TXSIDE=DEPTH®%2 ,/(2.%TAND(A))
22VOL2=TXSIDE*XBROW/2.
22v0L3=(TXSIDE-XSIDE)*(XBROW=-XINT)/2.
Z2TVOL=22V0L1+422V0L2-22V0L3
VOL=Z71VOL+2.%22TVOL
RETUPN
J1ARELI=DEPTHR(XBROW+CUT=-YXINT) /2.
Z1BRE2=DEPTHx(XINT-XBROW)
ZJ1ARE3=DFPTH*(XBROW) /2.0
Z1TVOL=(Z1ARE1+71ARE242Z1ARE3)*«WIDTH
XSIDE=DEPTH%X3ROW/2
Z2VOL1=XSIDE*(XBROW+CUT-XINT) /2.
72VOL2=XSIDE*(XINT-XBROW)
12VOL3=XSIDE*XRROW/ 2.
22TVOL=22v0OL1+422V0L2472V0OL3
VOL=Z1TVOL+2.%22TVOL

237
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RETURN
END
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C THIS IS THE COMPUTER PROGRAM TO CALCULATE PRODUCTION OF A DRAGLINE
C TO STMULATE ITS SIDE CASTING OPERATION,.

C PROGRAM NAME ¢ SIDEL.FOR

C PROGRAMED BY KADRI DAGDELEN

C

DIMENSION DODFDF(0/15),DDFH(G/15),DTXS(1540/3C),TVSC0/15)
1 sUV(0/154,0730),VOLCO/15)9ASAC1I5),TTC15),TCT(15),KWD(15),
1 WTC15)5UVT(30)sWSACLI5) yHYPHENCL5)9AS(30),COSAC2C)

REAL ITIP,LRyLCHyMCH,yJF

INTEGER TNOC

DDUBLE PRECISION MT,HYPHEN

INITIALIZE VARIABLES

[aEaRe!

DATA TTSFPsTTSFK/2%0e0/9TVSSyTTSS/2%LeD/5TVS/16%0.0/
1 HSVOL(C)/7CeQ/4sCONV/S5T429577/9TVSFKsTVSFPZTCTE/3%04C/
1 SUVT/3C%0,0/79sWSA/Z15%0.0/,UV/496%0,0/,TWSA,TOTCT,

1 TOTWT/3%C.0/79HYPHEN/1S5* " ommmcem—mm v/
DPENCUNIT=8,FILE="SIDELDAT "4y ACCESS="SEQINT)
KY=6

READ(B$1CC)IH sWe LT sCD9AsByCyFAySF X WK
10¢C FORPMAT(C11F)
READ(841053CDBH
168 FORMAT(E)
READ(R,H106IXD,YN
166 FORMAT(2F)
REAC(84110)0MT
110 FORMATCALG)
READ(B120)DR4BC,CABHTyCABRAD,P
12¢ FORMAT(5F)
READCR$150)DTyBPTsST1,,ST2,SCCyWSHCLT
156 FORMAT(TF)
READ(89160)SH AV JFsRFFF
150 FOREMAT(SF)
KEAD(B,17C)DIC,PCKHyPLHyLRyDOL4CRFHITIP
176 FORMATC(TF)
READCRy13CINPKSNTPGN
130 FORMAT(3I)
READ(Ey14C)CODFDF(J) 9DDFHC(UD) 9 J=19NTP)
i4C FORMAT(2F)
READ(BY1T1IDIFLAG
171 FCRMAT(CID
IFCIFLAGLEQ.DYGO TO 174
READ(B89y17T2INFSIKP4NFSLKP yNFSTP
172 FORMAT(3I1)
READ(B9173)(CDFDF(J) +DDFH(J) 9 J=NFSIKP¢NFSTP)
173 FORMAT(2F)
174 IFCIFLAGLEQ.OINFSTP=NTP
DDFHCO)=DDFH(NTP)
DOFDF(L)==x+DOFDF(NTP)
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SF=1.0+SF/71GG.
BC=BCxFF%27
COVOL=C.0
TYRH=0.0
PRCRH=0,0
DEPTH=H

C CALCULATE REQUIRED DRAGLINE REACH
IF(CDPBH.EQ.D.0)G0 TC 31
HE=CDBH/TANDC(A)D
SRG=WxCDBHxTAND(B)/TANDCA)
HG=SRG/(W%SF)
H=H=-H{

31 ODR=H/TANDCAD+CT/TANDCC)+H*(SFI/TAND(RI+W/4,0+P
DOR=X#X/(4.0*0DRI+0DR ’

OO

CHECK IF DRAGLINE REACH IS ADEQUATE FQOR SIDE CASTING
IF(NOR.LT.DR+3) GO TO 10
WRITE(4,600)
600 FORMAT(19X, "CRAGLINE REACH IS INSUFFICIENT /419X,
1 “USE ONE OF THE FOLLOWING METHODS?/
1 IX 922X 9 A) 31Xy "EXTENDED BRENCH "9 /23X9"8B) 91X “EXTENDED "
1 97 BENCH WITH CHOP DOWN®9/1X322X9 L) 91Xe"PULL BACK?)
STQP
H=DEPTH-CDBH
15 IFCIFLAGLERQ.1DXCGO TO 11
TOPKEY=(H/TANDCA)I*2 . +UK
IF (TOPKEYLLE.W-5.)G0 70 11
WRITE(C4,4175)
17% FORMAT(1X,10Xy"OVERBURDEN IS TOG DEEP*,/
1 1Xy10X,°17T WILL BE MINED IN TWO LIFTS®,/
1 I1Xy10X9 "ENTER NEW SET OF DRAGLINE 74/
1 1Xy31CXe“POSITIONS FOR SECOND LIFT™)
STOP

CALCULATE VOLUME REMOVED FROM EACH POSITION

"YeNeXea)

1 UIL=X/FLOAT(N)
T2=(DCR*DOR=-X%X)
DFXS=SART(DR*DR=-T2)-P
IFCDFYS.GToXx=P+3)G0 TO 16
D3 15 1I=14NFSTP
DTXSCIL0)=DDFDFCI)-P+X+UIL/2.

15 CONTINUE

60 10 12
C SHALLOW OVERBURDEN CASE
16 DO 17 I=1,NFSTP
DTIXS(Iy0)=DFXS-P+DDFDF(I)+UIL/2.
17 CONTINUE
18 IF(CNBHeEQeUL0)GO TO 29



T-2111

H=DEPTH~-COBH

IF(XDeLE.DDFH(1))XD1=DDFH(1)=-XD
IF(XD.GT«DDFH(1))XD1=XD~-DDFH(1)
IFCYD.LT.DDFDF(1))YD1=DDFDF(1)-YD
IFCYD.GTLDDFDF(C1))YD1=YD-DDFDF (1)
IF({XDeGT4DOFH(1))e ANDe(YDLT.ODFDF(1)))3G0 TN 21
IFCCXDeLToDODFHC(1))eANDe(YDGTLDDFDF(1)))G0 TO 22
IFC(XDeGT.DDFH(1))eANDSC(YN.GT,DDFDF(1)))60 T0 23

21 CLASA=ATANCXD1/YD1)%CONYV
GO TO 24
22 CDASA=ATANCYD1/XD1)%CONV
GO TC 24
23 COASA=ATANCYD1/XD1)xCONV+9C.
24 00 27 K=1,1
COVOL=(CDBHxX*WI*SF
TVvSS=COVOL

DO 26 J=1,N

DTIXSC(K3J)=DTXS(K,»J-1)-UIL
ASCJ)=ACOSC(DTXS(K,J)/DRI*CONV
CONST1=W=TAND(BI*UIL

CONST2=H/TANDC(AI+W/ 4. _
CONST3=SQRT(DR*DR=-DTXS(KsJI)*DTXS{KyJ)I-DDFH(K)
UV(K 3 J)=CONST1*(CONST3-CONSTZ)-UVT(J)
IFQUVIKsJ)eLELC(CDVOL-TVSC(1)))GO0 TO 25

UV(K J)=C0VOL-TVS(1)

25 UVT(JI=UV(K,d)
WSA(K)I=WSACKI+AS(II*xUV(Kd)
TVS(K)=TVS(KI+UV(KyJ)
IF(TVS(K).EQ.COVOLDGO TO 28

26 CONT INUE

28 COSACL1I=WSAL1)/TVS(1)
IFCCXDLTLODFHC1)) e AND(YDLGT.DOFDF(1)))C0SA(1)=180,-CDSAC1)-2.%(D
CCSA(C1)=CDSA(1)+CDASA
IFCCYD.GTDDFHC1) ) AND (YD GTLODFDFC1)IICNSACL1)=36C,-CDSACT)
WSAC1D=COSA(1)*CDVOL

217 CONTINUE
H=DEPTH-CD[BH
TVS(1)=0.0
TVSS=CDVOL

25 JdM=1
M=0
MI=NPK
JI=NTP
TOPKEY=(H/TANDCA)) %2, +kK
IFCIFLAGSEQ1)TOPKEY=(H/TANDCAD) I +IWK
IFCCIFLAGEQe1) s AND(MaEQeJIDINTP=NFSTP
DO 70 K=JM4NTP
M=K
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CHECK WHETHER DRAGLINE IS IN KEY CUT

IF(KeGT.NPK) GO TO 20

DRAGLINE IS IN KEY CUT POSTION; CALCULATE VOLUME REMOVEASBLE

COK=DDFH(K)=-(W-TOPKEY/2.)

SAA=ATANCCOK/DDFDF(K)D)*CONYV

RK=145

TVS(JI)=0.C

TVSFK=TYSFK+TVS(K-1)

CALL VOLKEY(DDFDF(K) gAsFASCABHT yCABRADgHy X9y WKyIFLAG,
YOoL(K))

VOL(K)=VOL(K)=%SF

YOL(K)=VOL(K)=-TVSFK

TVSLKP=VOL(MI)

VSFFKP=VOL(NPK)

G3 70 30

IN PRIME CUT POSITIONS CALCULATE VOLUME REMOVAEBLE

COM=DDFH(K)=-(W-TOPKEY)/2.

SAA=ATANCCOM/DOFOF(KII*CONY

RK=1.0

TVS(NPK)=(C.0

TVSFP=TVYSFP+TVS(K-1)

CALL VOLCUT(DDFOF(K) yA9sFA CABHT yCABRADyH 9 Xy Wy WKy IFLAG,
VOL(K))

VOL(K)=VOL(K)=*SF

VOL(KDI=VOL(KI=-TYSFP

CHECK IF DRAGLINE IS IN SHALLOW OR MEDIUM OVERBURDEN

CALCULATE THE REQUIRED HORIZONTAL DISTANCE
TO INITIAL DUMPING POINT FROM THE DIGGING FACE
DO 5¢ J=1,N

CELLCULATE SWING ANGLE TO EACH X-SECTION FROM A GIVEN POSTION

DTXS(Ksd)=DTXS(KyJ=1)=-UTL
SAE=ACOSCUTXS(KyJI/DRI*¥CONV=SAA

CALCULATE VOLUME SPOILED INTO EACH X-SECTION

UVTCJD)=UV(K=1,J04+UVTC(Y)

CONST1=W=TAND(B)®UIL

CONST2=H/TANDCA)+W/ 4.0
CONST3=SQRT(DR*DR-DTXS(KJ)*DTXS(KJ))-DDFH(K)
UV(K 3 J)=CONST1*(CONST3-CONST2)-UVT(J)

242
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CHECK IF VOLUME REMOVABLE MINUS TOTAL VOLUME SPOILED
FROM A GIVEN POSITION IS ENOUGH TO FILL THE GIVEN
X-SECTIONAL VOLUME

IFCUV(KyJ)LEL(VOL(K)=TVS(K))) GO TO 40
UVK 9J)=VOL(KI=-TVS(K)

WEIGHTED SWING ANGLE
WSA(K)I=WSA(KI+SA®UV(K,yJ)

FIND TOTAL VOLUME SPOILED FROM A POSITION BY SUMKMING
HOW MUCH VOLUME IN EACH X-SECTIONAL VOLUME

TVS(KI=TVS(KI+UV(KyJ)

CHECK WHETHER VOLUME REMOVEABLE FROM A POSITION OEPLETED
IFCTVS{(K).EQ.VOL(K)) GO TO 60

IF YES MOVE TO NEXT POSITION, IF NOT KEEP SPOILING
CONTINUE

CALCULATE AVERAGE SWING ANGLE NECESSARY FOR A GIVEN POSITION
IFCTVSCK) o EQeCo0)GO TO 64

ASACKI=WSATKDI/TVS(K)
IF(KEQe1DASACII=WSACL)/CTYS(1)+CDVOL)

GO TO 65

ASA(K)=0.0

CALCULATE THE DISTANCE DRAGLINE WALKS TO A GIVEN POSITION

WOCK)=SQRT((DDFDF(K)~-DOFDF(K=1))**x2+(DDFH(K)-DDFH(K-1))=*
1 *2)

CabL SUBRQUTINE TO FIND AVERAGE CYCLE TINME

CALL CYCLECST1,ST29SCCyASACKIyRKSTVSCK) yBCyWD(K)
1 sWSeCLT 9™y COVOLYTTCK)9yTCT(K) yWT(K) oDT9yBPT)

FIND TOTAL TIME SPENT FOR THE SEGMENT
TTSS=TTSS+TT(K)
FIND TOTAL VOLUME SPOILED FOR THE SEGMENT

TVSS=TVSS+TVS(K)
TWSA=TWSA+WSA(K)
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C FIND TOTAL CVYCLE TIME AND WALKING TIME FOR THE SEGMENT

TOTCT=TOTCT+TCT(K)
TOTWT=TOTWT+WT (KD
79 CONTINUE
TVSFK=C.
TVSFP=0,0
IFCCIFLAGCEQel) e ANDS(MLEQLJIDIGO TO 177
TVSC1)=TVvS(1)+CDVaL
TNOC=TVSS/8C

C FIND FINAL AVERAGE CYCLE TIME,AND DRAGLINE PROLDUCTION

FACT=TTSS/TNOC
NOCPH=3600.0/FACT
C FIND FINAL AVERAGE SWING TIME

DPPH=NOCPH=%BC

DPPH=DPPH/27.0

DPPHR=NPPH/SF

BC=BC/(27.0%FF)
FASA=TWSA/TVSS

C CALCULATE COST OF PRODUCTION

PCOSTH=PCH*PLKH
MCH=0.06%DPPHRB
LCH=3.0x%LR
TOCH=PLOSTH+MCH+LCH
DCY=DIC/DOL

ODCH=DCY/SH
AVI=DICx(DOL+1.0)/7C2.0%DOL)
ITI=ITIP#AVI
ITIA=ITI/SH
TOWCH=DCH+ITIH
TCH=TOCH+TOWCH
ET=SHx(AV)*(JF)
DAP=FT*DPPH
DAPB=DAP/SF
LD=(DAPE#27.C)/DEPTH
Cv=AD%*CT
CTON=C(CVYV%CD)/72000.0)%RF
CTHR=CTON/SH
TOCTON=TOUCH/CTHR
TOWCTN=TOWCH/CTHR
TCTON=TOCTON+TOWCTN
TOCYD=TOCH/DPPH
TOWYD=TOWCH/DPPH
TCYD=TOCYD+TOWKYD
H=H+CDBH
PRCCD=(CLVOL/TVYSS)*100
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TVSCMID=TVSLKP
TVSONPK)=VSFFKP
SF=SF%x10C.
RF=RF%100.
Av=AV#109,
JE=JF%10C.

DO 195 K=1yNTP
TVSCKI=TVS(K)I/2T.0
TCTCKI=TCT(K)/Z36CGU.0
WT{K)=WT(K)/3600.0
TTCKI)=TTC(K)/36C0.0
CONTINUE
WRITE(KYs200)H9CT9AsBoeCsSFyRF oW sXyUDBHIEWSsMTyDR4BLCySHYyAY,

JF

FORMAT(1X 328X, "PROPERTY CHARACTERISTICS 9 /7/791X 418X,

“OVERBURDEN HEIGHT "39X 9 °s " 9F10ele2Xe "FT 9/1X91EX,
“COAL THICKNESS 912Xy9 2 sF10al192Xy9 " FT 9/791X%X518X,
THIGHWALL ANGLE 912Xy 2 9F10.192X9 "DEGREES”
Z31X9s18Xs"SPOIL ANGLE OF REPOSE“yS5Xy7"2 gF1Ce2y

2X 9 "DEGREES 9y /91X 18X, “COAL HIGHWALL ANGLE ,7X,°2°,
F104242X s "DEGREES 9 /791X918Xs "SKELL FACTOR 914X 472°7,
F104292X9"%"9/31X918Xy “COAL RECOVERY 413X,°3°,
FiCe292Xs 27 9/719X PIT WIDTH " 91TXe 3 9F10e2+2Xy FT7,
719X 9 "CUT LENGTH 916Xy "3 3F10.252Xs FT°,

/1X91E8Xy “CHOP DOWN BENCH HEIGHT " 34X,y 2 9F10.292Xs“FT7,

71X 318X "PIT EXTENTION 913Xy 2 9yF104292X%Xy FT°

77 391X327Xy "DRAGLINE CHARACTERISTICS ,

/7 91X918Xy "DRAGLINE TYPE 913Xy 7 95X9A104/31X518X,
“DRAGLINE REACH 12Xy 3 9F10.232Xs “FT"9/51X518X,

TBUCKET CAPACITY 911X, 2 7yF104292Xy CUBIC YARD"y/y1Xy

18X 9 “SCHEDULED HDOURS “911Xy“ 2 9F10e292X%Xy "HOURS/YEAR /71X,
18Xy “MECHANICAL AVAILABILITY "93Xy "2 79F10e292Xs "2 97/ 91Xy18X,
“JO0B FACTOR 416Xy 2" 9F10e292X9“%"9/77)

WRITF(KY450)FASALFACT DPPHyDAP,DOPPHB,DAPB,CDVOL yRHVOL

PRCRHyPRCCD,CTONyTOCTONSTOCYDs TOWCTN, TOKYDs TCTON,TCYD

FORMAT(1X428X s “DRAGLINE PRODUCTION AND COST"4/51Xs39Xy

“SUMMARY 79 //91X918Xy "AVERAGE SWING ANGLE “98Xy " 274F1i42y
2X 9 "DEGREES 9/ 91X 918Xy "AVERAGE CYCLE TIME®",9X,°:",
F10.2,2Xy"SECONDS 37/ 91X 918X,y PRODUCTION RATE (LOOSE)“sbX,”

245

-
»

F1Ce292X9"ClUs YD/HR"9/431Xs18X, “TOTAL VOLUME SPOTLED (LS) 742X,

21" F104192Xs CULYD/YEAR 3/ /91Xs18X,y "PRODUCTICN RATE ",
T OCBANK) T 34X g "1 gF10e292X9°CUs YD/HR Ty /41Xy18X,
*TOTAL VOLUME SPOILED (BANK) “9”2°3F10.1492Xy“CUs YD/YR”
/7 419X, "TOTAL VOLUME CHOPPED®

2TX g 8" yF10e232Xy“CU.YD/YEAR /71X 418X,

“TOTAL VOLUME REHANDLED“95X9“2°3F10.292Xs“CUYD/YEAR®,
/51Xs18Xy"PERCENT REHANDLED “910X9"2°3F104292Xy 2"
/91X318X s “PERCENT CHOP DOWN® 910Xy “2”9F10.292Xs 29/ /s
19X, “TOTAL COAL MINED“s11Xy"5°9F10e292Xy “TONS"4/7,19X,
“OPERATING COST 913Xy “2°yF10e292Xy"$/TON"5/
1X945Xy "2 9F10e292Xy°$/CUs YARD"9/7751X 918X,
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198

230

300
350
400
410
4290
43¢

440

445

“OWNERSHIP COST 913X,°279F10.292X),
“$/TON 9/ 91X 945Xy "2 9F104292Xy°"$/CUs YARD?,
7791X918Xy “TOTAL COST 917Xy 2 9F10s292X>
“3/TON" 9791X 945X "3 °3F10s292Xs"$/CUYARD"Z/)
WRITE(KY,198)
FORMAT(1X 928X, "DRAGLINE PRODUCTION SUMMARY “4/451X,
1 40X, "FOR"9/71X935Xs“EACH POSITION®s//)
1J=1
IL=2
DG 445 J=1,4NTP
WRITE(KY,290)

S W N

] femerrrccccccnrcem - )

WRITE(KYs300)(KyK=1J,yIL)

FORMATC(1X 918X "POSTITION"924X415(12413X))
WRITE(KY,290)

FORMAT(1Xs18Xs15A5)

WRITE(KY y400DCTVS(K) 9K=TJyIL)

FORMAT(1X,18X,y VOLUME SPOILED (CUe YD)7 93X 92(F1l0a2494X))
WRITE(KYy41CG)CASA(K) 9K=TJ,y1IL)

FORMAT(1X918X,y"AVERAGE SWING ANGLE (D)"93X92(F1l0e294X))
WRITE(KY420)CTCTCK) yK=1J,IL)
FORMAT(1X 18Xy "EXCAVATING TIME (HRS) 45X 92(F10a294X))
WRITE(KY430)(WT(K)yK=IJ4,1IL)

FORMAT(1IX 18Xy “WALKING TIME (HRS) 9BX92(F1l0e244X))
WRITE(KY »4403)(TTIK) 4K=IJyIL)

FORMAT(1X 918X, "TOTAL TIME (HRS)*4y10X,2(F10.254X))
IFCIL.EQ.NTPISTOP

IJ=ILl+1

IL=IL+?2

IFCILLGT NTPDIL=NTP

CONTINUE

END
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SUBROUTINE CYCLE(ST1)ST24SCCyASASRKyTVSsBCyWDsKSHCLT,
1 MyCOVOL»TT»TCToWTyDTH»BPT)
SM=(ST2-ST1)730.
AST=(ASA%SM+SCC)
ACT=(AST+DT+RPT)*RK
NOC=(TVYS/80C)
IF(M.EQ.1)INOC=(TVS+CDVOL)/BC
TCT=FLOATU(NOC)*ACT
WI=WD/WS+CLT

TT=TCT+WT

RETURN

END
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190

11

12

13

SUBROUTINE VOLKEY(DLDIST,A,FA,CABHT,CABRADsH,CUT,BOTKEY
1 SIFLAG,VOL)

DEPTH=H |
IFC(IFLAG.EQs1)DEPTH=DEPTH/ 2,
THTAN=TANDCFA)
DIGTAN=CABHT/(DLDIST-CABRAD)
OF=DLDIST+CUT4+DEPTH/THTAN
0J=NDEPTH/TANDCFA)

XBROW=0J
XINT=0F-CABRAD=-CC(DEPTH+CABHT)/DIGTAN)
IFCXINT.GToCUTIXINT=CUT

UHT=CUT#DIGTAN

LHT=DEPTH=UHT
TOPKEY=(DEPTH/TANDCAD))I#2,G+BOTKEY
MIDKEY=BOTKEY+(LHT/DEPTH)*(TOPKEY=BOTKEY)
C==XINT#*DIGTAN
BXLONG=DEPTH/THTAN-C/(THTAN=-DIGTAN)
IF(XINT.LE.0.0) GO TO 10

IF(XINTWLE.0JIGO TO 11

IF(XINT.GEL0J)GE TO 12
VOL=(BXLONG+CUT) #UHT* CTOPKEY+MIDKEY) /440
60 TO 13 |

VOL=CUT*UHT* (TOPKEY+MIDKEY)/4 .+ C(DEPTH*#2)
1 *CTOPKEY+BOTKEY))/(4.G#THTAN)=C(XBROW=XINT)
1 *LHT#CC(BOTKEY+MIDKEY)/4.0)

60 TO 13

AREA=DEPTH*CTOPKEY+BOTKEY)/2.0

XBROW=0J

VOL=(XBROW+CUT-XINT)®AREA/2.0+ (XINT-XBROW)I®ARE A+
1 XBROW*AREA/2.0

RETURN

END
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SUBROUTINE VOLCUTCDLDIST AsFA,CABHTSCABRADsHoCUT oWy

1 BOTKEY,IFLAG,VOL)

DEPTH=H

IFCIFLAG.EQ.1)DEPTH=DEPTH/ 2,

THTAN=TAND(FA)

DIGTAN=CABHT/(DLDIST-CABRAD)

OF=DLDIST+CUT+DEPTH/THTAN

0J=DEPTH/TANDCFA) :

XINT=0F=-CA3RAD-C((DEPTH+CABHT)/DIGTAN)

IF(XINTLGTCUTIXINT=CUT

XBROW=GJ

UHT=CUT*DIGTAN

LHT=DEPTH=UHT

TOPKEY=CUEPTH/TANDCA) )*2 . 0+BOTKEY

MIDKEY=BOTKEY+(LHT/DFPTH)*(TOPKEY=-BOTKEY)

WIDTH=W=-TGPKEY

C==XINT*DIGTAN

BXLONG=DEPTH/THTAN-C/(THTAN=-DIGTAN)

IF(XINTLLEL0)60 TO 190

IF(XINT.LE.DJ) 6O TO 11

IF(XINT.GT40J)GO TO 12

Z1ARE1=UHT*CUT/2.

Z1ARE2=UHT*BXLONG/2.

Z1TVOL=CZ1ARE1+Z1ARE2)+WIDTH

XSIDE=UHT#%2 o+ (TOPKEY=-BOTKEY-DEPTH/TANDCA))/(2.%DEPTH)

Z2TVOL=XSIDE*(CUT+3XLANG) /240

VOL=2Z1TVOL42.%22TVOL

RETURN

11 Z1ARE1=UHTCUT/2.
Z1BR23=DEPTH*0J/2.
21ARE3=(DEPTH-UHT)*(XBROW=-XINT)/2.0
Z1VOL=(21A4RE1+214R23=21ARE3)*WIDTH
XSIDE=UHT #%2/(2.*TAND(A))
Z2VOL1=XSIDE#CUT/2.0

 TXSIDE=DEPTH*%2,/(2.*TANDCA))

Z2VOL2=TXSIDE«XBROW/ 2.
22VOL3=(TXSIDE=-XSIDE)*(XBROW-XINTI /2,
22TVOL=72V0L14Z2V0L2~-722VOL3
VOL=71VOL+2.%22TVOL
RETURN

12 Z1AREL1=DEPTH*(XBROW+CUT-XINT)/2.
Z1BRE2=DEPTHEC(XINT-XBROW)
Z1ARE2=DEPTHR(XBROW) /2.0
21TVOL=CZ1ARELI+2Z1ARE2+71ARE3)#WIDTH
XSIDE=DEPTH##24./(2.*TANDCAD)
Z2VOL1=XSIDE#*(XBROW+CUT-XINT) /2.
72VOL2=XSTDE#(XINT-XBROW)
Z2VOL3=XSIDE*XBROW/ 2.
Z2TVOL=22VOL1422V0L2+22V0L3
VOL=Z1TVOL+2.%22TVOL
RETURN

[
<
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C THIS IS THE COMPUTER PROGRAM TO CALCULATE PRODUCTION OF A DRAGLINE
C TO SIMULATE ITS CHOPDOWN EXTENDED BENCH OPERATION.
C PROGRAMED BY KADRI DAGDELEN
C PROGRAM NAME 3 EXT.FOR
C
C
C INITIALIZE VARIABLES
C
DIMENSION DDFOFC0/15),DDFHCG/15) yDTXSC1540/730),TVS(G/15)
1 sUV(0/1590/30),V0LC0715)9ASACLI5) s TT(15)TCTL15)9WD(15),
1 wT(15),UVT(3C)sWSACLI5),TVSB(15)
REAL ITIPyLRsLCHyMCH,JF
DOUBLE PRECISION MT
DATA TTSFP TTISFK/2%0e0/74TVSSyTTSS/2%0.0/5TVS5/16%C.07,
1 UV/7496%0e0/79V0OLCO0)70e0/9C0ONV/57e295T77sTVSFKyTVSFPHZTCTFBY
1 3%x0,0/,UVT/30%0.,0/3WSA/15%0.0/9THSAZTOTCTTOTWT/2%0,0/,
1 TVSB/15#04C/4TT/15%040/4COVOL/ 0.0/ 9TLTCD/00/4CDASA/ZD0L0/
CPENCUNIT=8yFILE="EXT"yACCESS="SEQINT)
C WRITE(4498)
£se FCRMAT(C10X,"D0 YOU WANT THE OUTPUT ON THE LINE PRINTER?",
c 1 71CX,°TYPE YES OR NO%) .
C READC(4999)ANS
€39 FORMATCAS)
C IF(ANS.EQ.YESIKY=6
C IFCANSLEQ.NODIKY=4

KY=6
READCB1CG0IH sWsCT9CDyLyByCyFAYSF XK
100 FORMAT(12F)
READ(B,105)CD3H
105 FORMAT(F)
READ(E,110O0MT
110 FORMAT(AL10)
READ(84y12C)DR4BCyCABHT yCABRAD,,P
120 FORMAT(SF)
READ(B15C)DT4BPT9ST1,43ST24SCCWS,HCLT
150 FORMAT(TF)
READ(B16CISHyAVyJF9yRFHFF
160 FGRMAT(S5F)
READ(CB417CODICyPCKHGyPLHyLRYyDOLSLCRFLITIP
170 FORMET(T7F)
RELDCEZWIZLINPXGNTPyN
134 FORMAT(31)
REELED(B8914CICEDFDF(JI)H»DDFHCI) 9J=14NTP)
14¢C FORMAT(2F)
READ(B,171)IFLAG
171 FORMATCI)D
IFC(IFLAG.EQ.C)GO TO 174
READ(B841T2)INFSIKP yNFSLKPyNFSTP
172 FORMAT(31)
READ(CB84173)CCOFDFCJ) sNDFHCJ) 9 J=NFSIKPJNFSTP)
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173 FORMAT(2F) g
IFCIFLAGLEQ.1)G0 TO 176
174 TOPKEY=(H/TAND(A)) %2, +kK
IF(TOPKEYSsLE«W=5.2G0 TO 176
WRITE(4,175)
175 FORMAT(1Xy10Xy“OVERBURDEN IS TOO DEEP 7,/
1 IX310Xs“IT WILL BE MINEC IN TWO LIFTS* s/
1 1Xy10X,"ENTER NEW SET OF DRAGLINE s/
1 1X,10X,"POSITIOGNS FQR SECOND LIFT)
ST1QP
C INITIALIZE VARIABLES
- IFCIFLAGCEQe CONFSTP=NTP
PDR=DR
FA=A
BC=BCxFF%27.0
UIL=X/FLOAT(N)
DO 15 I=14NFSTP
DTIXSCIL0D)=DDFDF(I)-P+X2UIL/2.
15 CONTINUE
DEPTH=H
SWELL=SF ,
IF(CDBHLEG.T.)G0 TO 3G1
HE=CDBH/TAND(CA)
DO 16 J=1,4NFSTP
DOFHCJ)=DOFH( D)
16 CONTINUE
C CALCULATE AVERAGE SWING ANGLE FOR CHUOP DOuWN
YD=(3./2.)%X-DDFDFC1)
XD=W=-DDFH(K)
COASA=CCATANCXD/ZYD) I+ CASINCDODFH(K) /DRI II*CONYV
COVOL=(CDBHxX%W)%SF
TvSS=CDVOL

laNel

CRLCULATE AVERAGE CYCLE TIME FOR CHOP DDOWN
SM=(ST2-ST1)730.0
AST=CCDASA%SM+S5CC)
ACT=CAST+DT+BPT)*1.5

laNel

CALCULATE TOTAL TIME SPENT FOR CHOPING DOWN
NOC=COVOL/Z(3C%C.8)
TCTCO=FLOAT(NOC)#ACT

la¥el

SPOIL ROGM GAINED FROM CHOPPING
SRG=W*CDBH*TAND(B)/TANDCA)

EFFECTIVE HEIGHT REDUCTION FROM CHOPPING
HG=SRG/{W%SF)
H=H=-HG

[aNe]

el

REQUIKED DRAGLINE OPERATING RADIUS
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301 ODR=H/TANDCA)+CT/TANDCCI+HXSF/TAND(RI+W/4,0+P
DORP=0DR+X*%2/(4.0%00DR)
IF(OR.GT.DORIWRITE(45302)

302 FORMAT(C10X, "CRAGLINE HAS ENOUGH REACH®,

1 /10X,"RUN "SIDE CASTING MODEL"™®)
IF (DR.GT.DOR)ISTOP
H=DEPTH-CORH

C

C REGQUIRED PIT WICTH EXTENSION
Ew=D0OR-DR
IF (EW.LE.O.C)E&J'—‘0.0
DDFHCO)=DDFH(NTP)=-EW
DCFDF(0)=~-X+CCFDFINTP)

C .

C VOLUME OF THE MATERIAL REQUIRED TO EXTEND THE BENCH
CALL EXVOLCH CTyEWyXsWsA9yByCHyEV)
C ALL THE CHGOP DOWN MATERIAL USEDSCALCULATE VOLUME NEEDED FROM THE KEY C
303 EVB=EV
IF(CCVOL.GELEVICDVOL=EY
COBRH=CDVOL/(K*X%SF)
EV=gEV-CDVOL
C
C CALCULATE THE VOLUMES ALREADY SPGILED FROM THE
C EXTENDED BENCH INTO THE CROSS SECTIONAL INTERVALS
CALL VOLS(H sCToEWsWsA,ByCyUILyVOLAS)
VOLASC=(VOLAS/UIL)%X
DD 12 J=1,yN
UVTCJ)=VvOLAS
12 CONTINUE
RHVOL=EVB=-Vv(LASC
TOPKEY=(H/TAND(A)I%2 . +WK
IFCIFLAG.EQ.1DTOPKEY=C(H/TANDCA)I+WK
JM=1
m=0
MI=NPK
JI=NTP
TFCCIFLAGSEQe1) e ANDL(M.EQJJIDINTP=NFSTP
IFCCIFLAGCEQeY) e ANDS(M.EQeJI) INPK=NFSLKP
TVSL=TVSCJUTI)

C

C FINISH THE BENCH EXTENTION ANQ SPOIL THE REST BY SINF CASTING
DG 70 K=JdmgNTP

C

C CHECK WHETHER DRAGLINE IS IN KEY CuT

C

IF(KeGTNPK) GO TO 20

DRAGLINE IS IN KEY CUT POSTION; CALCULATE VOLUME REMOVEABLE

OO0
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COK=DDFH(K)~-(W-TOPKEY/2,)
SAA=ATANCCOK/ODFDF(K))I*CONY
RK=1.5

TVS(J1)=0.0

TVS(NTP)=(.0
TVSFK=TVSFK+TVS(K-1)

CALL VDLKEY(CDFOF(K)yA,FA,CABHT,CABRADsHy Xy WK,IFLAG,VOL(K))
VOL(K)=VOL(K)*SF '
VOLC(K)=VOL(K)-TVSFK
VSFLKP=VOL(MI)

VSFFKP=VOL (NPK)

GC 70 3¢

IN PRIME CUT POSITION; CALCULATE VOLUME REMOVABLE

aNela

COM=DDFH(K)-CW-TOPKEY)/ 2,
SAA=ATANCCOM/DDFDF{(K))*CONY
IF(KNELNTPIGD TC 20
IFCEK/24«GTLDDFH(NTPIIGO TO 18
CCEB=DDFH(NTP)+EW/2.
SAA=CATAN(CCOER/DDFDF(NTP)I)*CONV)
18 CUEB=(EW/2.3-DDFH(NTP))
SAA=-(ATANCCCOEB/DOFDFINTPI)*CONYV)
I=K
TVS(NPK)=C.0
TVSFP=TVSFP+TVS(K=-1)
CALL VOLCUT(DDFOF(K) 9T 9 JI)A4ByFA,CABHT9yCABRADyHyCT 9X93SF ok,
1 EWsWK s IFLAGyRHVOL ¢yNTPsVOL(K))
VOL(KD)=vOL(K)
VOL{K)=VOL(K)-TVSFP
C
C CHECK IF ANY MORE MATERIAL NEEDED 10 EXTEND THE BENCH
30 JF(EV.LEC.OJG0 TO 304
C IF YES- EXCAVATE FROM FROM THE KEYCUT TO EXTEND THE BENCH
EV=EV-VYOL(K)
IF(EV.LE.CL.Q) GO TO 305
C AVERAGE SWING ANGLE TO EXTEND THE BENCH
ASACK)I=95,G+C(ACOSCDDFHCK)/DR))*CONV=-S2A
TVS(K)=v2L(K)
60 1D 65 '
305 TVSBCK)=VOL(K)+EV
SA=9C G+ (ACOS(DDFH(K)I/DRII*CCNY=SAA
WSACK)=SAxTVSR(K)
VOL(K)=VOL{KI-TVSB(X)
CALCULATE VOLUME SPOILED FROM EACH POSITION INTO EACH X-SECTIDOHN

("NeNelal

" DO 50 J=1,N
DTXSCKyJ)=DTXS(K,yJ-1)-UTL
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40

50
60

65

1

1

255

UVTCJI=UVTCID+UVIK=-1sd)

SA=ACOS(DTXS(X4J)/DRI*CONYV-5AA

CONST1=WwsTAND(B)*UIL

CONST2=H/TANCCA)+W/4 .0

CONST3=SQRT(DR*DR-DTXS(KyJI)*DTXS(K,J))=-DDFH(K)

UV(K 9J)=CONST1%(CONST3=-CONST2)=-UVT{J)

IF(UV(K,J).LT.0.0)UV(K QJ)=000

IFCUV(KyJ)JLELCVOLC(KI)=-TVS(K))) GO TO 490

UV(K sJ)=VOL(K)-TVS(K)

WSACK)=WSA(KI+SA*UV(K,yJ)

TVS(KI=TVS(KI+UV(Ky D)

IFCTVSCK)LEQeVOL(K)) GO TO 690

CONTINUE

TVSCKI=TVSBCKI+TVS(K)

IFCTVS(K) e NECeOIASACKI=WSA(KI/TVS(K)

WO(K)=SQRT((COFDF(K)-DDFOF(K=-1))%%2+(DDFH(K)-DDFH(K=-1))%
*2)

IF(KeEQeNTPINWD(KI=WD(KI+EW

CALL SUBROUTINE TO FIND AVERAGE CYCLE TIME

IF(KEQe1IWSACII=ASACI)*TVS(1)+LOVOL%CDASA

CASAC1I=WSACL)/CTVSC1)4CDVOL)

CALL CYCLECST19ST23SCCoASACK) yRKSTVSCK) 9BLyWD(K) yuSy
CLT DT yRPT o TT(K)yTCT(KIyWT(KI)

IF(KGEQeIDTTCLI)=TTCLII4+TCTLD

TTSS=TTSS+TT(K)D

TVSS=TVSS+TVSCK)

WSACK)=ASACKI®TVS(K)

IF(K«EQel1IWSALI)=ASACII*(TVYSC(1)+CDVOL)

TWSA=TWSA+WSA(K)

TOTCT=TOTCT+TCT(K)

TOTWT=TOTWT+WT(K)

M=K

CONTINUE

TVSFK=Ce0

TVSFP=0.0

DR=PDR

IFCIFLAG.EQe1)SF=SWELL

TFCCIFLAGLEQW1) e ANDW(MLEQeJ1dIGO TO 177

TNOC=TVSS/BC

FECT=TTSS/TNOC

NGCPH=36000/FACT

DPPH=NDCPH&BC/27.

DPPHBR=DPPH/SF

RC=8C/(27.%FF)

FASA=TWSA/TVSS

BY=(W&DEPTHxX)*SWELL

PRCRH=(RHVOL/BV)*100.

PRCCD=(CDVOL/BV)*100.0



T-2111 256

C CALCULATE COST OF PRODUCTION

PCOSTH=PCH*PLKH
MCH=0.06%DPPHB
LCH=3.,0%LR
TOCH=PCOSTH+MCH+LCH
bCY=DIC/DOL
IF(CRFNEL0.0)DCY=DIC%CRF
DCH=DCY/SH
AVI=DIC%2(DOL+1.0)7(2.0%DOL)
ITI=ITIP%AVI
ITIH=ITI/SH
TOWCH=DCH+ITIH
TCH=TOCH+TOWCH
ET=SHx(AVIX(JF)
DAP=ET%DPPH
DAPB=DAP/SF-((DAP/SF)*PRCRH/100.)
AD=DAPB=%27 ./0EPTH
Cv=AD=(CT
CTION=C(CV%CD)/20C0.0)=RF
CTHR=CTON/SH
TOCTON=TOCH/CTHR
TOWCTN=TOWCH/CTHR
TCTON=TOCTON+TOWCTN
TOCYD=TOCH/DPPH
TOWYD=TOWCH/DPPH
TCYD=TOLYD+TOWYD
RHVOL=DAP*PRCRH/100.
TVvSC1)=TVS(C1)+CDVOL
COVOL=DAPXPRCCD/100.
TVS{MID=VSFLKP
TVSCNPK)=VSFFKP
TVSCJI)=TvVSL
H=DEPTH
SF=SWELL%*1C0.
RF=RF=%1CC.
Av=AvV%1(00.,
JEF=JF%100C.,
DO 1985 K=14NTP
FVSCKDI=TYS(K)/2T.0
TCTCKY=TCT(K)I/3600.0
WT(K)=WT(K)/36GD.0
TTCKI=TT(K)/ 36000
195 CONTINUE
WRITEC(KY 9200)HsCT A 9B yCySFeRFy Wy X, CORHYyEWNyMTyDRyBCySHyAV,
1 JF
200 FORMAT(1IX 328Xy "PROPERTY CHARECTERISTICS 9 //73s1X518X,
“OVERBURDEN HEIGHT 99X 9”2 9F10e192Xy FT"9/71X918Xy
“COAL THICKNESS 912Xy9 2t "sF10e192Xy “FT79/51Xy18X,
"HIGHWALL ANGLE 912X 43%2°yF10el92Xy“DEGREES”,
/91X918BXy“SPOIL ANGLE OF REPOSE“ 95Xy 2 yFlCe2,

DWW N e
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450

198

290

300
35¢C

4060

2X 9 "DEGREES 9 /791X 918X,y “COAL HIGHWALL ANGLE" 97X 9727,
F10e292Xs "OEGREES 9/791X 418Xy “SWELL FACTOR 414X9"2°,
F10a242Xy “%2°97391X418Xy "COAL RECOVERY",13X%X,°2°,
F10e292X9 Y 5 /719X PIT WIDTH " 91TX9"2 7 3F10.2492Xy"FT7,
719X "CUT LENGTH 916Xy s 9F10.292XsFT"
71X318X%Xs "CHOP DOWN BENCH HEIGHT "34X 972 9F10e292Xy FT",
/1X91383Xe*PIT EXTENTION 13X,y "2°93F10.242Xs°FT"°
7/ 31Xy2TXy “DRAGLINE CHARECTERISTICS ,
/7 31X918Xy “DRAGLINE TYPE"913Xys"2 " 95X9A105/91X918X,
“ORAGLINE REACH 912X 9" 2% 3F10e292Xy FT74/431%Xs18X,
TBUCKET CAPACITY 511X,y 8 9F104242Xy CUBIC YARD "y /51Xy
18X, "SCHEDULED HOURS "y 11Xy “2°9F10e292Xy "HOURS/YEAR 3 /11Xy
18Xy "MECHANICAL AVAILABILITY " 33X 27 3F104.242Xy"%"9/791X918Xy
“JOB FACTOR 316Xy 27 9sF10.292X9°%%977)
WRITE(KY450)FASAZFACT9yDPPHyDAPyDPPHB yDAPB,,LDVOL 4RHVOL
1 PRCRHyPRCCC,CTONsTOCTONsTOCYDsTOWCTNyTOWYDSTCTON,TCYD
FORMATC(1X 928X,y "DRAGLINE PROODUCTION AND COST"9/7351X339X,
“SUMMARY "9 //91X318Xy TAVERAGE SWING ANGLE 98X9» 27 3F1042
2X 9 “DEGREES”9/91Xy18Xy “AVERAGE CYCLE TIME®,9X%X,°: ",
F10.292Xy"SECONDS " ¢//51X918Xs "PRODUCTION RATE C(LOOSE) 94X, 2"
F10.292X9“CUe YD/HR"3/91Xs18X,"TOTAL VOLUME SPOILEDR (LS) 42Xy
173 F10a132Xe "CU.YD/YEAR 3/ 7/
I1X91B8X,y “PRONDUCTION RATE (BANK) “45X,4°2"
J791X918X,y "TOTAL VOLUME SPOILED (BANK) ",
“CUs YD/YEART,//7919X"TOTAL VOLUME CHOPP
9T X g 8" 3F10e292Xy "CU.YD/YEAR/71X 418X,
TOTAL VOLUME REHANDLED “95Xy“ 27 9sF104192Xy "CUYO/YEART,
F91X918Xy “PERCENT REHANDLED " 910X 2" 3F104292Xy 2%,
731X918Xy "PERCENT CHOP DOWN 910Xy 2 yF10.2+2Xs 297/
19X, “TOTAL COAL MINED 911Xy 2 sF104292Xs “TONS 4/7/419X,
“OPERATING COST 313Xy 27 3F10.292X%Xy 8/T0N 5/
1X 945Xy 2 gF10e292%Xy 370U, YARD "9 /791X 918X,
“OWNERSHIP COST 913X9 "t 9F10s292Xy
“$/7TON 3 /731X945Xs "2 7 4gF10e292Xy"%/CUs YARD®,
77 91X518%Xs “TOTAL COST 917Xy 27 3F10s292X
TE/TONT 9/ 91X 945X 727 3F104292X9°$/7/CU.YARD /)
WRITE(KY,,198)
FORMAT(1IX 28X, “DRAGLINE PRODUCTION SUMMARY"4/491X,
1 40Xs"FOR¢/1Xy35Xy"FACH POSITION"s//)
1J=1
ILt=2
CO 445 J=1,4NTP
WKITEC(KY$290)
FORMAT(19Xy === mmmmm e mcc e e e e cm e c e e e “

VB WN ODODDo0m-o WM

.O

F10.292Xy "CUYD/HR ",
: ? 10. QZX’
E »

D

B W OOV NS DN e

WRITECKYy300)(KeK=IJyIL)

FORMAT(1X 918Xy “"POSITION"24%515(12,5,13X))

WRITE(KY»290)

FORMAT(1X41BX915R5)

WRITE(KY400)(TVS(K),K=IJ,1IL)

FORMAT(1X 918Xy VOLUME SPOTILED (CUe YD) 93X92(F10e294X))



T-2111 258

WRITEC(KY y410)CASA(K) yK=1J,TL)

410 FORMAT(1X,18Xy “AVERAGE SWING ANGLE (D)“93Xy2(F10.244X))
WRITECKY,420)CTCT(K) yK=1J,IL)

420 FORMAT(1X918Xy "EXCAVATING TIME (HRS)“s5X92C(F10+294X))
WRITE(KY 9430)(WT(K) yK=TJ,yIL)

43¢C FORMATC1X 18X,y "WALKING TIME (HRS)®98X42(F10.254X))

‘ WRITE(KY 3440)CTT(KI 4K=1J,1IL)

440 FORMAT(1X 18X, "TOTAL TIME (HRSD"y10X92(F10e2y4X))
IFC(ILLEQaNTPISTOP
I4=IL+1
IL=1IL+2
IFCILWGTANTPIIL=NTP

445 CONTINUE
END
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SUBROUTINE EXVOLCAEZED9AGyXsWsAyByLyEV)

OP=¥

AD=AE+ED
EF=AE/TANDCA)

3C=AD

G3=BC/TAND(B)
AB=AG+GS

FH=ED

HO=FH/TANDC(C)
DP=EF+HO+0P

PC=AR-DP
IF(PCLELC.GIPL=CL0
EA1=AB%AD
EL2=GB%xBC/2.(
EA3=2AE*EF /2.
ELL4=EF*ED+FH*HO /2.0
EAS=PC%%x2 s TAND(B) /4.
EA=FEA1-(EA2+EA34EAL+EAS)
EV=EA%X

RETURN

END

259
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SUBROUTINE VOLSCAEZEDsAGyWsAsBsCsUIL9VOLAS)
TU=AE+ED
AD=TU
AY=AE/TANDCAD+ED/TANDCC)
YQ=AD/TAND(B)
AQ=AY+YQ
TQ=(AQ-AG)/2.
TS=TQxTAND(R)
SU=TU-TS
AROSC=SUx%2,/TAND(B)

C CONSIDER THE SECOND CASE
GE=AD/TANDC(BR)
AB=AG+06H
EF=AE/TANDCA)
HO=ED/TAND(CC)
DP=EF+HO+¥W
PC=AB-DP
IF(PC.LE.GLDIXPC=0.0
ARPRC=PLC*%2,xTAND(B)/ 4.
VOLAS=CARGSC=-ARPRCI*UIL
RETURN
END
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SURROUTINE CYCLE(ST19ST29ySCCoASAIRKyTVSyBLsWDsWSHCL T,
1 DY sBPTsTT4TCTHUT)
SM=(ST2-ST1)730.
AST=CASAxSM+SCC)
ACT=(CAST+DT+BPT)I%RK
NOC=(TVS/BC)
TCT=FLOAT(NOC)*ACT
WTI=WD/WS+CLT
TT=TCT+W

RETURN

END



T-2111 262

13

11

12

13

SUBROUTINE VOLKEY(DLDIST,A,FASCABHTyCABRADyH,CUT,
1 BOTKEYsIFLAG,VOL)

DEPTH=H

IFCIFLAG.EQ.1)DEPTH=DEPTH/ 2.
THTAN=TAND(FA)
DIGTAN=CABHT/(DLDIST-CABRAD)
OF=DLDIST+CUT+DEPTH/THTAN
0J=DEPTH/TAND(FA)

XBPOW=0J
XINT=0F-CABRAD-({(DEPTH+CABHT)/DIGTAN)
IFCXINTSGTLCUTIXINT=CUT

UHT=CUT=*=DIGTAN

LHY=DEPTH=-UHT
TOPKEY=(DEPTH/TAND(ADD*2,0+80TKEY
MIDKEY=BOTKEY+(LHT/DEPTH)*(TOPKEY-BOTKEY)
C==-XINT#DIGTAN
BXLONG=DEPTH/THTAN-C/(THTAN-DIGTAN)
IF(XINT.LE.G.0) GO TO 10

IF(XINTLLEL.OJIGO TO 11

IF(XINT.GELOJIGO TO 12
VOL=(BXLONG+CUT)*UHT*(TOPKEY+MIDKEY) /4.0
G0 710 13
VOL=CUT*UHT*(TOPKEY+MIDKEY)/4.+((DEPTH%%2)
1 *(TOPKEY+BOTKEY))/(4.0%THTAN)=-(XBROW-XINT)D
1 *LHT*((BOTKEY+MIDKEY)/4.0)

63 10 13

APEA=DEPTH*(TOPKEY+BOTKEY)/2.0

XBROW=0J
VOL=(XRROW+CUT-XINTI*AREA/ 2, 0+(XINT-XBROK) *ARER+
1 XBROW%AREA/2.0

RETURN

END
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190

11

12

SUBROUTINE VOLCUT(DLDISTsI4JI,A,B8,FA4CARHT,CABRADyH,CT,CUT,

1 SFyWsSEWyBOTKEY IFLAGyRHVOL,NTP,VOL)
EW=SEW
DEPTH=H
IFCIFLAG.EQ.1)DEPTH=DEPTH/ 2.
THTAN=TAND(FA)
DIGTAN=CABHT/(DLDIST-CABRAD)
CF=DLODIST+CUT+DEPTH/THTAN
OJ=DEPTH/TAND(FA)
XINT=0F-CABRAD=-C(DEPTH+CABHT)/DIGTAN)
IF(XINTLOTLCUTIXINT=CUT
XBROWK=0J
UHT=CUT*DIGTAN
LHT=DEPTH~-UHT
TOPKEY=(DEPTH/TAND(CA))I*2,0+80TKEY
MIOKEY=BOTKEY+(LHT/DEPTH)I*(TOPKEY-BOTKEY)
WIDTH=K=-TOPKEY
==XINT*0IGTAN
BXLONG=DEPTH/THTAN-C/(THTAN-DIGTAN)
IF(XINTLLEL.ODIGO TO 10
IF(XINTLLE.DOY) GO TO -11
IF(XINT.GT.0JIGO TO 12
Z1ARELI=UHT*CUT/2.
Z1AREZ2=UHT*BXLONG/2.
Z1TVOL=(CZ1ARELI+Z1AREZ2)*WIDTH

XSIDE=UHT %2 e« (TOPKEY-ROTKEY=-DEPTH/TANDC(A)DI/(2.%CEPTH)

22TVOL=XSIDE*(CUT+BXLONG) /2.0
VOL=(Z1TVOL+2.,%22TVOL)%SF

RETURN

Z1AREL1=UHT*CUT/2.
Z1AR23=DEPTH*0J/2.
ZiARE3=(DEPTH=-UHT)*(XBROW=-XINT)/2.0
ZiVOL=(21ARE1+Z1AR23-7Z1ARE3)*WIDTH
XSIDE=UHT»%2/(2.*TANDC(A))
22V0L1=xSIDE*CUT/2.0
TXSIDE=DEPTH#*%2.,/(2.%xTANDC(CA))
Z2VOL2=TXSIDExXBROW/2.
Z2VOL3=(TXSICE=-XSIDE)*(XBROW-XINT)I/2.
12TV0OL=22V0L1+72y0L2-722VOL3
VOL=(Z1VOL+2.%72TVOL)%SF

RETURN
Z1ARFI=DEPTHx(YXBROW+CUT=-XINT)/2.
21BREZ=DEPTH*(XINT-XBROW)
Z1BREZ=DEPTH*(XBROW)/2.0
Z1TVOL=(Z1AREL1+71ARE2+Z1ARE3) *KWIDTH
XSIDE=DEPTH*%2./7(2.%TANDCA))
I2VvOL1=XSTDE*(XBROW+CUT-XINT)/2.
22Vv0L2=XSIDE*(XINT=XBROW)
22Y0L3=XSIDE*XBROW/2
22TvOL=22Vv0L1422V0L2+72VOL3
VOL=C21TVOL+2.%22TV0OL)*SF

263
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IFCI«NEJNTPIRETURN

EWl=DEPTH/TANDCA)

IF(EW.LTL.EW1)GD TO 13

EVRI=(DEPTH*%2/(2.*TANDCA))+(EW-DEPTH/TAND(A)DADEPTH
1 4DEPTH®x2/(TAND(B)%*2.))%CUT

GO T0 15
13 EVB1=(EW*DEPTH+DEPTH*%2/(2.xTAND(B))-DEPTH*%2/(2.%TAND(A) ) *CUT
15 IFCCIFLAG.EQa1) JAND(T.LELJIDIEVB=EVRI

IFCCIFLAGLEQe1) e ANDe(IeGTLJID)IEVB=RHVOL-EVB1
IFCIFLAG.EQ.GIEVB=RHVOL

vOl=vOL+EV3

RETURN

END
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C THIS IS THE COMPUTER PROGRAM FOR PULLBACK OPERATION
C PROGRAMED BY KADRI DAGDELEN

DIMENSION DDFDF(0/15),DDFHC0/15)40TXSC15,0/30),TVS(0/15)
1 oVOLCO/15)4ASAC15)sTT(15)sTCTC(15)sWD(15)4WT(15)
1 4SA1C15),5A2(15)

REAL JF

DOUBLE PRECISION MT

INITILYZE VARTABLES

oo

DATA TTSFPyTTSFK/2%0e0/9sTVSSyTTSS/2%0.0/4TVS/16%
1 Q04C/79VOLCO)/040/94CONV/5T42957/9TVYSFKaTVSFP
1 72%C0/79sTWSAZ70 07y TOTCTyTOTWT /250407
OPEN (UNIT=8,,FILE="DRG1.DAT“9ACCESS="SEQIN")
READ(B41CG) HyCT9yCDyAsByCySFaX WK
10¢C FOPMAT (1CF)D

READ(8,5110)OMT
110 FORMATCALC)
READ(8912C)0RHyBCSCABHT S CABRAD P
120 FORMAT(5F)
READ(B85130INPKsNTP,yN
13¢ FORMAT(3I) »
READ(B8414C)COOFDF(JU) s DDFH{J) 9J=14NTP)
140 FORMAT(2F)
READ (8,150)DT9yBPT9ST19ST2ySCLyWS,H,CLT
156G FORMAT(TF)
READCBH1560)SH AV JFsRFLFF
1640 FORMAT(SF)
READCEHITIDIFLAG
171 FORMAT(I)
IF(IFLAG.EQ.C)GO TO 174
READ(B31T2INFSIKPJyNFSLKP ¢NFSTP
172 FORMAT(3I)
READ(EL173)(DDFDF(J) s DOFHCJI) s J=NFSIKPSNFSTP)
173 FORMAT(2F)
174 IFCIFLAG.EQ.OINFSTP=NTP
IFCIFLAG.EQ.1)G0O TO 176
TOPKEY=(H/TAND(CA))%2 . +WK
IF(TOPKEYWsLELW=5.)60 TO 176
WRITE(4,175)
175 FORMATC(IX,y10Xy "OVERBURDEN IS TOO DEEP ./
1 1X410Xy"IT WILL BE MINED IN TKO LIFTS ,/
1 1X 910Xy "ENTEK NEW SET OF CRAGLINE *,/
1 1X910Xy “POSITIONS FOR SECOND LIFT®)
STop
176 DDFH(C)=DDFH(NTP)
DOFDF(Q)=~X+DDFDF(NTP)
SF=1.04SF/100.0
BC=BC%xFFx27.
C
C CALCULATE AVERAGE SWING ANGLE FOR PRIMARY MACHINE
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J¥=1
M=0
MI=NPK
JI=NTP

177 IFCCIFLAGEQeal) e ANDo (M EQeJTI)IIM=NFSIKP
IFC{TIFLAGEQe1)  ANDe (M EQ.JIDINTP=NFSTP
IFCCIFLAGEQal) e ANDe(MEQLJIDINPK=NFSLKP
DO 10 K=JMyNTP
M=K
SA1(KI=ACOSC(DDFNF(KI=P+XI/DRI*CONY
SAZCK)=ACOSCC(DDFDF(K)I=-P)/DRIXCONY
ASACKI=(SAI(KI+SA2(K)I)/72.C

C CALCULATE VOLUME SPOILEDED FROM A GIVEN POSITION
IF(K.GT NPKDGD TO 290

C

C DRAGLINE IS IN KEY CUT POSITION
Rk=1.5
TVSFK=TVSFK+TVS(K=-1)
CRLL VOLKEY(DDFDF(K) yAyCABHT,CABRAD yH 9 X o WK IFLAG,YOL(K)D)
VOL(K)=VOL(K)=%*SF
VOLCKI=VOL(K)-TYSFK

GO TO 3¢

C.
C IN PRIME CUT POSITION: CALCULATE VOLUME REMOVED
C )
20 RK=1.0

TVS(NPK)=0.0

TYSFP=TVSFP+TVS(K=1)

CALL VOLCUT (DDFDF(K)sAyCASHT3CABRADyHy X9y WoWKyIFLAG,

1 voL(KD)

VOL(K)=VOL(X)%SF

VOL(K)=VOL(K)-TVSFP
C
39 TVS(K)=VOL(K)
C 1
C CALCULATFE THE DISTANCE DRAGLINE WALKS TO A GIVEN PCSITION

WD(K)=SURTCCDDFDF(K)I=DDFDF(K=1))%%2+(DDFH(K)

1 =DDFH(K=1))%%2)

CALL CYCLE (ST149ST2sSCCoASACK) gRKyTVSCK) yBU WDy S4CLTy

1 DTsBPTaTTCK)ZTCTCK) 4 WT(K))

TTSS=TTSS+TT(K)

TCTCT=TOTCT+TCT(K)

TOTWT=TOTWT+WT(K)

FIND TOTAL VOLUME SPOILED FOR THE SEGMENT

OO0

TVSS=TVSS+TVS(K)
TWSA=TWSA+ASACKI*TVS(K)
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10 CONTINUE
TVSFK=0.0
TVSFP=(,0
IFCCIFLAG.EQe1) s AND(M.EQ.JID)IGO TO 177
FASA=TKSA/TVSS

C
C CALCULATE DRAGLINE PRODUCTION
C
TNOC=TVSS/BC
FACT=TTSS/TNGC
NOCPH=3600.0/FACT
DPPH=NQCPH=*BC
C
C DRAGLINE PRODUCTION FOR PRIME MACHINE IS KNOWN
C CALCULATE PULL BACK MACHINE REACH AND BUCKET CAPACITY
C .
C REACH OF THE SECOND MACHINE
C
ESR=(SQRT(DR*DR-X%X)+DR)/2.0-P
C CALCULATE THE BUCKET CAPACITY
C :
C AMOUNT OF MATERTIAL TO BE REHANDLE BY THE PULL BACLK MACHI
c .

URAS=WxH%SF
CONSTANTS OF SECOND DEGREE EQUATION
CA=3*xTAND(B) /4.
CB=TAND(B)=(ESR-H/TAND(A)-CT/TANDCC)-CT/TAND(R)+K/2.)
CC=WxTAND(B)*C(ESR-H/TANDCA)-CT/TANDCCII+(CTxLT72.)
1 *(1/TAND(BI+1/7TANDCC))-WxWxTAND(B)/4.~-UAS
YK=SCRT(CB*(LB~4.,%xCA%CL)
c THE ROOTS OF THE EQUATION
WX=(=-CB+YK)/(2.0*CA)
CONST3=WX*TAND(BIX(ESR=-H/TAND(CA)~-CT/TAND(CCI+3xKkX /4.
1 +W/4.0)
CONST4=WXACT-CCTHCT/2.00%(1/TAND(BY+1/TAND(C))
PBOR=FESR=H/TANDC(A)=CTx(1/TAND(B)+1/TAND(CL))+
1 (TxWUX4+W)/ 4D

(]

C

C REHANDLE VOLUME FOR UNIT LENGTH

C
RHA=C(CONST3-CONST4)
TOTSA=WxH%xSF

C

C PERCENT REHANDLE IN TOTAL PRODUCTION
PERREH=RHA/TOTSA

C

C AMOUNT OF MATERIAL REHANDLED BY DOZER

DRV=ECCUWX+WIR(WX4+W)I /16, )% TAND(BI%X
DPERRH=DRV/(W%H%X%SF)
DOPPH=DPPH*DPERRH/27.
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el el

OO

eNeNe]

40

bbbt b b et pd et

268

HOURLY PRODUCTION REQUIRED FROM PULL BACK MACHINE
PBMPPH=PERREH*DPPH/27.

ASSUME 180.0 SWING ANGLE FOR PULL BACK MACHINE
CALCULATE CYCLE TIME

PBASA=18C.0

SM=(ST2-ST1)/3¢.0

PRAST=(PBASAxSM+SCC)

ACT=(PBAST+DT+8PT)

CALCULATE BUCKET CAPACITY FOR THE SECOND MACHINE

CALCULATE HO® MANY CYCLES IN HOUR
NOCPH=3600./7ACT
PBBC=PBMPPH/NQCPH
PERREH=PERREH%100.0
DPERPH=DPERRH%*100.0
WRITE(44940)PBDRyPBBCyDOOPPHIPERREH,DPERRH
FORMAT(10X,y "REQUIRED MACHINE SPECIFICATIONS®/
1X924X,°FOR/
1Xs16Xs"PULL BACK MACHINE®//
1X910Xy "REQUIRED REACH" 34Xy "2 " yF104292Xy"FT 7/
1Xy10Xy “BUCKET CAPACITY 33Xy 2 4F104292X,°CUBIC YARD"//
1X91C0Xy “DOZER PRODUCTIONT 92Xy 279F10.292Xs°CUBIC YARD"//
1Xy1CX,"PULL BACK MACHINE % REHANDLE 37,F10.2//
1X310Xy “DOZER ¥ REHANDLE® 92Xy 37,F10.2)
END
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SUBROUTINE CYCLE(ST19ST29SCCyASASRKyTVSyBCyWDsWS4CLTy
1 DTsBPTyTTyTCTHWT)
SM=(ST?2-5T1)/30.
AST=(ASA*SM+SCC)
ACT=(AST+DT+BPTI%*RK
NOC=(TVS/BC)
TCT=FLOAT(NOC)=ACT
WT=WD/WS+CLT
T1=TCT+WT

RETURN

END
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SUBROUTINE VOLKEY(DLDIST,A,CABHT,CABRADyH,CUT,BOTKEY
1 SIFLAG,VOL)
DEPTH=H
IFCIFLAG.EQ.1)DEPTH=DEPTH/2
THTAN=TANDCA)D
DIGTAN=CABHT/(DLDIST-CABRAD)
OF=DLDIST+CUT+DEPTH/THTAN
OJ=DEPTH/TANDCA)
XBROW=0J
XINT=0F-CABRAD~-((DEPTH+CABHT)/DIGTAN)
IF(XINToGTLCUTIXINT=CUT
UHT=CUT%DIGTAN
LHT=DEPTH-UHT
TOPKEY=(DEPTH/THYAN)*2,.,0+4B0TKEY
MIDKEY=BOTKEY+(LHT/DEPTH)*(TOPKEY-BOTKEY)
=~XINT*DIGTAN
BXLONG=DEPTH/THTAN-C/(THTAN-DIGTAN)
IF(XINTLLELD.0) GO TO 10
TF(XINT.LEL.OJUIGO TO 11
IF(XINT.GELDJIGO TO 12
VOL=(BXLONG+CUT)*UHTx(TOPKEY+MIDKEY)/4.0
GO 70 13
VOL=CUT*UHTx(TOPKEY+MIDKEY)/4 .+ ((DEPTH%%2)
1 *(TOPKEY+RCTKEY))/(4.0+#THTAN)-(XBROW-XINT)
1 #LHT*((BOTKEY+MIDKEY)/4.0)
GO TD 13 ‘
AREA=DEPTH*«(TOPKEY+BOTKEY)/2.C
XBROW=0J
VOL=(XBROW+CUT-XINTI*AREA/2.0+(XINT-XBROWI*AREA+
1 XBROW*AREA/Z2.0
RETURN
END
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SUBROUTINE VOLCUT(DLOIST »AsCABHTCABRADyH,CUT 9k

1 BOTKEY,IFLAG,VOL)

DEPTH=H
IF(IFLAG.EQe1)DEPTH=DEPTH/2
THTYAN=TANDCA) '
"DIGTAN=CABHT/(DLDIST-CABRAD)

OF =DLDIST+CUT+DEPTH/THTAN
OJ=DEPTH/TANC(A)
XINT=0F-CABRAD-CC(DEPTH+CABHT)/DIGTAN)
IF(XINTGTCUTIXINT=CUT
XEROW=0J

UHT=CUT*DIGTAN

LHT=DEPTH-UHT
TOPKEY=(DEPTH/THTAN) %2, 0+BOTKEY

MIDKEY=BOTKEY+(LHT/DEPTHI*(TOPKEY-BOTKEY)

WIDTH=W-TOPKEY

C==-XINT*DIGTAN
BXLONG=DEPTH/THTAN=-C/(THTAN-DIGTAN)
IFCXINTLLELGIGD TO 10
IF(XINT.LE.OJ) GO 7O 11
IF(XINT.GTL.0J)GO T0 12
Z1ARELI=UHT=xCUT/2.
ZIAREZ2=UHT=BXLONG/2.
21TVOL=(CZ1AREI4+Z1IAREZ2)*WIDTH
XSIDE=UHT %2 . *XBROW/(24DEPTH)
22TVOL=XSIDEx(CUT+BXLONG) /2.0
VOL=71TVOL+2.%22TVvaL

RETURN

Z1AREI=UHT%CUT/2.
Z1AR23=DEPTH%*0J/2.
Z1ARE3=(DEPTH~UHT)*{(XBROW=-XINT)/2.C
Z71VvOL=CZ1ARE1I+7Z1AR23~-Z1ARE3DI*WIDTH
XSIDE=UHT%%«2/(2.*TAND(A))
22V0L1=XSIDE*CUT/2.0
TXSIDE=DEPTH#*%2.,/7(2.¥TANDCA))
22VOL2=TXSIDE*XBROW/2,.
22VOL3=CTXSIDE~XSIDE)*x(XBROW-XINTI/2
22TVvOL=22VvOL1+422V0L2-22Vv0L3
VOL=21VOL+2.%22TVOL

RETURN
I1ARF1I=DEPTH:X(XRROW+CUT=-XINT)/2.
J1ARE2=DEPTHX(XINT=-X3R0W)
Z1ARE3=DEPTH*(XRROW)/2.0 ]
Z1TVOL=(Z1AREI+ZIAREZ2+ZIARESI*WIDTH
XSIDE=DEPTHxX3ROW/2.
22VOL1I=XSIDE*(XBROW+CUT=-XINT)/2.
22VOL2=XSIDE*(XINT=-XBROW)
22VDL3=XSIDE*XBROW/2.
22TVOL=722V0L1422V0L2FZ22VOL3
VOL=Z1TVOL42.%22TVOL

RETURN

271
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END
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13¢
140
15¢C
160
179
130

150

290
210

171

THIS IS THE COMPUTER PROGRAM FOR SIMULATION OF PULLBACK

OPERATION BY TwWO MACHINES.
PROGRAMMED BY KADRI DAGDELEN

PROGRAM NAME 1 PUL2.FOR

DIMENSION DDFDF(G/15)¢D0DFH(G/15)4DTXSC15,0/30),TVvSC(/715)

DIMENSION VOLC(O/Z15)3ASACIS ) TTC15)TCTC15),WD(15)
DIMENSION WY(C15),yDPPH(2)¢PCHL2)yPCKH(2)yLR(2),DIC(2)
DIMENSION DOL(2)4ITIP(2)yMCPCY(2),SH(Z)AP(2),LCYDC2)
DIMENSION QOCH(2)9AV(2)9JF(2)+0OWCH(2)yCPH(2),0CLCYL(2)
DIMENSION OWCCYD(2),ET(2)

REAL JTIPSLRyLCHyMCHy JFyMCPCY

DCUBLE PRECISION MT19MT2

INITIALIZE VARIABLES

DATA TTSFPsTTSFK/2%040/79TVSSyTTSS/72%0,0/74TVS/716%C40/
1 sVOLCD)/0.C/7sCONV/ST4295T/9sTVSFPGTVSFK/2%0e0/ 9 TOWCH,
1 TOCH/2%0.0/
OPENCUNIT=11,FILE="PULDAT " ACCESS="SEQINT)

READ (119100) HeyCTsCDsAyByLsSFyXaW WK 4RF

FORMAT (11F)

READ (11,110) RT1

FORMAT (A1D)

READ (1145120) DRyBCyFF4CABHTZyCABRAD,P

FGRMAT (4F)

READ (119130) NPKyNTP 4N

FORMAT (31)

READ (11,140) (DDFDOFCU)HDDFHCJ)y J=14NTP)

FORMAT (2F) :

READ (114150) DT 4BPTsST19ST29SCCsWSH,CLT

FORMAT (7F)

READ (111603) (SHCK)sAV(K) 9 JF(K)3K=1,2)

FORMATY (3F)

READ (11,170) MT2

FORMAT (A10)

READ (114180) PBDR,PBRC,PBFF

FORMAT (6F)

READ (119190) PBDTyPBBPTyPRST1yPBST29PBSCCyPBWSHPRCLT
FORMAT (7F)

READ (114200) (PCH{IDyPCKHCID 4MCPCYC(IDHZLR(CIDHDICCID,
1 COLCI)»ITIPCI)y I=1,2)

FGR™MAT (TF)

READ (11,210) DOCPH,DOWCPH

FORMAT (2F)

‘READC1141T71)IFLAG

FORMATC(I)

IFCIFLAG.EQ.CIGD TO 174
READC114172)NFSIKPSNFSLKP4NFSTP

FORMAT(31)

READ(11,173)(DDFDF(J)yODFH(J) yJ=NFSIKP4NFSTP)
FORMAT(2F)
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174

175

17¢

177

1
1
1

1

IFCIFLAGL.EQ.CINFSTP=NTP

IFCIFLAG.EQ.1)G0 TO 176

TOPKEY=(H/TANDCA))*2 .4WK )

IFCTOPKEY.LE«W=5.)G0 TO 176

WRITE(C4,175)

FORMAT(1X,10Xy"OVERBURDEN IS 70O DEEP ",/
I1Xy10Xy "IT WILL BE MINED IN TWO LIFTS®,/
1Xy10Xs "ENTER NEW SET OF DRAGLINE 4/
1X910X, “POSITIONS FOR SECOND LIFT").

STOP

PBSH=SH(2)

PEAV=AV(2)

PBJUF=JUF(2)

DDFHC(CI=DDFH(NTP)

DNDFOF(0)==X+0DFDF(NTP)

SF=1.0+SF/10C.

BC=BC*FF%x27.

PBBC=PBBL*FF %27,

CALCULATE AVERAGE SWING ANGLE FOR PRIMARY MACHINE

Jr=1

M=0

MI=NPK

JI=NTP

IFCCIFLAGEQe1) e ANDe(MeEQ.JIDINTP=NFSTP

IFCCIFLAGEQel) e ANDo(MeEQ.JIDINPK=NFSLKP

DD 10 K=JM,NTP

¥=K

SE1=ACCSCC(ODFDF(K)=-P+X)/DRI*CONV

SA2=ACOSC(DDFDF(K)=-P)/DRI*CONV

ASACKI=(SA1+SA2)/72.0

CALCULATE VOULUME SPOILED FROM A GIVEN POSITION

IF (K.GT.NPK) GO T0O 20

DRAGLINE IS IN KEYCUT POSITIGN

RK=1.5

TvS(JI)=C.0

TVSFK=TVSFK4TYS(K~1)

CALL VOLKEY(DDFDF(K)sAyCABHT yCABRADsHyXyWKSIFLAG,VOL{K))

VOL(K)=VOL(K)*SF

VOLCK)I=VOL(K)-TVSFK

Go 10 3¢

IN PRIME CUT POSITION; CALCULATE VOLUME REMDVARLE

RK=1.0

TVS(NPK)=0.5

TVSFP=TVSFP+TVS(K-1)

CALL VOLCUT(DDFDF(K)9sAsCABHTyCABRADyHyX s We WKyIFLAG,
VOL(K))

VOL(KD)=VOL(K)%SF

VOL(KI=VOL(K)=TVSFP

TVS(K)=VOL(K)

CALCULATE THE DISTANCE DRAGLINE WALKS TQ A GIVEN
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1¢C

laNel

N e

220G

POSITICN
WD(K)=SQRT(CDOFDF(K)-DOFDF(K=1))#%2+(DDFH(K)
1 =DDFH(K=-1))%%2)

CALL CYCLECST15ST29SCCyASACK)sRKsTVSCK) sBCyWDsWSHCLT,
1 OT,BPT,TTCK),TCTC(K),WT(K))
TTSS=TTSS+TT(K)

TOTCT=TOTCT+TCTCK)

TOTHT=TOTKT+RT(K)

FIND TOTAL VOLUME SPOILED FOR SEGMENT
TVSS=TVSS+TVSCK)

TWSA=TWSA+ASACK)®TVS(K)

CONT INUE

TVSFK=0.0

TVSFP=0,0

TFCCIFLAGCEQe1) o ANDS(MeEQLJIDIGO TO 177
FASA=TWSA/TVSS

CALCULATE DRAGLINE PRODUCTION IN HOUR
TNOC=TVSS/BC

FACT=TTSS/TNGC

NOCPH=36C0.0/FACT

DPPH(1)=NOCPH#*BC /27,

ASSUME 180 DEGREE SWING ANGLE FOR PULLBACK MACHINE
CALCULATE PRODUCTION OF THE SECOND MACHINE
PRASA=180.0

PRSM=(PRST2~PBST1)/30.0
PRAST=(PBASA*PBSM+PBSCC)
PBACT=PBAST+PBOT+PBBPT

NOCPH=360C.0/PBACT

DPPH(2)=PBBC*NOCPH/2T.
PBAP=PRSH%%PBAV4PBJF&DPPH(2)

CALCULATE COST OF PRODUCTION FOR TWO DRAGLINES AND THE
NOZER

DO 220 L=142

PCOSTH=PCH(L )*PCKH(L)

MCH=MCPCYCL)#DPPHCL)

LCH=3.0%LR(L)

OCHC(L)=PCOSTH+MCH+LCH

DCY=DICCL)/DOLCL)

DCH=DCY/SH(L)
AVI=DICCL)*(DOLCL)I+1.0)/(2.6%DOLCL))
ITI=ITIPCL)*AVI

ITIH=ITI/ZSH(L)

OWCHCL)=DCH+ITIH

ETCL)=SHCL)*AV(L) ¢ JF (L)
APCLI=ETCL)*DPPH(L)
0CCYDCL)=0CHCLY/DPPH(L)
OWCCYDCL)=0WCHCL)/DPPH(L)
CCYDCL)=0WCCYDCL)+0CCYDCL)
TOCH=TOCH4+0CH(L)

TOWCH=TOWCH+OWCHC(L)

CCNTINUE
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TOCH=TOCH+DOCPH

TOWCH=TOWCH+DOWCPH

CALCULATE COAL TONNAGE

AD=CAP(1)%27.)/H

Cv=ADx(CT

CTON=CV*CD/7(2000.0)%RF

CIHR=CTON/SH(D)

TOCTON=TOCH/CTHR

TOWCTN=TOWCH/CTHR

TCTON=TOCTON+TOWCTN

TOWCYD=TOWCH/7C(DPPH(1)+DPPH{2))

TOCCYD=TOCH/(DPPH(C1)+DPPH(2))

TOTCH=TOCH+TOKCH

TCCYD=TOTCH/(DPPH(1)+DPPH(2))

CALL REHAND(H CTySF P sWyAsByCyDRyXyPERREHIDPERRH)

TVS(MID)=TVSLKP

TVSUNPKI=YSFFKP

BC=BC/(FF=%27)

PBRC=PRBC/(FF%27.)

SF=SF%10C.

PERREH=PERREH%10C.,

DPERRH=DPERRH%10C.

WRITE (443GC0) HeCTHt

FORMAY (1X323Xye“PROPERTY CHARACTERISTICS //
IXy1CXy "OVERBURDEN HEIGHT "9 88Xy "2 9F10.292Xy "FT“/
1Xs 10Xy "COAL THICKNESS 911X9 2 yF10.242X,"FT"/
1X910Xy "HIGH WALL ANGLE "310Xy "7 3F10.24+2X,
"DEGREES ™)

WRITE (49310) BsCysSFeRFeWeX

FORMAT (1Xs1CXye"SPOIL ANGLE OF REPOSE“ 94Xy 727 4F10a2y
2Xy "OEGREES /71X913Xy “COAL HIGHWALL ANGLE 86Xs": 7,

F10.292Xy» "DEGREES"/1X91CXy "SWELL FACTOR 913Xy 27 4F1042)

2X9 "% 9 /71X 910Xy "COAL RECOVERY " 412Xy 2379F10a292X,
T2y /11X 10X, PIT WIDTH 316Xy 27 3F1042492X,3"FT7,/
1X 910Xy "CUT LENGTH 915Xy "2 9F10e292X9°FT°//)
WRITE (44320)
FORMAT (23X, "MACHINE CHARACTERISTICS*//

lxy21X,' ----------------------- ’,/
1X927Xy "DRAGLINE 1°/
1X,21x9' ------------ - - - '/)

WRITE (4,330) MT1,0RsyBCySHC1)AV(1)yJF(1)

FOPMAT (1Xe1(CXy "DRAGLINE TYPE"y12X9"2794X4A10/
1X910Xy "DRAGLINE REACH 911Xy 27 9yF1l0.242Xy"°FT7/
1X510X, "BUCKET CAPACITY " y10Xy 2 9F10a.292X,°CUBIC YD/
IX910Xy "SCHEDULED HOURS 910Xy "2 79F10e292Xy “"HOURS"/
1Xg 10Xy “MECHANICAL AVAILABILITY " ,2Xy3°279F10.292Xy°%"/
I1X910X, “JOB FACTOR 915Xy 2 3F10e292Xs°%7)

WRITFE (49340) FASAZFACTsDPPH(1)4AP(1)

FORMAT (1X910Xe AVERAGE SWING ANGLE “y6Xy"273F10.292Xy
"DEGREES ",/

1X910Xy TAVERAGE CYCLE TIME s TXy"2°9F10.242Xy SECONDS s/
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350

360

37¢

380

390

4G0

410

1 1Xy10Xys“PRCODUCTION RATE 310Xy 2°F10.292X9s“CUs YD/HR",/
1 1X»10X,°TOTAL VOLUME SPOILED 95X *273F10.192X,
1 °"CusBIC YD*)

WRITE (4,350) CCYDC(L)

FORMAT (1X910Xy COST 421Xy 2 3F10.242%4°%$/CUBIC YD)
WRITE (44360)

FORMAT(1X 921Xy “mm=mmmmm=m—eeemme—e———e 7
1 1X27X, “DRAGLINE 27,/
1 1X,21Xy "mmmmmmmm—m—mem———memeee /)

WRITE (49330) MT2,PBDRyPBBCyPBSHyPBAV,PBJF

WRITE (443340) PRASAWPBACTDPPH(2),AP(2)

WRITE (4,4350) CCYDC2)

WRITE(4,370)

FORMAT(23X,y"PRODUCTION SUMMARY“4/77)
WRITE(4,4380)CTON

FORMAT(1Xs10Xy"TOTAL COAL MINED"s9Xe 27 9F10.292X
1 “TON/YEAR®,/)

WRITE(4,390)

FORMAT(IX 910X "PERCENT REHANDLE")
WRITE(C44400)PERREHYDPERRH

FORMATC(1X 314Xy "PULL BACK MACHINET4Xy97"27,

1 Fl10e292X97% 9/
1 I1X914Xa"DOZERT 16Xy "2 9F10e292Xy 374 7/)
WRITE(4,410)TCCYD,TCTON

FORMAT(1Xs10Xs "TOTAL COST“915X9"2°sF10e292Xs “$/CLs YD/
1 1X935Xs "3 °F1l0s242Xy $/T0ON")

END

211
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SUBROUTINE CYCLECST19ST29SCCeASA4RKyTVSyBCaWD9ykSyCLT
1 DT 4BPTSTTHTCT 4T
S¥=(ST2-ST1)/3C.
AST=(CASA®SM+SCC)
ACT=(CAST+DT+BPTI*RK
NOC=(TVS/780C)
TCT=FLOAT(NQOC)=ACT
WT=WD/WS+CLT
TT=TCT+WT

RETURN

END
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SUBROUTINE REHAND(H CT9ySFyPsWyA4ByCyDRyXyPERREHyDPFRRH)
ESR=(SQRT(DR#DR=X%xX)+DR)/2.-P

UAS=W%H%SF

CA=3.%TAND(B) /4. _
CB=TAND(BI*(CESR-H/TANDCA)-CT/TANDCCI-CT/TAND(BI+W/2.)
CC=W*TAND(B)*(ESR-H/TANDCA)-CT/TANDCCII+(CT%CT/2.)
1 *(1/TANDCBD+1/TANDCCI ) -WhW«TAND(R) /4 ,~UAS
YK=SQRT(CB%(B=~4.%CA%xCC)

WX=(-CRB+YK)/(2.%CA)
CONST3=WX*TAND(B)*(ESR-H/TANDCA)~CT/TANDCC)I+3.%¥WX/ 4,
1 +W/74,0)
CONSTa=WXACT-(CT*CT/2.0)%C1/TAND(BR)+1/TANDCC))
RHA=(CONST3-CONST4)

TOTSA=WxH%SF

PERREH=RHA/TOTSA

DRV=((WX+W)%x%2/16,)%TAND(B) %X

DPERRH=DRV/(WxHXxX%SF)

RETURN

END
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SUBROUTINE VOLKEY(DLDIST,A,CABHT,CARRAD,HyCUT,BOTKEY
1 sIFLAG,VOL)

DEPTH=H

IF(IFLAG.EQe1)DEPTH=DEPTH/ 2.

THYAN=TANDC(CA)

DIGTAN=CABHT/(DLDIST-CABRAD)
OF=DLDIST+CUT+DEPTH/THTAN

0J=DEPTH/TANDCA)

XBROW=0J
XINT=0F~CABRAD-((DEPTH+CABHT)/DIGTAN)
IF(XINTAGTCUTIXINT=CUT

UHT=CUT*DIGTAN

LHT=DEPTH=-UHT

TOPKEY=(DEPTH/THTAN)*2 ,0+80TKEY
MIDKEY=BOTKEY+(LHT/DEPTH)*(TOPKEY~-BOTKEY)
C==XINT%DIGTAN
BXLONG=DEPTH/THTAN=-C/C(THTAN-DIGTAN)
IF(XINT.LECOL.Q0) GO 7O 10

IF(XINTLLELOJIGO TO 11

IF(XINTL.GEQJIGO TO 12
VOL=(BXLONG+CUT)I*UHTx(TOPKEY+MIDKEY)/4.,0
GO- 7D 13
VOL=CUTxUHT*(TOPKEY+MIDKEY ) /4. +((DEPTH%%2)
1 *(TOPKEY+BOTKEY))/ (4. 0%xTHTAN)-(XBROW=XINT)
1 *LHT*((B0TKEY+MIDKEY)/4.0)

GC TC 13

AREA=DEPTHx(TOPKEY+BOTKEY)/2.0

XBROW=0J
VOL=(XBROWH+CUT=XINTI*AREA/2.,0+(XINT-XBROW)*AREA+
1 XBROWxAREA/2.0

RETURN

END
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12

SUBRDUTINE VOLCUT(DLDISTsAsCABHT,CABRADyHyCUT W,

1 BOTKEY,IFLAG,VOL)

DEPTH=H
IF(IFLAG.EQ.1)DEPTH=DEPTH/2.
THTAN=TANDCA)
DIGTAN=CABHT/(DLDIST-CABRAD)
OF=DLDIST+CUT+DEPTH/THTAN
OJ=DEPTH/TANDCA)
XINT=0F-CABRAD=-C(DEPTH+CABHT)/DIGTAN)
IF(XINT<GTLCUTIXINT=CUT

XBROW=0J

UHT=CUT*DIGTAN

LHT=DEPTH=-UHT .
TOPKEY=(DEPTH/THTAN)*2,0+BOTKEY
MIDKFY=BOTKEY+(LHT/DEPTH)*(TOPKEY-BOTKEY)
WIDTH=W~-TOPKEY

=-XINT*DIGTAN
BXLONG=DEPTH/THTAN-C/(THTAN-DIGTAN)
IF(XINTLLELODXGO TO 1D
IF(XINTLLE.OJ) GO TO 11
IF(XINT.GTL0JIGO TQ 12
LIAREI=UHT%CUT/ 2.
Z1AREZ2=UHT4*BXLONG/2.
Z1TVOL=CZ1AREI+Z1ARE2)I*WIDTH
XSIDE=UHT%%2 .xXBROW/(2%*DEPTH)
Z2TVOL=XSIDE+(CUT+BXLONG) /2.0
VOL=Z1TVvOL+2.%227TVv0OL

RETURN

21AREI=UHTACUTZ2.
Z1AR23=DEPTH%0J/2.
Z1ARE3=(DEPTH-UHTI®*(XBROW-XINT) /2.0
Z1VOL=(Z1ARE1+421AR23-71ARE3)*KIDTH
XSIDE=UHT%%2/(2.%TANDCA))
12V0L1=XSIDE*CUT/2.0
TXSIDE=DEPTH*%2,/7(2 +*TAND(CA))
I2VOL2=TXSIDE+«XBROW/2.
22VOL3=CTXSIDE-XSIDE)*(XBROW=~XINT) /2.
22Tv0L=22V0L1+4722V0L2~-22VOL3
VOL=Z21V0L+2.%72TVOL

RETURN
Z1ARFI=DEPTHX(XBROW+CUT=-XINT)/2.
LIARF2=DFPTHX{XINT-XBROW)
Z1ARE3=DEPTH*(XBROW)/2.0
21TVvOL=(21ARE1+Z1ARE2+71ARE3D*KIDTH
XSIDE=DEPTHSXBRROW/2.
22VOL1=XSIDE*(XBROW+CUT=-XINT)/2.
22VOL2=XSIDE*{(XINT-XBROW)
22V0L3=XSIDE*XRROW/2.
12TvOL=722v0L1+722y0L2+422V0L2
VOL=Z1TVOL+42,.,%72TV0L

RETURN
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END



