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ABSTRACT

The basic premise of the thesis topic is to yield a mathematical
model, structured as a non-linear programming problem, that will allow
the user to analyze the economic tradeoffs between the pit geometry and.
dragline dimensions for two pass dragline operations. This model is
coded in Fortran IV and is linked with a computer coded direct search -
technique. Since the model is a resident of the computer mine planning
system at Montana State University, its use is interactive with all
results displayed via computer drawn casting diagrams.




INTRODUCTION

Energy Crisis

In recent years America has come to realize it is no lonéer self-
sufficient in terms of supplying its own énergy needs. In fact, our
economy is highly dependent upon foreigh 6il imports to meet its eneréy..
demands. Statiétics compiled by D. She;idan reveal to us this depen-.

dency is increasing., For instance, in 1973-74 foreign oil filled

-approximately 15 percent of our total ‘energy demand. In 1976 this

figure rose to 20 percent. A distressing note is that this trend is
expeqted.to get .worse~--up to 24 percent or more by 1985 (16).

In recognition of this problem, the Carter administration has
evolved a national energy plan. It has three essential featurés: (i)
to use energy'more wiseiy, i.e., éonservation, (ii) increaée'coal pro-
duction and develop nuclear energy, and (iii) increase exploration for -
0il and natural gas élus initiate and increase support of research'for
new energy.sources. The second featufe‘enables us to meet our short
term and intermediate éoals——that~is, éo decrease oﬁr dependency on oil
iﬁpérts. .When one considers coal vs. nuclear energy,.cbal is more .
promising because of the quantity 6f reserves and because of the con-
straints we have imposed upon ourselves with respect to‘the time it -
takes to bring a nuclear facility on line. 'Therefo£e, the Carter Plan
has called for an increasg in coal production of tremendous proportions.

This increase implies mining over 1 billion tons/year-—almost doubling
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preseﬁt éopsumption and bringing the percentage of coal usage Qith
respect to.totél.enérgy consumption from 18 pérdent to 29 percent (14).
coal éonstitutes 88 percent of the Unitea States' known and hypo—j
thetical energy reserveg. Seventy-two percent of these coai reserves
lie in the Western Great Plains. Table I shows the estimated'tonnage of

strippable coal in five western states (7).

Table I. Tonnages of Strippable Coal -

State Million Tons - -
Montana ' 42,562
. Wyoming 23,845
North Dakota : 16,003
Texas . 3,272
New Mexico . 2,258

In addition to its abundance, Western Coal has several ;thér ad-
vantages over coal found elsewhere: (i) it lies relatively‘close to and
parallel to the surface, (ii) it is found in thick seams, (iii) it is
low in,sﬁlfux and is attractive to utilities that must comply with. the
Clean Air Act. Theréfore,‘much of the increased activity in the coal
industry has occurred in the Western Great Plains. |

Since oil and natural gas surpassed coal and wood as primé;y fuel
sources in the midfcentury, coal production has been demand constrained.
However, the reverse will soon take precedence--not because of

limited reserves but because of bounds on productivity and the
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necessary strip mine reclamation laws. Through laws passed by Con-
gress, the nation has committed itself to the éoals of safe mines,
_clean air and water, and reclaimed lands along with meeting the produc;
tion goals established in Carter's_Eneréy Plan. 1In add?essing such a
commitment a rational énd objective approach fo‘strip mining must be

taken.

Federal Funded Research.

Surface mining in the West is relatively new. Therefore, strip
mine planning and reclamation are not well established. A large num-
ber of problems conce;ning both topics remain to be studiéd and re-
solved. As a result, groups within the federal, state, and privafe
sectors have increased their support of research in these areas. Spe-
cifically, the United States Forest Service and thé Environmental Pro-
‘tection Agency are sponsoring a large scale research projectitérmed
SEAM (Surface Environment’and Mining). General;y, SEAM is té provide
and apply technology in order to maintain or restore the quaiity of
the envirénment'on forest and range lands subject to mining. Such an
apbroach means designing the most prodﬁctive mine with reééect to
envirqnmental constraints and physical limitations of the system.

SEAM funded a research project at Montana State.University. ‘The
research project featured the develoément‘of.a computerized ming

planning system (7). The development of such a system allows for
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.comprehensive planning of strip mine operationé relativghto environ—'
men;al'considerations and physica; limitations inherent within mining
operations. The system focuses on maximiziné and monitoring dragline
productivity,.since the dragline operation is thé single most éostly
activity during mining.
This thesis was developed in conjunction with the SEAM research at

MSU. The thésis topic, entitled Productivity Improvement Model for

Planning Two Pass Dragline Operations; is aimed at increasing dragline

“productivity thréugh the use of computer modeling and non-linear opti-
mization. The computerized mathematical model is used to design pit
geometry .vs. dragline dimensions; namely, boom length and'bucket size,
relative to two pass strip mining operations.

In the following presentation, a discussion abouf_surface mine
design and mining operations describes the interrelated mine:planning
activities. Next, a comparison is given relating QSU‘S cbmputer plan-
'hing systeﬁ to the_conteﬁpofary'mine planning procedure;

The pit de;ign phase of the planning'érocess is stressed iﬁ the
section entitled Pit Design Methodologies. This secfion estﬁblishes
relevancy for the thesis topic with respect to MSU's computerized mine
planning system and for épplication in the field of mine planning. A
concige statement of the thesis topic will be given following this

section.




Western Surface Mining

Planning é westefn surface coal mine is a complex.and'lengfhy
activity and may follow various procedures. Therefore, the planning
ééquehce ana design factors considered here may not be comé;ete-for
every mine design, nor completely necessary. However, fhe thorough
pattern established suggests the comprehensive approach that'is neces- -
sary when undertaking such an‘ordeal (11). - | |

To begin compiling the necessary paramefers and data for thé_mine
plan, the engineer/plannef would analyze geogréphic influences on the
mine site. 'Fo¥ insfance, extreme weather conditiong wouia hévé an
impact on the equipment selections, total working days pef yvear, etc.
Following the geogfaphic analysis, various geological inputs should be
evaluated. These inputs usually encompass: (i) the tobography‘of the

mine sites, (ii) the depth ahd type of overburden material, and (iii)

the depth, quality and pitch of the seam. Other -geological data such

as subsurface water, chemical properties of the SOilf etc., are also
evaluated at this time; The primary sources for this data are topo-
Qraphic maps and drill-hole data. From this analysis indiées such as
the stxipping'ratio {cubic feet of overburden/tons of coal) for . the

site can be obtained. This gives the engineer/designer a handle on

: forecasting production rates throughout the mine life. With the geo-

graphic and -geologic analysis complete, the engiheer/designer can

develop the initial pit layout. This layout should take into




.
consideration the location of existing roads and railroads, groundwater
flow, coal quality, and above all meeting requiréd annual production
rates.

Once the preliminary design phase is complete, the method of over-
burden removél should be established. In the Westefn‘Great Plainé,
truck and shovel and dragline operations dominate the écene; Consid-
e:ing‘specifically'a dragline operation, the engineer/designer would now
evaluate stripping methods and desigﬁ the optimal pit geometry. If the
mining company doesn't own a dragline, this activity may involve sizing
a dragline to the particular site to meet some production goal.

Stripping methods uéually fall into one of'twp categorieé: (1)
single coal seam methods, and (2) multiple coal seam methods. Figure'l
illustrateé cross sectional views of four prominent stripping methoés
and their associaéed pit geometry. These methodslare the mbst prominent
throughéuf,the'wegtern great plains. Figlre 1d shéws the two-pass strip
mining method;  This method of excavation as previously mentioned con-
sfitutes tﬁe subject of this thesis. With minimal extensions the two
pass method becomes the primary method for extracting multiple seams Qf
coal.

When the engineer/designer evaluates stripping methods by éon-
ventional means, he primarily investigates the feasibility of mining a
fract of land with a given dragline—jthat is, doés,the dragline reach -

"accommodate that required to spoil the‘overburden:with‘minimUm




b Side Bench

c. Fill Bench d Two Pass

Figure 1. Prominent Stripping Methods

rehandle? This can be done by drawing casting diagrams (i.e., Figure
1) to analyze the geometric relationships between dragline reach and
pit geometry. After evaluating numerous stripping techniques for
feasibility, the engineer/ designer chooses the method which maximizes/
minimizes some measure of goodness (i.e., price per ton of exposed
coal, etc.). Considerations such as reclamation practices, equipment
constraints, geologic factors, and individual economic preferences are
also important when selecting a particular stripping method. Upon the
selection of the most appropriate mining method, the engineer/designer

would locate the haul roads and tipple so as to average the haul
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distance throughout the mine life. This level of design would complete
the analysis--yielding the mine plan.
Now, with the mine plan established, the actual mining operations
can commence. Figure 2 illustrates such operations at a "typical"

western stip mine (11). First, the topsoil is removed by scrapers

e

WiEsgat s 9.y ¥ NG T

Figure 2. Typical Western Strip Mine

with a twenty cubic yard capacity. The topsoil is either stockpiled
for later replacement or directly spread on regraded spoils. Over-
burden is drilled vertically on a grid spacing with a crawler-mounted
rotary drill. The drill holes are loaded with a mixture of ammonium
nitrate and fuel oil (ANFO), then blasted. This is done to loosen

consolidated material and thus reduce overburden removal costs. Sixty
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feet of overburden is removed by a walking dragline with a 225 féotAbooﬁ
and a thirty cubié yvard bucket.

Prior to loading the coal, it is Qrilled and blasted. Tﬁen an
electric shovel with an eleven éubic yard bucket loads eight ton héul
trucks. The trucks haul the coal to a tipple for later ;dading onto
unit trains.

Large bulldozers grade the spoil piles to ébproximately the orig-
inal contour. Scrapers redistribute the topsoil which is then seeded
and fe?tiiized. Mulch is then generally crimped into the éoil; Al;
fhough the most prominent land use is grazing, other reclamation efforts

may be taken on proposed future land use.

Computerized Mine Planning System

Figure 3 illuétrates the essential features of the computerized
mine planning system developed at Montana State University. This sys-
tem, developed on a HP 21 MX mini-computer, wili allow the miniﬁg'engi-
neer to follow the same planning methodology as outlined in the previous
section. Gibson gave the féllowing summary on system configuration and
operation (8).

Notice the basic inputs to the system are 6f three main types..
First, core or drill hole data taken at the properfy provides a
description of the physical apd chemical cqnditions under which mining

takes place. Information extracted from the drill hole data might
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Figure 3. MSU's Computer Mine Planning System

include such things as the depth of overburden, the depth of coal, and
various qualities and characteristics of each. A second type of in-
formation input to the system relates to production and cagital
requirements of the operation. Examples of this type of data might be
required tons per year of coal, minimum required rate of return, and
projected selling price of the coal. The third type of input is
restrictions with respect to environmental protection, that is, those
specified by state and federal laws or by particular company objec-
tives. Such restrictions may place constraints on things such as the
type of stripping technique used, the method of spoiling overburden,

and/or the reclamation methods employed.
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Once the basic inpqt is provided to the system, a.large array of-
computational and.mapping routines is_avaiiable to the user. ;Di;plays
of geology, stratig;aphy{ and Various-Other-characteristics of the
overburden and coal can be made in the fofm.of £hree.dimensional views,
contour‘plots, bar charts, and various other graphical illustrations.
Listing and computational summaries of the physical and chemical
propefties of the area can also be obtained. If desired, the user caﬁ
"goom in" on various pafts of the area under consideration and obtain
information in whatever detail and form he desires. The primary pur-

- pose of this part of the system is to allow the ﬁéer to be ablé to
recall, méniéulate, and display infq;mation.to aid him in designing the
preliminary production énd reclamation operafions of the mine. 1In |
addition, the various computational and mapping réutineé'available
greatly facilitate the process of providing the various regulatory
agencies required information about tﬁe mine site and planned oper-
ations.

After the user has analyzed the appropriate maps, he can proceed
to.utilize the production analysis module. This modulé provides an
interabtive, computer aided design tsol for planning dragline strip-
ping operations and aﬁxiiiary activities. The usér caﬁ aesign.the
dragline operation for a particular pit layout within a'régipn or
'simply generate designs relative to the average characteristicé of the

-mine site.
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The composition of the production anélysis module ‘is shown in

Figure 4. The module consists of three design levels--each level

corresponding to a particular step in a macro-to-micro design analysis

hierarchy. Ievel 2'concerns itself with pit design'and draglihe'éiz-

ing. This segment of the module allows the user to evaluate a number

of stripping techniques (i.e., the two pass method) relative to an

-array of design objectives..

Design Level

1

Analysis, Design,; Evaluation

Total Mine Plan

~Transportation System
-Equipment Balance
~Interactions
-Loading, Hauling
-Production Analysis

Pit Design

-Dragline Selection/Evaluation
-Box Cut Location

-Optimum Overburden Removal
-Optimum Placement of Spoils
-Optimum Move Sequence
-Optimum Pit Geometry
-Dragline Productivity

Detailed Evaluation’

-Swing by Swing Simulation
-Overburden Removal Sequence
-Dragline Performance ‘
Energy Requirements
Forces :
Operating Statistics.

Figure 4. Design Levels of Production Analysis_Moaule
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Once the dragline operation has been designed, the user can employ
either Level 1 or 3. The input required at each of these ievels is the-
output from Level 2. At Level 1 all the auxiliary operations in sup-
port of overburdeq removal are analyéed. Based on production rate of
thé drag;ine, other operations are specified accordingly; Included
are topsoil removal, drilling and blasting, coél loading and hauling, -.
‘coal pfeparation, reclamation, and geﬁeral support operétions.- Also
available 'at this level are a series of cash flo& analysis reports.

Level 3 is available to perform a detailed evaluation of the.over-
burden removal operation. For a given location in the mine, stripping
techniques and specified dragline operational sequence, this level can
be employed to perform a swing by swing simulation; Such detail may
not be required for production planning per se, but is required in
‘order to predict environmental ?esponses. For example, the tech-
niques employed at this level will be able to trace a given material
type froﬁ its location in the overbur?eh t§ its location in the spoil
pile; Various dragline performance statisﬁics will also be available
at this level.

Having specified the recovery methods and equipment, the user
may analyée-reclamation metﬁoas in a multilevel fashion similar to that
employed duripg production anélysis. Using outputs from the production
analysis module as well as data regarding environmental limitations,

the feasibilit? of a desired strategy will be evaluated. Next,
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programs to estimate reqlamation costs and suggested equipment mix can:
be executed.l Feedback shown in Figure 3 to the production analysis'
modu;e includes: (i).costrinformation and (ii) feasibility. Hence,
the planner may iterate bgtween production gnd reclamation design
activities until he has balanced fnc;eased recovery posts'with the
{hopefully) lower reclamafion costs. Or, he may find that the "least
cost" recovery plan unduly restricts reclamation options and Will
cycle back to the production analysis to respecify the mining activi-
tiés until the desired reclamation goals can be achieved. |

Another major component of ;hegcomputerized plannigg system is
the impact analysis . module. After a production plan has been speci-
fied, this module is utilized to predict various environmentéi
responses. Exgméles oﬁ such responses woluld include Qind and water
erosion, characteristigs.of ground and surface water, subsidence, wild-
life apd vegetative recovery, etc. If some of these iespdnses are
unacceptable, the user can cycle back through the productién analysis
module (as illustrated by the feedback loop) aﬂd‘redesign his chosen
-method of operation. By identifying the causes of the adverse
responses, additional constraints would be constructed for the strip-
ping method being analyzed in the Production Moduie.' Naturally, the
redesign would result in a less productive plan--thus, revealing the-
trade-offs betwéen production and environmental protectionT: Again,

the plan's énvironmental impact would be assessed. Theé procesé would
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continue until the proper balance between productivity and eﬁviron—
mental quality was achieved. This procedure is perhaps the most impor=-
tant feature of the mine planning system. Ey docﬁmenting the process
of cycling through the production and impact analysis modules, one can
objectively evaluate the cost trade-offs between envirqnmental prﬁ—
‘tection and Productivity. Once a satisfactory production plan has been
achieyed, the mine plan can be documented via a whole array of outpuE
options.

The final block of the flow diagram represents anothér useful
aspect of the.computer planning system. That is, the system is valu-
able not only fof.planning operations but also can be employed to mon-
itor activity once mining has commenced. For instance, the features of
the mine may not be as originally predicted, the economics of the mar-
ket may change,'equipment and methods may be improved, etc. Thus, the
original plan may have to be modified or updated; 'The system can also
be.ﬁtilized to accomplish'this task. Therefore, the computerized
blann;ng system is usefﬁl as a management ﬁoél in éhe entire spectiﬁm

.of mining from preliminary design to monitoring existing operations.

/

Pit Design Methodologies'

Since the overburden removal activity yields the greatest cost
component of a strip mine, the design of efficient dragline.operations

is of major concern. To deal with this design problem, the mine
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_planner mist effectively determine his pit geometry and dragline size

so as. to maximize or minimize some measure of productivity. Thus, the
design problem becomes one of choosing the pit design methodology that
yields the best results.

Design methodologies for planﬁing pit geometry vs. dragline

dimensions fall into three potential classifications: (1) mathematical -

modeling, (2) computer simulation, and (3) mathematical optimization.

As will be pointed out, the first two classifications are highly
.restrictive in terms of obtaining the most productive plan. Neither

~ group considers the level of productivity resulting from specific

dragline size and pit geometry COmbinafions;

Relatively sbeaking,.mathematicgl modeling proved to be a-sig-,
nificant bréakthrough in effectively designing pit geometry with
respect to dragline operations. Rumfeldt recognized that a functional
relationshiélexists between certain pit design parameters; namely, the
pit width,.depth of overburden, and.dragline reach (15). He devéloped
an equation -which expresses reach as a function of these desién faram—
eters. He also carried this analysis one step further by relating the
dragline reach ahd bucket size to machine mass. This step gives an
indication of the size of dragline necessary to accomplish the over-

burden removal operation.

Rumfeldt is also credited with illustrating this functional rela-

tionship via hand drawn casting diagrams, as shown in Figure 5.
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Notice when values are specified for the spoil angle, 8, the highwall
angle, ¢, the overburden depth, d, the coal seam thickness, t, and pit

width, w, the maximum effective reach can be obtained.

' ek center of tub
¢4//

e/¢

— v — T

Figure 5. Rumfeldt's Casting Diagram

Rumfeldt's conception of the design problem, facing mining engi-
neers, paved the way for more complex mathematical models. Tomica and
Barron extended the technique for two pass systems and computerized
their model (12). Their big achievement was the determination of
feasible and infeasible dragline systems based on machine weight,
required bucket size and maximum reach. As an addition, they combined
their mathematical model with an economic package to estimate overall
mine costs. This deterministic approach was so flexible, Finch and
Dale utilized the concept to determine the maximum effective spoil

radius for geometry associated with multiple seams of coal (5).
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Simulation has also proven'to be an effective tool for planning.
dragline operations. Dunlap and Jacobs reported the first coﬁputer
aided simulat;on in 1955 (3). They designed a simulation model to
depict dragline productivity for various ;ets of design parameters.
More recently, computer simulatioﬁ of dragline operations has become
quite sophisticated. ‘McDonnel—Douglas deéigned a simulation pa&kage‘
th;t representg the overburden removal operation on a.éwing—ﬁy-swing
5asis (13). Interestingly enough, the &equired input parameters for -
such a simulation model éfe those computed, or specifiéd, in the com-
putation of the variables in Rumfeldt's equation. Perhaps their
biggest achievement was adapting computer aided grabhics to displaf
intermedia£e results of the simulation. |

Although satisfactory, these methods by no means guarantee the
optimum or near optimum pit design with respect to dragline.reach.
‘Rumfeldt's method &as ;he most widely applied. However, it fell short -
‘in that it forceé:the user to assumé maximum reach yields maximum
dragline productivity. This misconception was pointed out‘by Stefanko
in 1973 (16). Three years later Mathematica, Inc., develoéed.a model
to compute.dragline boom length, again applying Rumfeldt’;‘equation
(10). However, this time the model did consider swing time and drag-
;ine walk time in the efficiency of the overburden remov%l operation.
The swing time was expressed és a function of average swing angle, pit

width, and dragline'reach. By linking pit geometry, dragline reach
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and swing time, the model became a necessary milestone in predicting
‘dragliné efficiency. Ip fact, this model exposed the'possiﬁility of
optimizing the tradeoffs between pit geometry parameters and dfagiiné

reach relative to some measure of system productivity.

Sfaﬁement of Thesis Topic

As stated previously, the thesis topic was developed in'éonjuncﬁ
tion with the SEAM program at MSU. ;he thesisrtopic features the
de#elopmént of a computer model that provides an answer to evaluatiné
the tradeoffs between pit dimensions and dragline size as reiated to
two pass dragline stripping operations. Upon development, the model
-was ipte;faced with the Production Analysis Module of MSU's computer
mine plannihg system. |

Tﬁe model is coded in Fortran and contains relationships similar
- to those proposed by Rumfeldt. However, the design paraméters now
dénoted décision variables (i.e., the pit width, dépth of first pass,
and boom and bucket size) are allowed to vary during the énalysisi
Thus, .the coded model can be used simply to determine design feasi—
bility or as a means to optimize the pit dimensions vs. dragline dimen-
.sions. Eithér application of the model allows for interactive com-
puter aided design with al; results displayed graphically via bRT.

Currently, the model is operational at Level 2 of the production

analysis module of MSU's computerized'planning system. It provides
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the necessary balance when analyzing single coal seam dragline strip-
ping techniques. With some modification theicoded model could be

adaéted for use on any computer system with a Fortran compiler.

TWO PASS DRAGLINE MODEL

Variables are altered at each stage of the optimization. An improve-

. Objective function,

The two—pass-dragline model was structured as a non-linear pro-

gramming problem. The basic premise of the model can be expressed as:

. Minimize zZ = F(xl, x2,...,xi,...,xn)
Subjeét to:

Gk(xl, x2,...,xi,.7.,xn)_z-0 k = 1,2,...@ i

The xi bélong to a vector, say i, containing variables termed a
dec;sion vector. The decision variables are comparable to the critical
parameters in Rumfeldt's analysis. 'Here the‘xi répresent the pit
width, depth of cut, dragline boom length, and dragiine‘bucket size.
The decision vector can easily be subdivided in£o two‘pafts: (L) thé

pit design variables, and (2) the dragline design yariabiés. These
ment in the .selection of xi's is reflected in the magnitude of the

. The objective function F(X) can be thought of as some measure of

goodness which predicts dragline productivity for values of the
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decision variableg. The model allows the user to choose between two
productivity measures. They are as follows:
i.‘ to minimize thé time to remove thé overburden coVering é
_region,
" ii. to minimize the cost per ton of coal uncovered within a
region. |

Many times the mine planner must consider variqué economic factors

- when planning pit geometry and dragline dimensions. Specifying such

factors as a maximum annual production rate, or a specific:number of
annual operating hours would surely constrain the design from being

the most productive in terms of the objective function. Therefore,.

_the model allows the user to make these types of economic consider-

ations by sélecting from the following design driterié:
i. 'désignigg the.mo;t productive system with a sﬁecified maximum
annual operating'hours,
ii. designing the most.productive'system to meet a specified
annu;l'production rate witﬁ varying operating hours,
iii. designing the most productive system to meet a specified
| production rate with fixed operating.hours,
iv. designing the most productive system for a dragline with a
maximum purcﬁgse priqe, and

v. designing the most productive system for a specific dragline. .
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The design critefia selected have a significant effect on the outcome
of thé optimization. ?hus, they become an integral part of the design
process when analyzing the tradeoffs between designs in terms of sys-
tem producfivity. _This Preceding statement will become evident in the
section‘éontaining actual examples of model application.

The functions Gk(i) are the consﬁraint equations. These equations
are representative of the real worla limitations upon the dragliné
operation. During the thimizatibn they insure that the decision
vector contains feasible values.

If the user dqesn't elect to optimize the design, the model can
be usedlsimply to qetermine design feasibility. The value of F(X)

for the inputs would be a measure of design productivity. Negative

" values for the Gk(i) would inaicate constraint violations{ thus, an

infeasible design. Utilizing the model in this manner would be similar
to the deterministic.approaches taken by Rumfeldt, and Tomica and
Barron (1,14).

If the optimization is elected, a compﬁterized direct search is
done over the X, to minimize F(X). The direct search éléorithm
employed is the Flexible-Tolerance algorithm as described by
Himmelblau (9). To initiate the search procedure, the algorithm
starts searching"a near feasible re&&dn with respect to an initial
plan ét the same time monitoring thé'valﬁe of F(X). When a specified

feasibility tolerance is met, the search terminates. The structure of

i
I
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the program allow;,the most recent solution to become a star£ing point
for the next search-—if.elected. This allows for rapid convérgence to
‘a better so;ution.. It should be noted the direct search teéﬁnique
does not guarantee the nécéssary and sufficient conditions for a
global optiﬁum to be sa£isfied. Therefofe, it is-unwise to make such
a claim. 1In order to obtain the best solution, the user should alter
the initial plan several times, compare the results of the optimization

and select the best solution.

Parameter Descriptions

In,ofder to utilize the model, the user must specify values for a
:number of parameters. These parameters are associated with both drag-
line specifications and site characteristics. Appendix I defiﬁes'tﬁe
necessary parameters. Those marked with one ésterisk are aerived
within the model; thus, they are not user specified. The parameters
marked with two asterisks indicate the parameter may be in the
decision vector-.1

Since the model is a subset of the SEAM computerized mine plan-
ning system, all parameters are initialized in subroutine ADM. This

subroutine resides in the Production Analysis Module of MSU's .

lThe.contents of the decision vector may be altered depending
upon the. design criteria selected. This situation is discussed on
page 30. ’
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computerized mine planning systém. If the model was isoléted from the
SEAM systém, an input routine must be supplied to initialize £he
parameters.
The paraméters defined in Appendix I are subject to a standard
.notatiogal convention. Relative to the subscriﬁts of the parameters,

the-folldwing subscripts are encountered in the model:

i. .ij‘ denotes the ith pass and the jth position, where
i- 1,2;lj = 1,213‘
ii, s - denoteg the overburden in its natural state
iii. tot - denotes a total
iv. max ~ denotes a maximum value
v. min - denotes a minimum value

vi. t - denotes ‘a temporary value

vii. r - denotes réhandle

viii. req denotes a requirement

Technique Modeled

Sinqe any mathematical model is an abstract representétion of a
real wgrld situation, a number of simplifying assumptions must be
made. These‘assumptions_limit the cqmplexity of the model to a_work—
éble level; yet, they do not ér should not restrict the model's usg—
fuiness to any great.extent. \The underlying assumptions .inherent

within the two pass model can be summarized as follows:
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i. the coal seam is of constant thickness and is parallel to
fhe sﬁrface
ii. the overburden is of constant depth
iii. the angle of coal after remoQal of the overburden is the
same as the hiéhwall
iv. the spoil peak approximates a straight line
v. the dragline operation avoids rehandle if possible
vi. any rehandle accumulated may be composed of first pass key,
first pass méin cut volume, and_second pass key cut. volume
The dragline model incorporates the most common two pass stripping
techniqqe employed at western surface mines today (1,10). This
stripping technique involves two dragline positions per 1ift; that is,
a key cut and main cut posifion on each pass. However, if rehandle is
accumulated it is possible to have a rehandle position on the seéond
pass. The model allows for analysis of single -or tandem dragliﬁe
6perations, and spoil piles with or without a coal fender. Also, all
possible rehandle situations are considered to insure design feasi-
bility. .Thus, the model can be viewed as being composed of many sub-
models, yielding.a continuum of alternate pit designs.
The spﬁil pile configuration for spoiling with a coal fender is
shown in Figure 6 by the shaded region. Notice_the qistance cc is the

base .of the coal fender and can be calculated as follows:
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cc = te (cot + cot) [

The dashed line in Figure 6 indicates the situation with no coal
fender. This circumstance can be viewed as a special case of the spoil
pile with a coal fender--that is, when cc equals zero. Since the case
without a coal fender is much more common throughout industry, the
remaining figures in this thesis will depict this case. However, the

accompanying mathematical development does consider both situations.

Figure 6. Coal Fender

The spoil pile configuration is determined by the sequence of
overburden removal. The sequence of removal is illustrated in the
casting diagram of Figure 7. The K indicates key cut material, the
M indicates main cut material, and the R indicates rehandle material.

Note the subscripts depict which pass the particular area was spoiled
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from. Also, the dashed line outlines the fill bench, or rehandle area,

to be spoiled.

Az2s  dy\lerd
.

i1

Figure 7. Sequence of Overburden Removal

To accomplish the task of obtaining the aforementioned spoil
configuration, the model analyzes the stripping operation one step at
a time. Each stage of the analysis will be discussed separately in

the remaining paragraph.

Step I. Cut Lengths. First, the cut length is found for both

lifts. This cut length is the maximum cut length possible after allow-
ing for the assumption of a straight spoil peak. The calculations for

the cut length are given in Appendix II.

Step II. Fill Bench Requirements. The model then commences by

determining whether or not a fill bench is necessary to enable the
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second pass dragline to reach the spoil peak. If a tandem dragline
‘operation is not in use then the first pass and second pass dragline
will be the same. Appendix III derives the‘equatiohs necessary to make

this determination.

Step III. First Pass Key Cut Spoil Configuration. After the fill
bench requirements are détermined, the key cut spoil configuration is
determined for the first pass. The model positions the dragline immed-
iately facing the cut area and allows the dragline to only remove an
area based on the bucket width at the bottom of the cut. Thié éiea isf
éalléd the minimum key cut area and is depicfed in Figure 7 by Alls'
It may be necessary toAaccﬁmulate some rehandle if the draéline can‘
not reach the required spoil peak. The rehandle composed of first

pass key cut material is denoted Ar Appendix IV contains the

11°
calculations for obtaining the key spoil configuration on the first

pass.

Step IV. First Pass Main Cut Spoil Configuration. Next, the

first pass main cut spoil configuration is dealt with. The main cut

area is shown in Figure 7 and is denoted A . The spoil peak location

12s
‘is dependent on whether or not there is a fill bench and whether or
not the dragline can reach the required spoil peak. Tests are made

within the model to satisfy these requirements. If the dragline can

not reach the required spoil peak without rehandle or there exist fill
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bench requirements, some rehandle is planned to satisfy the demand.

This rehandle is. denoted Ar

12° The. calculations for determining the

main cut spoil configuration on the first pass are given in Appendiﬁ V.

This completes the removal of the first pass overburden.

Step V. Second Pass Key Cut Spoil Configuration. The removal of

the second pass key cut begins the second pass stripping operation.
Again, the dragline is positioned directly facing the cut and the
amount of key cut material removed is dependent on the bucket width at

the bottom of the cut. This area is denoted A

in Fi .
21s in Figure 7 Tbe

second pass key cut material may result in more rehandle if tﬁe second
pass dragline can not reach significantly pasf the spoil peak created

" on the first pass. This rehandle is denoted Aer in the model. Appen-
dix VI contains ‘the calculations necessary to determine the second pass
“key cut spoil configuration. Similarly, the second pass main cut spoil
configuration is determineé. The second main cut is shown in FPigure 7
as A22s' Again, the dragline position from the old highwall is deter-
mined by the location of the spoil peak required to spoil the area .

A225 without rehandle. These calculations are given in Appendix VII.

Step VI. Rehandle Position. If rehandle exists then the spoil
peak for depositing this volume must be determined. This area is

may be composed of Ar

tot 11’

ghown in Flggre 7 as Artot

. The area A
. X
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A and Ar The calculations for total spoil configuration in-

rl2’ 21°

cluding ;ehandle are in Appendix VIII. .

Step VII. Dragliﬁe Distance from Cu£ Face. After thé_dragline
locations from the o0ld highwall are determined for each cut bosition,
the model compuﬁes the distance the dragline remains from the cut
face. This distance is highly dependent on the cut length ana is cal-

culated for each dragline position in Appendix II.

Performance Objectives and Design Criteria

Again, the two design objectives are
~i. to minimize the time to remove overburden,

ii. and to minimize the cost per ton of cocal exposed.

"This section explains the mathematical derivation of these two per-

formance measures. The effecté of thé design criteria on the decision
vector is also discussed.

Both performance measures are a function of time to remove the
overburden at each cut. This time is composed of dig time and walk
time, and can be estimated from a formula expressiﬁg dig time és
function 6f the average swing angle times the volume of soil removed
plus the walk time. The exact mathematical expression for the time to

.th . . .
excavate the overburden at the jt position on the 1th pass is:
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1A, . ‘
=—=—2I% (40,2 + 2.88 a,,) + Vv, (|x., -
ij ity

T, . - B
1ij _Bi F

X .
previous

+ (]Y,, - ¥ . ) + ce2
17 previous

The walk time is expresséd in terms of the rectilinear distance
moved. The values relating average swing angle to dig time were
obtained from Cohen (2). Appendix IX gives Fhe calculations for
determining the average swing angle.

When minimizing the total time to remove the'ovérburdenl the

total time can be easily-derived from the following equation:

2 2or 3 LPWP WP .
T = _Z_ .Z. T T ¥ 2 = :_[qcz + VL, + W] N k1
l=J J=l 1 )

Note the last term expresses the deadhead time. Also the summation
limits on Tij vary since there are only two draglihe positions on the-
first pass and possibly three positions on the second pass.

The second peiformance measure, miqimizing the cost per ton of
" coal exposed, can be éxpressed as a function of the total time to
excavate times the dragline hourly operating and ownership‘costs
divided by the tons of coél uncovered. Restricting the cost function
to these cost components minimizes the complexity of‘;he problem, ?he
'hourly operating and ownership cost for the ith dragline éan be

estimated from the following regression equations, respectively.

[2]
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oP

61.96 + 9,74 (MUFD,) | [4]

(7467)
OPHRS

oW

(17.695 + 7.04 (MUFDi))'( ) [5]

These equations were developed by Flour of Utah from 1975 cost figures
(6). The MUFD is known as the maximum usefulness factor originally
investigated by Rumfeldt (15). Flour of Utah developed the following
"relationship to compute its value.
) Ccosge
(bi) COSB Bi

MUFDi = 1000 for i = 1,2 [6]

Finally, the cost per ton of coal can be estimated by:
2 2 or 3
c, = izl (OB, + OW,) j£1 Ty 3/ (L(Lp) (W) (t) (RHO) ] 171

Notice two relationships have been defined as a,functién of
both the pit design and the dragline variables. Thérefére, éhy change
in magnitude of the deciéion Qariableélcan be observed by the incre-
mental change in the p;oductivity measures.

Recall fhe two performance measures are functions of the decision
vector which is composed of pit design variables and dragline design
variables. The user has the option prior to using the model of ex-
plicitly excluding either decision subset from the decision vector by
setting certain bits in the code word IVAR. The bit>settings are

described at the beginning of the program listing in AppendiX XII.
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This action would simply make the subset that was exclﬁded ﬁixed
parameters during analysis.

The decision vector also may be implicitly altered by the selec-
tion of certain design criteria. However, in this case only one orxr
both of the dragline design variables may be excluded from the deci-
sions-set. Again thg excluded variable(s) is held constant during the
aﬁalysis. Notice. the possibility of implicitly éxcluding one or both
dragline design variables from the decision_éet reinforées the staté—
‘ment that the:design criteria haQe a significant efféct on model
- results. To cite an example of this si£uation, suppose the user has
elected to minimize-time and explicitiy included both the pit design.
"and dragline design variables in the decision'set. However, assume
that he also selected to design the operation for a particular-pfoduc—
tion rate within a fixed maximum annual operating hours. The bucket
‘size is determined from the production rate gnd the boom lenéth is
. sét to its maximum, based on an equation from Stefanko.l Thus, in
this case neither dragline decision variable has entered the:true.
state of a deciéion*variable. Other such combinations do exist anq;

are discussed in full in Appendix X.

lThe equation is discussed more fully on page 32.
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Design Constraints

' The design constraints are simply physical limitations, inherént
Within the dragline operation. These restrictions usually'iesult from
(i) certain dragline boom length and bucket combinationé, and (ii)
working space requirements. With contemporary pit design techniques
such as Rumfeldt's, man§ of these limitations are implicitly con-
sidered by the designer.‘ However, within the context of the model, the

capability exists to explicitly express many of the limitations in. the

form of mathematical equations. These equations, considered a con-

~straint set, provide feedback concerning design feasibility and con-

strain the computer optimization algorithm.
The various boom length and bucket combinations that do exist_aie

constrained in two ways. If a dragline purchase price has been spec-

-ified, the dragline required to successfully operate with a particular

boom and buékgt combination should not exceed this price.: In i975
Flour of Utah developed an equation which‘expxesses dragline purchage
price as a function of £he boom and bucket size (6); This equatién
was introduced in the model as a con;traint and can be written as

fol}ows:

(Dragline Price) - (987.71 + .5106 (B,)(b,)) 2 0 (8]

Another situation that requires constraining is the boom length vs.

the bucket size. A plot of dragline dumping radius versus bucket size
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was obtained from Winczewski (18). The original data for the plot was
extracted from a table developed by Stefanko (17). An equation was
fit to the data expressing dumping radius or dragline reach as a
function of the bucket size. The regression equation had an R2 = ,79.
Therefore, the fit was assumed satisfactory and the following equation

was introduced as a constraint.

SE13 675 = 1633.33/Bi - Reachi A [9]

where Reachi = (bi) COSB + c; [10]
Spatial limitations during a stripping operation are of major
concern. Since these limitations are highly independent in nature,
they will be discussed on an individual basis. First, let us consider
the maximum area available for rehandle. This area is shown in Figure

8 and is depicted by the shaded region. The amount of rehandle

i e
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Figure 8. Maximum Rehandle Area
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produced for a particular decision set cannot exceed this area. This

area can be expressed mathematically as follows:

= . . 2
Ay = 1/2¢(cotd + cotd)«(d,) [11]

Now a constraint can be written to restrict the total rehandle accumu-
lated during the optimization below the maximum value. This con-

straint can be written as follows:

A

I v
(@]

S it S0 [12]

The amount of rehandle accumulated for a particular design must also
satisfy the fill bench requirements. Again, the fill bench enables
the dragline to reach the spoil peak on the second pass. This area is

depicted in Figure 9 by the shaded region. The area required by the

Wrs . Wl

Figure 9. Fill Bench Area

£ill bench is derived in Appendix II. Thus, we can constrain the

rehandle accumulated for a particular design to satisfy the fill bench
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' requirement by the following equation:

- o> '
Artot 'Arreq 20 : [14]

The next constraint is relative to the assumption of spoiling
only the minimum key cut area. This constraint restricts the model
from spoiling less than the minimum area. This situation may result
. . -1
if A is less than A

llmax 1imin°

(BW, + d,*cot¢)*d, >0 ' [15]

A1imin ~ i
IAhother spatial consideratioﬁ is the aragline location from both

the cut face and the old'highwal;. The dragline must not héng over

eithef edge during the stripping operation. 'Figure 10 is ah_artisf's

conception of the plaﬁ of the dragline location. The crosseé ﬁark'the
éragline positions on each pass of the operation. Had these pdéitions
been too close to the cut face or old highwall, the operation would be
infeasible. The following constraints restrain the optihization to

the desired feasible region in terms of dragline position.

1
Q
A\

>0 for i = 1,2 - [1e]

.
|

=1,2, or 3 ° . [17]

!
1
o
v
o

1 . ‘ . ,
A dix IV i .
See Appen x. for_compptatlon of Allmax
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Notice the constraint set given here can easily be altered to conform
to any mining situation. Also, new constraints easily may be added in

order to account for particularly unique situations.

s _‘-ﬂ/’)n\"‘u .!'ﬂn‘

-

1st cut face
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Figure 10. Plan View of Dragline Locations

A constraint directly related to neither the boom length an bucket
size nor spatial limitation is the productivity constrain. This con-
straint is employed when tandem draglines are used. It insures the
draglines are working with a certain time of one another. The purpose
is to keep dragline idle time at a minimum; the constraint can be

expressed as follows:

—
Il o>

g ey T,;) - DELTUB > O
J




EXAMPLE APPLICATION

This chapter illustrate% the application of the two pass model by
eﬁploying‘the‘optimization to design the "best" pit geometfy for a’
specific mine site. To,fﬁlly understand how thé msdel reéponds‘to
particular dgsign situations, the optimization is employed for.both
the minimum time objective aﬂd the minimum cogt per ton of coal objec—
tive. The design criteria are also varied for each objective function
to indicate their respective effects on the results of the optimiza-
tion. Computer drawn casting diagrams will be used to aid in éhe
interpretation of model results.

Prior to running the model, the nécessary desién paraﬁeters must
be specified-by the user. These parameters describe thé pérticular
site characteristics and certain dragline féatures. Table II gives
the values. for the design parameters relative tovtﬁe folldwing ex-
amples. In order to more fully understand the model's response to the
various design options, the above values will remain the same for all-
examples.

After specifying vaiues for the design parameters, an initial
plan is rgquired of the user. This initial plan‘donsists of speci-

fying values for the de¢ision variables. Recall the decision vari-

_ables are the pit width, first pass depth, and the dragline boom

length and bucket size. In the folloﬁing examples both decision

subsets are contained in.the decision vector; thus, no variables are
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Table II. Parameter Specifications

Parameter Description " vValue
WP the width.of the total mine plan 2000 ft.
LP the length of the total mine plan 2000 ft.

£ the soil swell factor .25
a- the depfh of the overburden 150 ft.
t the coal seam thickness 25 ft.
;) the spoil angle of response 39°
b the highwall angle 72°
F the bucket fill factor .80
£ the boom angle for botﬁ the first
and second pass draglines 35°
r the height of the bottom of the
boom for both the first and second g
pass draglines 15 ft.
c the cab radius for both the first
and second pass draglines 25 ft.
cc2 the fixed time to mové a dragline .5 hrs.
v the dragline walking speed .0013 hrs.
’ .-
p the‘coal'density .04 tons
ft.3
castd ’ the dragliﬁe casting distance 15 ft.
Deltub the time ‘difference for the first
and second pass excavation times 24 hr

explicitly excluded

from the decision set. ' This will exhibit the most

general application of the model in terms of decision variables.. The

values specified for .the initial plan will be used as a starting

point for the search algorithms in all the examplés. Table III
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containé the values for the initial décision set that is.used in the
-examples, It should be pointed- out that this initial plan is infeas-
ible, because it violates the préductivity constraint.l Usingxéuch a
plan as a starting point for the search will give an-indicatién of the

ability of the optimization to strive for feasibility as well as opti-

mality.
Table III, Initial Plan
Variable ' Description Value
the pit width . ) : 140 ft.
dl the first pass depth ' ) 70 ft. .
bl the boom length of the first pass ‘ 275 ft.
dragline .
b2 the boom length of the second pass 300 ft.
dragline
Bl the- bucket size of the first pass ' 63 yd.3‘
dragline
B2 the bucket size of the second pass 63 yd.3
dragline- ’ ;

At this point the user may select the design criteria. Three
examples, corresponding to different design options, are given for

each objecfive function.2 The first example for each objective

lRefer to the section entitled-Design Constraints for an explana-
tion of the productivity constraint.

2Appendlx X contains an explanation of the design optlons and
thelr respective effects on the decision vector.




42
fuﬁction derives the‘ﬁost productive plan for the site in fe;ms of
annuél tons of coal uncovered; thus the annual production rate‘is’
derived in'the model. This optimization problem is solved with £he
maximum annual operating hours set equal to 7000 hours. The next
ekample requires the model to yield.a specified annual production rate
of 4 million tons of coal per year. For this situation the annual
operating hoﬁrs are derived in the model. The‘final-example for each
objective function employs the organization for a specified annual -
production rate of 4 million tons of ébal and a:specified annual
operating hours of 7000 hours. Since these examples are run Qith the
same initial plan, generalizations can be made relative to the econ-
omic tradeoffs associatéd with the various design criteria. Keep in
mind the decision vector may be altéred depending on the‘design
criteria.l

The other ‘design options available will not be illustrated in the

'following examples, primarily because many of them are simply subsets

of the design options selected fér analysis. For instancé, all the
examéles consider a tandem dragline operation, since the model views a
single dragline system as a tandem operation with both d;aglines the
same. .Also, the examples consider a spoil configuration withéﬁt a
coal fender as opposed:to the cdnfiguration with a coal fender. Agéin

one can be viewed as a subset of the other; simply shifting the spoil

lThe alteration of the decision vector is discussed in Appendix X.
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peak closer to the dragline and decreasing rehandle when a coal fender
is selected. Further, the purchase price option has been neglected
since this option basicallf addé a constraint which restricts the boom
and bucket combination.

Since the two pass model is contained in MSU's Computerized Miﬁe
Planning System, the user‘is queried for the foregoing initiél inputs
on a question-answer basis. fherefofe, if the model were isolated

from the system, an alternate source of input must be devised.

Minimum Time Objective

Example T. The results of the optimization for the first example

are shown in Figure 1l on the following page. The model results of

the initial plan are not shown, however, a scaled casting diagram

similar to Figgre 11 would illustrate the relationships.

. Model results for the initial plan yielded a time to remove the
overburden of 8547 hours. Notice from Figure 11 the résults of the
éptimization produced a time of 6466 hours. This time compares
favorably to that of. the initial plan. Thus, the optimization not
only made the plan feasible in terms of the constraint set, buf pro-
vided a decrease in the time to remove the overburden. Table IV -
summarizes tﬁe plan yielded by the optimization.

This.plan is considered the most productive for the mine site in

. terms of annual coal production and with respect to the design objec-

tive, since all the decision variables are explicitly included in the




Akas® SITE CUARACTERISTICS #hand
LENGTH OF MINE PLAN IS 2000. FT.

e e LKL EA NN PR RRRRTXARR
DEPTH OF OVERBURDEN IS 150. FT, t X
COAL SEAM THICKNESS IS 25. FT. t C43TING DIAGRAM £
SPOIL ANGLE OF REPOSE IS 39. DEG. t M
HICHWALL ANGLE IS 72. DEG. : g ’

SOIL SWELL FACTOR IS .25 . A ‘ """.""““““‘ttt‘

#%4&4% DRACLINE CHARACTERISTICS ###a#

1ST BUCKET SIZE IS 78. CU. YDS.

2ND BUCKET SIZE 1S 79. CU. YDS.

1ST BOOM LENGTH IS 373. FT.

2ND BOOM LENGTH IS 374. FT.

BOOM ANGCLE IS 35. DEG.

TUB RADIUS IS 25. FT.

ANNUAL OPERATING HOURS IS 7000.

FIXED TIME TO MOVE DRAGLINE IS .5 HRS.
DRAGLINE WALKING SPEED IS .0013 HR./FT.

t4kd% COMPUTED PIT GEOMETRY ###ddk

1ST WIDTH OF KEY CUT IS 72, FT.
.2ND WIDTH OF KEY CUT IS 58, FT.
1ST WIDTH OF MAIN CUT IS 81. FT.
2ND WIDTH OF MAIN CUT 1S 95. FT.
WIDTH OF PREVIOUS PIT IS 153. FT.
1ST LENGTH OF CUT IS 101.FT.

2ND LENGTH OF CUT IS 101.FT.-.
WIDTH OF SAFETY BENCH 1S 3. FT.
DEPTH OF FIRST PASS IS 85. FT.
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" #k#42 DRAGLINE LOCATIONS ##aa

1ST PASS KEY CUT LOCATION. IS -
FROM CUT FACE IS 55. FT.
FROM OLD HIGHWALL EDGE IS 157. FT.

1ST PASS MAIN CUT LOCATION IS -
FROM CUT FACE IS 52. FT. i
FROM OLD HIGHWALL EDGE IS 128. FT.

2ND PASS KEY CUT LOCATION 1S -
FROM CUT FACE IS 63. FT. )
FROM OLD HIGHWALL EDGE 1S 132. FT.

2ND PASS MAIN CUT LOCATION IS -
FROM CUT FACE 1S 52. FT.
FROM OLD HIGHWALL EDGE IS 51. FT. '

2ND PASS REHANDLE LOCATION IS -
FROM CUT FACE IS 52. FT.
FROM OLD HIGHWALL EDGE IS 27. FT.

#akkk DESIGN PRODUCTIVITY ##iid

TIME TO REMOVE OVERBURDEN IS 6466. HRS.
COST PER TON OF COAL IS § .786
COAL UNCOVERED PER YEAR IS 8637.K TONS

Figure 11. Example I Minimum Time
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decision set. However, since only one initial plan was input, it is
possible the optimization produced a local optimum. Thus, general;y
the optimization would be‘run a number of times with different initial

Table IV. Summary of the Results for Example I of the Minimum
. Time Objective .

Variable‘ ‘ ‘ Descriptibn, . ’ Valude
\%4 the pit width : ) ' 153 ft.
dl the first pass depth’ ' 85 ft.
bl the boom length of the first pass " 373 ft.

dragline ‘
b2 the boom length of the second pass 374 ft.
dragline : ’
Bl the bucket size of the first pass 78 yd.3
dragline
B2 the bucket size of the second pass 79 yd,3
' dragline

inputs to gain confidence in the resuits. Since the decision vector
contains the maximum number of variables and no design criteria are
selected, these results will be considered the most productivé p;an with -
reséect to minimgm time objective, yielding an annual production rate

of 8.637 million tomns.

Example II. As stated previously, the second example requires an
annual production rate of 4 million tons of coal with the annual
operating hours derived in the model. The results of the optimization

are shown in Figure 1l2. Notice the optimization decreased the time




#hedd SITE CHARACTERISTICS ##add

LENGTH OF MINE PLAN IS 2000. FT.
WIDTH OF MINE PLAN IS 2000. FT.

DEPTH OF OVERBURDEN IS 150. FT.

COAL SEAM THICKNESS IS 25. FT.

SPOIL ANGLE OF REPOSE IS 39. DEG. .
BIGHWALL ANGLE IS 72. DEG. %
SOIL SWELL FACTOR IS .25

#xt«% DRAGLINE CHARACTERISTICS ###a#d

1ST BUCKET SIZE IS 68. CU. YDS.

2KD BUCKET SIZE IS 76. CU. YDS.

1ST BNOM LENGTH IS 370. FT.

28D BOOM LENGTH IS 373. FT.

BOOM ANGLE IS 35. DEG.

TUB RADIUS IS 25. FT.

ANNUAL OPERATING HOURS IS 3437.

FIXED TIME TO MOVE DRAGLINE 1S .5 HRS.
DRAGCLINE WALKING SPEED IS .0013 HR./FT.

#akak COMPUTED PIT CEOMETRY ###id

1ST WIDTH OF KEY CUT IS 71, FT.
.2ND WIDTH OF KEY CUT IS 59. FT.
1ST WIDTH OF MAIN CUT IS 80. FT.
28D WIDTH OF MAIN CUT IS 93. FT.
WIDTH OF PREVIOUS PIT IS 151. FT.
1ST LENGTH OF CUT IS 100.FT.

2§D LENGTH OF CUT IS 101.FT.
WIDTH OF SAFETY BENCH IS 3. FT.
DEPTH OF FIRST PASS IS 85. FT.
WIDTH OF FILL BENCH IS 11. FT.

#at4® DRAGLINE LOCATIONS ##aas

1ST PASS KEY CUT LOCATION.IS -
FROM CUT FACE IS 55. FT.
FROM OLD HIGHWALL EDGE IS 154. FT.

18T PASS MAIN CUT LOCATION 1S -
FROM CUT FACE IS 55.FT.
FROM OLD HIGHWALL EDGE IS 127. FT.

2ND PASS KEY CUT LOCATION 1S -
FROM CUT FACE IS 63. FT.
FROM OLD HICHWALL EDGE 1S 129. FT.

2ND PASS MAIN CUT LOCATION IS =~
FROM CUT FACE IS 55. FT.
FROM OLD HIGHWALL EDGE IS 52. FT.

2ND PASS REHANDLE LOCATION IS =
FROM CUT FACE IS 55. FT.
FROM OLD HIGHWALL EDGE IS 27. FT.

##ddad DESIGN PRODUCTIVITY ##had

TIME TO REMOVE OVERBURDEN IS 5827. HRS.
COST PER TON OF COAL IS § 1.089
COAL UNCOVERED PER YEAR IS 4000. K TOMS
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‘from 8547 hours for the initial plan to 6827 hours, and once égain

produced a feasible design. The solution is summarized in Table V.

Table V. Results of Optimization for Example II of Minimum
Time Objective’

Variable Description 4 Value

| the pit width . . 151 ft.

dl the first pass depth 85 ft.

b1 the dragline boom length of first 370 ft.
pass

b2 the dragline boom length of second ‘ 373 ft.
o pass

Bl the dragline bucket size on the 68 yd.3

- first pass '
B, the dragline bucket size on the ' 76 yd.3

second. pass

When comparing the minimum time from the first example to the
results of this examplé,.it is not unusual to find the improved time
to be less than in the first example. This generalizatioﬁ seems ‘to be
logical, since the model is forced to'yield a less pfoduqtive plan in
this example by decreasing the annual production ?ate to 4 million

tons.

Example III. This example requires an annual production rate of
4 million tons of coal, with 7000 annual operating hours. Notice

these requirements place .even greatér restrictions on the
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optimization. Thus, constiainingAthe optimization to generally yield
a less productive plan than the ones generated in the first and second
examples.

This set of design criteria slightly alter ‘the initial 'plan by
resizing the dragline buckets to meet the specified production rate.
with the annual operating hours.T The first pass dragline bucket is
changed from 63 cubic yards to 26 cubiq yards agd the second pass
drageline's bucket is changed from 63 cubic ?ards to 47 cubic yards.
All other initial. inputs remained the same. The altered initial plan
is again infeasible and requires a time of 12050 hours to rémove the -
overburden.

The resulfs of ﬁhe optimization are shown in Figure 13 on the
fqllowing page. Notice to géin design féasibility requires an in-
crease in the excavation time to 14016‘hours;_ These results are

summarized in Table VI.

lAppendix X for details when solving for the bucket size.




#&44% SITE CHARACTERISTICS #i#n#

LENGTH OF MINE PLAN IS 2000. FT.
WIDTH OF MINE PLAN IS 2000. FT.
DEPTH OF OVERBURDEN IS 150. FT.
COAL SEAM THICKNESS IS 25. FT.
SPOIL ANGLE OF REPOSE 1S 39. DEG.
HIGHWALL ANGLE IS 72. DEG. 4
SOIL SWELL FACTOR IS .25

#4x%% DRAGLINE CHARACTERISTICS ##ada

1ST BUCKET SIZE IS 35. CU. YDS.

2ND BUCKET SIZE IS 35. CU. YDS.

1ST BNOM LENGTH IS 342. FT.

2ND BOOM LENGTH IS 342. FT.

BOOM ANGLE IS 35. DEG.

TUB RADIUS IS 25. FT.

ANNUAL OPERATING HOURS IS 7000.

FIXED TIME TO MOVE DRAGLINE 1S .5 HRS.
DRAGLINE WALKING SPEED 1S .0013 HR./FT.

*4kk4 COMPUTED PIT GEOMETRY #aadd

1ST WIDTH OF KEY CUT 1S 75. FT.
.2ND WIDTH OF KEY CUT IS 55. FT.
1ST WIDTH OF MAIN CUT 1S 69. FT.
2ND WIDTH OF MAIN CUT IS 89. FT.
WIDTH OF PREVIOUS PIT IS 144. FT.
1ST LENGTH OF CUT IS 97. FT.

2ND LENGTH OF CUT IS 97. FT.
WIDTH OF SAFETY BENCH IS 5. FT.
DEPTH OF FIRST PASS IS 91. FT.
VIDTH OF FILL BENCH IS 104. FT.

#akd® DRAGLINE LOCATIONS ##asd

1ST PASS KEY CUT LOCATION. IS -
FROM CUT FACE IS 50. FT.
FROM OLD HICHWALL EDGE IS 149. FT.

1ST PASS MAIN CUT LOCATION IS -~
FROM CUT FACE IS 45. FT. :
FROM OLD HIGHWALL EDGE IS 156. FT.

2ND PASS KEY CUT LOCATION 1S -
FROM CUT FACE IS 61. FT.
FROM OLD HIGHWALL EDGE 1S 124. FT.

2ND PASS MAIN CUT LOCATION IS -
FROM CUT FACE IS 45. FT.
FROM OLD HIGHWALL EDGE IS 53. FT.

2ND PASS REHANDLE LOCATION IS -
FROM CUT FACE 1S 45. FT.
FROM OLD HIGHWALL EDGE IS 5. FT.

#kddd DESIGN PRODUCTIVITY #ihda

TIME TO REMOVE OVERBURDEN IS 14016, HRS.
COST PER TON OF COAL IS § .827 !
COAL UNCOVERED PER YEAR IS 4000. K TONS
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Table VI. Results of Example III for the Minimum
Time Objective

variable ' . Description . ' . Value

. ~the pit width . 144

dl ) the first pass depth 91

bl the dragline boom length on the - 341
first pass

b, the dragline boom length on the 341
second pass

B1 the dragline bucket size on the J 35
first pass

B2 . the dragline bucket size on the 35

second pass

Minimum Cost per Ton.of Coal Objective
. Example I. The most productive pian in terms of thé.minimum cost
objective is shoﬁn in Figure 14. For this design objective the ini-
tial plan yielded a cost per ton of coal of $.712. ANatﬁrally, the —
productivity constraint is once again violated which makes the initial
plan,infeasiblé.
From Figure 14 we see the improved plan has a co;£ per ton of

coal of $.643 with an annual yield of 8475 tons. This plan is sum-

marized in Table VII.

Example II. This example requires an annual production rate of

4 million tons with the annual operating hours derived in the model.-




whahs SITE CHARACTERISTICS #aaan

LENGTH OF MINE PLAN IS 2000. FT.
WIDTH OF MINE PLAN IS 2000. FT.
DEPTH OF OVERBURDEN IS 150. FT.
COAL SEAM THICKNESS IS 25. FT.
SPOIL ANGLE OF REPOSE IS 39. DEG.
HICHWALL ANGLE 15 72. DEG, -
SOIL SWELL FACTOR IS .25

®ad4%® DRACLINE CHARACTERISTICS #h#nas

1ST BUCKET SIZE IS 56. CU. ¥YDS.

2ND BUCKET SIZE IS 95. CU. YDS.

1ST BNOM LENGTH IS 273. FT.

2ND BOOM LENGTH IS 318. FT.

BOOM ANCLE IS 35. DEG.

TUB RADIUS IS 25. FT.

ANNUAL OPERATING HOURS IS 7000.

FIXED TIME TO MOVE DRAGLINE IS .5 HRS.
DRAGLINE WALKING SPEED IS .0013 HR./FY.

#hks® COMPUTED PIT GEOMETRY ##hi#

1ST WIDTH OF KEY CUT 1S 70. FT.
.AND WIDTH OF KEY CUT IS 60. FT.
1ST WIDTH OF MAIN CUT IS 62. FT.
25D WIDTH OF MAIN CUT 1S 72. FT.
WIDTH OF PREVIOUS PIT IS 132, FT.
1ST LENCTH OF CUT 1S 88. FT.

25D LENGTH OF CUT IS 94. FT..
WIDTH OF SAFETY BENCH 1S 2. FT.
DEPTH OF FIRST PASS 1S - 82. FT.
WIDTH OF FILL BENCH IS 52. FT.

#®adt® DRAGLINE LOCATIONS ###i#

18T PASS KEY CUT LOCATION. IS -
FROM CUT FACE IS 45, FT.
FROM OLD HIGHWALL EDGE IS 134, FT.

1ST PASS MAIN CUT LOCATION 1S =
FROM CUT FACE IS 40. FT. =
FROM OLD HIGHWALL EDGE IS 132. FT.

2ND PASS KEY CUT LOCATION IS -
FROM CUT FACE IS 55. FT.
FROM OLD HICHWALL EDGE 1S 109. FT.

2ND PASS MAIN CUT LOCATION IS -
FROM CUT FACE IS 40. FT.
FROM OLD HIGHWALL EDGE 1S 33. FT.

2ND PASS REHANDLE LOCATION IS -
FROM CUT FACE IS 40. FT.
FROM OLD HIGHWALL EDGE IS -14. FT.

#&dkh DESIGN PRODUCTIVITY ##dik

TIME TO REMOVE OVERBURDEN IS 6581. ERS.
COST PER TON OF COAL IS § .643
COAL UNCOVERED PER YEAR 1S 8475. K TONS
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Table VII. Final Decision Vector

Variable Description ' Value
w the pit width 132
dl the first pass depth . 82
bl the boom length of first pass dragline 273
b2 the boom length of second pass dragline . 318
Bl the bucket size of first pass d;agline 56
B2 ;he bucket size of second pass dragline 95

Employing this strategy caused the cost per ton of coal for the
initial plan to increase from $.712 for the initial plan to $.796.

The optimization yielded the plan shown in Figure 15. Notice the
objéctive value increased to $.899 per ton in order to éain design
feasibility. This design still slightly violates the productivity
consfraint. However, for the plan to become totally feasible means a
further increase in the objective function. The results of the opti-

mization are summarized in Table VIII.

Examplé III. The design criteria for this example ;équire an
annual production rate of 4 million tons of coal within 5000 annual
operating hours. Recall as in Example III for the minimum time objec-
tive the dragline buckets are resized for the initiél plan. A cost
per ton of coal of $.684 is derived by the model for the initial plan

and the constraint set indidates the plan is feasible.




Ataa* SITE CHARACTERISTICS *#asa

LEKGTH OF MINE PLAN IS 2000. FT..
WIDTH OF MINE PLAN IS 2000. FT.
DEPTH OF OVERBURDEN IS 150. FT.
COAL SEAM THICKNESS 1S 25. FT.
SPOIL ANCLE OF REPOSE 1S 39. DEG.
HIGEWALL ANGLE IS 72. DEG. kK
SOIL SWELL FACTOR IS .25 -

#4444 DRAGLINE CHARACTERISTICS #ahas

1ST BUCKET SIZE IS 58. CU. YDS.

28D BUCKET SIZE IS 83, CU. YDS.

1ST BN2M LENGTH IS 275. FT.

25D BOOM LENGTH IS 319, FT.

BOOM ANGLE IS 35. DEG.

TUB RADIUS IS 25. FT.

ANNUAL OPERATING HOURS IS 3629.

FIXED TIME TO MOVE DRAGLINE IS .5 HRS.
DRAGLINE WALKING SPEED IS .0013 HR./FY.

A4kt COMPUTED PIT GEOMETRY ##add

18T WIDTH OF KEY CUT IS 71. FT.
.AND WIDTH OF KEY CUT IS 59. FT.
1ST WIDTH OF MAIN CUT IS 62. FT.
25D WIDTH OF MAIN CUT IS 74. FT.
WIDTH OF PREVIOUS PIT IS 133. FT.
1ST LENCTH OF CUT IS 88. FT.

2MD LENGTH OF CUT IS 94. FT.
WIDTH OF SAFETY BENCH IS 3. FT.
DEPTH OF FIRST PASS IS 84. FPT.
WIDTH OF FILL BENCH IS 62. FT.

##t%4 DRAGLINE LOCATIONS ##kad

18T PASS KEY CUT LOCATION. 1S =
FROM CUT FACE IS 45. FT,
FROM OLD HIGHWALL EDGE IS 136. FT.

1ST PASS MAIN CUT LOCATION IS =
FROM CUT FACE 1S 40. FT.
FROM OLD HIGHWALL EDGE IS 127. FT.

2D PASS KEY CUT LOCATION 1S -
FROM CUT FACE IS 55. FT.
FROM OLD HICHWALL EDGE 1S 111. PT.

2ND PASS MAIN CUT LOCATION IS -
FROM CUT FACE IS 40. FT.
FROM OLD HIGHWALL EDGE IS 36. FT.

2ND PASS REHANDLE LOCATION IS -
FROM CUT FACE IS 40. FT.
FROM OLD HIGHWALL EDGE IS ~-13. FT.

#&ak% DESIGN PRODUCTIVITY ##ahik

TIME TO REMOVE OVERBURDEN IS 7213. HRS.
COST PER TON OF COAL 1S § .899
COAL UNCOVERED PER YEAR IS 4000, K TONS

RSN FARRRPPPSCEACRRPR R

' k
' CrSTING DIAGRAM x
+ ¥

TEPREXETRENTR

on

FAFRRRERELX

SR

we

=
=
=
3
=
=
=
-
z
=
z
=
=
=
=
=
=
=z
=
=
=z
=
=
Z
=
Z
=
=
=
I

AT
ALY

Figure 15. Example II Minimum Cost

€9




54

Table VIII. Results of Example II for the Minimum

Cost Objective

Variable ’ Description Value
the pit width 133 ft.
4, o the first pass depth 84 ft.
b, the dragline boom length on the first 275 ft.
pass
b2 the dragline boom length on the secone 319 ft.
pass
: By the dragline bucket size on the first 58 cu. yd.
' " pass
B2 " the dragliné bucket size on the second 82 cu. yd.
pass

The optimization generates the plan shown in Figure 16. Notice

once again the objective function increased from the initial value in

order to gain design feasibility. The .results of the optimization are

summarized in Table IX.

Table IX. Results for Example IIT

Variable l Description value
w the pit width 128 ft.
dl the first péss depth " 90 f;.
bl the boom length of first pass dragline 293 ft.
b2 the boom length of second pass dragline 213 ft.
Bl' the bucket size of first péss dragline 36 5
B2 . the bucket size of second pass dragline 37 yd.




#nadd SITE CUARACTERISTICS AAaA

LENGTH OF MINE PLAN IS 2000. FT.
WID.:. OF MINE PL.i IS 2000. FT.
DEPTH OF OVERBURDEN IS 150. FT.
COAL SEAM THICKNESS IS 25. FT.
SPOIL ANGLE OF REPOSE IS 39. DEG.
HIGHWALL ANGLE IS 72. DEG.

SOIL SWELL FACTOR 18 .25

##%%* DRAGLINE CHARACTERISTICS *ada#

1ST BUCKET SIZE IS 36, CU. YDS.

28D BUCKET SIZE IS 37. CU. YDS.

1ST BOOM LENGTH IS 293. FT.

2ND BOOM LENGTH IS 311. FT.

BOOM ANGLE IS 35. DEG.

TUB RADIUS IS 25. FT.

ANNUAL OPERATING HOURS IS 7000.

FIXED TIME TO MOVE DRAGLINE IS .5 HRS.
DRAGLINE WALKING SPEED IS .0013 HR./FT.

*kk#% COMPUTED PIT GEOMETRY #a#d#

1ST WIDTH OF KEY CUT 1S 73. FT.
.2ND WIDTH OF KEY CUT IS 55. FT.
1ST WIDTH OF MAIN CUT IS 54. FT.
2ND WIDTH OF MAIN CUT IS 72. FT.
WIDTH OF PREVIOUS PIT IS 127. FT.
1ST LENGTH OF CUT IS FT.

2ND LENGTH OF CUT IS 93. FT.
WIDTH OF SAFETY BENCH IS rT.
DEPTH OF PIRST PASS I8 90. FT.
VIDTH OF PILL BENCH IS 99. FI.

#xkk% DRAGLINE LOCATIONS #####

1ST PASS KEY CUT LOCATION. IS -
FROM CUT FACE IS 46. FT.
FROM OLD HIGHWALL EDGE IS 132. FT.

1ST PASS MAIN CUT LOCATION IS =
FROM CUT. FACE IS 41. FT.
FROM OLD'HIGHWALL EDGE IS 127. FT.

2ND PASS KEY CUT LOCATION 1S -
FROM CUT FACE IS 57. FT.
FROM OLD HIGHWALL EDGE 1S 107. FT.

2ND PASS MAIN CUT LOCATION IS -
FROM CUT FACE IS 41. FT.
FROM OLD HIGHWALL EDGE IS 38. FT.

2ND PASS REHANDLE LOCATION IS =
FROM CUT FACE IS 41, FT.
FROM OLD HIGHWALL EDGE 1S -16. FT.

#xk#t DESIGN PRODUCTIVITY ###ak

TIME TO REMOVE OVERBURDEN IS 13950. HRS.
COST PER TON OF COAL IS § .793
COAL UNCOVERED PER YEAR IS 4000. K TONS
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All example results are summarized in Table X. From these
examples it should be apparent that dragline productivity is a func-
tion of the design options selected. Simply, the design criteria
eonstrain the optimization to yield less productive plans had they
not been emplqyed. The examples also iﬂdicate that satisfying the
p;oductivity constrain provides some feasibility problems and l&ss of
productivity. - Feasibility problems res;lt from thé mpdél trying to
satisfy the fill bench requirements and productivity constraint,
simﬁltaneéusly. To fully explore‘the loss of productivity encoun=
téred:by the productivity constraint, one should contrast the above
examples to a tandem system without the constraint and also to a

single dragline operation.

Table X. Summary of Examples

" Variables I . II III I Ir . III
W 153 151 144 132 133 127

d; 85 85 91 82 84 90

b, 373 370 341 273 . 275 293

b, 374 373 341 318 319 311

B, 78 68 35 56 " 58 : 36

B, 79 76 35 95 82 37

Objective

6466 6827 14016 .643 .899 .793
Value .




SUMMARY

Conclusions

As stated in the Inﬁroduction, the national energy pian calls for.
a tremendous increase in coal production to alleviate our depehdency on
foreign oil. It was noted that much of this coal would come from the
West, since thé<western states contain 88 percent of all hypotheticaI
and known coal reserves. In order to extract this vast amouﬁt of coal
in the‘most efficient manner, a means for analyzing systgm productivity
must be ésfabiished, since what might appear on the surfgcg to be an

‘inSignificént cost component ofﬂthe operation might involve'miliions of
dollars because of the'large tonnages produced. Thus, any planning
methodology that enables an improvement in the efficiency of a mining
operation is warranted.

The topic of the SEAM research at MSU is to develop such a plan-
ning methodology for Western Surface Mines. Recall Level II of the
Production Analysis Module of the mine planning system contains a
planning méthodology for productivity improvement relative to dragline
sStripping operations.

As stated in the section entitled Computerized Mine Planning
System, the two pass model resides at this level of the planning sys-

tem, as indicatéd in Figure 17 by the outlined block.

lRefer to the section entitled Computerized Mine Planning System
for an explanation of Production Analysis Module. '
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Figure 17. Model Location

When designing dragline stripping operations in deep overburden,
the two pass model provides the capability for obtaining the near
optimum plan thus yielding the capability of maximizing dragline pro-
ductivity. The structure of the model allows for interactive computer
aided design with results displayed on a CRT via computer drawn casting
diagrams. This technology provides the engineer/designer with a new
tool for rapidly and efficiently planning pit geometry for two pass
strip mine operations.

Although the model responds well under all design conditions, its
application should be limited to deep overburden design problems with

reasonable stripping ratios. The overburden depth should fall between
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90 énd.l60 feet. Stripping ratios below 6 to 1 are most appropriéte
the model's application. However, it is advisable to employ the model
Qhen designingAdrggliné operations under worse conditions, siﬁce the
optimization strives- for feasibility as well as optimality. Thus, even
if no feasible plan exists, the model will yield the moét feasible plan.

In order to obtain the best results‘from the ép;imiiation, a good '
initial plan is required. A rule of thumb to foliow for initial inputs
is to épecify a pit width of‘approximately 150 feet; a first pass depth
of about a\third of the total overburden depth, and significantly:large
values for the boom length and bucket size. It is easier for the opti-
ﬁization to decrease the dragline variables than to increase them in -
order to gain désign optimality and feasibility.

“Since .the true optimum plan is not guaranteed by the model formu;
lation or direct search technique, a serieé of better plans can be 6b—-
tained via successive applications of the‘model with aifferént initial
conditions. Then the best plan can be selected. This type of design
is extremely effiéient, since the designer can view many more plans.
rélative to a vast number of design alternatives in a reasonably éhort

period of time.

Recommendations

As it stands, the model is a useful tool; it is by no means com=-

plete in its own right. Many alterations and enhancements can be made
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to improve its operation. For instaﬁce, the spoiling sequence should
be made optimal. This option would make fhe model less restrictive in
;e;ms Qf-fulfilling £ill bench requirements. Another ﬁsefui modifi—

. catioﬁ would be to increase the number of dragline positiéns pér'lift_»
To further increase the versatility of the model, loss qf spoil room
due to haul roads should be considered. These and many other modifi-
cations could easily become an integral part of the mathematical model,
bécause of its structurea Aevelopment. Also, certain physical charac~
teristics that are currently not considered in the mathémétical formu-

lation may be recognized by simply adding them to the constraint set.
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APPENDIX I

This appendix contains parameter definitions. Unmarked variables

are to be considered as user inputs.

. Parameter

CEx.
1]

*

rij
*A
rtot -

ij

*G, .
13

*d

**3

kg

*W

Definition

distance from the cut face to the center of drag-

line on the ith pass and jth position.

distance from the old highwall to the center of
dragline on the ith pass and jth position.

spoil are on the ith pass and jth position.

the area removed on the ith pass and ij position.

rehandle attributed to- the ith pass and jth
position.
total rehandle area.

is the centroid of the area removed on the'ith

pass and at the jth position.

distance to the spoil peak from old highwall brow

on the ith pass and at the j#h position. -
total depth of overburden.

depth of cut on the ith pass; is a decision
variable when i = 1. '

coal seam thickness

the length of the -base of the isosceles triangle’
formed by the spoil pile configuration on the’

.th .th e
i pass and j position.

**the parameter is a decision variable.

*the value is derived in the model.
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*ai. ;. is the base of the isosceles triangle formed by
J current spoil resting on previous spoil bank.
'*wi. width of the cut on the it pass and at the jth
J position.
. . th i
li length of the cut on the i~ pass.
*w width of the pit.
*uij the average swing angle on the ith pass and at the
jth position. 4
*Di. the dig time on the ith pass and at the jth
J position (hr). .
*Ei. walk time between the jth‘position on the ith
J pass (hr).
*TPi time to walk between pits on the ith.paSs (hr).
. . . th '
TDIGi the dig time on the i pass.
. : : : : _.th
TWALKi the walk time on the i pass.
‘ . . .th . . th
T. . total time to mine the j position on 1 pass
* (hr) . :
*safe safety bench width (ft.).
**bi the boom length of the dragline on the ith.pass
(ft.).
. . .th
**Bi the bucket size of the dragline on the i~ pass
(yd.). ‘
-F " the bucket £ill factor.
. . . .th '
BW the bucket width of the dragline on i pass

(ft.).

**the parameter is a decision variable.

*the value is derived in the model.
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. . .th
the cab radius of the dragline on i pass (ft.).

boom angle of both the first and second pass
draglines (degrees), '

vertical distance from ground to bottom of boom
(ft.). -

dragline walking speed (hr./ft.).
fixed time to move the dragline (hr.)
soil swell factor.

coasting distance used to approximate a straight
spoil peak (ft.).

the dragline reach (ft.).

annual production rate (tons of coél).

‘tons of coal within mine site.

dragline purcﬁase price.

maximum annual operating hours for ith:dragline.
hourly operating cost.

hourly ownership cost.

spoil angle of repose (degrees).

highwall angle (degrees).

density of coal in tons/ft._3

**the parameter is a decision variable.

*the value is derived in the model.

tmay be derived in the model depending on tbe design_criteria

selected.




APPENDIX II

This appendix contains the procedure for determining cut length
and dragline positions from the cut face. The model first determines
the maximum cut length possible given a dragline reach and casting dis-
tance. Then following the computational procedures outlined in the
following appendices, the dragline distance from the cut face is com-
puted. If the computed distance is too close, the cut length on that
pass is shortened until the dragline is safely located from the cut
face.

Figure 18 illustrates the geometry associated with the maximum

cut length on both lifts.

[ )
®
L)

‘o

7 Sy // r~—— Spoil Radius
+*
T
/
/
“ /

Figure 18. Maximum Cut Length

Referring to the above figure, the following equations can be formu-

lated to determine the maximum cut lengths.

2)1/2

1 [1]

ll = ((Reachl + Castd)2 - Reach
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lé = ((Reach2 + Castd)2 - Reachzz)l/2 [2j

Once the maximum cut length is determined, the procedure for
locating the dragline from the cut face can be initiated. The pro-
cedﬁre'is based Qh.obtaining the maximum cut length such that all drag-
line positipns for'tha; pass are feasible. A feasiblé location éllows‘
'Ehe_drégline to reach fhe fartheét point in the cut at that position
without hanging over the cut face. The following procedure is itera-
tive in the sense that it shortens the cut length én each pass until
all dragline positions are feasible.

In order to assure the dragline can reach the farthest point in
thg cut, the distance yij must be determined. This is the maximﬁm.per-
pendicular distance from either end of the cut to the drégline center-
line. ‘The distance'is diagrammed-in Figﬁre lé for the first.pass main.
‘ch position[ Notiée the distance yij just happened to be qn‘the
dragline's left. It could have been on the right if the dragline was
located closer to the old highwall. Similar diagrams can be dfawn‘for
‘the other dragliné positions. ‘Mathemétically, the distahce yij can

be found as follows for all dragline positions:

] = 2 - o+ °
Y1 Max1mum(yll (le + safe dl cotd),
W + safe + dl-cot¢ - yll) . [3]
| - 3 - . - ) .-
Yip = max1mum(y12 safe, le + safe + dl cotd Y15 [4]
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Figure 19. Maximum Perpendicular Distance to Edge of the Cut

' = i - -
yhy = maximum(y = W,,, W - y,) (3]
' = 3 -
Y55 = maximum(y,., Wy = ¥55! 5
3 Radeal SSr (7]
Yo3 T ¥23 7 23

Once the yij are evaluated, the distance from the cut face xij can be
found. This distance is shown in Figure 20 along with its relationship
to the pit geometry. Once the maximum cut length is determined, the

procedure for locating the dragline from the cut face can be initiated.

1§23 is the centroid of the handle area computed with reference

to the highwall brow. It is calculated in Appendix XI.
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dl ~ old X
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\L oa. _\_; 1 +(V tub
e ’I —an
Figure 20. Dragline Distance from the Cut Face
Define:
P
-1 i
§ = tan ~ (=) [8]
)

The distance R' in the above figure can be expressed in the following

two ways:

R' = x'. + (1. + d.°cotd) [89]
ij il i

2 _ 212

Rl
ij

I

((Reach, - c.) [10]
4 i

Since the Reachi, yij' ci, li' di, and ri are known, we can solve for

xij from Equations [9] and [10] as follows:

e
v b

1

sednn R T b d
ij 1 ik

Substitute [10] for R' and rewrite [11] to yield
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. . x ) B
: 2 2,1/2 ij
', = (Reach, - c, - V.. - . . °
xlj_ (Reac 5 cl) ylJ ) (1l + dl ri ) [12]
Now.solving for xij and adding.ci yields:
‘(Reéchi - ci)2 + .yJ'._.Z)l/2 —'li :
X,, = - ‘J + c, [13]
1] ‘ di i -
(1 + ;T)
i

. If any xij is less than ci, the cgt length must be shqrtened to keep
the dragline from overhanging the cut face. This can easily be done
?y setting fhe parti?ular xij equal to éero and éolving Equafion [13]
for the cuthlenéth.

2 _ i 212

;i = ((Reachi - ci) i

[14]

Now the other positions on that pass must be reevaluated with the new

cut length. Simply, recompute the xij using expression [13].




APPENDIX III

This appendix describes the computational procedure for determin-
ing whether or not a fill bench is necessary. All figures depict spoil
at the bottom of coal. Therefore, one should keep in mind the distance
cc is greater than zero only when a coal fender has been specified.1
Figure 21 illustrates the final spoil configuration and yields a phys-
ical interpretation of the parameters used. (Notice the first pass

overburden is removed.)

fe——Glast g k—Yiast
it

iy

NG
WARX f
(3

;;::::jifE;;;>
,..:\
g =iy
N

-1

oL

— g —d— y —

e Wiot A t
Figure 21. Final Spoil Configuration
Define the following areas:

= . . + l
A, =W dl (1 + £) B
= . . + 2
A2 w d2 (L + £) [2]
=A. + A_ + 1/2°cc*t (31

Artot 1 2

lSee page 25 for a description of the coal fender.
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Notice Ato.t is the dark outlined area.

0, if no coal fender .

te (cotd + cotB), if coal fender

. Now compute‘the total base of the spoil pile triangle as follows:

v L iaem s 2,1/2
Wiot (4 Aok coﬁe +a’)’

, < _
0. }f Atot —-Atemp

° . - 3 > N
2 Atot cote/wc‘ 1/2wc, if Atot Atemp

Define the following terms:

: = . 2n4
Afemp = 1/4°wc tanb

where wo = w + ccC

[4]

[5]

[6]

[71

I8r

Now the distance to the spoil peak from the second pass old highwall

brow. .

= 1/2+W!

+,\. —
tot d2 cot6. cc

Glast

[9]

The distance from the old highwall brow to the dragline center at .the

last position on the second pass is denoted Ylast' This distance is

shown in Figure 21.

: Ylast = (bZ.COSB) - G1ast

[1o]
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2490, no £ill. is necessary

< 0, fill bench is necessary
Now compute the amount of rehandle necessary to form the bench.

situation is illustrated in Figure 22.

: &g
d, d2

i

Figure 22. Fill Bench

Define the following terms:

~

d2 , if no coal fender

d2 , if coal fender

C2tmp = dé'(cotﬁ + cotd)

The width of the fill bench is

[11]

The

[12]
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Yiast ' it ¥1ast

= ° 3 < °
Lo 2ec, if Yiast < 20c, | [13]

C if either of above > C

2tmp ' 2tmp

Therefore, amount.of rehandle required to build the bench is;

. - - 2 o
= . ed' - ° - . . 1
Arreq 1/2 C2tmp d2 1/4 $c2tmp w23) tant ‘ [14]




APPENDIX IV

This appendix describes the computational procedure for determin-
ing the spoil configuration for the first pass key cut material. The
following figures reference the spoil situation without a coal fender.1
Therefore, the distance cc is equal to zero.

The procedure begins by trying to spoil the minimum key cut area,
Allmin' without rehandle, as shown in Figure 23 by the shaded region.
If this is not possible, rehandle is then accumulated until the mini-
mum key cut area can be spoiled. This rehandle area is then compared
to the maximum available rehandle area at the key cut position before

the area to be moved is finalized.

k——— Reachy —
4+ lewpg
Gy~

Figure 23. Key Cut Spoil Area Without Rehandle

See page 25 for an explanation of a coal fender.
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First, locate the dragline and calculate the distance from the old high-

wall brown on the second pass to the key cut spoil peak as follows:

Yll = w + safg‘ ‘ [1]
Reachl - Yll' if this value is > O [2]
€11
0, if the above value is <
= . -+
where Reacl?l bl cos + ¢y [3]

Now compute the base of the spoil pile asufoliows:

' = . - . .
Wiie = 2066, d,rcot + cc) | . [4]
and let
. _ . . >
Wllt (w + cc), if difference o
f11e T . - ' [51
0 , otherwise
The key cut spoil area without rehandle is denoted Ailt' This is the
shaded region in Figure 18.
A = 1/4°W! 2'tane - 1/4'3 2'tane - l/2°cC'£ | - [6]
1it 11t 11t

This area is tentative since we must be sure it is large enough to
satisfy the minimum key cut requirements. - If it is greater than the
minimum key cut area, we will then remove the minimum key cut area.

Calculate the minimum key cut area on the first pass and set it equal
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to the cut area as follows:

A (Bwl + d -cot¢)°dl [7]

1ie " andn 1

A i s + . i
Now check 11t against (Allmin) (1 f) 15 Allt is greater than

, as follows:

(A )* (1 + £) then compute the key cut width, w

llmin Ll

w = All/ dl’(l + £) + 4, *cotd [8]

153} 1

Therefore, the first pass main cut width is calculated from
w =W - W [9]

A ; m i i i
Had 11t been less than Allmln' we must compute the spoil configuration

since some rehandle will be accumulated. This situation is shown in

Figure 24.

jp———Reach; —
4 ewn
s e s S,

e |
d% S
o TS WY 8
B —ﬂkk—BWJ.
dzdf\‘;
O T
e y ——— f=—tc |

Figure 24. Key Cut Spoil with Rehandle
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In reference to the figure, the doubly'cross hatched area depicts Allt

and thg single cross hatch is the rehandle accumulated in order to

spoil A , Or equivalently A

1lls 1lmin’

Define:

|='., _A
W 2+(6, - 4

11 'coF¢ + cc + Ac) | [10]

2

Therefore, the key cut spoil area can be calculated as follows:

c(1+ £) = 1740w 2

a 11t

= A , stand - 1/2(cc + Ac)e '
11 1lmin dF [11]

A2
Al/4 al tanf
The distance dF’ the vertical distance from the bottom of coal to where

the spoil fender intersects the old highwall, is calculated as follows:

__fcc + Ac) |

dp = Toth + cotd (121
To obtain the key cut spoil configuration, Ac must be determined.
First, a substitution is made for Wilt' and rewriting [11] yields
I~ 2
Alimin 1+ 1) = (Gll - d2 cotd + cc + Ac)” tanb
: [13]
A 2
- 1/2(ce + Ac) dF - 1/4'all tan®
Substituting [12] into [13] yields:
A °(1 + £) = (G - 8 scotd + cc + Ac)z‘tane
1lmin 11 2 ) , [14]

_1/2(cc + Ac)2

A2
= - 1/4-8% -
cotb + cotd /4-8,, tand

11
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When solving for Ac we first set A,.=0 under the assumption the key

11

spoil pile doesn't rest against the previous spoil pile. This assump-

tion will then be checked.

Setting 311 = 0, and letting
Sl = Gll - d2'cot¢ + cc : [15]
S. = 1/20 —L [16]
2 cotd + cotb
we can rewrite [14] as follows:
A e(1 + £) = (S, + Ac)zntane - 8.°(cc + Ac)2 ‘ [17]
1lmin 1 2
Squaring out the terms in [17] yiélds:
A (1 + £) = (52 + 2¢5, *Ac + Ac?) tan8®
1lmin 1 1
. (181
- 82'(cc2 + 2scceAc + Acz)
Now collect Like terms and rewrite [18] as follows:
A . (1L + £) = Ac2°(tan6 - S.) + Ac(2°S,°tanb
. 1llmin 2 1 [19]

2 2
- 2 52 cec) + Sl tanb - S2‘cc

Now use the quadratic formula to solve for Ac, and take the positive
root. At this point compute the distance dF’ which is the vertical
height at which the key spoil makes contact with the old highwall as

follows:

cc + Ac

de = 5ot + cotd [20
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Also, calculate the exact value of W!. as follows:

&l
1 = . S 3 .
Wll 2 (G1l d2 cotp + cc + Ac) [21]
Now the assumption of setting 4.. = 0 must be checked as follows:

1K L

1 W' < .
Q183172 Wll + Gll _.d2 cotd + w

a = [22]

220, otherwise

If the value of 3ll>0, then a new value for Ac must be found using the

following procedure. The situation is illustrated in Figure 25.

Figure 25. Key Cut Spoil Rests on Previous Spoil Bank

Note from the figure that

% i -A. A 0 —I\' 23
a, (G11 d2 cotd + cc + Ac) (w (Gll d2 cotd) [23]

Substituting [23] into [14] and rewriting yields
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. ' = _A. 2 A
Allmin (L + £) (Gll d2 cotd + cc + Ac)” tand
2
_ . fcc + Ac)
172 cotb + cotd [24]
- 1/4’(2°Gll—2'32~cot¢'+ ce + Ac - w)ztane

Make the following substituions in [24]:

S =Gy - d,scotd + cc .. . [25]
8, = 2°Gll - 2'd2°cot¢ + ?c -w : [26]
S, = 2+ (cotb + cotd) | I [27]

‘Rewriting [24] with the above substitution yields

(cc + Ac)2

S

- 1/4(s, + Ac)? tan® [28]
3

2 2
Allmin (L + £) = (Sl-f Ag) tanf ~

Square out the terms in [28] and rewrite as follows:

Allmin.(l + £

(S2 + 2S5 °*Ac + Acz)'tane
1 1
i

S3-(cc2 + 2ecccAc + Ac2) : [29Jl

1/4'(82 + 2'SzfAc + Ac2)'£an9

Combining,like-termshin [29] vyields

‘A . (1 + £f) = Acz'(tanG N 1/4-tanf) + Ace(2°S_ °tanb® .
llmin S 1 _
3 : [30]
2 002 2
~ 1/2¢S_*tanf) + S-etan® - —— - 1/4°S_-tand
3 2 . 1 S3 2

2*cc
S
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Now use the quadratic formula to solve for Ac, and select the positive
root.

Recompute the values for & and W!_ as follows:

1Y 1 |
all = 2'Gll - 2'd2 cotd + cc + Ac - w [31]
' = . - 3 .
Wi, = 2°(G;; - d,ccotd + cc + Ac) [32]

The distance dF is revised also as follows:

(cc + Ac)

dF by cotd + cotb [33]

Next, for this key cut area to be actually removed, it must be compared
to the maximum available area to be spoiled in. This maximum area is

shown in Figure 26 by the cross hatched region.

b £ P
di
&
L)
d
124
¢ B\ t

Figure 26. Maximum Key Cut Spoil Area

First, derive the base of the maximum key cut spoil as follows:

' ok 3 34
Wi ooy = 20(G); + d,ccotf) [34]
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Note if the maximum key cut spoil rests against the ﬁrevious spoil pile

a >
then allmax O.

g o < o
0, if 1/2 Wllmax + Gll <w+ d2 cotd

N

allmax = ) [35]

1/2°W!

1lmax ((dz’c°t¢ - G;;) t+ w), otherwise

Now we can calculate the maximum key spoil area as follows:

2
= CRAl
Allmax 174w

llmax'tane - l/2°d2-(cot¢ + cotf)+d

[36]

- 1/4-2a x'tanﬁ

llma

Compare this maximum available area to the minimum key cut area;
select the area that is the smallest to determine the key cut-area to

be removed. Note the area selected is swollen.

A = minimum(Al

11 (1 + £), A ) 371

Imin llmax

.If Ailmax-was selected'récalculate the following parameters:
B ) Wil - Wilmax ) 138]
Ac = az°(cot6 + cot¢) - cc [39]
11 = & ax [403
R TR (41]

Next the main cut and key cut widths can be calculated for the'first

pass. These are shown in Figure 27.
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-—W12 —)W]] K-

dy v

L gt
¥
6, o N
—3 Ac e 1

ARl I

Figure 27. Main Cut and Key Cut Widths

The key cut width can be calculated as follows:

A o + + . i =
ll/(d2 (1 f)) dl cotp, if Alls Allmin [42]
w =
15K
(4'All'cot(1))l/2
i <
(1 + £) Mo s SRR Y k43
Therefore, the first pass main cut width is
w12 =W - wll [44]
Finally, the rehandle on the first pass key cut can be evaluated.
This is the shaded region in Figure 27. It can be calculated as
follows:
2
= s W' o - . ! . /X .
Arll 1/4 Wll tanf 1/4 (Wll c) “*tanb W

=.1/2*(cc + Ac)°dF + 1/2°cc*t




APPENDIX V

This appendix contains the procedure for determining the spoil
configuration at the first pass main cut position. Figure 28 depicts
the typical situation for spoiling the main cut material over the pre-
viously spoiled key cut overburden. Different spoil configurations
are possible depending on the amount of rehandle accumulated at the
main cut position. These situations will be dealt with in the follow-
ing procedure. Again, the top for coal spoiling option is not shown
in the figures.l However, it is considered within the mathematical

development.

el e ¥ s pois DR
= Ac,) e

Figure 28. Typical Main Cut Spoil Situation

The area to be spoiled at the first pass main cut is
Al
= —————— - A {45
o b T Gl N T £

e o e B e AT e MDA S

lSee page 25 for a description of the coal fender.
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Excluding first pass key cut rehandle material, the total spoil area

on the first pass without any main cut rehandle becomes

12 1 rll

A =A - A + 1/2+cc*t . [21 -

Notice allowance has been made for the top of the coal spoil option.
Next determine the distance from the old highwall to the spoil

peak for this spoil area. First, calculate 312

as foliows:

» " > "
0, if Atemp Bia
dj, = | . [3]
'Y ° Y - ° 1 <
2 A12 cotB/wc 1/2°wc, if Atemp A12
Recall wc = w + cc , ' (41
. 2 R .
and A = 1/4°wc” etanb . , {5]
- Ttemp .
The base of the first pass spoil is
: ~2 172
' = ° . |
le (4 Al2 cotb + al2) [6]

Thus, the distance to the époil peak can be found as follows:

G,, = 1/2*w! + 4

1 12 scotd - cc . . [7]

2

Now check if there exists rehandle requirements at the first pass
main cut Pdsition} These requirements could come from one or both of

the following. situations:
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i. remaining fill bench requirements

ii. the dragline reach not being sufficient to reach the spoil
peak at G12

Both requirements if they exist are analyzed in the followiqg'pro—
cedure. If both requireménts,need to be .fulfilled simultaneously, the
laigest one prevails; thus, automatically satisfyirg the cher. fo
satisfy thé_first'of these requirements,'the necessary rehandle area

would be -

A - A , if the difference > 0
rreq rll :

Ar12 % ‘ ' 8]

0, otherwise

Now find the maximum amount of rehandle possible at the first
pass main cut position. This area is shown in Figure 29.

First, find a if the spoil pile rests against the previous

12max
spoil bank-as follows:

. . . _
= ° + ‘ 9
Let w?tmp ,V f d2 (cotb cotd) . , ' [9]
2 . . ] . . . '
= » L] + l
~énd Al2m§x .Al + 1/2 d2 (cot® + cotd) o [10]
Therefore;
o, - if A >

tmp Alémax
= : ' [11]

. ° L - e i <A
2°A nax COte/wctmp tan® 1/2°wc, if Atmp Lomax
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Figure 29. Maximum Rehandle Situation for First Pass Overburden

where

2
A = - *tanf
oy 1/4°wc * tan [12]

Now the base of the spoil pile can be calculated as follows:

w! = (4°A scoth - & ?‘)l/2

12max tmp 12max (1)

Calculate the maximum amount of rehandle that is possible to spoil

from the first pass main cut position.

2 A 2
= . ' L + -
Arl2 Wi 1/4 le tanb 1/4 (wc a, x) tanf e

~2
- 1/2 d2 (cotB + cotd) + 1/2°ccet - Arll
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To enable the model to respond correctly when the first pass over-

burden is shallow, the following procedure is used to compute ArlZmax'

Specifically, when d. is shallow the first pass overburden swollen,

1

, may be less than 1/2'3é°cot6 - 1/2'32

2'cot¢. This situation

namely Al
is shown in Figure 30. The following procedure will give an approxi-

mation to the maximum rehandle possible from the first pass main cut

position.

T
df2
el
rp
iy e e

Figure 30. Possible Rehandle Configuration for Shallow First Pass

i B on first computation

Define 0 = [15]

i > +
0, if bF2 bFl Ab

Compute the height and base of the spoil pile after main cut spoil is

deposited as follows:
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2-(a, ~ oea, )1/2 , :
£2 cotd -~ cotd
bF2 = sz'(cotG - cotd) + cc : [l?l

Compute the base of the key cut spoil as follows:

b [2-(All + 1/2'cc't)°cot6]l/2‘ [181]

Pl

I

Ab = [G - d2°cot¢] - l/2-bF

11

. 11

. Now if bF is greater than bFl + Ab reset 0 accdordingly and recompute

2

the above procedure. Then approximate the maximum rehandle as fol-

lows{
A = A - 0O°A .. - 1/4°Db 2~ta 0
ri2max 1 11 F2 oD
: . [20]
A . +0°1/4°(b_. - Ab)? tand
o rll F2
The distance to ‘the main cut spoil peak can be arbitrarily set as
follows: -
G12 = d2'cot¢ [21]
Note if the overburden is shallow and Arreq > 0 the remaining prd—
"cedure can be by-passed. Simply set
= 2
Ar12 Ar12max [%-]
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The following procedure calculates the amount. of rehandle neces-
sary to satisfy the second condition stated above. (Note if G12 is

less than Gmax’ this computation can be omitted.) Define the maximum

distance from thé 0ld highwall brow to the sp6il peak to be

G =-Reach. - Y . - [231°
max 1 min .

Y = . . '
where min Safe + dl cotd + cl . [24]

Now reset the distance from the highwall brow to the spoil peak as

follows:

G12 = Gmax ‘ . ‘[25]

The followihg computation. enables the dragline to create the spoil
peak at Gmax;.thus eliminating unnecessary rehandle.

The sigma functions, Ol and 02, are employed to handle the case

Iwhere the main cut rehandle would overhang the key cut spoil. (Natu-

rally this situation can only arise in the mathematical development.)
The geometry of the situation is illustrated in Figure'él.

The sigma function,‘03, considers whether:or pqt the spoil p}le
after main cut ove;burden is removed, reéts on the previous‘spoii

" is greater than zero.-

bank. Specifically, it monitors whether 312t

The sigma functions are explicitly defined as follows:
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"_Gmax _"

g o A e e

312t

Figure 3l.

0,

0,
02=

Ly

0,
O3=

1,

Main Cut Rehandle Overhangs Key Cut Spoil

on the first computation of Ac

2

[26]
if XDi=cs
if XDu>"e!

[27]
on the first computation of A02
assume 512 = 0 on first computation of Ac2

[28]
if & >0

12t
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Define the following terms:

Wi2t = 2"(Gmax ; éz'cot¢ + cc +‘Ac2) ’ - [29]
ath = Wiﬁt,_ (w + cc + Ac,) ' E © [30]

=26 - 2-32-c-ot‘(.1->"+ ce + be, - w o 131
W{' =.Wii - Ac | . ' [32]

The mathematical equation expressing the swollen main cut area as a

function of these terms can be written as follows:

(G - az;cot¢ + cc + A02)2'tan8

+
AlZs(l £) max

2 -
[33]

cotd + cc + Ao, - w)

1/4'(2°Gmax - 2°d 9

2

tand - 1/4 (W] + Acz)z-taﬁe'

2

1 tanb

+

1/4 al

Equation [33] can now be modified to handle the various époil configu—~

‘rations by using the sigma functions and adding the term Arll'

kG

° (1+£) max

~ 2
. +h ‘- td + cc + Ac.)“-tand

N 2
. L] . - . + - °
1/4 o, (2+G x ? d2 c9t¢ + cc A02 2) “etanb .

." o. ‘ 2. 5 2. X !
1/4 (Wt + 02 Acz) tanf® + 1/4 éll tanb . [34]
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Let
= — ° + :
Sl G d2 cotd + cc [35]
5,=2'G_ - 2:d,*cotd +cc - W . [36]

Now substitute [35] and- [36] into [34] and rewrite as follows:

' 2 2.
O °B yp F Ry, (LHE) = (5) +¢,)) tand - 1/4-0,° (s +Ac,) tand ,
' [371
¥ 2 A2
- & e ! ° ° . °
1/4 (Wt + 62 ACZ) tanf + 1/4 &7 tanb

Squaring the terms yields:

. 2 2
0 AR o (1+£) = 8 tanf + 25, tan0+Ac, + A02 taﬁe

2 2
1/4 03 82 tanf - 1/4 03,52 tanb Acz—Ac2 1/4 Oy tanb

'2_. ° . ° . .
1/4+tand Wt 02 l/2ltane W% A02 [381

' 2 ~ 2
02 1/4 tanGAc2 + 1/4 & tanb

Combining'like terms in [38] and rewriting yields:

(tanb - 1/4-03'£an6 - 02'1/4°tan6)'Ac§ + (ZSlrtanG
2
- - . . - 'Y o' @ °
1(4 q3 52 tand Oy 1/4 wt tane)Ac2 + sl tanb
-~ 1/4-C 'Sz'tane - 1/4°W!-tand +‘l/4'§ 2°tan6 | [39]
3 72 t 11

T OptAyg T Byt E)=0
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Now use the-quadratic formula to solve for Acz. Take the bositive
root.

Now compute 812 as follows:

T = De ..Ao -
le 2 (Gmax d2 cotd + cc + Acz). [40]

A ' - -
4, le (w + cc + Acz) . [41]

If 312 is greater than zero, reset the sigma function 03'accordihgly
and reevaluate Acz.

Define:

XD

A02°Sin6 [42]

]

Ac+sind ' : [43]

If Xb>c', recompute Ac

2.setting the sigma functions accordingly. The

rehandle area to satisfy condition ii. as given previbusly can be found’
via the following proceduré;
Define:

T = _At
b, = (G .~ 4, cotd + cc + Acz)/cose

- l/Z(WL + Acz)/cose , . [44]
Therefore, the rehandle area is

= XDeb!' i <c! ’
A jop = XD b12 if xD<c , [45]
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If XD > ¢' the rehandle area is calculated as follows:

I~ . 2
A _ :
12t (Gmax d2 cotd + cc + Ac2) tan®

. R )
(Gmax + 1/2 Ac2 - d2 cotd + cc)” tanb

(cc + Acz)2

+'l/2°cc7t - A [46]

" 2+ (cot® + cotd) rll
Now select the appropriate rehandle érea as follows:
A __ = . MIN (2
Trl2 MAX(MIN(ArlZmax“Arlz)' MIN(ArlZmax’ArIZt)? [47]

If the selected rehandle area Ar. is due to £ill bench require-

12

ments or is the maximum rehandle area, a new value for G is computed

12

via the following procedufe. This will allow the draéline-to 5e prop-
'érly located from the second pass highwall brow. 'The geometry for this
situation is shown in Figﬁre 32, Notice £he distance XD may once again
"be greater than c'. Thus, the procedure is capable of handling this
situation.

If A is due to fill bench requirements, the correcfiop for

rl2

G12 can be made with the following procedure. Define:

A = Alzs'((l+f) - A + A s'(l+f) - A

tot . r12 7 A1 11 */2cett 148

(Note A is the heavily shaded area in Figure 27.)

tot
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¢
\
Vi S ‘\\\
o 1
e alzt——ﬂ' fe we —3| Ac je—
1ot A
Figure 32. Spoil Configuration for Main Cut Rehandle Area

2°A

ecotf/wec - 1/2°wc,

tot
42¢
(0] otherwise
recall wc = w + ccC
and A = l/4°wc2°tan6
tmp
A D/ 2
' = . L +
Wioe = (4°h, gtootl % &) 5 1)
= ! A. -
G12t 1/2 let + d2 cotd cc
Next evaluate biz as follows:
] = W - W
b', . let/cose Wt/cose

T SR
 Ptmp “tot

[49]

[50]

[51]

[52]

[53]

[54]
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Therefore, the distance XD is

XD = A [55]

)
r12’ P12

Now if XD > ¢ recompute XD by the following procedure. The following

' equation is an expression for the total rehandle accumulated at the

_key cut and main cut positions.

\ = i . " - a . ’ . 2 '
B +.Ar12 B (let 1/2 A?z d, cotd + cc + A§2) tand
- (G -4 °cot¢ ;‘cc)2;tan6 o [56]
12t . "2 : . .
) 2
1/2(cc + Acz)
= G - a ccotd + cc [57]

Let Sy =G = 9

T« - -1 .
52 T Z(coth + cot)) | [58]

Substitute.[57] and'[58j into [56] and rewrite as follows:

' o ' 2 .2
Arll + Ar12 = (Sl + 1/2—Ac2) tanf - Sl tgn@ . .
- . o - [59] .
--52'(cc'+ Ac2)2 + 1/2°ccet
équafing out the terms in [59] yields:
A +A = Sz'ﬁane + S *Ac.etanb + 1/4'A02'tan6 - Sz-tane
rll rl2 1 1 2 2 1 . 160]

. , |
- L] - *eDe . - . + L] L)
82 cc 82 2+cc A02 52 Ac2 1/2+cc*t
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Combine like terms in [60] and rewrite as follows:

- . - . 2 . - . . .
A + A = (1/4°*tanb Sz) Ac2 + (Sl tanb 2 52 cc)*Ac

rll 12 2

[61]

- Sz'cc2 + 1/2°cc°t

Now use the gquadratic formula to solve for Acz. Take the positive
root. The new value for the distance XD may be obtained as follows:

XD = Ac2 * Sinb [62]

The following expression can be used to obtain the distance from the
second pass highwall brow to the spoil peak. Figure 33 depicts the

spoil peak and the angles used in calculating G12.

Gy Wil L XD/cos ( | (90-26) |) *cosf [63]

Figure 33. Spoil Peak Configurations
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Had the rehandle area__Arl2 equaled the maximum, G12 would be

' = . v - 3 o‘ 3 L] | )
Gy, = 1/2°W , = d,°(cotd + cotb) +d, cotd [64]

Therefore, the dragline distance from £he second pass highwall'brow

-iss -

[65]




APPENDIX VI

The following procedure determines the configuration of the
second pass key cut spoil, and the dragline location from the old
highwall. First, calculate the first pass spoil area less the first
pass rehandle plus the area of the coal fender if the top of coal

spoil option is selected.

Aijp WAL R iR Rataut ldtentt (1]

= . . +
recall Al w dl (L £) [2]

This area is depicted in Figure 34 by the shaded region.

321 ‘* "‘"““"' w —" T
b vy —

Figure 34. First Pass Area Less Rehandle

Now compute the total spoil area after the second pass key cut is

spoiled from the specified dragline position.
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Figure 35 illustrates the key cut spoil configuration.

Air \ /

Figure 35.

Define the following terms:

Second Pass Key Cut Spoil

Y21 =w - d2°cot¢ [3]
G21 = Reach2 - Y2l [4]
] = . a T . + 5
w21 2 (G21 d2 cotd + cc) [5]
wél - wc, if difference > O
e o 6
a5 [6]

0, otherwise
recall wec = w + ccC [7]
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Therefore the tofal key cut spoil area without rehandle -can be written
as:
2-téné_ C 8

21

i 2 ) ~
. - oV . - °
A ..1/4 W2l tanf 1/4 &,

The area available for second pass key cut material is

Borte ® Po1 ~ Pyrr B 3

If this area is less than zero; consider it zero, and note the second
pass key cut material will be all rehandle.
Since we only want to remove the minimum key cut area based on a

bucket width at the bottom of the cut, the key cut area becomes

Bois T Boimin = (G700 * BWyed, 1101
If Ath is greater than zero, any rehaﬁdle accumulated can be calcu-
- lated as:follows:
A = AZlS-(l + £) - Ath. {11}

r2l
If this value should be Less than zero, consider it zexo. Now the

total rehandle accumlated on both the first and second péss is

Aot = By11 T P12 T A (112]

and the width of the seédnd pass key cut can be determined as fo;lows:

W1 T By/dy tdyTeotd . : (13)




The main cut width is simply

22
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=W - W

21

[14]




APPENDIX VII

This appendix contains the computational procedure for determin-

ing the second pass main cut spoil configuration. Figure 36 illus-

trates the situation.

D

Figure 36. Main Cut Spoil Configuration

Note the amount of overburden in terms of area spoiled from the main

cut position is

A,
Rosa B0 B ave (1]

Now compute the total spoil area including the second pass main cut

overburden.

A = A + (A + A )y* (1 + £) - Ar [2]

tot 1LR 2ls 22s 21

lThe area AlLR is defined in Appendix VI.
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This area is depicted in the above figure_by the heavy dark line.

Now calculate the base of the spoil pile'Wéz.

2°A . ecotb/wc - 1/2*wc, if A <A

tot tmp tot
a,, = : . ' [3]
0 , Otherwise
recall wec = w + cc - [4]
and A = 1/4°wcz'tan9 [5]
tmp

Thus, the spoil pile base is

. 1 = ° Y )
W22 = (4 Atot cotd + a22) | .[6]

Now compute the distance from the old highwall to the spoil peak.

= oly! Ai - ' '
G22 1/2 w22 + d2 cotd cc | {71

and finally the distance the dragline center is' from the old highwall

is

Y. . = Reach2 -'G [8]

22 22

" recall 3e§ch2 = b2‘90§8 +c, [91'




APPENDIX VIII

This appendix contains the procedure for determining the total
spoil configuration after the rehandle is spoiled. This situation is

shown in Figure 37. Note the dragline may or may not be setting on a

fill bench to accomplish this task.

G W

N

_}<  3 823 ““"*"‘ w —’—’4
e T b

Figure 37. Final Spoil Configuration

The area outlined in dark is the total spoil including rehandle. This

area can be determined as follows:

= + «(1 + f) + 1/2%cc*t 1
Aoy s + Ao gl i Roo PROLSAGRTl/arac [1]

Notice the rehandle accumulated at each cut is now included in the

total.
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Find the distance across the base of the spoil as follows:
0, ' otherwise

23

2°A . - . i <
kot cotb/we 1/2*wc, if Atmp Atot

recall wc = w.+ cc.
"and A = 1/4'wc2°tan6
. tmp
Thgs; éhe sboil pile base.is
~ 2.1/2

' = . ° + ;
W33 (4R, . cotd a,)

Now the distance from the old highwall brow to the spoil peak

. = ..l A. -
G23~ 1/2 W23 + d2 cotd - cc

and the dragline center from the old highwall brow is

' = Reach2 -G

23 23

'whg;e Reach2 = b2'cos8 + c2

(Note ¥,

may be negative if there is a £ill bench required.)

[2]

[3]

[4]

o [5]

[6]

[71

[8]




APPENDIX IX

The average swing angle is that angle confined between the two
solid lines in Figure 38. One line connects the dragline tub center

with the centroid of the overburden area to be removed and the other

l‘_— Gij "—k‘*"""‘" Yij -]

e Yy

Figure 38. Average Swing Angle

connects the dragline tub center with the centroid of the spoil area.

To compute the average swing angle, the following equation is used:

b G o e
O.i. = tan 1 [-_—1'1——l'l] -~ O.i.
J X p) e ]
1] 1]
where it
2 o1 Y (Y,
ai. = tan [:fj———-—Jl]
J D, Gk o I, L8
13 5.3

and ?cij = 1/2°1, for all j, i = 1,2. The plus - minus in the expres-
sion for &ij is plus except at the rehandle position (i = 2, =30

The derivation of the centroids, yij' is given in Appendix XI.




APPENDIX X

The various désign options are a useful fooi for comprehensi&é
evaluation of pit design. Howevéer, such design flexibility involves
some complicated interaction between decision variébles. Recall the
set of decision variablés is composed of both pit design variables
(w,dl) and dragline variables (B, ,b.). As an option, the usef may ex-'
clude either subset - from the éet of decision variables. This may be
done explicitly by ans&efing a direct question. The guestion is under
the contrql of the éomputer planning.sysfem executive. Thus, if the
model were'isgléted frém.the system, an appropriate input routine must
be supplied. The.code word IVAR iﬁdicates whether or not either sub-
set of the decision vector has been explicitly egcluded froﬁ the set.
Its definition is given at the head of the program iisting'in Appendix
XII. 1f either thg pit design variables or dragline.variables aré
explicitly excluded from the decision set, their respectiﬁe values
must be user specified, and they would be held constént during the
optimization.

Tﬁe dragline_decision subset may also héve impliciﬁ alterations
dependiné upon the aesigﬁ criteria selected. Naturally, the dragline
subset must be expiiéitly included in the decision vector or no -alter-
ations would-be.possible. The remainder of this'appéndix describes

how the design -options affect the decision set.
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Table XI indicates the composition of the dragline decision sub-
set relative to the various combinations of the design options. Also,
half the table is relative to the minimum time objective with the
other half corresponding to the minimum cost per ton of coal uncovered

objective.

Table XI. Contents of Dragline Decision Subset

TIME

bj,By Yes A Lo
by yes - ko GO PSR 8 |
&% by yes_/"w/wf’“‘"
S| bysBy g e 2
by,By ye: = e

P
bi,B4 ! N yes ¥E§a»-*”"

Although the table clearly relates the composition of the drag-
line decision subset for the design options, an explanation of the
design strategies is warranted. Referring to Table XI, consider the
design strategies available when the minimum time objective is

selected. The user may specify an annual production rate within a
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:_given number of annual.operating hours. To yield this production

rate, the bucket size on the ith pass is solved for as follows:

TDIG,
i

B -1

i = ((OPHRS) (APRDTP/APROD) - TWALK, )

The boom length is then set to the maximum using the expressién ob-

‘tained from Stafenko's data.l This equation expresses maximum boom

length as a function of the bucket size and is written as follows:
bi = (351.67 - c; - 1633.33/Bi)/cosB) ‘ [2]

.The- user may also elect not to specify an annual production rate;

.that'is, derive its value within the model. In this case, the bucket

-size-is'entefed'into the decision vector. Again the boom length is

set to the maximum as in the above strategy. To derive the annuai
production.rate, the foilowing calculations are employed.

(OPHRS)-(LP)°(WP)'(t)°(RHO)-.
T

APROD = [3]

or if tandem draglines are in use

(OPHRS) (L_)* (W_ )+ (t)* (RHO) o
P P (4]

APROD = Maximum (Tl, T2)

lThis'equa'tion.j.s discussed in full on page 35.
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'When thé user spécifies'only the ahnugl operating hours énd no pro-
duction'raﬁe, £he buckét size again egters the decision set and the
boom length is set to its maximum.

Notice if a dragline purchase price is specified, the boom length

-also enters the decision vector for all combinations of the design
ériteria. Recall when specified, the purchase price‘is employed ag
a constraint on.the boqm and bucket combination.

| In terms of the minimum cost pef ton of.céal exposed objéctive

‘the,desién stratggiesrare a bit more complex. In this case the user
ﬁgy-de;ive.éithe?,the production raté or the annual operating houfé'

:;withip fheﬁmodel. The objective function is‘sénsitivé to poth'
stra£egies since i£ is'a function of both.the hourly opérating'cost
and hourly owqership cost; the latter of which is inverseif'propor-
tional to the total annual operating hours. |

When only the ahnual operatihg hours are specifiea, that:is no

'éesign options are electéd,.bbth the boom 1en§th,ahd bucket size éré
in the decision vector. Also, the préduction'rate is derived in thé

Imoéel via expréssions,[3J or [4] above. 'If the user-elecés to fix

. :botﬁ.a production'ratg'aﬁd an annual operating hours, only béom 1eﬁg?h

enters the décision §e£,.since the bucket siéé can be found via ex-

f'pression tl] above. - .

| The'ﬁser maynépeéify an annual ﬁroductién rate and wish to derive

the operating hours in the.model. With this strateéy both the boom
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. length and bucket size enter the decisions set and the annual operat-
ing hours for the 4th dragline can be calculated as follows:

OPHRS = (APROD) ° (T)
APRDTD (5]
or if tandem draglines are used

" OPHRS = APROD‘MAX(Tl, T2)

APRDTP (6]

Again, if a dfagli#e purchaéé‘price‘is.%pecified, the boom ana.bucketﬂ
. combination is Eonstréihed using Flouridf Utah'é purchase price equa—'
tion.

This discussion on the design strafegies and £he compositioﬁ of
the dragline decision subset should giVe.an idea of the design options
‘available and their individual effects on the deéision Qector.. How
-thesé'strétegi;s ihfluencg model results is described in the chapter

.containing example output.




APPENDIX XI

This appendix contains the computational procedures for computing

the centroids of the cut areas relative to the second pass highwall

brow. The centroids of the two cut areas associated with the first

pass overburden are shown in Figure 39.

PR et
L
je——Wy5, —s{¥11k—
T \ !
\ ]

safe d \
IR, 2 e )Ll \A ‘I’
'¢1

Figure 39. Centroids of Cut Areas on First Pass

The centroid of the first pass key cut is

- 1
o e safe + dl cot¢ + “&2 + > ¥ [1]

and the centroid of the main cut is

X
= + . + — W 2
Y 2 = safe dl cotd) 2 12 [ ]

The centroids for the second pass overburden removal operation are

shown in Figure 40.




Figure 40. Centroids of Cut Areas on Second Pass

The centroid of the second pass key cut is

* 1
Yo1 ® %3t 3 Wy (3]

and the main cut centroid is

g
- W, [4]

Y32 22

The remaining procedure is used to compute the centroid of the
rehandle area. The rehandle configuration is shown in Figure 4l1.
Primarily two rehandle configurations exist:

i. when w,. is greater than zero,

23

ii. when w5 is equal to zero.
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Figure 41. Rehandle Configuration

The following procedure considers both conditions as possible
rehandle bench configurations.
The distance df is measured from top of coal if we have a coal

fender and from bottom of coal if there is no coal fender.

Define:
c'2 = (cot¢ + cot8)°dF [5]
c'l = (cotb = cotd))'dF (6]
Recall Artot is known from rehandle calculations and now can be ex-
pressed as follows:
sl L o L 1 gt 2
Btot © 3 ¢ B oty BN 0 RRD (7]
(2B S Tg b o o
eor 30l My, Jpkent o (8]
(2) (1)

rtot L Artot e Artot : (9l
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Substitute (4) into [6] and rewriting yields -
A

1 0a 2L 4 cot)d V3eano .
rtot 2(cotg& +.cot6)dF 4((cot.:(b,+ cote)dF - W23) tanb [10]

to be equal to zero. This'assumption

£ . i
N?w solve for de assuming W23

will then be checked. Expand [9] for solution of dF as follows:

1 2 1 2
B ot = E{cot¢ + cote?dF - Z{(coﬁ¢ + cote)dF) tanb [11]
4Artot = [2(cotd + cotB) - (cotd + cote)ztanQ]dF2 C[12]
172
4 A
_ rtot : :
dF = [13] .

[2(cotd + cotb) - (cotd + cote)zfanel
dz,,no coal fender
Now if d_ is > 4' =
P 4

g dé, coal fender

;then set d, = a and“sol§e [6] above for W

5 23"

Let:
A= % * (cotd + cote)dF2 | | [14]
B = (cotd + cote?- AF _ ’ o 'tiSJ

Substitute [13] ‘and [14] into [6] and rewrite as follows:

1 - . :
Artot = A - 4(B - W23)tan6 : . [16]
=a- &Ep2-Lpw_ + 1/ Wzg)tan-e 177

4 -2 23

[
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Now use the guadratic formula and solve for W23.

With W23 and dF determined we can now derive 523 for computation

of average swing angle

(L) | e 1 1 2
Yy3 = cotd (d 2 dF) + [(3 cotedF)(2 cotedF )’
' Loy e 02y
- (cotq)dF + 5 c l)(4 tanb ¢ l) [17]
1 1 2 (1)
- (3 C°t¢dF)(2‘C0t¢dF ]/Artot
() 1 2.3 .1, 21 2, 3., (1)
23 = [6 cotd dF + 5 C 2tanec 1° % cotf dF ]/Artot_ 18]
- cot@QQ'Q - dF%~
1 L Ly - Lo 2
_(2)_ 2 Safgcytan) Fgilely - Wog) (- glety - Wog)
= - — — e ) [19].
23 , (2) et
' rtot
=-(1) (1) . (2).., (2)
_ -~ A + Yy, i A o
Finally, y;, = —o—teot 23, Itot [20] .

Artot




APPENDIX XII

FTN4»sL

FROGRAM MOD2,3
C
C THIS IS THE MAIN RODY OF THE FROGRAM
G 118 FURPOSE 15 710 COMBUTETRESSPOTL
C CONFIGURATION AT EACH CUT

C

CiSPECIAL CONTROL WORDS

C

C IANDCIVARs8) = 83 A FRODUCTION RATE HAS

c REENS SPECTELELD

C IANDCIVAR323) = 3237 AN ANNUAL OFERATING HOURS HAS
c BEEN: SEECIRIED

C IANDCIVARy16) = 163 A FURCHASE FRICE HAS REEN

C SPECIFLED

C IANLCIVARY 1) 15 SeR LT IRES T ONSMARIT kL E S AR EERE NG b6

B DECISION SET

C IANDCIVARY2) = 2% DRAGLINE VARIAEBLES ARE IN THE

C DECISION SET

C........._.-.._......._.._...._....

C IANDCIOEJy»1) = 15 MINIMUM TIME ORJECTIVE WAS SELECTED
C IANDCIORJy2) = 23 MINIMUM COST ORJECTIVE WAS SELECTED

C _______________

C INQ = 03 CALL INFUT ROUTINE

C INQ = 13 CALL EQUALITY CONSTRAINT EVALUATION

C INQ = 23 CALL INEQUALITY CONSTRAINT EVALUATION
C INQ = 35 CALL OBJECTIVE EVALUATION

C INQ = 53 CALL FOR TOTAL EVALUATION

C _______________

C FARM = ARRAY CONTAINING INFORMATION ON FROGRAM SWAF
c
DIMENSION XX(16)y XX1(24,16)s XX2(19y16)9» R(40)
ESUM(24)y FF(19)y SR(192)y ROLIDNCAO)» H(16)
DIMENSION IRUFR(1)

COMMON NXsNCyNICySTEF>»ALFA»BRRETA»GAMA INy INF,
1IFODIFERSEQLyK1yK2yK3sKAsKGyKE K7y K2 KT » XXy XX1y
EXX2sRySUMFF»SRyROLI SCALEyFOLDy
2LFEASYLS L&Y L79LBY LY RIAIR2AIR3A,
30y Ty LFy» WPy AFPROLD» Fy Vy CC2» CF»

&OFRICEs FHI» THETA» EETA»
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ACZy CRy ERW, W2, DELTAs, C» D2y X(22),
EIXFTR(22)y IMIDLy RLOC(34),

SRHOYWFITy OFHRSy IFNDRE, CASTDy SAFEs I0EJ,
&IVAR» HOURSs CTON»

LHA1AYALEBYA2YA3AYA3EYA4,y COSECOTDELyCOTFHI
SCOTT»TANTyI2Fy DI2HAT »
7G1E,sG2yG3EyG4y REACHy» XL.ASTs YLAST: YEA4

COMMON A11SrA125yA21SyA22SyARTOT»ARLL yARL2y
&DF yREACHL y REACHZ »

1 CisyC2yCR1sCR2yRBUWISRW2y G11,612,G21,622
2 y ITANDM

COMMON IDAT sy JUNKC(4)» IFRM(S)
REAL LFy L1y L2

EQUIVALENCE (ISTRKyIFRM(1))y (ISECTyIFREM(2)))
1 (INQy IFRM(3) )y (IELy IFRMC4))

EQUIVALENCE (W21, X (1)) » (WyX(2))» (L2sX(3Z))»
1(X119X(4))y (X129 X(S)) 9 (Y119 X(E)) s (YI2»X (7))
2¢01 9y X(8)) s (W39 X(D) )y (W2 X(10))» (X219 X(11))>
(Y219 X(12)) 9 (X229 X(13)) s (Y229 X(14) )y (X239 X(15) )y
A(Y23yX(16))y (B2yX(17)) s (CR2yX(18)) s (W11,X(19))
S5(L1sXC20))y (R1sX(21))» (CEB1yX(22))y (W2, W22)

(57 1% 35 = 33 |

EQUIVALENCE (IBUFRyNX)

RETRIEVE COMMON FROM FATHER

oo

CAl.L RMFARC(IFRM)
CALL EXEC (19644 1IBUFRyIBL»ISTRKy ISECT)
IBL = IFRM(A4)
c
c:
IDAT = 0
CiCALL INFUT ROUTINE
IF (INQ +NE., 0) GOTO 5
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(9
C
C
o TRACING W EQs =5) GO LLS 17

CHEHANGE X TO VALUES SELEDTFEDCVRY FLEX=TUL
c

10 N0 15 I= 1sNX
15 XCIXFTRCI)) = XX(I)
Cc
C #F4F+F40FFFEEEFFEFEFEEFFHEHETR
C # £
C % INITIALIZE VARIAERLES &
cC # ¥
C #¥FFFFFFEFEFFFEFEFEE464 50430454
C
17 NC = 0
AlLFA = 1.3
RRETA = .5
GAMA = 2.
C
ALFHA = 3,14159 - (THETA+FHI)
COTT = 1./TANC(THETA)
COST = COS(THETA)
COSR = COS(RETA)
COTFHI = 1./TANC(FHI)
COTDEL = 1./TANCDELTA)
TANT = TAN(THETA)
C
SINT = SIN(THETA)
SINF = SINCFHI)
SINA = SINM(ALFHA)
Ci

CIRESET EOOM LENGTH IF MINItIUM TIME OBJECTIVE
C:& FURCHASE FRICE
Ci
IF (IANDCIVARY2) JNE. 22) GOTO 265
IF ¢IORBRJLEQ.2) GOTO Lé&OS
IF (IANDCIVARY8)EQR.8 JAND. IANDCIVAR,16).EQ.14)
160TO 265
IF (IANDCIVAR,16).EQ.16) GOTO 285
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CE1=(351.67-C1-1633.33/Ek1) /COSE
CE2=(351.,67-C2-1633.33/R2)/COSR

CONTINUE

53]
m
—

THE REACH

*e oo ve (N e
o

GO0 N6

REACH1=CR1%COSE + C1

REACH2=CE2ZXCOSEK + C2
C:TANDEM

IF CITANDM,.EQ.2) GOTOQ 20

CER2=CR1

REACH2=REACH]

B2=RE1

RW2=EW1

CR2=CR1

FEEHEESFEF RS E S H NI EHFSL SRS F SR HELTHEST
¥ #
# AFPPENDIX II - CUT LENGTH COMFUTATION #

¥ ¥

FFEE LRSS H IR LSS FHL LS FETHY
0 L1=SQRT( (REACHL1+CASTIN X¥2 - REACHIL¥X2)
L2=S0RT ( (REACH2+CASTIN XKD ~ REACHZ2XKD2)

SR lole Aele iz

c?
C:TANDEM
IF (ITANDM.EQ.2) GOTO 21
L2=L1
c:
B
21 DELTUE = 24,0
p2 =n - N
D2HAT = D2 + 7T
SAFE = C2 - DIXCOTFHI
IF (SAFE .L.T. 0.) SAFE = O,
SWELL = 1., + CF
REACH = REACH2
W3 = SAFE

Wii=0.
Wi2=0.
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3 00
= 0O
0.
ORI
X21 = 0,
R T8
a2 Q.
0.
0.
(VS

>
e
R L
TR I T O 11

e
3
non

#ou

-

)

N
t

Al = WXD1IXSWELL

A2 = WXDN2X¥SUWELL
= O,

Al2 = 0,

0.

L0

>
fry
-
43}
]

>
ro
=t
0w
oo
o

AZL2G
ARTOT = 0.
ARLI
ARL2
ARLZ2T = 0.
ARZ21 0.

HE
o

cC = 0.0
IF (IFNDOR JEQ. 1) CC = T¥(COTT+COTFHI)
Wwc = W + CC

WFEIT=W

C

pEETTIITTITIIIIT ISR EEE LRSI LE LSS IS LTSS L L £
C # &
C #% AFFENDIX III - DETERMINE IF REHANDLE SFOIL #
C # I8 NECESSARY TO SFOIL ALL THE 7
cC # OVEREBURDEN ¥
C % ¥
C #4454 4304435556454 50423 FF 442 R F 424 R L H04F




A EEEY ) 5 i e B a6 (Al

RGO

C
25
c
C
C
cC
C
C
C
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ATOT = Al + A2 + JSXCCXT

NOW FIND GLAST (THE DISTANCE FROM THE SFOIL
FEAK TO THE LAST DRAGLINE LOCATION)

CALL AHAT (ATOT»WCyAHYWTOT)
GLAST = LO5XWTOT + D2HATXCOTFHI - CC

NOW COMFUTE THE DISTANCE FROM THE OLD HIGHUWALL
TO THE DRAGLINE CENTERLINE

YLAST = CR2XCOSE - GLAST

IF YLAST < 0 THEN WE ARE GOING TO HAVE SOME
REHANDLE

IF (YLAST .GE. 0.,) GOTO 25

COMFUTE THE VOLUME OF REHANDLE TO MAKRE THE
FLAN FEASIELE., THIS RESULTS IN INCURRING THE
LEAST REHANDLE FOSSIELE.

W23 = ABS(YLAST)

IF (ABSC(YLAST) .LT.2%C2) W23=2%C2

D2F = D2HAT

IF C(IFNDR LEQ. 1) D2F = D2

C2TMF = (COTTH+COTFHI)XD2F

IF (W23 .GT. C2TMP) W23 = C2TMF

ARREQ = JSXC2TMFPXD2F - (20X (C2TMFP-W22) KX2XTANT
$$565554555555%%9

CONTINUE
FEES SR TS SRR EFFL LSS EH S EF LTS
& ¥
& AFFENDIX IV - FIND THE KEY CUT SFOIL %
£ 2 CONFIGURATION ON THE FIRST #
¥ FASS ¥
¥ 7
FEFFFLF TSR EF S F L FFFH ST H RS LEFFIHERE
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C
C
c
CICOMPUTE THE DISTANCE TO THE SFOIL FEAK
C
100 Y11 R4 e 58FE
Gl = REACHT ==Y 11
IE (1wl g 0ie) (1050
C

C:COMPUTE THE AVAILAELE KEY CUT AREA
C:ASSUME AHAT11=0
C
AHAT11 = 0.0
WF11l = 2.%(G11-D2HATXCOTFHI+CE)
IF C(LS¥WP114G11 6T, DR2HATXCOTFHI+W)
1AHAT11=WF11-We
DELC = 0.0
DF = T
C:THE ENTERTAINED SWELLED KEY CUT AREA 1§
ALIT = J25KWEL1KK2KTANT ~ J25KAHAT1LIXK2RTANT
1~ SXCCXT
IF(G11 +LE. D2HATXCOTFHI-CC) A11T=0,0
C
CIMINIMUM KEY CUT AREA 1S
A1IMIN = (BW1+D1KCOTFHI)XD1XSWELL
CISET A1l = ALIMIN (REMOVE ONLY THE MINIMUM)
A11=A11MIN
C
C:COMPARE THE COMPUTED AREA TO THE MINIMUM
C
IF (AL1T .GE. ALIMIN)Y GOTO 16%

C

G

CIOTHERWISE WE MUST FLAN SOME REHANDLE YO SATISFY
C:THE MINIMUM KEY CUT REQUIREMENTS

C

C USE THE QUADRATIC FORMULA TO SOCLVE FOR DELC

C

CALL SFPCNF(ALIMIN»AHATT WFRIMyDELC?Y
AHAT11 = AHATT
WF11 = WFRIM
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DELC = DELC
C:NOW COMFUTE THE MAXIMUM AREA AVAILARLE T0 SFOIL
CIIN AT . THE 18T FASS 'KEY CUY FOSITION
C
160 WFLIMX = 2.X(G1L1+D2HATXCOTT )
AHTIMX = 0.0
IF (S5%XWP1IMX+611 GT. D2HATXCOTFHI + W) AHTIMX=
1.5%WF11IMX
1 - (D2HATXCOTFHI+W-G11)
ALIMAX = L20XWFI11IMX¥X2KTANT — JOHXDZHATX
1C(COTTHCOTFHI ) XD2HAT
1 = G 20XKAHT IMXKK2XTANT
C NOW SELECT THE AFPROFRIATE SFOIL AREA
ALl = AMINLI(ALl,AL11IMAX)
C .
CINOW COMFPUTE THE FIRST FASS KEY CUT AND MAIN
CiCUT WIDTHS
B
IF (A11.NE.AL1LMAX) GOTO 165
CI{CHANGE WF11 AND AHATI1 IF All=Al1MAX
WF11l = WF11MX
DELC = D2HATX(COTT+COTFHI) - CC
AHAT11 = AHTI1MX
DF = (CC+DELC)/(COTT+COTFHI)

C

165 Wil=A11/(D1XSWELL) + DIXCOTFHI
IF (ALL1.LT.ALIMIN) W11=SQRT(4.*A11XCOTHFHI)
Wi2=W-W11

C

CtNOW DETERMINE THE KEY CUT FOSITION FROM CUT FACE

c

175 CONTINUE

C

c

IF (A11T JLT. AL11IMIN)
1AR11 = J25XWPLLIXX2XTANT - 20X (WF11-DELC)XX2XTANT
7 - +SX(CCH+DELCIXDF + SXCCXT
ARTOT = AR11
C
C COMFUTE THE KEY AREA SITU % SUWELL
C
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A11S = All
L

C 4404540340425 4 458245 F 3344458308838
C # : ¥ #
C % AFFENDIX V - FIND AREA TO EE SFOILED #
C % FROM FIRST FASS MAIN CUT #
C % FOSITION ¥
cC & *
C #4433 4545343554530 44544454243 EHFF 4404
[

C:THE AREA TO REMOVE AT THE MAIN CUT IS

G

Al2 = Al + JSXCCXT - AR11
A1285 = A1l - Al1lS

C

C FIND WF12 AND AHATIZ

c
CALL AHAT (A12yWCy»AHATIZ2 WFI12)
612 = ,S%WF12 + D2HATXCOTFHI - CC
YMIN = SAFE + D1IXCOTFHI + C1
GMAX = REACHIL - YMIN

C

C CHECK IF THERE IS ANY REHANDLE AT THE MAIM
C CUT FOSITION
c
204 ARL2 = ARREQ - AR11

IF CARLZ2 LT% 0s) AR12 = 0

FIRST COMPUTE THE MAXIMUM &MT., OF REHANDLE AVAILAELE
AT THE MAIN CUT FOSITION

+
+

£ 00 0

WCTHF = W + D2HATX(COTT+COTFHI)

AREA = Al + JSXD2HATRX2%(COTTH+COTFHI)

Cal.l. AHAT(AREAsWCTHMFyAHATL2y WF12MX)

ARLZ2MX = J20KWFP12MXEXX2XTANT -~ J20K(WFI2MX-D2HAT

1%(COTTH+COTFHIY4CC)

1 XK2KTANT = JOSXD2HATXX2X(COTTH+COTFHI)

2 + JOXCCXT - ARL1
C!CHECK IF FIRST FASS SFOIL IS CAFAELE OF FORMING A
C:EBENCH

IF (A1l JGE. SXD2HATXX2X(COTT-COTFHI)) GOTO 2206
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SIGMA = 0.

203 DF2=SQRT(2.X(A1-SIGMAXA11)/(COTT-COTFHI))
BF2=DF2%X(COTT-COTFHI) + CC
BF1=SAQRT (2. X(AL1+.5KkCCXT)IXCOTT)
DELEB=G11-D2HATXCOTFHI -, SXRF1-CC
IF (DELEJLE.O0.,0) DELE=0.0
IF (BF2,GE.BF1+DELE JOR. SIGMALEQ.1.) GOTO 202
SIGMA=1.,0
GOTO 2203

202 ARL2=A1-SIGMAXAL L~ 25XEBF2XX2XTANT-ARL11 +SIGMAX 29X
1 (RF2-DELE)XX2XTANT
G12=N2HATXCOTFHI
GOTO 130

c:

206 WFT = WF11l - DELC
CF = DELCXSINT
IF (G12 .LE. GMAX) GOTO 209

CIFIND THE MAIN CUT SFOIL COMFIGURATION
SIG1=0.

SIG2=1.
SIG3=0,

c:

205 S1=0GMAX~D2HATXCOTFHI+CC
S2=(2 . XGMAX-2 . XD2HATXCOTFHI+CC-W)XSIG3
G12=6GMAX

CIFIND DELC2

207 AR=TANT-STG3X, 20XTANT~SIG2X . 25K TANT
BQ=2 ,KS1XTANT -~ 20XE2XTANT - SIG2X,25¥TANTXUWFT
CAQ=S1XS1XTANT - ,20XG2AG2KTANT -~ 20¥WFTXWFTXTANT

1 + J205XAHAT11XAHAT11XTANT - SIG1XaR11l -A128
DELC2=FNCQD(ARyEQ,CQ)

CI{TEST THE ASSUMFTION AHAT12=0
WF12T=2,X(GMAX-D2HATXCOTFHI+CC+DELC2)
AHAT12=WF12T-(W+CC+DELC2)

IF (AHAT12.LE.O0. .OR. SIG3.EQ.1.0) GOTO 212
SIG3=1.,0
GOTO 209

C:CHECK THE REHANDLE CONFIGURATION FOR OVERHANG

212 XD=DELC2XSINT
IF (SIG1.EQ.1.) GOTO 208
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IF (XD.LE.CF) GOTO 208
SIG1I=1.
SIG2=0.
GOTO 207
CICOMFUTE THE NECESSARY REHANDLE
208 BF12=(GMAX-D2HATXCOTFHI+CC+DELC2)/COST
1= +SXCWETH+DELCZ2)/COST
IF (XDLLE.CF) ARLIZ2T = XDXRFI12
IF “CXDYLECCEYCGOTO "209
S1=6MAX-DI2HATXCOTFHI+CC
S2=,5/(COTFHI+COTT)
ARLI2T= (4 75X TANT~-S2) XKDELC2XDELC2 +
L(SIXTANT-2.XS2%CC)IXDELC2
2 + +SXCCXT - AR11
53
209 ARL2 = AMAXT(AMINL (ARL2MX,ARLI2) »AMINIL CARLZMXsARL2T))
CIiCHECK IF AR1I2 IS FILL RENCH MATERIAL
IF (AR12.EQ.0.0) GOTO 130
IF (AR12.NE.ARREQ-ARL11) GOTO 2211
AREA=A1-AR11-AR12+ . 5XCCXT
CALL AHAT (AREAYUWCYyAHTI2TyWFI12T)
G12T=.9%WF12T + D2HATXCOTFHI - CC
RP12T=WF12T/C0ST - WFT/COST
XD = AR12/BF12

1F S OXTUCLES CF) BE 0230
S1=G12T-D2HATXCOTFHI+CC
52=,5/(COTFHI+COTT)

AR= 25XTANT-52

BQ=S1XTANT--2. XS2XCC

CR=8S2XCCXCC + +SHXCCXT -AR11 -—-ARIL2
DELC2=FNCQD(AQyEQ,CQ)
XD=NELC2XSINT

210 Gi12 = 61271 - XD/COS(ABRS(L.5707-2.kTHETA)Y Y*COST
GOTO 130

CICHECK IF AR12 IS THE MAXIMUM REHANDLE AREA

211 IF (ARI2,.,NE.ARL12MX) GOTO 1320
G12=,5%WF12MX - D2HATXCOTT

c
C NOW COMFUTE THE Y LOCATION AT MAIN CUT
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c
C $3$93955994$P95P$549509%5%%%
130 CONTINUE
131 ARTOT=AR11 + AR12
Y12 = REACH1 - G12
c
C:COMFUTE THE DRAGLINE LLOCATION FROM THE CUT FACE
135 YF=AMAX1(Y11-(WI124SAFE+DIXCOTFHI) »
1 (W+SAFE+DIXCOTFHI)~Y11)
RF=SQRT((REACHI1-C1)XX2 - YFXX2)
X11=(RF-L1)/(1,0+D11/CK1)
X11=X11+4C1
IF (X11.,LT.24.9) GOTO 140

YF AMAX1 (Y12-SAFEsy (W12+SAFE+D1XCOTFHI)-Y12)
RF SART((REACH1-C1)X%X2 - YFXX2)

X12 = (RF-L1)/(1.+D1/CR)

X12=X12+C1

IF (X12,L7.24.9) GOTO 140

IF (X11 JLT. X12) X12 = Xi1l

GOTO 145

o

c?
140 L1=6QRT ((REACH1-C1)X¥2 - YFXX2)
GOTO 13%

NOW THE SECOND FASS FOSITIONS CANEE DETERMINED
FIRSTy THE AREA TAKEN UF RY 1ST FASS SFOIL IS
45 AlLLR = A1 + SXCCXT - AR11 -~ AR12

FEEF S F DR H S F R R RS SR HEFSF LT HELATH RS

£ ¥
# AFFENDIX VI - 2ND FPASS KEY CUT FOSITION ¥
& ¥

FEFEFEF SN RS R FFEAFFEH T RFFH LR HFAFLH LTSS

OO0 00000000

FEEEFEEHEEEEET 2ND PASS FOSITIONS #%433434444444444

~
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CINOW DETERMINE THE AREA REMOVED

C
Y21 = W - D2XCOTFHI
G21 = REACH2 - Y21
WF21 = 2.X(G2L-D2HATXCOTFHI+CC)
AHAT21 = WF21 - WC
IF (AHAT21 JLT. 0.0) AHAT21 = 0.0
A21 = J25XWF2IXX2XTANT - J20XAHATZ21EX2XTANT
AZ21T = A21 - ALLR
IF (A21T LLT. 0.) AZ21T = 0.
C
C IF A218 < 0 SET THE AREA = THE MINIMUM AND CALL
C IT REHANDLE
C
A2IMIN = (DR2¥COTFHI+EW2)XD2XSWELL
A21S = AZIMIN
AR21 = AQIMIN - A21T
IF (AR21 JLT. 0.) ARZ21L = 0,
ARTOT = ARTOT + AR21
C
C FIND THE CUT WIDTHS ON THE SECOND
C
W21 = A1S/(D2XSWELL) + DRXCOTFHI
C
C #FF+F++4F L3 FFFFEF SR H 4L THEFEFEF4F 30425
C # ¥
C # AFFENDIX VII - COMFUTE THE MAIN CUT AREA ¥
C #% #
C #E%FFFFFFFF ¢S54 FEFFSFEFH A3 H 44T EEFFFEFLF S
C
215 W22 = W - W21

A22S
ATOT

A2 - A21S
ALLR + (A21S-AR21) + A22S

H

C NOW COMFUTE THE MAIN CUT 2ND FASS DRAGLINE LOCATION

CALL AHAT (ATOTsWCsAHATZZ2yWF22)
622 = JS5%WF22 + D2HATXCOTFHI - CC
Y22 = REACH2 - G622
C 2
C #4453 355540433435 L F 44340 S S 000 444
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¥

¥ AFFENDIX VIII - REHANDLE FOSTION

¥
FEEFFFFFFFEFFFEFFFFEFFFHEFEFFLETF R FE RIS LR E S

G 360
o e Bk G

IF (ARTOT .EQ. 0.0) GOTO 216

OTHERWISE THERE IS A REHANDLE FOSITION

GO0

ATOT = ATOT + ARTOT

CALL AHAT (ATOT WCyAHATZ23,WF23)
G23 = ,5%XWF23 + D2HATXCOTFHI - CC
Y23 = REACH2 - G23

OMFUTE THE DRAGLINE LOCATIONS FROM THE CUT FACE
YP=AMAX1(Y21-W22,yW~-Y21)
RF=SQRT((REACH2-C2)XX2 - YFXX2)
X21=(RP-L2)/(1.0+D2/CR2)

X21=X21+C2
IF X215 LT+ 24+9) GOT0O 217

J 00
P ee oo

C
6

r

YP=AMAX1(Y22,W22-Y22)

RFE=SQRT ((REACHZ-C2) XX2 - YFXX2)
X22=(RF-L2)/(¢(1,0+D2/CR2)
X22=X22+C2

IF (X22.L.T:24+9) GOTQ 217
X22=AMIN1 (X22yX12)

IF (ARTOT.LE.0.0) GOTO 220
il FYB23C(1e) + Y23
RF SQART((REACH2-C2)%XX2 - YFXX2)
X23 = (RP-L2)/(1.+D2/CR2)
X23=X23+C2
Thmk X230 T 249 ) 05000217
X23 = #MINL(X23»X12)
GOTO 220

217 L2=SQRT((REACH2-C2)XX2 - YFXX2)
GOTO 216

C
C. #3555 5453555444440 F L H ST L4443

C # : #
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# AFFENDIX X - COMFUTES EBUCKET SIZE £
¥ ¥
FEFEFEEFFFFEFFRFFFFFFFFFF RS FF LRSS R S

.6 €3 006D

220 CONTINUE
CiCOMFUTE THE FRODUCTION OF THE AREA

AFRITF = WFXLFXTXRHO
C:COMFUTE RUCKET SIZE

IF (IANDCIVARY8) .EQ.0 JOR. TANDC(IVARY32) NE.32)

160TO 2235

IF (IANDCIVAR»2) JNE.2 AND. IANDC(IVAR,24).EQ,0)

160TO 225

B1=1.0

E2=1,0

TOUM=TIME(WI2 W22, TIMEL TIME2yTCUTS1,» TCUTS2,y

1TWALKL » TWALK2)
c?

R1=TCUTS1/ (OFHRS¥ (AFRDOTF/AFROD) -TWALK1)
c:

B2=TCUTS2/ (OFHRSX (AFROTF/ZAFROLND ~TWALK2)
CIITANDM=13

IF (ITANIDMJEQ.2) GOTO 225
EBl=(TCUTS1+TCUTS2) / (OFHRSX (AFRLTF/AFROL)
1-TWALK1-TWALK2)

B2=R1
c:
225 CONT INUE
C
C CALL TIME FOR CONSTRAINTS AND ORJECTIVE
c

TTIME= TIMF(“IQ;N?271IMElyTIMFQ;TCUT]r1LUT°
1TWALKL Yy TWALK2)
C
CtFIND THE FPRODUCTION RATE OR OFERATING HOURS
C
AFRDTF=LFXWFXTXRHO
OFHRS1=0FHRS
IF (JANDC(IVAR»8) NE.8 +OR. IANDCIVAR,»32).EQ.32)
16070 235
OFHRS1=AFPRODXTTIME/AFRDTF
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OFHRS2=0.0
CITANDEM
IF (ITANIM.EQ.1) GOTO 230
OFPHRS1=AFRODIXTIMEL1/AFRDTF
OFHRS2=AFRONXTIME2/AFRDTF
230 OFHRS=AMAX1 (OFHRS1 » OFHRS2)

c:
CIFIND FRODUCTION RATE
c:
235 IF (IAND(IVARY8)JEQ.8 +OR. IANDC(IVARy32) NE.32)
1G0TO 245
AFROD=0FHRSYAFROTF/TTIME
CITANDEM
IF (XTANDM.EQ.1) GOTO 24%5
AFROD=0FHRSXAFROTF/AMAX L (TIMEL» TIMEZ)
245 CONTINUE
C:
C NOW GET VALUES FOR OFTIMIZATION ROUTIME
Cc
300 GOTO (1000,2000y3000,9999»1000)y INQ
C
C EQUALITY CONSTRAINTS
C
1000 CONTINUE
C

IF (INQ EQ., ) GOTO 2000
GOTD 9999

(W

C INEQUALITY CONSTRAINTS

C

C

2000 DO 2005 I=1,40

2005 R(I) = 1.0

C >

C!FRUCHASE FRICE RBOOM LENGTH CONSTRAINT

(¥
NIC=1
IF (IANDCIVAR,16).EQ.0) GOTO 2006
R(NIC)=DFRICE-(981.71+.4106XB1%CEL)
R(NIC+1)=DFRICE-(981.71+.41086XR2KCE2)
NIC=NIC+1
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CIFRODUCTIVITY CONSTRAINT

£33 R8I 5D

C:THE

IF (ITANDM LEQ. 1) GOTO 2010
R(NIC+1) = DELTUR - ARS(TIME1-TIMEZ)
NIC = NIC+1

WIDTH CONSTRAINT

R(NIC+1)=1.0
IF (REACH1-Y11 .LE. 0,0) R(NIC)=-1000,
NIC=NIC+1

C
C: THE KEY CUT AREAS MUST EBE > MINIMUM KEY CUT AREA
C
e

R(NIC+1) = —(BWI+DIXCOTFHI)¥DIXSWELL + AllS

NIC = NIC +.1
R(NIC+1) = —(BW2+D2XkCOTFHI)XD2XSWELL + AZ21S

NIC = NIC + 1

! THE TOTAL REHANDLE AREA CAN’T EXCEED THE MAXIMUM
AREA AVAILABRLE FOR REHANDLE

n2F = D2HAT

IF C(IFNODR EQ. 1) D2F = D2

ARMAX = SX(COTT+COTFHI)XDD2FEX2

R(NIC+1) = ARMAX - ARTOT

NIC = NIC + 1

REHANDLE ACCUMMULATED MUST RE SUFFICIENT FOR RBENCH
R(NIC+1) = ARTOT - ARREQR

NIC = NIC + 1

C
C: THE EOOM LENGTH CONSTRAINT RELATIVE TO BUCKET SIZE
C

B
(W

R(NIC+1) = 351,47 - 1633.33/R1 -REACHI
NIC = NIC + 1

R(NIC+1) = 351.67 - 1633,33/B2 -~ REACH2
NIC = NIC + 1

*1 NOW THE CONSTRAINTS FOR THE DRAGLINE LOCATIONS
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c
C (AY THE FIRST CONSTRAINT FOR SET =—- INDICATES THE
C DRAGLINE LOCATION RELATIVE TO CUT FACE
C (R) THE SECOND CONSTRAINT FOR EACH SET -- INDICATES
c DRAGLINE LOCATION FROM OLD HIGHWALL EUGE
(4

RONICHD) == o X11 = Gl

NIC = NIC + 1

RINICHL) - % Y31 < L3

NIC 2 NIG 4 1
C

IF (Y12 +EQ. 0.) GOTO 2020

RENICHLY = X12' - Cl

NIC = NIC + 1

R(NIC+1) = Y12 -~ Ci

NIC = NIC + 1
C
2020 IF (Y21 .EQ. 0.) GOTO 2030

R(NIC+L) = X231 =.C2

NIC = NIC + 1

RENIBHFL) o= Y21i= L2

NIC = NIC + 1

20230 R(NIC+1) = X22 - C2
NIC = NIC + 1
R(NIC+1) = Y22 - C2
NIC = NIC + 1

R(NIC+1) = 0.0

NIC = NIC + 1

R(NIC+1) = 0.0

NIC = NIC + 1

IF (ARTOT +EQ., 0.0) GOTO 170
NIC = NIC - 2

R(NIC+1) = X23 -~ C2

NIC = NIC + 1

R(NIC+1) = Y23 - (C2-W23)
NIC ="NIQC +'1

170 0o 180 I = 1,34
180 RLOCCI) = R(C(I)




C. GET

3000

237

IF (INQ +EQ. 5) GOTO 3000
GOTOD 92999

THE ORJECTIVE FUNCTION VALUE
CONTINUE

NCT = NC 4+ NIC + 1

HOURS=TTIME
TONS = LFXWFXRHOXT

c
C!: GET COST PER TON OF COAL

C

MUFD1L = (REACH1-C1)XE1%.001

MUFD2 = (REACH2-C2)¥E2%.001

IF (ITANDM JEQ. 1) TIMEL = HOURS

OFCST1 = (61,926 + 2.74XMUFDL)XTIMEL/TONS
OFCST2 = 0.
OWCST1=(17.,695+7 . 04%XMUFD1 )X (74467 . /0FHRS)

1XTIMEL/TONS

OWCST2=0.0
IFCITANDMJEQ.2) OFCST2=(61.964+9.74%XMUFLD2)

1XTIME2/TONS

IFCITANDMLEQ.2)0WCST2:=(17.69547 ., 04XMUFD2)

EX(7467./0FHRS) XTIMER/TONS

CTON = OPCST1 + OFCST2 + OQWCSTL + OWCST2

C DEFPENDING ON OBJECTIVE

C
3010

3020
C
C SET
(

C
vk
c

GOTO (3010,3020) IORJ
R(NCT) = HOURKS

GOTO Y299

R(NCT) = CTON

UFP FOR RETURN TO EXEC1
RLOC(NCT) = R(NCT)

CONTINUE

C SEND COMMON BACK TO FATHER AND RETURN
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CALL EXEC (2y66yIRBUFRyIELy ISTRK,ISECT)

OFH=HOURS
IF (ITANDM.EQ.2) OFH=AMAX1(TIME1l,»TIMEZ2)
CHFROD=TONS/0FHX0FHRS

CONTINUE
END
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FUNCTION TIMECWI2 W22, TIMELs TIME2,TOIGLy TDIG2y
ITWALKL » TWALK2)

DIMENSION XX(16)s XX1(24516)y XX2(1%2916)y R(40),
ESUM(24)y FF(19)y SR(19)y ROLDC40)y H(16)

COMMON NXsNCYyNICYSTEFsALFAYBBETAYGAMAs INy INF »
IFINIFER»SEQL K1 yK2yK3rK4yKEGryRKEIK71KBs BP9 XX» XX1 4
EXX2yRySUM»FFsSRyROLD s SCALEyFOLI»
ZLFEASLSy L6 L7y L8 L2 yR1IAYR2AYR3A»

30y Ty LFPy WPy APRODY Fy Vy CC2y CFy

SOFRICEy FHI» THETAs RETA»

ACZy CRy BW»y W2y LNELTAyY Cy D2y X(22)»
SIXFTR(22)y IMDLy» RLOCC(34),

SRHOYWFITy OFHRSy IFNDRy CASTDy SAFEsy IOEJ»
&IVARy HOURS» CTONy

6A1AYALRBYA2YA3AYA3EYA4y COSECOTDELyCOTFHIy
ECOTT» TANT » D2F » D2HAT »
7G1EsG2,G3E»G4y REACH» XLAST» YLAST» YRA4

COMMON AL1SyA125,A215,A228»ARTOTyARLL yARL2y
&IF s REACH1 » REACH2
1 CisyC2yCR1sCR2yRBWI»EBW2y G11,G12,06G21,622

o

2 + ITANDHM

COMMON IDAT»JUNK(4)yIFRM(S)
REAL LFs L1y L2y NC1y» NC2

EQUIVALENCE (W21,X (1)) y Wy X(2))y (L29yX(3) )
1(X11sX(4)) s (X12,X(E)) 2 (Y119 X(E))» (Y129X(7))
2C01sX(8)) s (W3 X(D))» (U2F»X(10) )y (X215 X(11) )y
3CY2L o X(12)) 9 (X229, X(13)) 9 (Y229 X(14) )y (X223 X(15)) >
A(Y23sXC(18) )y (B2yX(17))» (CR2yX(18))» (W11yX(19))
SL1»X(20)) 9 (B1yX(21))y (CE1yX(22))

Al = WxD1
SWELL = g5 ¢ 20F
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ALFER11 = 0O,
ALF11 = 0.
ALFEL2 = 0,
ALF12 = 0.
ALFE21 = 0.
ALF21 = 0.
ALFE22 = 0.
ALF22 = 0.
ALFE23 = 0.
ALF23 = 0.

=
rJ
28]
o D e o |l
o

I. FIRST PASS TIMES

YEL1=SAFE4+DIXCOTFHI+W12+.5%W11
YE12=SAFE+D1XCOTFHI+.OXW12

XB11=,5%L1
XE12 = XE11

IF (A11S .EQ, 0.) GOTO 100

ALFE11 = ATANC(Y11-YE11)/(XRB11+X11))

ALF11 = ATANC((Y11+46G11)/(XE11+X11)) - ALFE1l1l
! TIME TO DRAG LEY CUT

D11 = (AL1SXL1)/(34600.%27 .XB1XFXSWELL)

1%(40.,2+,228%ALF11/.,01745)
! TIME TO WALK FROM KEY CUT TO MAIN CUT

E1i = ((ABS(Y12-Y11)+ARS(X12-X11))%xV) + CC2

IF (Y12 +EQ. 0.) E11 = L2%V + CC2
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100 IF (Al128 +EQs O4+) HOTO 110
ALFRI2 = ATANC(Y12-YRI2) /(XR12+X12))
ALFL12 = ATANC(YLI24612)/(XR12+X12)) - ALFR12
C: TIME TO DRAG MAIN CUT
012 = (A128XKL2)/7(3600.%27  XB2XFXSWEILL)
1%X(40.,2+.,228XALF12/.01745%)
C! TIME TO WALK FROM MAIN CUT TO NEXT KEY CUT
E12 = E11 + L2%V
I CE11 «EQ% O ) El2 s E12 % CL2
C
C
C TIME TO WALK RETWEEN FITS
C A) ONE MACHINE DEAD' HEADING OFERATION
C
110 TRl = (CLPH(X12-X21 Y4+ CUWU=Y12)+Y 1120k 4 CC2

C
C
C II. SECOND FASS TIMES
C
YE21=W22+,5XW21
YR22=,5%XW22
YE23 = FYB23(1.)
c
XB21 = JOXL2
XR22 = XB21
XB23 = XB21
C

IF (A21S .EQ., 0.,) GOTO 120
ALFR21 = ATANC(Y21-YR21)/(XRB21+X21))
ALF21 = ATANC(G21+Y21)/(XB21+X21)) - ALF21
C: TIME TO DRAG KEY CUT
D21 = (A21SXL2)/(3600.%X27 XB2XFXSWELL)
1%(40,2+,228%ALF21/.01745)
C: TIME TO WALK FROM KEY CUT TO MAIN CUT
E21 = ((ABS(Y22-Y21)+ARBS(X22-X21))%V) + CC2
IF (Y22 +EQ. 0.) E21 = L2%V + CC2

120 IF (A228 +EQ. 0.) GOTO 125
ALFE22 = ATAN((Y22-YR22)/(XB22+X22))
ALF22 = ATANC(G22+Y22)/(XR22+X22)) - ALFB22
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C: TIME TO DRAG THE MAIN CUT
022 = (A228%XL2)/(3600.%X27 . XKBR2XFXSWELL)
1X(40,.2+.228XALF22/.01745)
C: IF MAIN CUT FOSITION
XLAST = X22
YLAST = Y22
C: TIME TO WALK FROM MAIN CUT TO REHANIDLE
IF (ARTOT +EQ. 0.) GOTOD 125
E22 = ((ABRS(Y23-Y22)+ARS(X23-X22))%xV) + CC2

== )

o

IF (ARTOT +EQ. 0.) GOTO 130
ALFER23 = ATAN((YR23+Y23)/ (XB23+X23))
ALF23 = ATANC(G23+4Y23)/(XR23+X23)) - ALFR23
C: TIME TO DRAG REHANDLE
0123 = (ARTOTXL2)/(3600.%27 XEB2XFXSWELL)
1%¢(40,24,.228XALF23/.01745)
C: IF REHANDLE FOSITION
XLAST = X23
YLAST = Y23
c
C TIME TO WALK FROM LAST FOSITION TO NEXT KEY CUT
C
130 E23 = ((ABS(YLAST-Y21)+ARS(L2-XLAST+X21))X\V") + CC2
C

C TIME TO WALK BETWEEN FITS -- SINGLE MACHINE DEAD HEADING
C )
TP2 = (LP+XLAST-X114+(W-YLAST)+Y11)¥V + CC2
C
C COMFUTE THE TIME FER EACH FASS
C
NCUTS1 = (LFXWF)/(L1XW)
NCUTS2 = (LFPXWF)/(L2X%XW)
NFITS = WF/W
TIME1 = NCUTS1%(D1i1 + D12 + E11 + E12) + NFITSXTF1
TIME2 = NCUTS2%(D21 + D22 + D23 + E21 + E22 + E23)
1+ NFITSXTF2
C
C: ESCAVATION TIME FOR A CUT ON EACH FASS
C

NCUTS1X(D11+D012)
NCUTS2X(D21+022+D23)

TDIGI
TDIG2

o




C NOW

135
999
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NCUTS1X(E11+E12) + NFITSXTF1
NCUTS2X(E21+E22+4E23) + NFITSXTF2

TWALK1
TWALK2

Hu

COMFUTE THE TOTAL TIME FOR THE FLAN

TIME = TIME1L + TIME2
CONTINUE

RETURN

END
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C:COMFUTE THE CENTROIDI OF THE REHANILE AREA

C

C

FUNCTION FYE23 (DUM)

DIMENSION XX(16)s XX1(24516)y XX2(19y16)s R(40),
&SUM(24)y FF(19)y SR(19)» ROLDC40)» H(16)

COMMON NXsNCsNICYSTEFsALFA*BBETAyGAMA Yy INy INF »
IFDIFERYSEQLYK1YK2yK3yKAyKGsKEIK7yKBs K29 XXy XX1»
EXX2yRySUMYyFFySRYyROLIN SCALEyFOLILI»
2LFEASLS» L6 L79LByL?yR1IAYR2AYRIA,
30y Ty LFy WPy AFPRODY Fy Vy CC2y CFy
EDFRICEy FPHI» THETA» ERETA»

ACZy CRy BWy W2y DELTAy Cy D2y X(22)y
SIXFTR(22)y IMDLy RLOC(34))

SRHOYWFITy OFHRSy IFNDRy CASTDy SAFEs I0ORJy
&IVARy HOURSs CTONy

6A1AYALRBYA2YA3AYAZE A4y COSEYCOTRELyCOTHFHI
ECOTTyTANT s D2F y D2HAT »
7G1BsG2yG3EByG4y REACHy XIL.LAST» YLAST» YEA4

COMMON A11S,A128,A218yA225yARTOT»ARILI»ARL2y
&DF yREACHL1 y REACH2

a C1,C2yCR1yCR2yBW1yEBW2y G11,612,G21,0622
2 y ITANDM

COMMON IDAT» JUNK(4),y IFRM(S)
REAL LPy L1y L2

EQUIVALENCE (ISTRKyIFRM(1))y (ISECT»IFRM(2))
1 CINQy IFRM(3))» (IBL» IFRMC(4))

EQUIVALENCE (W21sX(1)) s (WeX(2)) 2 (L2¢X(3))»
1(X119X(4) )9 (X129 X(5) )y (Y119 X(E)) s (Y129X(7))»
2(D1sX(8) )y (W3 X (D)) » (W239X(10))» (X221, X(11)) >y
(Y219 X(12)) 9y (X22,X(13))» (Y229X(14))» (X232 X(15))»
4(Y23,X(16))r(B2yX(17))y (CB2yX(18))» (W11lyX(19))»
S(L1yX(20)) 9y (B19X(21))y (CB1,X(22))
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COMFUTE THE CENTROID OF THE FILL ERENCH

o O B 0

COTTS ="COTEHI + COTTY

DF = SART (4. XARTOT/(2.XCOTTS-COTTSXX2XTANT))
D2F = D2HAT

IF (IFNDR .EQ. 1) D2F = D2

CHECK IF DF-I18 >-D2HAT /=~ JE 118 IS “WE“MUST
FIND W23

50 g U T

TF CDFEvRE, "TNP) 60T0 100

I D2F

AQ +2OXTANT

EQ +OXCOTTSXDFXTANT

cQ = OXCOTTSXDFXX2 + J20K(COTTSXOF ) XX2KTANT
1+ ARTOT

RNUM=EQ - SQRT(BQXEQ - 4.%AQ%CQ)

W23=RNUM/ (2.XAQ)

R 0l

C NOW DERIVE YE23 FOR FILL RENCH

COTTSXDF
CED T COHE) ¥ BE

+SRKCITHPXDF — J25XTANTACITMFXX2
ARTOT - ARTOT1

100 C2THF
C1THMF
ARTOT1
ARTOT2

o

o

YE231 = (,1666XCOTFHIXK2XDFXXI+, 125XC2TMFPXTANT
1 XC1TMFXX2~, 1666XCOTFHIXX2XDFX%Z2) /ARTOT1
2 -~ COTPHIXCD2F~DF)

YE232 = (J125K(C2TMPXXIXTANT-(C2TMF--W23)%XX%X3
1XTANT) ) /ARTOTZ2

FYE23 = (YB231XARTOT1 + YEBR3I2XARTOT2)/ARTOT

RETURN

END
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SUBROUTINE AHAT (AREAWC»AHATT»WFRIM)

DIMENSION XX(16)s XX1(24516)y XX2(19y16)y R(40),
&SUM(24)y FF(19)y» SR(19)» ROLDC40)» H(16)

COMMON NXsNCyNIC»STEFsALFAYEBEETAYGAMAy INy INFy
IFDIFERYSEQLYR1yK2yKIyK4y RS IyKEyK79yKByK? 9 XXy XK1y
EXX2yRySUMsFFySRyROLINy SCALE»FOLLD
2LFEASYLSy L6y L7 LEyL?yR1AYR2AYRIAY

30y Ty LFy WFy AFRODy Fy Vy CC2y CFo

SOFRICEy FHI» THETAy EETA»

ACZy CRy EBWy W2y DELTAy C» D2y X(22)»
EIXFTR(22)y IMILy RLOC(34),

SRHOYWPITy OFHRSy IFNIDRy CASTLH SAFEy IORJ,
&§IVARy HOURS» CTON»

6A1AYALERYA2YA3AYA3EA4y CUSEYCOTRELyCOTFHI
ECOTT+»TANT»D2F» D2HAT »
7G1ByG2yG3RyG4y REACH» XLAST, YLAST» YEA4

COMMON A11S,A128,A218,A228ARTOT yARLIL »ARLZy
&0F y REACH1 y REACH2

1 ClsyC2yCR1IyCR2yRBW1,RBW2y G11,612,6G21,G22
2 y ITANDM

COMMON IDAT» JUNKC(4)y IFRM(S)
REAL. LFy L1 L2

EQUIVALENCE (W21,X(1)) s (WyX(2))» (L2yX(3)) >y
1(X119X(4)) 9 (X12sX(S))y (Y119 X(H)) 9 (Y129X(7))>»
2019 X(8)) 9y (W3 s X(D2)) 2 (W239X(10)) » (X21yX(11))>»
(Y219 X(12)) 9 (X229 X(13)) 2 (Y22yX(14))» (X23,X(15) )
A4(Y239yX(16)) s (R2:X(17))y (CR2,X(18))y(W11,X(19))»
S(L1yX(20)) 9 (B1,X(21))y (CRBLyX(22))

AHATT = 0.0
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ATEMF = (WCXX2XTANT)X .25
IF (ATEMF .LT. AREA) AHATT = 2.%AREAXCOTT/WC

1- JS%WC
Cc
C CALCULATE WFRIM
(W

WFRIM = SQRT(4.XAREAXCOTT + AHATTXX2)
RETURN
END
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SURROUTINE SFCNF (AREAYAHATT»WFRIM»IELC)

DIMENSION XX(16)y XX1(24516)y XX2(19y16)y R(A40),
ESUM(24)y FF(19)y SR(19)» ROLDNC40), H(16)

DIMENSION IRUFR(1)

COMMON NXs»NCsNICYySTEFsALFAYEEBETAyGAMA» INy INFy
IFDIFERySEQL YKL YK2yKI K4y KEyKEIRK7yKEYK? 9y XXy XX1y
EXX2yRySUMY»FFySRyROLID» SCALE yFOLINy
2LFEASy LSy L6 L7 LEYL.9yR1AYR2AYRIA Y
INy Ty LFy WFy AFRODy Fy Vs CC2y CF»

SOFRICEs FHIy THETAs RETA>»

ACZy CRy EBWy W2, DELTAy Cy D2y X(22),
SIXFTR(22)y IMDLy RLOC(34),

SRHOsWFITs OFHRSy IFNDORy CASTDs SAFE, 10RJ,
2IVARy HOURSs CTON»

6A81AA1RA2yAZAYA3EYA4y COSEYCOTDELyCOTHFHI »
SCOTT»TANT s D2F y I2HAT »
7G1R+yG2yG3KyG4y REACH» XLASTy YLAST YRA4

COMMON A11S5+A125,A215,A228,ARTOTyARL1»ARL1Zy
&DF yREACH1 y REACHZ »

i C1sC2yCR1>CR2yRWIRW2y G11y6G12,621,6G22
2 + ITANDM

COMMON IDAT» JUNKC(4) s IFRM(S)
REAL LF» L1y L2

5718 B e 53

D2HAT = 12 + 7T

cC = 0.0

IF (1FNDR +EQ., 1) CC = TX(COTT+COTFHI)
C
C:ASSUME AHAT=0.0

SUE1 = (G11-D2HATXCOTFHI + COC)

SUR2 = ,S5/(COTTH+COTFHI)

AR = TANT - SUR2
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EQ = 2.X%SUBLXTANT - 22.X%CCXSUE2
CQ = SUBLIXX2XTANT - SURZXCCX%X2 -~ AREA
DELC = FNCQD(AQyEQsCQ)

AHATT =0.0
WERIM = 2.%(6G1L1-D2HATXCOTFHI+CCHDELC)
DF = (CC+LELC)/(COTT+COTFHI)

NOW DETERMINE IF SETTING AHAT = 0.0 WAS V#LID

IF (.S%WPRIM+G11 JLE. D2HATXCOTFHI+W) GOTO 999

OTHERWISE WE MUST DETERMINE THE VALUE OF AHAT

SUE1 = G11-D2HATXCOTFHI+CC

SUB2 = 2,%611-2%kD2HATXCOTYFHI+ACC-W
SUEZ = (COTTH+COTFHI)X2.

AQ TANT—=1./SUR3~- 25X TANT

BEQ = 2. ¥SUBLXTANT-,.SkSURRXTANT-2,.%CC/SUR3
DELC = FNCQD (AQsEBQ,CQ)
AHATT 2.%611-2 . ¥D2HATXCOTFHI4CCHDELC-W

WFRIM 2.%(611~-D2HATXCOTFHI+CCHDELC)
IF = (CC+DELC)/(COTT+COTFHI)

i

RETURN
END

SUR1XX2XTANT— . 25XSUR2XX2XTANT-CCX%2/SUR3-AREA
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C
C THIS FUNCTION AFFLIES THE QUADRATIC FORMULA
C

FUNCTION FNCQRDCAQy»EBQyCQ)

C
SQROOT = SQRT(BQAX¥2-4.XAQXCQ)
DENOM = 2.%AQ
FNCQD = (SQROOT-EQ)/DENOH
RETURN

END
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