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SUMMARY

Deterministic and stochastic simulation were combined
to develop a computer model of an open pit mining system
using bucket wheel excavators and related materials handling
equipment. The model is closed and dynamic in the sense that
information is fed back to control activities at various
levels and reservolrs. The results of interaction between
unit operations in one time interval determines overall system
behavior for the next interval. Equipment performance curves
and system profile characteristics rather than time studies
are applied to determine the operation of each activity at
any time period. For that part of system where performance
is dictated by a random variable, subjective probabilities
are employed.

Two stages of research were considered to formulate
this model. Stage one involved the formulation of equipment
sub-assemblies for the sequence of equipment moves along
with related assignments and routines for information re-
trieval. The second stage of research combined all sub-
assemblies into an integrated open pit mining simulator. The
model is not tailored for any specific open pit operation but
is readily adaptable to any system of surface mining, includ-
ing operations having a high degree of complexity. Questions
answered by the model include: 1) system design and selection
of equipment for a new mining operation; 2) analysis of

existing operations for possible changes, additions or general
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improvements; and 3) analysis of equipment performance for
the entire life of the mine.

The interim report (January 11, 1971) presented the
complete model along with a computer program developed to

test the model on Penn State's computer system. In the

final report case studies have been added for the purposes

of model testing and application. Interpretations of results

and data input considerations are also listed.
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I. INTRODUCTION

General Introduction

Minerals are the basic ingredients for a country's in-
dustrialization. The importance of mineral resources in
national development is well illustrated by the Hewett-
Lovering model of national history (Figure 1). As a nation
approaches the zehith of commercial power ité mineral re-
sources are fully utilized and much reliance is placed on
foreign imports. The cost of raw matéerlals is decreasing
due to plentiful domestic and foreign supplies while the
standard of 1living 1s increasing because of expanding mar-
kets both at home. and abroad.

The depletion of a cheap supply of domestic raw materi-
als coupled with increased dependence upon foreign mineral
resources usually signals economic decline and internal
political unrest. The country which started with an abun-
dance of cheap mineral resources now becomes a '"have not"
nation or at least a "have less" one. Such a nation could
improve its'position in a variety of ways, the most common
of which includes the acquisition of mineral rescurces by
military conquest, political alliance, or economic domina-
tion (Cheney, 1969).

Although the United States still possesses a great va-
riety of mineral resources, there is now deficiency in al-
most all of them (Figure 2). The United States is no longer

self sufficient and must tolerate increased involvement in
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international affalirs. A natﬁral.solution for maintalining
national self sufficlency without the need for acquiring
foreign resources.is to develop vast domestic resources of
low grade ores by continued technological developments for
converting these into mineable products.

An apparent solution to the problem of satisfying pub-
lic demand from these high cost, low profit mineral deposits
is mass material handling. A logical choice for mine devel-
opment is the application of surface mining techniques where,
with larger and faster equipment, the rising costs of labor
can be readilily reduced through automation and mechanization.
Increased productivity and lower operating costs are current-
ly being achieved with increases in the sizes of materilals
handling equipment (Table 1). Since most of the machines
shown here are intermittent and must follow certain work
cycles, further improvements can be expected if continuous
excavation and loading practices are applied. The applica-
tion of bucket wheel excavators and their related material
handling equipment shows great promise and may well be the
deciding factor in reversing the decline of domestic mineral

production (Venkataramani, 1968).

Statement and Scope of the Problem

Due to the depletion of high grade, easily-mined ores,
most of the basic raw material will need to come from low
grade deposlits in the foreseeable future. Apparent solutions

to this problem include 1) mass materials handling to meet

increased productivity requirements 1ii) automation and
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Table I

Increase in the Sizes . of Equipment over the Years 1950

BWE
(wheel diameter}

meter

10.0

11.1

11.5

17.5

Truck Loading

(ton) shovel
(cu. yd.)
35 6
50 8

85-100 8-15

160-200 15

Stripping
Shovel
(cu. yd.)

60

60

115

180-200

- 1969

Dragline
(cu. yd.)

80
80
85

130-240



mechanization to combat rising costs of labor and iii) the
implementation of quantitative concepts to minimize manage-
ment's risk in making decisions.

Because of the large capital investment and narrow pro-
fit margins in applying these systems, 1little margin for er-
ror can be tolerated. Every subjective conclusion which so
often influences managerial decisions must be scrutinized
carefully. Traditional trial-and-error methods in mine plan-
ning and design are no longer feasible and must be side-
stepped in favor of more objective means. In order to aid
management in passing from an area of subjective reasoning
to one of objective reasoning in the operation of these sys-
tems, there is a tremendous need in mining for the develop-
ment and application of Operations Research (0.R.) methods
to mine planning and design.

This thesis will attempt to apply one facet of O.R.,
namely, simulation to develop a model of open pit mining us-
ing BWEs and their related materials handling equipment. The
proposed model is closed and dynamic in the sense that infor-
mation is fed back to control activities at various levels
and reservoirs. This model can be regarded as a management
laboratory where many ideas are tried on paper and the best
of these selected prior to application. Questions to be an-
swered by the model include:

1. Systems design and selection of equipment for a new

mining operation;

2. Analysis of existing operations for possible




alterations, additions, or general improvements;

3. Analysis of equipment performance for the entire

life of the mine.

Unit operations to be modeled consist of face and lo-
gistics activities with the previously mentiocned BWEs, trucks,
trains, conveyors or any combination of these. The operation
of each activity at any given time is determined from equip-
ment performance curves and the haulrocad and soil profiles.
Here deterministic simulation is employed in order to study
equipment rather than operator performance. For that part of
the system where performance 1s dictated by a random variable,
stochastic simulation is applied using subjective probability.
The model as outlined above is not tailored to any specific
open pit operation but is readily adaptable to any system of
surface mining with slight modification.

Since the concept of total systems simulation will be
implemented, each unit operation will not be permitted to
exist as an entity. Interrelationships are identified and
listed and the system adjusted to provide mine management
with an understanding of the goal-seeking, self-correcting
interplay between them. Model construction as proposed will
be applied to an IBM 360/67 computer and a program will be
deVeloped as part of research. Equipment performance is an-
alyzed in a specific time period and can be readily applied
over the life of an ore body using grid point simulation.

The new concept to be tried would include information retriev-

al from the model itself as input to a Calcomp plotter to



provide not only numerical but also graphical information in
an attempt to simulate years of operation when this is used
for long-range planning. The computer program and related

routines along with a listing of variable names are given in

subsequent chapters.

Computer Simulation

e Because most problems amenable to systems simulation

can be represented by a mathematical model, two series of

computations are needed. First, the model must be tested in
an experiment conducted in the actual situation, and the re-
sults of this must be compared with the model results. Sec-
ond, once the model is adjusted it must be manipulated to
determine the outcome under various conditions. The vari-

ables occurring in these problems are usually large in num-

ber and related through many complex equations. In an effort
to cope with the mathematical tedium, electronic computing
machines have been used for solution of simulation problems.
Computers drastically reduce the time involved in computation
and are so designed that mistakes in computation are practi-
cally impossible if programmed correctly. Furthermore, the
computer is capable of generating the necessary random num-

bers in carryling ocut simulation.

Review of Related Literature
One notable application of simulation at work in indus-

try 1s the VPI-OCR FACE SIMULATOR (Lucas, 1969). The model

developed here has the purpose of allowing the comparison of



methods for room-and-pillar face operations and observing
their effect on mining prior to actual installation. Pro=
posed changes are tried in the model and the best of these
are selected as a gulde for better mine management. IBM's
own simulation package, the System 360 General Purpose Simu-
lator has experienced heavy use in solving similar problems
and other steady-state situations.

Simulation languages such as SIMSCRIPT and GASP have re-
duced the programming skills required to build a simulation
model, but not to a level where they can be used by a busy
engineer or manager unless he has extensive programming ex-
perience. In an attempt to make simulation a more readily
available tool, C. E. Donaghey (1967) has structured a gen-
eralized materials handling model (MHSS). The majority of the
materials handling system consists of a set of moves and a set
of pieces. of equipment required to execute the moves. MHSS
gives a technique for describing and classifying the elements
in these sets, and then a technique for simulating the inter-
actions of these elements as the materials handling system
operates. To apply the model the user simply furnishes data
parameters to the computer for his own problem.

A model of material handling for open pit mining was. al-
so reported by W. C. Morgan and L. L. Peterson (1968) of the
Caterpillar Co. The stochastic simulator developed here cal-
culates haul and return times for trucks on a new profile.
Adjustments are made in the computer for the interaction be-

tween shovels and trucks at the point of loading.
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The development of a simulation model to evaluate a
gold mining activity was reported by the Bureau of Mines as
part of a program of research leading to a total mining sys-
tems concept (Johnson, 1968). Mining by model permits easy
alteration of processing techniques to locate the high cost
stages of operation.

A new philosophy of computer simulation as applied to
a total systems concept was introduced in a paper by R. L.
Sanford and C. B. Manula (1968). A dynamic model of under-
ground coal mining was presented for the purposes of systems
design and selection of equipment for a completely new oper-
ation and the analysis of existing operations for possible
alterations, additions and general improvements. The main
differences between this simulator and its predecessors is
the ability to transport materials from multiple mine faces
to multiple mine destinations and the ready adaptability to
a wide variety of mine layouts. The second difference that-
characterizes the model is the deterministic simulation of
equipment moves according .to their mechanical capabilities
and the physical profile of the mining system. Here the
computer generates performance data in the absence of time
studies to compare equipment rather than operator performance.

Since the early 1960's the development of dynamic models
for economic systems has been given great impetus by the much
publicized work of the Industrial Dynamics Group at M.I.T.
headed by J. W. Forrester (1961). One criticism for using

the standard methods of industrial dynamics, however, is the
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literally hundréds of assumptions that go into model develop-
ment. These assumptions are oftentimes not characteristic

of the actual systems they are to represent. To clrcumvent
this difficulty, D. A. Wismer (1967) proposed a '"sparse'"
model of industrial dynamics coupled with dynamic programming
to obtain results in a quick and economical fashion. This
economy is achieved by stating explicitly the objectives ex-
pected and tailoring the model toward the achievement of
those objectives. Three specific and widely differing uses
of the model are presented. These are called analysis, fea-
sibility, and control and are demonstrated in terms of a
dynamic model of savings for a cement company.

Venkataramani (1968) developed a computer model to
simulate the digging component of a bucket wheel excavator
(BWE). To reflect the dynamic characteristics of a BWE
system, rate equations based on formulae from published lit-
erature were used to generate the goal-seeking, self-correct-
ing interplay between the unit operations. As output, the
model will print out a time study, production study and

power consumption for mining a specified ore block.




II. SYSTEM CHARACTERISTICS AND METHODS OF SIMULATION

The open pit system to be modeled includes the operation
of BWE's and their related materials handling equipment. The
cutting action of the BWE and the time-varied movement of
individual trucks and trains along with the steady transpor-
tation of material by conveyors are predicted with complete
certainty from equations governing their performance char-
acteristics. Mechanical availabilities of each machine and
the service time distribution of mining equipment are random
variables and are predicted by Monte-Carlo techniques. This
chapter will discuss the required expressions related to
equipment performance and the methods of formulating these

into a complete simulation model.

Deterministic Simulation

Deterministic simulation as used in the model performs
the sequentially simulated operation of equipment moves ac-
cording to a fixed set of orders. The change of state from
time to time 1is devoid of uncertainty and can be perfectly
predicted. A formal definition of 1t is such that, if the
state of the system at time t corresponds to a certain posi-
tion of the point M which depends on the initial point MO
and t, then

Mo=M M, t) (1)
when t variles but MO remains fixed, M describes a curve which
represents the evolution of the system starting from the in-

itial condition defined by MO; the simulation of this moedel
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operation, that is, M'(Mo,t) = M!. The maximum
cutting speed is theoretically the speed which
yields a centrifugal force equivalent to the grav-

itational force.

Vnax = v8b/2 (7)
where,
g = gravity acceleration
D = dilameter of wheel

The practical operating value of speed, Vl’

lies between 0.4 to 0.6 of Vmax‘

BWE output. Output from a BWE is estimated by the
followlng set of equations:
S = (V,/mD) x Z (8)
where,
S = number of buckets discharged per second
D = diameter of the wheel in meters
Z = number of buckets on the wheel
V., = cutting speed of the wheel in meters per
second
The actual output capacity of a BWE in a given soil
is,
Q. =1Izx B, x S (9)
where,
I = nominal bucket capacity in cubic meters
Bf = bucket filling capacity expressed as a
fraction on the nominal bucket capacity.

Q. = actual capacity of the BWE in cubic meters/

second
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Slewing. From the:actual output, the slewing speed
of a BWE is evéluated. The thickness of each slice
of material excavated 1s theoretically computed from
| d = 87.6 x Qa/D x S (10)
d = thickness of slice in meters

and the slewing speed 1s, therefore,

= (11)
where,

v

s slewing speed of BWE wheel in meteré/second

i

height of bank excavated in meters

However, with a non-crowding machine, because of

the fixed length of the wheel boom, the BWE moves
forward bodily in the direction of the bench and the
thickness of the slice at any point is approximated by
2

d. = d(cos 8 + Sin

D 6/2p,) (12)

where,

'O
1

R,/d
RS = slewing radius in meters

8 = angle between the direction of advance
and direction of p.

In order to maintain uniform output, the reduction
in the thickness of the slice as the boom slews away
from the center 1s compensated for by increasing the
width of the slice cut. To increase the width, the

slewing speed has to change according to,

Vp = Vs/cos o (13)
Vp = slewing speed at the point p.
V., = starting slewing speed at the center
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4. Tramming of BWE. Tramming speed of a BWE is very

slow, and is regarded to be constant and fixed.

5. Power consumption. The power requirement for a

BWE connected with the cutting, slewing and tramming
operations are theoretically computed from standard
equations which are listed in Appendix I.

Movement of Conveyor Belt. Since the speed of a con-

veyor remains constant for the entire simulation pericd, de—
terministic simulation is accomplished simply by dividing
the total length of the conveyor into elements with equal
length and advancing one element during each time interval.
Detailed discussions of related modeling techniques are pre=«

sented in a later chapter.

Probabilistic Simulation of Stochastic Processes

When the state of the system at time, t, is, M, which
depends on the initial condition, Mo’ and, t, as shown in
equation (1), and if, Mo, lies within a region, u, with a
certain probability distribution, the set of curves, M(Mo,t),
represents a stochastic process. The Monte-€arlo method is
the technique to obtain the expected values of these process-
es. In modeling the following conditions are considered to
be stochastic.

Mechanical Availability. The failure of a piece of

equipment and the required service time for each failure are
random variables. As a result the working time of the ma-
chine is also a random variable. For example, let the re-

quired repair time be, X, with a probability density function,
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f(x), and the duration of continuous working time of the
machine will be, Y, with p.d.f., g(y).

The mechanical availability 1s then defined as

E(Y) _ Expected working hours
E(Y + X) Expected working hours + Expected repair hours

which 1s usually regarded as a constant, ¢, for a machine.
In the process of simulation, a random number is generated
from a uniform distribution between [0,1] at the end of each
work or failure cycle.

Soils Characteristics. Cutting resistance is a measur-

ing unit which designates the mechanical properties of a soil
against the cutting action of a BWE. Different authors
suggest different methods to express this factor. Professor
N. G. Dombrowsky (1964) at the Fifth International Earth-
moving Conference used the unit of, kg/cm2, to specify the
digging forces for various types of ground. However, most
technical publications and manufacturers' catalogs still pre-
fer the unit, kg/cm, which is based on the required load per
unit length of the cutters in contact with the ground. Table
2 shows some reference values for the cutting resistance of
certain materials based on this unit. Because of the non-
uniformity of soils, the cutting resistance varies greatly
even for the same material at the same location and is,
therefore, treated as a random variable in BWE simulation.

A second soil property which is considered to be random
is the presence of boulders in the ground. The capacity of

an excavator can be affected adversely in proportion to the
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Table 2
Cutting Resistance of Solls for BWE Excavation

(Gartner, 1965)

SOIL TYPE CUTTING RESISTANCE
kg/cm
Earth 10-30
Loess 20=40
Sand 10=40
Clayey sand 10-50
Gravel fine 20~50
Gravel coarse 20-80
Sandy loam and wet loam 20~-60
Dry loam 20-80
Clay wet 30~-65
Clay dry 50-120
Clay schistose 35-120
Sandy clay 20-65
Clayey slate 50-160
Slare 70-200
Sandstone (easy digging) 70-160
Sandstone (hard digging) 160-280
Gypsum 50~130
Lime 30=-120
Phosphate ' 80-200
Alluvial light consolidation 30-60
Alluv.al medium consolidation 50-80
Alluvial heavy consolidation 70-150
Hard Coal 50-100
Laignite 20~70

Brown iron ore 190=210
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frequency of boulder océurrence} These boulders are elther
too hard to cut or too difficult to handle.

The stochastic simulation of cutting resistance consists
of generating a random number from a given density function
at each time interval and using this value to denote the
material properties at this .specific time period. Similarly,
a random number is generated from a uniform distribution be=-
tween [O,l]; if this number is less than the probability of
hitting boulders, 1t signifies that a boulder has been hit.
The machiﬁe is then idled for the period required to restart

the BWE.

Dynamic Modeling of.the System

There are three essential components in a dynamic model:
a) information flow, b) material flow and c¢) decision.
These components form a complicated interconnected network
Wwithin the system whereby a beginning decision causes the
action of material flow. This in turn generates an informa-
tion flow to affect consecutive decisions and the resulting
amplification of .system outputs.

The execution of information feedback among unit oper-
ations in the open pit materials handling model is accom-
plished by assigning reservoirs, or surge bins -in this case,
to the head and the tail of each sub-assembly. A conceptual
flow model to describe the phenomena 1s shown 1in Figure 5.

The soil characteristics, mining profiles, bench infor-

mation and the required reservoirs provide information to a

decision center. If the reservoir can accept material and
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no idle time occurrence is listed, the face excavator will
load material. Similarly, at the second declision center,
Reservoirs 1 and IT supply information to determine the
action of Transportation I. Thus, the control decisions
regulate the performance of each unit operation and there-
fore increase or decrease the rate of flow into and out of
the storage facilities. When control decisions occur at
discrete points, in At, these decisions regulate flow rates
in the next time interval. Current flow rates affect future

storage levels which in turn affect future decisions.

Other Computation Technigues

The potentialities of computation and experimentation
as related to the application of simulation methods are re-
stricted unless ways are developed to combine the elements
of the mining model to meet those objectives as listed in
Chapter - I. One central requirement is the correct choice
of a time interval to measure what has been done to compare
with the objectives. For example in the deterministic sim-
ulation of equipment moves, the result in the period M(t+At)
could be adversely affected by other external variables in-
cluding haulroad profiles. Only when, At, 1s assumed small
enough can these other variables be taken as constants in
thils incremental time period. Decreasing incremental values
of, At, however, monotonically increases computational times,
and consequently, computer costs reach a point where these

are no longer justified for the information received. A
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value of, At, based on errors from previous comparisons
shows a bottom value of one (1) second necessary to synthe-
size the system to meet model requirements while at the same
time satisfy the restrictions placed on time and money

(0'Neil, 1966).

Grid Point Simulation

A second problem in the application of simulation models
as related to the objectives proposed here deals with long
range planning where large numbers of jobs have to be simu-
lated. A day by day simulation in these cases is economi-
cally and physically impossible when twenty (20) to thirty
(30) years in the operating 1life of the mine have to be con-
sidered. An alternative approach, and the one used in this
research, is to allow for two distinct time periods for in-
formation retrieval. The first of these would allow a shift-
by~shift operation for information fetrieval related to daily
scheduling and planning. The second time period would in-
volve a one-cut sequence of the BWE operation at changing
values of the input variables over the entlre orebody and

the results interpolated for the complete 1life of the mine.
This proposed idea would operate by dividing the entire ore-
body into grids with simulation conducted at each grid point
and the results represented graphically on a contour map.
This would allow a quick and easy method for management to
identify at what stages in mining should changes be made to

meet the objectlves of the firm.
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As would be expected, the results of simulation at each
grid point vary because of changing conditions at each point.
To derive the production and related walting time values from
them a curve smoothing method is applied using interpolating
‘techniques to obtain the required contours (Figure 6). The
method operates in the following manner:

Let the resultkof simulation at a grid point be,

Z(x,y), with x,y being the coordinates of this point.

Let, Zl,Abe the value of a contour which intercepts

"grid-lines" at I, I+1, I+2, and I+3. The coordinates

of, I, are interpolated as follows,

Xy = X,
+ Zy = 2(xps yp)
m Z(xm, ym+l) - Z(Xm, y

=Yy ) X (ym+l - ym)

m

and coordinates of I+1 are,

_ Ly - Z(xm’ ym) x (x - x )
101 T T IR, v L) - (R, YD)
S m? Ym+l m’> “m+l

Yi41 = I+

A similar procedure is applied to obtain the co-

ordinates of I+2 and I+3. Let (xi, yi), (Xi+l’ yi+1)

and (x, ) be the coordinates of points I, I+1

i+2> Y142
and I+2. The smooth curve used to connect these points
is given by the following,

Xg = X4 + AXAX 2 =0, 1, 2,""", k-1
where, Ax, is small, i.e., one tenth of the distance
between two grid points.

Next, by linear interpolation,
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Z(x y )
v m+i’m+2
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Figure 6

Curve Smoothing
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L x (Ax x %)

v, = v, + —
% X441 1

i
and by taking the average of (Xz’ yz), the coordinates of

the interpolated point, J, are obtained by,

k-1
1
X, = =% X
J K0 ®
k-1
1
y. = -3 y
J k =0 3

where, (Xj+l’ yj+l)’ is again calculated by taking 2

from 1 to k. When either X, ory, exceeds X441

) will be used

or
Yi412 Fhen (Xy455 ¥y40) and (x50, V44
for the interpolation of (Xz’ yg).
The above procedure is repeated until all the required
contours are computed. Methods for obtaining the results of

grid point simulation are listed in chapter IV as they are

found to exist for an operating prototype.




ITTI. MODEL FORMULATION

The basic aspects of the system to be modeled may be
brought into focus by referring to Figure 7, a schematic
diagram of a typlcal open pit mining operation. An n-stage
materials handling scheme is employed to mine and move both
ore and waste from face areas through intermediate zones to
final destinations. Materials handling units are directed
to a processing plant or stockpile if ore is mined, while
waste and overburden are tranported to refuse disposal sites.
At each face operation a bucket wheel excavator is employed

to mine and load material.

Plan of work

Two stages of research were considered in modeling the
above mentioned system. Stage one involved the formulation
of equipment sub-assemblies which included the sequence of
equipnment moves along with related assignments and routines
for information retrieval. The second stage of research
combined all sub-assemblies into an integrated open-pit min-
ing simulator that is able to execute two different analyses
of mining operations. Provisions are made, depending on
management's choice for the design and selection of equipment
for a completely new operation. On the other hand, produc-
tivity can be measured and compared when changes are made
to an existing system. A systems flow model is presented
in Figure 8 to illustrate the flow of information and de-

cision points along with related feedback loogps and
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interconnected networks.

Equipment Sub-assemblies

Before the implications of changes 1n management poli-
cies and associated production plans can be derived from
the above representation, it is necessary that all machine
activities be expressed in explicit quantitative form. The
straight-forward but detailed formulation of equations de-
scribing these operations are listed for application with
the principles of deterministic and stochastic simulation.
Model building as explained here consists of tracing step
by step the actual equipment moves and flow of information
while at the same time observing the series of decislons that
take place. Detalls of actual model construction for machine
operations, including BWE's, trucks, trains, and belt con-
veyors, are provided for in the following discussions.

A summary of notations used in model construction are
listed below,

f+ tramming, maneuvering variable of BWE's

h: wvariable of hitting boulder of BWE's

u: variable designating outby equipment

g: vériable designating the mechanical availability

p: variable designating the position of transportation
media

s: variable designating the condition of truck at
stations

D: payload of truck

b: Constraint factor for transportation media, truck
" and train '
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r: feeding rate of conveyor

¢c: variable designating condition of traffic control
lights

I: wvariable designating the condition of haulroad in-
tersection

R: bvariable designating train dispatching

BWE's. Basically there are four independent moving
parts connected with thié plece of equipment: the bucket
wheel itself, boom, superstructure and the crawlers. A com~-
bination‘of these four activities yilelds the work output of
the machine. The rotation of the wheel is the main activity
while the vertical movement of the boom positions the wheel
and a horizontal rotation of the superstructure provides the
necessary slewing action. The crawler activity positioﬁs
the machine for the next cut sequence.

Although BWE output during any time interval, At, is
theoretically calculated by formulas presented in Chapter II,
no output is obtained when the machine is maneuvering, in
contact with boulders, experiencing mechanical failure or
walting on outby activities. 1In practice, therefore, total
BWE production in time period, T, is expressed mathematically

as follows:

n
T.P. = ;_ Qa X At x 8y X hi X fi X ug X d
i=1
where,
n = T/At
£ 0 1if BWE is tramming, maneuvering
i

1 4if BWE is cutting the soil
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n = 0 if buckets hit boulders or when restarting
i { power.

1 “otherwise

if related equipment is not available

0
1 otherwise

o

if machine fails mechanically
+ 1 otherwise

The actual capacity of the machine in cubic meters per sec-
ond is defined by Qa’ while d defines the density of the
soil in tons (short tons) per cubic meter. Figure 15 shows
the flow model of BWE operations.

Related output measurement for information retrieval,
which follows from the basic production egquations, includes
a) waiting times, TW; b) Mechanical delay times, TF; c)
boulder contact delay times, TH; and d) Maneuvering times,
TM. These are obtained from the computer using the follow-

ing relationships,

n

W = 3 (1-u,) x At
i=1 S
n

TF = 1 (1—gi) X At
i=1
n

™ = % (1—fi) X At
i=1
n

TH = % (1-h,) x At
. 1
i=1

The values of ui, gi, hi and fiare calculated at each time
interval, At, using soll characteristics, machine performance
curves, and the BWE assignment as input. A complete listing

and definition of the input variables are provided in Appen-

dix III.




35

Trucks. Truck performance is quantified not only in
haulroad locations but also at any of the following opera-
tions; a) Ore and waste loading stations; D) plant dis-
posal and refuse sites; and <c¢) the ore discharge points.
Information retrieval from the above locations includes
total production and delay times along with amount of ma-
terial carried. The values obtained in, At, and accumulated

for the time period T, are given by,

n
(WI), = ¢ P,. S,.. At
J i=1 i1jk "ijk
. ‘o . th .th .
i.e., the total waiting time of k truck at J station.
where,
n = T/at
and,
p.. = {1 when the k®® truck at 3P station
1k 0 otherwise
1 1f eilfher the kth truck is on a waiting line
of jth station or the station is out of ser-
g _ vice or both
ijk — .
0 otherwise
Also,
n Dk
(TP), = = P..,. S.., — At J = %
k 1=1 ijk “ijk tk

th

where, (’I‘P)k 1s the total material transported by k truck

[ zth dumping station
Dk: payload of kth truck
tk: discharge time of kth truck

When in a segment of the haulroad, truck performance

traveling empty or loaded is calculated by the set of equa-

tions listed in Chapter II. The velocity in practice,
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however, is altered to read,

V(t+at) = V(t) + a(t+at) x At x g(at) x b(at)

where,
V(t) = velocity at time ¢t
a(t+Aat) = acceleration in (t+at) from available rimpull.
at V(t)
g(at) = 0 mechanical failure
1 otherwise
b(At) = allowable factor satisfying the following

constraints;
i) a(t+at) b(At) < maximum acceleration

ii) V(t+at) < maximum speed, and

ii1) V(t+at) < limiting speed for mixed fleet
operation.

The flow model for truck operations as described above
is illustrated in Figure 16, Required input data to carry
out the simulation for the sub-assembly includes speed-
rimpull curves, maximum acceleration rates, a realistic de-
celeration rate, vehicular payload, discharge rates, haul-
road conditions and truck assignments. A complete listing
and definitions of the input variables are provided in Ap-
pendix III.

Belts. Components connected with this particular sub-
assembly consist of primary and‘secondary gathering belts
along with their required surge facilities. Information ob-
tained and listed here includes production and out—of—éervice
time because of belt overloading and mechanical fallure.
Although constant speeds are used during the simulation, de-

lay times are experienced in actual practice. Total material
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transported, TP, is, therefore, expressed as,

n+k
TP = r, ¥ At x u, x g,
1=k 1 i i
where,
n="T/%t%

k = L/(VxAt)
L = Length of belt
V = speed of belt

ri = feeding rate

0 1if related gathering belt or surge is over-
u. = { loaded
1 1 no overloading or overloading is to be cumu-
lated
g, = | 0 1f belt fails mechanically
i

otherwise
0 < r, < total material storage during step 1
Related waiting time (W.T.) which follows from the above
basic transportation equation is
' n
W.T. = 3 (1-u,) x At

. i

i=1
In a situation where overloading occurs in the absence of an

automatic stopping device lost production is determined in

the following way,

n
T.0. = ¢ (1—ui) riAt
i=1
where,
u. = 0 no overloading occurs
+ 1 otherwise
and,

0}

T.0. total tons lost.
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The belt flow model islshown in Figure 17.

Required input data for the execution of this sub-
assembly includes belt speeds, capacities, assignments of
belts and surge facilities, and feed rates. A complete list-
ing and definition of input variables are presented in Appen-
dix III.

Trains. The mathematics and logic for building this
particular sub-assembly are nearly 1dentical to that required
for trucks. The main difference arises in the overlapping
of haulrocad segments from longer trip lengths and in the
manner of equipment moves. The declsions and computations
for a multiple trip network are shown in Figure 18. The
average slope of the haulroad profile must be calculated
for the entire trip length in order to determine its related
force vector in At and consequently the acceleration.

A second difference results from the necessity of in-
stalling traffic control lights.in the system. When a train
enters a section of haulroad, the lights controlled by this
section are turned on automatically to regulate othér trains
entering from the opposite direction. The waiting time of
trains at haulage intersections is expressed mathematically

as follows:

n m . :
(WI'I), = ¢ z c,.I,. At
I q=1 k=1 TKLIEK
where,
(WTI)j = total waiting time of jth train at intersection
.. (1 when k®® light is on |
ik

0 otherwise
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xPh 1ight is installed

0 otherwise

1 1if the train is at the intersection where
1jk {

total traffic lights in the system

m

n = T/At
This value is cumulated by the computer for T.

One final comment involves the application of a dis-
patcher in this sub-assembly. Here an empty trip 1s received
by the loading station and a predetermined number of empty

cars are placed 1in storage. The waliting time generated by

this feature 1s obtained in the following way,

(WT) .

He M 3

L Tie Bag

i.e., the total waiting time at zth dumping station,

where,

P if train is at ch dumping statilon

1
——

12 otherwise
1 If no loading station requests empty trip

and/or traffic light at 2th station is on
and/or train is waiting for dumping

[}

R
12 0 otherwise

A complete list of variable names and definitions 1s pre-

sented in Appendix III.

State I1 Development

Because the proposed system 1s not a simple information
feedback 1loop but a complex multi-looped one with intercon-
nected networks, the sub-assemblies as developed in the pre-
vious section cannot exist as separate entities. Sub-

assembly information generated in, At, affects subsequent
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decisions and consequently the execution of machine opera-
tions in»the next time interval. All decision polnts must,
therefore, be defined and coordinaﬁed‘in order to transfer
new data énd decision policies to the equipment in, t+at.

An Executive Control System along with its related auxiliary

functions has been developed to accomplish this purpose.

Executive Control. The central function of Executive

Control is to determine and provide at each time step, AT,
the values of variables representing machine performanCe.

1 .
The values u,, &, fi, hy of BWE's; Pijk’ Sijk’ g(at), b(at)

of trucks; res Uys 8y of belts; and the Ciks Iijk’ Piz’ R

ig
of trains are stored, updated and compared. in order to con-
trol the next sequence of activities specified by the input
data. Also included are routines for entering and leaving
the system. At the end of, T, the system requests data

initialization for the next set of jobs. Data Control as-

signs input data as required while Data Reader and Printer

are used to fulfill the input and output requirements.

Other Programming Considerations

Grid point simulation is introduced and applied for
long-range planning as part of the program of research. This
allows simulation of the complete ore body'at~preselectéd
points involving parameter changes. Only a one-cut sequence
is allowed at each discrete point with complete tabulation
of all decision variables. The results are interpolated and

displayed graphically as contours using the subroutine CONTOR
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which was applied for this purpose. Input data for the
subroutine includes the output of the simulation model to-
gether with the number, location and soll profiles at each
point in terms of the x.,y coordinétes.

Other subroutines and functions include OBSTOW which
allows for the placement of an observation tower in the
truck system to obtain maximum fleet utilization. SETBAS,
CHCOMP and RAND were made available through the 0S/360 Li-
brary at the Pennsylvania State University's Computation
Center. The functions as related to model applicatlion are
defined below:

SETBAS: to initialize the base for generating random
numbers

RAND: to generate a random number from a uniform
distribution

CHCOMP: to compare a string of characters

The model was developed for application on the Uni-
versity's IBM 360/67 system and coded in FORTRAN IV and is
not considered suitable for execution on other systems unless
modified. The program is listed iﬁ Appeﬁdix ITT along with
definitions of subroutines, functions, and all exogeneous

and endogenous variables.
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IV. CASE STUDY AND MODEL IMPLEMENTATION

Since abstraction is the central ingredient in the
process of building a mathematical model to describe a real
operating system, 1t 1is essential that the model be tested
in a real world situation before useful information can be
obtained. The Alberta operations of the Great Canadian 0il
Sands Corporation (GCOS)¥ at Athabasca were selected as the
operating prototype to compare with model output. The
hypothesis of equal productivity was tested using the pro-
ductivety standard deviation of GCOS as the population es-
timator. Operational data such as these were given by GCOS
personnel and are related to mining the Athabasca tarsands
located near Fort McMurray. A map showing this location is

listed in Figure 9.

Operating Prototype

The Athabasca tarsands 1s a single orebody covering
10,000 square miles and estimated to contain 600 billion
barrels of oil. The average thickness is 150 feet with a
covering of 60 feet of overburden. The overburden is re-
moved by fourteen (14) 50-tons scrapers and the deposits
excavated in two (2) 75 foot benches with BWE's. Material
is moved by a bridge conveyor, which is mounted on crawlers

and travels with the BWE, to a rall-mounted bench conveyor.

¥ A1l data in this report are disguised to protect the
wishes of GCOS.
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Figure 9 Location Map of GCOS Operation
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i From here a trunk conveyor located along the perimeter of
the orebody accepts material for discharge onto a main con-
veyor which is connected to a central processing plant. A
photograph showing the complete operation can be seen in

Figure 10 while a schematic representation cf the materials

handling arrangement 1s illustrated in Figure 1l. Mining

and equipment terminology as referred to here is that which

is commonly used by operating personnel.

Input Data. The performance characteristics of equipment

are listed on Table 3. These include operating and engineer-
ing data, mechgnical availability of machines and the soil

properties of the orebody itself. Because of the high lat-

itude location, mechanical availability and productivity
ié rates obtained from company records are seasonal and for

application to this thesis values are limited only to summer

operations.

The cutting resistance of tarsands included as parts

of the soil properties was not available from operating
i% records. This was estimated by comparing the allowable BWE
cutting speed with reference data given by Gartner (Table 2)
for a value of 20-30 kg/cm in warm months. The method of
estimating the bucket filling capacity of BWE's was simply
one of comparing the weight conveyed by the belt, which
could be directly observed from a weightometer, and the num-

ber of buckets discharged in a unit time. Average values

taken from 50 observations were calculated at 0.80 and 0.70

for the #1300 and #1301 wheels, respectively.
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#1300 #1301
BWE BWE
#1 Conveyor #2 Conveyor
(Bench Conveyor) (Bench Conveyor)
y
#3 Conveyor #4 Conveyor
(Trunk Conveyor) (Trunk Conveyor)

#6 Conveyor
] (Main Conveyor)

Extraction Plant

Figure 11 Schematic Representation of GCOS
Materials Handling System
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Table 3

Equipment Characteristics of GCOS Materials Handling System#*

A. BWE
#1300 #1301
capacity of bucket 1.1 cm.m. 1.1 cu.m.
number of buckets 10(10 pre- 10(10 pre-
cutters) cutters)
diameter of wheel 9.0 meters 9.0 m,
length of wheel boom 30.0 m. 30.0 m.
service weight of machine 1,590,000 kg. 1,590,000 kg.
crawler speed 0.12 m/sec. 0.12 m/sec.
mechanical availlability 0.60 : 0.70
number of cuts 5 5
height of each cut 4,57 m. 4,57 m
maximum advance 7.20 m. 7.20 m.
cutting angle (right) 1.0 radian 1.0 radian
cutting angle (left) 0.6 radian 0.6 radian
cutting resistance of tar- 20-30 kg./m. 20-30 kg./m.
sands
bucket filling ratio 0.80 Q.70
cutting speed of wheel 0.65 rpm 0.65 rpm
density of tarsands 1.92 1.92
frequency of hitting 0.0187 0.00
rock lens
time to restart 1.2 min. 1.2 min.
B. Conveyors
#1 #2 #3 #4 #6
; size (inches) 60 60 60 60 72
i speed (fpm) 1025 1025 1025 1025 1025
length (ft.) 4380 4000 2900 1170 1390
capacity (tph) 12000 12000 12000 12000 14000
mechanical availability 0.85 0.85 0.90 0.90 0.95
"size of head bin (tons) 0 0 0 0 7000
C. Capacity of Extraction 4900 tons/hr.

Plant

¥ Data disguised for confidentiality purposes
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Results. The data explained above and listed in Table 3
were coded for the IBM 360/67 as shown in Appendix IV for
a format referred to in the READER portion of the program.
These data were simulated in 60 seconds for a six-hour real
world operation to obtaln sufficient information for making
the necessary comparisons. Output results are presented in
Appendix IV and summarized in Table 4 with actual operating
data. Here monthly production and machine delay times of
the operating prototype were used to compute means and stan-
dard deviations of hourly production and waiting time prob-
abilities of each machine.

Because the model was constructed based on the realistic
potential of equipment rather than on performance, model
output was expected to compare closely with that of the
prototype. Examination of Table 4 clearly illustrates that
model behavior is technologically identical to that of the
operating system both in production and in the reliability
of equipment. Other behavioral patterns which serve to lurther
demonstrate model ability to replicate real world activities
are equipment performance for assigned functions and the ob-
servance of system constraints such as waiting for outbye
activities. Detailed printouts at regular time intervals
have been accomplished to substantiate the acceptance of

the above hypothesis.

Hypothetical Case Study

Since the actual operations for testing the model were

comparatively simple in concept and design, it was not
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Comparisons of Model Output with Prototype Production

#1300 BWE

actual capacity (tons/hr)
delay-mechanical (hrs/hr)
delay-waiting (hrs/hr)
cutting time (hrs/hr)
actual production (tons/hr)

#1301 BWE

actual capacity (tons/hr)
delay-mechanical (hrs/hr)
delay-waiting (hrs/hr)
cutting time (hrs/hr)
actual production (tons/hr)

#1 and #3 Conveyors
delay-mechanical (hrs/hr)
delay-waiting (hrs/hr)

#2 and #4 Conveyors
delay-mechanical (hrs/hr)
delay-waiting (hrs/hr)

#6 Conveyor
delay-mechanical (hrs/hr)
delay-waiting (hrs/hr)

Model Output Prototype Output

5034
0.260

0.201
0.438

2433

Lhue9
0.172
0.230
0.593
2650

0.096

0.096

0.043
0.053

Mean ¥

4990
0.260
0.240
0.480
2400

4080
0.170
0.240
0.600
2450

0.080
0.150

0.020
0.180

0.050
0.090

¥ Data disguised for confidentiality purposes

Standard¥
deviation

0.180
0.130

.080
.10

o O
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possible to demonstrate model sophistication and flexibility
to any great degree. It is the intent, therefore, to create
a hypothetical system and a complex one for the purposes of
accommodating the simulation of a wide variety of job activ-
ities while at the same time demonstrating model application
as a decision making method. Figure 12 1llustrates a complex
system where two ore bodles are mined simultaneously.
Orebody I has three (3) identical BWE's operating in
the face areas. The first of these is a stripping machine
with trucks to move overburden to a waste disposal site.
Ore 1s excavated by the second and third BWE's onto section
belts and moved to a unit train system for transport to a
centralized processing plant. Plant refuse is removed by
trucks to a tailings dump. At the same time three (3) BWE's

with trucks are used in mining orebody II.

Input consideration. Table 5 1lists the performance charac-

teristics of equipment and the mining profiles for the pro-
posed case. Data for BWE operations includes soil cutting
resistance and machine capacities. All BWE's are assumed
to be of the same design and size and working under identical
conditions with only cutting resistance being altered.
Information for the truck system includes the truck
types, capacities, haulroad profiles, and assignments. The
speed-rimpull curves of each truck type are inputed in tab-
ular format and are not listed since these are easily identi-
fied as part of the data set in Appendix V. All haulroads

are numbered from six (6) to accommodate the movement of
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Equipment Characteristics and System Profiles
for the Hypothetical Case Study

A. System Configuration
number of ore bodies: 2
number of processing plants: 1
number of waste area: 3
number of BWE's: ore body 1: 3
ore body 2: 3
number of belt conveyors: ore body 1: 2 section belts
ore body 2: O
number of trucks: ore body 1: 6
ore body 2: 30
processing plant: 25
number of train: ore body 1: 4
ore body 2: 0
B. BWE
1. BWE Characteristics
capacity of buckets: 1.5 cu. m,
number of buckets: 14
diameter of wheel: 11.48 m.
length of wheel boom: 48 m,
service weight of machine: 3,267,000 kg.
crawler speed: 0.15 m/sec.
time to restart: 30 sec.
maximum advance: 24 m,
maximum cutting angle (right): 1 radian
maximum cutting angle (left): 1 radian
mechanical availability: 0.8
capacity of surge bins: 100 tons
ii. Soil Characteristics
Ore body 1 Ore body 2
bench bench bench bench bench bench
1 2 3 1 2 3
number of cuts 2 2 2 2 2 2
height of cuts (m) 7.5 7.5 7.5 7.5 7.5 7.5
chance of hitting 0.001 0.001 0.001 0.001 0.001 ©0.001
boulder
density 2.5 2.5 2.5 2.5 2.5 2.5
ore/waste ratio 0.0 1.0 1.0 1.0 1.0 1.0
bucket filling 0.5 0.8 0.8 0.9 0.8 0.8
ratio
cutting resistance 90 60 60 30 60 60
(kg/cm§
allowable cutting 0.4 0.6 0.6 0.6 0.6 0.6

speed (rpm)
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Table 5 (Continued)

C. Truck
i. Truck Type
Type 1 Type 2 Type 3 Type 4

payload tons 75 90 100 120
empty weight 41.5 77 .6 80.4 100
maneuvering time (sec.) 10 10 10 10
dumping time (sec.) 10 10 10 10
number in ore body 1 0 3 1 2
number in ore body 2 0 0 30 0
number in processing plant 3 16 6 0
speed rimpull curves see appendix V

ii. Truck Assignment
number of loading station in the system: 5
ore body 1: 1 '
ore body 2: 3
processing plant: 1

number of trucks assigned to BWE:
ore body 1: BWE 1: 6
ore body 2: BWE 1: 10
BWE 2: 10
BWE 3: 10

mechanical availability = 0.90 for all trucks

iii. Haulroad Conditions
Coordinate Section Slope Resistance Digstance Speed Limit

# # % % (ft) (ft/sec)
6 1 0.0 2.0 1000 10.0
7 1 0.0 2.0 1000 10.0
8 1 0.0 2.0 500 15.0
2 0.0 2.0 800 15.0
9 1 0.0 2.0 500 15.0
2 0.0 2.0 500 15.0
10 1 2.0 2.0 800 15.0
2 1.0 2.0 200 15.0
11 1 -1.0 2.0 200 15.0
2 -2.0 2.0 800 15.0
12 1 8.0 2.0 800 15.0
2 4.0 2.0 600 15.0
13 1 -4.0 2.0 600 15.0
> ~8.0 2.0 800 15.0
14 1 0.0 2.0 500 20.0
15 1 0.0 2.0 500 20.0
16 1 0.0 2.0 600 20.0
2 5.0 2.0 300 10.0
17 1 -5.0 2.0 300 10.0
2 0.0 2.0 600 20.0
18 1 0.0 2.0 500 10.0




Table 5 (Continued)

iii. Haulroad Conditions (cont'd)
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Coordinate Section Slope Resistance Distance Speed Limit

# # % % (ft) (ft/sec)
19 1 0.0 2.0 500 10.0
20 1 2.0 2.0 1000 15.0
21 1 -2.0 2.0 1000 15.0
D. Belt
number of section belts: 2 number of groups belts:
Section 1 Section 2
size (inches) 42 42
speed (fpm) koo 400
length (ft) 2000 2000
capacity (tons/sec) b5 4.5
feeding rate (tons/sec) 4.5 4,5
mechanical availability 0.8 0.8

E. Train
number of trains: 4
number of loading stations: 2
number of traffic control lights:
friction of car wheels (%):
length of car (ft):
welght of car (tons):
capacity of car (tons):
max. acceleration (ft/sec?):
average deceleration (ft/sec?):
welght of locomotive (tons):
friction of locomotive wheel (%):
max. cars per train:
mechanical avallability:
mean dumping time of a train (sec):

Ul
(@)
Ergie o Ne NGRS |

30

60

0.95
60.0

O
-3
U1

standard deviation of dumping time (sec): 10

speed-tractive force curve:

loading rate (tons/sec):

min. empty car at loading station:

train assignment: 1loading station 1:
loading station 2:

Haulroad Conditions

Speed

Coor- Slope Distance 1limit
dinate Section (%) (ft) (ft/sec)

6 1 0.0 1,000 10.0

2 0.0 5,000 30.0
3 0.0 1,000 10.0

see appendix V
3.0
40

2 trains

2 trains

Lights
Light con-
number trolled
0 1
0 0
2 3

0
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Table 5 (Continued)
Haulroad Conditions (cont'd)
Speed Lights
Coor- Slope Distance 1limit Light con-
dinate Section (%) (ft) (ft/sec) number trolled
7 1 0.0 50,000 50.0 0 0]
p) 0.0 2,000 10.0 y 0
3 0.0 1,000 10.0 0 4
8 1 0.0 1,000 10.0 0 4
2 0.0 55,000 50.0 0 0
= 3 0.0 1,000 10.0 5 7
9 1 0.0 2,000 20.0 0 7
"""" 10 1 0.0 3,000 30.0 0] 0
_ 2 0.0 1,000 10.0 1 0]
3 0.0 1,000 10.0 0 1
11 1 0.0 6,000 30.0 0 0
2 0.0 1,000 10.0 6 0
3 0.0 1,000 10.0 0 6
12 1 0.0 1,000 10.0 0 6
2 0.0 6,000 40.0 0 0
3 0.0 1,000 10.0 7 0
13 1 0.0 3,000 30.0 0 5
2 0.0 3,000 30.0 0] 0
3 0.0 1,000 10.0 3 2




56

trucks, with numbers one (1) to five (5) reserved for sources,
destinations and transfer points. Each coordinate condition
including the number of sections along with thelr related
slopes, resistances, dlstances and speed restrictions are
recorded accordingly.

The input. requirements for trains are nearly identical
to those used for trucks with one main exception. The con-
ditions for haulroad sections are expanded to include pro-
visions for traffic control signals. Added functions to be
performed are best illustrated by the following example.

Referring to Figure 12 and Table 5 for trains, there
are seven (7) traffic lights in this system. The first light
is installed at the second section of the tenth coordinate
and the second light at the third section of the sixth coor-
dinate while the seventh light is at the third section of
the twelfth coordinate. This last light is controlled by
the third section of coordinate 8 and the first section of
coordinate 9 as indicated by the last column of train haul-
road conditions. Once a train enters these portions of the
haulroad, number 7 light is automatically turned on and
consequently, no other train is permitted to enter the third
section of the twelfth coordinate.

For belts, the system is the same as that used for the
GCOS study with the exception that no primary belt is applied

here.

Results. Six hours of operation were simulated by the IBM

360/67 computer with input data recorded above. Output
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results are entered in Appendix V along with a summary list-
ing in Table 6. Although no direct comparisons could be made
with an actual operating system, confidence can be placed in
the model where productivity comparisons are made of indivi-
dual units subject to the constraints imposed by the system
and specified as part of the input. The model will allow
management to study system performance without disrupting
a going operation.

In making choices within the wide range of alternatives
available for problem solving, solid judgment, experience
and a knowledge of local conditions must supplement model
application. Only those strategies are selected which appear
to yield the greatest improvement. For example, a preliminary
analysis of Table 6 clearly indicates that the majority of
BWE's have long delay times which are intolerable because
of the large capital investment for this equipment. In order
to minimize these times a logical choice would be to increase
the capacity of the materials handling system. Closer
scrutiny of results indicate, however, that a change in the
truck fleet for ore body II or an increase in the number of
trains for ore body I may not be a correct decision since
delay times along these wvarious haulage routes are already
too high. A sound strategy for obtaining the same objective
and the one utilized for demonstrating model application is
the installation of smaller BWE's.

Strategy 1. Consider the following BWE specifications

for reducing delay times for the same level of production:
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Table 6

Model Output - Hypothetical Case Study

Strategy Strategy Strategy Strategy
Original 1 2 3 4

A. BWE outputs
i. Theoretical
Capacity) 27,512 20,214 20,214 20,214 20,214

(tons/hr
ii. Actual Capacity
(tons/hr)
Ore body I
BWE 1 7,360.4 7,360.4 7,360.4 7,360.4 7,360.4
BWE 2 9,953.4 7,391.5 7,391.5 7,391.5 7,391.5
BWE 3 9,953.4 7,391.5 7,391.5 7,391.5 ¢7,391.5
Ore body II
BWE 1 10,094.3 8,344.9 8,344.9 8,344.9 8,344.9
BWE 2 9,953.4 7,391.5 7,391.5 7,391.5 7,391.5
BWE 3 9,953.4 7,391.5 7,391.5 7,391.5 7,391.5
1ii. Available Cuttilng
Time (hrs/hr)
Ore baody I
BWE 1 0.805 0.806 0.817 0.795 0.783
BWE 2 0.301 0.406 0.392 0.395 0.397
BWE 3 0.294 0.393 0.497 0.499 0.545
Ore body II
BWE 1 0.489 0.759 0.756 0.745 0.771
BWE 2 0.741 0.774 0.772 0.784 0.762
BWE 3 0.639 0.649 0.639 0.783 0.791
Average 0.545 0.631 0.645 0.667 0.675
(hrs,/hr/BWE)
iv. Actual production
(tons/hr)
Ore body 1
BWE 1 5,924.1 5,930.9 6,016.1 5,652.5 5,760.5
BWE 2 2,997.6 3,004.5 2,895.0 2,922.4 2,936.0
BWE 3 2,926.1 2,905.3 3,670.1 3,685.4 4,031.1
Ore body II
BWE 1 4,875.3 6,409.5 6,378.3 6,260.3 6,492.7
BWE 2 7,372.9 5,723.2 5,706.1 5,791.6 5,631.3
BWE 3 6,363.8 4,799.3 A4,720.6 5,784.8 5,844.7
total ore 24,535.6 22,841.8 23,270.1 24,444.6 24,929.4
(tons/hr)

total waste 5.924.1 6,409.5 6,016.1 6,260.3 5,760.5
(tons/hr)




Table 6 (Continued)

Strategy Strategy Strategy Strategy
3 4

Original 1 2
v. Waiting time ’
(hrs/hr)
Ore body I
BWE 1 0.0000 0.0000 0.0000 0.0002 0.007
BWE 2 0.6166 0.4740 0.5152 0.4970 0.508
BWE 3 0.6321 0.4937 0.3881 0.3811 0.303
= Ore body II
b BWE 1 0.3877 0.0536 0.0777 0.0400 0.067
BWE 2 0.0233 0.0002 0.0032 0.0395 0.024
BWE 3 0.000 0.0000 0.0011 0.0039 0.024
Average 0.2766 0.1703 0.1642 0.1620 0.155
(hrs/hr/BWE)
B. Truck
i. Waiting at loading station
(hrs/hr/truck)
Ore body I
Bench 1 0.1439 0.1337 0.1503 0.1578 0.139
Average 0.1439 0.1337 0.1503 0.1578 0.139
Ore body 11
Bench 1 0.0045 0.0604 0.0748 0.0588 0.0201
Bench 2 0.1044 0.0487 0.0984 0.0471 0.0480
! Bench 3 0.3195 0.2691 0.1237 0.1066 0.0912
. Average 0.1428 0.1539 0.0920 0.0657 0.0531
Processing 0.2814 0.3010 0.2897 0.2695 0.270
Plant
ii. Waiting at ore dumping station
(hrs/hr/truck)
Ore body II
Bench 1 0.0020 0.0009 0.0010 0.0018 0.0023
Bench 2 0.0021 0.0025 0.0017 0.0022 0.0027
Bench 3 0.0021 0.0026 0.0011 0.0039 0.0040
Average 0.0021 0.0017 0.0013 0.0024 0.0030
iii. Waiting at waste dumping station
(hrs/hr/truck)
Ore body I 0.0000 0.0000 0.0000 0.0000 0.0000
Processing 0.0034 0.0047 0.0031 0.0037 0.0035
Plant
C. Belt :
i. Waiting time (hrs/hr)
Section 1 0.3430 0.3314 0.1950 0.1604 0.049
Section 2 0.3453 0.3296 0.3516 0.3377 0.360
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Table 6 (Continued)

Strategy Strategy Strategy Strategy
3 4

Original 1 2
Train
Waiting time at loading station
(hrs/hr)
Train 1 0.0538 0.0491 0.0925 0.0508 0.0516
Train 2 0.0486 0.0369 0.0452 0.0875 0.0987
Train 3 0.1638 0.1591 0.1475 0.1605 0.1635
Train 4 0.1527 0.1469 0.2050 0.2397 0.2408
Train 5 - -— - - 0.1459
Average 0.1048 0.0980 0.1224 0.1346 0.1401
(hrs/hr/train)
Waiting at road intersection
(hrs/hr)
Train 1 0.6061 0.4388 0.2808 0.3702 0.3887
Train 2 0.3697 0.2847 0.0000 0.0138 0.2641
Train 3 0.5175 0.4463 0.5666 0.5302 0.5085
Train 4 0.0044 0.0063 0.2088 0.1855 0.2713
Train 5 -— - - - 0.2069
Average 0.3743 0.2939 0.2640 0.2749 0.3279
(hrs/hr/train)
Waiting at dumping station
(hrs/hr)
Train 1 0.0000 0.0000 0.0000 0.0000 0.0000
Train 2 0.0000 0.0034 0.0043 0.0000 0.0031
Train 3 0.0000 0.0000 0.0000 0.0000 0.0043
Train 4 0.0018 0.0000 0.0000 0.0006 0.0000
Train 5 - - - - 0.0026
Average 0.0008 0.0009 0.0011 0.0002 0.0020
(hrs/hr/train)
Waiting for dispatching
(hrs/hr)
Train 1 0.0104 0.0261 0.0165 0.0071 0.0289
Train 2 0.0000 0.0000 0.0000 0.0000 0.0072
Train 3 0.0000 0.0000 0.0000 0.0000 0.0031
Train 4 0.0000 0.0000 0.0000 0.0000 0.0000
Train 5 - - - - 0.0118
Average 0.0026 0.0065 0.0041 0.0018 0.0102
(hrs/hr/train)
Cars loaded (#/hr)
Loading Station 1
Train 1 10 10 20 20 20
Train 2 10 10 30 30 30
Train 3 10 10 10 10 10
Train U 20 20 10 10 10
Train 5 -- - - - 20
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Table 6 (Continued)

Strategy Strategy Strategy Strategy
Original 1 2 3 4
v. Cars loaded (#/hr)
Loading Station 2

Train 1 10 10 10 10 10
Train 2 20 20 10 10 10
Train 10 10 10 10 10

2
3

Train U 20 20 20 20 20

Train 5 — _— — —- 10
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bucket capaclty: 1.2 cu. m.

number of buckets: 12

wheel dilameter: 10 meters

maximum advance: 12 meters

service weight: 2,000,000 kg
The required changes for these new data are few and only
occur in lines 25, 35, 47, 57 and 67 as shown in Appendix V.

The summary of output results, also. in Table 6, show a

reduction of 26% in both the theoretical and actual BWE
capacities. Theoretical capacities are those based only on
BWE specifications while actual capacities consider the
so0oil characteristics; 1.e., production in a unit cutting
time. With smaller BWE's the available cutting time is in-
creased while actual production is down 6.9%. A system
decrease from 24,536 tons/hr. to 22,842 tons/hr. is the re-
sult with an average BWE waiting time dropping from 0.277
hrs/hr/BWE to a value of 0.170 hrs/hr/BWE. Although BWE
waiting times have been cut 40% it 1s interesting to note
that average delay times for trucks of ore body II have in-
creased from 0.143 to ©.154% hrs/hr/truck.

Strategy 2. Since the objective for model application

1s to decrease total operating costs for the same level of
production, a second alternative is considered whereby the
truck fleet 1s reduced from the scheduled 30 units to 28.
The attempt is to minimize truck waiting times at the BWE's
and hence costs. Adjustments for doing this simply involve

a change of 30 to 28 in line 121 while at the same time
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changing values in lines 362 and 363 to reflect the new BWE
assignments. The choice here is 14 and 7 units for BWE 1
and 2 respectively, with 7 units .-assigned to BWE 3 in the
ore body II.

The results of this alternative are also listed in

Table 6 and indicate that average truck waiting time de-

creases from 0.154% to 0.092 hrs/hr/truck with a 2.0% increase

in BWE production, or, from 22,842 to a value of 23,270 tons/

35 hr. Corresponding decreases in BWE waiting time are placed
at 0.164 hrs/hr/BWE as compared to 0.170 hrs/hr/BWE in
Strategy 1. The increases of BWE production was accomplished
by a better assignment of the truck fleet.

Strategy 3. Since further changes in the fleet sigze

é; would not show definite improvement as evidenced by the above
results, it may be management's choice at this time to con-
sider the method of dispatching trucks for reducing both
truck and BWE walting times with corresponding increases in
production. This 1s accomplished by changing the value in
line 45 from 0 to 1 which permits subroutine OBSTOW to enter
as part of the main program. This subroutine simulates the
operations of the truck dispatching activity.

The result of this strategy ylelds an average reassign-
ment of ten (10) trucks during the six-hour operating period.
Compared with strategy 3, ore production is increased 5.09%

and walting times decreased 1.3% and 7% for BWE and trucks,

respectively. These are reflected in a new productivity of

24,445 tons/hr with a waiting time for trucks at 0.066 hrs/hr/
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truck and for BWE at 0.162 hrs/hr/BWE. Other changes for
decreasing walting times and increasing production may be
made with regard to mixed fleet operations.

Strategy 4. An apparent solution for improving overall

productivity of BWEs is found to exist at ore body I; i.e.,
in the reduction of waiting times which have a value of 0.276
hrs/hr/BWE. This can be accomplished by redesigning the
track layout to decrease train waiting times at intersections.
However, for the purposes of illustrating model application,
one (1) train will be added to the system. Data input for
adding a train involves changing values in lines 399 to 411
and adding a speed-tractive force curve to specify the
characteristics of the fifth train, at the same time adding
a value of one (1) in line 630 to reflect this assignment

to loading station 1.

Results of this alternative indicate that total ore
production is increased 1.6% from a total value of 24,445 to
24,929 tons/hr; the average walting time of trains is
increased from 0.422 to 0.482 hrs/hr/train. A slight im-
provement of BWE waiting time, from 0.162 to 0.155 hrs/hr/BWE,

is also experienced. No further improvements were tried here.

Other Applications

The concepts of long range planning with grid point
simulation as discussed in Chapter II are applied using GCOS
data as a case example. The objective 1s to project pro-
ductivity rates and waiting times over a portion of the ore-

body using trucks as part of the material handling scheme.
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Grid points are selected on regular one thousand (1000) feet
intervals for a total of twenty (20) points and an area

of 400 acres. The details for inputing data at each grid
point are not discussed here since these are identical in
format as applied in the other examples. The only program
change required is in the wvariable IGRID which takes on a
value of one (1). This allows the computer to simulate the
number of grid points for a one-cut sequence rather than the
normal shift times.

Output for each grid point are arranged in an input
format suitable for the CONTOR program as these are listed
on Table 7. Upon execution of this input by CONTOR an out-
put is obtained and used as input to the CALCOMP PLOTTER.
The result is shown in Figure 13.

Since any decisions to be made are based on a productivity
figure of 5000 tons/hr, the results show that an increase in
the truck fleet is necessary when the working face of the
first BWE reaches point A in the ore body. At this point
the production and waiting times of BWEs are as follows:

Actual production of BWEs (tons/hr)
First BWE: 2274.5
Second BWE: 2678.9
Waiting times of BWEs (hrs/hr)
First BWE : 0.125
Second BWE: 0.061
The new system is tried again to locate the next critical

point. No further work was tried with grid point simulation




no.

Table 7

Results of Grid Point Simulation
Coordinates (ft) Grid Cutting Time ¥Production Rate

66

BWE 1 BWE 2 BWE 1 BWE 2 BWE. 1 BWE 2 Total
X Y X Y (mins) (mins) (tons/hv) tong/hy (tons/hr)
1 0 0 1000 1000 83.58 90.33 A4433.6 4127.3 8560.9
2 0 1000 1000 2000 97.83 94,92 3787.8 3927.8 7715.5
3 0 2000 1000 3000 114.08 105.25 3248.2 3542.3 6790.5
Iy 0 3000 1000 4000 131.92 117.33 2808.9 3177.6 5986.5
5 0 4000 1000 5000 147.17 129.42 2517.9 2880.7 5398.6
6 0 5000 2000 0 163.58 90.33 2265.3 4127.3 6392.6
7 1000 0 2000 1000 89.58 95.33 4136.3 3910.9 8047.5
8 1000 1000 2000 2000 115.83 106.58 3199.2 3498.1 6697.2
9 1000 2000 2000 3000 132.50 117.92 2796.7 3161.7 5958.3
10 1000 3000 2000 4000 149.67 130.00 2475.8 2867.9 5343.7
11 1000 4000 2000 5000 165.58 142.08 2237.9 2624.0 4862.0
12 1000 5000 3000 0 181.92 95.33 2036.9 3910.9 5947.8
13 2000 0 3000 1000 101.92 103.67 3635.8 3596.2 7232.0
14 2000 1000 3000 2000 129.408 115.75 2870.8 3220.9 6091.7
15 2000 2000 3000 3000 1M5.§5 127.08 2551.2 2933.8 5484.9
16 2000 3000 3000 4000 162.92 139.17 2274.5 2678.9 L953.4
17 2000 4000 3000 5000 178.d2 151.25 2071.1 2464.9 U4536.0
18 2000 5000 4QOO 0 19M.§2 103.67 1901.1 3596.2 5497.3
19 3000 0 4000 1000 116.75 114.92°  3173.9 3244.2 6418.1
20 3000 1000 4000 2000 143.58 127.00 2580.8 2935.6 5516.5
21 3000 2000 4000 3000 161.17 138.33 2299.2 2695.2 4994.3
22 3000 3000 4000 4o0OO 178.50 150.42 2076.0 2478.5 4554.5
23 3000 4000 4000 5000 .194.67 162.50 1903.5 2294.3 4197.8
24 3000 5000 5000 0  211.67 114.92 1750.6 3244.2 4994.8
¥ Materials at each grid point are 6175.96 tons and

6213.72 tons for BWEl and BWE2 respectively.
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Figure 13 Contour Map of BWE Productions
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since the application is left to management with actual

data and a problem to solve. A wide range of choices 1is

available for information retrieval.
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V. CONCLUSIONS

Remarks

This investigation is primarily concerned with the
mathematical modeling of various job activities connected
with the excavation and transportation of materials in open
pit mining. These unit operations, however, were not permitted
to exist as separate entities but rather programmed into a
closed-loop, total systems simulator for application on an
IBM 360/67 digital computer. More specifically, the job
activities related to the operations of bucket wheel excava-
tors, trucks, trains and conveyor belts are combined for
multi-mining operations. The work involved to accomplish
this included: a) problem definition and mathematical for-
mulation b) model building and testing and c¢) applying
the model in practice.

It may be well to mention at this point that traditional
time and motion studies were side-stepped in favor of a de-
terministic approach using equipment performance characteris-
tics and the haulroad and soil profiles. This allows the
simulation of a completely new operation where equipment
rather than operator performance is the important criteria
for making comparisons. The problem of equipment reliability
is recognized, however, and provisions are made using methods
of subjective probability. The value of managerial experience
has, therefore, been preserved which allows results more

closely related to real world problems.
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Each unit operation has been properly developed as an
independent sub-assembly of the total systems model. This
permits easy éhanges, refinements and additions of individual
job activities without affecting the operation of other sub-
assemblies as part of the overall model. This flexibility
has been well demonstrated in its application to a hypotheti-
cal mining situation. Here a high degree of complexity was
defined with multi-stage transportation schemes and multi-
orebody operations which were easily analyzed with a minimum
of effort.

A new concept referred to as grid point simulation was
introduced as a part of the research for application to long
range planning problems. A distinct time period for a one-
cut sequence is employed for information retrieval which
makes the simulation of a large set of jobs economically and
physically possible for the operating 1life of the mine. The
presentation of results 1is also unique since these are por-
trayed graphically as output from a calcomp plotter and pro-
vides management with a direct method for making comparisons.

Finally in conjunction with model application, the
following extensions are listed:

1. Although the face excavator was limited to bucket
wheel operations, other types of machines including
shovels and draglines can be readily incorporated
with slight modifications. Although mathematical
models for this equipment are not available, stochas-

tic simulation can be readily applied for equipment
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loading and tramming times. Other equipment can
also be conceptually modeled. Pipeline operations
can be simulated and substituted for belt conveyors.

2. Provisions have been made in the model to execute a
wide variety of functions. Portions of jobs can be
bypassed with a proper choice of data and a minimum
of effort. For example, mechanical availabilities
can be selected and the stochastic simulation of
this part of the\activity eliminated. A second ex-
ample is the installation of observation towers for
dispatching and the use of signals in traffic con-
trol.

3. The model is not limited to the investigation of
equipment performance but readily applicable to
the design of haulroads and bench configurations.

4, PFinally, the computer program was written to utilize
avallable library programs; subroutines and functions,
for reasons of efficlency and as a result, is not
applicable for other computing systems. The problem
1s not a formidable one since these are easily
divorced from the main program and can be universally

written.

Future Research

Because of the many input requirements, it is somewhat
tedious to compile essential data especially by busy manage-
ment whose programming experience may be limited. There is

a need to develop input routines which would include storage
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potential and easy access for commonly used equipment. A
single label to specify each type is desired. A second
contribution and one already mentioned is for research lead-
ing to the development of mathematical models of other ex-
cavators and materials handling systems. Pneumatic and
hydraulic transport should be considered here.

Finally, further work is required in the development of

an objective function for model application. Since the sim-

ulation provides only engineering and performance data no
cost or profit optimization is conducted. A cost analysis

model of the following form is essential for these purposes.
n

Min. €T = C,t.

z i7i
i=1

th

Q
]

cost of wailting for i equipment type

th

ot
L}

walting time of the i equipment type

for CT, > CTJ < CT

Jj-1 J+1

and,

th

CTJ = total cost at j computation

A A routine needs to be written and added to the main program

for proper application in i1ndustry.

sSummary .

An apparent solution to the problem of satisfying public
demand from high cost, low profit mineral deposits is mass
materials handling. Increased productivity and lower operat-
ing costs can be achieved by increases in the sizes of materials
handling equipment. Bucket wheel excavators with their re-

lated materials handling units appear to have great potential
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for this purpose. Because of the large capital investment
and narrow profit margins in applying this equipment, little
margin for error can be tolerated. There exists, therefore,
a tremendous need in the industry for the development and
application of operations research methods to reduce risks

in mine design and planning.

This thesis applied one facet of O0.R., namely simulation,
to develop a model of surface mining with BWE's. The model
developed here 1s closed and dynamic in the sense that infor-
mation is fedback to control activities at various levels and
reservoirs. This model can be regarded as a management lab-
oratory where many ideas are tried on paper and the best of
these selected prior to application.

Two stages of research were applied in modeling this
system. Stage bne involved the formulation of equipment
sub-assemblies which‘involvéd the sequence of equipment moves
along with related assignments and routines for information
retrieval. The second stage of research combined all sub-
assemblies into an intégrated open pit mining simulator.

The complete model is able to execute two different analyses
of mining operations. Questions related to: 1) system de-
sign and selection of equipment for a new mining operation;
2) analysis of existing operations for possible alternatives,
additions or general improvements; and 3) analysis of equip-
ment performance for the entire 1life of the mine, can be an-

swered.
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The validity of the model has been veriflied with
actual operating data. Since actual operations for testing
were comparatively simple in concept and design, a hypotheti-
cal case study was created to demonstrate model sophistica-
tion and flexibility. The concept of a management laboratory
was also demonstrated here.

The computer program itself 1s an effort to make mine
production more efficient. It offers mining management a
basis for designing and planning the excavation and material
handling of low grade ores. The main objective is to develop
the country's vast domestic resources of low grade ores by
continued technological improvements for converting these
into mineable products. .Because the United States is no
longer self sufficient in mineral resources; she must tolerate
increased involvement in international affairs. The most
important contribution as result of this study 1s for main-
taining national self sufficiency without the need for ac-

guiring foreign resources.
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APPENDIX I

POWER CONSUMPTION OF BWE'S
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The power requirements of a bucket wheel excavator are

composed of the following individual ratings,

l. Cutting power, which consists of two portions:
digging and lifting
Digging power NG = K x IL x Vl/102
Lifting power;NH = Ft X R/367
Total cutting power = (NG + NH)/n
where,
K = gpecific digging resistance in kg/cm
1L = total length of the cutters in the soil
T, = the BWE capacity in tons/hr.
Vl = peripheral cutting speed in m/sec
R = radius of the bucket wheel in meters
n = efficiency of electrical and mechanical
components of the BWE drive
2. Slewing motor power
= (mp + m) x VS/(102 X n)
where,
me = DWu/L
m, = md/Vd X VS
my = cutting torque exerted by the wheel drive

in kg~meters

m_ = cutting torque exerted by the slewing motor
Vd = cutting speed of the wheel in meters/second

V. = slewing speed of the wheel boom in meters/

second
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W = welight of the superstructure in kg
u = friction coefficient at the ball race on which
the superstructure revolves.
D = diameter of the ball race in meters
L = length of cutting boom in meters
n = efficiency of the slewing motor drive
3. Tram motor power

= 1/n x‘(wt xr + Wt/SO X gr) X Vt/102

where,
wt = total weight of the BWE in kg
r = ground resistance 1n fraction
- slope of the ground in fraction
V, = tram velocity in meters/second
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APPENDIX III

DEFINITION OF VARIABLES AND PROGRAM LISTING
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DEFINITION OF VARIABLES

Input Variables

I‘

BWE Input
. th . th
subscripts (I,J) indicate J BWE in I ore body

BCAPSG(I,J,K): capacity of surge bins k = 1 ore,
K = 2 waste

BCOB(I,J): capaclty of bucket
BCS(I,J): crawler speed

BCTMAX(I,J): maximum advance in a bench before cut-
ting the lower bench

th

BDENST(I,J,M): material density . of M bench

BDIA(I,J): diameter of the wheel

BDMEAN(I,J): mean down time when hitting boulders
BFRS(I,J): frictional resistance at the ball race
BGRADE(I,J): slope of the floor

BHEIGT(I,J,M,N): heights of M'® bench
N = 1 left hand side N = 2 right hand side

BKFILL(JJ): bucket filling capacity of JJI'P soil
type

th

BKRES(JJ): cutting resistance of JJ soil type

BLENBM(I,J): 1length of wheel boom
BNOB(I,J): number of buckets on the wheel
BOWM(I,J): overall weight of the machine

BPROB(I,J,M): probability that BWE does not hit
boulder at Mth bench

th

BRATIO(I,J,M): ore to waste ratio of M bench

BRORI(I,J): floor resistance

BRPM(I,J): allowable cutting speed in I3t 5011
type as a ratio of maximum cutting speed
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BRS(I,J): radius of the ball race

BSETTM(I,J): mean maneuvering time

th

BVINE(I,J): swell factor-of JJ soll type.

BWAVIL(I,J): mechanical availability of the BWE

BWLANG(I,J): maximum slewing angle to the left of
line of advance

BWRANG(I,J): maximum slewing angle to the right of
line of advance

BWS(I,J): weight of superstructure,

IASBTS(I,J): =n nth surge bin to be used by the
BWE

ISTOP: total number of soil types in the system

th

LSOIL(I,J,M): soil type at M"" bench

NBWBEN(I,J): +total benches to be cut by the BWE
th

NBWE(I): total number of BWE in I ore body
SLPBEN(I,J): slope of bench
TRUCK Input

th truck in

Subscript% (IBOD, NTK) indicate NTK
IBOD h ore body

ACELMA: maximum acceleration rate of a truck

th

COOLEN(I): 1length of I haulroad

th

CORDRS(I,J): road resistance of J section of

I1h coordinate

th th

COSECL(I,J): length of J section of I Coor-
dinate
th . th .
COSLOP(I,J): slope of J section of I Coordinate
COSPLM(I,J): speed limit of J°B section of TP
coordinate
IASIGN(IBOD,NTK): = n assigning the truck to n°"

loading station
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IASLTW(I): = n nth waste dumping station to be
used by Ith loading station

IASMIT(I): material at I loading station
= 1 ore = 2 waste

IASTHB(I): = n n‘Ch ore dumping station to be used
by 1th loading station

IASTTB(I): = n nth ore loading bin equivalent to

1th 10ading station
KINDT(IBOD, NTK): type of the truck

NCOOR: total number of coordinates in the truck

system

NCOOSC(I): total number of sections ﬂlIth coordi-
nate

NOBSTW(IBOD): = 1 observation tower in the ore
body = 0 no observation tower

NPOCKT(I): number of loading facilities in I°D

loading station
NPOCKT3(I): number of dumping facilities in I'B
ore dumping station

NPATH(IBOD, J, M,K): ¢truck path from one destina-
tion to the other

= 1 loading station = 2 waste dumping station
= 3 ore dumping station = 4 tailing loading
station = 5 road intersection = 6 haulroad
coordinates

NPHTK(IBOD, J,M): total number of coordinates a
truck has to travel when it is assigned to Jth
loading station
m = 1 from loading station to ore dumping
station
m = 2 from loading station to waste dumping
station
m = 3 from ore dumping station to loading
station

m = 4 from waste dumping station to loading
station

NTASBD(J): = n Jth loading station be in nth ore

body

NTKDPS: total number of truck dumping stations in
the system
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NTKLDS: total number of truck loading stations in
the system
NTKSYS: total number of truck types in the system
NTRUCK(IBOD): number of trucks in the ore body

RATFED(I): loading rate of I°D

loading station
TBKT(I): mean maneuvering time of Ith truck type

TKAVIL(IBOD,NTK): mechanical availability of the

truck
TKDMT(I): mean dumping time of IUD truck type
TKGVW(I): empty weight of TUT truck type
TKMEAN(I): payload of I'! truck type

TKRIMP(I,J) speed = rimpull curve of Ith truck

TKSPED(I,J) type

TKTP(I,J): type of 7th truck

BELT input

CBINCP(I): capacity of head bin of Ith group belt

CCAPGR(I): capacity of I group belt

CCAPSC(J): capacity of J'P section belt

CGDAVL(I): mechanical availability of I'® group
belt

CGRLEN(I): 1length of I'P group belt

CGRSPD(I): speed of 7th group belt

CRATFD(I): discharging rate of the head bin of I'P

group belt

CSCAVL(J): mechanical availability of J'P section
belt

CSCFDT(J): discharging rate of tail bin of JTB
section belt

CSCLEN(J): 1length of J'B

th

section belt

CSCSPD(J): speed of J section belt
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CSEPLN(I,K): spacing of section belts along 7th
group belt assuming that head of group I is
0 ft.
IASCTB(J): = n nth tail bin feeding Jth section
belt
IASMTC(J): material at tail bin of Jth section
belt = 1 ore = 2 waste
_ th th
ICDISG(I): = n I group belt feeding n head
bin
. = th . . th
ICDISS(Jd): = nd section belt feeding n head
bin

ICGRFB(I,K): groups feeding head bin of-Ith group
belt

ICGRFT(I,J): groups feeding tail of Ith group belt

ICSTOP(J): = 1 stopping JUT section belt when
overloading occurs
= 0 overloading to be cumulated

th th

NCASBD(J): = n J section belt in n ore body

NCGRFB(I): total number of group belts feeding
head bin of Ith group belt :

NCGRFT(I): total number of group belts feeding
tail of Ith group belt

NCGRP: +total number of group belts in the system

th

NCGRS8(I): size of I group belt

NCSEPG(I): number of section belts in Ith group

th sectlion belt

th

NCSCS8(J): size of J

th

NGASBD(I): = n I group belt in n ore body

NSEC1S: number of section belts in the system

TRAIN input

CARFRI: friction resistance of car wheels
CARLEN: 1length of a car

CARLOD(I): payload of a car I =1 ore
I = 2 waste

1
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CARWTE: empty weight of a car

TASMTR(I): material at IUD

= ] ore = 2 waste

loading station

IASRHB(I): = n nth ore dumping station station
to be used by Tth loading station

IASRTB(I); = n nth ore loading bin being used by

1th 10ading station

LGTCON(I,J,K): traffic lights to be turned on
when a train is at JEh section of IR coor-
dinate

MECRLS(L): minimum number of empty cars allowed
at Lth loading station

MTRASG(K): = n Kth train being assigned to nth
loading station at the beginning of simula-
tion :

MXCRTR(K): maximum number of car for Kth train

NPHRL(J,M): total number of coordinate traveled
by the train which i1s assigned to Jth loading
station m = 1 loaded with ore m= 2
loaded with waste m = 3 empty train from
ore dump m = 4 empty from waste dump

NRCOOR: total number of coordinates in train
system

th coordinate

NRCOSC(I): number of sectionsin I

NREDLT(I,J): = 0;no traffic light in JUD section
of Ith coordinate = n nth traffic light in
this section

NRPATH(J,M,K): train path from one destination to
another = 1 loading station = 2 waste
dumping station = 3 ore dumping station
= 4 tailing loading station = 5 road inter-
section = 6 haulroad coordinates

NUMLDS: number of train loading stations in the
system

NUMTR: number of trains in the system

NUTRLT: number of traffic control lights in the
system
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RAUL(KTR,J): mechanical availability of the train

RATELS (L) : loading rate of LD loading station

RCELEL(I,J): 1length of I section of 10 coor-
dinate

RCSECL(I): length of I'! coordinate

RCSLOP(I,J): slope of Jth section of Ith coordi-
nate

th th

RCSPLM(I,J): speed limit of J section of I

coordinate

th

RDECEL(K,J): normal deceleration of K train

RDUDPT(K): standard deviation of dumping time of
K train

RECAR(L): total empty car at Lth loading station

at the beginning of simulation

RLOCFR(K,J): friction resistance of Kth locomo-
tive

th

RMAXAC(K,J): maximum acceleration of K train

RMEDPT(K): mean dumping time of gth train

RSPEED(K,J ,N)

RTRAEF (K,J ,N) speed vs. tractive force curve of

Kth train

RWTLOC(K,J): welght of Kth locomotive

GENERAL input

CAPHBN(I,J): capacity of Jth surge bin being used
as a dumping bin of Tth transportation medium

CAPMI1L(I): bin capacity of Ith crusher

DATAT(I): characters used to indicate various in-
put deck

DELTT: time increment

IBASE: base for generating random number
ICRASC(I): = n tailing bin of Ith crusher equiva-
lent to nth tail bin of section belt
= 0 the tailing not being transported by belt




IO -

105

ICRASR(I): = n tailing bin of Ith crusher equiva-
lent to n train loading station
= (0 the tailing not being transported by train
ICRAST(I): = n tailing bin of Ith crusher equiva-
lent to nth truck loading station
= 0 the tailing not being transported by truck

LOCMIL(I): = n n" crusher being used by the
activities of I ore body

NBODY: number of ore bodies in the system

NCRUSH: number of ore dumping stations (crushers)
in the system

NDUMP: number of waste dumping areas in the systemv

NELEMN(I,K): transportation media used in Ith ore
body BWE = 1, TRUCK = 2, TRAIN = 3, BELT = 4,
CRUSHER = 5

NELEMT(I): total number of transportation media
used fo transport ore from face to crusher
in I ore body

NGRID: = 0 shift simulation = 1 grid point sim-
ulation

NPOCK2(I): number of dumping facilities at I°D

dumping area

NPOCK4(I): number of tailing loading pockets
(facilities) at IPh crusher

NSHIFT: number of shifts to be simulated

NTAIL: number of tailing loading stations in the
system

RATM1L(I): processing rate of Ith

(crusher)

processing plant

SHIFTT: shift length to be simulated

OQutput Variables

BWE output

subscripts (I,J) indicate Jth BWE in Ith ore body

ACTU: actual capacity of a BWE




RSN RS

II.

tuy

BDGKWH(I,J): digging power consumption
BPRDOW(I,J): delay time due to hitting boulders
BSLKWH(I,J): slewing power consumption

BTHO: theoretical capacity of a BWE
BTRAM2(I,J): total maneuvering time
BTRKWH(I,J): crowding power consumption
BWCTSH(I,J): total cutting time

BWEWT(I,J): total waiting time

BWTTHK(I,J): total advance in a bench
BWTTMD(I,J): total delay time (mechaniéal failure)
NCTBEN(I,J): final position of the wheel

PRODTB(I,J,K): total tonnages produced K = 1,
K = 2 waste

TRKWH2(I,J): total maneuvering power consumption

TRUCK outputs

th th

subscripts (I,K) indicate K truck in I ore

body
CUMWT2(I,K): total tailing moved

LODTK(I,K,J): total number of trip made, J = 1
- ore J = 2 waste

OREMV(I,K): total amount of ore moved
TKWTBW(I,K): total %aiting time at loading station

TKWTCR(I,K): total wailting time at ore dumping
station »

TKWTDP(I,K): total waiting time at waste dumping
station

TKWTTL(I,K): ‘total waiting time at tailing load-
ing

WASTMV(I,K): +total tonnage of waste moved
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ITII. BELT output

CBNOVI(I): total tonnage overloaded to the surge
at the tail of ItH group belt

CGROVL(I): total tonnage overloaded to Ith group
belt

CGRWMC(K): total waiting time of Ith‘group belt
to prevent overloading Kth surge bin
K = ID1SG(I)
CGRWT(I): total waiting time of I'D group belt
CSBWIK(K): total waiting time of J'h section belt
to prevent overloading K D head bin
K = ID1SS(J)

CSEOVL(J): total tonnag%hbontributing to overload
gathering belt by J section belt

CSEWT(J): total wailting time of JUP section belt
CTWTSC(J): total tonnageé transported by gth

section belt

IV. TRAIN output

RCARLD(L): total cars loaded by LD loading
station

RLDSDL(L): total idle time of Lth loading station

RTOTLD(K): total tonnage hauled by K'® train

RWTAIN(K): total waiting time of Kth train at
road intersection

RWTD1S(K): total waiting time of K'D train at

dumping station

Endogenous Variables

I. BWE varlables

th th

subscripts (I,J) indicate J BWE in I ore body
ACP: actual output from wheel per second

AGBCWT(I,J): average cutting rate of the BWE in At
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ALPHA: angle between line of advance and slewing
boom

BAT: Dbucket arrival time

BCAB: actual capacity of a bucket in the given
material

BCLOCK(I,J): total required time for cutting a
grid point

BCOUNT(I,J): = 1 bucket hitting boulders
= 0 otherwise

BDTIME(I,J): down time from the beginning of hit-
ting boulders to the present time period

BDTH: slewing width

BLOT: total cutter length of buckets in the bench
BPOS1T(I,J): position of wheel in the bench
BTODOT(I,J): down time when hitting boulders
BSURGE(L,K): amount of material in Lth surge bin

BVLANG(I,J): slewing angle to the left of line of
advance

BVRANG(I,J): slewing angle to the right of line
of advance

BWBACK(I,J): distance tramming back after finish-
ing a bench

BWECWT(I,J): amount of material cut
BWTMD(I,J): 0 mechanically availlability
0 mechanically fail

0 to be generating a new random num-
ber '

N A v

BWTTHK(I,J): total advance in a bench

CSPEED: actual cutting speed of the wheel in a
given material

D1SP: cutting power consumption
EFFE: electrical efficiency of motors

EFFM: mechanical effipiency of transmissions

CIBCMAT(I,J): = 1 excavating ore = 2 excavating waste
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ISECT(I,J): = 1 slewing outward from line of ad-
vance = 0 glewing from edges of the bench
toward line of advance

ISET(I,J): = 1 at right segment of the line of
advance = 0 at left segment

NCTBEN(I,J): = n cutting n°® bench

NCTSET(I,J): = 0 completing a grid point = 1 cut-

ting the same grid point
R1SP: power consumption for 1lifting buckets
SNT1K: thickness of cut at any point of the bench
TH1CK: +thickness of cut at the center
TRUVOL: quantity in bench
VMAX: theoretical maximum cutting speed
VOLUME: actual output

XFRPM: rpm of the wheel

TRUCK wvariables

th th

truck of I ore body

subscripts (I,K) indicate K
ACCEL: available acceleration rate
AVILRP: available rimpull at the gilven velocity

BINCRU(J): amount of material in the bin of Jth

crusher
DEACC: necessary deceleration rate
DECEL: normal deceleration rate of the truck
FRM1LB: amount of tailing loaded into truck at At
ICOOST(I,K): = m at mth section of a coordinate

LDQUE(L,K): queuing number of the truck at LD

loading station
LTCOOR(I,K): = n at nth coordinate

MATER(I,K): material carried = 1 ore = 2 waste
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TON(I,K): total weight of the truck

TRAELE(I,K): 1length of section travelled by the
truck

TRASEC(I,K): 1length of coordinate travelled by
the truck

TVEL(I,K): velocity of the truck
WITK(I,K): amount of material loaded to the truck

YY: range of haulroad section for deceleration

"BELT wvariables

Jth section belt, IB = IBth ore

subscripts J
1th group belt

body, I

BSURGE(L,2): amount of material at Lth surge bin

of the BWE's. '2' indicate waste, which is
directly transported to waste dump

CARYGP(I,L): amount of material at L'D segment

of the group belt

CARYSC(J,L): amount of material at Lth segment of

the section belt

BINCRU(L): amount of material in the bin of LE"

crusher

CBINFL(I): amount of material in the tail bin of
the group belt

CBNDCH(I): amount of material feeding to Ith group
belt from tail bin

CBNOUF(I): amount overloading the tail bin of the
group belt

CD1SMC(I): amount of material discharging from
the group belt

CD1SRF(J): amount of material feeding the section
belt

CGDOWN(I): > 0 the group belt mechanically avail-
< able
0 mechanically fail
= 0 to be generating a new random number
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CGRD1S(I): amount of material discharging

CGSTOP(I): = 1 the group belt stop = 0 do not
stop
CLDMC(L): = 0 L'P bin at the head of group belt

being full = 1 otherwise

CLOAD: ‘total amount of material feeding to a seg-
ment of the group belt

CSCD1S(J): amount of material discharging from
the section belt

CSCHDB(L): amount of material discharging to Lth
head bin from the section belt

CSDOWN(J): > 0 the section belt mechanically avail-
able

0 mechanically fail

0 to be generating a new random num-

i A

ber
CSESTP(J): = 1 stopping the section belt = 0
otherwise
IARYPG(I,J): = n the section belt feeding n'"

segment of the group belt
NARYGP(I): total segments in the group belt

NARYSC(J): total segments in the section belt

TRAIN wvarliables

K: Kth train in the system

L: Lth loading station in the system

AVILRP: available tractive force

BINCRU(I): amount of material at ICD

of the crusher

taliling bin

GRADE: average slope of the haulroad lying by the

train ‘
IRCOOT(K): = n at nth section of a coordinate

KRAVDP(K): = 1 avallable for reassignment =0
otherwise :
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MAXDPQ(L): total number of trucks waiting at Lth

waste dumping station

MAXCRQ(L): total number of trucks waiting at L'D
ore dumping station

MAXMLQ(L): total number of trucks waiting at L°D

tailing loading station

MAXLD(L): total number of trucks walting at Lth
loading station

MCRQUE(L,I,K): queuing number of the truck at Lth

ore dumping station

MDMQUE(L,I,K): queuing number of the truck at Lth
waste dumping station

M1LQUE(L,I,K):  queulng number of the truck at 1, th
tailing loading station

MTR(I,K): = 1 ore in surge of loading station
= 2 waste in surge of loading station

NEW(L): = 1 no truck being newly loaded at Lth
loading station = 0 some trucks being loaded
and ready to move

NEW2(L): = 1 no truck newly complete dumping at
Lth ywaste dumping station = 0 some trucks
complete dumping

NEW3(L): = 1 no truck finishing dumping at Lth
ore dumping station = 0-some trucks finish-
ing dumping ore

NEW4(L): = 1 no truck being loaded at Lth tailing
loading station = 0 some trucks being loaded
and ready to move

RATAGB: 1loading rate

S: travel distance

SPDL1M: speed limit

TBACKT(I,K): maneuvering time at loading station

TKDOWN(I,K): > 0 mechanically available

< 0 mechanically fail

= 0 to be generating a new random num-
ber

TKDNT: amount of material dumped in At




KMATER(K): material in the cars = 1 ore = 2
waste = 3 after dumping ore = 4 after
dumping waste

LRCOOR(K): = n at n'» coordinate

LREDLT(I): = 1 I'D tpaffic light on = 0 the

“light off

NASGLS(L): = 1 a new train being dispatched to
the loading station = 0 no train being
dispatched to this station

NDUMPG(K): = 1 the train being dumping, = -1 wait-
ing at intersection = 0 finishing dumping

NLOCO(K): = 1 a loaded train = 0 empty train

NRFIRT(K): = 0 calculating total weight of the
train = 1 weight already being calculated

RACCEL: acceleration rate at the given conditions

RACCl: deceleration rate due to approaching an
intersection

RACC2: deceleration rate due to approaching an-
other train

RDOWN (K) : 0 mechanically available

0 mechanically fail

0 generating new condition

[{ Y

RLEFT(K): 1length of the train left at the old
section of haulroad

RFR1C(X): total frictional resistance of the train
RLOAD(K): amount of material in the train.

RLOAD1(L): number of loaded cars at the loading
station

RMASS(K): total mass of the train

RSENDE(L): calling for dispatching a new train
RTDOWN(K): total down time of the train
RTCARL(K): 1length of the train

RTRELE(K): 1length of section traveled by the train
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RTRSEC(K): 1length of coordinate traveled by the
train

RTOTWT(K): total weight of the train

RTWTLD(K): waiting time of the train at loading
station

RTWIDP(K): waiting time of the train at ore
dumping station

RVEL(K): velocity of the train
S: distance traveled in At

- SMALL: determining the loading station for send-
ing a new train

SPDL1IM: speed 1limit
X: 1length of the train in new section of haulroad
YY: range of a section of haulroad where the train

decelerates

OTHER variables

CLOCK: clock time in simulation procesé

EQU1VL(II,J): amount of material at Jth bin of
I1th sub-assembly. II = 1 BWE, II = 2 truck,
IT = 3 train, II = 4 belt, II= 5 crusher

ISHF: = n,,nth shift to be simulated
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MAIN PROGRAM

COMMON /GENINI/CAPBIN{S),RATMILIS)  CAPMIL{5),DELTT,SHI
+FTT,CAPHBNI{5,15),EQUIVLIS,15),CLOCK,BSURGE{15,2),BHEWT -
+{345) yTKWTBWI{Z3 30, PRODTBI{3,5,2) s WASTMV{ 4,30}, TKHWTDP{ 4
+530),BINCRUI{SY yDREMV{4,30Y s TKWTCR{ 4,301, CUMWT2{4,30},7
FKWTTL{4,530) ,WTTK{4,30)

COMMON /BWEINL/BCS{3,5)¢BLENBM{3,5),BC0B{3,5},BNOB{3,5
+)yBDTA{3,5)BCTMAX{R,5)  BUHS{3,5},BOWM{3,5)¢BFRS{3,5}+B
+RS13,53,BUAVILI3,5) ,BDMEAN{3,5)sBWLANGI3,5)1,BWRANGI3,5
+) 9 BSETTMI{3,5}BCAPSG{ 345, 2}y BKFILL{10),BKRES{10},BRPM{
+10)BVINL{10) BRORI{3,5),RBRADE(3,5};BPROB{3,5:5),BHET
+6T{3;595,2) +BDENST{3;,5,5)sBRATIO{3:5,5),BLLOCK{3,5},BP
+RDOW{3,51+BCOUNT{3,5)

COMMDN /BWEINZ2/SLPBEN{3,5),BHTMD{3,5),BWECHTI{3;5),BWTT

+MDI{3,5) yBWCTFRI{3,8),BUTTHK{345)BUFDD13,5),
+ AGBLHT{3,5)yBSLKHHI3,5) ;BTRKWHI(3,5),BHCTS
+H{3 45}, EFFM,EFFE,BPOSIT{3,5) ,BYBACK({3,5)yBTRAM2{3,5},7 "
+RKWH2{3+45)BVLANG{32,5),BVRANG{3,5}BTODOT{3,5),BDTIMEL .
+395) yBWIDTH{3,5) ., BDGKUWHI3,5)

COMMON /TRKINI/TKMEAN{(10},TKGVW{101 s TKSPEDI(10,20),TKRE
+MP{10420) yCOSPLM{50,5),L0SLOP{5055),CORDRS{S0,+5);COSEC
+1150,5) s CODLENIS0 )} s TKDHIL{20) s TKTP{104,20),RATFED{15),7
+BRTLI0Y . THDMT{10) s ACELMA, TKAVIL{4430), TVEL{ 4,303 TDN{4%
+930) s TRASEC{4 430} ,TRAELE{4:30),TBACKT{4,30),TKTDOW (4,3 -
+0) 4 TKFDBD{4,30), TKDODWN{4,30)

COMMON /BELINI/CGRLENI4) 3 CGRSPD{4),CCAPGR{4}, CSCLEN{ 20
+),CSCSPD{20) +CSEPLNT4,5) CRATFDI{4 )}, CBINCP{4),LSCFDTL20
+),CCPSHBI20) s CCAPSC{20)yCDISRFIZ20 ), CTLBIN{Z20YsCBINFL{ 4
+) CSESTP{20),CSCDIS{20),CTHUTSC{20CARYSC{205400) ,CGRY
+MC{4) ,CARYGP{4,400);COSTOPI{4) yCORMWT{4 ), CSEWT(20),CSEDY
+1L{20),CLDMC {4, CDISMC{4) s CGRDISI4 I, COROVL {43, CBNDCH{ 4)

COMMON /7BELIN2/CBNOVF {4) ,CSCHDB{203,CSBUHTK{20Y,CSTCAVL]
+20)sCSCFDD{20) CSDOWN{20) s COPAVL LAYy COPFDD{ 4) s CGDOUHNT &
+)

COMMON /TRNIN1/CARFRIZCARLEN,CARWTESCARLOD( 2} 4RMAXACI(G
+2.2) yRDECELI652) s RWTLDCIS6,42) yRLOCFR{65, 2} ,RMEDPT{56},,RDVD
+PT{8}), RSPEED{H642920)RTRAEF{6:24:20)yRLSP
+LM{3045);RCSLOP{20,5) ;RCELEL{30,35),RCSECL{30},RATELSI(S
+)yRTCARL {6}

COMMON /TRNINZ2/RMASS{A)RFRICIBIRVELIABIZRLEFTI{6}.RTOT
+WT16) sRTRELE{S) yRTRSEC{H ) sRLDSDL{S),RECARIS),RSENDE(SH]
+,RDLSMNL{S) JRLOADIG) yRDLALS{H),RARIDP({6).RTLTDP{6) ,RTHWT
+DP{6} JRLOBADTI{5) ;RDLADPI{S ) ;RUTDIS{HI,RETAINIGI,RTOTLD (S
+) pRCARLDI(6) yRTWTLDI{6) ;RAVLI6523sRFDD{6452), RDOWNI
+6452) s RTDOWNLG,2)

COMMON /GENINZ2/IBODJBUENTK NEXTEN(3s5 ), ISHF NPBLK31{5
+) s KTR 4yNLS s NSCsNBODY s NSHIFTsNDUMP,NCRUSH,NTAIL sNOBSTHI{3
+)y IBASE;LOCMIL{5) NPOCK2{5},NPDCK4{5), ICRASC{5},ICRASR
+{5) yNELEMT{4) NELEMN{ 45,5}, ICRAST{S5),LDQUE(15; 307, MAXLD
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+{15) yNEW{15),LODTK{4,30,2)sMDMQUE{5,4,30)sNEW2{5),MAXD
+PQI{5) yMCRQUE(554+307 MAXCRQ{5),NEW3 {5}, MILQUE(5,4,30},
+NGRID '

COMMDON /GENIN3/MAXMLQ{5) yNEW4{5)},LODTK2{4,30),MTR{4,30
+)

COMMON /BWEIN4/NBWE{3),TASBTS{355),NBWBEN{3,5)},NCTSET{ .
+345) yIBCMAT{3 5} s ISET{355), ISECT{3,5),LS0IL{3+5,5)4NCT
+BEN{3,5)

COMMON /TRKINZ2/NTRUCK{4) ;KINDT(4,30),NTASBD{15),TASMTTY

+{15),TASTTB{15) yNPATH{4,15:%4,10), IASTHB{15),NCODSC{50)

+9 TASIGN(4530) o NPHTK{491554) ¢ NPOCKT{15) s NTKDPS o NTKLDS, I

CFASLTWI15) sMATER{4,30),1CD0ST{4+30),LTCOOR{4,30)

COMMON /BELIN3/NCGRPyNSECIS,; ICDISG({4},NCSEPG{4),NCS5CSZ
+{20} yNCGRSZ{4),TASMTC {20) 4 NCGRFT{ 4}, ICGRFT{4,5),NCGRFB
+0.4), ICGRFB{4,53,ICSTOP{20),ICDISS{20},NARYIG{4),IARYPG
+{4,5) yNARYSC{20) , TASCTB{20), TASCHB{4),NGASBD{4),NCASBD
+{20) ‘

COMMON /TRNIN3/NUMTRN sNUMLDSsNUTRLT,IASRHB{6) ,IASRTB{ &
+) sMXCRTR{6) yNRCOOR,NRCDSC{30 )3 NREDLT{30,5)4,LGTCON{30,5

~+35) 9 NRPATH{5,45,10) s NPHRL{5,4) ,MTRASG{6), TASMTR{5), IASR
"+#HS{5} yNRTDPSyNRASBD{5) s NRFIRT{6)sNLOCD(6) KMATER( 6} IR -

25

+CO0T16) , LRCOOR{6) LREDLT{10) yNASGLS(6) 3L DSCNT{6), MTOTL
+D{6) y KRAVDP (61 s NDLBDP (5) s NDUMDP {6 ) s NDUMPG{5 ) ; MECRLS{5)
CALL READER

DO 15 I=1,5
DD 5 J4=1,5

COSPLM{T,J)=0."

COSLOP{I 5J1=0.

CORDRS{15J)=0.

COSECL{I+J)=0.

CODLEN{1)=0,

DO 25 I=1,5

DO 25 J=1,15

EQUIVLIT 4J) =0,

NBODY1=NBODY+1

. DO 45 IBOD=1,NBDDY

JJI=NBWE{ 180D}

DO 35 JBWE=1,J4
BPRDOW{IBOD,JBWEI=0,
BCOUNT{IBOD,JBWE)=0
BWTMDtIBOD, JBWE} =0,
BWECWT(IBOD,JBWE) =0,
BWTTMD{IBOD,JBWE)=0.
BWCTFR{TBOD »JBWE) =0
NEXTEN{IBODJBWE)=0
NCTSET{IBOD,JBWE) =1
NCTBEN{IBOD,;JBWE)=1
BWTTHK{IBOD ,JBWE}=0.
IBCMAT{IBOD,JBWE)}=1"
AGBCWT{IBOD,JBWE)=0,
BPOSIT({IBOD,JBWE)=0.




115

ISET(IBOD,JBWE}=1
ISECT{IBOD,JBWE)}=1
BWBACK{IBOD,JBWE}=0,
TRKWH2{IBOD s JBWE) =0,
BVLANG{IBDD ,JBWE)=0C.
BVRANGI{ IBOD,JBWE}=0.
BTODOT{1BOD,JBWE}=0.
BDTIME{IBOD,JBWE}=0.
BWIDTH{IBOD,JJBWE)=0.

. BDGKWH{IBOD;JBUE)=0,
BSLKWH{IBOD, JBWE) =0,
BTRAM2{IBOD,JBWE}=0.
BTRKWH(IBODJBWE)=0.
BWCTSH{IBOD ,JBKHE}=D.
BWEWT{IBOD; JBWE}=0.
PRODTB{IBOD,JBWEs1)=0.
PRODTBI{IBOD,JBWE,2)=0.

35 CONTINUE

45 CONTINUE
DO 115 IBOD=1,NBODY1
NN=NTRUCK{IBOD}
IF{NN.EQ.D) GO TO 115
DD 105 NTK=1,NN
MATERIIBODsNTKI=4
MIL=TASIGN{IBOD,NTK)
IF {MIL.EQ.0) GO TO 55
LTCODR{IBOD NTK)=NPHTK{IBDDsMILs4)

55 ICDOSTUIBODyNTK)=1
TBACKT{IBOD,NTK}=0,
TKDOWN(IBOD,NTKI=0.,
TKTDOW{IBOD (NTK)=0,
TVEL{IBOD,NTK}=0.
TON{ IBOD ¢y NTK}I=0.,
WTITK{IBODyNTKI=0,
TRASEC{IBODNTKI=0.
TRAELE{IBODyNTK) =0,
TKWT BW{IBOD (NTK¥=0,
LODTK({IBOD,NTKs1)=0
LODTK{IBODyNTKy2)=0
WASTMV{IBOD oNTK}=0.
TKWTDPITIBOD,NTKI=0,
OREMV{IBODNTK)=0,
LODTK2{IBOD ¢y NTKI=0
CUMHTZ2{IBOD,NTK)}=0.
TRWTTL{IBODyNTK}=0.
TKWTCR{IBODyNTK}=0.
DO 65 JBWE=1,NTKLDS
LDQUE{JIBWE,NTK}=0

65 CONTINUE
DO 75 MIL=1,NTAIL

75 MILQUE{MIL,IBDBD,NTK)I=0
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DO 85 ICR=1,NCRUSH
MCRQUE{ICR, IBOD,NTK =0

85 CONTINUE
DO 95 KDP=1,NDUMP

95 MDMQUE{KDP,IBOD,NTK}=0

105 CONTINUE

115 CONTINUE
DO 125 I=1,NTKLDS
BSURGE(T ,13=0
BSURGE(T,2)=0
MAXLD{I}=0

125 NEW{I}=1
DO 135 ICR=1,NCRUSH
NEW3 {ICR)=1
BINCRU{ICR)=0,

| MAXCRQ{ICR)=0

1 MAXMLOQ{ICR) =0

N NEW4{ICR}=1

135 CONTINUE
DO 145 KDP=1,NDUMP
NEW2 {KDP) =1
MAXDPQ{KDP}=0

145 CONTINUE
IF {NSECIS.EQ.0) GO TO 185
DO 175 I1C=1,NSECIS
IF {ICDISS{ICY.EQ.0) GO TO 155

@ CSBWTK{ICDISS{ICYI=0

i CSCHDB{ICDISS{IC) =0,

155 CDISRF{ICI=0.
CTLBIN{ICI=0.
CSESTPIIC)=0
CSCDIS{T1CI=0,
CTHTSC{IC)=0,

1 CSEWT{IL)=0,

« CSEOVL{IC)=0.
CSDOWN{IC)I=0.
DO 165 1=1,400

165 CARYSCIIC,I}=0.

175 CONTINUE

185 DO 205 NC=1,NCGRP
CBINFLINC)=0.
CGDOWN(NCI=0.
CGSTOPINC)=0
CGRWT(NC) =0,
CLDMC{NCI=1
CGRWMCINC)=0
CDISMCINC) =0,
CGRDISINC)=0.
CGROVL{NC)=0,

- DO 195 N=1,400

) 195 CARYGPINC,N)=0.
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205 CONTINUE
C #%% INITIALIZE TRAIN VARIABLES
IF (NUMTRN.EQ.0)} GO Y0 275
DO 225 1=1,5
DO 225 J=1,5
RCSPLM{T,J)=0.
RCSLOP(T 5 J1=0.
NREDLT(I,J1=0
225 RCELELIT5J3=0,
DO 235 KTR=1,NUMTRN
RTWTLDI{KTRI=0.
LDSCNT{KTR)=1
RLEFTI{KTR)=0.,
NDUMPG{KTR} =1
IRCOOTI(KTRI=1
LRCOOR{KTR} =1
NRFIRT(KTR) =0
RTRELE{KTRI=0.
RTRSEC{KTRY =0,
RDLSMN{KTR} =0,
RLOADIKTR)=0,
RDLALS{KTRI=0o
RIOTLD{KTR} =0,
KRAVDP{K TR} =0
NDLBDP{KTR}=1
RARTIDP{KTR} =0,
NDUMDP{KTR} =0
RTLTDP{KTR}=0,
RDLADP{KTR} =0,
MTOTLD{KTR} =0
RWTDIS{KTR}=0. .
RWTAIN{KTR} =0
KMATER{KTR) =4
RVEL(KTR)=0.
RDOWNIKTR,11=0.
RDOWN{KTR323=0.
RTDOWNI{KTR 11=0.
RTDOWN{KTR21=0.
235 CONTINUE
DO 245 NLT=1,NUTRLT
245 LREDLTINLTI=0
DD 265 NLS=1,NUMLDS
RLDSDLINLSI=0.
DO 255 KTR=1,NUMTRN
IF (MTRASG{KTR} .NE.NLS} GO TD 255
RECAR{NLSJ=RECAR{NLS) +MXCRTR{KTR)
- LRCOOR{KTRI=NPHRL{NLS 34)
i 255 CONTINUE
; RCARLD(NLS)=0.
NASGLSINLS)=0
RLOADI{NLS)=0.
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RSENDE{NLS} =0,
265 CONTINUE
275 EFFM=0.8
EFFE=0.9
1BOD=1
JBWE=1
B CLOCK=0,
1 ISHF=1
NSC=1
- CALL 'CONTRL
END

| B

SUBROUTINE PRINTR

¥x% PRINTING RDUTINE

YO Y

COMMON /GENIN1/CAPBINIS) ,RATMIL{5),CAPMILI{S),DELTT,SHI -
% +FTTs CAPHBN{S5,15)EQUIVLI5,15),CLOCK,BSURGE{ 1552} s BWEWT
Bl {351 TKWTBWI{3530); PRODTB{3,y5+2) yWASTMV (4,30),TKWTDP{ %
= +930) yBINCRULS) ;OREMV{4,301 TKWTCR{4,30) ¢CUMWT2{4,30), 7

+KWTTL{4430) yWTTKI4,30)
il COMMDN /BWEIN1/BCS{3,5),BLENBM{3,5),BC0B{3,5),BNOB{3,5
Y +)sBDIA(3,+5) ,BLTMAX{3,5),BWS{3,5),B0WM{3,5)yBFRS{3,5),8B
+RS{3:5),BWAVIL{3+5),BDMEAN(3,5),BWLANG{(3,5)yBWRANG{3,5
+)sBSETTM{3,5) «BCAPSG(3,5,2),BKFILL{10),BKRES{10),BRPM{
+10) s BVINC{10),BRORI{3,+5),BGRADE{3,5),BPROBI{3y5,5},BHET -
+6T{3+595921 ¢BDENST{3:595)BRATIB{3,5,5},BCLOCKI{3,5),BP
+RDOW{3,57 sBCOUNT{3,5)

COMMON /BWEIN2/SLPBEN{345)+BWTMDI{3+,5),BWECWT(3,5},BWTT
+MDI395) s BUCTFR{3 451 sBWTTHKI{3,5)BUHFDD{3,:5)+
* AGBCWT{3,5) ,BSLKWH{3,53,BTRKWH{3,5},BWCTS
ﬂ +H{3,5)yEFFM,EFFE,BPOSIT{3,5) ,BWBACK{3,5)},BTRAM2{3,5),7T"
i #FRKWHZ2{3,5) s BVLANG{(3:5)}sBVRANG{3+5),BTODOT{3,5}+BDTIMEL
+335) yBWIDTH{3,5) s BDGKWH{3,5}

; COMMON /TRKIN1/TKMEAN{1D0),TKGVW{10),TKSPED{10,20)5TKRI

i +MP{10,20),COSPLM{50,53,C0SLOP{50,5),CORDRS{50,5},COSEC
R +L{50,5); COBLEN{50), TKDHIL{20),TKTP{10,20) sRATFED{ 15}, 7
#+BKT{10) s TKDMT{10) ;ACELMA, TKAVIL{4,+30),TVEL{4,30),TON{ 4
+5303 s TRASEC{4+30) s TRAELE{4,30)TBACKT {4,530}, TKTDOW{4,3
+0) ,TKFDD{44:30) y TKDOWN {4, 30)

COMMON /BELINI/CGRLEN{4),CGRSPD14),CCAPGR{4),CSCLEN(2D
'3 +3,CSCSPD{20),CSEPLN{4;5) ,CRATFDI4),CBINCP(4),CSCFDTI{20
+)sCCPSHB{203),CCAPSC{20) ,CDISRF{203,CTLBIN{20),CBINFL{ 4
+) yCSESTP{20),LSCDIS{20),CTHTSC{20) s CARYSC{205 400 ,CGRY
o +MC{4) yCARYGP(4,400),CGSTOP{4) sCORWT{4) s CSEWTI( 20) ,CSEDQY

b +1{20) +CLDMC{4) ,CDISMC {4),CGROIS{4),CGROVL {4}, CBNDCH{ 4}

' COMMON /BELIN2/CBNOVF {4),CSCHDB{20),CSBWTK{20),CSCAVLH{

+20);CSCFDD{20) ;CSDOWN (20} s CGPAVL {4} ,CGPFDDI{4) ;CGDOWNI &4
+)
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COMMON /TRNIN1/CARFRIZLARLEN,CARWTE, CARLDD{ 2} ,RMAXAC{ 6
+52) sRDECEL{652) yRUTLOC{642)yRLOCFRI642) ,RMEDPT{61;RDVD
+PT{6}), RSPEED{6424203sRTRAEF{652,20) 4RCSP
+LM(30,5) yRCSLOP{30,5) yRCELEL{30,5)},RCSECL{30),RATELS{S
+3)RTCARL {6}

s COMMON /TRNIN2/RMASS{6}yRFRIC{6),RVELI6);RLEFTI6),RTOT
’ +WT{6) sRTRELE(S) yRTRSEC{6) ;RLDSDLIS)RECAR(5},RSENDE{5}
+yRDLSMNIS) yRLOAD{B)IyROLALS{5 ) yRARIDP{H) yRTLTDP{6} ,RIWT
. +DP{6) sRLOADI{6) ,RDLADP{S6 ) ,RWTDISIS),RWTAIN{S),RTOTLD{ S
é? + ) sRCARLDI{BT yRTWTLDI{6Y yRAVLIH,2),RFDD{6: 2} RDOWN{
L +56492) «RTDDUWN{6,2)

COMMON 7GENIN2/1BOD,JBWENTK,NEXTEN{3453 5 ISHFyNPBCK3{5
+) 3 KTRSNLSINSCyNBODY yNSHIFT, NDUMP,NCRUSHyNTAIL sNOBSTH(3
+)sIBASE,LOCMILI{5) ¢NPOCK2(5) ,NPOCK4{5), ICRASC{5},ICRASR
+{5) yNELEMT(4) s NELEMN(4,5), TCRAST(5),LDQUE{15,30),MAXLD
+{15) 4NEWI{15),L0DTK(4,30,2);MDMQUE{5+4+30) ¢ NEW2{5),MAXD
+PR{5 ) yMCRQUE(594,30)s MAXCROQ{S),NEW3{5) yMILQUE{5,4,303,
+NGRID :

N COMMON /GENIN3/MAXMLQIS5) s NEW4{5),LODTK2{4,30)sMTR14,30
A £
L COMMON /BWEIN4/NBWE{3),TASBTS{3,5),NBWBEN{3,;5) ¢ NCTSET{
+395) 9 IBCMATI3,5) s ISET{3,5), ISECTI3+s51,LSDTLI{3,5,5),NCT
+BEN{3,5)

COMMDON /TRKINZ2/NTRUCK{4)KINDT{4,30)},NTASBD{15),IASMTT
+{15) ,IASTTB{15) NPATH{4,15:4,103, IASTHB{15),NCOOSC{50}
. +9 TASIGN{4430) NPHTK{4 715543 ; NPOCKT{15) ;NTKDPSyNTKLDS, I
L +ASLTWI(15) yMATER {44301, ICO0ST{4,30),LTCODRI{4,30)
et COMMON /BELIN3/NCGRPyNSECIS, ICDISG{4) yNCSEPGI 43y NCSCSZ
+{20) sNCGRSZ{4},TASMTC{20) NCGRFT{ 4}y ICGRFT{4,5) NCGRFB
+14) ICGRFB{4,5), ICSTOP(20),ICDISS{20),NARYIG{4), TARYPG
+{445) yNARYSC{20} 5 TASCTB(20), TASCHB{4},NGASBDI{4),NCASBD
+{20)

"5 COMMON /TRNIN3/NUMTRNNUMLDSsNUTRLT, IASRHB{6) ,TASRTBI{S
' +) yMXCRTR{6) yNRCOORSNRCOSC{30),NREDLT{30,5),LGTCON{30+y5
+95) sNRPATH{5,44,10) sNPHRL (544} MTRASG{6), IASMTR{5),TASR
+HS{5) yNRTDPS,NRASBD{5}yNRFIRT{H6},NLOCO{6) ,KMATER{ &} +1IR
J +CO0T {6} L RCOOR{6) yLREDLT{10),NASGLS(6) L DSCNT{6),MTOTL ~
4 +D{6) yKRAVDP{6) sNDLBDP{6) sNDUMDP{5 ) ;NDUMPG{6) ¢ MECRLS{5)

c
€ %%% PRINY OUT SHIFT RESULT
C

WRITE (6,15}
15 FORMAT {(1HY//77777777)
WRITE {6,25) ISHF
25 FORMAT {1H 120{1H.3/1H 379 118X37%/1H 47.% 439X, ¥SHI
FFET 91497 REPORT',63Xs%.%/2H .9118X9?.7/1H ,120{1H.)}
TIME=CLOCK/60.
WRITE {6435) TIME,DELTT
35 FORMAT {///730X,*SHIFT TIME =9,F10.2," MINUTE? /30X,'TIM
+E INCREMENT =?,F10.24% SECONDS?®)
NBODY1=NBODY+1
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o DD 45 IBDD=1,NRODY1
IF {NTRUCK{IBOD)}.NE.D) GO TO 55
- 45 CONTINUE
) G0 7O 195
v C
€ k%kxk TRUCK
c

55 WRITE {6,65)

65 FORMAT (/77917 ,40X,? TRUCK PRODUCTION STATISTICS!
+)

WRITE (6,75}

75 FORMAT (//5X,%ASSIGNED? 46X, *TRUCK?,10X, *TRUCK TYPE?®,3X
+3TCAPACITY? 48X, TLOADS # 3 7Xs PLOADSY 48X, * TONS? , 7X, P TONS Y,
+BX5 ' TONSY/5X, 'ORE BODY?,6Xs 'NUMBER?® 422X, {TON)*,11X,'0
FRET,9Xy "WASTE?,8X, "ORE'y8X, "WASTE?, 7X, *TAILING?/)

N TOTAL1=0

i TOTALZ2=D.

| TOTAL3=0.

NBODY1=NBODY+1

- DO 115 IBDD=1,NBODYL

M NN=NTRUCK{IBOD)

w7 IF {NN.EQ.0) GD 7O 115

SUBT1=0.,

- SUBT2=0.

oy SUBT3=0.

DO 95 NTK=1,NN

- KND=KINDT{IBOD,NTK)

WRITE {6,85) IBODyNTKs{TKTP{KND,K1),K1=1,8) s TKMEAN(KND
+)5LODTK{IBOD,NTK, 1} ,LODTK{IBOD,NTKs2)} ¢ DOREMV{IBOD,NTK) o
- FWASTMV(IBOD yNTK) ,CUMWT2{ I1BOD, NTK)

o 85 FORMAT {1H 37Xy I11513X512,11X98A1,6XsF6.0911X,13,9%X513,

o *‘FiaoiiFiloi?FiZol?

. SUBT1=SUBRT1+0OREMV{IBOD, NTK)

ol SUBT2=SUBT2+WASTMY{ IBOD,NTK)

§ SUBT3=SUBT3+CUMWT2{ IBOD,NTK)

LODTK{IBOD,NTK,1) =0
LODTK{IBOD,NTK;2)=0
DREMVI{IBODyNTK)=0.
WASTMVIIBOD,NTK}=0.
CUMWT2{IBOD,NTK)=0.
/ 9% CONTINUE
S WRITE (6,105) SUBT1,SUBT2,SUBT3
105 FORMAT (/75X 'SUBTOTAL ', 72XyF9.1,F11.1,F12.1/)
TOTAL1=TOTAL1+SUBT1
TOTAL2=TOTAL2+SUBT?2
TOTAL3=TOTAL3#+SUBT3
115 CONTINUE
WRITE {6,125) TOTALl,TOTAL2,TOTAL3

125 FORMAT {/5X,*TOTAL PRODUCTION IN THE WHOLE SYSTEM»,44X
+9F9,1,F11.1,F12.1)
wkxts (6,135}

bl
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;8 135 FORMAT (7/7/777640DXs7° TRUCK WAITING TIMEY//}
HRITE {6,145)
145 FORMAT (9 9,9ASSIGNED ", 2X, "TRULK 1,3X,*HWAIT AT BWE FQOR
+9.4X 3 TWATIT AT MILL FORY 33X, 'WAIT FOR DUMPING? ,3X, 'WAITY
+ FOR DUMPINGE/?* 1,%DRE BODY ', 2Xs YNUMBER? i 3X *1LDADING{M
FIMUTES) Y 43X, *LOADINGIMINUTES) 743X, ? DRE{MINUTES)?,
+B6X3 SWASTE(MINUTESYY /)
DO 185 IB0D=1,NBODY1
NN=NTRUCK{IBOD)
IF INN.EQ.0} GO TO 185
DO 165 NTK=14NN
TKWTBU{IBOD yNTK)I=TKUTBW{ IBOD,NTKI/60.
TKHTTL{IBOD NTKI=TKWTTL{IROD NTK)}/60.
TEWTCR{IBOD NTK)I=TKWHTLCR{IBOD,NTK} /60,
TKHTDP{IBOD NTK)I=TKWTDP{IBDD,NTK} /60,
WAITTK=TKHTBWI IBOD yNTK)+TKWTTL{IBOD NTKI+TKWTCR{ IBOD4N
+TKI+TRUTDPL{IBRND ,NTKY
WRITE {5,155) IBODNTK, TKUTBUWI{IBOD,NTK) y TKWTTL{IBOD(NT
+K) S TEKHTCRIIBDDNTK) s TRWTDP{IBOD,NTK)
155 FORMAT {7 9,74 ,06X31445X9F14.295X3F14.2:5X3F14.2:5%sF14
+.2)
TKHTBH{IBODNTK}=0,
TRKUTTL{IBODNTK}=0.
TKWTCR{IBOD ,NTK}=0.
TKWTIDP{IBOD,NTK}=0D,
‘ 165 CONTINUE :
ol WRITE {6,175}
L 175 FDORMAT {207}
185 CONTINUE

OO N

(E T

x&k%k%k% BWES

CYCYOY

195 WRITE {6,205)
205 FORMAT {1H1,45X, YBUCKET WHEEL EXCAVATORS OQUTPUT STATIS
+TICSY//7/77)
) DO 415 I1BOD=1,NBODY
. WRITE {6,215) IBOD
L 215 FORMAT 1707 ,55X,90RE BODY?',15/7)
- NBB=NBWE { IR30D)
DO 415 JBWE=1,NBB
IF {(BDIA{IROD,JBWE)}.FQ.0) GO TD 415
- BTHEO={SQRT(4,9%RDIA{ IBOD, JBWE)) 1%60./(3.1416*BDIA(IBO
o +Dy JBWE) ) %0, 7T%BCOB{I1BND; JBWEIXBNOB{ IBOD s JBWE )%60.*¥BDENS
O +T{IBOD,JBWE,1)
WRITE (6,225) JBWE
225 FORMAT {01 ,40X, BUCKET WHEEL ‘EXCAVATDR NUMBER?',14/)
WRITE (6,235}
235 FORMAT {909,40X, "WHEEL SPECIFICATIONS'//}
WRITE {65245) BDIA{IBOD,JBWE),BNDB{IB0OD,JBWE) BCOB{IBD
+D, JBWE) ; BLENBM{IBOD, JBWE),BTHED
245 FORMAT {9 ?,25%,*WHEFL DIAMETER',F20.2,% METERSY/? 1,
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+25% s *NUMBER OF BUCKETS',F17.0/7% - ? 325Xy YBUCKET CAPACITY
+ P, F19.24% CUMTS.¥/7 7,253 CUT LENGTH?,F24.2,% METE
+RS /T V25X VTHEQRETICAL CAPACITY ,Fl4.2,' TON/HDURY//
+)
WRITE {6£425%)
255 FORMAT (/9% 9,40, "DPERATING CONDITIONS® /)
WRITE {6,265}

265 FORMAT 17907 330X s ¥SP.CUT.RESIS?7,8X; ¥ INITIAL HEIGHT*,3X,
+*FINAL HEIGHT ", 3X, "FLODR SLOPEY /31X, Y {KG/CM)? 510Xy {ME
+TER) P 14X V{METER}I T+ 7Xy {2397}

NBEN=NBWBEN{IBOD, JBWE)

DO 285 K{=]1,NBEN

X=1.2%BKRES{LSOIL{IBOD, JBWEZKL))
Y=0.8%¥BKRES{LSOIL{IBOD, JBWE.KC}}

WRITE {63275 KLY X {BHEIGT({IBOD; JBWESKCyNYsN=1,2)

275 FORMAT {? 7,18X5% BENCHY;T13:3XsF4,1Y—=-",F5,1,F12.2,F
+17.21)

285 CONTINUE

WRITE {6,295) BGRADE{ IBOD, JBWE)
295 FORMAT {(B0XF7.3)
WRITE 165305}
305 FORMAT {//7/50X"PRODUCTION STUDY?Y/)
ACTU={PRODTB{IBRDD,JBWE,1)+PRODTB{ IBOD, JBHE, 2} J/{BWCTSH
+{1B0OD,JBWEY/3600.1)
WRITE {65315) PROOTR{ IBOD,JBWE,1},PRODTBLIBOD,JBUWE,2)
+ACTU

315 FORMAT {7 * 30X, YDRE EXCAVATED';F22.2,% TONST/? t,30X
+5 "WASTE EXCAVATED',F20.257 TONS?'/Y ?,30X,"ACTUAL ‘CAPA
+CITY?4F19.29% TONS PER HDURY)

PRBUWE=PRODTR{IBOD,JBWE, 1 )+PRODTBY IBDD, JBWE, 2}
PRODTB{IBROD ,JBWE,131=0.
PRODTB{IBODsJBWE23=0,
HWRITE {6,325}
325 FORMAT {///50X,'TIME STUDY*/})
WRITE {64335}

335 FORMAT {19X, 1CUT 317X s " TRAMY 10X, *DELAYI{IWAITING) ? 94X,
+DELAY{MECH, 176X 'DELAY(OTHERI ' /19X P {IMINUTES ¥, 11Xy 7 {
+MINUTES 135X V{IMINUTES) 749Xy PIMINUTESY ' s 9X, "I MINUTES ) ?
+3

TT6=BPRDDOW{IBOD, JBWE) /60,
TTS=BYTTMD{IBROD,JBWE)/60.
TT4=BWEWT{IBOD, JBHREY}/60.
TT1=BWCTSH{IBOD; JBWE}/60.
TT73=8TRAMZ2 {IBRDOD,JBWE) /60.
WRITE (6+345) TT1 773, TT4,7T5,776
345 FORMAT {19XsF8.29 10X, FR. 298X, FB.2,10X4FB.2510X3FB,2)
WTBHE=TTS
WRITE {6,355}
355 FORMAT (/7/7/750Xs YPOWER CONSUMPTION'Y/}
WRITE (6,365)
365 FORMAT (21X 7CUT* 510X s "CROWD ;1 IX o 'SLEW?, 8X,* TRAMI /21X
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+o TKWHT 311X TKWH 513X TKWHT , 10Xy *KWH? /)
PTI=BDGKWH{IBOD,JBWE} /3600,
PT2=BTRKWH{ IBOD, JBYE)Y *BHCTSH{IBOD,JBWEY /3600,
PT3=BSLKWH{IBOD,JBWE)} /73600
PT5=TRKWH2{ IBOD, JBWE) ¥BTRAM2{ 1B0OD,JBWE} /3600,
KWHBWE=PT1I+PT2+PT3+PT5
WRITE {6¢375) PT1,PT2,PT3,PT5
375 FORMAT {SXy4F15.2)
PT6=8DGKWH{IBOD, JBWE) /BWCTSH{IBOD,JBWE)}
PT7=BSLKWH{IBOD, JBWE} /BWCTSHI IBOD,JBWE)
PT8= {BTRKWH{IBOD, JBWE)+TRKWH2{ IBOD, JBWE} )} /{BTRAM2{IBOD
+,JBWE}I/3600,)
WRITE {6,385) PT63PTT,PT8
385 FORMAT {//20Xs'KW RATING OF THE DIGGING MOTOR?',F10.1/2
+0X KW RATING OF THE SLEW MOTDR';F12.1/20X, *KW RATING
+DF ‘THE CRAWLER MDTORS?,F9,.1)
BWEWT{IBDDy JBHE}=0.
BUTTMD{IBOD s JBWEI=0.
BPRDOW{IBOD,JBUE}=0.
BTRAM2{IBODyJBWE)=0.
BWCTSH{IBOD ,JBWE)}=0.
BDGKWH{IBODy JBWE}=0.
BSLKWH(IBODJBWE)=0.
BTRKWH{1BOD JBHE)}=0.,
TRKWH2{IBOD ; JBWE)}=0-
WRITE (6:395)
395 FORMAT {///750X, *POSITION DOF BUCKET WHEEL EXCAVATOR®*/}
KC=NCTBEN(IBOD, JBWE)
WRITE (6,405) KC,BWTTHK{IBOD,y JBWE)}
405 FORMAT (/740X "WHEEL IS IN BENCH®;15,° ADVANCE® (FB8.2
+)
415 CONTINUE

Fk%¥%% CONVEYDRS

IF I{NSECIS.EQ.D) GD 7O 615
WRITE {6£,435)

435 FORMAT {1H1,50X, *CONVEYORS DUTPUT :STATISTICS*/7/7}
NSEC=NCSEPG{1)
K=1
J=0
DO 605 IC=1,NCGRP
IF ' I{NCGRP.EQ.0) GO TO 455
WRITE {6,445) IC

445 FORMAT (1HO,'BELT GRDUP',13)
IF {NCSEPG{ICY¥-EQ.0) GO TD 525

455 WRITE (6,4565)

465 FORMAT (1HO+S5Xy*SECTION BELT? 44X, "TOTAL {TONNAGE? 34X, 7
+0ONNAGE CONTRIBUTING®,4X,"DOWN TIME FOR OVERLOAD? ;4X,7'D
+0WN TIME FORY,4X, "DOWN TIME FOR'/1H 21X, *PRODUCED?,9X
+, %70 OVERLOAD MAIN?,B8X, "PREVENTION, {(MIN)?,9X,'NO MINE
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+ CARS?®,5X,'STOPPED MAIN BELT')
475 DO 515 JJ=K,yNSEC
J=J4+1
X={CSEWT{J)-CGRWT(IC)}/60.
IF {ICDISS{J).NE.O) GO TO 485
Y:Oo
GO TO 495
485 Y=CSBWTK{ICDISS{JY11/60.
495 7=CGRWTLIC}/60.
WRITE (65505) J,CTWTSC{JY,CSEDVLEIIsXeYs2Z
505 FORMAT {1H 91103F23.1¢F23.24F26.2,F17.2,F17.2)
CTWTSC{J1=0.
CSEQOVL{JI=0,
515 CSEWT{JI=0.
IF {NCGRP.EQ.0} GO TO 405
525 LL=NCGRFT(IC)
WRITE {6,;535) IC,CGROVL{IC){ICORFT{IC,L),L=1,1L)
535 FORMAT {1HD5X, *GROUP 9,13,2X,*WAS DOVERLOADED';F7.1,2%,
+7TONS BY GROUPS?,513//7/7)
CGROVL{IC)=0,
IF {CBINCP{IC}.LE.D)} GO TD 555
WRITE {64545) CRINCPIIC),IC,CBNOVF{IC)
545 FORMAT {1HO5X,F4.0+2X,*TON OF -SURGE AT TAIL OF GROUP?
+513,2X5 *WAS OVERLOADED BY',F10.2,2Xs *TONSY)
CBNOVF{IL}1=0.

. 555 IF {ICDISGUIGYLEQ.D) GO YO 575

YYD

X=CGRWMC{IC)/60.
WRITE {64565} X
565 FORMAT {1HO,'TOTAL ‘DELAY TIME WAITING FDR EMPTY CAR',F
+7.252X " MINUTEST)
575 Y=CGRUWT{IC)/560.
WRITE {6:585) ¥
585 FORMAT (1HO,'TOTAL DELAY TIME FOR -OVERLOADING PREVENTI
+ON?, FT7.292X s * MINUTES? // /)
COGRHWTI{IL)I=0.
IF - {IC.NE.NCGRP} GD TO 595
IF {NSEC.EQ.NSECISY GO 70 605
K=NSEC+1
NSEC=NSELIS
GO 7D 475
595 IF {NCSEPG{IC+1).EQ.0) GO TO 605
K=NSEC+1
NSEC=NCSEPG{IC+1)+K-1
605 CONTINUE
FdefeR %k
*&3kx TRAINS
222 24
615 IF {NUMTRN.EQ.0) GO TO 715
WRITE {64625)
625 FORMAT {1H1,50X,*TRAINS DUTPUT -STATISTICS?*///}
DD 665 NULS=1,NUMLDS
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n WRITE {64635) NLS
635 FORMAT ‘{1HO,'LOADING STATION?®,13)
“ 1I1=RCARLDINLS)?
ol WRITE (6,645) 11
645 FORMAT {1HO,5X, 'TOTAL CARS LDADED',16)
. RCARLD{NLS}I=0.
L X=RLDSDL{NLS) /60,
' WRITE {64655} X
655 FORMAT {1HO,5X, 'WAIT TIME FOR EMPTY MINE CARS",F7.2,2X
7 +3 "MINUTES?Y//7//7}
= RLDSDLINLS)=0D.
665 CONTINUE
DO 705 KTR=1,NUMTRN
WRITE {64675) KTR
675 FORMAT (1HO,*TRAIN?,I3)
o WRITE {(6,685) RTDTLD{KTR)
! 685 FORMAT {1HO:5X, *TONNAGE HAULED'",F10.1)
L4 RTOTLD{KTR)=0.,
X=RWTAIN{KTR) /80,
£ Y=RWTDIS{KTR)/60.
o WRITE 16,695} X,Y
o 695 FORMAT {1HO,5X; $DELAY TIME AT INTERSECTIONS'3F7.2,2Xe?
- +MINUTES?/1H05X, "WAITING FOR DISPATCH TO SECTIONY,F7.2
= +52Xs * MINUTES?)
: RUTAIN{KTR)=0.
N ' RWTIDIS{KTR)=0.
N 705 CONTINUE
L 715 ISHF=1SHF+#1
IF {(ISHF.LELNSHIFT) GO TO 735
CALL SAVBAS{IBASE)
WRITE {6,725) IBASE
725 FORMAT (1H1,?IBASE FOR NEXT RUN IS%,115)
STOP
735 CLOCK=0,
180D=1
JBWE=1
it NEXTEN{IBOD ,JBWE)=0
3 RETURN
END
SUBRDUTINE TRAIN

COMMON /GENIN1/CAPBIN{5),RATMIL{5)+CAPMIL{5),DELTT,SHI
+FTT,CAPHBN{5,15),EQUIVL{5,15),CLDOCKyBSURGE{15,2) s BWEWT
+{3,5) ,TKWTBW{3,30),PRODTB{3,5,2),WASTMV{4,30),TKWTDP( 4
+530) sBINCRUIS) yOREMVI4,30)} s TKWTCR{4,30),CUMWT2{4,30),T:
+KWTTL{4,30) ,WTTK(4,30)

. COMMON /BWEIN1/BCS{3,5},BLENBM{3,5),8C0B{3,5),BNOB{3,5

N +3),BDIA{3,5),BCTMAX{3,5),BWS{3,5},B0WM{3,5),BFRS{3,5},8
+R5{3:5) ,BWAVIL{(3,5),BDMEAN{3,5),BWLANG{3,5)+,BWRANG{3,5
+) 9BSETTM{3,5) yBCAPSG{3,5,2)4BKFILL{10),BKRES{10)+BRPM{
+10}),BVINC{10),BRORI{3,5),BGRADE{3,5})},BPROB{3,5,5)+BHE]
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*GT{34545,2) +BDENST(3,+5,5)yBRATI0{3,5,5),BCLOCK{3,5)},BP

+RDOW{345) 4BCOUNT (3,5}
COMMON /BWEINZ/SLPBEN{3,5),BWTMDI{345)yBWECHTI{3,5):BWTT

- +MD{3,;5)  BWCTFR{3,5) BWTTHK(3,5),BWFDDI{3,51),

+ , AGBLUT{3,5),BSLKWH{3,5),BTRKWH{3,5},BUCTS
+H{3 45 ) yEFFMyEFFEBPOSIT(3,5) +BWUBACK{3,5),BTRAMZ2{3,5), T
+RKWH2{3,;5),BVLANG{3,5)4BYRANG{3,5},BTODDT{3,5),BDTIME{ .
+3:5) ,BUIDTH{3,:5} BDGKWHI3,5)

COMMON /TRKINI/TKMEAN{1O)} s TRGYHW {103, TKSPED{ 10,201, TKR]
+MPI{10520),COSPLMI{S0:53,COSLBPI{504s5),CORDRS{50:5),COSEC
+L{50+5) yLO0LENISO) , TKOHIL{201, TKTPL 104 20)+RATFED({15),7T
+BKTL10) s TKDMT{10) JACELMA, TKAVIL{4430),TVEL{ 4,30}, TON{4
+930) s TRASEC (4,303}, TRAELE{4,30),TBACKT{4,30),TKTDOW{4:3 -
+0); TKFDD{4,430%, TKDOWN 14,30} _
COMMON /BELIN1/CGRLEN{4),CGRSPD{4),CCAPGR{4),CSCLEN{20
+)sCSCSPD{20) yCSEPLN{4,5),CRATFD{4),CBINCP14),CSCFDTL20
+)sCOPSHBI{20),CCAPSC{20),CDISRFI20),CTLBIN{20Y,CBINFLI S
+)} yCSESTP{20),CSCDIS{20),CTUTSC{20),CARYSL{204y400),CGBRY -
+MC{4) ,CARYGP{45,400),CGSTOP{4)sCORUT{4),LCSEWTL20) ,CSEDY
+1 {20, CLOMC {4, CDISMC{4) , CORDIS{4)sCGROVL {4} CBNDCH{ &)

COMMON /BELIN2/7CBNOVF{4)CSCHDB{20),CSBUWTK{20),LSCAVLYE
+20) JCSCEDD(20) s CSDOWNI{20),CGPAVL{4) ., LBPFDD14) ,CGDOKWNI &
+)

COMMON /TRNINI/CARFRICARLEN,CARWTE,CARLODL2) ;RMAXACIS
+9 23y RDECEL{6:2) s RUTLOC{6452) s RLOCFRI{642) ,RMEDPT{H)4RDVD
+PTi{6}y RSPEED{6492+201RTRAEF (6425 20)RLSP
+LM{30455) sRCSLOP{30+5) yRCELEL{3095)sRCSECLI30Y;RATELSIS
+1oRTCARL (6} ‘

COMMON /TRNINZ/RMASS{6),RFRIC{H)IsRVEL{A I RLEFTI{S) RTDT
+WTI{6) sRTRELE(S) yRTRSEC{6I,RLDOSDLES) sRECAR{S I, RSENDE(S)
+oRDLSMNI{6) sRLOAD{6) s RDLALS{B) yRARIDPISIyRTLTDP{SY ;RTHT
+DP{6) sRLOADI(5) ¢RDLADP{6) RWTDISIB)RUTAINIS)RTOTLDI®
+) sRCARLD{6) RTHWTLD{S) yRAVLI6,;2),RFDD{6,52) RDOWN{
+652) sRTDOWN{S,2)

COMMON /GENINZ27IBODsJIJBWESNTK NEXTEN{3,5), ISHFsNPOCK31{5
+ ) sKTRGNLSH NSC yNBDDY o NSHIFT o NDUMP; NCRUSH,,NTATIL s NOBSTHI3
+) 9y IBASE,LOCMILIS) NPOCK2{5)sNPOCK4{S5}, ICRASC{5), ICRASR
+{S5)yNELEMT(4) NELEMNL 435 )y ICRAST{S5},LDOQUE{1530),MAXLD
+{15) NEW{15) s LODTK{4,30,2), MDMQUE{5,4,30)sNEW2{5),MAXD
+PQ{5) MCRQUELIS5:4,307 MAXCROISI NEUZ{S5)yMILQUE{S:4,530),
+NGRID

COMMON /GENIN3/MAXMLQIS),NEW4{5),yL0ODTK2(4,30),MTR{4,30
+)

COMMON /BWEIN4/NBWE{3 ), IASBTS{3,5),NBUBEN{3:5)NCTSET{ -
+345F s IBCMAT{3 S5 s ISET{3,5),ISECT{3,5),LSOIL{3:5,5)NLCT.
+BEN{3,5)

COMMON /7TRKINZ/NTRUCK {41, KINDT{4,30),NTASBD{15); TASMTT:
+{15) o IASTTBI{15) ¢+ NPATHI(4,15,4,10), IASTHB{15},NCOOSCI50)
+IASIGNI4,30) yNPHTK{4 515443, NPOCKTL15) JNTKDPSSNTKLDS, I
+ASLTW(15) s MATER{4,30) »IC00ST{4,30},LTCODR{4,30)

COMMON /BELIN3/NCGRPyNSECIS, ICDISG{4) s NCSEPG{4),NCSLSZ




127

+{20) yNCGRSZ{4),TASMTC {20} yNCGRFT(4), ICGRFT{4, 5),NCGRFB
+1{4), ICGRFB{4,45), ICSTOP{203,ICDISS{20),NARYIG{4), IARYPS
+1455) yNARYSC{20), IASCTB{20}, IASCHB{4),NGASBD{4),NCASBD
+{201 ’
COMMON /TRNIN3/NUMTRN JNUMLDSyNUTRLT s TASRHB{5) , IASRTBI 6
+3 yMXCRTR{6) sNRCOORyNRCOSC{30)yNREDLT{30+45),LGTCON{30,+5
+95) s NRPATH{S5,4,10) 4 NPHRL{S5,4),MTRASG{6), IASMTR{5),TASR -
+HS{5) sNRTDPS,NRASBD{5),NRFIRT{6},NLOCO{6),KMATER{6),1IR
+C00T{6),LRCOOR{5),LREDLT{10) sNASGLS{6),LDSCNT{6);MTOTL
+D{6) s KRAVDP{6) ,NDLBDP {6} ,NDUMDP {6} ,NDUMPG{ 6}, MECRLS(5)

C *¥%x SEE WHETHER THE TRAIN IS A LOADED TRIP DR EMPTY TRIP:A
C %% WHETHER THIS SUBROUTINE IS THE FIRST TIME BEING ENTERE

NDUMPGIKTR)=0
IF {NRFIRT{KTR}.NE.O) GO TO 25
IF {KMATER(KTR).LE.2} GO TO 5

C TRAIN IS AN EMPTY TRIP

RTONS=CARWTEXMXCRTR{KTR)
NLOCO{KTR}=2
GO T0 15

C  TRAIN IS A LOADED TRIP
5 RTONS={CARWTE+CARLOD{KMATER{KTR}} I*MXCRTR{KTR)

NLOCO{KTR)=1

15 RTCARL{KTR)=CARLEN¥MXCRTR{KTR)

RTDTUT{KTR)=RTONS+RWTLOC{KTR; 1 }+RWTLOCI{KTR, 2}
RMASS{KTR)=RTOTHT{KTR}%2000./32.2
NRFIRT{KTR}=1
CALCULATE THE FRICTION OF THE WHOLE TRIP
RFRICIKTR)=RWTLOC{KTR 1 )*RLOCFR{KTRy 1) +RWTLOC{KTR,,2}*R
+LOCFRIKTR 2V +RTONS*CARFR] '

C TURN TRAFFIC LIGHTS ON

I=NRPATHINLS,KMATER{KTR),LRCOOR{KTR)} -
DO 10 KK=1,5

TF{LGTCONIT s1,KK)LEQ.0) GO TO 10
LREDLT{LGTCON{I1,;KK}}=1

10 CONTINUE
c FIND THE AVAILABLE RIMPULL AT SPEED OF TIME T
25 LL=NLOCO{KTR}

30
32

I=NRPATH{NLS s KMATER{KTR),LRCOOR{KTR) )
IF{LRCOOR{KTR) . EQ.NPHRL{NLS,KMATERIKTR} -1} GO TO 30
L=NRPATHINLS,KMATER{KTR),LRCOOR{KTR)+2)
G0 10 32

AL =NRPATHINLS,KMATER{KTR} +LRCOOR{KTRI+1}
J=IRCOOT{KTR)}

X=RDOWNIKTR,LL)

A=RDOWN{KTR,LL}

B=RFDD{KTR,LL)

CC=RAVLIKTR,LL)

CALL "PROCES{A¢B,LC,IBASE,DELTT}
RDOWNI{KTR,LL)=A

IF (X.GE.O0) GO TO 35
RTDOWNIKTR,LLI=RTDOWN{KTR,LLI+DELTT :
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RACCEL=0.
60 TO 175
35 DO 45 1=1,20
IF {RVEL{KTR}-RSPEED{KTRyLLyI)) 75,6545
45 CONTINUE
WRITE {6455) .
55 FORMAT {'07,'TRAIN SPEED TOO HIGH')
65 AVILRP=RTRAEF{KTR,LL, I}
60 TO 85
INTERPOLATE THE AVAILABLE RIMPULL
75 IF {1.EQ.1) GO TO 65
AVILRP=RTRAEF{KTR,1l,y I-134+{RVEL{KTR)-RSPEEDIKTR,LL,I~1
+3)/{RSPEED{KTR,LLs I} -RSPEEDIKTRyLL#I-1) }%{RTRAEF{KTR,L -
#L 1) =RTRAEF {KTRyLL, I-1))
SEE WHETHER THE WHOLE TRIP IS ON THE SAME ELEMENT OF :C0O
85 X=RTCARL{KTR)-RLEFT{KTR})
I=NRPATH{NLS,KMATER{KTR) yLRCOOR{KTR})
IF {LRCOORIKTR) .EQ.NPHRLINLS,KMATER{KTR))=1) GO 7O 95
L=NRPATH{NLS,KMATER{KTR),LRCOOR{KTR+2)
GO TO 105
95 L=NRPATH{NLS,KMATER{KTR},LRCOOR(KTR)I+1)
105 J=IRCODT{KTR)
IF {LRCODR{KTR).EQ.1} 6O TO 115
K=NRPATH(NLS,KMATER{KTR) ,LRCOOR{KTR}=2)
115 IF {RLEFT{(KTRI.LE.O0) GO TO 145
IF (J.EQ.1} GO TO 125
HH=RLEFT{KTRI*RCSLOP{ I, J=11 +X#RCSLOP{ 1,4}
GO TO 135
125 HH=RLEFT{KTRI*RCSLOP(K,NRCOSCIK) ) +X*RCSLOPEI, )
135 GRADE=HH/RTCARL{KTR)
GD 'TO 155 .
145 GRADE=RCSLOP(I,J)
155 IF ‘{GRADE.GE.5.) STOP 130
CALCULATE FRICTION FORCE, GRAVITY FORCE, ETC.
RGEORC=20.,0%GRADE*RTOTHT (KTR)
RSTSTE=RGFORC+RFRIC(KTR)
RACCEL={ AVILRP-RSTSTE }/RMASS{KTR)
IF (RACCELGT.0.) GO TO 175
TRAIN REDUCES SPEED BECAUSE OF SLOPE
RVEL{KTR) =RVEL(KTR)—0.2%RMAXAC {KTRyNLOCO{KTR) )%*DELTT -
IF {RVELIKTR).GE.0) GO TO 25
WRITE (6,165) I,J
165 FORMAT {1HO,'AT COORDINATE',15,% SECTION',15,' SLOPE T
+00 LARGE?)
STOP 1030
175 IF {RACCEL.LE.RMAXAC{KTR,NLOCOIKTR}?) GO TO 185
RACCEL=RMAXAC{KTR, NLOCO{KTR})
CALCULATE THE NECESSARY DECELERATION TO SATISFY THE SPEE
NEXT ELEMENT
185 Y=RCELEL{1,J)-RTRELE{KTR)
S=RVEL({KTR)¥DELTT+0.5%RACCEL*DELTT#DELTT
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195
205
215
225

235
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YY=RCSPLM{I,J)%*%2/ {2, *RDECEL {KTR, NLOCO{KTR}))
IF {Y-S.GT.YY) GO TO 325

IF {JSEQ.NRCOSCI(I)}} GO TO 205

IF ‘{NREDLT{I,J+1).EQ.D0) GO TO 195

IF {LREDLTI{NREDLT(I,J+#1)}.EQ.1} GO TO 225
SPDLIM=RCSPLM{I,J+1)

G0 70 235

IF {NREDLT{L,y1).EQ.0) GO TD 215

IF {LREDLT(NREDLT{1,11).EQ.1) GO:TO 225
SPDLIM=RCSPLM{L,1)

GO TD 235

SPDLIM=0.

NDUMPG{KTR) =1
RACC1={SPDLIM¥%2-RVEL {KTR}*¥%2) /{2 .%Y)

SEE WHETHER THE OTHER TRAIN IS ONE ELEMENT AHEAD

25%

265

275
285
295
305
315

325

335

345

355

D3 275 NTR=1,NUMTRN

IF {XTR.EQ.NTR} GO 1O 275
MLS=MTRASG{NTR)

MMM=NRPATH{MLS, KMATER(NTR},LRCOOR(NTR))
IF{{MMM.NE. 1) GO TO 245

IF (IRCODTINTR) .NE.IRCDOT{KTRI+1) GO 7O 275
Z=RTRELE{NTR)-RTCARL{NTR)
YY=RCELEL{II¢yJ)-RTRELE{KTR)}+Z
SPDLIM=RVEL {(NTR)
RACC2={SPDLIM®*2-RVEL {KTR)*¥%2) /{2.%YY)
G0 TO 285

IF {{MMM,NE.L) 6D 70O 275

IF{IRCOOT{KTR) .NE.NRCDBSC{I)} GO TO 275
GO TO 255

CONTINUE

RACC2=10.E30

IF <{RACC1.GT.RACC2) GO 7O 295
RACC=RACC1

GO 70 305

RACC=RALCZ

IF {RACC. GE.—RBEﬁEiiK?RyNLEfGiK?R))3 GO TO 315
RACC=-RDECEL{(KTR,NLOCG{KTR})

IF - {RACC.GE.RACCEL) GO TO 325
RACCEL=RACC '
RVEL{KTR)=RVEL{KTR)+RACCEL*DELTT

IF {RVEL{KTR).LE.RCSPLM{I5J}) GO TO 335
RVEL{KTRI=RLSPLM{I,J)}
RACCEL={RCSPLMIT,J)—{RVEL(KTR}-RACCEL*DELTT )} /DELTT -
GO TO 345

IF {RVEL{KTR}.GT.0.} GO TO 345
RVEL{KTR)=0.
S=RVELIKTR)*DELTT=0.5%RACCEL*DELTT*DELTT
IF ({S.GE.O.4%DELTT) GO 70 :355
S=0.4%DELTY

RTRELE{KTR}=RTRELE{KTR}+S
RTRSEC({KTR}=RTRSEC{KTR}+S
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IF {RLEFT{KTR).LE.D.) GO TD ‘365
RLEFT{KTRI=RLEFT{KTR)~S

IF {RLEFTiKTR).GT.0) GD ‘TD 365
RLEFT(KTR)=0,

365 IF {RTRSEC{KTR).GT.RCSECL{I)} GO 70O 405
IF {(RTRELE{KTR) .LT.RCELEL(IyJ}) GO TO 435
IF (NDUMPGI{KTR)}.EQ.~-1) GO TO 395
RTRELE{KTR)=0.

IRCODT{KTR)= IRCQG?%KTR)*I
IF (TRCOOT{KTR).GT.NRCOSC(I}) GO TO 405
RLEFTIKTRI=RCELEL{I,J)+RTCARLIKTR}-RTRSEC(KTR)

TURN ON TRAFFIC LIGHT TD PREVENT OTHER TRAIN ENTERING

375 J=IRCOOTI{KTR) ‘

Jd=d-1

DD 385 KK=145 -

IF{JJL.LE.O) GO TO 384
IF{LGTCONI(I+JJsKK).EQ.0) GO TO 384
LREDLT{LGTCON{T yJJ,KK1)=0

384 IF {LGTCON{I,J,KK).EQ.0) GO TO 385
LREBLT%LGTCGNiIvdyKK)) 1 :

385 CONTINUE
RETURN

TRAFFIC LIGHT IS ON

395 RTRELE{KTRI=RTRELE{(KTR}~S
RTRSEC{KTR}=RTRSEC{KTR})-S
RwTAIN{KTR?=RWTAINiKTR)4DEL?T
RETURN

405 "I NDUMPGI{KTRY. EQ.-l) GO TO 445
thGGR!KTR? =LRCOOR{KTRI +1
IRCOOT{KTRI=1
RTRSEC{KTR)=0.

RTRELE{KTR}=0,
RLEFTIKTRI=RTCARL(KTR)
NRFIRTI{KTRI=0
NDUMPGIKTR) =1 .
IF {LRCOOR{KTR).EQ.NPHRL{NLS,KMATER{KTR}}} GO TOD 415
I=L
GD 'TO 375
415 RVEL{KTR)=0,
RLEFT(KTR)=0.

TURN OFF TRAFFIC LIGHTS
I=NRPATH{NLS,KMATER{KTR),LRCOOR{KTR)}-1)
JJ=NRCOSC(I)

DO 425 J=1l3JdJ
DO 425 KK=1,5
IF (LGTCON{I,3,KK}.EQ.0) GO TO 425
LREDLT{LGTCON{I ,J,KK)}=0
425 CONTINUE
435 RETURN
TRAFFIC LIGHY IS ON
445 RTRSEC{KTRI=RTRSEC{KTR)-S
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RTRELE{KTR)Y=RTRELE{KTR}-S
RUTAINIKTR)=RWTAIN{KTRY+DELTT
RETURN

END

SUBROUTINE READER
10GICAL®] DATATI{10)
COMMON /GENIN1/CAPBIN{S) RATMILIS ), CAPMIL{5Y,DELTT4SHT -
+FTT;CAPHBNI{S, 153 ,EQUIVLIS 151 CLOCKBSURGEL{ 15,21 +BUEWT
+{3:5) sTEKHTBUWI{Z;30) s PRODTBI{3,5:2) yWASTMV {4,301, TRUTDP{ 4
+930) ¢BINCRUIS), QREﬁVf#a3O39TK%TCR{4y3O3 CUMWT2{4430),7T
+KWTTL{4,30),WTTRKI4,30)

COMMON /BUWEIN1/BLS{3,5)+BLENBM(3,5)5BCOB{3,5) +BNOB{3+5
+1sBDIA{3,5) ;BCTMAX{3,5) 4BWS(3,;5)BOUWM{3,5),BFRS{3,5),8
+RS{355), BWAVILI3,5) yBDMEANI3,5)sBWLANG{3,75) BURANG{3+5
+19BSETTM(3,5) yBLAPSGI{ 395, 2)+BKFILEE10),BKREST 10Y,,BRPM{
+10),BVINC{10} BRORI{3,5),BGRADE(3,5}),BPROB{3,5,5})BHET -
+57(3,5+5+2) sBDENST{345,5)+BRATID(3,5,5),BCLOCKI345),8P
+RDOW{3:,5) ;BCOUNT{3,5}

COMMON /BWEINZ2/SLPBEN{3,5),BHTMD{3,5)},BWECHT(3,5),BWTT

+MD{3,5) ¢ BHCTFR{3,5) yBUHTTHK{3,5)BUFDD{3,5),
% AGBCHWT{3 357 +BSLKHWHI3,5) BTRKWH{3,51,BWCTS
+H{3 45 s EFFMEFFEBPOSITI3,5) +BWBACK{3;53 ¢ BTRAM2{3,5) 7"
+RKWH2 {351 s BVLANG{3,5 1, BYRANG{3,5),BTOGDOTI{3,:5)1BDTINE] .
+3¢5) oBHIDTHI{345) +BDGKWHI3,:5)

COMMON /TREKINI/TKMEAN{IO) s TKGVHTI10) s TRSPED{ 104,201, TKRT
+MP{1020),COSPLMIB0,5),COSLOP{50,5)Y+CORDRS{50,5};COSEC .
+L{505:5) s CODLENI{SO s TKDOHIL {203, TKTP{10,20} +RATFED{ 15} 7
+BRKTL{10V s TKDMT{10YyACELMA,TKAVIL {430}, TVEL( 4,30y TON{ %
+9307 s TRASEC {4 530),TRAFLE{4,30), TBACKT§4 30) - TRKTDOW{443
+0}; TKFDD14,30) . TKDOWN{4,301)

COMMON /BELINI/CGRLENI4), CGRSPD§4§9CCAPGR{4}9CS£LEN{20
%39CS£SPD§203yﬁSEPtN(4953vCRATFD§43;CBINCP§¢31€S§FBT§ZO
+} oCCPSHBI20Y . CCAPSC{20),CDISRF{20),CTLBINI20),CBINFLES
+)sCSESTP{20),CSCDIS{20)CTWTSCI20)CARYSC{205400) sC6RNW -
+MC{4) yCARYGP{4,400)sCOSTOPL4) yCORUWTIGY o CSEWTL 203, CSEDY
+1{20) sCLDMC{4) ,CDISMC {4) ,CORDIS (4} ,COGROVL{4), CBNDCH{ %)
COMMON /BELIN2/CBNOVF{4),CSCHDB{20);CSBUTK{20),CSCAVLY -
+203yiStFﬁD(ZO)gCSDGWNi?O’vCGPAVL§43vCGPFDE§4lycGEGWN{4
+)

COMMON /TRNIN1/CARFRTZCARLENSCARWTECARLOD{2) ,RMAXACL S
+92) sRDECELL642) yRUTLOC(642) yRLOCFR{642}yRMEDPTIS} ,RDVD -
+PT{6Y), RSPEED{642:20)sRTRAEF {6,220 ,RCSP
+LM{30495) s RCSLOPIZ0sS5 ) yRCELEL (3045 ), RCSECL{30)Y,RATELSH{S
+),RTCARL {5}

COMMON /TRNIN2/RMASS{6)sRFRICI{AY RVEL{S6)RLEFTI{6),RTOT:
+HT{B) +RTRELE(6) sRTRSEC{SE)sRLDSDLIS)sRECARISIRSENDELS)
+oRDLSMN{6) sRLOAD{H) yRDLALS{6I;RARIDP{A);RTLTDP{BY;RTUT
+DP{6) yRLOADI{6) +RDLADP{SIRUTDIS{A) . RUTAIN{S) LRTOTLDI(S
+} 5 RCARLDE{A) RTUTLD{B) sRAVL{6,2)4yRFDDIG, 2} RDOUWNYE .
+6+2) s RTDOWNIB2) ‘
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COMMON /GENIN2/IBODJBWE,NTK,NEXTEN{3,5), ISHF 4NPOCK3{5
+) s KTR yNLSyNSCsNBODY ;NSHIFT; NDUMPyNCRUSH, NTAIL yNOBSTW(3
+) s IBASE,LOCMILIS) , NPOCK215) ;NPOCK4{5), ICRASC(5),ICRASR
+{5) yNELEMT{4) ,NELEMNI{4+95),ICRAST{5),LDQUE{15,30),MAXLD
+{15) yNEW{15) 5 LODTK{4,30,2),MDMQUE(5,4530),NEW2(5) yMAXD
+PQ{5) sMCROUE{S54430), MAXCRQIS5)yNEW3(5), MILQUE{5,4,+30)
+NGRID

COMMON /GENIN3/MAXMLQ{5) sNEW4{5};LODTK2{4,30):MTR{4,30
+3
COMMON /BWEIN4/NBWE(3 31 TASBYS{3,:53;NBHBEN{3,5),NCTSETH{
+3,5) s IBCMATIZ S ) » ISETI{3,5), ISECT{3,5),LSOIL{3,;5:5)sNLT

+BEN{3,5)

COMMON JTRKINZ2/NTRUCK{4),KINDT{4,30i,NTASBD{15),IASMTT
+{15) ;IASTYB{15) NPATH{44+1554%4,10), IASTHB{15) :NCOOSC{50)
+o TASIGNTI4:30) sNPHTK{4:1554) JNPOCKT{ 15} NTKDPS NTKLDS, X
+ASLTWHI15) MATER{44,30Y,ICODSTI45,30)},LTCODR{4,30)

COMMON /BELIN3/NCGRPyNSECIS, ICDISGI4),NCSEPB{4},NCSCSZ
+{20) s NCBRSZ{4}; TASMTC {20V NCOGRFT{ 4}, ICGRFT{ 4,5} sNCGRFB
+{4) ,ICGRFB{4,5), ICSTOP{20}s ICDISS{Z0Y,NARYIG{ 41, TARYPS
#14,5) JNARYSCI20), IASCTB{20), TASCHB{4),NGASBD{4),NCASBD
+{20}

COMMON /TRNINB/NUMTRN NUMLDS,NUTRLT, TASRHB{A) (IASRTB{ S
+ Y s MUCRTR{6) sNRLDORINRCOSC{30 I sNREDLT{30,5)sLGTCON{3045
+95) g NRPATH{544 10 s NPHRL{5,4) ; MTRASG{6}, TASMTR{5)51ASR
+HS{5) NRTDPSyNRASBD{S )y NRFIRT{A ), NLOCD{6) s KMATER{ 61}, IR
+CODNT{6) s LRCOOR{G) ZLREDLTIID) ;NASGLS{B)LDSCNT{6},MTOTL .
+D{6) s KRAVDP{6) ;NDLBDP {6 ) ;NDUMDP {5 ) JNDUMPG{H )y MECRLS{S5)

C *%% READ "IN THE NUMBER OF DORE BODY TO ‘BE SIMULATED,NUMBER

C

C *%%x MULTIPLE PRINTER, NUMBER OF BWE IN EACH ORE BODY

READ {5,465) NBODY,NSHIFT,NDUMP,NCRUSHsNTAIL,NGRID
READ {5,5) IBASE

FORMATY {110}

CALL SETBAS{IBASE)

READ (5,475) DELTT,SHIFTT

NCGRP=0

NSECIS=0D

C ASSUME THE CAPLITY OF HEAD BIN EQUAL 120 TONS

15

¢ k%

NBODY1=NBODY+1

DD 15 1BOD=1,NBODY1
NTRUCK{IBDD)=0
NTKDPS=0

NUTRLT=0

NTKLDS=0

NUMLDS=0

NUMTRN=0

NRTDPS=0

READ DATA OF EACH SUB-MODEL
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C
25 READ 1{5,485) {(DATAT{I}),I=1,101
CALL CHCOMPI(DATAT,*LAST'44,835,655,5835)
35 HWRITE {6:45) {DATATIT},1=1,10)
45 FORMAY {* %,10A1}
GO 70 &5
55 RETURN
C
C =%k FIND DUT WHICH SUB—MODEL T0O BE READ NEXTY
C
65 CALL CHCOMPIDATAT,"BWES",4,875,8135,875)
75 CALL CHCOMPIDATAT;*CONVEYDORS749,885,8275,885)
85 CALL CHCOMPIDATAT;*TRAINS?',6,895,£355,£595)
9% CALL CHCOMPIDATAT;'TRUCKS'36;8105:,£195,£6105)
105 CALL CHCOMPIDATAT, 'DOTHERS"36,;£115,8435,8115)
115 WRITE {6,12%)
125 FORMAT {1H1,*THIS IS A BRANCH FDOR -READING MORE DATA,ER
+RORYY
sSTop
C
C %%k
Ch&kk¥xx BUES{BUCKET WHEEL 'EXCAVATORS) AND BENCH INFORMATIONS
C dkkoksk
C
C
£ *%% READ TOTAL MNUMBER OF DIFFERENT:SOIL TYPE IN THE SYSTEM
C
135 READ {5:465) 1SOTP
DO 145 JJ=1,1507P
READ 157475) BKFILL{JJ)sBKRES{JJIBRPM{IJ}sBVINCEJY)
145 CONTINUE
NBODY 1=NBODY+1
DO 175 I=1,NBODY
C
C %% READ OBSERVATIUON TOWER IN THIS ORE B80ODY
C
READ {5;485) NOBSTW{l)
C
C NUMBER OF ‘BWE IN EACH 3RE BODY
C
READ 15,4657 NBWE{1}
JJI=NBWEL{I)
DO 165 J=1,44
C
C° READ BWE CHARACTERISTICS
C

READ {54475) BCS{I1,J),BLENBM{I,J),BCOBI{T+J)BNOB{1I:3),
+BDTA(T+J)+BCTMAXI{TJ) yBWS{IJ)BOWMIT )

IF (BDIA(I;J).EQ.O0} GO TO 165

READ {54475) BFRS{I,3),BRS{I;,J);BOMEAN{I+J)}+BSETTM{IysJ
+) s BWLANGIT5J) »BWRANG{ 1, J),SLPBEN{T,J)
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READ {5,475} BWAVIL{I,J},BWFDD{I,J)
%% CAPACITY OF SURGE
READ {54475} {BCAPSG{1,J,K)sK=1,2})

READ SOIL "INFORMATION AND CONFIGURATION

*%%x TOTAL BENCHES TO BE CUT

READ (5,465} NBWBEN{I,J}
MM=NBWBEN{I,J)

*%% READ SOIL CHARACTERISTICS AND CONFIGURATION IN THIS BE

DO 155 M=1,MM
READ {59475) (BHEIGT{IsJsMsNIN=1,23),BPROB(T,3sM),BDEN
#+#ST{ToJsM3 ,BRATIO{T,3, M)
READ (57465) LSOIL{I,JM)
155 CONTINUE
READ {54475) BRORI{I,4),BGRADE(I,J)
165 CONTINUE
175 CONTINUE

*%% ASSIGN THE BWE TO THE SURGE BIN NUMBER

DO 185 I=1,NBODY
JJI=NBWE{ 1)

185 READ {5:485) {1ASBTS{I,J),d=1,J03}
GO TO 25

C #skdkk TRUCKS

a e e NeNe]
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*%% TOTAL DIFFERENT KIND ‘OF TRUCK IN THE SYSTEM AND READ E

195 READ {5,465) NTKSYS
DO 215 I=1,NTKSYS
READ {5,495) TKMEAN{I}, THOGVW{I},TBKT{ 1), TKDMT{I},{TKTP
+(14J),J=1,20} ’
READ {5+475) (TKSPED{I4J),J=1,20}
READ {5,475) {TKRIMP{1,J),J=1,20})
DO 205 J=1,20 ,
205 TKSPEDI{I yJ)=TKSPED{1,J)%5280.73600.
215 CONTINUE
READ (54475) {TKDHIL{11),11=1,20)
READ {55475) ACELMA

*%% ASSIGN NUMBER AND TYPE OF TRUCK TO EACH ORE BODY
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L DO 235 IBOD=1,NBODY1

’ READ {5,465) NTRUCK{IBOD)

‘ MTK=NTRUCK{ IBOD}

y READ {5,465) {KINDT(IBOD,NTK)sNTK=1,MTK)

o DO 225 NTK=1,MTK

225 READ {5,475) TKAVIL{IBOD,NTK),TKFDD{IBOD,NTK}
235 CONTINUE

iRk g

#*%%k% COORDINATES (PATHS)
Aok

ASSIGN CDORDINATE NUMBER, READ HAULAGE' INFORMATIONS FOR
A SPECIFIC COORDINATE({INCLUDING SPEED LIMIT,SLOPE,ROAD R
SECTION LENGTHy TOTAL 'LENGTH OF THE CODRDINATE)

CIITI N YOV Y Y

READ {5,465) NCOOR
DO 245 I=6,NCOOR
READ {5,465) NCODSC{I)
M=NCDOSCH{I)
READ (5,475) {COSPLM{IyJ)yd=1:M)
READ {54475) {COSLOP{I+d)9J=1+M)
READ {5,475} {(CORDRS{I,J}sJ=1:sM)
READ (5,475) {COSECL{IsJ)eJ=1.M)
READ (5,475) COOLEN{I)

245 CONTINUE

oo RN

[T N

&y

*%x% READ NUMBER OF TRUCK LOADING STATION AND DUMPING STATI -
READ {5,465) NTKDPS,NTKLDS

'ASSIGN TRUCK LOADING STATION TO ORE BODY,

VALUE OF "NTASBD MUST BE SMALLER OR EQUAL 'TO NBODY
READ {5,465) (NTASBD{J),J=1,NTKLDS)

%% ASSIGN TRUCK PATH,IF THE TRUCKS ARE FROM THE SAME LOAD
*%% THEY WILL HAVE THE SAME PATH FDOR DORE,WASTE AND EMPTY
ke de sk

DO 255 J=1,NTKLDS

I=NTASBD{J)

DO 255 M=154%
: READ {5,465) MMy (INPATHI{I JsMyK)eK=1,MM}
L NPHTK{I,3sM)=MM
L 255 CONTINUE

YYD o Ne

c
ol C *%% ASSIGN TRUCK TO LOADING STATION
. C

DO 285 I=1,NBODY1
JI=NTRUCK{I)
265 READ 1{5,465) {IASIGN{I,J)sJ=1,JdJ}
C 'ASSIGN MATERIAL {ORE=1 AND WASTE=2) T3 EACH LOADING STATIO
‘ READ 15,465) {IASMTT(J),J=1,NTKLDS)
o C #*%% ASSIGN WASTE DUMPING STATION TO EACH LOADING STATION
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. READ (5,465) {IASLTW{I),I=1,NTKLDS)

o C %*%% NUMBER THE TAIL BIN (LOADING ‘BIN)} FOR EACH LOADING STA
o READ {5,465} {IASTTB{I),I=1,NTKLDS}

;} C *%% NUMBER THE ORE DUMPING BIN FOR EACH LUADING STATIDN

P READ (5,465) {IASTHB{I)I=1,NTKLDS)

'READ THE LDADING RATE (TON/SEC} AT EACH TRUCK LOADING STAT
B READ (54475) (RATFED{I)5I=1,NTKLDS)

<y

% C 'READ NUMBER OF POCKET AT EACH TRUCK LOADING STATION
READ {5,465) {NPOCKT{1},1=1,NTKLDS)
— C %%k READ NUMBER OF POCKETS AT EACH ORE DUMPING STATION
oy READ (55465) (NPDCK311),1=1,NTKDPS)
o 60 T0 25
L Fdakskk
! C ‘#dkk CONVEYDRS
o  dekekok
L kseokdok

275 READ (5,465) NCGRP,NSECIS
READ {5,465) (NCSEPGL{IC),IL=1,NCGRP)
READ {54475) {CGRLEN{IC),I1C=1,NCGRP)
READ (554751 {CGRSPD{IL),IC=1,NLGRP)
READ (54475) {CCAPGRI{IC),IC=1,NCGRP)
READ (5,465) {NCGRSZ{IC}),IC=1,NCGRP)
READ (54475) {CCAPSC{JC),JC=1,4NSECIS)
READ {5,4565) {NCSCSZ{JC),JIC=1,NSECIS)
READ (54475) {(CSCSPDIJC),I5C=1,NSECIS}
READ {5,465) {ICSTOP{JIC),JC=1,NSELCIS)
) READ {5,475} {CSCLEN{JC),JC=1,NSECIS}
B C k%% ASSIGN {LOCATE) THE POSITION OF 'SECTION BELT AND GROUP:
o READ (5,465) (NGASBD{ IC)Y,IC=1,NCGRP)
READ {54465) {NCASBD{(1},1=1,NSECIS)

f C
) C %% READ NUMBER OF ‘HEAD BEN AND TAIL BIN IN THE SYSTEM
C %%% ASSIGN THE TAIL 'BIN 7D EACH SECTION BELT AND HEAD BIN

i C
'i READ {5,:465) {IASCTB{1),I=1,NSECIS)
o READ 15,445} {ILDISS{JC)JC=14NSECIS)
P READ {5:465) {ICDISG{IC),IC=1,NCGRP)
| T *%% ASSIGN MATERIAL {DORE=1 AND WASTE=2) TO TAIL iBIN OF SEC

READ {5,465} {IASMTC(I),I=1,NSECIS)
READ AVAILABILITY{(CC) OF EACH BELT AND THE FAILURE DURAT:
DISTRIBUTION {WORKING DURATION CAN BE OBTAINED FROM STAY
TRANSFORMATION Y=CC/1-CC*X)
1 = NORMAL DISTRIBUTION 2 PARAMETERS 2 = UNIFORM DISTRIB
DO ‘285 JC=1,NSECIS
285 READ {55475} CSCAVL{JL},CSCFDDIJC)
DO 295 IC=14NCGRP
295 READ 1{54475) CGPAVL{ICY,LGPFDD(IC)

YT Y

%% READ POSITION {FEET) OF SECTION BELTS ALONG MAIN BELT:
‘*%%x ASSUMING HEAD DF :GROQUP I IS 0 FT

YYDy
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BO 305 1C=1,NCGRP
KK=NCSEPG{IC)

305 READ {(5,475) {CSEPLN{IC K}sK=15KK)
%% READ DISCHARGE PLAN OF GROUPS, THE MAIN BELT WHICH HAS
*%% BEEN FEEDED THE TAIL BY OTHER GROUPS AND MAIN BFLTS W-
%% FEED THE SURGE BIN OF THIS GROUP AND BINS CAPACITY
DO 315 I=1,NCGRP
READ {5:4585) NCGRFT{I},{ICORFTITyJ}J=144)
315 READ 15,5053 NCGRFR{I 3} CRATFD{I},CBINCP{1),{ICGRFB{]J:
+3 9J=1g!‘}3
READ {S¢y475) (CSCEDTUICYyIC=14NSECISY)
%% AFTER READ: CONVEYOR INPUT DATA RETURN TO MAIN PROGRAM
i%x%k% ARRAYS OFR BELTS
%% CALCULATE ARRAYS FOR BFELTS
DO 335 I=1,NCGRP
IF{NCGRP.EQ.0) &0 TO 335
NARYIG{I }y=CORLEN{IV/CUGRSPDII}/{DELTY/80.}
JJ=NCSEPG{T)
IF 13J.LE.0) GO 7O 335
DO 325 J=1,J34
X=CSEPLN{I,J}
TARYPG{IyJ)=X/CORSPD{I1}Y/{DELTT/50.)
325 CONTINUE
335 CONTINUE
DO 345 K=1,NSECIS .
345 NARYSC{KI=CSCLENIK)/CSCSPDIKI/IDELTT/60.)
GO TO 25
ek
kkkk TRAINS
Fdokdkok
355 READ {5:4565) NUMTRNSNUMLDS,NUTRLT;NRTDPS

READ {5,475) CARFRICARLEN,CARWTE, ICARLOD(T}, I=1,2)
READ {5,475) {RMAXAL{KTR,1),KTR=1,NUMTRN)

READ {5+475) (RMAXACI{KTR,2),KTR=1,NUMTRN)}

READ {5,475) {RDECEL{KTR,1),KTR=1,NUMTRN}

READ (54475) {RDECEL{KTR;2},KTR=1,NUMTRN}

READ {54475) {RUTLOCIKTR,1),,KTR=1,NUMTRN)

READ {5,475) {RWTLOC{KTR,2)}:;KTR=1,NUMTRN)

READ {54475} {RLOCFR{KTR,1)sKTR=1,NUMTRN]}

READ {59475) {RLDCFR{KTR,2}+KTR=1,NUMTRN)

READ ({5+465) {MXCRTR{KTR}KTR=1,NUMTRN)
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. READ {55475) {RMEDPT{KTR),KTR=1,NUMTRN)

’ READ {5,475) {RDVDPT{KTR),KTR=1,NUMTRN)

V READ {5,475) {RATELSINLS),NLS=1,NUMLDS)

» READ {5,465) {MECRLS{NLS),NLS=1,NUMLDS}

. READ {5,475) {RECARINLS),NLS=1,NUMLDS)

‘ DO 365 KTR=1,NUMTRN '

iy DO 365 J=1,2

N 365 READ {5,475) RAVL(KTR,J)4RFDD{KTR,J}

READ THE CHARACTERISTIC CURVE (IN TABLE FORM} OF -LOCOMOT
DO 375 KTR=1,NUMTRN
DD 375 J=1,2
DO 375 K=1,20

. 375 READ (5,475) RSPEED{KTRyJyK)sRTRAEF{KTRyJ,K)

V READ THE LAYDUT OF RAILS GRADE, DISTANCE, COORDINATE NO
ELEMENTS IN COORDINATE, TRAFFIC CONTROL LIGHTS AND NOJ D
TRAFFIC LIGHT

READ (5,465) NRCODR
DO 405 I=6,NRCOOR
READ (554653 NRCOSC{I}
M=NRCOSC (1)
DO 395 J=1,M .
READ {5,385) RCSPLMI{T;J),RCSLOP{T4J)yRCELEL{I+J)sNREDL
FT{T1,3){LGTCONT{TI,;JsK)yK=145)
385 FORMAT {3F10.2,615)
395 CONTINUE
READ (5,475} RCSECLA{I)

405 CONTINUE

ASSIGN TRAIN PATH, IF TRAINS COME FROM THE SAME LDADING
C° THEY WILL HAVE THE SAME PATH FOR DRE, WASTE, AND EMPTY

y DD 415 J=1,NUMLDS

y DO 415 M=1,4

k READ {5,465) KKyINRPATHI{JMeK )} K=13KK}

, NPHRL {JyM)=KK

N 415 CONTINUE

ASSIGN TRAINS TD LOADING STATION

<Y

e NeRel

)

%% READ NUMBER OF TRAIN DUMPING STATION
*%% ASSIGN TRAIN TO LOADING STATIONS AT THE BEGINNING OF S
*%% AND ASSIGN DRE DUMPING STATION TO EACH LDADING STATION

READ {55465) {MTRASG{KTR}KTR=1,NUMTRN}

¥%% NUMBER TRAIN HEAD BIN {ORE DUMPING ‘BIN FOR ITH TRAIN L'
READ (5,465) {(IASRHB{1),I=1,NUMLDS)

*¥% NUMBER TAIL BIN {LOADING BIN OF DORE} TO ITH TRAIN LOAD
READ {54465} (IASRTB{(1),I=1,NUMLDS)

#%% ASSIGN {LOCATE) THE PDSITION OF TRAIN LOADING STATION
READ {5,465} (NRASBD{NLS),NLS=1,NUMLDS)

*%% ASSIGN MATERIAL AT EACH LOADING STATION FOR TRAIN

‘¥%% DRE = 1 WASTE = 2

<y YOy <y 0y ] ) YOV OYCY
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READ {5;465) {IASMTRI{LD}I,LD=1,NUMLDS)
C CONVERT ACCEL. FROM MILE/HR/SEC :TO FT/SEC/SEC
DO 425 I=1,NUMTRN
DO 425 J=1,2 ‘
425 RMAXAC{I4JY=RMAXAC{]I,J)%5280./3600.
GO 10 25 :
223
“FEkF& GENGEAL "'INPUT DATA
sk

#%% THERE ARE MORE THAN 48 POSSIBLE COMBINATIONS IN TRANSP
*%% MATERIAL FROM BWE TO CRUSHER SO THAT -SOME SIMPLIFICA
**% 1., ASSUME THAT IF THE TRANSPORTATION MEDUMM IS5 LOADED
*%E% IT 'HAS TO GO DIRECTLY 7O DUMPING FACILIYY

%% 2, DEFIN BWE=1l, TRUCK=2, TRAIN=3; CONVEYDR=4,CRUSHER=5

k%% READ NUMBER OF TRANSPRRTATION MEDIUM {LESS THAN 61} IN
k% SYSTEM AND ASSIGN THEN TO ORDER FOR EXAMPLE 1 4 3 5
k%% MEANS FROM BWE TO CONVETOR TO TRAIN TO 'CRUSHER -

YOI CIMIIOIOIGIGIII I Y O

435 DO 445 1B80D=1,NBODY
READ (5,465) KK, {NELEMN{IBOD,K),K=13KK}
445 NELEMT{I80D)=KK
DD 455 1=1,5
455 READ {54475) (CAPHBN{1,J)s4=1,15)
- READ (54475) (CAPMIL{1);I=1,NCRUSH}
N READ {54475) (RATMIL{I),I=1,NCRUSH)
b READ {5,465} (NPOCK2{1),I=1,NDUMP)
READ {5,465) {NPOCK4{1},I=1,NCRUSH)

Fk sk
*%% ASSIGN THE CRUSHER -TO EACH ORE BODY
-3 3

READ (5,465) {LOCMIL{MIL),MIL=1,NBODY)
*%¥% ASSIGN THE RELATION BETWEEN CRUSHER AND BINS OF TAILIN

"ASSIGN TAIL ‘BIN DFSECTION BELT TO CRUSHER
READ ({5,465) {ICRASC{1),1I=1,NCRUSH)

ASSIGN TRAIN LOADING STATION TO CRUSHER
READ {5,465) (ICRASR{1),I=1,NCRUSH)

"ASSIGN TRUCK LOADING STATION TO CRUSHER
READ {5;4653) {ICRAST(1},I=1,NCRUSH)
60 70 25

465 FORMAT {1615}

475 FORMAT {8F10.2}

485 FORMAT {10A1)

= 495 FORMAT {4F10.2,20A1)

o 505 FORMAT {110,2F10.2,4110}
END
SUBROUTINE TRUCK

oy YOI Oy YYDy

[
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COMMON /GENINI/CAPBIN{S) ,RATMIL{5 ), CAPMILI{S)} DELYT,SHI -
+FTT,CAPHBN{S415),EQUIVL{5,15);CLOCK,;BSURGE{15,2)yBHEWT
{335 s TKWTBHI{3,30):PRODTB{3:5:23yWASTMV{4,30) ,TKWTDP{ %
+530) sBINCRUIS) s OREMVI4,30 ) TKWTCRI{45301,CUMWT2{ 44303, 7
FKUTTL{4:30) ;WTTKI4,30)

COMMON /7BWEINI/BCS(3,5),BLENBM{3,5),BL0OB{3,5),BNOB{3+5
+)sBDTA{3:5) +BLTMAX{3,5) sBUS{3,5); BOWMI{3,5),BFRS{3,5),+B
+RS1{3,5),BWAVIL{3,5) ;BDMEAN{ 345} :BWLANG{3:;5) ,BWRANG{3,:5
F)¢BSETTMIZ:5) yBOAPSGI 355,921, BKFILL{10),BKRES{10},BRPM{
+10),BVINC{10} »BRORT13,5},BGRADE{(3,5),BPROB{3,5,5}),BHEI
+GT7{3+5+542) yBDENST{3:5,5),BRATIO(3+,5,5),BCLOCK{3,5),BP
+RDOW{3:5) ,BLOUNT{3,5}

COMMON /BWEINZ/SLPBEN{3:5)BUTMD{3,5)BWECWT{3,5) +BWTT

FMD{3 ;51 s BUCTFR{3,5)+sBUTTHK{3,5)+,BUFDD{3,51},
+ AGBCHTI3,5) +BSLKWHIZ 51 sBTRKWH{3,5),BHWLTS
+H{3:8) ;EFFM,EFFEBPOSITI{3,53 ,BWBACKI{3,5):BTRAMZ2{3,5),T
+RKWH21{3,5)sBVLANG{3,5 ), BVRANG(3,5),BTODDTI3,5):BDTIME({
+345) yBUHIDTHI3:5) yBDGKWHI{3,5)

COMMDN 7TRKIN1/TKMEAN{10},TKGVHI10), TKSPED{10,20),,TKRE -
TMP{10:20)sCOSPLMISO45 1 COSLOPI50:,5)L0ORDRSI50455),4,COSEC
#+1L{850,5) s COCLEN{SO) s TKDHIL{( 203 TKTP{10420)RATFED{15),7T
+BKT110),TKDMT{10) yACELMA,TRAVIL{4 430} TVELT1 4,30}, TON{ &
+930) s TRASEC {4 430) s TRAELE{4,30),TBACKT14,30);TKTDOW{4,3
+0) s TEKFDD(4,30), TKDOWN{4,30}

COMMON /7BELIN1/CGRLEN{4) ,CORSPDI{4),CCAPGRI4),CSCLENT 20
+) oCSCSPD{20) yCSEPLN{S 5 )yCRATFD{4 Yy CBINCPI4),CSCFDTI20
+JoCOPSHB{20),CCAPSC {201 CDISRF{20}:;CTLBIN{20},CBINFLIA
+) o CSESTP{20)sCSCDIS{20),CTHTSC{20),CARYSC{20,400) sLBRY
+MC{43 sCARYGP4,400)YCGSTOPI4) ,CORUWT{4),CSEWT{20),CSEQY
+1 {203, CLDMC {4}, CDISMC {41 s CGRDIS{4 )Y, CGROVLI4), CBNDCHI &}

COMMON /BELINZ/CBNOVF{4),CSCHDB{Z20)CSBUWTK{20)sCSCAVLI .
+20) s CSCFDD{201 4 LSDOKWNI{Z0) s COPAVL (&) ,CGPFDD{ 4) . CGDOWNI &
+} ’

COMMON 7TRNIN1/CARFRIZCARLEN,CARWTEZCARLDOD{2) ;RMAXAC{ 6
+92) yRDECEL{632) +RWTLOCIS,2) s RLOCFR(I6,2)+RMEDPT(6]4RDVD
+PT{6), RSPEED{6:2:20sRTRAEF (6425201 4RLSP
+LM{304+5};RCSLOP{3045)yRCELEL{3055})}RLCSECL{30) sRATELS(S
+);RTCARL {5}

COMMON /TRNIN2/RMASS{8),RFRIC{6),RVEL{6),RLEFT{6T,RTOT "
+WT{56) sRTRELE{6) ;RTRSEC{6IJRLDSDLIBIsRECAR{S5),RSENDE(S}
+oRDLSMNI{SY,RLOADI6) yRDLALS{E)sRARTOP{S Iy RTLTDP{6]RTHT
+DP{6)YsRLOADI{6) sROLADP{O6 )y RUTDIS{B),RHETAINI(S)RTOTLDIS
+)sRCARLDI{S) sRTUTLDIBY yRAVLIG 21 ,RFDD{By 2y ROOWNT

COMMON /GENINZ2/ IBOD,JJBWE NTKyNEXTEN{3:5), ISHFsNPOLK3{5
+) s KTReNLS e NSC yNBODY oNSHIFT NDUMPyNCRUSHy NTATL sNOBSTHI3
+}yIBASE,LDCMIL{5) sNPOCK21{5) 4NPOLK4{5), ICRASC{5),ICRASR "
+{S5) s NELEMT{4) ,NELEMN{4:5),ICRAST{5) ,LDQUEI15,30);MAXLD
+{15) s NEWL153,LODTK{45,30,2) yMDMQUE(5:4+30)sNEW2{5) ;MAXD
+PQI(5) sMCRQUE{554:30), MAXCRQI{S5I;NEW3{5},MILQUE(5,4,:301},
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+NGRID

COMMON /7GENIN3/MAXMLQI5) yNEW&4{5),LDDTK2{4,30)yMTR{%,30
+)

COMMON /BWEIN4/NBWEI{3),IASBTS(3,;5),NBWBEN{3,5),NCTSETH
+355) 3 IBCMAT{3,5) , ISET{3,5), ISECT{3,5},LSOIL{3,5,5)4NCT
+BEN{3,5)

COMMON /TRKINZ2/NTRUCK {4} ,KINDT{4,303,NTASBD{15),TIASMTT:
+{15) s IASTTB(15) yNPATH{4,155,4,10), IASTHB{15),NCODSC{50}
+9IASTIGN{4930) JNPHTK{4,51554)  NPOCKT{15) ¢ NTKDPS,NTRLDS, 1
+ASLTW{15) sMATER{4430),IC0O0ST{4,303,LTCOOR{4,30)

COMMON /BELIN3/NCGRPyNSECIS, ICDISG{4)¢NCSEPGI4),NCSCSZ
+{20} ¢y NCGRSZ {4}, TASMTC{20),NCGRFT{4)}, ICGRFT{4,5);NCGRFB
+1{4),ICGRFB{4,5), ICSTOP{20),ICDISS{20},NARYIG14), IARYPG
+1445) ;NARYSC{20}), IASCTB{20) TASCHBI4);NGASBD{4),NCASBD
+{20) '

COMMON /TRNIN3/NUMTRNNUMLDS,NUTRLY; IASRHB{6},1ASRTB{ 6
+) o MXCRTR {63 yNRCOORSNRCOSC{30 ) NREDLT{30,5)sLGTCON{30%v5
+95) s NRPATHI5+4,510) yNPHRL {554}y MTRASG{6), IASMTR(5),IASR
+HS{5) yNRTDPS,NRASBD{(5),NRFIRT{5),NLOCO{63},KMATER({ B} IR
+CO0T{6), LRCODRIG) L LREDLT{10) 4 NASGLS{ &), LDSCNT{6),MTOTL

+D{6) s KRAVDP{6),NDLBDP {6), NDUMDP {6 ) ,NDUMPG{6) s MECRLS(5}
Tefdokek

ek
Fegef kg

*%% DECEL CAN BE AN INPUT CONSTANT

1A=0
DECEL=0.5
X=TKDOWN{ IBOD,NTK)
A=TKDOWNI{IBOD¢NTK)
B=TKFDD{IBOD,NTK)
CC=TKAVIL{IBOD,NTK)
CALL PROCES{A3,B,CC,IBASE,DELTT)
TKDOWN{IBOD NTK) =A
IF {X.6E.0,.} GD 7O 5
TKTDOWIIBOD NTK)I=TKTDOW{ IBOD,NTK I #DELTY
ACCEL=0,
1A=1

5 M=MATER{IBOD,NTK)
LL=1CO0BST{IBOD,NTK}
JBWE=TASIGN{IBDD,NTK}
K=NPATH{1BOD, JBWE, M, LTCOOR{IBODyNTK}}
IF:{K.,1LT.6} GO 7O 215
IF (LTCOORUIBODsNTK) . EQ.1.0RLTCOOR{IBOD,NTK) .EQ.NPHTK

+{IBOD;JBWE,MI-1) GO TO 15

K1=NPATH{IBOD,JBHE,M; LTCODRIIBOD,NTK)+2)
GO 1D 25

15 K1=NPATH{IBOD,JBWE,M,LTCOORIIBOD,NTK}+1)

25 IF {1A.EQ.1} GO TO 105
KND=KINDT{IBOD,NTK}
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155
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FIND THE AVAILABLE RIMPULL OF TRUCK AT THIS TIME INTER

DO 45 KK=2,20
IF {TVEL{IBOD NTK}-TKSPED{KND,KK)}) 75465545
CONTINUE

WRITE {6455}

FORMAT {°07%,'TRUCK VELOCITY TOO HIGH'")

STOP

AVILRP=TKRI MP{KND KK}

GD 7O 85

AVILRP=TKRIMPIKND ;KK—=1)1+{TVEL{IBOD,NTK)-TKSPED{KND KK~
+1) I/ (TKSPEDIKND s KK)—TKSPEDIKNDKK-1 ¥ IX{ TKRIMP (KND KK}~
+TKRIMP{KNDyKK~1})

FROM AVAILABLE RIMPULL ‘FIND THE POSSIBLE ACCELERATION

ACCEL={AVILRP-({COSLOP{K,LL)+CORDRS{KsLL)}*20.%TON{IBO
+DyNTK) )Y /{TON{IBOD,NTK3#2000.732.2)
F {ACCEL.GT.0.) GO TO 95
TVEL{ IBODyNTK}=TVEL{IBOD,NTK}~0.2%DELTT*DECEL
IF {TVEL{IBODyNTK).GE.0.) GO TO 35
STOP 125
IF (ACCEL.LE.ACELMA)} GO TO 105
ACCEL=ACELMA
ALCULATE THE NECESSARY DECELERATION TO SATISFY THE SPEE
IMIT OF NEXT ELEMENT
Y=COSECL {KyLL)~-TRAELE { IBOD,NTK)
S=TVEL{IBOD ,NTK)%*DELTT+0.5%ACCEL%DELTT*DELTT
YY=COSPLM{K,LL)%#%2/ (2 .%DECEL)
IF (Y-S.GT.YY) GO TO 135
IF {LL,LT.NCODSCI(K)) GO TO 115
SPDLIM=COSPLMI{K1,1)
60 1O 125
SPDLIM=COSPLM{K,LL+1)
DEACC={SPDLIMESPDLIM-TVEL{IBOD,NTK)¥%2) /{2, %Y)
If {DEACC.LT.-DECEL)DEACC=-DECEL -
IF ((DEACC.GT.ACCEL) GO TD 135
ACCEL=DEACC
TVEL{ IBOD,NTK)=TVEL {I1BOD,NTK) +ACCEL*DELTT
IF {TVEL(IBOD,NTK),LE.COSPLMIK,LL}) GO TD 155
TVEL{IBODyNTK)=COSPLM{KsLL)
ACCEL=(COSPLM(K,LL)~{ TVEL (1B0D;NTK)~ACCEL*DEL TT)} /DELT
+7
60 TO 165
IF (TVEL(IBOD,NTK).GT.0.) GO TO 165
TVEL{ IBGD,NTK) =
S=TVEL{IBOD,NTK}*DELTT~0.5%ACCEL*DELTT*DELTT




143

IF {S.GE.O0-.4%DELTT) GO TO 175
S=0.4*%DELTT
175 TRASEC{IBOD,NTK)=TRASEC{TIBOD,NTK}+S
TRAELE{IBOD ¢NTKI=TRAELE{IBOD,NTKI+S
IF - {TRASEC{ IBOD,NTK}.GE.CODLEN{K})} GO TO 185
IF {TRAELE{IBOD,NTK}.LT.COSECLI{K,LL)) GO 70O 205
ICOOSTUIBOD,NTK)}=1COOST{IBODsNTK) +1
TRAELE{IBOD,NTK}I=0.
G0 TO 205

%% TRUCK AT THE INTERSECTION OF TWO CDORDINATES

YYDy

185 LTCOOR{IBOD(NTK)=LTCOCR{ IBOD,NTK) +1
ICODST{IBOD,NTK)=1
TRAELE{IBOD,NTK}=0.
TRASEC(IBOD,NTKI=D.,
DO 195 1I=1+54
IF {LTCGDR{IBUODNTK} . NE.NPHTK{IBOD,JBWE, I3 .0R.LTCOORY{ .
+IBOD s NTK¥-1.NE. 1) GO TO 195
TVEL{IBOD;NTK)=0.
195 CONTINUE

205 RETURN
C
fffff C %%% TRUCK REACHES THE LOADING OR DUMPING PLACE MANEUVE TR
C
215 TBACKT{IBOD,NTK}=TBACKT{IBOD,NTK} +DELTT
RETURN
END
c
SUBROUTINE OBSTDW
c
C
C %%%
C #%% DBSERVATION TOWER TO CONTROL THE PATH OF TRUCKS
 &%k=x%

COMMON /GENINI1/CAPBINIS) RATMIL{S),CAPMIL{5)}yDELTT,SHI
+FTTsCAPHBNI{S,15), EQUIVLIS,15),CLOCK,BSURGEL 15,2} ,BWEHT -
+{3,;5) yTKWTBWI3,30) ,PRODTB{3,5,2) s WASTMV{4,30),TKWTDP{ %
+530) yBINCRU{S) yDREMVI4,30 ) s TKHTCR 4,30 yCUMWT2(4,30),7
+KWTTFL{430) JWTTK{4,30)

COMMON /BWEIN1/BLS{3,5), BLENBM{3,5),BLOB{3,5),BNOB{3,5
+)¢BDTA{3,5) yBLTMAXI3,5},BWS{2,5),BOWM{3,5),BFRS{3,5},8
+RS13,:51,BHAVIL{3,5)sBDMEANI3,5),BWLANG{3+5)sBWRANG{3,:5
+)yBSETTM{3,5) sBLAPSGI34542)+BKFILLE{10}),BKRES{10},BRPM{
+10),BVINC{10),BRORI{3,45),BGRADE{3+45),,BPROB{3,545),BHET
+GT71245:5+2) yBDENST{3,5,:53,BRATIG{3,5,5),BLLOCK{3,5},8P
+RDOW{35,5) +BCOUNTI(3;5)

COMMON /BWEIN2/SLPREN{3,5)BRTMD{ 3,51 :BWECHT{3,5)BHTT .
+MD{3, 51 BHCTFRI3,5) ,BUTTHK{3,:,5),BUWFDD(3,5},

+ AGBCWT{3,5) yBSLKWHI{3,5),BTRKWH{3,5)¢BWCTS
FH{3 ;5 ) EFFMEFFELBPOSIT{3:5} +BUWBACK{3,5),BTRAMZ2{3,5},7T
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+REKUHZ2 (3,;5) 3 BVLANG 13,5 ), BYRANG{(3,5),BTODOT(3:,5):BDTIME(L
+3,5) yBWIDTH{3,5} ,BDGKWH{3,5}

COMMON /TRKINL/TKMEAN{IO) s TRGVW{10), TKSPED{10,20)+sTKRI
+MP{10,20)Y,COSPLMI50,5),LO0SLOP{50,5),CORDRS{50,5),COSEC
+1L{50458) ,CODLENI{SD), TRDHIL {201, TKTP{10,20),RATFED{15),7T
+BKT(10) , TKDMT{10) JACELMA, TKAVIL {4430}, TVEL{ 4,30}, TON{ 4
+930) y TRASEC{44+30) ;TRAELE(%4:30),TBACKT{4,30),TKTDOW{4,3
+0) s TKFDD {4530} 3 TKDOWN(4,30)

COMMON /BELINI1/CGRLEN{14),CGRSPDI4 I, CCAPGR{4),CSCLENT{20
+3}4CSCSPDI{20)sCSEPLNI4 5 ), CRATFDI4 Y}, CBINCP{AY},LSCFDTI2D
§ +3 sCCPSHBIZ20)Y,CCAPSC{20);CDISRF{20),;CTLRBIN{20),CBINFL{ A
i +) yCSESTPI{20)CSCDIS{20), CTHTSCIZ203sLARYSC(205400) ,C6RY
+MC{4) yCARYGPI4,400) ,CGSTOP(4) CORUT(4), CSEWTI20) o LSEQY
+1120),CLDMC{4),COISMLC {4), CORDIS{4)sCOGROVL {4), CBNDCH{ 4}

COMMON /BELIN2/CBNOVF{4),CSTHDB{20),CSBWTK{20),CSCAVLYT
+20),CSCFDD{20),CSDOWN{20) ,CGPAVL {4}y COGPFDD{4) , CGDOUHNL 4
+3

COMMDN /TRNINI/CARFRICARLEN,CARKWTE,CARLOD{2) yRMAXAC(A
+ 32 RDECEL(B692) yRWTLOC{6,2) s RLOCFRI{B,,2)+RMEDPT{6),RDVD
+PTi6), RSPEED{A,2+:20)sRTRAEF{5645,2520),RCSP
+1LM{30,5) yRCSLOP{30,5) s RCFLFL{30,5),RCSECL{30) 4RATELS{5
+) yRTCARL {6}

COMMON 7FTRNINZ2/RMASS{61,RFRICIGIRVELI{G),RLEFTI{6),RTET -

+WT{6) RTRELE(6) sRTRSEC({H6)+RLDSDL{S5},RECAR{5),RSENDE{5)
+sRDLSMN{H) yRLOADI{S) sRDLALS{B)};RARIDP(H) sRTLTIDPIS ) sRTHT
+DP{6} ;RLOADI{G) sRDLADPI{S ) yRUTDISIBY (RUTAIN{H} 4RTOTLD{S
+#)oRCARLD (B sRTUTLDIB) ;RAVLIB,2),RFDDI(6452), RDOWN{
; +6 492} sRTDOWNIS2)
e COMMON /GENINZ2/7IBOD, JBWE S NTKyNEXTEN{3,5), ISHF;NPOLCK3{5
+) sKTRyNLSyNSCyNBODY ¢ NSHIFT s NDUMP s NCRUSH,NTAIL yNOBSTWI3
+) s IBASE,LOCMIL IS ) s NPOCK21{5) sNPDOLK4({5), ICRASCI5), ICRASR
+{5) yNELEMT{4) ,NELEMN{4:5)y ICRAST{5)-,1DOUE{15530),MAXLD
+{15) yNEW{15),L0ODTK{4,30,2) MDMQUE{5¢4,30),NEW2{5) 4MAXD
+PQI{5) yMCRQUE{S 3449301y MAXCRQI{SIyNEW3{5) s MILQUEI{S5+%4+30)
+NGRID

COMMON /GENIN3/MAXMLO{5),NEW4AISI,LDODTK2{4,5,30) ;MTR{4,30
+3} '

COMMON /BWEING/NBWE{3 ), TASBTS{3,5);NBWBEN{3:5)¢NCTSET¢{
+3 45 s IBCMAT{3,5) o ISET{3,35)ISECT{3:5},LSBIL(345:5):NCT
+BEN{3,5)

COMMON /TRKINZ2/NTRUCK {4),KINDT(4430),MTASBD{15}),IASMTT
+{15),IASTTB{15) 4NPATH{4,15;4,10), TASTHB{15),NCOOSC{(50}
+oTASIGNL{4 3301 JNPHTK{4,15,4) ¢ NPOCKT(15) s NTKDPS,NTKLDS1
+ASLTWI15) MATER{4,30¥,IC0O05T{4+30),LTCOOR{(4,30)

g COMMON /BEL IN3/NCGRPyNSECIS, ICDISG{4)yNCSEPG{4),NLSCSZ
o +{20) s NCGRSZ(4 ), TASMTC{20) ;NCOGRFT{4) 3 ICGRFT{ 4, 5),NLGRFB

+{4) s ICGRFB{4;5) ICSTOP{20),ILCDISS{20)1,NARYIG{4)5 IARYPS
+{4,5) 4NARYSC{20), TASCTB{20), IASCHB{ 4}, NGASBD14},NCASBD
+{20} '

COMMON /TRNIN3/NUMTRNSNUMLDSNUTRLT; IASRHB{6) , IASRTBI{ S
+3 s MXCRTRI{6) NRCODR,NRCOSCI{303sNREDLT130+,5),LGTCON{30+5
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+35) yNRPATH(5:4510) s NPHRLIS:4) s MTRASGLS) y IASMTR{5}) ,IASR
+HS{5) NRTDPS;NRASBD(5) ,NRFIRT{6);NLOCO{6},KMATER{ 6} IR
+CO0T{6) s LRCODR{6) ,LREDLT{10) yNASGLS{6),LDSCNT16}, MTOTL -
+D{6) ;KRAVDP{6) 4NDLBDP {6),NDUMDP{6),NDUMPG(6),MECRLS(5)

NTK=0

NTK=NTK+1

IF {NTK.GT.NTRUCK{IBOD}) RETURN

JBUWE=IASIGNT{IBOD,NTK}

#%% TRUCK IS EMPTY AND ON THE HAUL ROAD

ok

%%k

ok

15
25

35
45

Jek

55

CERERER

¥ e

THIS TRUCK IS FROM THE LOADING STATION WHICH HAS NO MA

IF {LTCOOR{IBOD,NTK).EQ.NPHTK{IBOD,JBHE,MATER]IBOD;NTK
+)1-1) 60 10 5

THIS TRUCK IS5 AT THE LAST COORDINATE DOF ‘THE PATH NO NEW

IF {NPATH{IBOD,JBWE,MATER{IBOD,NTK),LTCOOR{ IBOD,NTK) ).
+E.4) GD 10 5

IF {MATER{IBDD,NTK)L.LE.2) GO 7O 5

THIS TIME OR THERE ARE TDDO MANY TRUCKS WAITING
NN=NELEMT {1B0OD)

DO 15 IT1=1,NN

IF {NELEMN{IBOD,I1H).EQ.2) GO 7O 25

CONTINUE

STGP 80

IF (FQUIVLIIT-1,0J%.1T.1.) GO TO 35

IF {MAXLD{JJ¥.LT.2} GO 7O 5

JBWE=0

JBUWE=JBWE+]

IF {JUBWE.GT.NTKLDS)Y GO 70O 5

IF {NTASBD{JBWEJ.NE.IBGD) GO TO 45

IF {MAXLD1JJY.GE.2) GO TO 45

ASSIGN TRUCK PATH

JI=TASIGN{IBOD;NTK)

IF {JBWE.EDR.JJ) GO TD 45

NPK=NPHTK{IBOD,; JBWE,MATERTIBOD,NTK})

DO 55 I=1,NPK

IF {NPATH{IBOD,JJ,MATER({IBOD;NTK),LTCOOR{ IBOD NTK)}.EQ
+ . NPATH(IBOD, JBWE, MATER{IBOD,NTK3},1)) GO 70O 65

CONTINUE

TRUCK ALREADY PASSED THIS BWE FINDING ANOTHER TRUCK
GO 10 5

IF ONE TRUCK ALREADY REASSIGNED 7O THIS tBﬁDING STATIG
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% WILL :BE REASSIGNED TO THIS BWE

65 IF {EQUIVLIII-15JJ).EQ.0) GO TD 45

*¥%% TRUCK BEING ASSIGNED A NEW PATH

LTCOOR{IBODNTKI=T

IASN=IASIGNI{IBOD,NTK)

IASIGR{IBOD yNTKI=JBWE

WRITE {6,751 NTK;IBOD,IASN, IASIGNYIBOD,NTK)

75 FORMAT {* 9,14,% TRUCK FRDM?®*,13,% (OQRE BODY DRIGINAL :AS
+SIGNED TD®*13,7 BWE AT THIS TIME REASIGNED 1D %,13,7 B8
+HWE ")

EQUIVIITI-1,041=0.
GO 1O 5
END

SUBROUTINE BWECUT

COMMON /GENIN1/CAPBIN{S)RATMILIS),CAPMIL{5)+DELTT,SHI -
+FTT;CAPHBNIS,15) EQUIVLIS; 151 CLOCK  BSURGEL 154 2) o BWEWT ¢
F{345) yTKUTRWI{34y30),PRODTBI3:5:21 s WASTMV{ 4,30}, TKWTDP{ 4
+330)¢BINCRU{S) OREMVI{49330 1 TKWTCR{4,30)sCUMWT 214530, 7T
+KWTTL{4,30) sWTTKI{4,30)

COMMON /BWEIN1/BLS{3,53,BLENBM{3,5},BC0OB{3,5),.BNOB{(3,5
+)sBDTAL{3 35 BLCTMAX{3,+5):BUWS{3:5)+BOWMI3,5):BFRS{3,:5},48
+RS513,5) ,BUAVILIZ,5);BDMEAN{3 5} ,BYLANGI{3,5),BURANG{3,5
+) s BSETTM{3,5) sBLAPSGI345,2)BKFILL({1D)+BRKRES{10),BRPM{
+10)sBVINC{10)+BRORI{3,5)BGRADE{3+5},BPROB{3,5,5},BHEI
+GT{39595+2) yBDENST{3,545),BRATID{(3,5,5},BLLOCK{3,5),8P
+RDOWI{3,+5) yBCOUNT{3,5})

COMMON /BWEINZ/SLPBEN{3:5},BYTMDI{ 3,5} +:BWECHT( 3,5} :BUTT:

+MD{345) yBUCTFRIZ,5) s BUTTHKI3,.5)yBWFDD{3:5),
+ AGBCUT {3,577 BSLKWHI3,5) BTRKWH{3,5),BUHCTS
+H{3 5 ) s EFFM,EFFE/BPOSITI{3,5),BWBACK (3,5 :BTRAM2{3,5),7
+RKWH2(3,5) s BVLANG{3,5 ), BVRANG{3,5),BTDODDT(3,5),BDTIME{ -
+3:5) yBHIDTH{3,5) +BDGKWH{34+5)

COMMON /TRKIN1/TKMEAN{1O} ;TKGYW{10},TKSPED{ 10,20} ,,TKR1
+MP{10420),LOSPLMIS04+5),COSLDOP{50,5),CORDRS{50,45},COSEC
+L1{50:5) sCOOLEN{50), TKDHIL{20) s TKTP{10,20),RATFED{15),T
+BKT{10) s TKDMT{I0) ;ACELMA,TKAVIL{4430), TVEL{ 4530}, TON{ &
+930) s TRASEC{4:30) s TRAELE{ 4,30}, TBACKT(4,530),TKTDDHW{ 4,3
+0Y,TRFDD{4,30) , TKDDOWN {4430}

COMMODN /BELIN1/CGRLEN{4)CGRSPD(4) ,CCAPGR{4)},CSCLEN{20
+3,CS5CSPDI2D)yCSEPLNI4,5)  CRATFD{A )Y, CBINCP{4),CSCFDTI 20
+3yCCPSHB{20 ), CCAPSC{20),CDISRF{201,CTUBIN(20)Y,CBINFL LS
+)sCSESTP{20)4sCSCDIS{20) s CTHUTSLI{20),CARYSC{205400)sLGRYH
+MC {4 sCARYGP144400) ,CGSTOP{4) CORUWTIS) ,CSEWTL20) ,CSEQY
+L{20) CLOMC {4}, CDISMC {4}, CGRDIS{43,COROVL {4, CBNDCH{ &)

COMMON /7BELINZ2/CBNOVF (4) 4CSCHDB{20),CSBWTK{20}),CSCAVL
+20),CSCFDD{20),CSDOWNI(203 4 LGPAVL{4Y 2 CGPFDD I 4Y , CGDOUWNIT S
+} .
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COMMON /TRNINI1/CARFRICARLEN,CARWTE,CARLODI{2) ,RMAXAL{S
+32) yRDECEL{652) s RUTLGC{6,42)RLOCFRIS,2) RMEDPT{6),RDVD
+PT{6}, RSPEED{642:920YyRTRAEF{6452420)RCSP
+LM{30+5) yRCSLOP{30,53 ,RCELEL(30,5)sRCSECLI30),RATELS{S5
+3 yRTCARL(6) .

COMMON /TRNINZ/RMASSI6),RFRICIB)RVELIB)RLEFT{6}«RTOT:
+WT{6) yRTRELFE{6H) yRTRSEC{6) sRLDSDLISILRECARIS ), RSENDE(H)
+ s RDLSMN{ 6 s RLOADIBI sRDLALSI{BT yRARIDP{GYyRTLTDPIBI sRTUHT
+DPI6) RLOADTI{B) s RDLADP{S I RUTDISIA)RUTAINI{S) sRTOTLD(S
+) yRCARLDUGYRTHTLDI{B) yRAVLIG,2)Y4RFDD{65 213 RDOWNT .
+6:2) yRTDOWNIS6;2) .

COMMON /7GENINZ27IBOD,JBWE  NTKSNEXTEN{3:5) s ISHF NPOCK3LS
+) yKTRYyNLSHNSC yNBODY oNSHIFT s NDUMPy NCRUSHyNTATL s NOBSTUWE S -
+) IBASE,LOCMILISYNPOCK2{5),NPOCK&{5), ICRASC{5),ICRASR
+{5) yNELEMT{4) sNELEMN{4,5) , ICRAST{S1,LDQUE{15,30)sMAXLD
+{15) sNEWT15)}sLODTK{4530-,2) s MDMQUE{5+:4530) 4 NEW2{5) ,MAXD
+PO{5) yMCRQUE{S5:4%4,30 Y, MAXCRQ{S I NEW3IS5) MILQUE{5,44+30%,
+NGRID

COMMDN /GENIN3/MAXMLQ{S),NEWS{S);LODTK2( 4,301 s MTR {4430
+)

COMMON /BHEING/NBUWE{3), TASBTS {3,531, NBWBEN{ 2,5} ,NCTSET{
+355) L IBCMAT{3+5) s ISETH{3,5)y ISECTI{3,5},L501L{3,5,534NCT
+BEN{3,5}

COMMON /TRKINZ/NTRUCKI4),;KINDT{4,30),NTASBDI1IS), TASMTT
+{15), FASTTBI{15) s NPATH{4,15+4%510), TASTHR{ 15}, NCODSC{50}
+9 IASTGN{44+30) NPHTK{4:15,4)yNPOCKTL15)y,NTKDPS,NTKLDS, 1 -
+ASLTWI{15) sMATERI4 430 ICO0OST{44,30),LTCO0RI 4,30}

COMMON /BELIN3/NCGRPyNSECIS,ICDISG{4),NCSEPG{4),NLCSCSZ
+{20) sNCGRSZ{4) s IASMTC {20 ) ;NCORFTI4Y, ICOGRFT{4%,5)yNCGRFB
+14) yICGRFBI4,45), ICSTOP{20) 5 ICDISS {20}, NARYIG{4), TARYPG
+{445) sNARYSC{20), JASCTB(207 5 TASCHB143,NGASBD{43},NCASRD
+{20)

COMMON JTRNIN3/NUMTRN NUMLDS,NUTRLT,IASRHBI6) yTASRTBIS
+3 s MXCRTR{6) sNRCODRSNRCOSCI30 I, NREDLT{30,51LGTCON{30:5
+35) s NRPATHI{5:4,10) yNPHRL{5,4);MTRASG{6); IASMTR{5),1ASR
+HS{5) yNRTDPS,;NRASBDI{S Iy NRFIRTI{AI NLOCD{ ) ;KMATER{ 65 IR
+CO0T{B) s LRCDORIGI (LREDLT{IO ) oy NASGLS {6 Y, LDSCNT(6) MTOTL
+D{6) ; KRAVDP (6T NDLBDP {6} NDUMDP{G I yNDUMPGIB Y, MECRLS{5)

Sk
“gkkdkdk BUCKET WHEEL EXCAVATOR SUB-MODEL
FhKR%

%% SLEWMX MAXIMUM SLEW SPEED CAN BE AN INPUT CONSTANT

SLEWMX=0.35

X=BWTMD{IBOD, JBWE}

A=BWTMD{ IBODy JBWE)
B=BWFDD{ IB0D, JBWE)
CC=BWAVIL{IBOD, JBWE)

CALL PROCES{AyB,CC,IBASE,DELTT)
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BWTMD{IBODD; JBWE}=A

IF (X.GE.0.) GO TO 15
BWTTMD{IBOD ¢ JBWE)=BWTTMD{ IBOD, JBWEY+DELTT
BWECWT{IBOD,JBWE)=0.

RETURN

%% DETERMINE WHETHER A BENCH CUT DR FALL ‘CUT

15 1IF {BWCTFR{IBOD,JBWE) . EQ.1.) GD TD 75

25 KC=NCTBEN{IBDDy.JBWE)

45

55

65

C

IF {BWTTHK{IBOD,JBWE) .LT.BCTMAX{IBOD,JBWE}) GO TD:85

1F (NBWBEN{IBOD,JBWE) .NE.KC) G0 -TO 55

THE BWE HAS FINISHED CUTTING ONE GRID POINT

THE RESULTS ARE READY TO BE PRINTED QUT

IFf {NGRID-EQ.1} GD TO 45

NCTBEN{IBOD,JBWE)=D

GO 70 65

NCTSET{IBOD+JBWE)=0

BCLOCK{IBOD,JBWEJ=CLOCK

RETURN

TRAM THE BWE BACK TO CUT NEXT BENCH

IF (BWBACK{IBOD,JBWE) .GE.BWTTHK{IBOD,JBWE)}) GO TOD :65
BTRAM2{ IBOD,JBWE)=BTRAMZ2{IBOD, JBWE)+DELTT

BWBACK{1BOD,JBWE)=BWBACK{IBOD,JBWE)+BCS{IBOD, JBWE Y*DEL
+77

TRKWH2{IBOD ; JBWEY=TRKWH2{IBOD, JBWE ) +{BOWM{ IBOD, JBWE}*B
+RORI{IBODy JBWE) +BOWM{ IBOD, JBWE}/50.*BGRADE{ IBODy JBUWE ) ¥
+BCS{1BOD, JBWEIXDELTT) /{367100 . *EFFEXEFFM)
BWECWT{IBOD,JBWE)=0D,

RETURN

BWBACK{IBOD,JBWE)I=0.

NCTBEN{IBOD ,JBWE)=NCTBEN{IBOD,JBWE)+1

C *%x% INITIATE CUTTING POSITION AND SET THE SLOPE OF BENCH

C

75

KC=NCTBEN{ IBOD, JBUE)

BVYLANG{IBOD  JBWEI=BWLANGI{IBOD,JBWE)+{BWRANG{IBND, JBWE)
+-BWLANG{IBOD, JBWE) })/NBWBEN{ IBODy JBWEI*SLPRENL IBOD; JBUE
+3 .

BVRANG{IBOD,,JBWEI=BWRANG{ IBDD, JBHEI-{BWRANG{ L BOD, JBWE}
+~BWLANGI{IBDOD, JBWF))/NBWBREN{IBOD, JBWEYRSLPBEN{ IBOD, JBHUE
+)

BPOSIT{IBOD,, JBWEI=D.,

ISET{IBOD,JBHE}=]

ISECT{IB0ODy JBWE}=1

BUTTHK({IBOD ¢y JBHE)=0,

GO 70 B85

THIS IS A BRANCH FDOR THE FALL CUT

BWCTFR{IBOD,,JBWE}=0

GO 70O 25
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k% BWE IS CUTTING

9O

85 IF {BCLCOUNT{IBOD,JBWE).NE.O) GO TO 265
CF=BPROB{IBOD, JBWE,KCI/DELTT
CCF={1,-BPROB{IBOD, JBWE,KL))+CF
XX=RAND(CCF)

IF (XX.GT.CF) GO TO 255

95 JJ=LSOIL(IBOD.JBWEKC)

105 X=RAND{1.3}
IF {X.17.0.7) GO TO 105

*¥% GENERATE gHETHSR THE MATERTAL BEING CUT IS5 ORE OR WAST
¥%%=1 ORE =2 WASTE

sRaleNe)

YY=RAND{1.0}
IF (YY.GT BRATIO({IBOD,JBWE,KC}Y 6D 'TO 115
IBCMAT{IBODJBWE}=1
GO 70 125
115 IBCMAT{IBOD,JBWE)=2
125 BLAB=BKFILL{JJI*BCOB{IBOD,JBWEI*BVINC{II)
VMAX=SQRT{0.5%9,.8%BDT A{ IBOD,JBWE})
CSPEED=VMAX*BRPM{JJ)
XFRPM=CSPEED*60./{BDTA{IBOD, JBWE)}*3.14156)
ACP=BCAB*BNOB{IBOD, JBWE) #XFRPM*60 .
THICK=0.133%SQRT{ACP/ {0.5%BDTA{IBOD, JBWEIRXFRPM*BNOBI{ T
+BDDy JBWE} D))
VOLUME=ACP*DELTT/3600.
TRUVOL=VOLUME/BVINC{JJ}

Co#ks CALCULATING THE CUTYING THICKNESS, WEIGHT OF CUTTING i

ALPHA=BPOSIT{IBOD,JBWE}/BLENBM{IBOD, JBHWE)
PET=BLENBM{ IB0D, JBWE)Y /THICK

SNTIK=THICK*®{COS{ALPHA) +SIN{ALPHAXSIN{ALPHA)Y /{2 . %PET)
+3
WIDTH={BLENBMIIBOD ,JBWE }*{BHWLANG{ IBOD,JBWEI+BWRANG{IBO
+D 5 JBWE}Y )
HEIGT={BHEIGT{IBOD JBHE KL, 2}~-BHEIGT{IBOD JBHEKC41}3/
+WIDTH
HEIGT=HEIGT*BWIDTH{ IBDD, JBWE)+BHEIGT{IBND IBUHELKC 423
BRBBR=VOLUME/{THICK*HEIGT}

IF {BBBB.LE.SLEWMX*DELTTY 60 7O 135

BRBR=SLEWMX*DELTYT

VOLUME=THICK*HEIGT*BB RS

135 BDTH=VDLUME /{SNTIKXHFEIET)

BHECWT{IROD , JBUE I=VOLUMEXBDENST{IBOD; JBRWEKC)
AGBCWT{IBOD ; JBWE ) =BHWECWT{IBOD, JBWE)

C *%% CALCULATING DIGGING POWER, SLEWING POWER
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C
C #kx
C

145
155

sk

Sy OV Y

175

150

BETANG=6.2832/BNOB{IB0OD,JBHE)}
NNBID=0,25%BNOB{1IB0D, JBKE)}

CALCULATE THE CUTTER LENGTH: IN THE BENCH

BLOT=0.

DO 145 11=1,100

IFf {NNBID.LT.I1) GO TO 155

BLOT=BLOT#2 4THICK*COS{BETANG*11}

CONTINUE
TTTR=1.5708+ATAN{(HEIGT-BDIA{IBOD,dBWEY/2,3/{BDIA{IBOD
+9JBWE)/2.1)

NBID={T7TTR/56. 28323*8MDB(§885938§E)+0 5

CUTRE S=BKRES{J4)

BAT=3.1416%BDIA{IBOD, JBWE)/BNOB{IBOD,JJBWEY/CSPEED
ALOT=2.*THICK*{NBID-NNBID)
DIGP=CUTRES*{ALOT+BLOT)I*100.%3.1416%BDIA{ IBOD,JBWE) /BN
+0B{IB0D, JBWE}

RISP=BCAB*BDENST{IBOD,JBWE, Kﬁ?*iGGG #*BDIA(TBDODyJBWE)
TOTPER={DIGP+RISP}/367100.%{1.7BATI*3600,. /EFFE/EFFM
SLP=BBBB/BAT

FRIFOR=BFRS{1B0D, JBH%?*BQS%ISQ%ydBﬁE}*BRSi!BGE?JBHE3/B

+LENBM{IBOD, JBWE)

SLEP={CUTRES* {ALOT+BLOT)*100.%SLP/CSPEED+FR IFOR ) *BBAS
SLEPKW=SLEP/367100.%3600./BAT/EFFE/EFFM

BDGKWH{IBOD , JBWE}=BDGKWH{ IBODy JBHE}I+TOTPERXDELTT
BSLKWH(IBOD , JBWE} =BSLKWH{ IBOD, JBWEJ +SLEPKW*DELTT
BWCTSHIIBOD s JBWE) =BWCTSH{IBOD, JBWEY+DELTT

POSITIOGNING THE BUCKET IN THE BENCH

IF {ISECT{1BOD,JBWE}.NE.1) GO TO:175
IF - {BPOSIT{IBOD,JBWE)-BYLANG{IBOD,JBWE}*BLENBM{IBOD,yJB

+WEY) 185,245,245

IF (BPOSIT{IBOD,JBWE)-BVRANG{IBOD,JBWE}*BLENBM{IBOD,JB

+WE}Y 185,245,245

185

205
215

225

£ ok

IF {ISET{IBOD,JBWE).NE.O} GO TO 225
BPOSIT{IBODyJBWE)=BPOSIT{IBOD; JBHEI-BDTH

IF {BPOSIT{IBOD,JBWEY.GT.0. ) RETURN

IF (ISECT(1BOD, JBWE).EQ.0) GO TO 205

ISECT{IBDOD JBWEY=0 :

GO TO 215

ISECT{IBOD,JBWE)=1

ISET{IBODy JBWE) =1 .

RETURN o . ‘
BPOSIT(IBOD,JBWE)=BPOSIT({IBOD; JBWE) +BDTH ' '
RETURN o

BUCKET REACHES THE RIGHT OR LEFT ‘EDGE LIMIT, CROWD IN
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C
245 BWTTHK{IBOD ,JBWE)=BWTTHK{IBOD,JBWE)+THICK

BPOSIT{IBOD,JBWE)=BPOSIT({IBOD,JBWE)-BDTH
ISET{IBOD,JBHE)=0
BTRAM2{1B0OD,JBWE)=BTRAM2{IBOD,JBWE}+THICK/BCS{IBOD,JBY

+E)
BTRKWH{IBOD, JBWE}=BTRKWH({IBOD; JBWE)+{BOWM{ IBOD,JBWE)*B

+RDORI{IBOD, JBWE) +BOWMI IBOD, JBWE)}/50.%*BGRADE{ IBOD,JBWE) /

+100, Y *THICK/{367100.*EFFEXEFFM)

RETURN

%% BWE HITS THE BOULDER

OO0 oo

255 BTODOT{IBDD,IJBWE)=BDMEAN{IBOD,JBWE)
BCOUNT(IBOD,JBWE} =1

265 IF {BDTIME{I1B0OD,JBWEY.GE.BTODOT{IBOD,JBWEY) GO TO 275
BDTIME{IBOD JBWEY=BDT IME{IBOD,JBWE)+DELTT
BPRDOW(IBOD ,JBWEY=BPROOWI{IBOD,JBWE)+DELTT
BWECWT{IBDOD,JBWE}I=0.
RETURN

275 BDTIME{IBOD,JBWE}=0.
BCOUNT{ 180D ,JBWE)=0.

GD TO 85

END
C

SUBROUTINE RTGNDP{AyB;Cs IBASEs*,%)
C

C %%k DUMPING RATE GENERATOR FOR TRAIN DUMPING
CALL ‘RANDN{ IBASE,RX])
A=A-{C+B*RX})
IF {A.GT:0.% RETURN 1
RETURN 2
END
C° PROCESS GENERATORS
SUBRDUTINE PROCES{AyB,CC,IBASE,DELTT)
IF {ANE.O0.) GO 710 25
X=RAND{1.0}%
IF{X.GT.0.5) GO T0O 5
B=B*CL/{1-CCY
XX=1
G0 10 15
5 XX=-1
15 A=B%XX
25 IF {A.,LT.0.3 GO TO 35
€ THE MACHINE IS WORKING AT THIS TIME INTERVAL
A=A~DELTT
IF {(A.LE.0.)A=0.
RETURN
C THE MACHINE IS DOWN AT DELTY
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35 A=A+DELTT
IF {A.GE.D. )A=0,

RETURN
END
SUBROUTINE CONTRL
C
{ ®%¥
C %% EXECUTIVE CONTRDL SYSTEM
k%

COMMON /GENIN1/CAPBINIS),RATMILIS ), CAPMIL{S5),DELTT,SHI -
+FTToCAPHBNIS 15, EQUIVL{S15) LLOCKBSURGEL115,2) 9 BWENWT
F{3,5 s TKHTBHI{3,30),PRODTB(3:5,2)WASTMV(4,30),TKWTDP( &
+530} s BINCRUIS);OREMVI4,30)s TKWTCR{4430) ,CUMWT 214,30}, 7T
+KWTTL {4,30) JWTTK{4,30])

COMMON /BWEIN1/BCS{3,5),BLENBM{3,5):BC0B{3,5)+BNOB{3,5
+)19BDIA{3,5) BLTMAX{3,5),BWS{3,5)},BOWM{3,5),BFRS5{355),:8
+R5{3:5),BHAVIL{3,5),BDMEAN{3+5)BWLANG{ 3,5} yBURAKRGI(3,5
+3}9BSETTM{3,5),BLAPSG{3455,21yBKFILL{10),BKRES{10},BRPM{
+10)sBVINC{10),BRORI{3,:,5),BGRADE{3,:;5),BPROB{3,5,5),BHEI]
+6T{3:54592) +BDENST{3,5,5)sBRATIO{3,5,5)BLLOCK{3,5),BP
+RDOW{3,5) BLCOUNT{3,5)

COMMON /BWEIN2/SLPBEN{3,;5);BWTMDI{3,5)sBWECHT{3,5)BWTY "
+MD{3s5)+BWCTFRI{3,;5),BUTTHKI3,5),BWFDD{3,:5),
¥ AGBCUWTI{3:5) s BSLKWHI{3,45),BTRKWHI{3,5}¢BUHCTS
FH{3 S EFFMEFFEGRPOSIT{3,5) ,BWBACKI{3,5),BTRAM2{3,5), T
+RKWH2{3,5)BVLANG{3+5)sBVRANG{3:5),BTODOTI3,5),BDTIME{ :
+2,5) sBHWIDTH{3,5) +BDGKWH{3,5}

COMMON /TRKINI/TKMEAN{LIO) ,TKGVHIL0Y s TKSPEDI10,20) s TKRT -
+MP{10,4201,COSPLM{50,53,C0OSL0OP{50,5),CORDRS{50,5}L0OSEC
+1{50:5) s COOLEN{SO), TKDHIL {20}, TKTP{10, 20}, RATFED{15),5T
+RKT{I0) s TKDMT{10) JACELMA, TKAVIL 4,30, TVEL{ 45300, TONL %
+930V s TRASEC{4:30),TRAELE(430),TBACKT{4,30),TKTDOWI{4,3
+0) s TKFDD{4530) TKDOWN{4,30) ‘

COMMON /BELINI/CGRLEN14)},CGRSPD{4)yCCAPGR 4}, CSCLEN{20
+)yCSCSPDI{2D) , CSEPLN{4 51 ,CRATFDI4),CBINCPI{4), CSCFDT{20
+)sCCPSHB(20)Y,CCAPSCI{20) ,CDISRF{20),CTLBINTI20) LBINFLI( 4
+) oCSESTP{20),CSCDISH{20),CTHTSCI20,CARYSC{205400)yCGRNW
+MC{4) ;CARYGP{45400)CGSTOP{4) s CORWT 14}, CSEWTI 203, CSEQY
+1 {207 sCLOMC {4}, CDISMC{4),CGRDIS{4 ), COROVL{4) CBNDCH{ 4}

COMMON /BELIN2/CUBNOVF (4) ,CSCHDBI20) . CSBUWTK{203,CSCAVLYE
+20) s CSUFDD{ 201 CSDOUNIT20Y, CGPAVLI4Y , COGPFDDI4Y S CODOKWNI{ 4 -
+)

COMMON /TRNINI/CARFRICARLENS;CARWTE,CARLDD{2) ,RMAXAC{S
+32) sRDECELI6,2) sREHTLOC{642) s RLOCFR{G,2)RMEDPTI6),RDYD
+1M{3035) yRUSLOP{3045)sREELFELE30,5),RCSECL{30) ,RATELS{S
+) sRTCARLI{6}Y

COMMDON /TRNINZ2/RMASS{B)RFRICI{BIRVELIS)RLEFT{6),RTOT
+WT{6) SRTRELE{S) yRTRSEC(S) yRLDSDLIS)sRECAR{S5 ), RSENDE{SH)
+yRDLSMN{ &) yRLOADI{6) sRDLALSIB) ,RARIDPIS Y JRTLTDP{SH T yRTUT
+DP1{6) RLOADII{6) +RDLADP{SG);RUTDISISYRUTAINIGI RTDTLDIS
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+) s RCARLDIG) yRTUTLD{B) sRAVLIB,2)RFDD{64,2)y RDOWNI{
+6 927 sRTDOWNIG,21)

COMMON /GENINZ2/7IBDDJBWENTK NEXTEN{3,5), ISHFsNPOCK3{5
+) s KTRyNLS o NSL s NBODY o NSHIFT . NDUMP, NCRUSH,NTATIL sNOBSTH{-3
+} 3 IBASESLOCMILIS ) NPODCK2{5} sNPOCK4(5}, ICRASC{5); ICRASR -
+{51 NELEMT{4) ,NELEMNI(4,5), ICRAST(S5),LDQUE{15530) s MAXLD
+{15) s NEW{ 153,11 0DTK{4,30,2) s MDMQUE(5494330)sNEWZ2{5) ,MAXD
+PR{5)Y yMCRQUEI5:4;30), MAXCRQIS)I,NEU3{5)  MILQUE{5:4,30),
+NGRID

COMMON JGENIN3/MAXMLQI{S ), NERWS4{5);LDDTK2{4,30)MTR14,30
+3

COMMON /7BWEING/NBWE{3),IASBTS{3,5)sNBWBEN{3,5),NCTSETL .
+3,5) yIBCMAT{3,5) s ISET{3,5), ISECT{3,53,L801IL{3,:5,5),NCT"
+BEN{3,5])

COMMON JTRKINZ2/NTRUCK{4) ,;RINDT{4,30)NTASBD{15),IASMTT
+1153 o IASTTBI{15) JNPATHI{4,15,45,10), IASTHBL15),NCOOSCI50}) -
+9TASIGN{4530) yNPHTKI4515,4) yNPOCKT{ 153 s NTKDPS NTKLDS, 1
+ASLTHI{15) sMATER{4,,30),IC0ODST14,30),LTCO0R( 4,30}

COMMON /BELIN3/NCGRPSNSECISy ICDISG{4) s NCSEPG{ 4} ,NLSCS2Z
+{20) ¢ NCGRSZ{4) s IASMTC {20} NCGRFT {43 ICGRFT{4,5)}+NCGRFB
+{4)y ICGRFB{4,5),ICSTOP{20), ICDISS{20)sNARYIG( 4}, TARYPG
+{4:5);NARYSC{20), IASCTB{20) s IASCHB{ 4}, NGASBD{4),NCASBD
+{20)

COMMON 7TRNIN3/NUMTRN JMUMLDS,NUTRLT,IASRHB{6),IASRTB{6
+} s MXCRTR{6Y yNRCOORSNRCOSCI30FNREDLT{30,53,LGTCON{3055
+45) yNRPATH{S 34,1031y NPHRLI5,4) ; MTRASGI6)Y, IASMTRIS)SIASR
#HS{5) yNRTDPSyNRASBDIB } ,NRFIRTIHI NLOCO{6) KMATERIB)} IR
+CO0T{6) LRCODRI{BYZLREDLT{10} s NASGLS{6),LDSCNT{5), MTOTL
+D{6) yKRAVDP{B) NDLBDP {6 ) NDUMDP {5 J NDUMPGI 6] s MECRLS({5} .

*%% IN ORE MOVING DIFFERENT TRANSPORTATION MEDIUM CAN BE P
%% IN WASTE MOVING NO SECONDARY TRANSPORTATION IS ALLOWED

IF {NEXTEN(IBOD,JBWE) .EQ.0) GO TO 15
NEXTEN{1BOD ;JBHE) =0
G0 7O 35
15 1=0
1BOD=0
25 IBOD=1BOD+1
JBWE=0
IF {I1BOD-{NBODY+1)} 35,65,645
sk
Fokoggok
wx%xk CONTROL BWE
Fedk ek
sddkdok
35 JBWE=JBWE+1 |
IF {JBWE.GT.NBWE{IBOD)) GO TO 65
IF (BDIA{IBOD,JBWE).EQ.0.) GO TO 35
IF {NCTSET{IBOD,JBWE).EQ.0) GO TO 35
THIS BWE HAS FINISHED CUTTING ONE GRID POING 0OG THE OR
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I=1+1

JBW=TASBTS{IBOD,JBWE)}

BSURGE{JBW,11=EQUIVL{1,JBW) ‘

IF {(BSURGE{JBW,IBCMAT{IBOD, JBWE)}}.GT.BLCAPSG{IB0OD, JBWE,
+IBCMAT({IBOD,JBWE) Y)Y GO 7O 55

CALL BWECUT

BSURGE{JBW, IBCMAT{ IBODs JBWE) }=BSURGE{JIBNW, IBCMATIIBODsJ
+BWE) ) +BWECHT(IBOD, JBWE}

EQUIVL{15JBWI=BSURGE{ JBH,1)

PRODTB({IBOD;JBWE, IBCMAT{1BOD,JBWE) }=PRODTB{IBODyJIBUE, T
+BCMAT{IBOD, JBWE) ) +BWECWT (1B0OD, JBWE)

IF {NEXTEN{IBOD,JBWE) .NE.O)} RETURN

FINERLSE Liammtnsirine

e

I Y Oy Y

OO OO0

I Ee e Ne el

GD 70 35
*%% THE SURGE OF THE BWE IS FULLs BWE HAS TO WAIT
55 BWEWT{IBOD,; JBWE)=BWEWT{IBODy JBHE)+DELTTY
GO 7O 35
deskskkok
ek
*¥%Hk CONTROL TRUCKS
Sesksfeek
kg
65 IF {1.EQ.0) GO 7O 1555
NTK=0
75 NTK=NTK+1
IF {NTK.GT.NTRUCK{IBOD}) GO TO 25
STATEMENT '10 HERE 1S A BRANCH FDR CONVEYOR -AND TRAIN
*%% FIND THE COORDINATE WHERE THE TRUCK IS ON

JBW=TASIGNI{IBOD,NTK}

IF {NPATHUIBOD, JBW,MATER{IBODyNTK)sLTCOBR{IBODyNTK)) . E

+Q.1) GO TO 85

IF {(NPATHUIBOD, JBHsMATER{IBOD,NTK),LTCOOR{IBOD,NTK)}.E

+Q.3) GO TO 375 :
IF - {NPATH{1BOD, JBW, MATER{ IBOD,NTK),LTCODR{(IBOD,NTK)}.E
+Q.2) GO Y0 285

IF (NPATH{IBOD,JBH MATER(IBOD,NTK)}LTCODBR{IBDD,NTK}).E

+Q.5) GO 7O 505

IF {NPATH{1IBOD,JBW,;MATER{IBODyNTK}sLTCOOR{IBODNTK})E

+Q.4) GO TO 515

Pk
F&kk

¥%x% TRUCK IS ON THE HAULT ROAD
L 233




S

Y

CIMM IOV YYDy

Y Y Y

e EnNe]

155

CALL TRUCK
GO 1O 75

FR%k

*%% TRUCK IS AT BWE READY FOR LOADING FROM SURGE
ok

*¥%% TRUCK AT NLSTH LOADING STATION (AT JUBWETH TAIL BIN)

85 NLS=IASIGN({IBOD,NTK)
JBWE=TASTTB(NLS)
95 IF (LDQUE{NLS NTK}.NE.O} GO TO 115

*%% TRUCK JUST ARRIVES AT BWE

LDQUE{NLS,NTKI=MAXLD{NLS}+1
MAXLD(NLS)=MAXLD{NLS) +#1
GO0 7O 85

115 IF {LDQUE{NLS,NTK).GT .NPOCKTINLS})} GO TO 175

%k TRUCK AT JBWETH LOADING STATION ND OTHER TRUCK AHEAD -

IF {TBACKT{IBODsNTK)}.GE.TBKT{KINDT{IBOD,NTK}}) GO 70O 1
+3%5

CALL TRUCK

GO TO 75

*%% SURGE DOES NOT HAVE ENOUGH MATERTAL FOR TRUCK, TRUCK W

135 RATAGB=RATFED{NLS}%DELTT
IF (TASMTTI{NLS).EQ.2) GO TO 165
NN=NELEMT{IBOD)
DO 145 11=1,NN
IF - {NELEMN{IBDD,I11?.EQ.2) GO TO 155
145 CONTINUE
sTOP 151
155 If {EQUIVLIIT-1,JBWE).GE.RATAGB)Y GO TO 185
IF {11-1.6T7.1) GO 7D 175
165 IF {BSURGE{JBWE,2).GE.RATAGB) GO TO "265
175 TKWTBW{IBOD 4NTK}=TKWTBW{IBDD,NTK} +DELTT
G0 70 75

%% TRUCK LOAD ORE FROM LOADING STATION

185 MTR{IBOD,NTK}=1

195 IF {RATAGB.GT. L. 1*¥TKMEAN{KINDT{IBOD,NTK})) GO TO 245
WTITK{IBOD,NTKI=WTTK{IBOD,NTK)+RATAGB
IF {MTR{IBODyNTK).EQ.2} GO TO 205
EQUIVLIIT-1,JBWE)=EQUIVLI{II-1,JBWE)-RATAGB
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GO TO 215
BSURGE{JBWE MTR{IBOD, NTK) )=BSURGE(JBWE,MTR{ IBOD,NTK} )—

+RATAGS

215

IF (RATAGB.GT. 0. 7T*TKMEAN{KINDT{IBOD,NTK}?} GO 71O .235

IF (WTTK{IBOD,NTK).LE.TKMEAN{KINDTI{IBOD,NTK}}} GO 7O 7

+5

Feksk

235

TRUCK IS FULL READY TO MOVE

MATER{IBODNTK}=MTR{IBOD,NTK)

NEW{NLS)=NEWI(NLS} -1

LDQUEINLSNTK)I=0

TON{ IBOD S NTKI=WTTK{IBOD,NTK) +TKGVWI{KINDT{ IBOD,NTK)}}

LODTK{IBODsNTKyMATER{ IBOD,NTK) }=LODTK{ IBODsNTK,MATER{ I -

+BOD,NTK) ) +1

245
255

k%

265

e fe

R
R

HRE

285

ek

295

315

Rk

ICOOST{IBOD,,NTK)=1

L TCOBR{IBOD,NTK}=1

TBACKT{IBOD,NTK}=0.

GO 10 75

WRITE {6,255}

FORMAT (*® ¥ ,9TIME INCREMENT IS TOO LARGE?)
sSTQP

TRUCK LOAD WASTE FRDM SURGE
MTR{ IBOD ¢NTK}=2
GO TD 195

TRUCK 1S5 AT WASTE DUMP

FIND THE DUMP PLACE WHERE THIS TRUCK IS AT

I=1ASIGN{IBDD,NTK)
KDP=TASLTHI{T)

TRUCK JUST ARRIVES AT DUMPING FACILITY

IF {MDMQUE{KDP,IBOD,NTK}.NE.O} GO TO 315
MDMQUE{KDP, IBOD,NTK)=MAXDPQ{KDP}+1
MAXDPQ{KDP)=MAXDPQI{KDP) +1

GD 'TO 295

IF (MDMQUE{KDP,IBOD,NTK}.GT.NPOCK2{KDP}) GO TO 365

TRUCK AT DUMPING FACILITY NO OTHER TRUCK AHEAD

IF {TBACKT{IBODsNTKI}.GE.TBKT{KINDT{IBOD,NTK}}} GO 70 3

+35

CALL TRUCK
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335

¥k

345
355

R

345

%
Fek ¥k
Tk

sk

375

385

3

395

415

GO T80 75

TRUCK IS DUMPING

TKDWT=WTTK{ IBODyNTK)*DELTT/TKDMT{KINDT( IBOD,NTK)}

IF {TKDWT.GT. 2. OXTKMEAN{KINDT(IBOD,NTK} )} GO TO 245
TON{IBODyNTK)=TON{ IBODs NTK)-TKDWT

IF {TKDWT.GT.0.9%*TKMEANIKINDT{IBOD,NTK} )} GO TO 345
IF {TON(IBODsNTK)-TKGVHIKINDT{IBOD,NTK}}) 345,355,75

TRUCK IS EMPTY,; READY 7O MODVE

TON{IBOD yNTK)=TKGVW{K INDT{IBOD,NTK}})

NEW2 {KDP)=NEW2 (KDP}-1

MDMQUE (KDPy IBOD, NTK}=0

ICODST{IBODyNTK) =1

L TCOOR{1BOD,NTK) =1

TBACKT{IBOD,NTK)=0.

WASTMV(IBOD yNTK)=WASTMV (180D, NTK) +WTTK{ IBOD,NTK)
MATER{IBOD,NTK)=4

WTTK{IBOD,NTK}=0.

GO TO 75

SOME OTHER TRUCKS AHEAD, HAS TO WAIT:

TKWTDP{IBOD yNTKI=TKWTDP{IBOD,NTK)+DELTT
GD 1O 75

TRUCK AT DRE DUMP

FIND THE DUMPING STATION WHERE THIS TRU K IS AT

I=TASIGN{IBOD,NTK)

LCR=TASTHBI{ I}

NN=NELEMT({IBOD)

DO 385 11=1,NN

IF {NELEMN{IBOD,I1I7.EQ.2) GO TO 395
CONTINUE '
STOP 375

TRUCK JUST ARRIVES THE DUMPING STATION

IF {MCRQUE{LCR, IBOD,NTK).NE.O) GO TO 415
MCRQUE{LCR, IBODyNTK)y=MAXCRQILCR} +1
MAXCROI{LCR)I=MAXCRQ{LCR)+1

GO TO 395

IF (MCRQUEILCR,IBOD,NTK).GT.NPOCK3{LCR))} GO TO 495

157
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*%k% TRUCK AT CRUSHER NO OTHER TRUCKS AHEAD BACK UP THE TR

IF {TBACKT{IBOD,NTK).GE.TBKT(KINDT{IBDD,NTK}})) GO TO 4
+35 »

CALL TRUCK

G0 TO 75

%% TRUCK IS READY TO UNLOAD

435 IF (NELEMN{IBOD,1I41).EQ.5) GO TO 445
IF {WYTK{IBODsNTK).GE.CAPHBNI{II,LCR}I-EQUIVLI(T},LCR)) G
+0 TO 495
GO TO 455
445 IF {(WTTK{IBOD,NTK) .GE.CAPMIL{LOCMILI{IBOD) }-BINCRU{LOCHM
+IL{IBOD) )Y GO TO 495
455 TKDWT=WTTKI{IBOD,NTK)*DELTT/TKOMT{KINDT{ IBOD,NTK}}
IF (TKDHT.GT<2.0%TKMEAN(KINDT{IBOD,NTK}}) GO TO 245
TON{IBODyNTKI=TON{IBOD,NTK)~TKDUWT
IF (TKDHT.GT.0.9%TKMEAN({KINDT{IBOD,NTK)}) ‘GO TO 465
IF {TON{IBOD,NTK)-TKGVWIKINDT{IBOD,NTK3})) 4655,475,75

#%x% TRUCK IS EMPTY READY 70 MDVE

465 TON{IBOD NTKI=TKGVWIKINDT{IBOD,NTK))
475 NEWA{LCRI=NEW3{LCR}-1
MCROQUE{LCRy IBDD,NTK}=D
ICO0STLIBDD,NTKYI=]
{ TCOOR{IBODLNTKYI=1
TBACKT{IBOD ,NTKI=0,
OREMV{IBOD NTK)=OREMV{IBODNTKIHWTTIK{IBOD,NTK }
MATER{IBOD,NTK}I=3
IF {NELEMN{IBDD,17+1).FQ.5)} GO TO 485
FQUIVL{IISLCRI=EQUIVLI{IILCRIHFWTTK{IBOD«NTK)
WTTK{IBODsNTKI=0,
60 10 75
485 BINCRU{LOCMIL{IBOD)}=BINCRU{LOCMIL{IBODII+WTTK{IBOD,NT
+K)
WITK{ IBOD NTK}=0D,
GD 70 75

*¥%%%SOME. OTHER TRUCK AHEAD DR THE BIN IS FULL, TRUCK WAITS

495 TKWTCR{IBOD;NTK)=TKWTCRI{IBOD,NTK)+DELTT
GO 70 75

ek

%% TRUCK AT ROAD INTERSECTION
ek

505 LTCODR{IBOD,NTK)=LTCOOR{IBOD,NTK) +1
G0 10 75
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TJRUCK IS5 AT MILL 7O LOAD TAILING

I=TASIGN{IBOD,NTK)

DO 52% 11=1,NCRUSH

IF {1.EQ.ICRAST{II)) GO 1O 535
CONTINUE '

STOP 410

MIL=11

TRUCK JUST ARRIVES AT TAILING LOADING POINT

IF {MILQUE{MIL, IBOD,NTK}.NE.O) GO TO 565
MILQUE{MIL,IBOD,NTKI=MAXMLQIMIL}+1
MAXMLQIMIL)=MAXMLQIMIL)+1

GO TO 545

IF (MILQUE{MIL,TIBOD,NTK).GT.NPOCK4IMIL}) GO TO 635
TRUCK AT TAILING LOUOADING PDINT :ND TRUCKS AHEAD , MANER

IF {TBACKT{IBOD,NTK}.GE.TBKT{KINDT{IBOD,NTK})) GD TO:5

+85
CALL TRUCK
G0 TO 75

TRUCK IS READY TG BE LOADED

IF {BINCRUIMIL).LT.TKMEAN{KINDT{IBOD,NTK})) GO 7O 635
FRMILB=RATMIL{MILI*DELTT

IF (FRMILB.LE.TKMEANIKINDT{IBOD,NTK??} GO TO 595
FRMILB=TKMEAN{KINDT{IBOD,NTK})
WTTK{IBOD,NTK)=WTTK{IBOD,NTK}+FRMILB
BINCRU{MIL)=BINCRU{MIL)-FRMILB

IF {FRMILB.GT.0.8%TKMEANI{KINDT{IBOD,NTK})) GO TO 615
IF {WTITK{IBOD,NTK).LE. TKMEANI{KINDT{IBOD,NTK}}) GO :TO 7

+5

Kk

615

TRUCK IS "FULL READY TO MOVE

MATER{IBOD,NTK})=2

NEW4{MIL)=NEW&A({MIL)-1

MILQUE{MIL, IBOD,NTK}=0
TON(IBODsNTK)=WTTK{IBOD,NTK)+TKGYW(KINDT{ IBOD,NTK)) .
LODTK{IBODNTK,2)=LODTK{IBOD,NTK,2)+1
CUMHT2{IBODNTKI=CUMWT2{IB0OD,NTK) +HWTTK{ IBOD,4NTK)
ICODST(IBODsNTKI=1

TBACKT{IBODsNTK}=0.

IF {LTCODR{IBOD,NTK).LT.NPHTK{IBOD, IASIGN{IBOD,NTK)4MA

+TER{IBDD,NTK))) GO 7O 625
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LTCOOR{IBOD,NTK)=1

GO TO 75
625 LTCOOR{IBODyNTK)=LTCOCOR{IBOD,NTK) +1
GO 10O 75
C
C *#%% SOME OTHER TRUCKS AHEAD OR THERE ARE NO MATERIAL ‘AVAIL
C
635 TKWTTL{IBOD,NTKI=TKWTTL{IBOD,NTKI+DELTT
GO 10 75
c
[0 3 2 3
C #%kx RESET QUEUING ‘SITUATION OF TRUCK AT LOADING STATION
G kkk
C
645 JBWE=0
655 JBWE=JBWE+]
IF (JUBWE.GT.NTKLDS) GO TO 675
IF {MAXLD{JBWE).LE.O0)} GO TO 655
IF (NEW{JBWE).GT.0) GO 7O 655
IB0OD=NTASBD{JBWE}
NN=NTRUCK{IBOD)
DD 6565 NTK=1,yNN
IF (LDQUE{JBWEsNTK}.LT.NPOCKTI{JBWEY) GO -TO 665
IF {LDQUE{JBWE,NTK).EQ.1) GO TO 665
LDQUE{JBWE,,NTK)=LDQUEA{JBUWE,NTK)-{ 1-NEW{JBUWE))
665 CONTINUE
MAXLD{JBWE)=MAXLD{JBWE)-{1-NEW{JBWE})}
NEW{ JBWE)=1
GO 70 655
C
C **% RESET QUEUING SITUATION OF TRUCK AT WASTE DUNP
o ‘
675 IBOD=0
685 IBOD=IBOD+1
IF {IBOD.GT.NBODY+1} GO TO 775
KDP=0
695 KDP=KDP+1
IF {KDP.GT<NDUMP} GO TO 715
IF {MAXDPQIKDP).LE.O} GO TO £95
IF - {NEW2(KDP}.GT.0) GO TO 695
NN=NTRUCK (I1B0D)
DO 705 NTK=1,NN
If {MDMQUE{KDP,IBOD,NTK).LT.NPOCK2{KDP}} GO YO 705
IF (MDMQUE{(KDP,IBODyNTK).EQ.1) GO TO 705
MDMQUE(KDP, IBOD,NTK¥=MDMQUE{KDP; IBOD,NTK}~{ 1-NEWZ2{KDP)
+)

705 CONTINUE

IF (IBOD.NE.NBODY+1} GD TO 695
MAXDPQIKDP)=MAXDPQI{KDP)}-{1-NEW2{KDP))
NEW2{KDP)=1
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a C *%% RESET QUEUING SITUATION OF TRUCK AT DRE DUMP
N ps
715 LCR=0

n 725 LCR=LCR+1

1F {LCR.GT.NTKDPS) GO TO 745

I1F (MAXCRQ{LCR).LE.D0) GO TO. 725

IF (NEW3{LCR).GT.0) GO TO 725

NN=NTRUCK(IBGD)

DO 735 NTK=1,NN

IF ‘{MCRQUE{LCR,IBOD,NTK).LT.NPOCK3{LCR)) GO TO 735

IF {MCRQUE(LCR,IBOD,NTK).EQ.1) GO TO 735

MCRQUE{LCR, IBOD,NTKI=MCRQUE{LCR; IBOD,NTK)—{1-NEW3{LCR}
+)
) 735 CONTINUE
= IF {1BOD.NE.NBODY+1)} GO TO 725

' MAXCRQILCR)=MAXCRQ(LCR)-{1-NEW3{LCR))

. NEW3 {LCR) =1

—

C %% RESET QUEUING SITUATION OF TRUCK AT TAILING LOADING PO =
745 MIL=0

£ 755 MIL=MIL+1

O IF (MIL.GT.NTAIL) GO TO 685

‘ IF {MAXMLQIMIL).LE.0) GO TO 755

IF {NEW4(MIL}.GT.0) GO TO 755

NN=NTRUCK { IBOD)

DD 765 NTK=1,NN

- IF {MILQUE(MIL,IBOD,NTK).LT:NPOCK4{MIL)) GO 'TO 765

i IF {(MILQUE{MIL,IBOD,NTK).EQ.1) GO TO 765

: MILQUE{MIL,IBOD,NTK}=MILQUE{MIL; IBOD,NTK)={1-NEW4IMIL)

+)

M 765 CONTINUE

] IF (IBOD.NE.NBODY+1) GO TO 755

MAXMLQUMILI=MAXMLQ(MIL)—{1-NEW&{MIL))
- NEW&IMIL)=1
K 60 TO 685

*%% DBSERVATION TOWER TO RESET TRUCK HAULT ROAD

CY Y ey

775 180D=0

785 I1B0D=1BOD+1
IF {IBODD.GT.NBODY)Y GO TO 795
IF (NOBSTW{IBOD).NE.1) GD 7O 785
Cail "0OBSTOW
GO TO 785

ko

ek

¥k&kx CONTROL CONVEYDRS

Fekkdeok

dedkkfok

795 IF {NSECIS.EQ.0) GO TO 975
NSC=0

YT OYOY Oy
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805 NSLC=NSL+1
IF {NSC.GT.NSECIS) GO 10O 875
ICNT=TASCTBINSC)
IBOD=NCASBD{NSC)}
NN=NELEMT{1BOD)
DO 815 II=1,NN
IF {NELEMN(IBOD,11).EQ.4) GO TO 825
815 CONTINUE
STGP 740
825 1F :{I1.EQ.1) GO 7O 935
IF {IASMTCINSC?-EQ.2) GO TO 965
CDISRFINSCI=CSCFDTINSCI*DELTT
IF {EQUIVLITII-1,ICNT)LE.CDISRFINSC}ICDISRFINSCY=EQUIV
+L{11-1,ICNT)
IF {EQUIVL({IT-1,ICNT).LE.O.)CDISRFINSC)I=1.0E~-10
“X=CDISRF(NSC)
CALL 'CONVEY
IF {CDISRFINSCI.NE.D.) GD TQO 845
EQUIVLITI-1,ICNT)=EQUIVLITITI-1,ICNT}-X
835 IF {ICDISS{NSCY.EQ.D} GO TO 805
IF{IT.EQ.NN~1} GO 7O 865
EQUIVL{II,ICDISS{NSCII=EQUIVLIII, ICDISSINSC)I+CSCDIS(N
+5C)
IF {(EQUIVL(II,ICDISS{NSC)).GT.CAPHBN{II,ICDISSINSC})})
+GD 'TO 855
CSESTPI{NSCI=0,
GO TQ 805
845 CSCDIS(NSCI=0.
GO 7O 835
855 CSESTP{NSC)=1
GO 70 805

"SECTION BELT DUMPS TO CRUSHER

B65 BINCRU(LOCMILIIBODY)=BINCRU{LOCMIL{IBOD)}}+CSCDIS{NSC)
IF {(BINCRUILDCMILI{IBOD)).GT.CAPMIL{LOCMIL{IRDDY}S GO:T
+0 BSS
CSESTPNSCY=0
50 T0O 805
875 IF {NCLGRP.EQ.D} GO TO 875
DO 925 ICNH=1,NCGRP
IBOD=NGASBD{ICNH}
IF (ICDISG{ICNHY.EQ.O0) GO TO 925
NN=NELEMT{IB0OD)
DO 885 11=1,NN
IF (NELEMN{IBROD,IM.EQ.4) GO TO 89S
885 CONTINUE
sSToP 747
895 IF {I1.EQ.NN-1Y GO TO 915
EQUIVILTIT sICDISGLIICNHII=EQUIVL (1T, ICDISG ICNH)YI+CDISNC
+{ ICNH)
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IF {EQUIVL{II,ICDISG{ICNH)) .LE.CAPHBN(II,ICDISGIICNH))
+) GO 7O 905

CLDMC{ICDISG{ICNH) =0

CGSTOP{ICNH)=1

GO TO 925

905 CLDMC(ICDISG{ICNH))}I=1
CGSTOP{ICNH)=0
GO TO 925

GROUP BELT DUMPS TO CRUSHER

915 BINCRUILOCMIL{IBOD))=BINCRU{LOCMIL{IBOD))+CDISMC{ICNH)

IF (BINCRU{LOCMIL{IBOD)) .LE.CAPMIL{LOCMIL{IBOD))) GO T
+0 905

CGSTOP{ICNH)=1

CLDMC{ICDISG(ICNH) =0
925 CONTINUE

GO TO 975

"SECTION BELT LOADS TAILING FROM TAILING LOADING STATION

935 DO 945 11=1,NCRUSH
IF {ICNT.EQ.ICRASC{I1)) GO TO 955
945 CONTINUE
SToP 792
955 CDISRFINSCI=CSCFDT(NSCI%DELTT
IF {BINCRUIII)LE.CDISRFINSC)IICDISRF{NSC)=BINCRUITII}
IF {BINCRU{IT) sLE.O-)CDISRFINSCI=1.0E~-10
X=CDISRF{NSZT)
CALL CONVEY
IF {CDISRF{NSC}.NE.O.) GO TO 805
BINCRU{TII)=BINCRU{ITI}-X
GO TD 805
965 CDISRFI{NSC)=CSCFDTI{NSCI*DELTT
IF {BSURGE{ICNT 42} .LE.CDISRFINSC)IICDISRF{NSCI=BSURGE{1T -
+CNT,2)
IF {BSURGE{ICNT 32) 1T .0.JCDISRFINSC)=1.0E-10
X=CDISRF{NSC)
CALL CONVEY
IF {CDISRFINSC).NE.O.) GO TO 805
BSURGE{ICNT 323)=BSURGE(ICNT,23)—X

GO TO 805

Fexe gk kK

g Kok

¥%%¥%% CONTROL TRAIN

Hkkk sk

oAk

975 IF (NUMTRN.EQ.O0) GO TO 1545
NLS=0

985 NLS=NLS+1
IF (NLS.GT.NUMLDS} GO 7O 1085
IF {RECARINLS).GT.0) GO TO 1005
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RUDSDL{NLS)=RLDSDL(NLS}+DELTT
RECAR(NLS)I=0.
G0 7O 1055
C LOAD THE TRAIN AT LOADING STATIONS
C 'SEE WHETHER THERE ARE ENOUGH MATERTAL AT BIN
C LOAD THE TRAIN AT LOADING STATIONS
1005 IBOD=NRASBDI{NLS)
NN=NELEMT{IBOD)
DO 1015 11=1,NN
IF {NELEMN{ IBOD,IIM.EQ.3} GO 7O 1025
1015 CONTINUE
STOP 842
1025 IF {I1.EQ.1) GO TO 1065
IF {11.NE.2) GO TO 1075
IF (IASMTR{NLS).EQ.1) GO TO 1075
IF {BSURGE{IASRTBINLS)2) LT .RATELSINLS)I*DELTT} GO TO
+985

BSURGE{TASRTB{NLS),2)=BSURGE{IASRTB{NLS)s2)-RATELS(NLS
+)¥DELTT

1045 RCARLDINLS)=RCARLD{NLS)+RATELSI{NLS)*DELTT/CARLOD{TASMT
+R(NLS))

RECAR{NLS)=RECAR{NLS)-RATELS{NLS)*DELTT/CARLOD{IASMTR{
+NLS))

RLOADIINLS)=RLOADI{NLS)+RATELSINLS)I*DELTT/CARLDODI TASMT
+R{NLS))
C DISPATCH TRAIN TD LOADING STATION
1055 IF {RECARINLS).GT.MECRLSINLS)) GO TO 985
IF {RSENDE{NLS}.NE.D.)} GO TQ 985
RSENDEI{NLS)I=CLOCK
GO0 TO 985
C TRAAIN LDADS FROM TAIL ING BINS
1065 IF {BINCRUILODCMIL(IBOD)}.LT.RATELSI{NLSI*DELTT) GO 70 :9
+85
BINCRUILOCMILI{IBOD) )=BINCRUILOCMILIIBOD) }-RATELS{NLS)=
+DELTT
GO TO 1045

C TRAIN IS NOT THE FIRST TRANSPORTATION MEDIUM IN SERIES
1075 IF (EQUIVL{II-1,TASRTBINLS}).LTRATELSINLS)I*DELTT) GO
+70 985
EQUIVLIII-1,TASRTB{NLS))=EQUIVL{TI-1,TASRTBINLS))-RATE
+LSINLS)I*DELTT
GD TO 1045
1085 KTR=0
1095 KTR=KTR*1
IF [KTR.GT.NUMTRN)} GO TD 1545
NLS=MTRASG{KTR) :
IBOD=NRASBDI{NLS)

IF  {NRPATHINLS;KMATER{KTR), LRCODRIKTR) }.EQ.1) GO TD 11.
+05

IF {NRPATHINLS,KMATER{KTR);LRCOOR{KTR}}.EQ.2) GO TO 12
+45
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IF (NRPATHINLSKMATERIKTR},LRCODR{KTR} 1 .EQ.3) GO TO 14
+565

IF {NRPATHINLS,KMATER{KTR},LRCODRIKTR}}.EQ.4} GO TO 1%
+75 S
IF {NRPATH{NLS,.KMATER{KTR),LRCOORIKTR)).EQ.5) GO 7O 15
+05
TRAIN IS TRAVELLING

CALL TRAIN

GO 7O 1095
TRAIN IS AT LOADING STATION, SEE WHETHER IT:1S5 A NEWLY
IF {LDSCNT{KTR).EQ.1} GO TO 1135

1125 RDLSMN{KTR}=0.

S
1135

1145

1155

1165

1185
1195

1205

LDSCNTI{KTR)=1
RECAR{NLSI=RECAR{NLS) +MXCRTRIKTR}
NASGLS{NLS)Y=0

EE WHETHER THE LOADING STATION IS DCCUPIED
DO 1145 NTR=1,NUMTRN

ML S=MTRASGINTR)

IF (MLSONE.NLS) GO 70O 1145

IF - INTR.EQ.KTR}Y GO TO 1145

IF INRPATHIMLS ,KMATERINTR}, LRCOOR{NTR)).NE.1) GO TO 11
+45

IF {LDSCNT{NTR}.NE.1} GO TO 1145

IF {RICADIKTR).LT.RLOAD{NTR})} GO TO 1155
CONTINUE

KIS=TASRTBINLS)

NN=NELEMTI{IBROD)

IF {RLODAD{KTR) .GT.0.7? GD TO 1165
IRLOAD=RLDADT{NLS)
IF{IRLODAD. LT . MXCRTRIKTR}) GO TO 1155
RLOADIINLSI=RLOADI {NLS)-MXCRTR{KTR)
RLOADI{KTRI=CARLDOD{ IASMTR{NLS) )H¥MXCRTR{KTR)
GO0 TO 1145

RTWTLDIKTRI=RTWTLD{KTRI+DELTTY

GO 7O 10%5
CALL DELAY GENERATOR BEFQORE TRAMMING TO DUMP
IFf {(MTOTLDI{KTR).EQ.1) GO TO 1195
A=RDLALS{KTR)

MTOTLD{XTR}=1

NNN=NRPATH{NLS, IASMTR{NLS), 1}

IF {NREDLTINNN,13.EQ.0) GO 7O 1205

IF {LREDLTINREDLT{NNN,11}.EQ.0) GO TD 1205
RUTAINI{KTRI=RWTAINIKTRI+DELTTY

GO 7O 1095
RTOTLDIKTRI=RTOTLD{KTR}+RLOADIKTR)
KMATER{KTR)=TASMTRINLS)

LDSCNT{KTRI=D

RDLALS{KTR)=0.

MTOTLD{KTR) =0

IRCOOT{(KTR)=1
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IF {LRCOOR(KTR).LT.NPHRLINLS,KMATER{KTR}}) GO TD 1235
LRCODR{KTR) =1
c
€  TURN BN TRAFFIC LIGHTS
1215 I=NRPATHINLS,KMATER{KTR),1)
DO 1225 K=1,5
IF (LGTCON(I,1,K).EQ.0) 6O TO 1225
LREDLT{LGTCON{T,1,K))=1
1225 CONTINUE
GO TO 1095
1235 LRCOOR{KTR}I=LRCODR{KTR)+1
GO TO 1215
1245 LAZY=4
c
c TRAIN 1S AT WASTE DUMP, SEE WHETHER TRAIN IS READY T0O D
1255 IF {KRAVDP{KTR).FQ.1) GO TO 1405
IF (NDLBDP(KTR}.EQ.0) GO TO 1285
1265 RARIDP(KTR)=0.
NDLBDP{KTR) =0
GO TD 1095
1275 RARIDP{KTR)=A
60 TO 1095
1285 1F (NDUMPG{KTR}.EQ.0) GO TD 1375
C TRAIN 1S DUMPING
TLS=TASRHBINLS)
IF {LAZY.EQ.4) GO TO 1325
NN=NELEMT{IR0D)
DO 1295 1I=1,NN
IF (NELEMN{IBOD,I13.EQ.3) GO TO 1305
1295 CONTINUE
STOP 1236
1305 IF (NELEMN{IBOD,II+1).EQ.5) GO TO 1315
IF {EQUIVL{TI,ILS).LE.CAPHBN{II,ILS)) GO TO 1325
RTWTDP{KTR) =RTWTDP{KTR)+DELTT
G0 TO 1095
C TRAIN DUMPS TO CRUSHER
1315 IF {BINCRU{LOCMIL{IBOD)).LE.CAPMIL{LOCMIL{IBOD))} GO T
+0 1325
RTWTDP(KTR)=RTWTDP{KTRI+DELTT
60 TO 1095
1325 A=RLDAD{KTR)
D=RLOAD{KTR)
B=RDVDPT{KTR)
C=RMEDPT (KTR)
CALL ‘RTGNDP{A,B;CyIBASE,51335,81365)
1335 RLDAD{KTR)=A
1345 1F {KMATER{KTR)/2%2.EQ.KMATER(KTR}) GO TD 1095
IF (NELEMN{IBOD,I11+1).EQ.5) G0 TO 1355
EQUIVL{II,ILS)I=EQUIVL{I1,ILS)+D-A
GO TO 1095
1355 BINCRU{LOCMIL{IBOD)}=BINCRU(LDCMIL{IBGD))+D-A
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GO TO 1095
1365 NDUMPGI{KTR)I=0
RLOAD{KTR)=D,
A=0,
GO 7D 1345
1375 NDLBDP{KTR}Y=1
KRAVDP{KTR}=1
NDUMPG{KTR}=1
RDLADP{KTR}=0,.
C TRAIN 15 AVAILABLE FOR REASSIGNMENT
1405 NI=1
SMALL=RSENDE{1}
IF {NUMLDS.LE.1) GO 7O 1425
DD 1415 N=2Z ,NUMLDS
IF {RSENDEI{N}.EQ.D0) GO TO 1415
IF {RSENDEIN).GE.SMALLY GO TO 1415
NI=N
SMALL=RSENDE{NI)
1415 CONTINUE
1425 IF {SMALL.EQ.0.) GO TO 1455
T 'SEE WHETHER THE TRAFFIC LIGHT 'IS ON, IF YES, TRAIN WAITS
MNN=NRPATH{MI,LAZY, 1) '
IF - {NREDLTINNN;1}.EQ.0) GO TO 1445
IF {LREDLTINREDLTINNN,1)1.EQ.0) GO TO 1445
RUTATNIKTR)=RYTAINI(KTRI+DELTY
GO 7O 1095
1445 KRAVDP{KTR}I=0
NASGLS{NI)=1
RSENDEINI)=0.
C ASSIGN NEW PATH TD THIS TRAIN
MTRASG{KTR}=NI
IRCOOT{KTR} =1
L RCODR{KTR}=1
KMATER{KTRI=LAZY
GO TO 1095
1455 RWTDIS(KTR)I=RWTIDIS{KTRI+DELYT
G0 T80 1095
C
C TRAIN IS AT ORE DUMP
1465 LAZY=3
G0 TO 1255
C TRAIN IS AT TAILING LDADING STATION
1475 DD 1485 1I=1,NCRUSH .
IF {(NLS.EQ.ICRASR(II}) GO TO 1495
1485 CONTINUE
STOP 912
1495 1CR=11
G0 7O 1105
c TRAIN AT RDAD INTERSECTION
c SEE WHETHER THERE IS A TRAFFIC LIGHT
1505 NNN=NRPATHINLS,KMATER{KTR}LRCOOR(KTR)+1)

167
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IF (NREDLTINNN,1).EQ.0) GO TO 1515
IF {LREDLTINREDLTINNN,133}.EQ.0) GO TO 1515
RWTAIN{KTR)=RWTAIN{KTR)+DELTY
GO T0 1095

C TRAIN DDES NOT STOP

1515 LRCODR{KTRI=LRCOOR{KTR} +1

IRCDOTIKTRY=1
CALL TRAIN
IF (RLEFT{KTR).1LE.O.} GO TO 1525
LRCODR{KTRI=LRCODRIKTR) -1
GO TO 1095

C AFTER TATIL :DF 'THE TRAIN PASSED THE INTERSECTION

C TURN DOFF RED LIGHTS

1525 I=NRPATH{NLS,NLOCO(KTR),LRCOORIKTR)-2)
J=NRCOSC( I}
DO 1535 KK=1;5
IF {LGTCON{I+J,KK}.EQ.0) GO TO 1535
LREDLT{LGTCONA(T yJ4KK} ¥=0

1535 CONTINUE

GO 70 1095
C
C ¥k
C %% ONE CYCLE OF SIMULATICN IS COMPLETED
C %%k
C

1545 CLOCK=CLOCK+DELTT
SEE WHETHER ONE SHIFT OR ONE GRID POING SIMULATION IS
IF ‘{NGRID.EQ.1} GO TO 15
IF < {CLOCK.LE.SHIFTT) GO 70 15
1555 CALL -PRINTR
END

]

(@)

SUBRDUTINE CONVEY

%edkR

k%% CONVEYQOR CONTROL SUBROUTINE
Fokok

COMMON /GENINI/CAPBIN{S),RATMIL{(5),CAPMIL{5),DELTT,3SHI
+FTT,CAPHBNIB 15 EQUIVLIS,15) 4CLOLK,BSURGE{15,2) s BWEWT -
+{3,5) yTKHTBWI3,30)PRODTBI{34542) HASTMYV(4,30) ,TKWTDP{ 4
+530) yBINCRULS) yOREMVI4,30); TKWTCR{4530) ,CUMWT 2{4,30),T
FKWTTL{4930) sWTTK{4,30)

COMMDN /BWEIN1/BCS{3,;5),BLENBM1{3,5),BL0B(3,5),BNOB{3,5
+)¢BDIA{3:;5)sBCTMAX{3,5)4BUS{3,5),BOUWMI{3,5),BFRS{3;5},+8B
+R5{3:5) yBWAVIL{3;5)yBDMEAN{3,5),BHLANG{3,5),BWRANGI3,5
+)4sBSETTM{3,5),BCAPSG{3,5,2},BKFILL{10),BKRES{10),BRPM{
+10),BVINC{10),BRORI{3,5),BGRADE{3,5),BPROB{3,57,5),8BHE]
+GT{(3,5,5,:2) yBDENST{3,5,5)+BRATID(3,5,5)},BCL0OCKI{3;,5),BP
+RDOW{3:5) yBCOUNT{3,45)

COMMON /BWEINZ2/SLPBEN{3,5)sBUTMD{3+5)+BWECHTI 3,5} ,BWTT:
+MD{3:5)yBWCTFRIZy5),BWTTHK{3,5)+BWFDD{3,51}, ‘

alsNeXel
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+ AGBCHT{3:5) + BSLKWH{3,5}),BTRKWH(3,5),BWCTS
+H{3,5) yEFFM;EFFE,BPOSIT{3:5)+BWBALK(3,5),BTRAM2{3,5]),T:
+REKWH2{(345)yBVLANG{3,5),BVRANG{3,5),BTODDT{3,5}:BDTIME{
+3,5) +BWIDTH{3,5) »BDGKWH{3,5)

COMMON /TRKIN1/TKMEAN{10),TKGVW{10),TKSPED{10,20},TKRI
+MP{10420),COSPLMI{50,5),COSLOPIS0,53,CORDRS{50,5},COSEC
+1L{50:5) , CODLENISO), TKDHIL {20) 4 TKTP {10+ 20)yRATFED{153,7
+BKT(10) s TKOMT {10} JACELMA, TKAVIL{4,30),TVEL14,30), TON{&
+330)sTRASEC{4,30),TRAELE(4,30),TBACKT(4,30)},TKTDOW{ 4,3 -
+0) 4y TKFDD{4,30) , TKDOWN{4,30)

COMMON /BELINI/CGRLEN{4),CGRSPD{4),CCAPGR {4}, CSCLEN(20
+),CSCSPD{20Y s CSEPLN{4 5 ) CRATFD{4 ), CBINCP{4},CSCFDT(20
+3}+CCPSHBI{20),CCAPSC{20)yLCDISRF{203,CTLBIN(20)},CBINFLLS
+) yCSESTP{20),CSCDIS{20)+CTHWTSC{20)sCARYSC (205 400) yCGRH -
+MC{4) sCARYGP {4,400, CGSTOP{4 ) CORWT L), CSENT{ 20 ,CSEDY
+1{20) CLDMC {4}, LDISMC {4}, CGRDIS{4), COROVL(4), CBNDCHI{ 4)

COMMON /BELINZ2/CBNDVF{4),CSCHDB{20),CSBWTKI{20),CSCAVLYT
+20),CSCFDD{20),CSDOWN{20),CGPAVL{4) ,CGPFDD{4),CGDOWN{ 4
+3

COMMON /TRNINI/CARFRY 4CARLEN,CARWTE,CARLOD{2),RMAXACLS
+92 31 +RDECEL{H 2} RWTLOC1642)RLOBCFR{54,2),RMEDPT{6),RDVD
+PT1{5), RSPEEDI6,2320):RTRAEF156,52,20) sRLCSP
+LM{30,5) ,RCSLOPI30,5) yRCELEL{30,5)},RCSECL{30),RATELS{S
+),RTCARL(5)

COMMON /TRNIN2/RMASS{6)+RFRICI6)RVEL(BI,RLEFTI{H),RTOT:
+WT{6) ,RTRELE(S) ;RTRSEC{6)RLDSDLIBS)RECAR{5},RSENDE{(S]
+sRDLSMN(5),RLOADI6) s RDLALS{6)RARIDP{S ) ;RTLTDPIS} 4RTUHT
+DP {6V +RLOADI(6) RDLADPIS) yRWTDIS{S),RWTAINIS) LRTOTLD{S
+) ¢RCARLD{6) yRTHTLD{6IsRAVL {65 2) s RFDD{6, 2}, RDOUNT .
+6492) ;RTDOWNIL6,2)

COMMON /GENINZ2/IBOD, JBHWEZNTK NEXTEN{345) s ISHF ;NPDCK3{5
+) yKTRyNLSyNSC 4NBDDY o NSHIFT , NDUMP,y NCRUSH,NTATIL ;NOBSTH{3
+) 3, IBASE,LOCMIL{S) NPOCK2{5}) NPOCK4{5}, ICRASL{5}), ICRASR
+{5) s NELEMT14) ,NELEMN{ 4,51, ICRAST{5)},,LDRUE{15,30},MAXLD
+{15) 4NEW{1534LODTK{4,30,2};MDMQUE{5,4;30}4,NEW2{5};MAXD
+PQ{5) yMCRQUE(5:4330), MAXCRQ{5),NEW3{5) MILQUE(5:4+30},
+NGRID

COMMON /GENIN3/MAXMLO{5) NEWS{5),L0DTK21{4,30),MTR1{4,30
+)

COMMON /BWEING/NBWE{3),TASBTS{3,5)NBWBEN{3,5),NCTSETH
+245) ,IBCMATI{3,5),ISET13,5),ISECT{3,5),LS0IL{3,5,53,NCT
+BEN{3,5)

COMMON /TRKINZ2/NTRUCK{4),KINDT{4,30)sNTASBD{15},IASMTTY
+{15), IASTTB{15) NPATH{4,15,4,10), TASTHB{15] ,NCOOSC{50}
+;IASIGN{4,30) NPHTK1441544)y NPOCKT{15) s NTKDPSNTKLDS, I
+ASLTYW{15)yMATERI4,30),IC00ST{4,30),LTCODR{4,30)

COMMON /BELIN3/NCGRPyNSECIS, ICDISG{4)NCSEPG{4),NCSLSZ
+{20) yNCGRSZ1{4); TASMTC {203 4NCGRFT(4), ICGRFT{4,5)5NCGRFB
+{4) s ICGRFB{4,5),ICSTOP{20),ICDISS{20):NARYIG{4), IARYPG
+{4,5) yNARYSC(20), IASCTR{203, IASCHB{4),NGASBD{4) ;NCASBD
+{20)
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COMMON /TRNIN3/NUMTRN,NUMLDS,NUTRLT; IASRHB{6), IASRTRB{S
+) yMXCRTR{56) yNRCODR,NRCOSCI30F,NREDLT{3055),LGTCONI30,5,5
+35 )y NRPATHIS 14,10) ¢y NPHRL{5,4) s MTRASG{5), IASMTR{5} ,IASR
+HS{5) yNRTDPS,NRASBD{S5); NRFIRT (6} ,NLOLO{6),KMATER{6}, IR
+C00T16) yLRCODRY{G) ,LREDLT{10)NASGLS{5),LDSCNT{H),MTOTL :
+D{8)y KRAVDP (&) ; NDLBDP (63 ,NDUMDP {6 ) NDUMPG{6 )y MECRLS{S5)

C %*%% SEE IF¥ BELT WILL ACCEPT LOAD
C &%
IF (CSESTPINSCI.NE.OY GD TO 25
IF {CSDDWN{NSC}.LT.0.) GO 70 5%
C
C %%% BELT NOT STOPPED. ADVANCE BELT
C ok
CSCDISINSCY=CARYSCINSC, 1)
CTUTSLANSL)Y=CTWTSCI{NSCI+CSCDIS{NSTY
II=NARYSCI{NSCI-1
DO 15 I=1,11
15 CARYSCINSC,1¥=CARYSCINSC,1I+1}
CARYSCINSC,,1T+13=CDISRFINSL)
CDISRFINSCYI=0,
IF {ICDISSINSCY.EQ.0) GO 7D 55 v
CSCHDB{ICDISSINSCYI=CSCHDBY{ICDISS{NSCYI+LSCDIS(NSG)
GO 7O 55
C %%k
C *%% IF LAST :PANEL EVALUATED, ADVANCE MAIN BELT
C %% ‘
25 IF:{ICDISS{NSCY-EQ.0) GO 70 45
CSBUTKLIICDISSI{NSCI)I=CSBUTK{ICDISSI{NSC) }I+DELTT
45 LSESTPINSC)=1
IF {CSDOWNI{NSLC).GE.0.) GO TO 65
55 A=LSDOWN{NSCH
CC=CSCAVLINSC)
B=CSCFDDINSD)
CALL PROCES{A,B,CC,IBASE,DELTT}
CSDOWNI{NSCI=A
65 IF - {NSC<NEJNSECIS)? RETURN
NUML=1
NUMH=NCSEPG{1}
15=0
C k&% ,
C *%% EVALUATE MAIN BELTS IN EACH GRDUP
C k%%

IF {(NCGRP.EQ.O0) RETURN

DO 325 1C=1,NCGRP :

IF {CGSTOP{IC).EQ.1ICGRWT{IC)=CORWT(IC)+DELTT "
IF {NCSEPG(ICI.EQ.0) GO 7O 115

DO 105 J=NUML,NUMH

I1S=1S5+1

IF {CGSTOP{ICYI.EQ.1} GO TO 85

IF {CGDOWN{1C3.LT.0.} GO TO 85

CSESTP{J)=0
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CLOAD=CSCDIS{J)+CARYGP{IC,IARYPG{IC,IS)) .
CARYGPUICIARYPG{IC,1S))¥=CLOAD

IF {CSCDIS{J).GT.CCAPGRITICI*DELTT) WRITE (6,75)
FORMAT {' ', 'SECTION FEEDING RATE TOO HIGH?®)}

IF (CLOAD.GT.CCAPGR{ICI*DELTT) GO 70O 95

MAIN BELT NOT OVERLOADED
GO TD 105
PANEL BELY STOP

CSESTP(J) =1 :
CSEWTIJ)=CSEWT(J)+DELTT

60 TO 105

IF {ICSTOP1J).EQ.1) GD TD 85

THIS SECTION BELT 'DOES NOT ST0OP, CUMULATE OVERLOAD

CSEOVL{J)I=CSEOVL{J)+CLOAD-CCAPGR{ICI*DELTYTY
CONTINUE

15=0

IF {NCSEPG(IC+13.EQ.0) GO TO 125
NUML=NUMH+1

NUMH=NCSEPG{IC+1)+NUML-1

ADVANCE MAIN BELT IN GROUP

IF {ICDISGIICY) 145,145,135
LOADING 7O MINE CAR

IF {CLDMC{ICDISG{IC)}.EQ.0) GD TO 165
IF {CGDOWN{IC).LT.0.} GO TO 165
CDISMC(IC)I=CARYGP{IL, 1}
CGRDIS{ICI=CARYGP{IC, 1)

IF {CGSTOP{IC}.EQ.1) GO 7O 175
IF {(CGDOWN{IC).LT.0.) GO YO 175
CGRDIS{ICY=CARYGPTIIC, 1)

ADVANCE GROUP BELTY
LL=NARYIG{IC)-1

DO 155 L=1,1L
CARYGP{IC,L)=CARYGP(IC,L+]1)
CARYGP{IC,NARYIGI{IC))=0.

GO 70 175

¥%% GROUP BELT WAITS FOR MINE CAR

Sk

165

Tk

CGRDIS{IC)I=0

CDISMCI{ICY=0.
CGRWMC{IC)=COGRWMC (IC)+DELTTY
AT GROUPS INTERSECTIONS
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%%k ASSUME SURGE ALWAYS FEEDS TAIL OF NEXT  GROUP
*%%{BIN AT HEAD OF GROUP IC FEEDS TAIL OF GROUP IC-1)
#%% IF THERE IS NO SURGE BIN SEE WHETHER GROUP I FEEDS TAI
175 LU=NCGRFT{IC)
KK=NCGRFB{ID)
IF {L1.EQ.0) GO TO 215
DO 205 L=1,11L
IF {CGSTOP{IC).NE.O) GD TO 185
IF {CGDOWN{IC).GE.0.) GO TO 195
185 CGSTOP{ICGRFTIIC,L})=1
GO 1O 205
195 CGSTOP{ICGRFT(IC,L))=0
CGRDIS{ICGRFT{IC+L)I=CARYGPUICGRFTLIC,L )51}
CARYGPUICyNARYIG{IC) )=CARYGP{IC,NARYIG(IC)I+CORDIS{ICG
+RFET(IC,L )Y
205 CONTINUE
ek
*%% ACCUMULATE OVERLOAD
%
IF {CGSTOP{ICI.NE.DO) GO TO 215
IF {COGDOWN{IC).LT.0.) GO TO 215
IF {CARYGP{IC,NARYIG{IC)) .LE.CCAPGRIIC)%®DELTT) GO 1O 2
+15
CGROVL(IC)=CGROVLI{IC) +CARYGP{IC,NARYIG{IC)I-CCAPGRIIC)
+X%DELTT
k¥
*%% EITHER NO OVERLDAD OR SURGE BIN FEEDS TAIL OF GROUP IC
ek ‘ :
215 IF {KK.EQ.0) GO TO 295
IF {CGSTOP{IC).NE.O) GO TO 225
IF {(CGDOWN{ICI.LT.0.) GO TO 225
CARYGP{ICsNARYIG{IC)I=CARYGP{IC,NARYIG{IC))+CBNDCH{IC})
IF {CARYGP{IC,NARYIGU{IC)}.LE.CCAPGR{ICI*DELTT) GO TO 2
+25
CGROVL{IC)I=CGROVL{IC)+CARYGP{IC,NARYIG{IC)})-CCAPGR{IC}
+X*DELTT
*%%x FILL BIN AT TAIL OF GROUP IC
225 IF (CBINFL{IC).LT.CBINCP{IC)) GO TD 245
DO 235 K=15KK
235 CGSTOP{ICGRFBIIC,K))=1
GO TO 295
24% DO 255 K=1,KK
255 CGSTOP{ICGRFBI{IC,K)}¥=0
DO 265 K=13KK
265 CBINFLUIC)=CBINFUL{IC)+CGRDIS{ICGRFBI(IC,K))
CBINFL{IC)I=CBINFLI{IC)-CRATFD{ICI*DELTTY
IF (CBINFL{IC).LE.CBINCP{IC)) GD TO 275
Sk '
*%% BIN OVERFLOW
CBNOVFIICI=CBNOVF (IC)+CBINFL{IC)-CBINCP{IC)
*%% BIN DISCHARGE :




275
285
295

315

325

IF (CBINFL{IC) . GT.CRATFD{ICI*DELTT) GO TO 285
CBNDCH({IC)=0. :
GO TO 295
CBNDCHUICI=CRATFD{IC)I*DELTT

IF (CGSTOPLIC).EQ.O0.) GD TD 315
IF {CGDOWN{ICI.GE.O0.,) GO TO 325
A=CGDOWN{IC)

CC=CGPAVLA{IC)

B=CGPFDD(IC)

CALL PROCES{AyB,CC,IBASE,DELTT)
CGDOWNIIC)I=A

CONTINUE

RETURN

END
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APPENDIX IV

COMPUTER INPUT AND OUTPUT OF GCOS OPERATION




1 1
152222¢1489
5.0
BRES

2
D« 80
Debh3

C
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D.12
0.03
0.60
" .CO
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23.C
30.C
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Ge 60

Je55H

1.10
5.0C

1.00
1.00

1C.0
0.00

q.{“’)

V.60

7
1

.

20
20

1275000,
1.00

127000¢C.
1.00

1590000.

1590000.
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4e57 4,57

2
0.03 5.C5

1 2
CONVEYDRS

1 3

2
133C.
1025.
4.C

T2
3.33 3.32
60 60 6

1025. 1c25

1 1
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1

1 1

1 2

0 0

3

1 1
Ce75 30.
0.30 3C.
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£e9b 30.
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3,00 5.C0
OTHE RS

3 1

O
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.

L]
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FACE EXCAVATCFRS CUTPUT STATISTICS

GRE BCDY 1
~ BUCKET WHEEL EXCAVATGR NUMBER 1

WHEEL SPECIFICATIGNS

WHEEFL DIAMETER G.00 METERS
NUMBEF_OF BUCKETS ode.
BUCKET CAPACITY : 1.10 CU.MTS.
CUT LENGTH 30.00 METERS
THECRETICAL CAPACITY 12500.28 TUN/RCUR

OPERATING CCNCITICNS

SP.CUT.RESIS ~  INITIAL FEIGHT ~ FINAL HEIGHT  FLCOR SLOPE
{KG/CM) {METER) {METER) (%)
PENCE 1 16.0-- 24.0 4.57 4,57
BENCH 2 1€.C— 24.0 4.57 : 4.57
EENCH 3 lc.C—— 24.0  4.57 4,57
EERNCH 4 16.C~~ 24.C 4.57 4,57
FENCH & 16.0-- 24.0C 4.57 4.57
0.050

PRCDUCTICGN STUCY

CrE EXCAVATED 14601.55 TONS
WASTE EXCAVATEL 0.0 TONS
ACTUAL CAPACITY 5C35.02 TUNS PER ROUFR

6LT




TIiME STUDY

cLl TRAM DELAY (WAITING) CELAY IMECE.) CELAY({CTHER)

(MINUTES) (MINUTES) (MINUTES) {MINUTES) (MINUTES)
174.GC 10.61 12.33 $3.6C 15.33

PCWER CUNSUMPTICUN

e CUT o CRGWD SLEW  TRAM
KwH KinH KwH Kink
1453.55 15.56 1222.13 2.11
Kk RATING OF THE DIGGING MOTCK 501.2
Kw RATING GF THE SLEW MOTCR 421.4

Kk KATINC CF THE CRAWLER MCTORS =~ _105.8
PCSITICN CF BUCKET WHEEL

WHEEL IS IN CUT 2 ADVANCE 3.19 METERS

~ BUCKET wHEEL EXCAVATCR NUMBER 2

WHEEL SPECIFICATICNS

WHEEL DIAMETER 9.00 METERS
NUMBER CF BUCKETS - 10. )
BUCKET CAPACITY 1.10 CL.MTS.
CUT LENGTH 30.00 METERS
THECRETICAL CAPACITY 12500.28 TCN/HCUR

CPERATYING CUNUITICNS

SP.CUTLRESTS INITIAL HEIGHT FINAL HEIGHT FLDOCR SLGPE
(KG/C#) (METER) (METER) (%)
Eenlr 24.0-= 3£, Ga07 4457
FENCHR 2 24.0-— 36,0 457 4457

08T




BEENCH 3 24.C—-— 3¢.0 4.57 4457
BENCH 4 24.0—- 36.0 4,57 4,57
0.050
PRODUCTICN STULY
GRE EXCAVATED - 15902.50 TONS
WASTE EXCAVATEL 0.0 TONS
. ACTUAL CAPACITY 4469.20 TCNS PER HOUR
TIME STUCY
cuT ' TRAM - DELAY(WAITING) DELAY(MECH.) DELAY(CTHER)
{MINUTES) {MINUTES) (MINUTES) (MINUTES) {MINUTES)
o €13.5C 11.05 67.83  _ __ 13.32 - 0.0
PCWER CONSUMPTICA
Ut CROWD SLEW  TRAM
Kwki KuH KwH KwWH
T Tlésel.s4 26023 0 T TT1461.14 T 2.2
Kh RATING OF THE DIGGING MOTOR 466 .2
Kh RATING OF THE SLEW MCTCR 41C.6
Kk RATING CF THE CRAWLER NMCTCRS 104.6
_POSITICN OF BUCKET WHEEL
WHEEL IS IN CUT 2 ADVANCE 6.87 METERS

18T




BWE SUMMARY
PRCDUCTICN(TUNS)
o URE WASTE
(RE BODY 1
BENCH 1 146Cl.6 0.0
BENCE 2 159C2.9 0.0
SUBTCTAL 305C4.4 0.0
_CGRAND TCTAL _305C4.4 020
 STETISTICS-TCNS/HK/BsHRS/HR/B 2541.45 0.0

LOACING
(MINUTES)

174.00
213.50
387.50
387.50

0.5381

WA ITING
(MINUTES)

72.33

67.83
140.17
140.17

0.1946

c8T



st [ Yo

BELT CGRCLP 1

SECTICN TCTAL
CBELT PRODUCTION
(TEN)
1 146€4.5
2 157S7.4

GRCUP 1 WAS CVERLOADED
CELAY TIME(WAITING) 1S.17

CONVEYCRS CUTPUT STATISTICS

GVERLCAD MAIN OVERLCAD WAIT FOR

BELT  PREVENTION  SURGE BIN
{ TCN) {MIN) {MIN)
0.0 0.0 0.0
0.0 0.0 0.0

.0 TCNS BY GROUPS O

MINUTES

TOTAL CELAY TIME (WAITING+MECH.) 34.5C MINUTES

0.0 ' 0.0 0.0

WAIT FOR
MAIN BELT
(MIN)

34.5
34.5

€8T




APPENDIX V

COMPUTER INPUT AND OUTPUT OF HYPOTHETICAL CASE STUDY




2 1 3 1 1 1
1292744850 2
5.0 21€CC. . 3
BWES -- BWE INPUT DATA —- 4

6 5
0.90 30.C 0.40 1.0 6
0.80 60.C 0.40 0.8 7
0.50 9C.C 0.50 0.70 8
0.40 120. .60 0.7 9
0.30 15C. C.70 0.7 10
0.20 18C. .70 0.7 11
o} 12

3 . -— 3 BWES IN THE FIRST QORE BODY —- 13
0.15 48.0 1.50 14.0 11.48 24.0 2500000. 326700C. 14
0.03 1C0.C 30.0 1800. 1.0 1.0 1.0 15
0.80 30.C 16
40C. 4CC. ‘ 17

2 . 18
7.5 7.5 0.999 2.5 0.0 19

3 . , 20
7.5 7.5 0.999 2.5 0.0 21

3 22
0.02 0.C5 23
0.15 48,C 1.50 14.0 11.48 24.C 2500000. 3267000, 24
0.03 10.C 30.0 1800. 1.0 1.0 1.0 25
0.80 30.C 26
400, 40C. 27

2 28
7.5 7.5 0.999 2.5 1.0 29

2 30
7.5 7.5 C.999 2.5 1.0 31

2 32
D02 0.C5 33
D.15 48.C 1.50 14.0 11.48 24.0 25000C0. 3267000. 34
0.03 10.0C 30.0 18C0C. 1.0 1.0 1.0 35
C.3C 30.C 1%

68t
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na '

2
7.5 7.5
2
7.5 7.5
2
0.C2 €.C5
3 -- 3 BWE
0.15 48.C
0.03 10.C
0.80 3C.C
400. 40C.
2
7.5 7.5
1
7.5 7.5
2
0. G2 0.C5
0.15 48.C
0.03 10.C
0.80 3C.0
400. 40C.
2
7.5 7.5
2
7.5 7.5
2
0,02 c.C5
0.15 48.C
0.03 10.C
0.80 30.C
40C. 40C.
2
7.50C 7.5¢C
2

0.999

0.999

2.5

2.5

IN THE SECOND ORE BODY —-

1.50
30.0

0.999

0.999

1.50
30.0

0.999

0.999

1.50
30.0

14.0
1800.

14.0

2.5

14.0

. 1800,

11.48
1.0

1.0

1.0

11.458
1.0

24.0

25000C0.
1.0

2500000.
1.0

25000C0.
1.0

3267000.

3267000,

3267000.

37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
61
62
63
64
65
66
67
68
69
70
71
72
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TRUCKS
4

N

75.0

C
1€

0
«0

66C00.
12000.

- GC.0

C
16

-0
.0

'5120C.
68CC.

i 1000
C.0

16.

0

512C0.
9000.

120.

C.

0

1€.0

53CCC.
9600,

51.5

[E—— Mgt EpR—.) S N—— |

TRUCKS INPUT DATA *%x%k¥k%

0.99
3
€
%k k¥
41.5 10.
2.0 4.0
2C.C 24.0
540CC. 41500.
9400. 7700.
17.6 10.
2.0 4.0
20.C 24.0
4GC5C0. 31000.
54C0. 5000.
8C.4 10.
2.0 4,0
2C.C 24.0
405C0. 300C0.
6900. 5500.
1C0. 10.
2.0 4.0
2C.C 24.0
S 460C0., 360C0.
8300. 6400,
42.6

38.2

10.HAULPAK READ CUMP 758 GM 16V71 ENGINE

6.0 8.0 10.0 12.0 14.0
28.0 32.0 44,0
30500. 21800. 13000. 16000. 13000,
6500. 570C. 5C00. 4500.
10.HAULPAKBOTTOM DUMP MODEL 90 CUMMINS VT
6.0 8.0 10.0 12.0 14.0
28.0 32.0 38.0 44 .0
21000. 18500. 13000. 11800. 10000.
4600. 3500. 3300.
10,HAULPAK BOTTOM DUMP MOCGEL 100 CUMMINS VT
6.0 8.0 10.0 12.0 14.0
28.0 32.0 38.0 44.0
21000. 18500. 13500, 12000. 9500.
4900. 4400. 3480. 3300.
10.HAULPAK BOTTOM DUMP MODEL 120 GM 16V
6.0 8.0 10.0 12.0 14.0
28.0 32.0 38.0 44.0
26000. 19000. 165C¢C. 13000. 12600.
6200. 4800. 4300. 4000.
35.3 32.3 29 .4 27.9°

73
74
75
76
77
78
79
80
81
82
83
84
85
86
87
88
89
90
91
92
93
94
95
96
97
98
99

100

101

102

103

104

105

106

107

108

L8T




0.90
0.90
0.90
0.90
0.9C
0.9C
30

0.90
0.50
0.90
0.90
C.9C
0.90
0'90
0.900
0.900
0.9C0
0.90
0.90
0.90
0.90
C.90
0.90
0.9C
0.9C
0.20
0.90
0.90
C.9C

25.C

30C.
300.
30C.
30¢C.
30C.
30C.

[SURV S

30C.
300.
30C.
3CcC.
30C.
300.
30¢C.
3CC.
3CC.
3CC.
30¢C,
3CC.
30C.
30C.
300.
30C.
30C.
306C.
3CC.
.3OC.
300.
30C.

W W

W

109
110
111
112
113
114
115
116
117
118
119
120
121
122
123
124
125
126
127
128
129
130
131
132
133
134
135
136
137
138
139
140
141
142
143
144

88T




C.90
0.90
0.90
0.90
C.90
0.G0
0.90
0.90
25

0.9C0
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FALE EXCAVATCRS CUTPUT STATISTICS

URE BCOY 1
CBUCKET WHEEL EXCAVATCUR NUMBER 1

WHEEL SPECIFICATICNS

WHEEL DIAMETER 11.48 METERS

NUMEEK OF BUCKETS l4.

BRUCKET CAPACITY 1.50 CU.MTS.
CUT LENGTH 48,00 METERS

THEQRETICAL CAPACITY 27512.87 TCN/HCUR

1
4

GPERATING CCONCITICNS

SP.CUT.RESIS INITIAL FEIGHT FINAL HEIGHT FLODR SLOUPE
(KG/CHM) (METER) {METER) (%)
72.(—1C8.C 7.5C , 7.50
72.(——1C8&.0 7.5C 7.50
0.050

FROGDULCTICN STUDY
URE EXCAVATED 0.0 TUNS
WASTE EXCAVATLE 35544 ,37 TONS
ACTUAL CAPACITY 1360435 TCNS PEFR HOUK

TIME STULY

go¢e




cLl TRAM DELAY (WATITING) CELAY (MECH.) CELAY- THER)
(MINUTES) {(MINUTES) {MINUTES) {MINUTES) (MINU 7S)
28%.75 Se42 0.0 59,58 8.Cr
PCWER CONSUMPTICN
cuT CRCWD SLEW TRAM
KwH KwH KWH Kk
6250.25 ~~  28.65 - 5244.71 , 0.76
K RATING CF THE DICGGING MCTICR 1302.6
Kk RATING CF THE SLEW MGTICR 1C86.0
Kh RATING CF THE CRAWLER MCTORS 159.5

PCSITICN CF BUCKET WHEEL

 WHEEL IS IN CUT 2  ~ADVANCE 22.43

BUCKET WHEEL EXCAVATCR NUMBEFK 2

WHEEL SPECIFICATICNS

WHEEL DIAMETER 11.48 METERS
NUMBER OF BUCKETS 14.

BUCKET CAPACITY 1.50 CU.MTS.
CUT LENGTH 48.00 METERS
THECRETICAL CAPACITY 27512.87 TCN/HCUR

CPERATING CGNCITICNS

SP.CUTLRESIS INITIAL HEIGHT FINAL HEIGHT

(KC/CM) {METER) (METER)
FEnCHE 1 45.C—- T72.0 T.5¢C 1.50
BENCE 2 4dt.—— 12.0 Teo0 7.5C

FRCOLOTICN STUDY

METERS

FLUOR SLCPE
(%)

602




CRE EXCAVATED 17985.31 TONS
WASTE EXCAVATEL 0.0 TUNS
ACTUAL CAPACITYY 9953.44 TCNS PER HOUR

TIME STULY

" POSITICN OF BUCKET WHEEL

TWHEELU ISTINCUT 2

BUCKET WHEEL EXCAVATCR NUMBEK 3

WHEEL SPECIFICATICNS

WhEEL DIAMETER o 11.48 METERS
NUMEEK GF BUCKETS 14.

ELCKET CAPACITY . 1.50 CU.MTS.
CUT LENGTH 48.00 METERS

- THECRETICAL CAPACITY 27512.87 TON/HTUR
CPERATING CONCITICNS

FINAL HEIGHT
{METER)

INITIAL FEIGHT
(METER)

SPLCUTRESIS
(KG/CM)

T ADVANCE = 10.95

LY TRAM DELAY (WAITING) DELAY (MECH.) CELAY{CTHER)
(MINUTES) (MINUTES) (MINUTES) {MINUTES) (MINUTES)
1C8.42 4.34 222.00 25.42 1.5C
; B " PGWER CGCONSUMPTICN o
cuT CRCWD SLEW  TRAM
KWwH KwH KWH ~ KWH
. 1814.52 6.40 1256.63 ... Q.61 _
Kk RATING UF THE DIGGING MOTCR 1004 .4
KW RATING CF THE SLEW MCTCR _ 695.4 _ i o
Kh FATING CF THE CRAWLER MOTORS 165.9

METERS T
no
FLCOR SLOPE o

(%)




EENCH 1 48.0-— 712.0 7.50 7.50
FENCH 2 48.C—— 72.0 7.5C 7.50
0.050
T ) o T T TTUTPRODLCTICN sTucY
CRF EXCAVATED 17556.76 TCNS
WASTE EXCAVATED - 0.0 TONS
ACTUAL CAPACITY 9953.44 TONS PER HCUK
- T T T TTTTTTTTTYIME OSTuDY T T
B CuY TRAM " DELAY{WAITING) DELAY (MECH.) DELAY (¢ THER)
o __{MINUTES) C{MINUTES)  (MINUTES) _ (MINUTES) (MINUI: S)
105.83 4,53 227.58 19.92 4,01
POMER CCNSUMPTIGN T } T
o cut "~ CROWD SLEW TRAM - o
KwH KWH L KRH L KWk e
1771.68 _6.98 1226.69 0.64 o e e
Kh RATINGC CF THE DIGGING FOTGR 1004 .4
. . Kk RATING GF THE SLEW MGTCR = 695.4 L
Kk KEATING CF THE CRAWLER MOTORS 1é4.6
- " POSITIGN OF BUCKET WHEEL
T e N "WHEEL IS IN CUT ~ 2 ADVANCE ~ 10.53 METERS i
ORE RCCY 2 m
i [l

 BUCKET

"WHEEL EXCAVATUR NUMBER 1




WHEEL SPECIFICATICNS

11.48
14,

WHEEL DIAMETEK METERS

NUMBER GOF BUCKETS

BUCKET CAPACITY
CUT LENGTH ,
THEGRETICAL CAPACITY

48.00 METEFS

CPERATING CONGCITICNS

ity

SP.CUT.KESTS T
(KG/CM) (METER)

EENCH 1  24.C—— 36.0 7.5C

1.50 CU.MTS.

TINITIAL HEIGHT — FINAL

27512.87 TCN/HCUR

TFLOOR SLOPE
(z)

AL HEIGHT
{METER)

7.50

CBENCH 2 48.C— 72.0 7 T.50

g T e Sy
C.050

PRCODUCTICN STUDY

GRE EXCAVATED 29251.68

TONS

WASTE EXCAVATEL
ACTUAL CAPACITY

0.0
9967.45 TC

TONS
NS PER HCOUR

L3

__TIME STuDY

__DELAY(WALTING) |
{MINUTES)
. 139.58

cer
{(MINUTES)
. 176.CE

~ TRAM o
(MINUTES)
5.03

PCWER CONSUMPTION

TRAM
KinH

CuT
KwH

CRCWD

( SLEW
K WH

KWH

2038.52 0.
10604.0
£G4,6

161.5

2646 .48 714,91
Kh FATING UF THE DIGGING MCTCR
Kh KATING Cf THE SLEW MCTCR
Kw RATING CF THE CRAWLER PMCTCKS

_ DELAY(MECH.)
{MINUTES)
34,11

DELAY{GTHER)
(MINUTES)
7.50

1

212




] S POSITION OF BUCKET WHEEL
WHEEL IS IN CUT 2 ADVANCE _ 18.54 METERS -
i o o " BUCKET WHEEL EXCAVATCR NUMBER 2

~ WHEEL SPECIFICATICNS

WHEEL DIAMETER i1.48 METERS T
_ NUMBER OF BUCKETS 4.
BUCKET CAPACITY 1.50 CU.MTS.
. CUT LENGTH o . 48.00 METERS
THEQRETICAL CAPACITY 27512.87 TON/HCUR
OPERATING CCNLCITICNS T
- - SP.CUT.RESIS INITIAL HEIGHT  FINAL HEIGHT FLOOR SLOPE
L i _ (KG/CM)  {METER) B (METER) (2)
EENCH 1 48.C—— 72.0 ~ 7.5C ~7.50 L L -
L o i B 0.050
- PRODUCTICN STUDY
o ) GRE _EXCAVATED 44237.50 TONS
WASTE EXCAVATEL 0.0 TONS
ACTUAL CAPACITY ~ 6953.44 TONS PER HCUR
N TIME STUDY
CLT , _ _ TRAM DELAY (WAITING) DELAY (MECH.) DELAY(CTHER)
(MINUTES) (MINUTES) (MINUTES) {MINUTES) {MINUTES)
CEELET £.85 8442 68,75 12.50C

£€1e




PCWER CONSUMPTICN

cuT CRGHD SLEW TRAN
KwH K wH KwH KivH
44€4.C3 21.03 3C90.75 1.32
Kw RATING OF THE DIGGING MCTCR 1004 .4
KW RATING GF THE SLEW MOTCR 695.4
Kk RATING CF THE CRAWLER NMCTURS 161.4

WHEFL DIAMETER

PCSITICN OF BUCKET WHEEL

WHEEL IS IN CUT 1 ADVANCE

BUCKET WHEEL EXCAVATCR NUMBER 3
WHEEL SPECIFICATIONS

11.48 METERS

NUMBER GF BUCKETS » 14,
BUCKET CAPACITY 1.50 CU.MTS.
CUT LENGTH 48,00 METERS

THECRETICAL CAPACITY 27512.87 TCEN/HCUR

FErCrH 1
BENCE 2

SPL.CUT.RESIS
(KG/CM)

A
Sel0——

GPERATING CUNLITICNS

{METER) {(METER)
7249 T.5¢C 7.50
7.0 7.50 750

PROEDUCTION 5TUDY

INITIAL HEIGHT FINAL HEIGHT

METERS

FLCCR SLGPE
(%)

C.058

hie




CRE EXCAVATED . 38182.49  TONS
WASTE EXCAVATEL 0.0 TGNS
ACTUAL CAPACITY 6953,44 TCNS PER HOUR
) TIME STUDY
cuY TRAM DELAYIWAITING) DELAY {MECH.) CELAY(CTHER)
(MINGTES) {MINUTES) (MINUTES) (MINUTES) {(MINUTES)
230.17 5,63 0.0 62.50 64,50
PCWER CONSUMETICA
cuv CRUWD SLEW TRAM
KWwH K wH Kt K H
1a832,(¢2 - 23.18 . 2667.71 , 0.84
Kk RATING CGF THE DIGGING NMGTOR 1004 4
Kk RATING UF THE SLEW MOTCR £95.4
Kk KATING GF THE CKAWLER MGTURS 160.0
PCSITIUN GF BUCKET WHEEL
WHEEL IS IN CUT 1 ADVANCE J.42 METERS

STeC




T CRE BODY

CRE BODY
BENCH
BENCH
BENCH

SURTCTAL

BENCFK

BENCH

BENCH
SUBTGTAL

" GRANC TCTAL

1

(SIS

W N e

BWE SUMMARY

PRCLOUCTICN{TONS)

ORE

0.0
17985.3
17556 .8
35542.1

29251 .7
44237.5
38182.5
111671.6

147213.6

STATISTICS-TONS/HR/DB4HRS/HR/B 4088.32

WASTE

35544 .4
0.0
0.0
35544 .4

cocaoo
[ ]

COoOOO

35544 .4

987.12

LCADING
(MINUTES)

282.75
1C8.42
105.83
504,00

176.08
266.67
230.17
£72.92

1176.92

C.5447

WAITING
{MINUTES)

0.0
222.00
227.58
449.58

135.58
8.42
0.0

148.00

597.58

0.2766

91¢




CONVEYURS GUTPUT STATISTICS

SECTICN TOTAL OVERLCAD MAIN GVERLCAD WALT FGR WAIT +GR

BELT PRODUCT IO RELT PREVENTION SURGE RIN MAIN BELT
(TCMN) ( TCN) (MIN) (MIN) (MIN)

1 17542.5 0.0 | ¢.0 123.5 | 0.0

2 17652.5 9.0 0.0 124.3 C.0

LTe




TRALNS

LCACLING STATIGN 1
TGTAL CARS LCADED 348
WAIT TIME FCR EMPTY MINE CARS 130.00

LOALING STATICN 2
TOTAL CARS LCADED 359
WAIT TIME FOR EMPTY MINE CARS 127.33

TRAIN 1
TCNNAGE HAULED 6CCC.C
AT LOADING STATIGN 1
DELAY TIME  19.4 MINGTES
_ CARS LCADED 60
AT LCADING STATION 2

DELAY TIME 0.0 MINUTES
CARS LCADED 60
AT INTERSECTIONS 1 2

3
DELAY (MIN) 0.0 C.C 0.C
JOTAL ~ 218.2 MINUTES

DUTEUT STATISTICS

MINUTES

MINUTES

4 5 6 7
0.0 0.0 0.0 218.2

WAITING FOR DISPATCHING  3.75 MIANUTES
CELAY AT DUMPING STATION 0.C MINUTES

TRAIN 2
TONNACGE HEULEL S000.C
AT LUOADING STATION 1
DELAY TIME C.0 MINUTES
CARS LCACED 60

AT LGACING STATIUN 2
DELAY TIME 17.5 MINUTES
CARS LCACESD 120
AT INTERSECTICNS 1 2 3
CELAY (MIN) 0.0 C.C 0%
TCTAL 133.1 MINUTES

4
e Ce

& 7
0.0 132.0C

O wn

WAITING FCOr DISPATCHING Lot MIMNUTECS

CELAY AT CL#PING STATIUN

Te 0N 2

Ce5C MINLTES

Q12




TLANACE FAULEL €0600C.C
AT LOAGING STATION 1
DELAY TIME 5¢.0 MINUTES

.~ CARS LCABED 60
AT LCADING STATICN 2
DELAY TIME C.0 MINUTES
CARS LCADEC 60
BT INTERSECTICONS 1 2 4 5 6 7

2
DELAY (MIN) 0.C C.C 0.C 0.0 0.C 0.0 186.3
o . T0TAL 18643 MINLTES ‘
WAITING FCE DISPATCHING 0.C MINUTES
CELAY AT DUMPING STATION 0.0 MINUTES

TRAIN 4

TUNNACGE BEAULED 12C000.C

AT LOADING STATICN 1
DELAY TIME C.0 MINUTES
CARS LCADED 120

AT LCADING STATION 2
DELAY TIME 55.C MINLTES
CARS LOGAGED 120

AT INTEKSECTICNS 1 2 3 4 5 & 7
DELAY (MIN) 0.0 C.C 0.C 0.0 0.0 0.0 1.6
TOTAL 1.6 MINUTES

WAITING FCR ULISPATCHING C.0 MIANUTES
CELAY AT DUMPING STATICA Ceb67 MINUTES

TOTAL
LELAY TIME AT INTERSECTICNS 534,17 MIN 03743 HRKS/HR/TRAIN
WAITING FUR DISPATCHING 3.75 MIN 0.0026& HRS/HR/TEAIN
PATTING AT LCAUING STATICN 15C.%2 MIN D.1C48 HRS/HK/TKAIN
LELAY AT DUMPING STATICA 1.17 NMIN 0.0002 FRES/HE/TRAIN
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