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ABSTRACT

A method has been developed for study and evalu-
ation of overburden removal systems in open pit mining.
The computer simulation method shows the eflect of
vehicle and course characteristics and the control of
loading time on overall production and cost per unit of
overburden removed.

Data are available from vehicle manufacturers and
from past mining experience. The data are punched onto
processing cards and the system is then simulated and
analyzed using a digital computer.

The products of the system simulation consist of a
tabulated listing of all control variables after each
simulated vehicle loading and a system summary predicting
shift production, cost per ton, vehicle delay times, and
average queue lengths at the load and dump facilities.
Mine management can use the results of the system simu-
lation as a tool to help determine optimum fleet size

and type for maximum production and minimum cost.
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I. INTRODUCTION

Open pit mining is an increasingly important method
of mineral exploitation that is applicable to ore bodies
which lie near the surface. The history of surface
mining is generally associated with the mining of coal,
iron and copper ores, and non-metallic minerals such as
gypsum, sand, gravel, clays, phosphates, and stone.

The advantages of surface mining override those of
underground mining with respect to grade control, ore
recovery ratio, operation flexibility, safety, working
conditions and economy. Of these advantages, economy
is probably the most important factor. Many ore deposits
are at such a depth that the amount of overburden to be
handled imposes economic limits to existing open pit
mining techniques. When these limits are reached the
mine must either be abandoned or converted to an under-
ground operation. If technology can increase the
economic efficiency of handling overburden removal, it
is obvious that the depth to which a deposit may be

economically mined by surface methods may be increased.

IMPORTANCE OF PROBLEM

The open pit mining industry is faced with more
problems today than at any other time in its history.

Present and future demands for minerals are ever on



the increase and have put a tremendous pressure on the
industry. As the higher grade, near surface ore bodies
become exploited, mineral demands are forcing the open
pit mining industry to turn to the leaner, deeper ore
deposits. With these ventures come greater geological
complexities and greater demand for technically trained
labor forces resulting in higher wage rates. In order
to improve on the bulk material handling concept, many
problems present themselves for consideration.

One of these problems is the need for economically
efficient overburden removal in open pit development.
Large volumes of material must be handled quickly,
efficiently and at less cost. Two-~thirds of the 8.8
billion tons of ores mined throughout the world (1964)
come from surface operations. If the stripping ratio
for the United States is assumed to apply equally to
world production, then over 21 billion tons of waste,
or a total of almost 27 billion tons of material, are

1/

mined annually in the world by surface methods.—

The Anaconda Company at its Twin Buttes, Arizona,
project is currently engaged in the largest known pre-
production stripping operation in the history of mining.
The development of the pit may reach dimensions of one

by one and one-half miles at the surface with a possible
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depth of 1,800 feet. To accomplish their goal by 1969,
Anaconda must strip 200 million tons of overburden to
reach the ore deposit approximately 460 feet below the
surface.g/ It is apparent that no ore can be mined and
no return on investment realized until after the over-
burden has been removed, Therefore, it is essential that
the overburden be removed as swiftly as is economically

feasible.

PROBLEM STATEMENT

As in many other open pit operations, the geology
of the Twin Buttes project lends itself nicely to removal
of overburden by a team of rubber-tired scrapers utiliz-
ing tractor pushers during the load cycle for additional
horsepower and traction.

These scraper and pusher units, though expensive,
are the heart of the overburden removal system. They
must handle large tonnages quickly and efficiently.
Since time is of paramount importance, any breakdown or
delay in the scraper operation causes the entire project
to suffer a setback. The whole project must be operated
efficiently and consequently the scraper utilization
should be the strongest link in the chain of overburden

removal.



Queue time at both the loading and dumping points
is the chief cause for delays in the scraper cycle,
Figure 1 schematically represents the scraper cycle.

The loading time of a scraper is in some instances
greater than the haulage time of the scraper from the
load point to the dump point. This phenomenon usually
creates inherent queues both at the load and dump points.
Although it is near to impossible to economically elimi-
nate queueing altogether, it can be brought to a minimum
and thus increase the efficiency of overburden removal
and maintain or decrease the cost per unit of material
handled.

This paper describes a simulation model developed
to analyze scraper-pusher utilization in open pit mining
systems., The mining simulator discussed here was devel-
oped as a tool to aid management in evaluating alter-
native open pit haulage schemes and to reduce the risk
involved in the selection of equipment in open pit mining
operations.

There are two simulators referred to in this paper.
The first is the scraper simulator which describes the
behavior of the rubber-tired tractor-scraper travel time
over a given course. The second simulator is a system

simulator which pertains to the entire overburden



removal operation (system). As a necessary portion of
the system simulator, the scraper simulator is treated

as a subroutine in the computer program.

g———
= 20 o, m|
LoAD I N
FACILITY DUMP
FACILITY
O

[0 - scraper
A - pusher

Scraper Cycle

Figure 1

SCOPE OF PROBLEM

It may sometimes be beneficial to management to
know when new or additional equipment may be needed and
what affect this change may have on the system in part
and as a whole. Where a large number of alternatives
must be investigated prior to arriving at a final
decision regarding materials handling problems, computer
application may be found especially useful. It is for
this reason that a computer simulation program of the

type described in this paper is necessary and important.
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Some constructors are of the opinion that in order
to maximize production, every haulage vehicle must be
loaded to and in many cases past its maximum rated load
capability. Besides being a false assumption, this
constant overloading of a haulage vehicle not only
increases the haul time but also increases the wear on
the mechanical parts of a vehicle obviously designed for
a specific maximum rated load. Machinery breakdown causes
excessive maintenance costs, reduced availability of the
machine and lower mine production.

The volume of material loaded by a scraper is
dependent on the length of the loading time. Theoreti-
cally, maximum production and minimum cost occur when the
loading time is adjusted to yield zero waiting time for
both the scrapers and the pushers, or at that loading time
which minimizes the waiting times.

The haulage system considered in this study is that
of a single loading point and a single dumping point.

The haul road and the return road of the system may be

one and the same or they may be separate. In either case,
the haul and return roads must be described by segments
of several constant characteristics throughout each seg-
ment. These characteristics are length, grade, rolling

resistance, and maximum allowable velocity.
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It is assumed that the scrapers empty their payloads
into a hopper or some similar facility. The material is
then removed from the facility by truck or conveyor in
such a manner that no delay is caused in the system. It
is further assumed that the dump time is constant regard-
less of the load size being dumped. The computer simul-
ator allows management to view the entire overburden
removal system after each scraper has been loaded. Manag
ment has the opportunity to observe such system character
istics as gqueue length at the load point, queue length at
the dump point, scraper type loaded, pusher type used for
loading, load time, payload, haul time, total tonnage
loaded at time t, total tonnage dumped at time t, and the

total accumulated shift time.

RELATED STUDIES

In recent years operations research techniques have
played an ever increasing role in problem approach and
solution in the mining industry. With the increased
complexity of today's open pit mining, mine management
has turned to computers for the quick and efficient
problem-sclving techniques. Of the many operations
research techniques, computer simulation and queuilng
theory have gained important recognition by mine manage-

ment as tools to help solve mining problems of a cyclic



nature (Van Voorhis, Ware).

Computers have been used to aid management in the
area of open pit mine design (O'Brien and Nowak), reserve
estimation, and material handling. In 1964, an article
by Madgez/ described the computer simulation of truck
movement in an open pit mine operation consisting of two
pits symmetrically located with respect to the concen-
trator site. The purpose of the simulation was to help
determine fleet requirements and to examine the effects
of alternate ore removal procedures at the pits. 1In
1963, Eisen and Tainiterg/ discussed queuing processes
with two mean arrival and service rates in which the units
arrived at random and required varying amounts of service.
They obtained analytical expressions for generating aver-
age queue length and average waiting time.

In 1966, O'Neillg/ presented a stochastic approach
to the open pit material handling problem. This model
simulated more complex systems than previous models by
considering transportation of material from multiple mine
faces to multiple mine destinations and by being adaptable
to a wide variety of mine designs. However, as in pre-
vious simulation attempts, random number generation was
utilized to determine the value of a random variable

through the use of either a probability distribution



function or a cumulative frequency polygon plot of the
particular element.

Probability distribution functions and cumulative
frequency polygons are necessarily obtained from time
studies of existing operations or from reasonably accur-
ate predictions based on similar operations under similar
conditions. Since the program presented in this paper
was developed to aid management in the evaluation of
either an existing mine operation or a proposed mine
operation, an attempt was made to divorce the computer
logic from complete dependence on time studies of exist-
ing operations. Another important characteristic of this
study is the method by which the loading time and queue
lengths are controlled. The scraper loading time is
ad justed to maximize production while minimizing cost.
Not only is the load time dependent on the queue lengths
at both the load and dump facilities, but also on the

estimated haul time of the scraper being loaded.
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IT. SCRAPER SIMULATOR

THEORY AND ASSUMPTIONS

In order to make en overburden removal system sfudy
meaningful, it was necessary to develop a computer
simulation program for the purpose of calculating the
haul time and return time for a given vehicle on a given
course. Discussion in this chapter is devoted to the
development of such a program based on a similar effort
by Caterpillar Tractor Company entitled, "Travel Time
And Earthmoving Production Program." The principal use
of the scraper simulastion program is to predict the per-
formance of the various scraper types used in conjunction
with a given mining plan. The calculated travel times
are the maximum potential of the scraper since vehicle
interference, mechanical reliability, and operator effi-
ciency are not considered in the program. However, an
allowance is made in the system simulation program enabl-
ing management to apply an efficiency correction factor
to the calculated travel times. The following discussion
includes the needed input information for both the scraper
and the course to be traveled including the various
assumptions used in the scraper simulator.

At any given velocity, the net force availlable for

acceleration is the difference between the rimpull (that
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force made available for motion at the wheel rim) and the
motion resistance. The acceleration at any instant then
becomes the net force divided by the total scraper mass,
This scraper acceleration applied over a suitably small
time increment, .3 to 3 seconds, increases the stored
values of velocity, distance traveled, and elapsed time.
The acceleration is recalculated at the new velocity and
the process is repeated until the cocurse is completed.
This process produces the time necessary to travel either
the haul or return portion of the course. The travel
time is also influenced by the shifting time. However,
the computer program only considers powershift vehicles
and regards the resulting shift time between gears as
negligible.

Braking is usually required at the end of the haul
road or return road or if it is necessary for the scraper
to slow down due to sharp turns, narrow roadways, rough
ground, or possible speed restrictions in the next road
segment. The rate of braking depends largely on vehicle
limitations and operator comfort. DeVahl (1960) estimates
that operator discomfort is realized at a deceleration
rate of 8-12 ft/secz. It was assumed in this program that
the rate of deceleration will not exceed 7 ft/secz.

When braking is to occur on a road segment with zero
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or positive motion resistance (grade plus rolling), the
deceleration rate will be 7 ft/secz. However, on a road
segment with a negative total motion resistance an adjust-
ment 1in the braking capability must be introduced. As the
negative slope of a road segment increases there is less
traction available to the scraper for braking. To adjust
for this loss in traction the deceleration rate was de-
creased linearly with an increase in negative total motion
resistance (Figure 2). It was assumed that the braking
ability of the scraper would be zero at a total negative
resistance of minus 35 percent. Therefore, a scraper
would not be able to slow itself down on a road segment
with a total negative resistance equal to or greater than
minus 35 percent. This is somewhat of a conservative
estimate since a scraper could be slowed down on steeper
grades with good brakes, good traction and experienced
operator control. However, it was felt that the operator
should have to do no more than to drag the scraper bowl
as an extra braking effort on very steep grades.

At the end of each small time increment in the
scraper simulator, a check is made to determine if braking
should begin. The point at which braking is to begin is
influenced by the speed restrictions of the next segment
or at the end of the course. At the point where braking is

to begin the scraper is slowed down to its intended speed.



BRAKING RATE

FT/SEC?

] 1 ! I 1 ] l
-35 -30 -25 -20 -5 -10 -5 (0] 10 5
TOTAL MOTIOM RESISTAMNCE (%)

ASSUMED DRAXING RATE
VS

TOTAL MOTION RESISTANCE

FIGURE 2



14
When a scraper or any vehicle is accelerated linearly
the rotary parts must also be accelerated in rotation.
This rotary acceleration requires an additional force or
energy than that needed for mere linear acceleration. The
force needed to accelerate a body linearly is described by:
= MA where: ' - force
M - mass
A - acceleration

The force needed to accelerate a body in rotation is

given by:

T = Ia where: T = torque,
I = moment of inertia about
the rotational agxis, and
a = angular acceleration.

The torgque applied to a flywheel is greater than the
torque delivered from the flywheel. This difference in
torque is that force necessary to develop the angular
acceleration of the flywheel., This difference in torque
i1s proportional to the flywheel inertia and its radial
acceleration. In effect, this means that the force de-
livered to the ground by the wheels of a vehicle is less
than the steady state force at any given speed. Under-
standibly, in lower gears this effect is more pronounced.
In some cases the actual force delivered to the ground
can be less than one-half the steady state force. In
higher gears, the effect is rapidly lessened and the
overall acceleration is not drastically affected. How-

ever, consideration of rotary mass will yield more



15
accurate acceleration and travel time calculations.

In the computer program this loss of available
acceleration is accounted for by adding a correction
factor to the mass of the scraper and assuming that the
force required for acceleration remains equal to the
steady state rimpull. In the standard motion equation
(F = MA), an increase in the effective mass while assuming
constant force (rimpull) results in a decrease in available
acceleration.

The mass correction factor (M.C.F.) varies with the
type of drive whether it be mechanical, torgue converter,
or electrical and with the gear reduction between the
rotating mass and the wheel. This M.C.F. varies as the
square of the gear reduction.

Although the M.C.F. varies with machine type, its
variation is considered negligible. The graph in Figure
3, made available by Caterpillar Tractor Company, shows
the relationship of the M.C.F. with various top speeds in
selected gears and for the various types of drive mechan-
isms. An M.C.F. will be required for each of the forward
gears of a scraper. It is assumed that the rotary inertia
of scraper wheels and tires will never allow the M.C.F.
to drop below an approximate value of .05, For illustra-

tive purposes Table 1 shows the M.C.F. for the nine
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forward cezrs of the Taternillar £41 tructor scraper used

in thue example program in Appendix B.

Table 1
Scraper Type - Cat 641

Sshiftinc Speed lfass Correction Tactor Drive
2.42 .58 TC
2.70 2.00 HECE
5.17 1.02 . HCH
5'56 .15 TC
8.48 .48 MZCH
11.86 .27 1 ECH
13.72 .06 TC
20.95 .12 MG
30 .65 .08 ECL

The forces that offer resistance to mction must also
be taken into consideration. The computer program regards
three forces as significant - grade resistance, air re-
sistance, and tire-ground resistance. 3ince these motion
resistances are dependent on scraper size they may be
expressed in percent of gross scraper welght or 1n pounds
per ton of scraper weight.

Tire-ground resistance and alr resistance vary with
speed. Tire-ground resistance increases only slightly
with speed while alr resistance increases as the square
of the speed. However, alr reslstance is very small at
lower speeds and does not nave a lare affect until =
vehicle reaches speeds greater than 40 miles per hour,.
Therefore, 1t is easier to combine air resistance and

tire-ground resistance into one rolling resistance, since



18
scraper specds generally never exceed 40 miles per hour.
In tests run by Caterpillar Tractor Company, it was found
that rolling resistance could be expected to increase ,025
percent/MPH, or 1.0 percent over the 0-40 MPH speed range.
However, for speeds in excess of 40 MPH this linear rela-
tionship would not hold true due to the significant in-
crease in air resistance,

It becomes necessary to define the rolling resistance
at a given speed. In 1962, Caterpillar Tractor Company
conducted tests to establish such a relationship. A Cat
631B tractor scraper with rated load was selected as the
base machine and the top speeds for various levels of
ground-tire resistance were established. The test showed
that although the accepted ground-tire resistance describ-
ing the particular ground condition tested was 2 percent,
the actual resistance including air resistance was only
1l.25 percent at zero MPH; while at 40 MPH it was 2.25 per-
cent, It was found that the ground-tire resistance versus
rolling resistance at O MPH could be described by the
following equation:

RR. = 1.075 x RR ~e90%

O g=-t
where: RR, = Rolling Resistance at 0 MPH (%)

RR = Ground-Tire Rolling Resistance (%)

g-t
In the computer program, the rolling resistance at O

MPH is assumed equal to the ground-tire resistance for any
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RRg—t > 12%. 1In effect, this means that a vehicle
capable of traveling 40 MPH will have to overcome a
greater resistance than a linear interpolation from the
resistance at 30 MPH., The increased effect of air
resistance at higher speeds is in this way aptly accounted
for.

The grade of each road segment is to be given in
rercent. The grade resistance is the sine of the grade
angle and is calculated by the computer.

The computer program calculates acceleration under
maximum horsepower until the scraper reaches its maximum
velocity and the scraper then travels the remaining por-
tion of the segment at that maximum velocity. However,
if management feels that the scraper should not exceed
certain speeds in certain segments, provision is made
for such control. Management may limit scraper speed for
such reasons as: safety, narrow roadways, sharp turns,
road intersections, and steep grades. If the computer
finds that the scraper can travel faster than manage-
ment's limiting velocity in the next segment, it will
decelerate properly, enabling it to enter the next seg-

ment at the limited speed.

LOCGIC DEVELOPMENT

The scraper simulator concerns itself primarily with

the haul road and the return road travel times. Scraper
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loading and dumping times are controlled by the system
simulator, the input of which consists of all scraper
and course characteristics. The scraper simulator is
referred to in the system simulator as subroutine SIM.

After the proper date have been entered, the scraper
simulator will approximate the most efficient travel of
this specific machine over the given haul and return
courses. The scraper simulator was incorporated into
the system simulator as a subroutine since management may
elect to compare production and cost results with more
than one type of scraper in the proposed fleet. All
scrapers of one type are therefore expected to perform
similarly. However, this is usually the exception to the
rule because of differences in driver abilities, machine
wear, etc. Subsequently, an efficiency factor, to be
determined by management, is incorporated into the pro-
gram which may increase the expected scraper travel times
to more realistic values.

The logic used in the scraper simulator can best be
understood through the use of a logic flow chart
(Figure 4). Various comment statements have been placed
in the computer program to help persons with little pro-
gramming experience understand the program logic. When
braking is to occur, the value of deceleration is

calculated in subroutine RETARD.
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APPLICATIONS

The scraper simulator was used as a separate program
to help determine a relationship between payload and haul
time. It was found that for short hauls of favorable
grade the haul time varied only slightly over a wide range
of payloads. However, if the haul course is somewhat
lengthy or adverse grades are encountered (both of which
are common in open pit mining), then a definite relation-
ship is detected between payload and haul time. Figure
5 shows such & relationship for the haul course described.
Although the relationship is not linear, little error is
encountered if linearity is assumed. For example, using
the two extreme payloads and their respective haul times
as the two points to establish the linear relation, it is
apparent that the estimated haul time at a payload of
120,000 pounds is 1.758 minutes, whereas the calculated
haul time at the same payload is 1.750 minutes. The
relative error is thus:

1.758 - 10750

x 100% = 0.,458%
1.750

Since this error is small with respect to the cal-
culated haul time it is considered negligible, thus a
linear relationship between payload and haul time may be

assumed.



130000
" 53
120000 |
110000 o
100000

90000

PAYLOAD = POUNDS
]

30000

70000 L.

60000

-

! | L ! | i | -

1.40 1.50 1.60 1.70 1.80 1.20 2.00

HAUL TIME - MINUTES

AT 110000 POUND PAYLOAD:

ACTUAL HAUL TiME = L70
APPROXIMATE HAUL TIME = 1.7}
RELATIVE ERROR = 0.5899%

AT 170 MINUTE HAUL TIME:
ACTUAL PAYLOAD = 110000

APPROXIMATE PAYLOAD = 108000
RELATIVE ERROR = 1.82 9%

FIGURE 5 -~ 641 TRACTOR SCRAPER PAYLOAD
vs. HAUL TIME



24

The scraper simulator is so designed in the computer
program that a relationship between payload and haul time
is established for each different type of scraper com-
prising the overburden removal fleet. Using this relation-
ship, the proper haul time may be estimated for any scraper
payload over the given course.

Table 2 shows the output listed from the scraper
simulator. A more detailed output on the scraper and
course is available to management by simply incorporating
the appropriate printout statements in the scraper simu-
lator. For this reason several input variables that have
not been utilized are available for output. Table 3 lists
these variables and indicates whether they are optional or

necessary as input.

TABLE 2
Typical Scraper Simulator
Output Listing
TRACTOR SCRAPER TYPE - 641
PAYLOAD - 114000 POUNDS

TOTAL HAUL TIME - .84 MINUTES
TOTAL RETURN TIME - l.49 MINUTES

HAUL ROAD SEGMENT ACCUMULATED TIME
1 0.20
2 0.38
S 0.6
4 0.84
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TABLE 3

Scraper Simulator Variables Available For Output

(O) - Optional As Input
(N) - Necessary As Input

Variable Description
XIDENT (0) Available for scraper or course

identification. (A format)

SHIPT (W) Represents shifting velocities of
scrapers.

ROT (N) Represents rotating mass constants
for corresponding shifting
velocities.

VEL (N) Represents velocity increments
obtained from rimpull chart.

RIMP (N) Represents values of rimpull cor-
responding to those velocities in
VEL.

SCRPWT () Represents empty scraper weight.

SCRPHP (0) Represents scraper horsepower.

SCRPPL (W) Represents scraper payload used in
haul time calculations.

FIXT (0) Represents the fixed time in scraper
cycle - expected cycle time less

haul and return time.

ED (0) Represents the bench density of
overburden.
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INPUT DESCRIPTION

Some of the input data are optional for the scraper
simulator and may be left blank. Since a relationship
between payload and hauvl time 1is established through the
use of subroutine SIM (a listing of subroutine SIM appears
in Appendix C), it necessarily must calculate the haul
time at, first, the minimum scraper payload, and then at
the maximum scraper payload. Thus certain data must be
entered twice as is shown below,

The following is a discussion of the data required
by the scraper simulator. Data listed are data used in
the example system evaluated in Appendix B. Four format
statements are available for data input; the appropriate
format is identified after the input variable. The four

formats are:

Format Statement Number Format
(1) 18A4
(2) 4F10,0
(3) 8F9.0
(4) 215,2F5,0
Data Input 1: This variable represents scraper or

course identification or any alphameric
identification desired, the length of which
may not exceed 72 characters, for example:

XIDENT (1)

Example System Evaluation
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Data Input 2: The various velocities at which shifting

occurs are represented by this variable.

(3)
20.95

SHIFT
2442
3046

3.7015.,17]15.56]8.48]11.86113.72

Data Input 3: Contains the rotating mass constants for

the above corresponding velocities,

(3)
.12

ROT
«08
.08

2.00 1.02 .15 .48 027 006

Data Input 4: The velocity coordinates of the rimpull

curve.

VEL (3

Data

0‘18

1.27

1.82

2.42

309

S5.46

3,70

4,19

4.73

4,92

S.17

556

6.68

7.94

8.48

9,61

10,86

11.86

13.72

16,51

19,61

20.95

23.75

26,351

28.89

30,65

Input

RIMP

5:

curve.

The rimpull coordinates of the rimpull

(3)

112334

81569

64711

47974

45529

42072

35717

34519

31233

23666

22977

20910

20344

18338

15568

15045

13613

10015

8463

8254

7422

63501

6090

5713

4614

0

Data Input

Data Input 7:

NRUN

6:

scraper horsepower,

The number of different types of scrapers.

(4)

The empty weight of the scraper, the

the minimum scraper pay-

load to be considered.

SCRPWT

SCRPHP

(98000 |

[ 500 |

SC

RPPL

(2)
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Data Input 8: The number of payloads the computer will
be required to consider for each scraper type,

usually 2.

NCORSE (4)

Data Input 9: The haul road code number identification
(haul road - 0, return road =- 1) is represented
by IHAUL; the number of segments in the haul
road, if IHAUL is O or the number of segments
in the return road, if IHAUL is 1, is represented
by NSEGH; the scraper fixed time in the cycle is
represented by FIXT; the bench density of the
material being removed is represented by BD.

THAUL NSEGH FIXT ED (4)
(4 ] L1 L |

Data Input 10: The characteristics of each segment; the

distance in feet (DIST), the grade in percent
(GRADE), the rolling resistance in percent
[i% = 20#/t0£] (RRES), and the speed restriction

for the segment, if any (VMAX).

DIST GRADE RRES VMAX (2)
200 -8,0 2,0
300 -4,0 2,0 30,0
565 "4.0 2.0 50.0
215 1.0 2,0
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Data Input 11: The initial velocity of the scraper as
it enters the road being considered and its
final velocity at the end of the road in MPH.
VO VF (2)

Data Input 1l2-14: These data are a repetition of data

input ¢-=11 for the return course.

THAUL NSEGH nIXT BD
(11 [Cs [ OO
DIST GRADR RRES VMAX
270 4.0 26,0
240 2.0 2.0
220 0.0 2.0
400 -4 4,0 2.0 2040
315 2.0 2.0
280 4,0 2.0
300 6,0 2.0
100 0.0 2,0
VO Ve

(971
°
O

Data Input 15-22: These data are a repetition of data

input 7-14 for the maximum scraper payload.

SCRPWT SCRPHEP SCRPPL
98000 [ 5001 [(114000]
NCORSE
THAUL NSEGE FIXT BD
[ 2 ] 1 1
DIST GRADE RRES VMAX
200 =6,0 2,0
300 ~4,0 2,0 30,0
365 —4,0 2,0 30,0
215 1.0 2.0
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Data Input 15-22 (continued):

VO VE
THAUL NSEGH PIXT BD
(19 Lsd [ O3
DIST GRADE RRES VMAX
270 4,0 2.0
240 2.0 2.0
220 0.0 2.0
400 -4,0 2.0 20,0
315 2.0 2.0
280 4,0 2.0
300 6,0 2.0
100 0.0 2.0
VO VE
5.0

Data Input 7-22 are hereafter repeated for each type of
scraper in the fleet, It is recommended that the haul
road data be considered previous to the return course
for reasons of clarity, although the computer program

is prepared to handle either situation.
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ITII. SYSTEM SIMULATOR

THEORY AND ASSUMPTIONS

The approach used in the system simulator is not one
involving complicated theoretical mathematics, but rather
a logical engineering approach that is more practical than
theoretical in nature. If a stochastic approach were
utilized where random number generation would be employed
to approximate loading times, travel times, dump times,
etc., it would become necessary to have frequency distri-
butions available or predictable for the various scraper-
pusher actions and interactions. An approach of this type
seems somewhat questionable since time studies of the
existing overburden removal system would be necessary for
the purpose of obtaining the frequency distributions. Any
proposed change in the overburden removal fleet or course
make-up would have a direct effect on the various fre-
quency distributions. If these effects are reasonably
predictable, then a stochastic approach of this type might
be applicable. However, an approach which is independent
of time studies from the existing operation would seem
more desirable, advantageous, and efficient. Such is the
case in the system simulator presented in this chapter.

Not only must the simulator properly represent the

system, but it must also attempt to minimize the queuing
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time at the load and dump facilities. Theoretically,
queue minimization may mean increased production result-
ing in a lower cost per unit of material handled. In the
case in question, queue minimization may be accomplished
by varying the time a scraper spends in one or more of its
system facilities (loading, dumping, travel time). This
computer program controls the queue length by operating
on only one of the system facilities, i.e., the loading
cycle.

It is logical that the queue at the loading point
may be brought to zero if the loading time of each scraper
in an existing loading point queue is adjusted so that the
next scraper to arrive and those thereafter may be loaded
immediately upon arrival. However, this solution is not
without its consequences. For example, scraper payload
is proportional to load time and scraper arrival times
may be distributed such that several scrspers are only
allowed to be loaded to 25 percent of their rated capacity.
This is not only impractical but the cost per unit of
material handled rises prohibitively.

Obviously, there should be some minimum acceptable
loading time designated. A good rule of thumb is to use
the time required for the pusher to return to the load

point after loading. The computer program in Appendix C
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uses a minimum load time of 0.4 minute. The graph in
Figure 6 shows the load growth curves for a Caterpillar
641 tractor scraper using various combinations of D9G
pushers for additional power and traction. This rela-
tionship of payload versus loading time indicates that
as the load time increases the corresponding percent
increase in payload decreases significantly. It then
becomes quite apparent that some maximum load time should
be established for each scraper-pusher combination.

Again, the designation of a maximum load time is
left to management, however, due to the increased main-
tenance costs imposed by scraper wear and tear, the pay-
load at the maxirmum load time should not greatly exceed
the maximum rated scraper capacity. The computer program
uses a maximum load time of 1.2 minutes for the 2-D9G and
Z-D9G pusher in combination with the €41 tractor scraper.
Therefore, the load time of the Cat 641 tractor scraper
is bounded by a minimum and a maximum load time:

0.4 < load time (minutes) < 1.2

The scraper cycle considered in this paper is as-
sumed to have a single load and single dump facility.

The system is further restricted that two scrapers may
not be loaded or unloaded simultaneously. If more than
one scraper is in queue at the load facility, the first

scraper must leave the load facility before the neXt
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scraper may enter. Control of the dump facility is
handled in the same manner.

Since the mechanics involved in dumping a scraper
payload into a hopper are similar with average variations
in the size of the payload, the dump time is considered
to be constant. The computer program for the example
system uses a dump time of 0,38 minute. It is further
assumed that the dump facility can be emptied at a rate
which permits scrapers to unload without danger of over-
loading the hopper.

Shift time is assumed to be a normal eight-hour
shift and costs are computed on an eight-hour basis.
However, production is calculated on a six-~hour working
day. In other words, the system simulator describes the
production achieved in a continuous six-hour period.

Management must have available as input the hourly
owning and operating costs of each type of scraper and
pusher used in the overburden removal fleet., Hourly
owning and operating costs are handled in this manner
since management may elect to consider various overhead
costs in addition to the depreciation, interest, insur-
ance, and tax costs normally considered in the owning

costse.



LOGIC DEVELOPMENT

In many open pit mining operations the haul and
return roads often have blind turns or are necessarily
narrow. Because of these possible dangers the computer
program restricts the scrapers such that they are not
allowed to pass one another.
FPigure 7 shows the typical pusher cycle. The return
time in the pusher cycle is defined as that amount of time
necessary for the pusher to turn around after loading is
completed, return to the entrance to the loading facility
and maneuver into position ready to load the next scraper
to arrive. Tor computer simplification, the pusher turn
around time after loading is assumed to be 0.15 minute.
The return time is obviously dependent on the load time
because of the difference in distance traveled and it is
assumed to be 0.4 of the load time. Maneuver time at the
entrance to the load facility is considered to be 0.10
minute. For example, a load time of 1.0 minute would
result in a pusher cycle time of 1.65 minutes:
PCT = LT + 0.4xLT + TT + MT
PCT = 1.0 + 0,4x1.0 + 0.15 + 0,10
PCT = 1,65 minutes

Pusher Cycle Time

Load Time

Turn Around Time
Maneuver Time

where: PCT
LT
7T
MT



37

TYPICAL PUSHER CYCLE

S

—_— J'[:l

00— —3
LOAD FACILITY

A - pusher
0 - scraper
PIGURE 7

In addition to the minimum and maximum restrictions
on the scraper load time one other important controlling
factor is to be considered. If a loaded scraper must
queue at the dump point, it should be loaded to its
maximum. In other words, if a scraper must wait to dump
whether it was loaded for the minimum load time or maxi-
murmm load time, it then should be required to be loaded
the maximum allowable time. The load time is dependent
on the queuss at both the load and dump facilities and
the course position of the next scraper to arrive at the
load point.

Since haul time is a function of payload and since
the payload is a function of load time, the system
simulator, after calculating a load time, will then
determine if the scraper must wait in queue at the dump
facility. If the scraper must wait, the load time is
increased by .05 minute, a new payload is calculated, the

haul time is adjusted and a check is made to determine if
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the scraper must queue again. This process is repeated
until it is found that either the scraper will not have
to wait at the dump or that the meximum allowable loading
time has been reached. This added control is necessary
since it is desirable to have the cost of an unavoidable
delay distributed over as much tonnage as possible. If a
scraper must queue at the dump, it may as well wait with
as large a payload as possible.

The load growth curves, an example of which appears
in Figure 6, are an important element of this study.
Data points along each curve are stored in a three dimen-
sional array in the computer program. A payload may then
be calculated after determining the scraper type loaded,
the pusher type, and the load time. A set of load growth
curves are needed for each different type of soil en-
countered. For this reason, two arrays (LGCl and LGC2)
are available in the computer program to cope with a min-
ing situetion involving two soil types. If the load
growth curves are not available from the scraper manu-
facturer, onsite field tests are required. Investigation
is currently in process at the University of Missourl -
Rolla to help predict load growth curves with relationship
to various soil characteristics.

The positions of all vehicles in the system are

recorded on a time basis. All vehicles are advanced by
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time increments calculated by the computer. For example,
if the expected haul time of a scraper is 0,84 minute,
that scraper is assumed to be in the haul road until 0.84
minute have elapsed at which time the scraper is regarded
as being in the queue at the dump point. The time-posi-
tions of all scrapers in the system simulatilion are
recorded through the use of a doubly subscripted array in

the computer program:

VEHTIM(I,L,X)
where for the haul road I = 1
K = 1, Number of scrapers
in road
and for the return road I = 2
K = 1, Number of scrapers
in road

Since time is the basis of this study, the system
simulator, after predicting the travel times for each
variety of scraper (subroutine SIM), will determine a
load time for the first scraper in queue at the load
point. The corresponding payload is calculated in sub-
routine LOAD from the proper load growth curve and the
scraper is advanced to the beginning of the haul road.
By the use of subroutine ADD, all scrapers are advanced
along the course a time-distance equivalent to the load
time. A check is then made through the use of subroutine
DODUMP to determine how many scrapers have emptied their

loads, the tonnages dumped, and the respective positions
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of these scrapers now in the return road. If both a
scraper and pusher are now in queue at the load point,
the process is repeated. However, if both scraper and
pusher are not simultaneously available, a delay occurs
equivalent to that amount of time necessary for the
availability of both scraper and pusher. The delay is
charged to the proper machine and is so noted in the out-
put. This delay time is added to all vehicles in the
course and advances them accordingly. Both a scraper and
pusher should then be in queue at the load point; a load
time is calculated and the process becomes iterative for
the duration of the shift. A very general logic flow

chart of the system simulator appears in Figure 8.

APPLICATTIONS

One important advantage of this open pit mining
system simulator is that no time studies need be taken
to facilitate evaluation. Time studies are not only
costly but they obviously must be made of an existing
system. The system simulator requires only a proposed
overburden removal system. Thus, the system may be
evaluated before construction begins with a responsible
degree of accuracy. The simulator's main disadvantage is
that load growth curves are necessary for each type of

so0oil to be encountered. If these curves are not
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available from the scraper manufacturer, they must be
calculated through observation in a soil type similar to
that at the mine site. The computer program is equipped
to handle load growth curves for two tyves of soil.
Changing from one soll type to another requires altering
only one data card rather than an entire data set.

Since the required computing time for this program
is less than two and one-~half minutes, a quick and in-
expensive evaluation of a proposed overburden removal
system 1s possible. Management may elect to vary such
items as course characteristics, fleet size and type,
expected scraper efficiencies, and maximum scraper velo-
cities, to name a few, while observing theilr respective
effects upon production, cost per ton of overburden
handled, and delays attributed to scrapers and pushers.

If, during the use of the simulation program, an
unexplainable error appears in the output, a built-in
error analysis is available. By simply following the
directions described in the various computer listing
coument statements, a much more detailed output is dis-
played. The error may then be located easily by fol-
lowing the computer logic using a desk calculator and
comparing these results to those of the computer.

Close scrutinization of the output listing in

Appendix C will testify to the fact that the system will
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stabilize to a constant repetitious cycle after several
loadings take place (Table 4). Zach cycle will indicate
the proposed load times for various scraper-pusher
combinations depending on the queue lengths at the load
and dump facilities. These conditions may be duplicated
in practice, thereby assuring maximum production. It
should also be noted that each cyclic output indicates
the expected cycle delays attributed to scrapers or
pushers. The System Summary in the output listing indi-
cates the total scraper and pusher delay times to aid
management in a possible decision regarding an increase

or decrease in fleet machinery.

INPUT DESCRIPTION

Although two arrays are available for load growth
curve input, only one is necessary when the overburden
to be removed is of one soil type. The example used for
computer evaluation in this paper contains only one type
of soil - a damp sandy gravel - and as a result the first
load growth curve array (LGCl) was loaded with blanks.
Tt should be noted that in entering the values for the
load growth curves the subscripts represent the following

curve characteristics:
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TABLE 4
Repetitious Characteristic System Cycle
Queue Length Scraper Cause

Load Dump Type Pusher Load of Delay
Point Point Loaded Type Time Delay Time

1 1 1 1 0.38 NONE 0.0

0 0 2 2 0.60 NONE 0.0

1 1 0 0 0.0 SCPR 0.40

1 0 2 1 0,40 NONE 0.0

1 1 0 0 0.0 PUSH 0.09

1 0 1 2 0.40 NONE 0.0

1 0 0 0 0.0 PUSH 0.09
1 1 2 1 0.51__NONE 0.0

1 1 1 2 0.40 NONE 0.0

1 1 0 0 0.0 PUSH 0.09

0 1 2 1 0.89 NONE 0.0

1 0 0 o] 0.0 SCPR 0.40

2 1 2 2 0.69 NONE 0.0

2 0 1 1 0.40 ©NONE 0.0

2 0 0 0] 0.0 PUSH 0.09

1 1 2 2 0.45 NONE 0.0
1 1 0 o] 0.0 PUSH__ 0.05 _

1 1 1 1 0.40 NONE 0.0

1 1 0 o] 0.0 PUSH 0.09

0] 1 2 2 0.839 NONT 0.0

1 0 0 o] 0.0 SCPR 0.40

2 1 2 1 0.69 NONE 0.0

2 0 1 2 0.40 NONE 0.0

2 0 o} 0 0.0 PUSH 0.09

1 1 2 1 0.45 NONE 0.0

1 1 0 o] 0.0 PUSH 0,05

Note: A zero listed under scraper and pusher

type indicates that a delay has occurred.
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IGC2(I,J,K) (((¥=2,14),J=1,NPT),I=1,M)
where: I represents the scraper type code
J represents the pusher type code
K represents the load time multiplied by 10
M represents the number of scraper types
NPT represents the number of pusher types
Note: Since K may have values from 2-14, the load
time may exist between .2 and 1.4 minutes.
The parameters of K may be increased if a
larger load time is required.

It is most convenient if the scraper and pusher types
used in the fleet are represented by integer code numbers
in the computer program. In the example problem Cater-
pillar 641 and 666 tractor scrapers constitute the scraper
types and are represented by scraper code numbers 1 and 2,
respectively. Similarly, the two pusher types 2-D9G and
3-D9G are represented by pusher code numbers 1 and 2,
respectively.

The following is a discussion of the input required
by the system simulator. Data input for the example
problem in Appendix B are listed for illustrative purposes.
Three format statements are available for variable input;

the applicable format is designated after the input

variagble is identified.

Format Number Format
[100) .
(101) 1015

(102) 7(A4,6X)
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Data Input 1l: The code number for the type of soil
encountered for the system to be evaluated is
the first input item. Values of ISOIL may be
1l or 2 and should correspond to the fourth
character of the appropriate load growth curve
name (LGCl or LGC2). For example, LGC2 is
used for the evaluation in Appendix B, there-
fore, ISOIL is represented as follows:

ISCIL (101)

Data Input 2: It is necessary to know the number of
different types of vehicles in the fleet as
well as the total number of these vehicles.

M - The number of scraper types
NH The number of scrapers in the haul road
NR - The number of scrapers in return road
NP - The number of pushers
NPT - The number of pusher types

NS - The number of scrapers
NSEG - The number of segments in haul road

M NH NR NP NPT NS NSEG  (101)
(21 [ 3] (3] (=21 [=2] L[&] [ 4]

Data Input 3: Numeric identification of the scraper types
used; SCRTYP(I), where I=1,M are entered as
follows:

SCRTYP (101)
641 | 666 |
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Data Input 4: Numeric identification of the different
pusher types used; PUSH(I), where I=1,NPT are
entered as follows:

PUSH (102)
12D9G | 309G

Data Input 5: The number of scrapers at the load point
(NOSALP) and the number of scrapers at the
dump point (NOSADP) at the beginning of the
proposed shift are entered as follows:

NOSALP NOSADP (101)

Data Input 6: Code numbers of the types of scrapers in
queue at the load point at the beginning of the
shift represented by STYPLP(I), where I=1,NOSALF
are entered as follows:

STYPLP (101)

L1 1 ] 2 |

+ First scraper in queue

Data Input 7: Code numbers of the types of scrapers in
queue at the dump point at the beginning of the
shift, represented by STYPDP (I), where I=1,
NOSADP, are entered as follows:

STYPDP
T2 T 1T [ 2 ] (101)

f First scraper in queue
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Data Input 8: Code numbers of the types of pushers
available at the load point represented by
PUSHER(I), where I=1,NP are entered as
follows:

PUSHER (101)
i 1 1 2 ]

’ First pusher in queue

Data Input 9: Maximum loading times for various scraper
types (M) and pusher types (NPT) in combination
are represented by MAXIDT(I,X), where K=1,NPT
and I=1,M and are entered as follows:

MAXIDT (100)

[1.2 T 1.2 1T 1.4 T 1.4
(1,1) (1,2) (2,1) (2,2) (I,X)

Data Input 10: The minimum load time is entered in
hundredths of minutes as follows:
LTMIN (101)
Data Input 11l: The various payloads of the loaded
scrapers at the beginning of the shift are
represented by SLOAD(I) where I=1,NOSHER and
are entered as follows:

_SLOAD (100)
Q00 000
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Data Input 12: Payloads from load growth curves for
various pusher~scraper combinations versus
time (K) for soil type 1 are represented by
L¢c1(1,J,K), where K=2,14; J=1,NPT;, I=1,M.
Payloads (pounds) are entered continuously
under Format 100 as follows:

IGCL (100)

Data Input 13: Payloads from load growth curves for
various pusher-scraper combinations versus
time (K) for soil type 2 are represented by
I6c2(I1,J,K), where K=2,14; J=1,NPT; I=1,M.
Payloads (pounds) are entered continuously

under fFormat 100 as follows:

LGC2

(100)

60000

80000

90000

96000

100000

103500

106000

108000

109500

110500

111000

111500

112000

69000

90000

101500

107000

110000

112500

114500

1168000

117000

117500

118000

118200

118400

55000

75000

92000

104000

114000

121000

125000

128000

130500

133000

136000

138000

140000

64000

83000

112500

125000

130500

135000

139000

142000

145500

148000

151000

152500

155000
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Data Input 14: Dump time is considered constant and

is entered in hundredths of minutes as follows:

DUMPT (100)

Data Input 15: The scraper efficiency factor necessary

to adjust the calculated scraper travel times

is entered as a decimal:

BER (100)

Data Input 16: Scraper hourly owning and operating costs

COST(I) and the corresponding number of scrapers

of each type STN(I), where I=1,! are entered as

follows in $/Hour:

cosT (100)

27,70 | 41,25]

STN (100)

L3 1 3 |

Data Input 17: Pusher hourly owning and operating costs

for each pusher type PCOST(I) and the corres-
ponding number of pushers of each type PTN(I),

where I=1,NPT are entered as follows in & /Hour:

_PCOST (100)
15,00 | 20,00 |

PTN (100)

tr 1 1 |
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IV. CONCLUSIONS

SUGGESTED FUTURE RESEARCH

This study was limited tc a single dump and load
system. In today's large open pit mining operations, pit
design, geoclogical restrictions, and available equipment
have caused mine management to utilize a common dump
facility to service several loading facilities. There-
fore, a multi-load and multi-dump situation integrated
intc a system simulation program is greatly needed. Since
equipment operators tend to load arriving scrapers im-
mediately, consideration should be given to continuous
loading in the load facility and an allowance for scraper
passing when possible.

It was assumed in this study that the dump facility
could handle all material deposited therein. However,
since certain unavoidable breakdowns or delays do occur in
the removal of material from the dump facility by conveyor,
delays in conveyor operation can seriously affect total
production. If this latter portion of the overburden
removal system were incorporated such that overburden
removal could be simulated from pit to final destination,
a more comprehensive system evaluation could be realized.

Further suggestions for improvement may entail

calculation of monthly prediction of equipment needed to
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maintain or increase production. Design predictions of
future course characteristics insuring maximum production
would be invaluable. Since various costs fluctuate from
season to season or increase steadily, it is recommended
that computer determination and prediction of future
equipment owning and operating costs be considered for

future investigation.,

SUMMARY

The complexity and ever-increasing material-handling
problems of modern day open pit mining create an urgent
need for other than commonsense and trial-and-error
methods for solving mine planning problems. !Mine manage-
ment needs to pass from subjective to objective decision
making. Various operations research techniques are avail-
able to management explicitly for this purpose. However,
many of these techniques are theoretical in nature rather
than practical. For this reason, an attempt was made to
provide mine administration with a practical computer
simulation program as a tool for enabling evaluation of
existing or proposed overburden removal systems.

Although a specific system was evaluated, the com-
puter program prepared is of a general nature for the
purpose of making & more versatile and practical program

available to industry. The program is general enough to
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handle any single load, single dump open pit mining
operation. The model provides several areas of system
improvement investigation - scraper delay time, pusher
delay time, production, and cost per ton of material
handled.

Results of such a simulation evaluation would give
management a sound basis on which to plan further ex-
pangsion and development. Computer simulation provides
fast, inexpensive plan evaluations otherwise unattainable.
Fortran IV was the language chosen for the simulation
program since this is the computer languasze most widely
understood by today's mining engineers and because of its
simplicity and adaptability to current engineering eval-
uation teehniques. The program as listed in Appendix C
operates on the IBM system 360, model 50 computer,

operating system Fortran G level.
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VARTARBLE DESCRIPTION
ACCEL - The calculated acceleration of the cor-

rected scraper mass,

ACCTINM(I,K) ((X=1,2),I=1,M) - The array which represents
the calculated scraper travel times for the
haul (K=1) and return (K=2) roads for each

scraper type (M),

AQL - Average load-point queue length.

AQD - Average dumvp=~polnt queue length.

BD - Bench density of material to be handled.
BRAKE -  Scraper deceleration rate rt/sec=.

COST(I) (I=1,M) - Bourly owning and operating cost of
each scraper type ().

D - Total distance traveled to the end of an
accelergtion increment.

DD - Total distance traveled to the beginning

of an acceleration increment.

DBRAKE - Total segment distance traveled during
braking.
DELAY - Indicates the cause of delay (scraper,

pusher, none).

DELAYT - Cumulative delay time.
DELTA - Time increment of scraper acceleration.
DIST(I) - Lensth of each course segment in feet.

DUMP - Time control variable in dump cycle.



VARIARBLE
DUMPT -
EFp -
FIXT -
GRADE(I) =~
HT -
HTIM(I) =
HTMAX -
HTMIN -
IGEAR -
THAUL -
ISOIL -
1LGC1(I,J,K)
5Cc2(1,J,XK)
M -

DESCRIPTION

Constant dumping time in minutes.

Scraper efficiency factor in decimal form.
The fixed time of the scraper cycle in
minutes.

The grade of each course segment in percent.
Scraper haul time.

The expected haul time of the scraper just
loaded.

The scraper haul time at maeximum payload.
The scraper haul time at minimum payload,
The gear in which the scraper is traveling.
Indicates the road in which the scraper is
operating. Haul road (0), Return road (1).
Indicates the soil type corresponding to
the proper load growth curve,
(((K=2,14),J=1,NP7),I=1,M) - The payload
corresponding to the proper scraper-pusher
combination (I,J) at the calculated load
time (X) for soil type 1.
(((K=2,14),J=1,NPT),I=1,M) - The payload
corresponding to the proper scraper-pusher
combination (I,J) at the calculated load
time (K) for soil type 2.

The number of scraper types.



VARIABLY

DESCRIPTION

MAXIDT(I,X) ((X=1,NPT),I=1,M) - The maximum load tine

NH

NR

NP

NS

NOP

NPT

NRON

NSEGH

NOSHR

NOSRR

NOSALP

NOSADP

PAY

for various pusher-scraper combinations.
The number of scrapers in the haul road
at the beginning of the shift.

The number of scrapers in the return road
at the beginning of the shift.

The total number of pushers in the fleet,
The total number of scrapers in the fleet.
The number of pushers in gueue at the load
point.

The number of pusher types in the fleet.
The number of scraper types in the fleet.
The number of course segments in the road
under consideration.

The number of scrapers in the haul road
at the beginning of the shift.

The number of scrapers in the return road
at the beginning of the shift.

The number of scrapers in queue at the
load point.

The number of scrapers 1n queue at the
dump point.

The scraper payload determined from the

load growth curves.
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VARTABLE DESCRIPTION
PER - The total segment rolling resistance.
PTN(I) - The number of each pusher type in the fleet.
PROD - The shift production.
PUSH(I) - Indicates the identification of each pusher
type.
PHOLD - Indicates the pusher type used for each

scraper loading.

PLOAD - The cumulative tonnage loaded.

PLMIN - The minimum acceptable load time.

PCOST(I) - The hourly owning and operating costs of
each pusher type.

PSAVE(I) = The time control variable used in the pusher

cycle for each pusher type.

PDCOST - Total production cost.

PUSHER(I)- Represents the order in which the pushers
queue.,

Q - The total number of scrapers loaded during
shift.

QL - Cumulative queue length at the load point.

QD - Cumulative queue length at the dump point.

RT - Scraper return time.

RIM - The rimpull at the present scraper velocity.

RIMP(I) - The rimpull coordinates of the rimpull curvse.
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VARIABLE DESCRIPTION
ROT(I) - The rotating mass constant at the present

scraper velocity and gear.

RRES(I) - The course segment rolling resistance in
percent.

RESFOR - The total course segment resistive force.

S - The interpolation factor for the load

growth curve,

STN(I) - The number of each type of scraper in fleet.

SEIFT(I) - The various shifting speeds of the scraper.

SLOAD (I) - Represents the payloads of the scrapers in
the haul road.

SCRPWT - The empty scraper weight.

SCRPHP - The scraper horsepower.

SCRPPL - The scraper payload for determining the

expected travel times,
SEGTIM(I,K) - Represents the cumulative course segment
travel times for each scraper type.
SCRTYP(I) - The identification of each scraper type.

STYPER(TI) Indicates the order of the scrapers in

the haul road,
STYPRR(I) - Indicates tle order of the scrapers in

the return road.

STYPLP(TI) Indicates the order of the scrapers in

queue at the load point.



VARTABLE

STYPDP(I)

T
TH

TR

TIME(I)

TOPV(I)

TTIME

TLOAD
TLERT

T3SAVE(I)

TCOST

TOTWT

TOPVEL

TONAGE

\'AS;
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DESCRIPTION

Indicates the order of the scrapers in
queuve at the dump point.

Total elapsed time after acceleration.
Total elapsed time before acceleration.
Total time in the haul road.

Total time in the return road.

Total accumulative travel time in each
course segment.

The top velocity attained in each course
segment.

Total cumulative shift time.

The calculated load time.

The calculated delay time caused by either
scraper or pusher.

Time control variable in pusher cycle.
The total owning and operating costs for
all vehicles in the fleet.

The total scraper weight including any
payload.

Represents the top scraper velocity during
each course segment simulation.
Represents the cumulative tonnage dumped
during shift.

Initial scraper velocity for the road

under consideration.



VARTABLE

VEL(T) -

VIMAX (T) -

VLAST(I) =~

VMASS -

VB4AC -

VEHTIM(I,X)

VILMAX (1)

WATT -
WAITP -

WAITS -

XIDENT -
Y(T) -
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DESCRIPTICN

The final scraper velocity for the road
under consideration.

Scraper velocity after acceleration.

The scraper shifting velocities.

The scraper speed restriction for each
course segment.

The scraper velocity as it finishes each
segment.

Represents the final scraper velocity on
the course segment under consideration.
The calculated scraper mass after correct-
ing for rotating mass,.

The scraper velocity before acceleration.
The array used to control the time-
positions of each scraper in the haul road
(I=1) and the return road (I=2).

The maximum allowable course segment
velocity calculated by the computer.
Cumulative delay time.

Cumulative delay t ime caused by pusher.
Total cumulative delay time caused by
scraper.

Represents scraper or course identification.
Represents the slope of the payload-haul

time curve for each scraper type.
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SE EVALUATED IN
EXAMPLE PROBLEM

<9

FIGURE 9
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EXAMPLE EVALUATION

Figure 9 shows the course configuration and char-
acteristics to be evaluated. It is assumed for illus-
trative purposes that mine management wishes to utilize
Caterpillar tractor scraper types 641 and 666, and also
pusher types 2-D9G and 3-D9OG.

Management has elected to evaluate their current
system for possible improvements in fleet size and type.
The computer program in Appendix C was utilized to eval-
uate the effects of several fleet combinations on the
system. The results of the evaluation study are listed
on the following pages.

The initial overburden removal system was assumed

to contain the following vehicles:

VEHICLE TYPE NUMBER IN FLEET
Scraper 641 2
Scraper 666 3
Pusher 2-D9G 1
Pusher 3-DoG 1

Examination of the various system summaries indicates
that the existing production was 29255 tons per shift at
a cost of $ 0.05856 per ton. However, the producticn is
increased to 36195 tons per shift at a cost of & 0.05345
per ton when another 641 scraper 1s added to the system.

Further changes in the fleet may increase the production,

however, the evaluation indicates that the cost per ton
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increases to an undesirable level. Management feels
that thelr construction deadline can be sultably obtained
with a production of 36195 tons per shift, therefore, the

optimum fleet size and type is:

VEHICLE TYPE NUMBER I FLEEST
Scraper 641 3
Scraper 666 3
Pusher 2-DOG 1
Pusher 5=D9G 1
647 25 336 2636 5% SYSTEM SUMMARY 2 36 He3k 3 20 ok
VEHICLE TYEE UUMBER Il PLEET
Scraper 641 2
Scraper 666 2
Pusher 2-D3G 1
Tusher 3=DOG 1

PRODUCTION - 19385 TCNS I'ZR SHIFT
CCST PER TON - 3 0.07135
DELAY TIME CAUSED BY SCRAFER - 132.20 MINUTES
DZLAY TINMZE CAUSED BY FUBHER - 7.79 MINUTES
TCTAL DELAY TIVZ - 139.99 KIUUTLS

AVERAGE LCAD FOIWT QJUEUZE LENGTH - 0.9

AVIERAGE DU P PCIUT QUZUL LENGTH - 0.4
NU¥BER OF 3CRAF3ERS LOADZD DURING SHIFT - 356
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SIS0 SYSTEl SUMMARY B T T T
VEHICLE TYPE NUMBER IN FLEET
Scraper 641 2
Scraper 666 3
Pusher 2-D9C 1
Pusher 3-DoG 1

PRODUCTION - 29255 TONS PER SHIFT
COST PER TON - ¢ 0,05856
DELAY TIME CAUSED BY SCRAPER - 41.6 MINUTES
DELAY TIME CAUSED BY PUSEER - 23.61 MINUTES
TOTAL DELAY TIME - 65.21 MINUTES
AVERAGE LOAD POINT QUEUE LENGTH - 1.2
AVERAGE DUMP POINT QUEUE LENGTE - 0.8

NUMBER OF SCRAPERS LOADED DURING SHIFT - 520

SRR ISR SYSTEM SUMMARY B e T
VEHICLE TYPE NUMBER IN FLEET
Scraper 641 3
Scraper 666 3
Pushenr 2-Dg8G 1
Pusher 3-D9G 1

PRODUCTION -~ 36195 TONS PER SHIFT
COST PER TON - $ 0.,05345
DELAY TIME CAUSED BY SCRAPER =- 22.4 MINUTES
DELAY TIME CAUSED BY PUSHER - 13.2 MINUTES
TOTAL DELAY TIME - 35.6 MINUTES
AVERAGE LOAD POINT QUEUE LENGTE - 1.0
AVERAGE DUMP POINT QUEUE ILENGTH - 0.7

NUMBER OF SCRAPERS LOADED DURING SHIFT -~ 8678



67

P R T SYSTEM SUMMARY Y S N
VEHICLE TYPE NUMBER IN FLEHT
Scraper 641 4
Scraper 666 3
Pusher 2-D9G 1
Pusher 3-DOG 1

PRODUCTION - 36082 TONS PER SHIFT
COST PER TON - $ 0.05976
DELAY TIME CAUSED BY SCRAPER - 0.0 MINUTES
DELAY TIME CAUSED BY PUSEER - 4,22 MINUTES
TOTAL DELAY TIME - 4,22 MINUTES
AVERAGE LOAD POINT QUEUE LENGTE - 1.2
AVERAGE DUMP POINT QUEUE LENGTE - 1,1

NUMBER OF SCRAPERS LOADED DURING SHIFT - 684

L T ) SYSTEM SUMMARY P IR
VEHICLE TYPE NUMBER IN FLEET
Scraper 641 4
Scraper 666 4
Pusher 2-D9G 1
Pusher 3=-DOG 1

PRODUCTION - 33445 TONS PER SEIFT
COST PER TON - $ 0.7434
DELAY TIME CAUSED BY SCRAPER - 0.0 MINUTES
DELAY TIME CAUSED BY PUSEER - 87.87 MINUTES
AVERAGE LOAD POINT QUEUE LENGTE - 2.7
AVERAGE DUMP POINT QUEUE LENCGTE - 1.0
NUMBER OF SCRAPERS LOADED DURING SHIFT - 679
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T SYSTEM SUMMARY SRESEI SR IE 200
VEHICLE TYPE NUMBER IN FLERBT
Scraper 641 2
Scraper 666 3
Pusher 2-DoG 2
Pusher 3=D9G 1

PRODUCTION - 29276 TONS PER SHIFT
COST PER TON - $ 0,06261
DELAY TIME CAUSED BY SCRAPER - 0,40 MINUTES
DELAY TIME CAUSED BY PUSEER - 0,0 MINUTES
TOTAL DELAY TIME - 0,40 MINUTES
AVERAGE LOAD POINT QUEUE LENGTE - 1.2
AVERAGE DUMP POINT QUEUE LENGTE - 0.6
NUMBER OF SCRAPERS LOADED DURING SHIFT - 520

R R e T T SYSTEM SUMMARY SRS
VEHICLE TYPE NUMBER IN FLEET
Scraper 641 3
Scraper 666 3
Pusher 2-DoG 2
Pusher 3=-D9G 1

PRODUCTION - 32401 TONS PER SHIPT
COST PER TON - $ 0.06341
DELAY TIME CAUSED BY SCRAPER - 0.0 MINUTES
DELAY TIME CAUSED BY PUSHER - 0.0 MINUTES
TOTAL DEIAY TIME - 0.0 KINUTES
AVERAGE LOAD POINT QUEUE LENGTH - 1.2
AVERAGE DUMP POINT QUEUE LENGTE - 0.8

NUMBER OF SCRAPERS LOADED DURING SHEHIFT - 597
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VEHICLE TYPE NUMBER IN FLEET
Scraper 641 3
Scraper 666 4
Pusher 2-DeG 2
Pusher 3-D9G 1

PRODUCTION - 35794 TONS PER SHIFT
COST PER TON = $ 0.06662
DELAY TIME CAUSED BY SCRAPER - 0,0 MINUTES
DELAY TIME CAUSED BY PUSHER - 0,0 MINUTES
TOTAL DELAY TIME - 0.0 MINUTES
AVERAGE LOAD POINT QUEUE LENGTH - 1.2
AVERAGE DUMP POINT QUEUE LENGTH - 1.0

NUMBER OF SCRAPERS LOADED DURING SEIFT - 680

B T T T LT SYSTEM SUMMARY SESESEEIRIE
VEHICLE TYPE NUIMRER IN FLEERT
Scraper 641 4
Scraper 666 4
Pusher 2-D9G 2
Pusher 3-D9G 1

PRODUCTION - 35564 TONS PER SEIFT
COST PER TON - $ 0.07328
DELAY TIME CAUSED BY SCRAPHR - 0.0 MINUTES
DELAY TIME CAUSED BY PUSHER -~ 0.0 MINUTES
TOTAL DELAY TIME - 0.0 MINUTES
AVERAGE LOAD POINYT QUEUE LENGTE - 2.2
AVERAGE DUMP POINT QUEUE LENGTE - 1.0

NUMBER OF SCRAPERS LOADED DURING SHIFT - 678
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V=L ICLE TYPE NUNMBER In FLEET

Scraper 641
Scraper 566
Pusher 2-D9G
Pusher 3-DOG

HMN O

PRODUCTICON - 359020 TONS PER SHIPT
COST PER TON - 3 0.,0787
DELAY TIME CAUSED BY SCRAPER - 0,0 MINUTES
DELAY TIME CAUSED BY PUSHER - 0,0 MNINUTES
TOTAL DELAY TIVE - 0,0 HMIKUTES
AVERAGE LOAD POInT QUILE LELCTL - 5.2
AVERAGE DUMP POINT QUEUL T=HGTH - 1.0

WUITB®R OF SCRAPERS LOADED DURING SHIFT - 680
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T2

G LEVEL 1, MOD 1 MATN DATE = 68122 2272071
DIMENSION SCRTYP(4),STYPLP(20),STYPNP(20) ,PUSHER(10)

_ 1 _MAXIDIl4
2VEHTIM(2,15),PUSHIT), STYPRR(20),PSAVE(10),TSAVF{10),ACCT[MU4, 21,
ISEGTIMI3,30), TIME(30),TNPVI30),VLAST(30),01$T130),5RADE(30),
4VMAX (301 ,RRES (301 \VELMAX(30) , VEL(32) ,R] IMP(32),XIDENTI181,STN4), |
6PCOST(S)

REAL MAXLOT, LGCl, LGC2, LTMIN

INTEGER SCRTYP STYPLP,STYPDP PUSHER  SCRAPL s STYPHR,, STYPRR,
1HOL D, PHOLD

DATA  WDS/4HSCPR/4WOP /4HPUSH/ 4WON/4HNONE/
INTTTALTZE ALL ARRAYS,

Y Iy

T
Do
[ ]

D

YY)
-
=
b
-
-y
et
bt

TONAGF =
ITIME = 0,

WATT = 0O
WATTS
WATTD
DELAYT =

D= 0,0 .
PLOAD = 0.0
PHOLD 0

it

YO

READ CNURSE AND VEHICLE DATA

READI(

READ( NPT, NS, NSFG

...,.4._.4 I

[ e e FR ] Sl R
Q:-:)D-;:):JOP-»—»-‘:JD»--\J'-‘-—W—-
T R R

—
(.



1

TV G LFVEL 1, MOD 1 MATN NATE = 68127 22720711

READI1,100) EFF

— H IMARTE
. ) i 7 9 - ’
READ(I{IOO‘ {PCOSTLIN,I=1,NPT)
READ(1,100) (PTN(I},I=1,NPT)
100 FORMAT(T7F10,01} .
101 FORMATUIOTSH)
102 FNRMAT{T{A4,6%))
QL = NOSALP
- QD = NOSADP
NOP = NP
DFLAY = WON .
IDENTIFY SCRAPER TYPES 43‘THE?HA¥% AND RETURN ROADS.
HAUL RNAD RFGINS AFTER E L LITY AND ENDS AFTFR THE DUMP

kYOI OIDOND

FACILTITY, RETURN ROAD IS BOUNDED BY THE END NF THE DUMP FACILITY
AND THE BEGINNING OF THF LOAD FACILITY.

B0 730 1=1,NNSHR ,
230 STYPHRI(T) = STYODNO(T) i
N0 231 I=1,NASRR
231 STYPRR(]) = STYPLP(I)

Aok e ko ok Kok - ERROR  ANALYSIS koK kX k
REMOVE (L) FRI

AITPUT REPRESENTS CODE NUMRERS OF SCRAPER TEUE AT DUMP
AND LOAD PNINTS AT REGINNING OF SHIFT.
WRITE(2,500) (STYPLP(1),1=1,NOSALP) EA100

2la - Inialn sinlala

WRITFE (3.500)  (STYPDP(I) :1=14NOSADP) FA100
SAN FORMAT (15X, "800, 10X, 151 :

DN

TR ]

23?7 1, NP

PSAVE(T) = 0O,
232 TSAVE(T) = O,
DETERMINFE TRAVFI TIMES FOR VARTOQUS SCRAPER TYPES,

T=
) 4]
) n

A PrA TCOUNT=T,M

CALL STM{TIME,TAPV,VLAST,DIST,GRADE,VMAX,RRES ,VELMAX,VEL, RIMP, |
TR EN T CHTFT ROT, SECTIM, AT oR T LCOUNT, SCROPL HTMIN, HTMAX, NSEGH) EFF,
IPLMIN)

VITCNIRT) = (HTMAX(ICﬂJNT)-HTMIN(ICUUNT))/(SCRPPL-PLM1N!
ACCTIMUICOUNT 1) = HT
ACCTIMUICOUNT,2) = RT

104 FNEMAT ' TRACTOR QFRAPER TYPE - 7,15 777,V PAYLOAD =%,F10,0,3

-0
WRITE ?4) SCRTYP{ICOUNT),SCRPPL yHT,4RT
1, YPOUN ’ / ' TNTAL HAUL TIME = *,F7.2, 3X,'MINUTES' /7y TOTAL RE

1
/
2ne WPITF( 05 OUNT
/

\N’
-
D
<
¥
e
2
>l
Pes
laman d
wy
m
g/
=
Z
-
-
-

{
3
5
2TUrN T] 1 ,F7, ?,3X,'MINUTFS')
'2,
{
3
(

100 FnevAT

o PAG

/
)
106
S
769 WRITE(2,10
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IV G LEVEL 1, MOD 1 MATN DATE = 68122 22/20/

108 FORMAT(RX

YD E SCRADER NUTOUT CANE NUMRER - ',13,2X,'REPRESENTS SCRAP

o+ X, 'NUIMRER TN FIFFY —-1,73,0)

HR!TF(B

NS
110 FﬂRHAT

NUMRER 0F SCRAPFRS IN SYSTEM =-',15,//7)
I, PUSH(T), PTN(T])

[ ]
T
SHER QUTPUT CODF NIUMBFR — '13,2X,'REPRESENTS PUSHER‘
X9 *NUMBER [N FLFEET =',F3,0)

4
NP
112 E0ORMAT '

{
3
{E
1YPE -'5 %
(/o 10X 'HUMRER NE PISHERS IN SYSTFM - 1,15)
WRITF(3,107) ‘
107 FORMAT({ //7/7,% LOAD POINT DUMP PNDINT SCRAPER TYPE PUSHER

1LDAD HAUL TONNAGE TONNAGE TOTAL ACC  CAUSE OF
2 DELAY*',/,"' QUFUF L ENGTH QUEUF | FNGTH LOADED TYPE  TIM|

ZF'sAYLDAD TIME LOADED DUMPED TIME NELAY ™

ASSIGN TIMF-POSTTIONS T0O SCRAPFRS IN QUFUF,

MO

nn 233 N SRR
233 VFHTIM ACCTIM(1,2)

{? =
DO 234 NOSHR
HTTMF( 1 HTMAX(1)
234 VFHTIM{( ) = ACCTIM(1,1)

O

——

DETERMINE 10AD TIMF FNR FIRST SCRAPFR IN QUFUF AT 10AD DPOTINT,

L = STYPNP{1)
RT = ACCTIM(L,?

YO

)
TIOAD = (RT+DUMPT) /NOSALP
TF(TLOAD,GFLTMIN) GO TO 203
TLOAD = LTMIN

NETERMINE PUSHER ANn45CRA2EB_lI2ES_AI_LQAD_EHINI4______~__

203 LP = DUSHER(])
L = STYypLP(1)
JF{TI0AD,LF MAXIDT(L,L2)) GO TN 207

TLOAN = MAXLDT(L,LP) .
207 TTIMF = TTIME + TLDAD

ADYANCE DPUSHER QUFIE,

O

J = PUSHER(1)
pPHNLD = J
ND 2¢8 I=1,NP

TF(1. FQ.hP) G0 TN 209
208 PUSHFR{ 1) PUSHFR({T+1)
200 PUYSHER(T) J

o

r
C CALCULATFE PAYLDAD AT PRESFNT LDAD TINE,
C

IF(ISOILLFO,.?) GN TN 204
CALL _LDAD (TLOAD Jol s PAY,LGCY)

6N TN 205
204 CALL LDAD (TLNAD,J,L,PAY,LGC2)




. | 75 | :
TV 6 LEVEL 1, MOD 1 MATN DATE = 68122 227207

C
_ AA% DETERMINENTHF EXPECTED HAUL TIME AT PRESENT PAYLOAD,

205 HT = Y{L)®(PAY-PLMTN) + HTMIN(L)
263 KFFP = STYPLP(1)

- ANVANCF ‘ AT THE LOAD POINT,
’ NOSALP = NOSALP - 1
- GO TO 211
PN 210 T=1,NOSALP
o 210 STYPLPII) = STYPLP(T41)
r dode Qoo ek ok FRRNR  ANALYSIS sk ok ke ok ok
C ;
C REMOVE (C) FROM COLUMN 1 NOF CARDS WITH FAI01 IN COLUMNS T76-R0
(. DUTPUT REPRFSENTS CODE NUMRFRS (OF SCRAPERS IN QUFUE AT LNAD

ADIMG HAS OCCURED,
T=1,NOSATD) EAIOYT

DOINT AFTER L
. WeTTE(3,50)7 ) tl
502 FORPMAT(20X,'5021,10X,1

ADD LOAD TIME TD ALL VEHICLES.
211 CALL ADDINDSHR,VEHTIM,TLOAD,NOSRR)

ADJUST QUEUE AT THE DUMP POINT,
CALL DODUMP (NOSADP , DUMP, TLOAD, DUMPT yNOSRR o VEHT I My STYPRR  NOSHR
te NOSHR + 1 A

OO OO

SLCAD,
NOSHR =
NOSRR = NNSRR - ]
VEHTIM{1,NOSHR) = 0.0
STYDHRINOSHR) = KEEP

C
C ADVAMEFE ALL SCRAPERS IN RETURN ROAD,
‘
N 306 1T = 1,NNSRR
VEHTTM(?2, 1) = VEHTIM(2,1+1)
206 STYPPR(T) = STYPRR(I+1)
f _
T Fefogokodkok dokorok ERROR  ANALYSTS RERRRRKE KK
f
c REMOVE (C) FROM CNLUMN 1 OF CARDS WITH EAL02 IN COLUMNS 76-8
c NUTPUT RFPRESENTS CADE NUMBFRS NF SCRAPERS IN RETURN ROAD
C TNCTUNTNG THOSE SCRAPERS IN QUEUE AT TH%"[UIH"PSINT.
s WRTTF(3,503) (I, STYPRR(I), T=1,NOSRR) EA102
503 FNRMAT(25X, '5031,10X,2T15)
.
A
VEHTTM(2,NDSRR+1) = 0,0
SLOAN(NQSHR ) = PAY
HTTMF (NOSHR) = HT
; . ‘ , B
¢ INCPFASE NUFIIF AT LOAD POINT TF SCRAPERS HAVE ARRIVED DURING LOAD
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IV 6 LEVEL 1, MND 1 MATN DATE = 68122
’% TIME INCREMFNT.

212 JRR = NOSALP + 1}
KRR = STYPRR(JRR)

22/20/1

C
% 0k ok fodolok Kok FRROR  ANALYSIS ***##*#***
C REMOVE (C) FROM COLUMN 1 0OF CARDS WITH FA103 IN COLUMNS 76-8
C OUTPUT REPRESENTS THE NEXT SCRAPER TYPF THAT WILL RFACH THE
r L OAD POINT (KRR), ANN THF TOTAL EXPECTED RETURN TIME OF THAT
C SCRAPER (ACCTIM), ' o
C WRITF{3,504) KRR, ACCTIM(KRR 2) : EA103
c 504 FORMAT(30X,'5041,10X,15, 5XqF6 2)
p
A = ACCTIM{KRR,2)-LTMIN
TE(VFHTIMI2,JRR),LT.A) GO TO 213
NOSALP = NOSALD + 1
STYPLP(NOSALP) = KRR
GO 10 212
213 PINAD = PLOAD + PAY
IF(HT FR.0.0) GO 1O 272
QL = 0L + NOSALP%],
AN = Q0 + NOSADP*],
0= Q + 10
60 I0 2713
272 DELAYT = TLOAD
TLOAD = 0.0
€ WRITE SYSTEM NRSERVATIONS AFTER EACH LOADING 1S COMPLETED.
C

273 WRITE{3,106) NNSALP, NOSADP, KEEP, PHOLD,TLOAD, PAY, HT, PLUAD,
1TONAGE, TTIME, DELAY, DELAYTY

106 FORMAT (33X, 15 42(9X,015)+8Xe13,2XsF6,2,F10,0,FT,2,2F1
1,3X,F6.2)
NELAYT = 0,0
NELAY = WON

r
r 1S THEPE A SCRAPFER IN QUFUF AT THF LOAD POINT?
r: .
’ TE(NNSALP,.GT.N) GN TO 240
1F{NASRR,GT,0) GO IO 266
r 4 o
C NETERMINE TIME NFLCESSARY FOR NEXT SCRAPER TO ARRIVE AT LOAD POINT,

JO = STYPDP{])

TIFFT = ACCTIM(JD,2) + DUMPT
TLNAD = TLEFT

NELAY = WNS

WATTS = WATTS + TIFFT

AN TN 267

266 N = STYPRR(1)

TLFFT = ACCTIM{ID,2) - VEHTIM(2,1)
TINAD = TIEFT

NELAY = WNS

WATTS = WATTS + TLEFT




m

TV G LEVEL 1, MOD T WATN DATE = 6A197

267 PAY = 0.0

22720

‘gAJT + _TLOAD

pﬁnLn 0
HY = 0,0
241 TTIME = TTIMF + TLOAD

ADD DELAY TIME TN ALL VEHICLES,
CALL ADD(NOSHR,VYFHTIM, TLOAD,NOSRR)

:ﬂrnJ YOV

ADJUST DUMP POINT QUFUF LENGTH,

Yy ME, S YPHR STYPDD)

. co 10 212
; IS A PUSHER TN QUEUE AT THE {NAD POINT?

CALL D.ﬂUMP(NOQADP DUMP, TL OAD,DUMPT ,NOSRR,VEHTIM, STYPRR,NUSHRQ

E 240 TFINNP,.GT,0) GO TN 242
g DETERMINE DFLAY CAUSED AY PUSHER,

TLNAD = PSAVE(1) -~ TSAVELY)
DELAY =Wno

WATTP = WATTP + TLOQAD

nn o281 K=1,NP

TSAVE(KY = TSAVF({K) + TLDAD
TEOTSAVE{K) JLTLPSAVE(K)) GO TO 251
NOP = NNP 4+ ]

TSAVE(NOPY = 0,0
251 CONTINUE

GO TO 267
247 K = STYPRR(1)

{,
C DETFRMINE LOAD TIME FOR NEXT SCRAPER,
C
TLFFY = ACCTIM{KRR,2)-VFHTIM(?, JRR)-LTMIN
JFITLFFT,.GTLC,0) 6O TO 245
TLFFT = 1,0
245 TLOAD = TLFFT/NQSALP
{ PUUSH = PUSHFR(])
TFTTUNAN L MAXLDT (K, [PUSHITGO 10 243
TLNAD = MAXLDT(K,LPUSH)
242 TE(TIOAD,GELLTMINY G TD 244
TIOAD = LTMIN
€ ‘
C ANVAMCE PUSHFR QUEUE,
F
244 ) = PUSHER(1)
| =K
PHOLD = J
NN 246 I=1,NP
P24F DUSHER(T) = PUSHFR(T+1)
247 PUSHER(TY = J
261 IFCISNILLEQ.?7) GO TO 248
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1V G LEVFL 1, MOD 1 MATN DATE = 68127 22720

C

g- CAlLCULATE PAYIOAD AT THIS 1 0AD TIME.

' CALL LOAD (TLDAD,J,L,PAY,LGCY)

GO T0 249

" 248 CALL 10OAD (TUOAD oL s PAY.LGCD)

g DETERMINE EXPECTED HAUL TIME AT THIS PAYLOAD.
_____%_232_&1_5_1LL1§L9AY = DI MINY & HIMIN(L)

C  IF SCRAPER MUST QUEUE AT DUMP POINT, INCREASE LDAD TIME BY .05

g MINUTES AND RECHECK LOAD TIME ROUNDARIES,

] ¥OSHR*DUHPT

R =
IF{(TLOAD4HT).GE,B) GO TN 260
TINAD = TLOAD + 0,05

slale

IE(TIOAD LT MAXIOTIK, I PUSHIY GO 10 261

260 NOP = NOP - 1

ADVANCE PUSHFRS IN CYCLE BY LOAD TIME,

1 = NP - NNP
PSAVF(I)

TSAVE(I) = 0,0
JE(Y. FQ 1) GO YO 248

i

0.4%TLOAD + .15 + ,10

171 = 1-1
TLOAD
]

) G0N _T0 282

)

NOP = NOP +
TSAVE(NOP)

262 CONTINUFE /
265 TTIME = TTIME & TIOAD

CHECK ¥NR FND OF SHIFT,
JFE(TTIME GFL,3680,1 GO T0O 264

-y 5

6noIn 263
CALCULATE PRODUCTION,

:‘ﬂ"\ﬁ

264 PRND = TONAGE/2000,
TCNST = 0.C

CALCULATE TOTAL COST OF SCRAPERS

AND PUSHFERS .

NO 268 I=1,M
260 TCNSY = TCOST + COST{T)%STN(T)
Do 271 1=1,NPT

xR,

271 TCOSYT = TCOST + PCOST(T)*PTN(T1)*8,

PRCAST = TOOST/PRAN
WRITE SYSTEM SUMMARY,

VYD

WRTTE(3,116)
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TV G LEVEL 1, MOD 1 MATN NATE = 68127 3972071
116 FOPMAT(1H§;////l!//////,?OX9'********** SYSTEM SUMMARY ok
Y kodkkk okt
WRT 1 ? ISTy N
112 FORMAT(////920X, 'PRODUCTION BER SHIFT = ' F164042X, "TONS? 4/ /4 15X, ¢
ITOTAL COST [PRODUCTINN, MAINTENENCE, AND AVERHEAD) = $¢,810'3./7/
2, 25X, *TOTAL COST PER TON DUMPED = $1,F12.8://)
WPTTE(S, T14T WATTS, WATTP, WATT
114 FORMAT{?20X, 'DELAY TIME CAUSED RY SCRAPER TVOET 2, 3K, TMINUTESY,/ /,
120X, 'DELAY TIME CAUSED RY PUSHER —',F7,2,3Xs "MINOTESY,//7,30X 0 TOT
AL DELAY‘éIME —'yF7.743X, "MINUTES')
AQL = QL7
AQD = QD/Q
WRITE(3,115) AQL! AQD, Q
115 FORMATU///7, 1AVERAGE
TTAVERAGE
20F SCRAPERS LOADED DURING SHIFT -1,F6.0)
CALL FXTT
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IV G LEVEL 1, OO 1 LOAD DATE = 6R127 327307
SURROUTINE L DAD_ (TLOAD, JyL,PAY, X)
= L %* PY + .
K= |
K = JK + 1
P = JK
i S = T-p
r T ook ok ok ok ERROR ANALYSIS ek e ook o ok
¢ _
¢ REMOVE (C) FROM COLUMN 1 _OF CARDS WITH EA10% TN COLUNNS T6=5
¢ DUTPUT REPRESENTS 'THE TWO PAVLOADS FROM THE LOAD GROWTH |
¢ CUPVES BETWEEN WHICH INTERPOLATION IS TO OCCUR FOR THE LOAD
¢ TIME CALCULATED, S IS THE INTERPOLATION MULTI®L [ER..
¢ WRITE(3,5057 X(JKydyUTy X{TK,d3l0y S
505 FORMAT{35X, '5057,3{5X,F12.1))
r
¢

302

IF (S.G6T.0.0) GO 10 307

PAY = X{L,J,JK)

£no1n 301

PAY = X{l,J,JK) + (X{Ll,J,TK) - X{L,JsJK))%S

E10!

CONTINIIF
RETIRN
END
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Iv 6 LEVEL 1, MOD 1 ADD DATE = 68122
SUBROUTINF ADD (NOSHR;VEHTIM,TLOAD,NOSRR)

22/20.

Mﬁmm!m_ugmm 15
DO 303 N SHR

=1,
303 VEHTIM(1, 1)¥=VEHTIM{1,7) + TLOAD
DO 304 I=14,NOSRR
304 VEHTIM(2,1)=VEHTIM(?2,1) + TL0AD
RETURN

FND
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iV G LFEVEL 1, MOD 1 NODMD DATE = 68122 227207

IQURRUUTINE DANUMP (NNSADP,DIIMP, TIQAn DUMgT NDSPR.VFHTIM.STYPRR,

i | o IOAD 5
1STYPOP(20) " E
c ICHECK = NOSRR
§ RRE ANY STCRAPERS IN QUEUF AT THE DUMP PAINT?
i IF(NOSADP.EQ.0) GO TO 410
- DUMP = DUMP + TLNAD _
E DECREASE DUMP POINT QUEUE TF ANY SCRAPERS HAVE NUMPEDN,

412 1F(DUMP.LT,DUMPT) GO TO 410
ND ﬁA%ﬁ“‘Lnﬁggﬁr‘%“f

DD 413 1 = 1,NOSADP
413 STYPOPIT) = §TvpoP(1+1)

C
C

v >0 1O 42]
D =ICHECK +1
IE = NOSRR - }

ADVANCE SCRAPERS ALONG RETURN ROAD AFTER DUMPING.

. no 423 I = ID,IE
4213 VFHTIM(?y‘U) ; VEHTIM(Z'ID) + DUMPT

PHR{1T B
TnNAG = TDNAGF + SLOAD(1)

K NOSHR NOASHR - 1

DN 411 [=1,KNOSHR

STYPHR({T) = STYPHRI{T+1)
ook deolok i dok ERRNOR  ANALYSIS *ERKERRERER

REMOVE

DUTPUT REPRESENTS CODE NUMBERS OF SCRAPERS R

ROAD INCLUDING QUEUE AT DUMP POINT AFTER A S
WRITE(3,506) STYPHR{I)

EM lNG }N HAUL
CRA

DIOY YYD

506 FORMAT(40X,1506',5X,T5%)

I
F
411 SLOA?

Sz

TF(NNSADP,.GT,0) 6N TO 412
410 TFINNSHRLEQ, NOSADP) GO TO 420
HOLD = NASADP

414 K = NNSADD + 1
HAVF ANY SCRAPERS ARRIVED AT DUMP POINT?

TF{VFHT TN, R, LT HTTRETRYY GU TU §15
NNSADP = NNSADP + 1
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IV 6 LEVEL 1, MOD 1} DONUMP DATE = 6R12?2
STYPDP NOSADP) = STYPHR(NOSADP)

227120,

415 rrmosmp Ea.nmf«a“in 10 420
417 TF(DUMP,LT.DUMP so TO &

DETERMINF THF NUMRER OF NE&_A&RL!ALS_IHAI_&AVF DUMPED,

NDSADP = NOSADP -1
DO 416 I=1,NDSADP
416 :Tvpnpct; = qrypnp¢t+11

NOSRR = NNSRR +
IF((NOSRR—ICHECK) LT.2) GO TO 42?2
{2 = CHE&K + }

NO -
NN 424 ID
424 VEHTIM ) - VFHTIM(Z ID) + DUMPT
Y; g R} = 0,0

(
422 VFHTIM(;
{! ) = STYPHR{])

vID
¢ NO
ase
0

0o Z\)x\)""‘;ﬁ

SIYype

TONAGE NAGE + SLOAD(1)
KNNSHR ASHR - 1
DD 419 I=1,KNOSHR

STYPHR{T) = STYPHR(T+1)

R
I
N
S
T
N
1,

Rk ok ok ok FRROR  ANALYSIS Rk kkERkEk

REMOVF (C) FROM COIUMN 1 QOF €
DUTPUYT REPRESENTS CODE NUMBERS OF SCRAPERS R
ROAD INCLUDING QUEUE AT DUMP POINT AFTER A S
WRITF(3,507) STYPHR(T)
507 FORMAT(40X, 507 ,5X,15)

EMAN'
CRAP

1
E

HAS DUMPEC
T EAL0F

AO| NAaohoHo

zaian)

[

41e SLN

HT
SLI
SHR
HR
DUMP = DUMP -

TF(NDSANP ,GT .0
42C TF(NOSANP,GT,.0
418 CONTINUE

s ot [ | e TR <
oo

ainle]

PETURN

[F LNAD OR DELAY TIME INTERVAL HAS BEFN EXHAUSTED,y RETURN TO MAIN.

FND
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IV 6 LEVEL 1, MOD ) STM NATE = £R12? 22120/

STyGRANDE,VMAX ,RRF

FLMAX, VELv
HIMAX

)
I
(
{

D!MFN 0),y

Nl
RT, ICOUNT, &cRppl 1T
T
{ )y

SyVE
MIN,
GRADE(3n
IDENT (18
(5}

.
petis e B P W e MOM

RUN
» SCRPHP, SCRPPL

M ~Z

RFAﬂll 4) THAUL, ‘NSEGH, FIXT, AD

C
g WHFN THAUL=0 PRNCFESS HAUL ROAD, WHEN THAUL=1 PROCESS RETURN ROAD
’ READ n
REAN(1, ) Vé.lsr(l;, GRADE(I), RRES(I), VMAX(T)y I=1,NSEGH)
00 20 1=1,32
TF(RIMP(T).FQ.0.0) 60 10 21
20 CONTTINUF
(=32
R GEE
21 K=1
57 SAVE = VF
= IGEAR = D
g INITTALIZE SUMMATION VARRIABLES
' DD = 0.0
- TT = 0.0
g CALCULATE MAXIMUM ALLOWABLE SEGMENT VELOCITY
AN 73 KSEG = 1,NSEGH
1SEG = NSFGH+1-KSFG 1
CALL RETARD (RRES{ISEG),GRADE(ISFEG),BRAKE)
VELMAX{ISEG) = SORT{VF*VF-RARAKE*DIST(ISEC)/1.0756)
TF(VMAX(ISFG) .EQ.0.0) GO TO 26
TF(YMAX(TSEG).GE.VELMAX(ISEG)) GO TO 26
VELMAX(ISEG) = VMAX(TSEG)
26 VE = VEIMAXILISFG)
532 CONTTNUE
s
r [MPNSE SPEED RESTRICTIONS IN SEGMENTS, IF GIVEN
| VE = SAVE

nn 77 ISEG = 1,NSEGH
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TV G LEVEL 1, MOD 1 STH NATE = 6R172 227207

IF{VELMAX SEG), %E.VEL(K)) GDh TO 27
5 XL 2N L!K! :

ESTABLTSH INITIAL VELOCITY - vo

IF(VELMAXTIT,GT,VOY GO TO 28
Vo = VFLMAX 1)
28 DO 29 1=2, NSEG

29 D!Slgll = DIST(I-1)+DISTLI)
VB&4AC = VI

DETERMINE EFFECTIVF WEIGHT OF SCRAPER

TFUTHAUL.GT.OY 50 10 30
TOTWY = SCRPPL+ SCRPWT
GO 10 3}

30 TNTWY = SCRPWT

CALCULATE TOTAL RESISTIVE FORCF OF SEGMENT - RESFOR

31 DO 32 ISFG = 1,NSFGH
IFIRRESTTSEGY.GY.17.Y GO 1D 33
PFR = -,9 + 1, 075*PRFS(ISFG)
G0 TN 34

33 PFR = RRES(ISEG

34 RESFOR = {TOTWTX(PER+GRAD

1ISEG))

CALCULATF BRAKING CAPABILITY IN SEGMENT

CALL RETARD (RRES(ISEG), GRADE{ISEG), BRAKE)
TOPVEL = 0.

alielel

DI

OIIY

WY

PRESFNT VELOCITY - VBRGAC

57 KK=1,12

QHIFT(KK).GF VB4AC) GO TO 58

TINUF

SSC = QOT(KK)

LTﬂPVFL GF,VBAAC) GO TO 35
TAPVIT = VR4AT

36 IF(KX,FO,IGEARY GO TN 59
IGEAR = KK

CALCULATE FFRFECTIVE SCRAPER MASS
59 YMASS = {(TOTWT + RMASSC*TNTWT) /32,2
non 36 t=1,K
TFCVRLAC,LELVEL(L))Y GO TO 37
36 COMTINUE
CALCULATE RIMPULL FOR PRESENT VELOCITY

37 DIM = PIMP(L~1) + (RIMP(L)=-RIMP{L-1))*{VB4AC-VELIL-1))/(VEL(L)~

C
2
C

47 1

1
57 CNN
58 RMA

YR

CYIYOD
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IV 6 LEVEL 1, MOD 1 STM : DATE = 63127 22720,
. IVELLIL=-1)) “
¢ CALCULATE ACCELERATION |
g ACCEL = {RIM-RESFOR-TOTWT*,00025%YR4AC) /VNASS
g DEPENDING ON ACCELERATION, DETERMINE TIME INCREMENT

TF(ARS(ACCEL)GT.1.) GO TO 38
DELIA = 3.0 v
GO0 TO 39
3 18 DELTA = .3/ABS(ACCFL) + .3 |
C CALCULATE NEW VELOCITY (V), TIME FOR ACCELERATION (DELTA), TOTAL
% ELAPSED TIME (T), AND NISTANCE TRAVELED (D)
" 30 ¥ = VR4AC + DELTA®ACCEL*, 6818
TE(V LT VFIMAXCISEGY) GN 1O &0
V = VFIMAX{TSER)
DELTA = (V-VB4AC) /(ACCEL*,6818)
40 T = TT + DELTA/60.
, D = NN 4+ VAGACHNE] TA%),. 46667 + ACCEL*DFLTA*DELTA/?. |
; CHECK CALCULATED VELOCTITY AGAINST MAXIMUM ALLOWARLE SEGMENT VEL.
3 IF{ISFG.EQ.NSEGH) 60O IN &1
VESEG = VELMAX(ISEG+1)
6N TN 42
i 41 VFSEG = VF
C NETFRMINE 1F PRAKING SHOULD TAKE PLACE
C
42 TF(V.GT.VFSEG) B0 TN 43
NRRAKF = 0
60 TN 44
43 DRRAKE =(V%Y - VFSEGAVFSEG)*1.,0756 /{~-1.*BRAKE}
G
c CHECK FNR CNMPLETION OF SEGMENT TRAVEL
C
44 TF((D+DBRAKE) ,GE,DISTIISFG)) GO TO 45
IF(V.GE.VELMAX{ISEG)) GO TO 46
VR4ALC = |
DD = D
TT =7
9
¢ SEGMENT NNT CAMPLETED - GO I0 47
¢
G0 TN 47 |
C
¢ VEHICLE HAS ATAINED MAXIMUM SPEED - CONTINUE AT THIS VELOCITY
r

& DDD = DISTLISEG) - DARAKE
¢ TT = T 4+ (DND-DY/(V%88,) + NBRAKF/((V+VFSEG)*44,)
VB4AC = V¥
AN TN 4R

45

TFIDARAKF,GT.0,) GO TN 49
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TV 6 LEVEL 1, WOD 1 STH T HATE = 68133

22172
y ~DD) ) *(DIST{ISEG)-DD)
- = T T(ISEG)-DD) -
TgPVSLS va4Ac |
49 1T = TT + (DIST(ISEG)—DD) [ {44, %(VB4ACH+VESEG))
50 DD = BISTTISE |
IF(DRRAKE.LF O.) GO TO 51
VRB4AC = VFSFG
51 TIME(ISEG) = TT/FFEF
TNPV(ISFG) = TOPVEL
32 VLAST{ISFR) = VB4AC

SEGMFNT HAS REEN COMPLETFD, START NEXT SEGMENT

ST

NN 52 I = 2,NSFiRH

52 DIST(2-1+N§FGH) = DIST(2-T+NSEGH) - DIST{1-I+NSFGH)
1E(JHAUL ,GT,0) GO TO 53

N R T o1, NSFCH

56 SEGTIM{ICOUNT,T) = TIME(T)
AT 2 TIMEINSERH)
GO TO 54

83 PY = TIMF(NQFFH)

54 TFITHAUL ,GT,0) GO TO S5
IF(QFRPDL GT,100000,) GO TN 98
HTMIN(ICQHNT)=HT

PL.MIN=SCRPPL

9R TH=TTY
HTMAX{TCOUNT) =HT
G0N TN Q99

56 TR = T7
Qe CONTINUF
RETURN

END
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AN 1V G LEVFL 1, MOD 1 RETARDN NATF = 68122

22720/

I R
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TRACTOR SCRAPFR TYPE - 641
_ PAYIOAD = 114000,  POUNDS
TOTAL HAUL TIME = 0.84 MINUTFS
o TOTAL RETURN TIMFE = 1.49 MINUTES
HAUL ROAD SFGMENT ACCUMULATED TIMF
1 0.20
2 D328
4 neR4




T TRACTOR SCRAPER TYPE = 664
B PAYLOAD = 162000,  POUNDS
TOTAL HAUL TIME =  0.82  MINUTES
TNTAL RETURN TIME = 1,37 MINUTES
HAUL ROAD SFGMENT Acr..t,muugeg)qnns
2 0.36
4 0,02




i

SCRAPER OQUTPUT CANE NNMRFR ~ 1 REPRESENTS SCRAPER TYPE ~ 641 NUMBE& TN FLEET
1 T

=

P
O
)

E

‘F EE - 3.
SCRAPER AUTPUT CONF MUMRER - 2 REPRESENTS SCRAPFR TYPE - 666 NJMBER IN FLEET - 3,
NUMBER NF SCRAPFRS IN SYSTEM - 6
PUSHER NUTPUT CNDE NUMRER - 1 REPRESENTS PUSHER TYPE - 2D9G NUMBER IN FLEET - 1,
PUSHER NUTPYT CONF NUMBER - ? PREORESENTS PUSHER TYPE - 309G NUMBER IN FLEET - 1.
NUMRER OF PISHERS [N SYSTEM - 2

0 POINT NHMD POINT SCRAPER TYPE  PYUSHFR  LOAD HAUL  TUNNAGE TONNAGE  TOTAL ACC  CAUSE OF  DELAY
ENGIH QUFHE | FNGTU | NADEN IYPE TIME  PAYI OAD TIME  LOADED DMIMPED TIME DELAY TIME
2 ? 1 1 058 00405, 0,83 99405, 114000, 0,58 NONE 0.0
1 1 1 ? D49 104310, 0.83 205715, 228000, 1.07 NONE 0.0
1 n ? ] N, 409 102494, 0.80 308709, 441405, 1.56 NONE 0.0
1 1 2 2 0. A0 130443, 0.8]1 438653, 441405, 2.16 _NONE 0.0
1 1 1 1 0.4C 30030, D.83 5286R3, 547715, 2.56 NONE 0.0
] 1 n n 0.0 0.0 0,0 578683, 547715, 2.60 PUSH 0.04
1 1 ? 2 0.40 112562, 0.RB0 641245, 650209, 3,00 NONE 0.0
1 1 n ¢ 0.0 0.0 0.0 441265,  A80209., 3,08 PlISH 0.06
1 1 1 1 0.60 99854, 0.83 741100, 780653, 3,64 NONE 0.0
1 1 1 ? 0.40 101527, 0,83 B426727., 870683, 4,064 NONE 0.0
1 r 0 0 0.0 . 0.0 0.0 R42527, 983245, 4,09 PUSH 0.04
1 1 2 1 0,53 106962, 0.80 949589, 983245, 4,67 NONE 0.0
2 ] ? ? N.51 1725661, 0.,81 107%7?50. 1083099, 5.13 NONE 0.0
1 1 1 1 N5 97728, 0.,83 1172978, 1184626, 5.67 NONE 0.0
1 n ? ? .54 127377, 0,81 1300354, 1417249, 6.21 NONE 0.0
1 1 1 1 0,54 97728, 0,83 1398082, 1417249,
2 1 1 2 N.43 102243, 0.83 1501325, 1514977, 7.19 NONE .
2 1 ) 0 0.0 0.0 0.0 1501325, 1514977, 7.20 PUSH 0.01
1 1 2 1 0.5 107642, DJRD 1608966, 1642353, T.74 NONE 0.0
1 1 2 2 n,54 127003, D.8] 1735968, 1740081, 8,27 NONE 0.0
1 n 1 1 D.h4 9721309, 0.83 1828277, 1950965, 8.71 NONE 0.0
1 n 0 0 D.0 0.0 0,0 1828277, 1950965, 8.72 PUSH 0.01
n ] 2 2 N.h4 132351, 0.81 1960628, 1950965, 9.36 NONE 0.0
1 1 n a 0.0 0.0 0.0 1960628, 2077967, 9.76 SCPR Q.40
> n 1 1 Ne40 annio, 0,83 2050657, 2170276, 10,16 NONE 0.0
2 1 n n 2.0 0,0 0.0 2050657, 2170276, 10.20 PUSH 0.04
1 0 1 2 0.40 101527, 0.83 2152184, 2302627, 10.60 NONE 0.0
1 D 0 0 0,0 N,0 0,0 2152184, 2302627, 10,65 PUSH 0.04
1 1 2 1 0.40 a2060. 0.79 72244243, 23026727, 11.05 NONE 0.0
1 1 n n 0.0 0.0 0,0 2244243, 2302627, 11.09 PUSH 0.04
1 ! 2 ? Qo4 1125562, 0.80 2356805, 2392656, 11.49 NONE 0.0
1 i 0 0 0.0 0.0 0.0 2356805, 2392656, 11.54 _PUISH 0,04
1 1 1 1 .40 ann30. 0.R3 2446834, 2494183, 11.94 NONE 0.0
1 1 0 n .0 0.0 0.0 2446834, 2494183, 11.98 PYSH 0.04
1 r 2 ? 0.60 1230300, D.81 7577134, 2698804, 12.58 NONE 0.0

—1 _ Yo 1 1 0,44 92717, 0,83 26K9850, 2698804, 13,02 NONE 0.0
9 T 1 1 ) n,52 107889, 0.84 2727717738, 2788833, 132,55 NONE 0.0
] 1 g 1 N,564 109321, 0,80 2886059, 2919133, 14,09 NONE 0.0
1 n 2 2 0,54 127377, 0,81 13013435, 3119737, 14.64 NONE 0.0

1 1 1 1 n.43 91901, 0.B3 3115336, 31197137, 15.07 _NONE 0.0




i 3 1 0 0 0.0 0.0 0.0 3105336. 3119737,
6 ] 2 2 0.64 132351, D.81 323;687. 3%58053.
2 1 0 0 0.0 0.0 0.0 3237687. 3355434,
1 e 1 ] 0,40 90030, 0,83 7716 7335
o 1 D 0 0.0 0,0 0.0 v . .
1 0 ] 2 0,40 101527. 0.83 3429243, 3579686, 16.97
1 0 0 0 0.0 0.0 0.0 3429243, 3579686, 17.01
1 1 ? 1 0.40 92060, 0,79 3521302, 3579686, 17.41
i | 1 ) ) 0,0 0.0 0.0 3 . 6. 17.%6
1 1 ? 2 0.40 112562, 0.80 3633864, 3669715, 17.86
1 ] 0 0 0.0 0.0 0.0 3633864, 3669715, 17.90
] 1 1 ] 0,40 90030, . 13‘%8
1 ] 0 0 0.0 0.0 0.0 3723893, 1242, 18,
1 0 2 ? 0,60  130300. 0.81 3854193, 3975863, 18.94%
1 1 1 1 0,46 92717, D.A3 3946909. 3975863, 19.39
? | 1 ? N.53 107889, 0.B4 4054797, 4065892, 19.92
2, O ] 7 [ .54 10 . . . . 20.46
1 n ? 2 N.54 127377. 0.81 4290494, 4396796, 21.00
1 ] ] 1 0,43 91901, D.83 4382395, 4396796. 21.43
1 9 0 0.0 ).0 0,0 4382395, 4396796 45
‘“%—‘ ] ? 2 0,64 137351, 0. . . . .
? ! n 0 0.0 0.0 0.0 4514746, 4632493, 49 0440
1 3 ] ] 0440 9n030. 0.83 4604775, 472439, 22 .89 0.0
1 _h B 0 0.0 0,0 0,0 4604775, 4724394 93 0,04
== 0 I ? 0.40 I01527. 0.83 4706307, 4B5AT45. 13 0.0
1 " n 0 0.0 0.0 D.0 4706302. 4B56745. ; 0.04
1 ] ? | 0440 92060, 0.79 4798361. 4856745, : 0.0
1 1 n Q 0.0 o.o___%;%6__&%%g%%%;__A%ﬁﬁ;gil_____zﬂagg 3;85
1 1 ? 2 0.40 117567, . A . 4946714, .
1 1 0 n 040 0.0 0.0 4910923, 4946774, 0.04
1 ] ] 1 0440 apn3c, 0.83 500095?. 5048301, 0.0
= ) n 0 0.0 0.0. D, 500095 R3
—— A 7 0.60 130300, 0.81 5 :
1 1 1 1 0,44 92717.  0.R3 522396R. 5252922,
? 1 1 ? 0.53 107RR9, 0,.R4 533]R54, 5342951.
1 ] ? 1 n,54 108321, 0,80 5440177, 547
1 1 1 1 0,43 01901. D.R3 5A59454, 5673855.
1 ] 0 0 0.0 N.0 0.0 5k59454., 5673855,
0 1 ? ? N.64 132351, 0.81 5791805. 5782176,
Sy = ' o ) 0.0 0.0 579IR05, 5909557,
1 0 ] 1 0.40 an030. 0.8% 5R81834, 6001453,
1 ] n 0 Ne0 0.0 0.0 5881834, 6001453.
1 4 ] ? 0,40 1015?27, 0,83 598336 6
1 . n A N, 0 0.0 0.0 594 .
1 1 ? 1 040 92060, 0.79 5075420, 6133804, 0.0
1 ] 0 3 0.0 n.0 0.0 6075420, 6133804, 0.04
i3 1 2 ? 0.40 112562, 0.80 6187982, 6223833, 0.0
1 = Ol 0.0 0.0 Al i EEP UsUh
1 1 1 1 0440 9np30. 0.83 A278011. 6325360, 0.0
1 ] 0 0 0.0 0.0 0.0 6278011. 6325340, 0.04
| A 2 ? 0,60 1303C0, D,R1 6408311, 6529981, 0.0
1 ] 1 ; 0, %% o7717. 0D.R3 56501027, A5209AR1, 0.0
) 1 ] ? n.52 107882, (0.R4 AKHOR915, 6k20010. 0.0
I | 5 1 0,54 108321, 0,R0 AT17?36, AKT750310. 0.0
1 0 ? 2 0,54 127377, 0.R] 6844612, 6950914, 0.0
b 1 1 1 n,4% 91901, 0.83 A938513. 6950914, 0.0
] | n n Ne D 0.0 0,0 A936513, 4950914, 0.01
n 1 ? ? A4 132351, 0.81 TCHRRA4, 7059235, 0.0
b | n 0 N,0 0,1 0,0  7NARRA4, T18b6A11. 0+40




1 n 1 1 0.40 0.83 7158893, 7278512, 35.62 NONE 0.0
1 1 n 0 0.0 0.0 7158893, 7278512, 35,66 PUSH 0,04
1 Q 1 ? D40 0.83 T7260420. 7410863, 36.06 NONE 0.0
1 0 0 0.0 N.0 7260420, 7410RK3, 36.11 PLISH .04
1 1 ? 1 0.40N 0.79 T7352479. 74108643, 35.51 NONE 0.0
1 ! 0 0 0.0 0.0 7352479. 7410863, 36455 PUSH 0.04
1 1 2 2 0.40 0.80 7465041, 7500892, 36.95 NONE 0.0
=3 1 0 0 0.0 0.0 7445041, 7500892, 316.99 p
1 1 1 1 0,40 D83 7555070, 7602419, 37.39 NONE 0.0
1 1 n 0 0,0 0.0 7555070. 7602419, 37.44% PUSH 0.04
1 0 ? ? 0.60 0.B1 7685370, 7807040, 38,04 NONE 0.0
] ) 1 1 0.6  92717. 0N.83 TITAR0RA. TANDTO40.  3IB.48 NONF 0.0
2 1 1 2 e53 0.84 7885974, TB97049. 39,01 NONE 0.0
1 1 2 1 0.54 N.B0 7994295, 8027369, 39,55 NONE 0.0
1 0N ? 2 0,54 D.B1 B121671. B8227973. 40,09 NONE 0.0
1 ] 1 1 0,43 0.83 8721
1 1 n 0 0,0 N.0 R213572. B227973. 40.54 PUSH 0.01
n ] 2 ? N.64 D.B1 8345923, B833629%. 41.18 NONE 0.0
2 1 n 0 N0 0.0 8345923, B4636T0. 4]1.58 SCPR 0.40
] n 1 1 0,40 (.83 843 1% 4],98 E
1 1 n 5 0.0 0.0 R&435952, B85555T71, 42,02 USH «04
1 g ] ? De& 0.R3 AR537479, B6RTI22. 42 .42 NONE 0.0
1 f n n N.n D0 8537479, B687922. 42 .47 PUSH 0.04
1 1 i ey 1 0,40 N.79 RK29538, BKBT922, 47,87
1 ] C 0 ) D.0 BAK29538, RHLKBTI22, 42,91 PUSH 0.04
1 1 2 ? 0,40 0,80 RAT42100, B8777951. 43,31 NONE 0.0
1 ] N 0 N.0 N.0 R742100, BTT77951. 43,36 PUSH 0.04
1 1 1 ] 0,40 N.R3 _ RA/32129, RATI4IA. 43,76
1 0 ? ? 0.5C 0,81 R9624?79, 90R4099. 44,40 NONE 0.0
1 ! 1 1 0.44 0.83 9055145, 9084099, 44,84 NONE 0.0
2 1 S | 2 0.53 D.84 9163033, 9174128, 45,37 Hnﬂﬁ,___ﬁn;&_____
1 ] 2 1 0.54 0.RD 9271354, 9304428, 45.92 NONE 0.
1 n ? 2 D54 0.R81 9398730, 9505032, 46 .46 NONE 0.0
1 ] 1 1 D443 n.B3 9490631, 9505032. 46,89 NONE 0.0
1 ] n n 0.0 0.0 9490631, 9505032, 46,90 p 8‘81
N 1 ? ? D.64 0.1 96229872, 09613353, 47 .54 NO .
? 1 n n 0,0 0.0 9kh229R?, 9740729, 47.94 SCPR 0.40
1 N ] 1 D.40 0.83 9713011. 9832630. 48,34 NONE 0.0
1 £l 0 ) N.0 0.0 9713011, 9832630, 48,39 8‘8*
1 r 1 ? N, 40 N.83 9R1453R, 09964981, 48,79 NONE .
1 n 0 n 0.0 n.0 9814538, 9964981, 48,83 PUSH 0.04
1 ) 2 1 0.40 0.72 9906597, 9964981, 49,23 NONE 0.0
1 ] o 0 N.0 0,0 9906597, 9964981, 49,28 P 8‘84_ 4
1 [ 2 ? N.40 0.R0 10019159, 10055010. 49,68 .
1 1 ) 4 N.0 N.0 10019159, 10055010. 49,72 PUSH 0.04
1 | 1 1 0.30 g.g% igigg%ﬂ%. 10156537, 50.!%_ ;ﬂNE 0.0
1 1 i 0 0, . 8.8&
Y r ? ? 0.AD N.R1 10239488, 10361158, 50.76 g%g' .
1 1 1 1 Neb4 0.83 103327204, 10361158, 51.21 NONE 0.0
? | ] ? 0,53 0.R4 10440092. 10451187, 51.74 NONE 0.0
] 1 2 1 .54 0,80 1054841 8'8
1 s ] 2 N.54 0.R1 106757R9, 10782091, 52.82 .
1 1 1 1 N.43 N.83 10767690, 10782091, 53.25 NONE 0.0
1 1 n n 0,0 D.0 10767690, 10782091. 53,27 PUSH 0.01
0 1 B ? ? 0,54 Nn,A81 10900041, 10890412, 53,91 NO 0,0
El 1 n n 0.0 0.0 10900041. 11017788, 54,31 SCPR 0.40
1 A 1 1 0,40 0.83 10990070, 11109689, 54,71 NNNE 0.0
1 ] n n NN N.0D 10990070, 11109489, 54,75 PUSH 0,04
1 r 1 2 0,40 0,83 11091507, 11242040, 55.15% NONE 0.0
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1 1 2 2 0.40 112562, 0.80 151271395, 15163246, 15.14 0.0
1 1 0 0 0.0 0,0 0.0 15151395.»{5%63246. 73:18 0404
1 ] 1 1 0,40 90030, 0.83 15217424, 15264773, 75.58 0.0
1 ] 0 0 0.0 0.0 0.0 15217424, 19264773, - 0.04
1 0 2 2 0.60 130300, 0.8] 15347724, 1546939, 16422 0.0
1 1 1 1 0,44  92717. 0.83 15440440, 15469394, 16,67 0.0
? ! ] 2 0.53 107889, 0.84 15548328. 15559423, 77.20 0.0
1 1 2 1 0.54 108321, 0,80 15654 17,74 0.0
1 0 2 2 0.54 127377, 0.8] 15784025. 15890327, 18,28 0.0
1 ! 1 1 0.43 91901, 0.83 15875926, 15890327, 78,71 0.0
1 ! 0 0 0.0 0,0 0.0 15875926, 15890327, 78,73 0,01
o) 1 2 2 Qb4 132381, 0,81 16008277, 15998K48., 19,37 0.0
? ] 0 0 0.0 0.0 0.0 16008277. 16126024, 19.77 0.40
1 0 1 1 0.40 90030, 0.83 16098306. 16217925, 80.17 0.0
1 1 0 -+ 0 0.0 0.0 0.0 16098306, 16217925, 80.21 0.04
1 N 1 2 0.60 101527. 0.83 16199333, 16350276, 80,61 0.0
1 A n o 0.0 0,0 0.0 16199833, 16350276, 80.66 0.04
1 1 ? 1 0.40 92060, 0.79 16291892, 16350276, 81.06 0.0
1 ! 0 0 0.0 0.0 0.0 16291892, 16350276, 81.10 0,04
] 1 2 2 0,40 112562, 0,80 16404454, 14440305, 81,50
1 1 n 0 0.0 0.0 0.0 16404454, 16440305, 81,55 0.0%
1 1 1 ! 0.40 90030,  0.R3 16494483, 16541832, 81.95 0.0
1 ] 0 0 0.0 0.0 0.0 16494483, 16541832, 81.99 0.04
1 0 2 2 0.AD 130300.  0.B1 16A24783, 16746453, 82.59
1 ! 1 ! 0.44 92717,  0.83 16717499, 16746453, 83,03 0.0
? 1 1 7 0.5%  1078R9,  0.R4 16825376, 16836480, 83,56 0.0
1 1 ? 1 0.54 108321, 0,80 16933696, 16966768, 84.10 0.0
] 0 > 20,54 127377, 0.A) 17061072, 17167360, R4.65 0.0
1 1 1 1 0,43 91901, 0,83 17152960, 17167360, 85,08 0.0
] ! o A 0.0 0.0 17152960, 17167360, 85,09 0.01
0 ] ? 2 - 0.64 132351,  0.81 17285296, 17275680, 85.73 0.0
2 1 D 0 0.0 0.0 0.0 17285296, 17403056, 86,13 0.40
1 0 1 1 0,40 90030, 0.83 17375312, 17494944, B6.53 0.0
1 1 9 0 0.0 0.0 0.0 17375312, 17494944, 86.58 0.04
1 n 1 2 0.40 101527,  0.83 17476832, 17627280, 86.98 0.0
1 0 0 0 0.0 0.0 D.0 17476832, 17627280, 87.072 8‘84
1 ] 2 1 0,40 92060, 0.79 17568880, 17627280, 87.42 .
1 1 0 0 0.0 0.0 0.0 17568880, 17627280, 87.46 0,04
1 1 ? 2 0.40 112562, D.BD 17AR1440, 17717296, 87.86 0.0
1 1 n 0 0.0 0,0 0.0 17681440, 17717296, 87,91 %&ﬁ_____gggi__ﬁ_~
1 ! 1 1 0.40 90030, 0.R3 17771456, 17818816, 88,31 N .
1 1 D 0 0.0 0.0 0.0 17771456, 17818816, 88435 0.064
1 A ? 2 0.60 130300, 0.8]1 17901744, 18023424, 88.95 0.0
1 1 ] 1 0,46 92717, 0,93 17994448, 18023494, 89,40 0.0
? 1 1 7 0.53  107889.  0.84 18102336, 18113440, 89,92 0.0
1 1 > ] 0.54 108321, 0.80 18210656, 18243728, 90447 0.0
] 0 2 2 0.54 127377,  D.R] 18338032, 18444320, 91.01 0.0
1 1 1 1 0,43 91901,  0.R3 ]R429920, 18444320, 91,44 0.0
1 1 n 0 0.0 0,0 0.0 18429920, 18444320, 91.45 0.01
0 1 ? 2 0.4 137351, 0,81 18562256, 185572640, 92.10 0.0
2 1 n o 0.0 0.0 0.0 18562256, 18680016, 92.50 0.40
1 e 1 1 0,40 90030, 0,83 1869
1 1 0 C 0.0 0.0 0.0 1R65 SR T804, 92.94 .
1 " 1 2 0,40 101527,  0.R3 18753792, 18904240, 93,34 0.0
] r 0 0 0.0 0.0 0.0 18753792, 18904240, 93,38 0.04
1 1 2 1 N,40 92060, 0,79 18845840, 18904240, 93,78 NE__~__Q;8F“~__
1 Ty , 0 0.0 0.0 0.0 1RR45840, 18904740. 93,83 0,
1 1 ? > 9,40 112562, 0,80 18958400, 18994256, 94,23 0.0
1 1 " 0 0.0 0,0 7.0 1R958400, 1R994756, 9,27 0.04
1 1 1 1 D.40 _90p30, 0,83 1004R416, 19095776, 94,67 0.0
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1 1 1 1 0.4% 92717, 0.83 47364528, 47393504, 235,78 NONE 0.0
? 1 1 2 0.53 107889, 0.84 47472416.~ 47483520, 236,31 NONE 0.0
1 1 ? 1 0.54 108321, 0.80 47580736, 47613808, 236,.8% NONE 0.0
1 0 2 2 0,54 127377, 0.81 47708112, 47814400, 237,39 0.0
1 1 1 1 0.43 91901, D.83 47800000, 47814400, 237.82 NONE 0.0
1 1 0 0 0.0 0.0 D.0 47800000, 47814400, 237.84 PUSH 0.01
D 1 2 2 0.64 132351, D81 47932336, 47922720, 238,48 NONE 0.0
2 1 0 0 0.0 0.0 0.0 47933336, 48050096, 238,88 SCPR 0.40
1 C 1 1 0.40 90030, 0.B3 48022352, 48141984, 239,28 NONE 0.0
1 1 0 0 0.0 - 0«0 340 48022352, 48141984, 239,32 PUSH 0.04
1 n 1 2 0.40 101527, 0.83° 238 48274320, 239,72 0.0
1 0 0 0 0.0 0.0 8.0 k :

1 1 2 1 0.40 92060, 0.79 48219920, 48274320, 240,17 0.0
1 1 0 0 0.0 0.0 0.0 ‘ « 48274320, 260,21 PUSH 0.04
1 1 ?2 2 0,40 112562, 0.80 J « 48364335, 240.61 NONE 0.0
1 1 q 0 N.0 0.0 0.0 4837284 36, PUSH 0.04
1 1 1 1 .40 90030, 0.83 48418496, 48465856, . 241,05 NONE 0.0
) 1 n n 2.0 0.0 0.0 4R418494, 48465856, 261,10 PUSH 0.04
) n 2 ? 0,60 130300, 0.81 48548784, 48670464, 241,70 NONE 0.0
] 1 ] 1 WA 92717,  0.83 48661488, 48670464, 242,14 8‘8_
? 1 1 ? 0.53 107BR9, 0.R&4 4874937h, 487160480, 2424671 N .

1 ] 2 1 0.54 108321, 0.B0D 48857696, 4R89NTAA, 243,21 NONE 0.0
1 o ? ? 0,54 127377,  0.8] 48985072, 49091360, 263,75 NONE 0.0
1 1 ] 1 0,43 91901,  0.83 49076960. 49091340, 244,19 NONE 0.0
1 1 ) 0 0.0 0.0 0.0 49076960, 490913260, 264420 PUSH 0.01
) 1 2 ? 0,64 132351, 0.81 49209296, 49199680, 244,84 NONE 0.0
7 1 n 0 0.0 0,0 0.0 49209296, 49327056, 245,24 SCPR 0.40
1 n 1 1 0,40 Q0030. _ 0.83 49799312, 49418944, 245,64 NONE 0.0
1 1 0 0 0.0 0.0 0.0 49299312, 49418944, 245,68 PUSH 0.04
1 N 1 ? 0.40 101527, 0.R3 49400832, 49551280, 246,08 NONE 0.0
1 n 0 0 0.0 0.0 0.0 49400832, 49551280, 246,13 PUSH 0.04
] 1 2 1 0,40 92060.  0.79 49492880, 49551280, 266,53

1 1 0 0 0.0 0.0 0.0 49492RR0, 49551280, 2456.57 PUSH 0.04
1 1 ? ? 0.40 112567, 0.80 49605440, 49641296, 246,97 NONE 0.0
1 1 N 0 0.0 0.0 D.0 49K0D5440, 49641296, 247,02 PUSH 0.04
] ] ] ] 0,40 90030, 0,83 4963%3§ﬁ‘_52152816. 247,42

] 1 ) e 0.0 0.0 0.0 49695456, 497472816, 267,46 Py .

1 0 ? ? 0.60  130300. 0.R1 49825744, 49947424, 248,06 NONE 0.0
1 1 ] 1 0,44 32717, 0.83 49918448, 49947424, 248,50 NONE 0.0
2 1 1 2 0,53 107889, Q.84 50026336, 50037440, 249,03 N 8;8
1 1 ? ) 0.54 108321, 0.80 50134656, 50167728, 249,58 NONE .

1 n 2 ? 0.54 127377. 0.81 50762032, 50368320, 250412 NONE 0.0
] 1 1 ] 0,43 91901, 0.83 50353920, 50368320, 250,55 NONE 0.0
1 1 n A 0.0 0,0 0,0 50353920, 50348320, 250,56

N 1 2 ? D.66 137351, D.B1 50486256, 504716640, 251,20 NONE .0
2 | 0 n 0.0 0.0 0.0 504867256, 50604015, 251.60 SCPR 0.40
1 n 1 1 0,40 90030, 0.83 50576272, 50695904, 252.00 NONE 0.0
1 1 0 0 0.0 0.0 D0 50576272, 50695904, 252.05 PUSH 0.04
1 N 1 ? D40 101527, N.R3 50677792. 50828240, 252.45 NONE 0.0
1 C 0 0 0.0 0,0 0.0 50677797, 50828240, 252449 PUSH 0.04
1 | ? 1 0,40 92060, 0.79 50769840, 50828240, 252.89 NONE 0.0
1 ] n 0 0.0 0,0 0.0 50769840, 50828240, 252,94 PUSH 0.04
1 1 2 2 0.40 112562, N.80 50882400, 50918756, 253,34 NONE 0.0
1 ) N ¢ 0.0 0.0 0.0 50882400, 50918256, 253.38 PUSH 0.04
1 1 1 ] 0.40 90030, 0.83 50972416, 51019776, 253.78 NONE 0.0
1 ] 0 0 0.0 0.0 0.0 50972414, 51019776, 253.83 1]

1 o ? ? 0.60 130300, 081 51102704, 51224384, 254,42 NONE 0.0
1 1 1 1 0444 92717, 0.83 51125408, 51224384, 254,87 NONE 0.0
2 1 1 ? 0.53 107889,  0.84 513037296, 51314400, 255.40 NONE 0.0
] ] 2 1 0.84 108321,  0.8N 51411K16, S14444R8, 265,94 NONE 0.0
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9 e A e e e e el SYSTEM  SUMMARY T TITITE]
PRONUCTION PFER SHIFT = 36156, TONS
TOTAL COST (PRONDUTINN, MAINTENENCF, AND DVERHFAD) = ¢ 1934,800
TNTAL CNOST PFR TAN NDUMPEN = ¢ (0.,05351230
PELAY TIME CAUSFD AY SCRAPER - 22,40 MINUTES
PELAY TIMF CAUSED BY PUSHER - 13,22 MINUTES
TOTAL DFLAY TIME - 35,61 MINUTES

AVERAGE QUEUE LENGTH AT LOAD POINT - 1,0

AVERAGE QUEUE LENGTH AT DUMP POINT - 0.7

TOTAL NUMRFR OF SCRAPERS LOADED DURTNG’SHIFT - 518,
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