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ABSTRACT

This study presents an economic evaluation of two
transportation systems as applied to a specific mine haul-
age operation,

In the first part it evaluates transportation costs
by means of a fleet of trucks over a distance of 68 miles.
It takes into account the actual features of the existing
road and determines the optimal number and type of trucks
to be needed for the required annual production. It is
shown that this operation can be improved appreciably by
paving the road. This part is solved by computer-assisted
simulation,

Railroad haulage system analysis is contemplated in
the second part . Aspects such as breaching jungle areas,
cost estimates of jungle access trails, railroad equipment
selection, and costs estimates for this operation are de-
termined, Computer procedures are also used to determine
traveling times.

Pinally, a comparison between both systems is performed.
It is apparent that on the basis of haulage costs only, the

railroad system is substantially better.
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INTRODUCTION

General

The Bolivian mining industry is charged with the re-
sponsibility of developing and exploiting its mineral re-
sources to sustain its economy which, indeed, is the base
of the Bolivia's economy. It is obvious that the demand
for mineral commodities in the coming years will increase
manifold, Givenuadequate mineral resources, the task of
expanding production by a factor of three or four offers
no small challenge. The demand for raw materials in the
mineral aspect is complicated by the fact that mining, un-
like the other industries, markets a wasting asset. Con-
sumed mineral resources cannot be replenished and most of
the high-grade, easily-mined deposits have been exhausted.
However, there still are some mineral deposits which can
be considered of relatively high grade, but they are not
mined out because of other different aspects such inacces-
sibility, isolation, weather conditions, and so forth. An
iron-manganese deposit located in southeast of Bolivia is_
one such deposit.

Two years ago, Corporacion liinera de Bolivia, the
State's Bolivian mining company, started preliminary work

at Fl Mutun deposit. For the exverimental stage a pilot
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plant with a 700 MTPD capacity was built and an access road
from Puerto Suarez to the mine was built. The exploitation
phase will begin by working the alluvial deposits in the
narrow valleys of this area. The mining of these glluvials
will last for several years; The ores will be concentrated
in a mill and then they will be transported to Puerto Busch,
a harbor on the Paraguay River, from whence they will be
shipped down to thg Argentina State Steel Company at San
Nicolas, Argentina. In this smelter the concentrate will be
converted into steel, Feasibility studies have determined
that for an economical Operation the minimum tonnage to be
shipped down tot%he'smelter must be 1,000,000 MTPY.

The haulage of this concentrate from the mill to the
river harbor over a distance of 68 miles is the topic of
this dissertation.

The use of trucks as a main transportation system
for this operation is the original plan contemplated by
the company's management, A two-way road was built with

this purpose.

Problen Statement

The haulage cycle considered in this report can be
explained as follows: after the ore is treated in the mill
it is stored in an ore bin. The trucks are loaded fronm
that bin, leaving the loading area and beginning»the long

distance travel toward the river port at which the concen-
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trate is unloaded into the port facilities. After dumping
the units leave the port, making their way back to the mill
for reloading.

The optimum selection and assignment of equipment
will achieve maximum profit for the company. The analysis
.described in this report assists management in the selec-
tion of the best system of oré transportation., Both a

truck and a railroad system are considered.

Purpose and Scope

The only certain and absolute way management can deter-
mine cost and productivity of any mining system is to in-
stall and operate the system, However, when systems involve
large capital expenditures this procedure is seldom econ-
omically feasible and practical, The probabilistic nature
of mining and production would necessitate a lengthy exper
iment for each alternative to locate the optimum systen.
Simulation provides a better approach, Simulation methods
are used when truck Studies are made. Standard simulation
is employed as well in the railroad analysis.

Summarizing, this study performs the analysis of se-
quential operations and costs for a truck haulage srstem,
makes a cost estimation for a railroad operation and, final-
ly, compares both alternatives giving management ways of
evaluating such systems without changing the actual opera-

tion.,
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The results obtained are analyzed, and some thoughts
are given pertaining to the practical application of each

system.
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FACTORS REQUIRING SPRCTAL CONSIDERATION

ILocation

The "Bl iutun" deposit lies in the southeast corner
of Bolivia,., The pilot plant, already in operation, is lo-
cated 17 ::iles due south of Puerto Svarez, a small town in
the Bolivian-Brasilian border, which constitutes the near-
est town to the deposit serving as a connection point with
the rest of the country. Puerto Suvarez is 390 miles by
rail east from Santa Cruz de 1a‘Sierra, and 680 miles from

Cochabamba City (see Figure 1.).

Geography and Climate of the Zone

The area in which the transportation system is located
corresponds to the low lands lying in the middle of South
America., In general, it is a flat land with slight undula-
tions, isolated depresions, and deep, fertile soil. The sur-
face cover consists of sediments of alluvial and aeolian
origin transported by water and wind from the Andes koun-
tains and the Brasilian Highland. Belbw the unconsolidated
material are horizontal strata resting on a granite base.

The climaté corresponds to the tropical regions., The
tenperature is generally warm, humid, and with heavy rain-

fall during the Summer. Annual rainfall is estimated bet-
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ween 35 and 45 in. This part of Bolivia is very thinly

populated, most of the inhabitants being farmers.

Building Roads in Jungle Areas

The construction of permanen% roads in jungle areas,
especially in the present case in which the works are
being developed in the center of the continent presents
two méjor difficulties: 1) the isolation, and 2) the cli-
mate.

The isolation mezns that any projeét must be largely
self-sufficient, and for longer vperiods than is normal.
Self-sufficiency involves.not only the supply of hardware,
personnel, and engineering capwﬁty.but also such matters
as technical reference materials, communication equipment,
and the like, |

The climate is very demanding on men and machines. The
heavy rainfall during the Summer months forms lagoons and
turns the land swampy; the drainage is‘slow. It has been
reported that during January and February the highest tem-

peratures of the continent are found in this region.
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METHODS OF ANALYSIS AND THEIR LIMITATICIHS

The following methods of analysis can provide the

necessary means to solve an optimization process:

Conventional kethods -Calculus

The classical methdds of Calculus provide elegant
solutions to a relatively limited number of problems. Cal-
culus is in fact principally applicable to problems involv-
ing force fields such as those of gravity, electromagnetism,
stresses, and field pressures. These situations are, unfor-
tunately, of limifed relevance to many of the problems in
the design and operation of large-scale systems like
the one considered in this thesis. Thus, calculus is not
applicable in situations where a large number of variables
are not continuous functions and do not have continuous
derivatives at all points, which is true of the present

case,

Dynamic Programming

Dynamic Programming is a techﬁique that can be used in
a specific function subject to a few constraints, e. g. two
or three. It is mostly used in allocation problems and often

useful for making a sequence of interrelated decisions.
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Dynamic programming is a general type of abproach to prob-
lem solving, and the particular equations used must be de-
veloped to fit each individual situation.

The large number of constraints taken into account in

this study is the main reason for not using this technique.

Linear Programming

Linear programming is applied to situations dealing
with either maximizing or minimizing the value of some
linear (objective) function subject to a set of linear
constraints ., The coefficients relating ihput and output
are known. There are no provisions made for relationships'
subject to random fluctuations or errors in determinations.
A1l of these limitations make linear programming unsuitable
for a study where laws of probabilities and chance play a
key role in the process. Thus, this technique is not ap-

plicable in this problem,

Systems Simulation

Systems simulation is a method used to reproduce and
manipulate the production properties of a reél world system
in the reduced form of a model., Simulation does not always
give numerical answers but provides a set of sub-optimum
solutions from which the required answers can be selected

for the existing overating conditions or for the proposed
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operations or changes in the system,

Systems simulation is, in most cases, a stochastic op-
timization tool, though models of deterministic optimization
are not uncommon,

The system under study is a stochastic process, which
involves a large number of variables; consequently, simu-
lation procedures are well suited for solving and optimizing
the problem,

Simulation offers to decision makers a unigue oppor-
tunity to experiment with proposed operational changes with-
out altering the actual conditions.,

The trend toward this method has been accelerated
rapidly by the widespread évailability of high-speed digital
computers, which reduce the time required for computation
and can also generate the necessary random numbers required
for simulation. Thus, the expansion or compression of time
is possible and a problem area can be analjzed more criti-

cally.
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TRUCK HAULAGE ANALYSIS

General

The optimization of a fleet of trucks for the concen-
trate haulage system is accomplished by using simulation.
This chapter discusses and ‘analyses the different concepts
and techniques used in calculating such items as traveling
times, annual costs, and costs per ton for each unity in
the system. |

Two kinds of simulation are used in this dissertation:
probabilistic simulation is employed whenever certain serv-
icing times are taken into account and which recognizes
the probabilistic nature of the situation involved; on the
other hand, the movement of trucks along the haul roads is
calculated by using standard simulation. This last technique
enables cach vehicle to perform according to its mechanical
characteristics and the typical profile of the road. The
need of a digital computer is of paramdunt importance in
performing the huge number of calculations. The computer ac-
complishes the staggering computational and book-keeping
work and frrnishes necessary means for compressing the time
scale by allowing several days' operations to be simulated

in a matter of minutes,

11
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Full Simulation

Because of the fact that this study deals with the
development of a new mine there is, sometimes, insufficient
data available, Therefore, some assumptions are necessary.
The input data for the computer program was obtained from
historical data gathered from earlier studies carried out
under similar circumstances.

Considering that the data can be described accurately
by a standard probability distribution, only characteristic
paraneters of the distribution indicating a degree of cen-
tral tendency, such as the mean, and a degree of dispersion,
such as the standard deviation, are needed by the computer,.
Random element times can then be calculated directly with
an algebraic equation; this fact allows a reduction in the
number of calculations performed and thus the economy as
well as the efficiency is improved,

The haulage was explained earlier. The existence of an
overhead hopper is contemplated because there are no limi-
tations as far as the type of material to be handled which
is not bulky and flows freely. Loading times were obtained
from hopper manufacturers and such information is used as
input in the program. Table 1. shows loading times for each
truck size under study. Data referred to turning, spotting,
and dumping times was obtained from a study performed before
(Bandeira 1969). Figures for the three types of vehicles

considered are given in Table 2.
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Table 1. Joadings Times Using an Overhead Hopper

Truck Size (Tons) Loading Times (min)

35 3.5
45 3,8
50 400

Table 2. Turning, Spotting, and Dumping Times

Truck Size (Tons) Turning, Spotting and Spotting Time at
Dumping Times (min) Storage Bin (min)

35 1.3 0.3
45 1.3 0.3
50 1.3 0.3

A Standard Simulation of Truck Perfcrmancé

As has previously stated, standard simulation is used
here for only one operation in the model -that of determin-
ing the theoretical performance of the haul trucks along
the road. In this way the actual truck performance can be
closely estimated. -

Truck performance characteristics are commonly ex-
pressed in graphs showing developed tractive effort as a
function of truck speed. An example is shown in Figure é.

Rim-pull is equivalent to the tractive effort developed by
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the truck's engine and power train, assuming no wheel slip
on the roadway. Only a portion -on the order of 75 percent-
of the engine's rated power, depending on the speed, 1is
available to create necessary tractive effort, the balance
being lost in the power train and}accesories. liore power is
lost at low truck speeds because of greater gear reductions
involved., If it were not for this the rim-pull developed
would have a hyperbolic relationship with resvect to the
velocity.

K
Rim~-pull =

Velocity

In fact, the performance curves of all trucks approxi-
mate hyperbolic curves, with small deviations related to
gear ratios and torque converter characteristics, within
the speed range of the vehicle,

Under load the tractive effort is expended in overcom-
ing the rolling resistance on the road, the grade, and in
accelerating the truck and its load. As the truck gains
speed the tractive effort available for acceleration dimin-
ishes, so that the truck approaches séme maximum speed for
a given combination of engine power, gross vehicle weight,
grade, and road characteristics,

The problem of the designer of truck simulator program
is to determine the speed of the truck over each increment

of the road and the time consumed in traveling that incre-
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ment. The sumation of these incremental times is the total
time required to go from the loading point to the dwumping
point, A similar calculation determines the time for the
return trip.

The problem is complicated by the existence of artifi-
cial constraints. For example, sneed limits may be imposed
in the interest of safety or to prevent accelerated deteri-
oration of the equipment and tires. These may vary erratical-
1y, according to the factors affecting the route. These
constraints must be taken into consideration, in addition
to those pertaining to the road surface, the grade, and
related factors.

The acceleration that can be produced by the available

rim-pull is obtained from Newton's Second Law of Hotion:

F = (mass)(acceleration) or

+=
I

ma

where F is the net rim-pull after deduction of the effects
of grade and rolling resistance and the mass is that of the
truck and its load. It is convenient to express the accel-
eration as ''miles per hour per second" or mphps. It is also
convenient to express this as a function of the tractive ef-
fort per ton of the vehicle weight.

The following formula is used:
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Tractive effort/ton of gross vehicle weight

a =

whence

32.2 1t

2000 1bs/ton 5280 ft/nile
/sec X 2600 sec/hr

a = 0,01lmphps per pound of tractive effort per ton

17

A single segment level haul road would be the simplest

case to be considered, With a grade resistance of zero the

total resistance would be equal to the rolling resistance.

The potential velocity is calculated from the relationship

existent between velocity and rim-pull in the performance

curves (Figure 3.). The truck's acceleration will increase

at a rapid rate from standstill., The acceleration rate is

reduced as velocity increases until the tractive effort

D ———

— Accel, Distsse— Const. Veloc., —=Braking Dists

B . ol

Valocity

/)

\

L
=

Figure 3,

Total Distance

Velocity Profile of a Single Segment Road
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equals the combined rolling and grade resistance, at which
time a steady state velocity is achieved. This condition
will continue until it should be necessary to bring the

truck to a stop.

Simulation Procedures

Simulation demands the use of a high-speed digital
computer, Even though moderately complex systems can easily
exhéust storage capacity in small computers popular in in-
dustry,'its ability to "speed—up-time" gives to this tech-
nique a strong advantage>and usefulness.

The computer program used to determine truck travel
times was modified from one developed~a£ the Colorado
School of Kines for use in a cburse in surface mining. Its
use permits the evaluation of %he performance characteris-
tics of different trucks over different road surfaces and
~profiles. Three types of trucks, namely 35-, 45-, and 50-
ton capacity, over two different surface road types -the
one which simulates the existing road with a rolling resist
ance of 3 percent (60 1lbs per ton) and a paved road with a
rolling resistance of 1.5 percent (30 1lbs per ton)- were
tested. One hundred and twelﬁe segments were considered.

This computer program requires the use of two data
files: the first one containing descriptive information

about truck route and the second one giving vehicle char-
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acteristics informétion. The file with the truck route has
features of the road such as length of segment, érade of
section, surface code (rolling resistance corresponding to
each section), speed limit, and section number. Vehicle
characteristics input the following information: net vehi-
cle weight, truck's payload, and performance data on the
vehicle: speed at which evaluation is made, tractive effort
at that speed, and max imum retarding forces at speed consid-
ered, |

A listin~ of‘this program along with a typical computer‘
output is given in Appendix I,

Ownership and opefating costs per unit 7+ the system
are determined by means of a computer program written with
this purpose. Appendix II. discusses the different aspects
taken into consideration in performing such calculation and
also shows the gomputer program listing as well as the re-
sults obtained for the three trucks under study.

The stochastic nature of the process is contemplated
in the probabilistic simulator. It uses the travel times
given by the first simulatbr, and the unitary costs obtained
in the program of costs. The model makes the following as-
sumptions:

1. Trucks are not allowed to pass each other in the
same direction
2. No allowance for adjustments due to breakdowns is

made
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Table 3. Traveling Times Table
Truck Surf. Time Ad justed
Type Code* min. Time Min,
A 1 297 356
35-Ton 3 363 L36
B 1 308 370
bs-Ton 3 374 g
c 1 271 325
50-Ton 3 348 418

* Code 1 corresponds to a rolling resistance 1.5%GVW

Code 3 corresponds to a rolling resistance = 3.05GVW

Table 4. Cost per Ton Table

Truck  Surf. No. of Delay TILoad. Hauling Cost/

Type Code Trucks Time* Time¥% Time¥ Ton &
A 1 ho 311 6218 828,211 2,L89
35-Ton 3 60 . 306 6114 1,016,619 3.060
B 1 39 385 7696 838,350 2.362
L5-Ton 3 L7 393 7852 1,043,485 2,875
c 1 31 hio 8196 733,875 2.097
50-ton 3 ho ko9 8172 954,077 2.728

*Time given in minutes



ER-1556 21

3. Cycle times are supposed to be distributed according
to the normal distribution,

A random number generator available at the Computer's
'Center Library is used in this program.

The procedure to calculate cost per ton for each type
of truck can be described as follows. To start, all kinds
of costs previously obtained were converted into a yearly
basis. Then by adding them up the total cost per year is
found, which divided by fhe annual production gives the cost
per ton,.

It is a matter of company policy to define the number
of shifts to be worked per year, as well as the duration of
each shift. For this problem a working year of 600 shifts
of 8 hours each was defined.

The conversion of the several costs per scheduled hour
into costs per year was accomplished by multiplying the
former by 4800 (total number of Wdrking hours per year).

In AppendixII] can be found a complete listing of this
program as well as a computer output for one of the units

analyzed, Results on this section are given in Table 5.

Pavinge Road Estimation

By paving the road in existence the following advan-
tages can be obtained:

1. A reduction in the rolling resistance factor which
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leads to a higher vehicle performance, greater tire
life, and more truck miles per gallon of fuel con-
sumption.

2. Dust conditions drastically reduced during the dry
season, thu. safety improved for better visibility,

3. Total mud elimination during the rainy months,

4, 1In this particular case it would make possible the

traffic of vehicles the whole year round.

The road'pavihg cost estimate is performed based on
figures furnished by the Colorado Department of Highways.
The data used was compiled by the Cost Estimates Unit of
the Staff Design Division and can be found in the 1972
Cost Data Publication.

Calculations on this section are given in Appendix IV,
Results comparing costs in both types of surfaces are shown

in Tables 4., 5., and 6.

Table 5. Difference in Cost per Ton for
Three Types of Trucks

Surf. Truck Type
Code A B Cc
Cost/Ton 1 2,489 2,362 2,097

$ 3 3,060 2.875 2,728

Difference 0.571 0.513 0.631
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Table 6. Total Annual Cost Difference
(Optimum Pleet Cbtained)

Unpaved Road Paved Road Diffsrence

Total Cost % 3,008,984, 2,312,291 695,993,

Table 6. shows the annual difference in transportation
cost for both alternatives. Savings on the order of
3700,000, per year can be expected, while an annual amor-
tization of 35280,000. for paving the road is estimated.
Thus, net savingson the vicinity of 3400,000, per year,
which is a 1% percent decrease of the planned annual invest-
ment might be the direct benefit of this overation, besides

the other advantages earlier mentioned.
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RAILROAD HAULAGE SYSTEL ANALYSIS

General

Because of the rather lérge distance over which the ore
must be hauled it is desirable to consider the possibility
of railroad haulage as an alternative. If such a railroad
were to be constructed, it has to be the same gauge as the
existing Corumba-Santa Crugz Railroad which connects Corumba
with Sao Paulo in Brasil and Puerto Suarez with Santa Crusz
in Bolivia. It would have the merit of providing an exten-
sion of railroad service to the harbor of Puerto Busch on
the Paraguay River, with much benefit to this area.

Because of the possibility of such a railroad offering
commercial common-carrier service, as well as serving as an
ore hauler , its construction would involve numerous prob-
lems in addition to those éreated by the iron ore transpor-
vtation. Therefore, to establish a comparison on the minimum
feasible basis, as if it were to carry only iron, the analy-
sis will be made on the basis of the least favorable condi-
tion. If rail haulage is attractive in such a case it will be

more att*actiﬁe when the other factors are included later.

Estimation of railroad costs is difficult because of
the tropical jungle through which it must penetrate. One of

the best sources of information for estimating cost of jun-

24
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gle penetration is the U. S. Army Transportation Research

Commend,

Breaching Juncle Areas

In breaching jungle areas a method investigated by
the cited.institution has been throughly evaluated, A typ-
ical operation would be conducted as follows:

A standard tractor, e. g. Caterpillar D8, using its
blade cuts a swath of 6ne blade width (about 4 m). It would
be necessary to cut three times such a width to have 12 m
space, A Caterpillar D8 tractor can easily éut through
trees up to 0.5 m wide at the base; it can, in general,
avoid larger trees as it cﬁts its trail because the jungle
although often dense,.is made up of a prepondefance of
snall diameter trees., Other vehicles such as tracked vehi-
cles would follow alohg behind the tractor as the trail is
cut and carry enough fuel and supplies for the workers.
‘Right after these vehicles the crews building the embank-
ment would follow, building at the same time the rail track.
Workers would remain on the job until it was completed.
Once the embankment and the rail track is built, a small
train would travel back and forth for logistic purposes.

As it was concluded by the U. S. Army, it became clear
that primary envirommental factors affecting off road mo-

bility in jungle areas are vegetation and drainage of the
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area, Another interesting conclusion obtained was the evi-
dence of a definite relationship existent between the ease
of vehicular mobility in forest areas and the statistical

distribution of size classes of trees,

A Formula for Jungle Penetration Time

An equation developed by J. T. Soules of the Rome Plow
Co., Cedarton, Georgia, for estimating times for clearing
forested areas in temperate zones with standard tractors
appeared to be a starting point for developing a numerical
value for jungle mobiiity. This empirical relationship is

expressed as follows:
T =238 +-M1Nl + Mollp ¢ M3N3 + M4N4 + DF

where
T : Time per hectare in minutes to clear all trees.
B : Base time for each tractor per hectare

N : Number of trees per hectare in each diameter range
obtained from field survey

Minutes of cutting time per tree in each diameter
range -

M

LX)

D : Sum of diameter in centimeters for all trees per
hectare above 150 cm in diameter

F : Minutes of cutting time per centimeter of diameter
for trees above 150 cm in diameter.

The values of B, M; - M4, and F can be found on page
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91, Eﬁgineering/ﬁining Journal, February 1971. The values
of I3 - Ny, are characteristics of each particular area

under study.

Juncle Mobility Index

Another and more direct empirical approach was devised
that appears to account for more of the significant factors
that affects jungle mobility index, These factors beéome
apparent as a result of a botanical, engineering, and time-
motion studies that were conducted by the U. S. Army Corps
of Engineers, Then, they were_correlated with aerial photo-
graphy already taken. These on-the-ground Studies established
Athat the major hindrance to mobility was the vegetation,
wnd that there was a direct relationship between difficulty
~f mobility and age bf forest. The jungle clearing equation
shows that the degree of difficulty is a function of a size
distribution of trees; however, this distribution is statis-
tically the same for any tropical forest of the same type
and age wherever it is located. Since age and type of fbrest
can be determined from aerial photography, it is not neces-
sary to obtain tree counts. For each such statistical dis-
tribution of trees, it was found that a given amount of ef-
fort was required to penetrate or clear the forest with a
given tractor at a given rate. This rate called the "Forest

Mobility Rate", is the primary mobility factor and is modi-
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fied by secondary factors such as underfoot conditions,
rainfall, tractor type, efficiency, and stream crossings.

These primary and secondary factors are related by
the empirically derived "Jungle liobility Index" (JLI) as
follows:

(FxUxR) + 8
JMI =

T x E

where:

JMI: Jungle ['obility Index expressed in hour per Km

F ¢ Forest lobility Rate. These rates can be determined
empirically for each type and age of forest. Forest
Mobility Rate includes the effects of typical micro-
terrain features and soil conditions, unity hr/Km

U : Slope. This is the percent slope upon which the
vehicle is working

R : Rainfall. The amount of precipitation in the previous
48 hours is considered. It is given in mm

T : Tractor. This is the factor relating various makes and
models of tractors to the Caterpillar D8H equipped with
a bulldozer blade, cab guard, winch, and wide-track
option. Its value ranges from 0,25 to 1.8

E : Efficiency. This factor considers training and/or
experience of tractor operators

S ¢ Streams., Defined as water courses whose water is not
visible through the jungle canopy. These do not neces-
sarily contain water but are usually damp. It is comput-
ed: S = (No. of Streams Xing x 0,5)/Distance in Xm

To obtain the time and ultimately the cost for a given

penetration or clearing, the JV¥I calculated for a certain
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forest type is multiplied by the length of the trail to be

cut,

Cost Estimation of Jungle Access Trail

Based updn the two earlier concepts, it is possible to
make a cost estimate of a jungle access trail,
Costs of preparing the trails are calculated according

to the JMI. It is evaluated as follows:

(FPxU=xR) 4+ S
Tx E

JMI =

where

F l.1 hour per Km

ob

U : 1.0 for the total length corresponding to a slope bet-

ween 0 and 10 percent

R : 1.5 for the total length corresponding to an average
rainfall of 1.0 cnm per'day

T : 1.3 Caterpillar D8 equipped with a Rome KG clearing
blade

E : 0.5 it is assumed that operators are experienced with
tractors but have never cleared jungle

S : (460 x 0.5)/100 = 2.3 (Assuming 460 streams in 100 Km)
So, the JMI comes out

JMI = 5.5 hour per Km

The total estimated time to prepare an access trail
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over the 683 miles would therefore be 605 hours.
Assuming an 8-hour work day, and an additional l4-day
allowance for contingencies, it would take 90 days'to com-

plete the trail. The following calculations are performed:

2 Caterpillar D8 with Rome KG blade

@ 333 per hour for 720 hours % 48,000,00
1 ¢istern truck to haul fuel @ $200/day

(As per U.S. Corps of Engineers) 18,000,00
1 Truck for camp facilities @

$200 per day (Ibid) 18,000,00

General camp facilities (food, v

electric plants) for 90 days 20, 000,00

Total Owning and operating costs %104, 000,00

Overhead and Profit ® 125 percent 3130, 000,00

Total estimated cost for trail opening  $234,000,00

The figure obtained seems to be realistic according
to information received from earlier operations performed
in this area. Cost on embankment construction has been
estimated as two-thirds of the road embankment cost which
~ total amount is approximately 5500,000,00 in the length of
68 miles. Thus,Athe total amount estimated for the rail-
road embankment is 340,000,023,

Adding up the previous figure obtained, the cost of
Jungle trail opening plus embankment construction is esti-

mated at $ 575,000,000 which makes #8,750.00 per mile.
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Choice of Method of Oneration

In using rail haulage one has the choice between short
trains operating frsquently andilonger trains operating less
often, If the required tonnage of 1,103,000 tons per year
were to be hauled over a period of 300 days, the amount to
be moved per day is 3680 tons. On the one-meter gauge used
by the connecting lines a 50-ton car would be the approximate
maximum that could be handled. Seventy-three of these must
be delivered per day.

The maximum tractive effort of a locomotive is limited
by its weight, not its horsepower, but the maximum speed
that can be reached is determined by the power available.
The resistence offered by the locomotive and the ore cars
can be estimated by the equations given by Brauns and Orr in
the AIME Surface liining volume. Such equations are known as

the Davis Formulas, They are:

_ 29 . 0024 AV°
Locomotive Resistance, 1b/ton = 1,3 + =— 4+ ,03 4 ————
W WN
29 .00054V2
‘Freight car Resistance, 1b/ton = 1.3 + — + ,045V + —m—
: w WN

Examination of the computer program used for the trucks
will show that it is a adaptable to rail hauvlage as well., By

replacing the section concerned with the rolling resistance
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of the various kinds of roads with a section based on these
equations, and using the proper drawbar characteristics of
the locomotive to be used, the round trip of any selected
size of train can easily be calculated. The modified progranm
is shown in Appendix V. This modified program was used with
two sizes of locomotives and various numbers of cars, with
the results shown in Table 7. For convenience the road pro-
file used for trucks is employed for the train, but with the

understanding that the actual line would be better engineered.

Table 7. Train Traveling Times Table

Locomotive Number Loading Dumping Traveling Total

Size of cer Time* Time* Time* Time¥*
25 100 50 236 386

120-Ton. 30 120 60 250 430
40 160 80 310 550

25 100 50 250 390

80-Ton. 30 120 60 280 460
40 160 80 345 585

* Time given in minutes.

Experience shows that in an 8-hour shift there are 450
minutes of working time, the remaining 30 minutes being con-
sumed by travel time to and from the job. Analysis of Table

T. shows that a 120-ton locomotive pulling 30 cars is within
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that figure; so, such train is selected for the cost estima-
tion.,
A diesel-electric locomotive is considered because of
the advantages it presents:
1. High availability
2. Maintenance costs relatively iow
3« Production of standard-size units relatively high

4, Low operating costs.

Job analysis and cost related to the selection of rail
haulage operation is described in Appendix V. On the basis
of this estimation, the expected cost per ton of ore deliv-
ered to the port would be approximately $1.40 or $0.0206 per
ton per mile. This represents a saving over the best truck

haulage situation checked of $0.697 per ton.
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SUMMARY AND CONCLUSIONS

Sumnary of Procedure

The steps performed in the development of this study
were made in the following sequence:

‘1. Traveling times for different units on two types of
roads were determined. A program developed at Colofado
School of Mines,'Mining'Department, was applied.
Results obtained are given in Table 3., and Appendix I
shows the listing of this program as well as a computer
output for one of the units.

2. Traveling times obtained were increased by a factor
of 20 percent up in order to get actual travel times.
This correction was done due to the féct that trucks
are not operated at their full potential on a day-to
day basis. The advised increment was taken from the
paper presented in the AIME preprint no. 68-AR-310.

3. Ownership and operating costs for each unity consid-

.ered was calculated., Details are shown in Appendix iI.

4., Adjusted traveling times were used as data in the
probabilistic simulator (Appendix III.). Total load-
ing, traveling, and delay times on the system for
each fleet studied is calculated. The total cost per

ton for different numbers of units is also given. Re-

34
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sults obtained are shown in Table 4,

5. A paving cost estimation on the existing road was
made, Results can be found in Appendix IV,

6. The probabilistic simulator was run several times
until sufficient results for analysis were available.
Difference of cost per ton between the existent road
and the paved road was computed. Table 5, shows such
differences. |

T. Annual difference in cost between the two kinds of
roads were calculated, (Table 6,.).

8. Yearly saving§ by paving the road were calculated.

9. A railroad analysis was made, It contemplates aspects
such as breaching jungle areas, cost estimation of
jungle access trails, railroad equipment selection,
estimation of ownership, operating, and repair costs.
Traveling'times for trains were computed using a
modified version of the truck simulator. A complete
description of the followed procedure, the results
obtained, computer listing, and computer output is
shown in Appendix V.

10, PFinally, a comparison between both alternatives was

made.

Conclusions

Based upon the results obtained in this study, the most
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suitable system of transportation for the concentrate was
found to be a railroad operation.

Truck haulage costs for the optimum fleet of trucks
selected -thirty-one 50-ton trucks- was determined at
$2.728 per ton hauled corresponding to $0.041 per ton per
mile. Lower costs were gotten in this system by considering
the paving of the road. The figures obtained were $2.097
per ton or $0,0308 per ton per mile,

On the other hand, the lowest railihaulage cost found
was $1.40 per ton tfanéported or $0.,0206 per ton per mile.

Yearly transpoftation savings on the order of 34 per-
cent of the annual investment can be expected by building

‘and opérating~a railroad system. '
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RECOMMENDATIONS

The selection of trucks or tréins as the primary meth-

od of transport cannot rest on the haulage cost alone; many

other factors contribute to the total costs of production

and delivery at the Argentinian market. This total cost

must be kept as low as possible if the commercial success

of the mining venture is to be assured.

The fbllowing point should be investigated further

before a final decision is made:

1.

2.

3

The transporting capabilities of the Paraguay-Parana
River. What must be the nature of the barges or vessels
that will move the ore from Puerto Busch to the steel
mill? This will affect the design of the transfer facil-
ities and their ccsts.

The variability of the ore and the necessity for sepa-
rating the various qualities and grades. If the ore
must be handled in a large number of categories this
will affect the problems of loading facilities and un-
loading and storage facilities., The arrival of many
trucks spread out over a 24-hour period will require a
different design, and cost, of the port facilities than
will the arrival of a few trains at longer intervals.

The effect of changes in scale of operation. If it be

37
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5.

assumed that the eventual size of the mining operations
may double, for example, this will require enlargement

of the facilities on both ends and may result in the
physical overloading of the intervening road or rail-
road, Enlargemént costs may differ, affecting the rel-
ative superiority of one system over the other.

The social effects of each choice. The building of either
a large, heavy-duty highway, to carry heavy traffic, or
of a new railroad in an hitherto undeveloped area, is
sure to create many new social problems and opportuni-
ties. Not only should the proper choice result in the
lowest total capital and operating costs, it should also
create the maxiﬁum of benefit to the area traversed.

The improvements that might be obtained through changes
in size of the transportation equipment. This work so

far has been done on the assumption that 50-ton trucks

or cars were the largest that could be handled effec-
tively over the road or on the meter-gauge railroad.
This assumption needs to be verified over the range of
applicable technology and any opportunity for more ef-
ficientiy sized haulage units to be used investigated.
The influence of various local conditions on the perform-
ance of the equipment needs more study. For example, high
ambient temperature may require lower speed limits to

prevent rapid tire deterioration.
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APPENDIX I

STANDARD SIMULATION PROGRAM TO
DETERMINE AVERAGE HAUL TIMES

39
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DIMBENSIOUN CarTl I 0arToCla)sCarT3Cla),CarTaclL)sCnrTsClad
DIMBENSION CAFTOCLI)snarrCel)obhrkCe1d)sb (AL
LIMBENSTON LENCESG)>CHACEDE)» 1500 0250) s TSHLTC2SM), SECC28R)
CINTEGER SEC
CALL rrenSrTClv)
Wil Th(&Ls 1)
SE=
1 FORMAT Clims YoMy OF ®ILE wITH BOUTE INFORMATION? *,8)
REALCL, @)NAME]
z FORMATCAS)
CALL IPILECL, NAMELD
whITRECL4, 3D
3 FORMATCLAs *NAXE OF FILE wITH VERICLE INFOR®MATION? '5$)
HEALCL, 2)NAGRE
CALL 1FILECZ,NAMER)
1TkEsT= .
WRITE(4L, 4)
4 FOmMATCLa, "HOW IS CONTROL INFORMATION TO BE INPUT?
1 i=TTr, £=FrOM STORED FILE. ',9) '
FEALCL, H)Y 1 0W
5 FORMATCLD
I ClnOweNFeE)LD TO 1S
177=3 '
Wit ThC4,6)
6 FORMATCLAS "NAME OF FILE WITH RUN-CONTROL DATA? *H5 %)
TOTLIVi=G
BEADCL4, 2)YNAVMER
Chall, l FILECIsNAMEZ)
GO TO %00
TOITM=00
15 1T=4
51 whITRCAS 1ED
14 FORMATCIH » *WHAT 1S5 OPFBEATING FLFUATION? 'S5 8)
FRADCIT,20)RLEV
IFCITeEG4)YCO TO 25
wWhHITEC4, 526) ELEV
526 FORMATC(LALFIQ«2)
28 FOrRMATOR)
25 w1 R C4s 30)
30 FORMATOLE » "EnGINE Triri? 2-CYCLE=2, 4-CYCLE=4 Y5 %)
FFRFALCIT,20) kNG
TR CITebUe&)GO T STH
S e RITECA, 526) NG
571 TR (CENG=2)206Y227)1586Y9
26¢ TRFCENG=4)81 0,274,270
20 Wi LTk Cay &ti)
L CIHOBeNE«2)GO TG 25
400 FOBRMSATCIR 5 " ONLY CODLES
CO 16 2199
2l L CRLEV=-600UB)RYTE, 013,273

2 0k 4 CAN BF AGCEETE)e HE=FNTRR. ', )
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Qe FEAC=Led=ChLEV /L e ) ¥lein 1 333
CG T 28U

a3 FEACT LU e Ve~ e S (hLEV=FA0lhe ) /10
GO TG &

Es IFCRELEV=-1U00e) 21650715 ,2715

ol e FEAC=1 o= e i3 (kLU =1ad0e ) /200w
GO TO 260

206 PFAC=E 1 e

el s LTk Chs Hid)

o1 FOROTCLlR » "wHAT Anbk NOhviAL LOALING AND
1 DUSrING Tlwmess, SECONDS? '593)

BEALCI L5595 ILOAT s T LUME
TRCLT el eL)GO TO T80
WhHITECL,T56) TLCLAS 1 LLMP
T5¢ FOwwATClas L L,0R85,14)
5 FOHMAT (21D

Tow whITr (4. 6D )
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I CItelee ) TO 1
Uil Th{4s 82600070
ol e 1T R4, 659)
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REALCIT» 20 rCTL L
TFCLT el e )G T Qgaid
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N EnITECAs i)
Ay POEMGCTCLE »YwiiAT I8 ACCERFTARLY ACCELFRATION, MFH FFR SFC.? ',
hEALCL T, 283200
IFCITeEG)E0 TO 872
WhITEC45526)AC
YY) ACCEL=AC*520W« /3600
WRITEC4,72)
e FORMAT(In » "WHAT PCT OF SHIFT TIME IS TRUCK OFERATING?'5%)
KEADCLI T SO EFF
TFCLITelatd)GE0O TO 919
WHLTE(Ls QU6
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w1y EEALCE, 35 CarTl
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RV (2 3500 Cnr13
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432 N=N+]
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4734 BREALCE» Y P NL=11T725 hru=1250) S (N~-1) s BFF(N=1) s mrPFCN=-1)
GO i0 432

117« M=

Y174 M=yl
REALCL 399, FNL=1205, Frk=1275)LEN(M) > CHACM) » T SUREY)
TISFLTCA) > SEC (M)
CO TO 111

Uik FOrs 1T (55,128
=5 PORGATOBR ST oW s 151503
f’_(‘ b 1“;:“;{1“1

DO 2610 1=154
IFCSECCIDd)eaWide "L'"IGO TO 140
IFCSECCI) eble "DYICED TO 1430
GO TOUBEH, 900,920,948, 960,980, 160851912, 1816)1S5S0URCT)
550 GRITEC6, 56@)SECCI)
TnAE FORMAT =, "SUFACE COLRE ElRRKOF IN SECTION '582)
GO T0 15bw
GBHLI SGHA=Eel s
CO TO 1629
IR SGRA=VI«BE
4 GO TO 1lues
et SGRA=H.03
GO TO 120
ErAN; SGrpA=llib
GO TO lued
GO SGRA=U .25
GO 10 1osd
Jo SEHATG MY
GO T0 lied
L SGHA= o e
GO T 1oes
lule SGha=iie 1)
GO 1D e
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L (LN e Lo} 3) JdSL=10PLTC(I+]1)+1
T CLENI) TU6, 1‘.7(“'.;; Iiotid
L6 LiS=LENL+E el
PV E=1=1
(PR TQ 1110

1vaw Lis=2 wfuhl

LLkeT=
1114 .Lr‘(:,:)l‘).ﬂullr):llr"
1120 JobFEErEscUd /5208 +0.5

PO 1158 ITa=ls€1,1
ITFCASF=(Ia~1))1154,116051150

1150 CONTINUE
116w I8 CUSEF=-J0oPLI 11 T8, 1175, 1240
1174 FPULLE=1E02 e xrr(1A-1)% (e =DEATE /100 ) REFPAC

DHAG=06VwxTGhR
DILFF=rFULL=-DRAG

LCC=32e 2% LIFF /GUY
IFCACCLEACCELIGO 10 1&39

12w ACC=£CCEL
1230 GO 10 1339
S 124 LEAG=CLUFTG

ALC=832e 2% AL /G
IFACCCEACCELYGH TO 17348
TOTDE=DIAGH+RETARD
ACC=32.2%TOTUR/GUW
IF(ACCGEACCELIGD TO 1731
BDIS=BL1S +DLS

1730 HCC=-ACCKE
1331 “Ufh\’l““k**{)*’ 2o ACCHDI S
- IFCOUANT LT B)QUANT=(.
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APPENDIX TI

ONNBRSHIP AND OPERATING COST FOR A TRUCK

The cost of moving a cubic yard or ton of material is
determined by dividing the hourly cost of ownership and

operating cost (0 & 0) by the hourly production.

Ownership Cost

The ownership cost is the sum of the hourly cherges for
Depreciation, Interest, Taxes, Insurance, and Storage.

Depreciation The hourly depreciation charge is the

delivered price of the unit (less the value of tires) divided
by the depreciation period in hours. A straight line method
with no salvage or resale value is usually employed.
Five items are necessary to make the depreciation cal=~
culation, They are:
Purchase price
Extras
Freight
Tire Costs
Depreciation period
Purchase price may be the dealer's quote or taken

directly from current lists or catalogs.

Extras include options and attachments necessary for
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the machine to perform well and necessary for the comfort
of the Opefator.

Freight costs can be estimated more accurately by per-
sons responsible for paying them. In general is roughly
calculated @ $3.50 per 100 1b shipping weight.

Tire costs should be obtained from the local tire dis-
tributor. If this is not convenient, it can be estimated
from handbooks,

Depreciation period is difficult to determine since
useful life can exceed the depreciation period by a consid-
erable amount if a gpod preventive maintenace program is

carried out,.

Interest, Taxes, Insurance, Storage In détermining the

cost of interest on the equipment invested; costs of insur-
ance premiums for general liability, fire, and theft, taxes
on the assesed valuation of the equipment, and cost of stor-

age of the equipment, the following formula is used:

Hourly Cost Int. Prevailing Rate(%) x Average Year. Invest.
Tax., Insur, Stor. Hours operated per year

The current prevailing rate is 13 percent, made up of
9 percent for interest, 2 percent for taxes, and 2 percent
for insurance and storage.

To determine Average Yearly Investment, simply multioly
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the delivered price by 50 percent.

Operatine Costs

The hourly operating costs are those incurred while
the vehicle is workir: and include the following items:
Tire replacement
Tire repairs
General repairs
Fuel
Service
Operator
Tire repiacement costs are equal to the original cost
of the tire divided by the estimated life of the tire. Cost
is obtained by the local tire distributor. The determination
of original tire life is extremely difficult as is influ-
enced by many operating conditions such as speed, grade,
maintenance, surface, curves, and others. A method 6f es-
timating tire life has been devised where a maximum life of
6000 hours is multiplied by factors which account for speed,
curves, loads, grades, and the like.
It is customary to apply a certain margin of safety in
the form of tire repair cost.
General repairs include parts and labor costs involved
in normal maintenance and periodic overhaul of the vehicle.

General repairs should be based on actual experience.. How-

ever, an hourly charge can be established for estimating



ER-1556 25

purposes by using the hourly depreciation'oharge of the unit
as being indicated by the repair costs. Wide experience
shows that the average hourly repair cost can be determined
very simply as a percentage of 10,000 hour depreciation
charge, Selection of percentage to be applied is a matter
of judgement.

FTuel costs are based on local rates and engine fuel
consumption rate. Engine consumption rate depends on engine
horsepower and vehicle duty cycle,

Service cost is the cost of oil, grease and filters,
and the labor included in performing normal service items.
The amount charged for this will vary according to the fre-
quency at which this servicing is done and based on the la-
bor rate applied. Most estimators agree that the service
cost can be based on the size of the engine in the equipment.

Operator cost varies from one location to another based
on real wage rates. Operator cost should include not only
fhe direct wage, but any benefits paid by the company
which reverts tb the operator.

The sum of the operating cost and ownership cost gives

the estimated owning and operating cost.
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199 FORMATCEF)
2l FORMOATCAL4E) '
308 FORMATC//s ' THUCHK SIZF'22X, " OLNFERSHLIE', 3%,
1 ' OUNEPSEIFY,EXs Y OPERATING'H> 345, TOTAL COST'Y)
CIoN!1 FOKMATCLIS3A, Y CUOST/ZYFEAR Y 34, " COST/ZHOUR "5 2K,
1 ' COST/Z7ROUE Y Loyt Pl HOUE')
S FORMABTC/lasb0e @0 Rl 1ideBs 585 FGe2sGRs
1 FE€eZoTrsrHel)
STor
END
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Cvnbkronly 0D OrkiaTING CUOSTs PO TROCAS

THUCA Slok OmNEnshHIE OWNEE Sl OFFHATLNG * TOTeL COY T
COS /Y B COST/ROLE COSL /R0 FRE RO

35 el SR eSS Lie 7 513 Se 7.
L5, ) SHETE .50 [le 3 5e97 focl

. 5{7 e i 31705650 (e Ydy Telifsy el

* Operating costs do not include operator's wages. They are

considered in the cost per ton calculation.
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PROBABILISTIC SIMULATION T0O DETERNINE
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HAULAGE SIMULATION AND COST PER TON CALCULATION

INPUT VARIABLES

NUMBTL - NUMBER OF TRUCKLOADS

AVRGLT - AVERAGE LOADING TIME

AVRGHT - AVERAGE HAULING TIME

DELAYS - PERCENT DELAYS IN LOADING STATION

FACTO! FACTOR FOR LUNCH TIME AND STARTUP

FACT02 - NUMBER OF SCHEDULED.SHIFTS PER YEAR

FACTO3 STANDBY FACTOR FOR TRUCKS .

COSTOH - COST PER OPERATING HOUR FOR A TRUCK

COSTOF - COST PER SCHEDULED HOUR. FOR A FOREMAN

COSTOD - COST PER SCHEDULED HOUR FOR A DRIVER

COSTOW - COST PER SCHEDULED HOUR FOR A WORKER

TDAOCO - TRUCK DEPRECIATION AND OWNERSHIP COST

TONNAG - TONNAGE PER TRUCKLOAD

TOTTON - TOTAL TONNAGE TO BE HAULED PER YEAR
GENERATED VARIARBLES

SIGMAL - STANDARD DEVIATION OF LOADING TIME

SIGMAH - STANDARD DEVIATION OF HAUL TIME -

AMINLT - MINIMUM LOADING TIME

AMINHT - MINIMUM HAULING TIME

FIRST =~ NUMBER OF TRUCKS FOR FIRST SIMULATION
TRU(N) - TRUCK NUMBER N ’ o

HAULT - - HAUL TIME

TLOAD ~ LOADING TIME

J - NUMBER OF TRUCKLOADS
THAULT - TOTAL AHUL TIME
TLOADT - TOTAL LOADING TIME

‘R - RANDOM NORMAL NUMBER
DELMIN - MINIMUM DELAYS

TRUOPC - TRUCK OPERATING COST
TRUSHC - TOTAL SCHEDULED COST
TOTDOC - TOTAL DEPRECIATION AND OWNERSHIP COST
CPT(I> - COST PER TON FOR (1) TRUCKS
- TIMEHO - HOPPER OPERATING TIME
TOTTHO - TOTAL HOPPER OPERATING TIME
TOTIHO - TOTAL HOPPER DELAY TIME

ok 2k ok ok ok sk 3k S ok 3k e e 3k ok ke s sk ok ok sk ok stk sk ok ok sk sk sfe sk e ok s s s s o s o ok e ok ok sk ok sk ok ook dkeok ok kook sk ok

cnonooonohooonoooaaoannoocooooodooonoooonnoooooo
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DIMENSION TRUC118),CPT(110)
READ( 1, 1000)NUMBTLs AVRGLT» AVRGHT» DELAYS» FACTO1,FACTO2,
'l COSTOH»COSTOF»COSTOD»COSTOWs TDAOCO, FACTO35» FACTO4,
2 TONNAG, TOTTON
SIGMAL=«10%AVRGLT
SIGMAH=«12%AVRGHT
AMINLT=.80%«AVRGLT
AMINHT= 80+ AVRGHT

WRITEC65999)

FIRST=AVRGHT/(AVRGLT*4)~1.
‘K=FIRST
M=K+15 ‘
DO 10 I=K,M
-, DO 20 N=1,1
20 TRUCN)Y =0«
TIMEHO=8.
HAULT=0.
TLOAD=0 .
J=0
THAULT=0.
TLOADT=0.
TOTIHO=3.
150 ‘DO 130 N=1,1
J=J+1
DELTAT=TIMEHO~-TRUC(N)
IF(DELTAT)5%, 360, 40
49 TRUCNY =TRUCN) +DELTAT
GO TO 36%
58 TOTIHO=TOTIHO-DELTAT
TIMEHO=TIMEHO-DELTAT
368 CALL RANDOM(SIGMAL,AVRGLT,R)
' IFC(R-AMINLT) 60, 600, 600
60 TLOAD=AMINLT
GO TO 76
600 TLOAD=R
7@ TRUCNY=TRUC(N) +TL 0AD
: TIMEHO=TIMEHO+TLOAD
" TLOADT=TLOADT+TLOAD

CALL RANDOM(SIGMAH,AVRGHT,sR)
IF(R-AMINHT)80,90,90
80 HAULT=AMINHT
GO TO 500
920 HAULT=R ‘
500 TRU(N) =TRU(N) +HAULT
IF(N-1)100,100,110
100 IFCTRUCN) -TRUCIY)120, 130,130
110 IFCTRUCN)-TRU(N-1))>140,130,130
120 HAULT=HAULT+TRUCI)~=TRU(N)
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140
130
111
160
170
. 180

190

. 239

240

999

1000
2000
3000
4090

15
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TRUCNY=TRUCI)

GO TO 1382
HAULT=HAULT+TRU(N~-1)- -TRU(N)
TRUCN)=TRU(N=-1)
THAULT=THAULT+HAULT
IF(J-NUMBTL) 150,160, 160
DELMIN=TLOADT*DELAYS
IFCTOTIHO-DELMINY 180,198,198
TOTTHO=(TLOADT+DELMIN)*FACTO1

TOTTHO=C TLOADT+ TOTIHO)*FACTO!

TRUOPC=FACT02%C OSTOH*8 + % ¢ THAULT /TOTTHO)
PI=I

TRUSHC= FACTOQ*S.*(COSTOF+COSTOW+PI*COSTOD)
TOTDOC=TDAOCO*FACTO3*PI

AJd=d

"TOTPRO= AJ*TONNAG*FACTOQ*S.*69o/TOTTHO

CPT(I)=(TRUOPC+TRUSHC+TOTDOC)Y /TOTPRO

WRITEC 6, 3008) TONNAG

WRITEC6,2000)I,CPTCI)
WRITE( 6, 4000) TOTPRO
CONTINUE

FORMATS

FORMAT(IX:'TRUCK SIMULATION AND COST PER TON CALCULATION')
FORMAT(I, 14F) ,
FORMAT( 7X»> 18HNUMBER OF TRUCKS =,185/511Xs

1 14HCOST PER TON =,F13.4)

FORMAT( 15X, ///525H TRUCK CAPACITY IN TONS =»F11.2)
FORMAT(S5X, 20H ANNUAL PRODUCTION =sF101)

STOP

END

SUBROUTINE RANDOM(SIGMALs»AVRGLTs»R)
A=0.

X=0.

DO 15 I=1,12

X=RAN(@.)

A=A+X

R=(A~6)%SIGMAL+AVRGLT

RETURN

END
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., TRUCK SIMULATION AND

TRUCK CAPACITY IN TONS
NUMBER OF TRUCKS

COST PER TON

ANNUAL PRODUCTION

" TRUCK CAPACITY IN TONS
NUMBER OF TRUCKS

COST PER TON

- ANNUAL PRODUCTION

TRUCK CAPACITY IN TONS
NUMBER OF TRUCKS

COST PER TON

ANNUAL PRODUCTION

TRUCK CAPACITY IN TONS
NUMBER OF TRUCKS
: COST PER TON
ANNUAL PRODUCTION

'TRUCK CAPACITY IN TONS
NUMBER OF TRUCKS
, COST PER TON
ANNUAL PRODUCTI ON

TRUCK CAPACITY IN TONS
NUMBER OF TRUCKS

COST PER TON

ANNUAL PRODUCTION

N .

TRUCK CAPACITY IN TONS
NUMBER OF TRUCKS

COST PER TON

ANNUAL PRODUCTION

63

COST PER TON CALCULATI (N

. 50
26
2.08696
950932.8

Huuan

50
27
2.08381
988710.9

50
28
2.08279
1024497.4

oo

50
‘a9 :
2.108069
1048313.6

50
30
2.09116
1092861.0

nunumn

50
31
2.09730
1124724.2

o uwunmn

50
32
| 2.09781
115938844

o ounu
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TRUCK CAPACITY IN TONS
NUMBER OF TRUCKS

COST PER TON

ANNUAL PRODUCTION

TRUCK CAPACITY IN TONS
NUMBER OF TRUCKS

COST PER TON

ANNUAL PRODUCTI ON

TRUCK CAPACITY IN TONS
NUMBER OF TRUCKS

| COST PER TON
ANNUAL PRODUCTI ON

TRUCK CAPACITY IN TONS
NUMBER OF TRUCKS

COST PER TON

ANNUAL PRODUCTION

TRUCK CAPACITY IN TONS
NUMBER OF TRUCKS

COST PER TON

ANNUAL PRODUCTI ON

ununu

uuu

LR T I 1

514
33
2.11387
1186001.4

50
34
2.12136
1213722.8

50
35
2.12098

'1251166.0

59

36 :

2.110892
1294782.5

50

37 .

2.13355
1309871.2

\

64
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APPENDIX IV

ROAD PAVING COSTS ESTIMATES
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APPENDIX IV

ROAD PAVIKG COSTS ESTINATH

Road paving costs estimates are based on data furnish-
ed by the Colorado Department of Highways. Figures corre-
spond to the year of 1972,

Due to much higher labor costs in the U, S. A. this
estimate should have lower numbers for Bolivian patterns;
however, because of the special condition of this specific
project other items are increasingly higher; so, after an
analysis of the situation, it was concluded that the aver-
age cost taken into account is close enough for the estimate.

Costs include all consfituents of the way pavement
complete in place, but do not include 10 percent for engi-
neering and contingencies.,

Estimates are calculated as follows:

Because of the heavy loads to be sustained, a thick-
ness of 5-in. pavement is advisable to use. Under such con-
ditions:

Average cost per square yard per inch

of thickness for 5-in, hot‘bituminous

pavement is 0.50

o

Cost per square yard for a 5-in. thick .
ness: $ 2.50
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Road characteristiés:

Length : 68 miles - 119,680 yd

width : 39 ft - 13 ya

Area : 1,555,240 sqg-yd
Total cost 68 miles $2,887,000,00
Amortization period 10 years
Annual amortization $ 288,700,00

Annual difference in cost trans-

portation between paved and unpaved

road (from Table 6.) . $ 695,993.00
Net annual savings $ 417,293.00

Annual Savings percentage 13,85



ER-1556

APPENDIX V

RAIL HAULAGE ANALYSIS
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115y UQNTI“W&
Theds AaLli= LL)C/th;

VJIC!V¥~ ST TLISFCTLD /Y OD
ARLLC=WT0AN /850 ALK
IFCISF=UsrLI 11 7a, 1170, 1840

1174 PUL L= 1 i FIEFCTI A1)l e =URATRE/ZLHD ) REFAC
DRELOC=UTLOCH(] o 3429 ¢ ZAXL DL+« U35 JdSP+3e CBO24:5%FARILD
1xJbPs%x2/%TLOC)
DHCHS=NDOCLA%wTONTEX( ] « 34294 /BALTCH+0. D454 JSF+7 e 205
15 FARCARISER#2/ETCAE)
DECUR=CUTLOC+NGCCAL R uTCAR)Y @« 82 CCUHCID
DRAG=DLLOCHRRCES+LACUR+A(WTLOCH+NOCARFLTCARY TG
DIFF=PULL~TRAG
ACC=32.2%xD1FF/GUY
IFCACCLE«ACCELIGOC TO 1239

“in
e

1226 ACC=ACCHL

1234 GO 10 1336 v

1240 DERLOC=UTLOCH(1e3+29 ¢ JAXALDL+Ge O3%JSP+R. GOSLHFARL DR JSP
1%%&/WTLOC)
WTCAR=L TEwP
DHCRE=NOCARXWTCAR®( 1. ?+49 /OXLLCHB e HASKIERP+G 05
1% FARCARJSP:8 /WTCAR)D
DECUR=(UTLOC+NOCARYWTCAR) %« 8% DGCURCT)
DRAG=DELOC+DRCESHIRCURH(WILOCHNOCARYWTCAR) *+TCH
[«(;(x 35’0 2 L}“!‘é\.(vf/(ﬁ“/‘é
IFCACC«GECACCELIGO TO 17539
BDIS=RDIS+DIS

1739 ACC==-6CCEL

1331 CUANT=SP#x2+2.%ACC*DIS
IFCUUANT e LT o B)0UANT=0

1779 T=(=8P+S5EIET(GLUANTY) ZJACC

SE=SE+ACCHT

GO TO 1458

146 T=1LOAL®OCAR
GUW=WTLOCHNOCARR(UTEMPHWTLD*PCTLL/100H )
TONS=NOCARFUTLD%PCTLD /1G5 .
GO TO 1445

1430 T=1DUMFxN0CAR
GUli=uTL OC+ i OCARKW TEME
TONS=0

1445 InksT=1

145y TIME=TIME+T
TOTIwm=TOVI2+T
GO TO Clads, 1040)ILRST

ldoiw AVEL=DIE Hae /CTHSEED )
TONAI=TONSHLENCL) /52580
TOTY=T0Tm+TONMI ’
VEITE(A 154) SECCIILLENCY) DRI S, TTHME, TOTIM, ISPLTCI) 5 AVEL,
1 TONNLLTO M
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APPENDIX V

Rail Haulage Cost Analysis

Eguipment Selection Rail haulage equipment is selected

based on the following characteristics:

Mining rate per year
Mining rate per day
Working days per year
Shifts per day
Rolling stock

A diesel-electric locomotive

1,10%,000 tons
3,650 tons

300

2

is selected. From travel

time study a 120-ton unit is the most convenient for this

study.

Cars: 50-ton capacity
weight empty: 25 tons
Antifriction bearings

Side dump construction

Time data: from computer information it can be seen that
a 30-car train can safely make a round trip per
shift, So, a locomotive will be capable to make 2

trips per day

One train will haul 1500 tons per shift.

Transportation of 3680 tons will require

3680/1500 = 2,46 train shifts per day

Taking a 90 percent locomotive availability the number

of locomotives nceded is two.

Assuming an availability of 86 percent for dump cars
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the quantity required to permit operation of two 30-car

trains will Dbe:

(30 x 2)/0.86 69,8

Purchase of 70 cars is recommended.

If the annual production were to increase, the 2 loco-

motives will still be capable of hauling higher tonnages.

Ownership Costs Estimate of investment required:

2 locomotives @ $240,000 each
70 cars @ $18,000 each

Track grade construvection plus jungle
clearings 68 miles @ 58,750 per mile

Line track: 68 miles of 133%-1b rail
8-in, x 10-in., x 8ft treated ties @
$85,000 per mile

Railway signals

Communication for trains

Track maintenance machines
Locomotive repair shop

Dump car repair shop

Total investment

1. Depreciation

a) Total ownership cost

*Total investment minus grade
construction and shop costs.,

b) A period of 15 year applying to all

rail haulage equipment is used.

% 480,000,00
1,260,000.00

595, 000.00

5,780, 000,00
100, 000, 00
15, 000.00
140, 000.00
150, 000,00
50,000,00

$8,570,000.00

$7,775,000,00%
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Assume that mining operations
4800 hour per year.

¢) Hourly depreciation cost

Total‘ownership cos?t

Hourly depreciation cost =
Total hrs in dpr. period

7,775, 000 . !
= ——— = $107.99/hour
15 x 4800

d) Depreciation cost per ton of annual production
scheduled:

$T7,775,000
1,103,000tons x 15yr

= $0.,47/ton

Interest, Taxes, and Insurance

The following values are commonly used:

Interest 6%
Taxes 2%
Insurance 2%
Total 10%
n-1
Average annual investment= (——— x 100) % of total invest.
2n

for n=15 years
Average annual investment = 53,39
Therefore, allowance for interest, taxes and insurance
is 10 percent of annual investment.
0,10 x 0.55% x 7,775,000

Cost/hour == = $87.27/hour
4800 hour/yr
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Operating Costs Fuel oil consumption is the

most reliable indicator of the gross work performed by a
diesel-electric locomotive. Fuel-oil expense is roughly
20 percent of the cost of locomotive operation and main-
tenance. Other expense elements also vary in accordance
with work perfﬁrmed s but not in direct proportion. The
following rail haulage operating cost relationships, de-

rived from experience seems to be realistic for this es-

timate:

Fuel oil cost 20% of loco opr & rep cost
Locomotive operating cost 75% " nooomomoown
Locomotive repair cost L2545 moo om omoomow
Track maintenance cost 12045 = nvooowomoomoom
Car maintenance cost 50% " on L .
Train traffic control cost 104 = w cwoowomoH

1. Locomotive operating and repair cost
a) TMuel-oil cost
Formule for gross work done, expressed in thousands
of foot tons
N

M foot tons = {(T + W)(L 4+ 26.4H) + 150,000]
10005

vhere:

N is number of trips in period., Say one operating day
period of 16 hours '

3680tpd
Trips per day = = 2.45
30 cars x 50-tons




=

U

is number of locomotive shifts worked per day: 3

B wm

is net tons hauvled per trip: 1500

&

is weight of locomotive plus empnty cars in tons:
Locomotive: 120
Impty cars: 750
¥: 870 tons

I, is 1ift in ft. It is assumed 50 £t 1ift in this work

H is haul length in miles: 68 miles

26.4 is a constant derived using a train resistence
of 10 1b/ton

(5280 x 10)/2000 : 26.4

150,000 is a length of empty haul on level track in ft
Therefore:

2.45
M= =ceemene [(1500 + 870)(50 +426.4 x 68) + 150,000]

1000 x 3 ‘

M foot tons 3,694 per locomotive shift per day
Bach gallon of fuel oil will produce about 11,500 foot
tons of gross work, therefore; total daily fuel con-

sumption is:

3,694,000 x 3
_______________ = 964 gal
11,500

Assuming fuel o0il cost as $0.16/ga1, its ccst per hour
of operation over a period of a'year would be:
964 x 0,16 x 300 days

e e = 50,64/ hour
4800hours/year
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The operating and repair costs are then computed:

b) Locomotive operating and repair cost

1.00
9064 X mem—— =
0.20

Loco operating
Loco repairs
Track maintenance
Car maintenance
Traffic control

s 50 e

s e

Recapitulation

Depreciation
Interest, Taxes, Insurance

Total Ownership Cost

Loco operating
Loco repairs
Track maintenance
Car maintenance
Traffic control
Total Opr. & Rep. Costs

Total Ownership, Repair
and Operating Costs

$48,2/hour
2,2 x 0,75 = $%6.15/hr
48,2 x 0,25 = $12.05/hr
48,2 x 1.20 = 557,84/hr
48,2 x 0,50 = $18.08/hr
48,2 x 0,10 = $ 4.82/hr
Per Hour Fer ton
$107.99 0.47
87.27 0,38
$195,26
26,15 0.16
12.05 0,04
57.84 0.25
18,08 0,08
4,82 0,02
$128.94 %0455
$324.,20 $1.40
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