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FOREWDRD

This report refliects the Bureau of Mines continued dedication to
ensuring an adeguate mineral resource supply. It provides infermation
that will aid in the technical and economic evaluation of placer
deposits by governmeni evaluators and the private sector.

The "Cost Estimaticn Handbook for Small Placer Mines" represents an
ongoing Bureau effort to provide detailed, reliable cost information.
1t 45 anticipated that such information will allow those charged with
mineral resource evaluation to accurately determine the econcmic
feasibility of specific deposits, '

With this handbook, the Bureau targets the most active, yet most
neglected segment of the dndustry: the small-scale, independent
operation.

Pages 1, 2, and 3 are blank.
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COST ESTIMATION HAMDBOOK FOR SMALL PLACER MINES

By Scott A. Stebbins]

ABSTRACT

This Bureau of Mines publication presents a method for estimating
capital and operating costs associated with the exploration, mining,
and processing of placer deposits. To ensure representative cost
estimates, operational paramsters for placering eguipmeni and basic
principles of placer mining technigques are detailed.

INTRODUCTION

In 1974, the Bureau of Mines began a systematic assessment of U.S.
mineral supplies under the Minerals Availability Program (MAP). To aid
in this program, a technique was developed to estimate capital and
operating costs associated with various mining methoeds. This
technique, developed under contract to the Bureau by STRAAM Enginesers,
Inc., was completed in 1975, then updated in 1983. During the course
of the update, ii was noted that few provisions were made for
estimating the costs of smalli-scale mining and milling methods
typically associated with placer mining. The popularity and widespread
use of placer mining methods indicated that a cost estimating system
for placer mining would be of value to prospectors, miners, investors,
and government evaluators.

This manual has been written to aid those involived with piacer

. mining estimate the costs of recovering valuable minerals from placer
deposits. It relies on the principle that cost estimates will be
representative only if calculated for technically feasible mining
operations. Since the design of such an operation can be difficult,
provisions have been made to assist the user in achieving this goal.

Section 1 of the manual describes the processes involved in
placering, and mav be used to aid in designing & viable mine.
fiperational parameters for eguipment commonly used in placer
~exploration, mining, and processing are discussed, as well as basic
principles of successful placer mining technique. If the reader is
unfamiliar with this form of mining, section 17 should be thoroughly
understood prior to cost estimation.

TMining Engineer, Western Field Operations Center, Bureau of Mines,
Spokane, WA,



Section 2 contains a series of cost eguations that enable the user
to estimate capital and operating costs of specific placer iechniques.
Cost eguations are designed to handle the wide variety of conditions
commonly found in placer deposits. This allows the reader to tailor
estimates to the characteristics of a perticular deposit, which ensures
representative costs. Although based primarily on gold placer
operations, cost eguations are valid for any other commodity found in
deposits of unconsglidated material. Equations are geared o
operations handling between 20 and 500 LCY/h of material {pay gravel
plus overburden). Estimated cosis are representative of operations in
the western United States and Alaska, and are based on a cost date of
January 1985. ‘

This is not intended to be an exhaustive discussion eof placer
mining. Many detailed texts have been written on this process, any ons
of which will assist the reader in method design. A number of these
are listed in the accompanying biblicgraphies.

ACKNOWLEDGMENTS
A special debt is owed to the late George DB. Gale, metallurgist,

Bureau of Mines. This handbook, and many of the ideas and facts it
contains, are the product of his ingenuity.
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SECTION T .

PLACER MINE DESIGN
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The compliete design of a placer mine involves the integration of
exploration, mining, processing, and supplemental systems for the
gfficient recovery of valuable minerals from an alluvial deposit. This
design is the first step in accurate cost estimation.

In the first section of this handbook, individual systems are
broken down as follows:

1. Exploration.--The phase of the cperation in which resources are
delineated. Since the amount of time and effort spent on
discovery is difficult to tie to any one specific deposit,
orily the processes of delineation and definiticn are costed.
Field reconnaissance, drilling, and panning are representative
of items 1in this category.

2. MWMining.-——DBeposit development, material excavation and
transportation, and Teeding of the mill are all inciuded in
this catecory. Items such as clearing end overburden removal
are also listed here. ‘

3. Processing.——Processing is defined as all tasks reguired to
separate the desired mineral products from valueless material.

4, Supplemental.-——Any jtem not directly related to mineral
recovery, but necessary fer the operation of the mine. These
might include buildings, employee housing, and settling pond
construction.

Before designing a placer mining operation, the evaluator will need
information concerning the deposit under evaluation. Preliminary
information helpful in exploration program, mine, mill, and
"supplemental function design includes:

Descripticon of deposit access.

Anticipated exploration and deposit definition reguirements.
An estimate of deposit geometry and volume.

Distribution and location of valuable minerals within the
deposit.

5. Geolegic characteristics, volume and depth of cverburden.
6. Depth, profile, and geologic characteristics of bedrock.
7. Local topography.

8. Physical characteristics and geologic nature of valuable

minerals.

9. Availability of water.

0. Availability of power.

11. Envirenmental considerations.
12. Lahor availability and Jocal wage scales.
13. Housing or camp requirements.

K -

information should be as detailed &s possible. By providing such
items as exact haul distances and gradients, accurate estimates of
overburden thickness and deposit area, the evaluator will increase the
precision of cost calculations.

12



With the above infermation in hand and the help of the material
contained in the following pages, the user will be able tc design a
technically feasible operation. The following sections will assisi ths
evaluator in planning each phase of the mine. When designing systems
for individual areas of operation, the evaluatoer must keep in mind that
these systems will interact and must be compatible. For instance,
hourly capacity of pay gravel excavation should equal miil feed rate,
and the mill must be set up to easily accept gravel from the eguipment
used for material transportation.

Most of the information contained in the following paces is based
on average operating parameters and performance figures for the various
types of equipment used in placer mining. Figqures and conclusions
derived from this manual must be considered estimates only. Because of
the many variables peculiar to individual depesits, the stated levels
of eguipment performance and costs may not be realized on any given job.

EAPLORATION

It can be safely stated that far more people seek placer deposits
than actually mine them. Exploration for placer cgold can be enjoyable
work and has achieved a recreational status in the western United
States. For the serious miner, however, exploration is only the
initial phase of a complete mining operation. Consequentiy, it incurs
a cost that must be repaid by the recovery of valuabTe minerals.

For the purposes of this manual, exploration is divided into twe
phases. The first phase involves locating the deposit, and the second
consists of defining enough of & resource to either justify development,
or eliminate it from further consideration.

Costs for the first phase of exploration are difficult to attribute
to any one deposit. This type of exploration is itypically regional in
nature and deposit specifics are rarely considered. For cost
estimation purposes, expenses asscciated with a specific deposit are
the mzin concern. Only costs directly related to the definition of
that particular deposit will be calculated. Accordingly, this
discussion deais mainly with the depesit definition phase of
expioration.

Time, effort, and money spent on rescurce definition vary greatly
from one deposit to the next. Some miners are satisfied with the
degree of certainty obtainable with shovel, pan, and physical labor.
Others, wishing more security, systematically trench or drill the
deposit and process samplies using some sort of mechanical concentrator.
Sti11 others, hoping for creater assurance, follow up érilling or
trenching by bulk sampling using machinery intended for mining. These
samples are then processed in a scaled-down version of the proposed
mill. The extent of effort spent on deposit definition is related to:

13
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Degree of certainty desired.

Availability of capital.

Experience (or lack of experience) of the operator.
. Historical continuity of similar or local deposits.

N -

It is intuitively obvious that the degree of certainty of success
is related to the extent of exploration undertaken, and it is desirable
to delineate the deposit as extensively as is practical prior to
- production. 1In many cases, however, lack of exploration capital and
the need for cash fiow 1imit the exploration phase, and mining
commences on the 1imited informaticn at hand. Goals of a thorough

xploration program include determination of:

1 Deposii volume.

2. Deposit and overburden geometry.

3. Dbeposit grade.

4. Distribution of valuable wminerals within the deposit.

5. Geolegical and physical characteristics of the valuable
minerals.

6. Geological and physical characteristics of waste material.

7. Location, geology, and physical nature of the bedrock.

8. Water availability.

9. Environmental concerns.

By comparing the above 1ist with the one on page 16, it can be seen
that much of the information needed to estimate costs of developing and
operating a placer mine can be gathered during deposit exploration.

. Conseguently, costs estimated after exploration are much more precise
than estimates made prior to exploration. ‘

in the costing section of this manual, two methods are presented
for estimating exploration costs. With the first, a cost can be
calculated by simply estimating the total resource of the deposit.
This method is based on total exploration expenditures for several
active placer operations, but is not considered as precise as the
second method.

The second method reguires that the evaluator design an exploration
plan. This plan should include the itype and extent of each exploration
methed reguired. For example:

. 5 days of general reconnaissance with & 2-man crew.
10,000 linear ft of seismic surveying.

4,000 Tt of churn drilling.

1,000 yd3 of trenching.

. 2,000 samples panned.

. Camp facilities for four people for 20 days.

;U I~
a x e
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To aid in developing this plan, some techniques commonly employed
for samplinc and subsurface testing of placer deposits are discussed in
- the following paragraphs. These include panning, churn drilling,
bucket drilling, rotary drilling, trenching, and seismic surveying.

Panning

Gne of the most versatile and common sampling devices in placer
mining is the gold pan. It s used as a reconnaissance tool, a sampling
tool, and & concentrate refining tool. With a gold pan, the prospector
has the ability to, in effect, conduct his assay work on- site with
immediate results. Although accuracy may be poor, the prospector can
- determine in the field if gold is present and in roughly what amounts.

The gold pan uses gravity separation to concentrate heavy minerals.
Pans come in a variety of sizes, ranging in diameter from 12 to 16 1in.
An experienced panner can concentrate approximately 1/2 vd3 aravel
daily. Because of this limited capacity, panning can be costly when
large volumes must be processed; however, low capital expense, ease of
use, versatiliy, and portability make the gold pan invaluabie.

Immediate feedback when exploring or mining is a prime advantage of
the gold pan. This one feature is extremely important for eliminating
areas of low potential during explordation, and for separating pay
gravel from waste during production. Skilled use of a gold pan during
the mining sequence can make or break the small mining operation.

Churn Brilling

Methods of drilling placer deposits are guite varied, but the most
common technique is churn drilling. Typically, the churn drill uses
percussion to drive casing down through the materizl being sampled.
(In some instances, casing is not used.)' After a length of casing is
- driven, the contents are recovered (hailed), another length of casing
is added, and the process is repeated. Depths are usunally restricted
to less than 150 ft, and hole diameters range from 4 to 10 in.

One advantage of this method is that sample processing keeps pace
with drilling, allowing good control of drill hole depth and
instantaneous logging. A churn drill is generally operated by two
people; the driller operates the drill, bails the sampie, and kesps
track of the depth of each run; the panner estimates the volume of the
samples, pans them as they are recovered, and logs the hole.

Drilling rates average about 2 ¥t/h but can reach as much as 4 fi/h
in good ground. Highest penetration rates are achieved in clay, soil,
sand, pebbles, cobbles, and soft bedrock. The machine is suitable for
drilling through cemented gravels and permafrost, although productivity
will diminish. Penetration s drastically reduced in ground containing
boulders and in competent or hard bedrock.

15



Samples recovered from churn drill casings are often subject to
volume changes caused by compaction or expansion of materizal within the
casing. Sample volume changes can also be caused by compaction around
the bit forcing material out inte the surrounding formation, and by
material "run—in" due to high deposit water content. One or more of
these conditions may be encountered in any one deposit, reguiring the

application of volume corrections. This task is often difficult and
 requires the experience of a gualified driller or engineer.

Bucket Brilling

Bucket driliing, aithough not as pepular as churn drilling, has
important applicaetions in placer deposit evaluation. Under ideal
conditions, this technigue is relatively fast and provides large
sampies. In this system, a standard rotary drill is eguipped with a
special "bucket! bit consisting of a 30~ to 48-in-diam cylinder, 3 to 4
ft long. The bit 1is driven down through the deposit using the
rotational force of the drill until the cylinder is full. As the bit
is withdrawn, a mechanism closes off the bottom of the bit retaining
the sampie. The process is then repeated until the desired depth is
reached.

Bucket drills perform best in sands, soils, pebbles, and ciays.
Progess is slow, and sometimes impossible, in ground containing
boulders, cemented gravel layers, and bedrock. The size of the bit
tends to disperse drilling force over & large area, thereby reducing
the effective penetration rate. For this reason the bucket driil
qguickly becomes inefficient in hard or compact material. Problems are
also encountered in saturaied ground, where dilution often cccurs.

Bucket drilling extracts a much larger sample than other drilling
methods. Conseguently, the influence of compaction and expansion of
material within the bit is reduced.

Rotary Drilling

This type of drill, commonly used for driiling large diameter
blastholes in surface mining, has found Timited wse in placer
exploration. The only way to obtain a sampie with this machine is fo
analyze drill cuttings. Since the method does neil provide a core, it
is difficult to associate & volume with the recovered material, and it
is hard to estimate the depth horizon of the sample.

Rotary drills are useful in that they provide a fast, inexpensive
way to determins the depth of bedrock. Holes provided by rotary drills
range from 6 to 15 in. in diameter and reach any depith required for
placer mining. Virtually any material can be drilled, and penetration
rates are far superior to any other placer drilling method. Regardiess
of the steps taken, however, it is difficull to accurately estimate
deposit grade with sampies obtained from rotary drilling.

it



Trenching

In fairly shallow dry deposits, irenching with a backhoe is an
extremely effective sampling technigue. The procedurs involves digging
a trench to bedrock, then obtaining material from a channel taken down
one side of the trench. This material is then measured and analyzed,
~providing a grade estimate. Another method relates an assay analysis
of all the material extracted by the backhoe toc the volume of the
trench. The disadvantage of this method is the inability to determine
the horizon of valuable mineral concentration. With either case, large
volume samples are available at a low cost.

In sampling situations, backhoes can excavate from 20 to 45 LCY/h.
Sample control is typically good with little velume distortion or
material dilution under properily contrclled circumstances. Backhoes
are relatively inexpensive, easy to operate, versatile, and readily
avajlable. The machine can dig a variety of formations, and depths up
. to 30 fi below the machine platferm are possible.  1In saturaied ground,
keeping the trench open for sampling is normally a major problem.

Seismic Surveys

in placer mining, bedrock depth plays a key role. Although not

. always the case, gold tends to concentrate near, on, or even in bedrock
in a majority of placer deposits. Conseguently, it is imperative to
understand the nature of the bedrock and to design a mining method and
selett eguipment based on its depth.

One method of determining bedrock depth is seismic refraction or
refiection. 1In simple terms, the technigue invelves bouncing sound
energy off the relatively resistant bedrock to determine itis depth.
The method is much cheaper than drilling a series of holes and, if
bedrock proves io be too deep for practical mining, may prevent
unnecessary driliing.

MINING

Mext, a method for excavation and transportation of material
contained in the deposit is needed. Mining methods are typically
dictated by several basic factors. BDBeposit depth, size, and topography
. are of primary importance. The geclogic nature of the deposit and
accompanying overburden both play key roles. Types of eguipment
obtainable locally, sources of power, and the availability of water are
all important factors. 1In some cases, operaters may simply feel more
confident using one method of extraction as opposed to ancther, even if
Tocal conditions are unfavorable. ,

17



In any event, the mining method should be designed with one
fundamental goal in mind: To extract pay gravel from the deposit and
move it to the mill at the lowest possible overall cost. Several basic
concepis should be designed into the mining method to keep costs Tow.
These inciude:

1. Haul only pay gravel to the mill. €Eliminate hauling and
processing unprofitable material.

2. Handle both coverburden and pay gravel as few iimes as possihle.

' Do not pile overburden or tails on ground that is scheduled
for excavation.

3. Locate the mill at & site that minimizes average pay gravel haul
distance. In most instances, it is cheaper to pump water than
to hanl gravel.

4. Do not mine gravel that is not profitable even if it contains
gold. Money is lost for every yard of gravel mined if that
gravei does not contain enough value io pay for the cost of
mining and process1ng

As can be seen, common sense plays a large role in the proper
design of a placer mine. The same holds true for mine equipment
selection. Countiess combinations of equipment have been tried in
attempts to effectively mine placer deposits. Eguipment typically used
in the western United States includes:

Backhoes {hydraulic excavators).
Bulldozers.

. Draglines.

Dredaes.

. Front-end loaders.

. Rear-dump trucks.

Scrapers.

U~ I ) B R 6 N
" . [

Each type of equipment is suited to a particular task. 1In some
instances, only one piece of eguipment may be used to remove
overburden, excavate and haul pay gravel, and place mill tailings and
oversize (i.e., bulidozers). More often, several different types of
equipment are utilized to take advantage of their specific attributes.

18



When selecting placer mining eguipment, the evaluator must consider
two important concepits. First, the volume of earth in place is less
than the volume of the same earth after excavation. This point is
critical in cost estimation and must be remembered. Since placer
gravel is relatively licht, placer mining equipment is typically
Timited by volume capacity, not weight capacity. For this reason, mine
equipment capacities and associated cost equations in this handbook are
based on volume after accounting for material swell-—in LCY. Resource
estimates are typically stated in B{Y—the volume before accounting for
material swell. This has a significant meaning to the design of a
placer mining system. To mine a 500,000 BCY deposit, eguipment will
have to move 570,000 LCY of gravel if the material swells 14% (typical
for gravel deposiis). Although the total weight of material moved is
constant, equipment will have to move & larger volume of gravel than
the"in place" estimate indicates. As a result, the mining sysiem
should be designed around the total LCY of gravel to be moved, not the
total BCY. '

Second, mine eguipment eguations in the costing section are based
on the maximum amount of overburden, pay gravel, and mill tails moved
daily. Although average volume handled might be Tess, eguipment must
be selected to handle the maximum load.

To aid in mine planning, and to obtain reasonable capital and
operating mine costs, the following will typically be required:

Total length and average width of haul and access roads.
Total surface area of deposit.

Nature of ground cover.

Topography of deposit area.

Total LCY of overburden, and maximum amount of cverburden
handied daily. '

Total LCY of pay gravel, and maximum amount of pay gravel
handled daily.

7. Total cubic yards of mill tails handled daily.

8. Type of eguipment desired

9. Average haul distances and gradienis for overburden, pay gravel,
and tailings.

[ SR N AN B R B
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The following is a discussion of the principal types of eguipment
used in excavating and hauling overburden, placer gravel, and mill
oversize and tails, and may be used to aid in mine design and equipment
selection. '
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Backhoss (Hydraulic Excavators)

The backhoe is one of the most efficient types of eguipment for
bedrock cleanup. It is most often used for the extraction of pay
gravel, but can also be used for excavation of overburden. The machine
has almost no capacity for transportation of material and for that
reason is used in conjunction with either front-end loaders, trucks, or
in some cases, bulldozers. Depending on bucket seiection, the machine
can handle a variety of ground conditions including clays, poorly
sorted gravels, tree roots, and vegetation. Digging depths of over 30
ft are obtainable with certain backhoes, but production capability
decreases rapidly as maximum digging depth is approached. This problem
can be avoided by excavating working platforms at various depths below
the original surface.

Backhoes typically used in the western United States are capable of
excavating from 95 to 475 LCY/h. Sizes range from 105-hp machines with
0.5@—yd3 buckets to 325-hp units with 3.75-yd3 buckets. Capacity
is contingent upon digging difficuity, operator ability, swing angle,
digging depth, and obstructions.

The backhoe is ideal for situations where bedrock cleanup is
critical, obstructions exist in the mining area, and other means of
transporiing gravel are available.

Bulldozers

The bulldozer represenits an extremely versatiie tool in placer
deposit extraciion, and is the most popular. It can be used for
overburden removal, pay gravel excavation, bedrock cleanup, overburden
and pay gravel transportation, road construction, taiiings placement,
and a variety of minor functions. The bulldozer is the only device
capable of handling all tasks reguired for placer mining in a practical
manner and must be considered if capital is scarce.

Although bulldozers can handle all placer mining functions, they
are not necessarily the most efficient machine for any one task. With
its ripping capacity, the bulldozer is capabie of cleaning up bedrock:
however, the backhoe is much more selective and efficient. The
bulidozer can, and often is, used to transport gravel, but in most
cases trucks, scrapers, and front-end leaders can each do the job
cheaper if haul distances are more than a few hundred feet. In
addition, bulidozers are not well suited to move larce volumes of
gravel or to dig to excessive depths. 1In both instances, draglines
exhibit superior performance.

A major advantage of the bulldozer is iis ability to excavate,
transpori, and load the mill all in one cycle, eliminating the nesd for
expensive rehandling. Dozer capacities for excavating and hauling
range from 19 LCY/h for a 65-hp machine up to 497.5 LCY/h for a 700-hp
dozer {based on a 300-ft haul distance). Capaciiy is dependent upon
ripping reguirements, operator ability, cutting distance, haul
distance, digging difficuity, and haul gradient.
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Bozers are best suited for situations where deposit and overburden
thicknesses are noi excessive, Tew large obstructions are present, and
haul distances average less than 500 ft. :

Draglines

Draglines are well suited for excavating Targe quantities of
overburden, dravel, and waste. Aithough their material transporting
abitity is 1imited, draglines with booms up to 70 ft Teng are capable
of acting as the sole piece of mining eguipment. As with the bulidozer,
draglines can excavate overburden and pay gravel, load the miil, and
remove tailings; however, draglines are relatively inefficient at
bedrock cieanup, and do not handle difficult digging as well as
backhoes or dozers.

Depths of cover 200 fi{ are obtainable with this type of machine, and
when used in conjunction with front-end loaders or rear-dump trucks,
large capacity operations are possible. Draglines handle from 28 LCY/h
for a 84-hp unmit to 264 LCY/h for a 540-hp machine. Capacity is
dependent upon bucket efficiency, swing angle, and operator ability.

Draglines are ideal for overburden removal and for large, deep

" deposits where bedrock cleanup is not critical. They must, however, be
matched with the right equipment (i.e., portable mills or gravel
transportation machinery).

Dredges

Cost estimation equations for dredging are not included in this
handbook. Dredges, except for recreational units and small machines
used in active channels, are designed for high capacity excavation of
specific placer environments. The machines are best vtilized in large
volume, relatively flat-lying deposits that occur below water level.
Due to large capital investment reauirements and a scarcity of ground

suyitable for large-scale dredging, they are uncommon in the western
United States.

Cperating costs for large capaciiy dredges average approximately
$0.70/yd3. Purchase and refurbishing costs are often more than $3
miliion, and can run over $310 million. In large volume situations,
dredges must he considered. Since suitable applications are reére,
however, they have not been included in this manual.
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Front-End Loaders

This versatile machine is capable of many functions. 1In the
western United States, its primary use is hauling previously excavated
gravels, and the subsequent loading of the mill. Although front-end
lcaders are not the most efficient hauling unit, their self-leading

ability provides many advantages. One is the elimination of the need
1o match the excavation machine with the haul unit. With a froni-end
icader, the excavatior can operate at its own pace and simply stockpile
material. The loader then feeds from the stockpile and transports
gravel to the mill feed hopper. This removes the problem of matching
~excavator output with truck cycles or mill feed rates.

‘ The maching is alsc capable of removing and transporting mill
oversize and tailings; however, front-end loaders are not particularly
adept at excavating consolidated material. 1If overburden or gravel are
at all compacted, a backhoe or bulidozer should be used for primary

excavation.

Front-end loaders are capable of hauling from 24 LCY/h for a 65 hp,
1-yd3 machine to 348 LCY/h for a 680 hp, 12-yd3 machine (based on a
500 ft haul distance). CLapacity varies with haul length, haul
gradient, coperator ability, bucket efficiency, and type of loader.

Front-end loaders are best utilized as haul units over distances of
less than 1,000 ft. Their versatility makes them useful for pay gravel
and cverburden transportation, mill oversize and tailings removal, and

‘general site cleanup.

Rear-Dump Trucks

Trucks represent the Teast expensive method of materiacl movement
over long distances; however, since other machinery is required for
loading, total gravel iransportation expenses over short distances may
be nigher than for front end-Toaders or scrapers. Trucks generally
serve two purposes: Material movement and mill feed. They have
relatively low capital costs and reguire little maintenance compared to
other placer equipment. Trucks do need fairly good road surfaces and
reguire careful matching with loading equipment to achieve acceptable
efficiency.

Capacities for uniits at small placer operations range from 3 io
47.5 yd3. Trucks are most productive over haul distances of 1,000 to
10,000 ft and can travel faster than eguivalent-sized scrapers or
front-end Toaders. Production capacities range from 32.3 LCY/h for a
3-yd3 iruck to 444.8 LCY/h for a 47.5—yd3 truck (based on a 2,500
fi haul distance). Capacity is contingent upon loader capacity, haul
distance, and haul gradient.

Trucks are suited to operations where & fixed mill is situated more
than 71/2 mi from the minesite. They are egually effective hauling pay
gravel, overburden, or mill tailings and oversize, buit must be
accompanied by a method of material Toading.
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Scrapers

These machines are noted for their high productivity when used o
transport overburden, pay gravel, and tailings. As with front-end
Teaders, scrapers are self-loading, although bulldozers or octher
scrapers often assist. They are capable of much higher speeds and
greater capacity than front-end loaders, and exhibit hatlage
characteristics similar to rear-dump trucks. Scrapers, however, are
more costly to purchase and maintain.

Scrapers are timited in their ability to excavate consolidated or
unsorted material. A bulldozer eguipped with a ripper must precede
them in overburden or gravel that is not easily drifted. 1If boulders
are present, they must either be blasted or removed by other means.

The nature of the scraper-dumping mechanism renders them unsuitable for
direct mill Tesd. When used to haul pay gravel, scrapers will
typically unload near the mill, and bulldozers will then be used to
feed material.

Capacities range from 207 LCY/h for a 330-hp machine to 420 LCY/h
for a 550-hp machine (based on a 1,000 ¥t haul distance). <Capacity is
contingent upon haul distance and gradient, and loading procedure.

in placer mining, scrapers are best utilized for transportation of
uncensolidated overburden or mill tailings over distances ranging from
500 to 5,000 ft.

PROCESSING

Often the most difficult part of placer mining is achieving the
desired recovery of vaiuabie minerals from mine-run gravel. The design
of a successful mill is & specialized science and often proves
difficult even for those actively involved in placer mining. Great
care must be taken to ensure the recovery of a high percentage of
contained valuable minerals. Obviocusly, the profitability of an
operation is directly related to the percentage of contained valuable
minerals recovered by the mili.

Although mill design can be difficuii, the basic premise used in
heavy mineral recovery is quite logical. In placer deposits, high
density minerals have been concentrated by combinations of natural
phenomenon such as gravity, turbulent fluid flow, and differences in
mineral density. Consequently, it would seem practicel to utilize
these conditions to further concentrate heavy minerals. This form of
mineral recovery is referred to as gravity separation and is the basis
for most placer milis.,
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Gravity processes must consider both particle specific gravity and
size for effective separation. Differences in specific gravity alone
will not distinguish various materials. 1t is the differences in
weights in a common medium that creates efficient separation.
Consequently, a particle of high specific gravity and small size may
react the same as a large particle with Tow specific gravity in a given
fluid. 1If gravity separation is to be effective, size control must be
implementad to take advantage of differences in part1c1e spec1f1c
gravity.

Equipment used for gravity separation ranges from gold pans to
pre-built self-contained placer plants. In general, the mosi widely
empioyed devices in the western United States are:

. Jig concentrators.
Sluices.

Spiral concentrators.
Table concentrators.
Trommels.

Vibrating screens.

oY L b N~

in reference ic the above list, trommels and vibrating screens are
used for particle size classification, and the remainder are forms of
gravity concentrators. 1In addition, feed hoppers and conveyors are
needed for surge capacity and material transportation. These items,
which are commonly neglected in plant cosiing, must be carefully
selected to ensure proper plani operation.

Although the complete desian of a placer recovery plant cannot be

- thoroughly covered in the space available here, several sample flow
sheets illustrating basic placer mill design are inciuded at the end of
this section. Along with a fiow sheet detailing equipment type, size,
and capacity reguired for the mill, the following will be needed to
obtain an accurate cost estimate using th?S manual:

1. Maximum feed capacity of the mill.

2. A material balance illustrating feed, concentrate, and tajlings
rates.

3. The purpose of each graviity separation device (rougher, cleaner,
scavenger, etc.).

5. Method of removal and transportation of mill tails and oversize.

The following discussion details equipment used in gravity
separation and may prove useful in mill design.
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Convevors

As material travels through a mill circuit, it can be moved by
conveyor, pumped in a slurry, or transferved by gravity. 1In placer
processing mills, material is most often transported in a slurry or by
gravity. 1In some cases, however, conveyors are necessary. Conveyors
are typically used for situations of extended transport where material
need not be kept in & slurry——such as the removal of oversize or
tailings. They provide an inexpensive method of transporting large
quantities of material over fixed distances. 1In the case of placer
processing plants, this distance typically ranges between 10 and 120
" ft. Conveyors used in these plants are typically poritable, and
consequently come complete with framework and support system ready to
operate.

Conveyor capacity is relaied to belt width, beli speed, and
material density. For most placer gravels, capacities range beiween 96
yd3/h for an 18- in-wide belt to 480 yd3/h for a 36-in-wide belt.

Feed Hoppers

The initiail piece of equipment in most mill circuits is a feed
hopper. The hopper 15 used in conjunction with a feeder to smooth out
material flow surges introduced by loading devices with fixed bucket
sizes (front-end loaders, rear-dump trucks, etc.). Hoppers often
contain a grizzly in order to reject large oversize material. Ths
feeder, typically a vibrating tray located under the hopper, transfers
gravel at an even rate to the circuit. Although the hopper—feeder
combination may appear to be a minor piece of eguipment, a steady flow
of material through tha miil is very important for effective gravity
separation.

Hopper capacity and feeder capacity are two separate items.
Generally, hoppers are designed to hold enough matierial to provide a
steady fiow of gravel despite surges inherent in mining cycles.
Fesders are set io provide the appropriate flow rate to the mill. So
even though a hopper may have a 100 yd3 capacity, the feeder might
provide material at 20 vd3/h.

Feeders are not always used in placer mills. In such cases, feed
rate is regulated by the size of the opening in the bottom of the
hopper. The cost estimation curves in this manual calculate
hopper/feeder costs based on feeder capacity, which typically eguals
mill capacity. Factors are provided for situations where feeders are
not used.
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Jdig Concentrators

Jigs are gravity separation devices that use hindered settling 1o
extract heavy minerals from feed material. They typicailly consist of
shalijow, perforated trays through which water pulsates in a vertical
motion. In mpst instances, a bed made up of sized-shot, steel
punchings, or other "“ragging" material is placed over the perforations
to promote directional curvrents required for separation. Slurried feed
flowing over the bed is subjected tc the vertical pulsations of water
which tend to keep 1ighter particles in suspension while drawing down
heavier constituents. These heavy minerals are either drawn through
-the bed and discharged from spigois under the jig or, if too large io
pass through the perforations, are drawn off near the end of the
machine. Lighter particies continue across and over the end of the jig
as taijilings.

Jigs are sensitive to feed sizing. They are dgenerally utilized for
feeds ranging from 75 microns to a maximum of 1 in, but recoveries
improve if feed is well sized and kept ioc minus 1/4 in.  Efficiency is
maximized when feed materials have been deslimed and sized into a
number of separate fractions for individual treatment. Optimum solids
content for jig plant feed ranges from 35 to 50%—-the object being to
avoid excessive d11at10n of the material. Capacities for jigs range
from 0.1 to 400 yd3/h and are dependent upon desired product as well
as equipment size.

Siuices

The most common gravity separation device used in placer mills,
sluices are simple to construct, yet effective heavy mineral recovery
- tools. Sluice construction is quite diverse and opinions differ widely
with respect to capacity, riffle design, and recovery. In general,
capacities and performances vary with box width and slope, gold
particle size, nature of feed, and availability of water.

Sluices are primarily used for rough concentration and are capable
of processing poorly sorted feeds. As with other methods, however,
recovery is related to the degree of previous sizing.

Stuice design can be gquite complex but usually is a matier of trial
and error. Several basic principles typically apply. Width is
determined by the maximum and minimum volume of water available, the
size and quantity of oversize feed that must be transported, ang the
slope. Lencth depends principaliy on the character of the colid.
Coarse and granular gold settles quickly and is easiiy held in the
riffles, while fine gold and porous gold may be carried some distance
by the current. Velocity of the water is controlled primarily by the
slope. 1In general, the siuice should be constructed and installed so
that water flowing through the box will transport oversazed material
and prevent sand from packing the riffles.
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‘I the surface of the water flowing through the sluice is smooth,

.the bottom of the siuice is probably packed with sand, allowing Tittle
gold to be saved. The desired condition occurs when waves form on the
surface of the water fiowing through the sluice, and these waves, along
with the wave-forming ridges of material on the bottom of the sluice,
migrate upstream. This indicates an eddying or beiling activity on the
lee side of the ridges which maximizes cold recovery and tailings
transport. Conseguently, the sluice attains maximum efficiency when
riffle overloading is incipient.

Sluices are generally considered tc be high capac1ty units, with a
12-in-wide sluice box capab]e of handling 15 yd3/h if suff3c1ent
water is available. A 24-in sluice can handle up to 40 yd /h, and
48-in-wide sluices have reportedly processed up to 200 yd3/h. Of
course, a siuice will handle as much gravel as the operator wants to
push through it. However, to ensure reasonable recovery, capacity is
Timited by box width and slope, water availability, and feed
characteristics.

Feed slurry densities are highly variable and range from 1% to 35%
‘solids by weight, averaging 10%. Water usage can be reduced
significantly if the larger of the oversize is eliminated from the
feed. Sluices reauire no power to operate unless a pump is needed to
transport water or slurry. One disadvantage of the sluice is the
necessity to halt operations in order io recover concenirates.

Spiral Concentrators

Spirals are used infreguently in the western United States but may
be applicable for certain types of feed. These gravity separation
devices exhibit several desirable features. They dccept sized slurry
directly, and reguire no energy to operate other than perhaps pumps for
material feed. Pumps can be excluded if gravity feed is used.
Selectivity is high due to adjustable splitiers within the slurry fiow.
Spirals can be used ito produce a bulk concentrate, scavenge valuable
minerals from tailings, or in some instances, recover a finished
concentrate. The ability to produce a finished concentrate will be
1imited to feeds that contain a higher concentration of desired product
than typically found in most gold placer feeds.

To save space, two or three spiral starts are constructed around a
comnon vertical pipe. This arvangement takes 1ititle floor space,
allowing banks of multiple units to be set up for large capacity
requirements. In this siftuation, siurry distribotors are reqguired to
sectionalize feed for individual spirals.

Maximum feed rates vary according ito feed part1c1e density, size,
and shape. Rates generally range from 1.0 to 1.4 yd3/h roughing dcwn
to 0.3 to 0.5 vd3/h cleaning per start. Feed slurry density is
typically less than 25% solids by weight, necess1tat1ng the use of
larger pumps than needed for jigs or tables,
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Table Concentrators

Concentrating tables (shaking tables) are cne of the oldest methods
of mechanical gravity concentration. Although capable of handling a
variety of feed types and sizes, their optimum use is wet gravity
cleaning of fine concentrates ranging from 15 um to 1/8 in. The unit
consists of a larce, flat, smooth table, slightly tilted, with riffies
attached to the surface. A Jlongitudinal reciprocating motion is
introduced to the deck by means of a vibrating mechanism or an
eccentric head action.

Aithough limited in capacity, tables have the advantage of being
easily adjustable by regulating the aquantity of wash water and altering
the 1311t angie of the deck. The results of these changes are
immediately observable on the table. With the addition of splitters,
efficient control of high-grade concentrate recovery, middling
recavery, and tailings production is possible.

Solids content for table feeds average approximately 25% by weight.
Siroke lengtih and speed are adjusted according to feed. Long strokes
at stow speeds are used for coarse feeds; fine material responds better
to short sirckes at higher speeds. A reciprocating speed of 280 to 380
strokes/min will handle most feeds. Table capacities range from 0.05
io 8 yd3/h and depend on desired product as well as eguipmeni size.

Trommels

This machine is the most common size classification device used in
gold placer mills and is well suited for this task if properly
designed. Trommels consist of a long rotating cylinder that is
typicaliy divided dnto two sections.

In the first, lengths of angle iron or similar material are

- fastened to the inside of the rotating drum. These act as l1ifiers o
carry feed up the side of the rotating cylinder. As material reaches
the top of the rotation, it falls back to the bottom of the cylinder and
breaks upon impact. This action, along with water introduced under
pressure, serves to break up compacted soils and clays, and liberate
valuable minerals.

The second section consists of perforations in the cylinder walls
positioned along the length of the drum. Typically, perforation size
will graduate from 1/8 in, to 3/16 in, to 1/4 in as the feed progresses
down the trommel. '

Sized fractions are drawn directly below the section of the trommel
in which they are separated. They generally flow to either a vibrating
screen to be sized further or to a gravity separation device. Oversize
material is discharged out the end of the trommel as waste.
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Trommels are particularly well adapted to placer feeds because of
their ability to handle a diversity of feed sizes and to break up
material in the scrubber section. Capacitiy ranges from 10 to 500
yd3/h and is dependent on feed characteristics, screen perforation
sizes, and machine size. Water reguirements are contingent upon the
amount of washing desired.

Vibrating Screens

Vibrating screens are often used for secondary size classification
in circuits treating alluvial ores and, in some cases, may provide
primary sizing. The machines consist of a deck, or decks, containing
inclined screening surfaces that are vibrated in either a rectilinear
er elliptical motion. Screening medium can be woven wire cloth,
parallel bars, or punched sheet metal.

High capacity, ease of instailation, and reasonable operating costs
have all contributed to the popularity of vibrating screens. The
practical minimum size Vimitation for production screens is about 100
mesh, although 325 mesh separations have been achieved. Capacity is,
of course, dependent on many factors. These include type of material,
amount of oversize, amount of undersize, moisture content, particie
shape, screen opening size, and screen medium. In general, from 0.40
to 0.75 ft2 of screen surface area will be needed for every cubic
vard of feed handled per hour.

Sample Mill Design

1t is not possible to provide complete instruction on mill design
within the constraints of this manual. Mills must be planned with the
intention of treating the size, shape, and grade characteristics of a
specific feed. Sample gold mill flow sheets shown in figures 1, 2, and
3 are inciuded fo aid the evaluator in cost estimation only. They are
provided to demonstrate that, in most instances, material will have to
be fed, washed, sized, and separated for proper recovery.

Tables 1, 2, and 3 demonstrate material balance calculations for
these mills. '
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FIGURE 1. - Sample flow sheet, sluice plant.
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FIGURE 3. - Sample .flow sheet, table plant.
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TABLE 1. - Sample material balance, sliuice plant

Ttem Rate wt % sp gr Grade Gold Distribution
vd3/d tr oz/vyd3  tr oz/d % Au
Feed ...vovnnu. 120.0  700.00 2.81 0.040 4800 100
Concentrates.... 8.1 0.08 2.82 42.240 4.224 88
Ta 1S e nveeeen 118.9 99.492 2.81 0G5 0.576 12
Gold....ovvvnnns 17.50 '
Waste...oceeeens 2.81
TABLE 2. — Sample material balance, jig plant
Item Rate wi % Sp gr Grade Gold Distribution
vd3/d tr oz/vd3  tr oz/d % Ay
Feed............ 700.0 100.00 2.65 0.030 21.00 100
Concentrates 0.1 0.01 2.71 199.500 19.85 95
Tailse e enens 698.9 a9.99 Z2.65 .602 1.05 5
Gold..vvvvennan. 17.50
Waste........... 2.65
TABLE 3. - Sample material balance, table plant
ITiem Rate wt % sp gr Grade Gold Distribution
vd3/d tr oz/vd3  tr oz/d % Au
Feed............ 250.06  100.00 2.73 0.0645 11.250 100
Concentrates . g.2 0.08 2.75 53.440 10.688 g5
Tails. e snnnan. 249.8 99.92 2.73 L0062 0.562 5
Gold.....vrnn.. 17.50
Waste.....oovvn. 2.73
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SUPPLEMENTAL SYSTEMS

Commonly neglected in costing and desicn work, supplemental systems
gain importance in placer operations. ODue to the relative Tow cost of
placer mining and milling eguipment and systems, the expenses
associated with supplemental items represent a larger percentage of the
total cost than with other types of mining. For costing purposes, any
system, structure, or eguipment not directly related to production but
-necessary for continued operation is categorized as supplemental. These
include:

. Buildings.

. Camp facilities.

General services and lost time.
Generators.

Pumps.

Settling ponds.

[ 2B, IS SN #0 BN BE
L S

Fach item inciuded in the supplemental section should be examined
to determine if it is needed at & particular opsration. To aid in this
determination and to assist in cost estimation of suppliemental items,
the following information will prove helpful:

1. Location and elevation of available water in reference to the
millsite. '

. Etological sensitivity of the area.

An estimate of the number and capacity of pumps needed.

Maximum hourly capacity of miii.

Building requirements.

An estimate of work force size.

oYW W N

Buildings

Many placer operators consider any building toe be & Tuxury;
however, if weather is a factor or if operators desire to safely siore
equipment, some buildings will be needed. Typically, 2 small placer
mine will have one stiructure that serves as a shop, a concentrate
cleanup area, and a storage room. More elaborate operations, or those
in areas of bad weather, will cover the mill and often construct
several small storage sheds. These buildings are usually temporary
structures of minimal dimensions constructed of wood or metal.

The size of each building must be estimated for costing purposes.
For the typical eperation, the main structure will be capable of
housing the largest piece of mebile eguipment at the mine with enough
additional room for maintenance work. Shops often have concrete
floors, and power and water facilities are typically provided. Storage
sheds are usually of minimum gualiiy, have a wood floor if any at all,
and often contain power for lighting. Factors for all the above
variables are provided in the building cost estimation curve.

34



Camp Facilities

The provision of facilities for workers is an important part of
placer operations. 1In most situaticns, workers will stay at the site
during the mining season to take advantage of cood weather. The needs
of these workers must be met, and that typically invoives providing
1iving quarters and food. 1In aimost all cases, emplovee housing at
placer mines consists of mobile homes or trailers with a minimum amount
of support equipment. Cooking is generally done by the workers in
their trailers with an allowance provided for the cost of food.

To calculate the expense of camp facilities, it is necessary to
estimate the number of people siaying at the mine. Guidelines for this
estimate are provided with the cost eguations. It must be remembered
that the number of people werking at any one operation can be quite
variable, and if the number of intended or actual employees is
avaiiable, this figure must be used.

General Services and Lost Time

Compared to other methods of mineral recovery, placer mining is
relatively inefficient. Because of 1imits in workforce size, delays
and tasks not directly related to mining have a noticeable effect on
productivity. This inefficiency strengly influences costs associated
with placer mining, and must be taken into account. ‘

In placer mining, most costs associated with ineffiency can be
attributed to three distinct areas:

1. Equipment downtime.
2. Site maintenance.
3. Concentrate refinement.

Specific expenses can be further delinsated.

1. Eguipment downtime.
A. Productivity Tost by the entire crew due to breakdown of key
pieces of equipment.
B. Produgctivity Jost by individual operators due to breakdown
of single pieces of equipment.
€. Labor charges of outside maintenance personnel.

2. Site maintenance.

Road maintenance.

Stream diversiomn. .

Brainage ditch construction and maintenance.
Site cleanup.

Reclamation grading and recontouring.

. Settling pond maintenance.

Mi11 relocation.

M Mmimo oo >
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3. Concentrate refinement.
A. Concentrates panning.
B. Mechanical separation.
C. Amalgamation.

Estimates indicate that in placer mining up to 37% of the total
~labor effort is spent on the above tasks. The "Lost Time and General
Services" cost curve must be used in all placer mine cost estimates.

Generators

In all but the most simple gravity separation mills, power will be
needed to operate eguipment. A minor amount of power will also be
required for camp functions. Typically, power is provided by one of
three sources:

1. Individual diesel engines driving each piece of equipment.
2. Diesel generators.
3. Electrical power brought in through transmission lines.

The third method mentioned above generally reguires excessive
initial capital expenditures. Transmission 1ines are considered only
when the mill capacity is well over 200 yd3/h, existing transmission
Tines are Tocated near the site, or the mine 1ife is expected to be 15
yr or more. Power source selection should be based on lowest overall
cost and minimum environmental impact. For most small- to medium-sized
gravity separation mills in remote locations, diesel generators are
sefected to provide pouer.

Cost estimation curves in this manual are based on diesgl dgenerators
providing all power to mill eguipment. Electric power costs contained
in dindividual processing equipment operating cost curves account for
diesel generator operating cosis.

Pumps

Water, used to wash gravel and to initiate slurrying of the feed,
is typically introduced as gravel enters the trommel or screen. More
water is added as needed throughout the circuit to dilute the slurry or
assist in washing. To provide adequate washing, this water must be
introduced under pressure which, in many cases, necessitates the use of
pumps. Pumps will alsoc be needed if mill water is to be recycled
through settiling ponds. Under certain circumstances, one pump can
handle al1 tasks reguired in a placer processing plant utilizing
recycied water. It is preferable to minimize the use of pumps by
taking advantage of gravity. ‘

Water usage is dependent on several factors, including:
1. Washing required'tc'properly siurry feed.

2. Type of separation equipment used.

3. Availability of water. .
4, Size and nature of valuable mineral constituents.
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For costing purposes, the evaluator must estimate the volume of
water pumped per minute and the pumping head. A separate estimate must
be made for each pump. MWater requirements can either be calculated
using parameters given in the processing section of this manuai, or
rouchly estimated using the following eguation:

Water consumption (gpm) = 94.089(x)0.546
where X = maximum cubic yards of mill feed handled per hour.
This equation provides the total gallons of water per minutie
consumed by the mill. Although not technically accurate, for our
purposes head may be estimated as the elevation difference between the

pipe cutlet at the mill or upper settling pond, and the pump intake.

Settling Ponds

With the current level of environmental awareness, it is almost
assured that mill water will have to bs treated prior to discharge.
Placer mines typically recycle mill effiuent through one or more
settling ponds to controi environmental impact.

To calculate the cost of settling pond construction using this
manual, only the maximum mill feed rate is required. Cost curves
provide the construction expense of unlined ponds sized to comply with
most regulations. 1In some instances, the pond will have to be lined
with an impervious material. This is often reguired in ecclogically
sensitive areas, or in situations where underlying soijs do not
properly filter mill effluent, thereby increasing the turbidity of
nearby streams. A factor is provided in the settiing pond cost curve
for impervious linings. '

ENVIRONMENT

Environmental costs are often decisive in placer mine economic
feasibility. Costs associated with water quality control and
aesthetics are inescapable and can represent a significant percentage
of total mining expenses. Methods to minimize ecological disturbance
are now considered an integral function of the mining sequence and are
treated as such in cost estimation.

Stream siltation from mili effluent and Tland disturbance from
excavation are the main environmental problems fading placer miners.
Water guality is often the biggest problem, and many technigues have
been devised to lessen impact. One method dinvolves Timiting miil
.operation to short periods of time, thus allowing effluent to disperse
before additional mill discharge is introduced. - Often the mill is
designed with the intent of using as Tittle water as possiblie for
valuable mineral separation. The most common selution is mill water
recirculation facilitaied by the consitruction of settling ponds. These
ponds are used to hold mill effluent until particulate matter has
settled; water from the ponds is then reused in the mill circuif.
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Mining of ailuvial deposits necessitates disturbance of large areas
of Tand. Typically all trees, brush, grasses, and ground cover will be
cleared. This task alone may present a major stumbling bliock, since
some states restrict open burning. HNext, a laver of overhburden is
removed to expose the deposit. Finally, the valuable mineral-bearing
gravel can be excavated.

Current technology suggests that control of land disturbance be
incorporated into the mining sequence. Mill tailings and oversize are
typically dumped back into worked out areas. Seil cover and overburden
are removeg just prior itoc pay gravel excavation, then hauled ioc mined
out areas to be graded and contoured over replaced tails. Often the
surface is revegetated. 1In most instances, the operator will have no
choice but to implement ecological controel and reclamation procedures.

. Operators are typically required to post a bond to cover the cost of
reclaiming mined lands, and if the surface is left disturbed, these
bonds will be forfeited.

Regulations vary from state to state, and may appear difficult and
confusing at first; however, by contacting information services at
State capitals, operators will be directed to the agencies concerned.
These agencies will detail regulations concerning placer operation and
will also point out which Federal agencies might be involved (U.S.
Forest Service or U.S. Bureau of Land Management). In most instances,
contact will have to be made with both State and Federal agencies.
Typically, meeting environmental reguirements for the State will
satisfy Federal regulations.

As stated earlier, environmental control is an integral part of
mine and mill design, and costs are treated accordingly. Egquatiens are
provided for calculating the cost of mill taiis and oversize placement.
Expenses associated with grading and contouring are contained in the
"Lost Time and General Services" curve. An equation is also provided
for the construction of settiing ponds, if water is to be recycied.

Bond costs are not included since reguirements are hichly
variable. One other cost may arise that is not covered in section 2.
This is the expense of replanting, and usualiy ranges from $100 to
$200/acre.

COST ESTIMATION

After selecting exploration, mining, milling, and supplemental
techniques, the next step in cost estimation is the choice of
appropriate cost curves. If the evaluator has compteted the mine
design prior ito attempting cost estimation, this iask consisis of
simply going through section 2 of the manual and selecting the proper
equations. The Tist of Capital and Operating categories found at the
beginning of section 2 will aid in choosing individual curves.

38



Costs used in deriving the estimation eguations in this handbook
were collected from several sources. These include:

1. Placer mine operators.
2. Mine eguipment suppliers.
3. Published cost information services.

In all cases, cost figures quoted in the texi and points used in
cost equation derivations are averages of all data avaiiable. A
bibliography of cost information publications follows section 2. Many
of these sources contain both cost and capacity information and can be
used to supplement this manual.

Cost estimation methodology in this handbook is based on the
Bureau's Cost Estimation System (CES), first published in 1977 as
'Capital and Operating Cost Estimation System Handbook' by STRAAM
Engineers, Inc. Procedures for cost estimation usincg this handbook
closely foliow that publication. The cost estimation portioen of this
handbook is divided into operating and capital costs. Cost eguations
are simiiar for both with the only difference appearing in the units of
the final enswer. CLapital costs are ¢iven in total dollars amount and
operating costs in dollars per year.

Using the appropriate curves, a separate cost is calculated for
each capital and operating cost item. Only costs directly associated
with the operation under evaluation need be calculated. A17 other cost
items should be ignored. After calculation, item cosis should be
entered on the respective capital and coperating cost summary forms on
tables 6 and 7.

Upon summation of individual expenses, a contingency may be added
to both capital and operating costs. It is difficult to anticipate
every condition that may arise at a particular operation, and the
purpose of the contingency is to account for unseen expenditures. This
figure is typicaily based on the degree of certainty of the evaluation
in relation to available informetion, and ranges from 10 to 20%.

Cost per cubic yard of pay gravel processed is determined by
dividing the sum of all annual operating costs by the total amount of
pay gravel processed per year. Summation of individual capital costs
produces the total capital cost.

Use of the incividual curves is described in the following
paragraphs. :
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Cost Eguations

Capital and operating costs are divided into labor, eguipment, and
supply categories. One, two, or all three of these categories will be
present in each cosi eguation. The sum of cosis from each of these
categories provides the total cost for any single cost item. To
- facilitate cost adjustments respective to specific dates, the labor,
eguipment, and supply classifications are further broken down into
sub-categories.

Typically, each cost item will have a number of site adjusiment
factors. These are provided to account for characteristics specific to
a particular deppsit. It is these factors which determine the
precision of the final cost, so they must be selected and used
carefully. Assistance in determining the correct use of a factor, or
in understanding the parameters involved in a cost item, may be found
in the preceding pages. -

To further improve cost estimates, labor rates are also adjustable.
Rates can vary greatly for small placer operations. For this reason,
adjustments can be made to the fixed rates used in this manual for
specific known rates at individual operations.

Cost Date Adjustments

A11 cost eguations were calculated in January 1985 dollars. Cosis
calculated for any particular cost item are broken down into specific
categories and sub-categories to facilitate adjustment te specific
dates. These include:

Labor

1. Mine labor.
2. Processing labor.
3. Repair labor.

Equipment

Equipment and eguipmenit parts.
. Fuel and lubrication.
Electricity.

Tires.

- SRS B
v .

Supplies

Steel jtems.
Explosives.

Timber.

Construction materials.
Industrial materials.

LS SRR B A
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For placer mining, most general maintenance and non-overhaul
repairs are accomplished by ihe eguipment operator, so repair labor
rates are assumed to be egual to those of the operator. If information
available toc the evaluator indicates that this is not the case, repair
labor portions of the total labor cost are stated to facilitate
adjustment.

Equipment operating cosis are broken down into respeciive
percentages coniributed by parts, fuel and lubrication, electricity,
and tires. These percentages, listed immediately following the cost
equations, are used te calculate specific costs for each sub-category
so that they may be updated. Supply cosis are broken down and handled
in a similar manner.

Cost date indices for the above sub-categories are provided in
table 4. Current indices are availabie from the Bureau of Mines,
Western Field Operations Center, East 360 Third Avenue, Spokane, WA
99207. To adjust a cost to a specific date, divide the index for that
date by the index for Jdanuary 1985, and multiply the resulting quotient
by the cost calculated for the respective sub-category. An example is
shown following table 4.
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Example:

Calculate the cost in July 1985 dollars of extracting and moving
pay aravel 300 ft over level terrain using bulldozers. Assume &
200-yd3/d operation.

Operating costs (from section 2: Operating cosis; Mﬁﬂing' Bulldozers):
Eguipment operating cost.......o...... 0.993(200)“3- 3o _ $0.102/yd3
Labor operating cost.........couvunn.. 14.01(200)~0-945 = 0o4/yd3

January 1985 total....eerennnnn... .196/yd?3

Sub-category cost (from section 2: Operating costs; Mining; Bulidozers):
EQUIPMENT PaIES . s ceeme e eeeeeeeianns 0.47 X $0.102 = $0.048/yd3
Fuel and Tubrication......ooveevenon.. 0.53 X $0.102 = $0.054/yd3
Operator 1abor. ... eeeerarnnneenn. 0.86 X $0.094 = $0.087/yd3
Repair Tabor......oviiiniinnnaeen. 0.14 X $0.094 = $0.013/yd3

Update indices {(from table 4): Sub—category July 85/Jan.85 Quotient
Equipment parts.....ovvreninn Fquipment.... 362.3/360.4 = 1.005
Fuel and ldbrication......... Fuel......... 630.7/636.2 = .991
Operator labor............... Mine labor... 11.98/711.69 = 7.025
Repair labor..... ... as Mine labor... 17.98/11.6% = 1.025

Updated costs:

Equipment parts.... ..o iiiirnnn.s 1.005 X $0.048 = $G.048/yd3
Fuel and lubrication........cvvvvaun. 0.991 X $0.054 = $0.054/yd3
Operator T1abor. oo e e eseneannnn. 1.025 X $0.081 = $0.083/yd3
Repair 1abor....vvvreeeirrenennnnns 1.025 X $0.013 = $0.013/yd3

July 1985 t0taleeeenneeennen.. . $0.198/vd3

Site Adjustment Factors

As stated eariier, adjusiment factors determine the precision for costi
estimates and must be used carefully. Several factors are provided for each
curve, and their use will significantly alter the calculated cost. The
following example illustrates factor use:
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Example:

Calculate the cost of extracting pay gravel in a difficult digoing
situatien and moving it 800 ft up an 8% gradient using bulldozers.
Assume a 200—yd3/d operation (January 1885 dollars).

From section 2: Operating Costs; Mining; Bulldozers:

Equipment operating cost........ 0.993(200)~C-430 = ¢0.702/yd3
Labor operating cost............ 14.@1(200)’G~945 + $0.094/yd3
January 1985 total........... $0.196/yd3
Factors:
DiSEANCE. t v e e erer e eneaaananns Fp = 0.00581 8@0%0-964 = 2.447
Gradient......ccvvrennnnnennnnns Fe = 1.041eL0.015(10.0}1 = 1 209
Digging difficuliy factor....... = 1.670 -
Used equipment factor:
EQUIPIENT. o o vesreeanrnnns Uz = 1.208(200)70-013 - 7 726
L 1) Uy = 0.967(200)0-015 = 7 047
Factored cost: .
From total cost eguation for bulldozers:
[$0.702(1.126Y + $0.094(71.047)] %X 2.447 X 1.209 X 1.670 =
January 1985 total. ..o inivr s s it e ir e $1.054/yd3

The 500% increase in coperating cost illustrated by the above
example demonstrates the dramatic effect of using the proper factors.
- If & cost categery contains a factor not appiicable to the deposit in
- guestion, then simply leave that factor out of the total cost equation.

The variables inserted in the factor equations are generally
self-evident. An exception to this is the digging difficulty factor.
Parameters for this factor are based on the foliowing:

=]
.

Easy digging--Unpacked earth, sand, and gravel.
2. Medium digging--Packed earth, sand, and gravel, dry clay, and
soil with less than 2%% rock content.
3. Medium to hard digging--Hard packed soil, soil with up to 50%
rock content, and gravel with cobbles.
. Hard digging--Soil with up to 75% rock content, gravel with
boulders, and cemented gravelis.

-3

1t can be seen from the above 1ist that many depositis will fall
into one of the last two categories. Digging difficulty has a dramatic
effect on the cost of extraction, so these factors must be chosen
carefully.
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Bulldozer and backhoe curves both contain a digging difficulty
factor. Other excavation equipment, such as draglines, scrapers, and
froni-end Toaders, are generally suited for special digging conditions
and are not used in harder ground. Conseguently, no digging difficulty
factor is provided for these. :

Labor Rates

The cost of labor in placer mining is highly variable and cannot be
precisely estimated in every case. For the purposes of this manual,
only two separate labor rates are used: $15.69/h for mining functions,
and %$15.60/h for milling. These rates apply to operation, mainienance,
installation, and construction labor. The labor portions of each
specific cost category are broken out and in this way can be adjusted
to the estimators particular labor rate. To acceomplish this, muitiply
the labor cost for each category by the ratioc of desired labor rate to
handbook labor rate. The following example illustrates this adjustment:

Example:
Calculate the cost of extracting and moving pay gravel 300 Tt over

level terrzin using bulldozers with an operator labor cost of $18.00/h.
Assume a 200-yd3/d operation (January 1985 dollars).

From section 2: Operating Costs; Mining:; Buildozers:

Equipment cperating cost......... 9.993(290)‘0-430 = $G.?02/yd3
Labor operating cost............. 14.01(2@0)‘3-945 = $G.094/yd3

January 1985 total............ 30.196/yd3

Labor Adjustment: '
Labor operating cost....... ($18.00/$15.69) X $0.094 = $0.708/yd3
- Adjusted Cost:

Equipment operating cost.. .o min i, = $0.102/yd3
Adjusted Tabor €OST..vvunerrernrnnrireiennnnnns = $0.108/yd3

January 1985 total. ..o inr i m s i eeeaa s $0.21G/yd3

Labor rates are based on wage scales for the western United States
(including Alaska) and include a 24% burden. This burden consists of
$.8% workers compensation insurance, 7.0% social security tax, 3.7%
State unemployment insurance, and 3.5% Federal unemployment tax. If
opther costs such as health and retiremeni benefits are to be incliuded,
they must be added on to an estimated Tabor raie.

To familiarize the reader with the use of this cost sstimating

system, an example of a complete cost estimate is incliuded 1in the
appendix.
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FINANCIAL ANALYSIS

The purpose of this manual is tc provide an estimate of capital and
operating costs for small placer mines. A distinction must be made
between a cost estimate and an econemic feasibility analysis. CLapital
and operating cosis are simply two separate variables in a complete
economic analysis. To determine the economic feasibility of an
cperation, the evaluator must consider each of the following:

Recoverabie value of commodity.

Local, State, and Federal taxes.
Capital depreciation.

Bepletion allowances.

fesired return on investment.

Costs and methods of project financing.
Inflation.

Escalation.

Envirenmental intangibles.

W0 W 5 DN -t
[ " A s

Economic Feasibility analysis is a subject in itself, and will not
be covered here. The above 1ist is inciuded to emphasize the following:
A prospect is not economically feasible simply because the apparent
commodity value exceeds the total capital and accrued coperating cosis
calculated from this manuai.

The costs associated with the above 1ist are real and must be
considered when determining the feasibility of a prospect. Any attempt
to provide guidelines for determination of feasibiliity based solely on
estimates of capital and operating costs would be highly misieading.
There is no quick and easy way to account for the wide variety of
situations encountered in economic analysis. Each one of the above
items must be examined individually to provide accurate economic
feasibility estimates, and a complete cash flow analysis 1s the only
way to ensure that proper resulis are obtained. To accomplish this,
all yearly income and expenses must be tabulated. Then the rate of
return over time musi be calculated from the resultant profits or
Tosses. The evaluator must consider all factors influencing income and
include all expenses as well as account for the value of mopey gver
time and choose an acceptable rate of return.

in brief, the operator will have to receive adeguate revenues from
commodities recovered to:

Cover all operating expenses.

Recover initial equipment expenditures.
Provide for eguipment replacement.

Cover all exploration and development costs.
Pay taxes.

. Compensate for inflation and cost escalation.
. Supply & reasonable profit.

~ D P

Only after encugh revenue has been produced to cover a1l of the
above can an operation be considered economically feasibie.
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SECTION 2

COST ESTIMATION
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CAPITAL AMD OPERATING COST CATEGORIES

Section 2 contains equations for estimating capital and operating
costs associated with placer mining. Equations are provided for the
following items. :

- Lapital Costs: Operating Costs:

Exploration:
Overburden:
Explioration. Bulldozers.
Panning. Oraglines.

Churn drilling.
Bucket drilling.
Trenching.

General reconnaissance.

Camp costs.
Seismic surveying
Rotary drilling.
Helicopter rental.

‘Development:

Access roads.
Clearing.

Overburden removal:
Bulldozers.
Draglines.
Front-end loaders.
Rear-dump trucks.
Serapers.

Mine egquipment:
Backhoes.
Bulldozers.
Draglines.
Front-end loaders.
Rear-dump trucks.
Scrapers.

Processing equipment:
fonveyors.

Feed hoppers.
Jig concentrators.
Siuices.

Spiral concentrators.

Table concentrators.

TrommeTls.

Vibrating screens.
Supplemental:

Buildings.

Employee housing.

Generators.

Pumps. :

Settling ponds.

50

Front-end 1oader5f
Rear-dump trucks.
Scrapers. :

Mining:

Backhoes.

Bulldozers.

DBraglines.

Froni-end Joaders.

Rear—-dump trucks.

Scrapers.

Processing: -

Conveyors,

Feed hoppers.

dig concentrators.

Stuices.

Spiral concentrators.

Table concentrators.

Tailings removal.
Bulldozers.
Draglines.
Front-end ioaders.
Rear-dump itrucks.
Scrapers.

Trommzals.

Vibrating screens.

Supplemental:

Employee housing.

Generators.

Lost time and general
services.

Pumps.



At the end of this section are summary forms which may be used to
aid in total capital and operating cost calculations. A bibliography of
cost information sources follows these forms.

The accompanying appendix contains a complete sample cost
estimation. This sample will familiarize the reader with cost
estimation techniques used in this manual.
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CAPITAL COSTS

Explaoration

Exploration -

Two methods are presented for calculating exploration costs. Method I allows the gva?uator to roug?Ty
estimate costs with a minimum of information. Method II requires a detailed exploration plan and provides the

user with & much more precise cost.

Method I:

If information concerning expioration of & deposit is not available, the following equation may be used to
estimate an exploration capital cast. It must be emphasized, however, that costs calculated from this
equation can be very misieading, and it is recommended that a detailed exploraticn program be designed if

pessible and that costs be assigned using Method ILI.

As stated in the text, the amount of exploration reguired is a highly variable function of meny factors. This
eguation is based on estimated exploration cesis for several successful placer eperations, but these deposits
may have 1ittle in common with the one being evaluated.

Base Eguation:
The equation is applied to the following variable:
X = Total estimated resource in bank cubic vards

Exploration Capital Cest: Yp = 0.669(x)0-849

An exact breakdown of expenses inciuded in

"~ this cost is not available. 1In general,
exploration is a labor-intensive task.
Unless the deposit is extremely remote, a
jarge share of the exploration cost will be
attributed to labor. If the deposit is '
remote, costs of access eguipment
{helicopters, etc.)} will become a factor.

Method 1I1:

1,000,000
1 |
V4
£ 100,000 /
= 7
o}
T g
R pd
- i
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& /
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T 10,000 )
& vl
) //'."
4 g
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1,000
10,000 100,000 1,000,000 1U,UDD,GGG

TOTAL RESCURCE, beork cuble yards

Exploration capita! costs

Excellent cost data for most exploration functions may be found in the Bureau's Cost Estimating System (CES)
manual. Functions covered in that publication include;

Helicopter rental rates.
Sample preparation and analysis costs.

Drill capacities and costs for core, rotary, and hammer drills.

Survey charges.

tabor rates.

Travel costs.

Ground transportation costs.
Field equipment costs.

Geological, geophysical, and geochemical exploration technique costs.

Costs directly related to placer wining frem the above 1ist are summarized in the fellowing tables.
items particular to placer mining are not covered in CES.

Panning.

Churn driliing.
Bucket drilling.
Trenching.

H?

These items, for which costs follaw, inciude:

Several



Exploration Cost Tables:
As in CES, costs are given in dollars per unit processed (cubic yard, sample, foot drilied, etc.). The
product of the unit cost and the total units processed constitutes the total capital cost for any particular
method of exploration. Total exploration costs consist of the sum of these individual exploration method
expenses. A summary sheet for these calculations follows the cost tables.

Panning
Average Cost -
Cost Range -
Cost Variables -

$2.10/pan
$1.90 to $Z.60/pan
Costs are dependent on labor
efficiency, and material being
panned,

Churn Driiling
Average Cost - ‘ 345/t
Cost Range - $20 to $70/ft
Cost Variabies - Costs are dependent on depth of
hole, material being drilled,
site access, and local
competition.

Bucket Drilling
Average Cost -
-Cost Rangs -
Cost Variables -

$9.20/Ft
%5 to $20/7t
Costs are dependent on depth of
hole, material being drilled,
and site access.

) o Trenching
Average Cost . C-
Cost Range g -
Cost Variables . - -

$7.10/yd3
, $2.25 to $28.50/yd3
Costs are dependent on labor |
efficiency, material being
sampled, site access, eguipment
cwriership, sampling method, and
total volume of work to be done.

CES Expioration Cost Tables:
Some of the more pertinent exploration cost 1tems presented in the CES manual are summar1zed below.
A detailed description of these items can be found in that publication.

' General Reconnaissance
Average Cost -
Cost Range =
Cost Variables -

$195/worker-day
$175 to $2710/worker-day
Costs are dependent on deposit
access, terrain, and Tabor
efficiency.

Camp Costs

Average Cost
Cost Range
Cost Variables

Average Cost
Cost Range
Cost Variables

Averadge Cost
Cost Range
Cost Variabies

Average Cost
Cost Range-
Cost Variables

Seismic Surveying (Refractien)

$30/worker-day
$19 to $47/worker-day
Cosis are dependent on deposit
remoteness, terrain, access, and
climate.

$1.25/Tinear ft

$1.00 to $1.50/1inear ft
Costs are dependent on labor
efficiency, deposit access, and
terrain.

Rotary Orilling

Hetlicopter Rentatl

53

$6.50/fFt
$2.00 to $11.50/fFt
Costs are dependent an depth of
hole, material being drilied,
and site access.

v

. $395/h
$305 to $590/h
Costs are dependent on passenger
capacity, paylead capacity,
cruise speed, and range.



TABLE 5. - Expleration cost summary form

Capital Cost Calculation:

General reconnaissance.. worker-days X $ /worker-day
Camp costs.............. worker-days X $ /worker-day
Panning....ccevvivnvens. samples X% /pan
Churn dritling.......... ft drilied X % /ft
Bucket drilling......... ft drilled X $ /ft
TrenchinG..veeeeeeeenn.. yd3 X % /yd3
Sejsmic surveying....... tinear ft X % /linear ft
Rotary drilling......... ft drilled X % /ft
Helicopter time......... h X $ /h

......... X% /

......... X% /

......... X% /

......... X9 /

--------- X% /

......... X$ /

......... X% /

......... X% /

Ot . e oot s sess s s ssa s s s s e s aassaaa e

T O (| | | (Y ( Y { SO | | | R 1
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Development

Access Roads

Capital Cost Equation:
This equation provides the cest per mile of road constructlon to the deposit and between various facilities.

Costs inciude clearing and excavation, but do not account for any blasting or gravel surfacing that may be
required. The equation is applied to the following variabTe:
X = Average widih of roadbed in feel.

The following assumptions were made in estimating road costs:
1. 25% side slope.
2. Moderate ground cover.
3, Moderate digging difficulty.

Base Equation:

Access rcad capital cost Yo = 765.65(X)0'922
The capital cost con515ts of 68% construction labor, 13% parts, 16% fuel and lubricants, and 3% tire
replacement.
Brush Factor: . 166,000

The original eguation is based on
the assumption that ground cover
consists of a mixture of brush and
trees. If vegetation is Tight (i.e.,
consisting mainly of brush or
grasses}, the total cost per mile
(covered with brush) must be
multiplied by the factor obtained
from the following egquation:

= 0.158{x)0-3253

10,000 Dl
Forest Factor:

1f ground cover is heavy (i.e.,
consisting mainly of trees), the
total cost per mile (covered with
trees) must be multiplied by the
factor cbtained from the following
equation:

CAPITAL COST, dollars per mile

FF = 2.000(x)~0.07¢8 ;

Side Slope Factor:
If average side slope of the terrain - 1,000
is pther than 25%, the factor obtained . . 0
from the following equation must be ‘ :
applied to the.total cest per-mile:

, . ‘ 100
RVERAGEE ROFDBED WIOTH, feet

Developmert contital costs - fAccess roods

Fs = 0. 633[0.021(% slope) ]
Surfac1ng Factor ‘
1f gravel surfacing is required, the cost per mile must be multipiied by the f0110w1ng factor to account for
the additiocnal labor, equxpment and supply casts: .
Fg = 6.743
Blasting Factor: :
In hard rock situations, biast1ng may be required. Should this be the case, the cost obtained fram the
following equation must be added to total access road cost.
= [12,059.18(x)0-5337 x [miles of roadbed requiring blasting]

Total Cest:
Access road capital cest = [{Yg x Fg x Fp x Fg x Fg) x total miles] + Fy

This total cost is then entered in the appropriate row on table & for final capital cost calculation.
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Clearing

Capital Cost Equation:
This equation provides the total capital cost of clearing brush and timber from the surface of a deposit
prior to mining. Costs include labor, equipment, and supplies required to completely strip the surface
of grawth, and to dispose of debris. The eguation is applied to the following
variable: :
X = Total acreage to be cleared.

The following assumptions were made in estimating clearing costs:
1. Level slope. ’
2. Moderate ground cover.

Base Equation:
Clearing capital cost: Yo = 1,083.67(x)0.913

The capital cost consists of 68% constructicen labor, 1B% fuel and lubricants, 12% parts, and 2% steel
supplies. :

Slope Factor: : B i S e
The original eguation is based on
the assumption that the slope of
the surface overlaying the deposit
is nearly Tevel. If some slope is
present, the factor obtained from
the following equation must be . e
appiied to the clearing capital _ ////

1,000,000 1 [

cost:
100,000 /|

Fg = 0.942eL0.008(% slope)]

Brush Factor:
Ground cover is assumad to consist
of a mixture of brush and small
trees. If the surface is covered
with only brush and grasses, the
following factor must be applied to

10,000 "//
the cost:

Fg = 0.250 yd

Forest Factor:
If the surface is forested,
capital cost must be multiplied by
the foliowing factor: 1,000

CAPTTAL COST, dollars

1 10 00 1,000
Fg = 1.750 TOTAL SURFFCE RRER, oores

Development copltal casts - Clearing

Total Cost:
Ciearing capital cost = (Y¢ x Fs x Fp)

This total cost is then entered in the appropriate row on table 6 for final capital cost calculation.
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Overburden Removal

Bulldozers

Cap1ta] Cost Equations:
These equat1ons provide the cost of excavating and relocating overburden using bulldozers. Cosis are
reported in dollars per LCY of overburden handled. The equations are applied to the fo110w1ng variable:
= Maximum LCY of pay gravel, overburden, and tails moved hourly by bulldozer.

The base equations assume the fellowing:
1. Mo ripping.
2. 50 ft cutting distance.
3. 50 min/h efficiency.
4. 300 ft dozing distance.
5.  Average operator ability.
6. MNearly level gradient.

Base Equations:
Equipment operating cost: Yg = 0.993(x)"0-430

74.01(x)-0.945

Labor operating cost: YL

Equipment cperating costs average 47% parts and 53% fuel and 1ubr1cat1cn l.abor aperating costs average B6%
cperator lzbor and 14% repair labor. { GDO : :

Distance Factor:
If the average dozing distance is
other than 3080 ft, the factor
obtained from the following equaticn
must be applied to total cost per LCY:

= 0.00583(distance)0-904 \

\x
0.100

/

eéradient Factor:
If the average gradient is other than
Tevel, the factor obtained from the
foliowing equation must be applied
to the total cest per LLCY:

= 1.0419[0-d15(% gradient)]

%4

OPERATING COST, dollars par loose cublc yard

N
™ lckor
Ripping Factor:
If ripping is required, total operating
cost must be multipiied by the fo]iow1ng
factor:
Fg = 1.595
g.ola
1Q 100 [falals]

This will account for reduced productivity

associated with ripping. CAPACITY, moximum loose cublc yards per hour

lised Equipment Factor: Overburdernt remaova!l canital costs - Bu!idazers

These factors account for added coperating expenses accrued by egquipment having over 10,000 h of previous
servite 1ife. The respective equipment and labor portiens of the base operating costs must be myliipiied by
factors obtained from the following egquations:

Eguipment factor: Ug = 1.208(x)-0.013
Labor factor: U = 0.967(x)0-015
Digging Difficulty Factor:

Parameters given in the discussion on Site Adjustment Factors in section T should be used to determine if a
digging difficulty factor is requirad. If so, one of the foliowing should be applied te total cost per LCY:

Fy = Easy digging = 0.830
Hedium digging = 1.000
Maedium-Hard digging = 1,250
Hard digging = 1.670

Total Cost:
Cost/LCY overburden = [Yg(Up) + Y (Uy)] % Fp x Fg x Fyg x FR

To obtain overburden removal capital cost, the above total cost per LCY must be multiplied by total amount of

cverburden handled by bulldozer prior to production. This product is subsequently entered in the appropriate
row an tahle 6 for final capital cost calculation.
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Draglines

Capital Cost Equatiens: . )
These equations provide the cost of excavating overburden using draglines. Costs are reported in doilars per
LCY of overburden handled. The equations are applied to the following variable: : .
X = Maximum LCY of pay gravel, overburden, and tails moved hourly by dragline.

The base curves assume the following:
0.80 bucket efficiency.

Full heoist.

900 swing angla.

Average operater ability.

B Ay -
P

Base Equations:

Equipment operating cost: YE 1.984(X)—0-390

fl

]2_1g(x)—0.888

1

Labor operating cost: YL

Equipment operating costs consist of 67% parts and 33% fuel and Tubrication. Labor operating costs cansist
of 78% operator labor and 22% repair Tabor.

1.000

Swing Angle Factor:
If the average swing angle is other
than 90°, the factor obtained from
the following egquation must be
applied to the total cost per LCY:

AN
~

2
Fg = 0.304(swing angle)0.269 \\\\\\

g.100 _ A

© Used Equipment Factor: :

' These factors account for added
operating exupenses accrued by .
equipment having over 10,000 h of
pravious service 1ife. The

respective eguipment and labor
portions of base operating cosis

must be muitiplied by factors

obtained from the follewing equations:

OPERAT ING COST, dollars par lonse cublce yord

C).CIIOl

a . 1aa 1000
CAPRCITY, moximum loose cuhic yards per hour

Equipment facter: Ug = 1.162(x)~0.017

0.989(x)0.00%

Labor facter: ‘ Uy _
Dverb_urden removal caplital costs - Oreglines

Total Cost:
Cost/LCY overburden = [Yp(Ug) + Yy (Uy)] x Fg

Te obtain the overburden removal capital cost, the above total cest per LCY must be multiplied by the total

amount of overburden handled by dragline prior to production. This product is subseguently entered in the
appropriate row on table & for final capital cost calculation,
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Front-End Loaders

Capital Cost Equations:
These equations provide the cost of relocating overburden using wheel front-end Toaders. Costs are reported

in dollars per LCY of overburden handled. The equations are applied to the following variable:
= Maximum LCY of pay gravel, overburden, and tails moved hourly by front-end loader.

The hase equations assume the following:
1 500 ft haul distance.
2. 2% rolling resistance, nearly level gradient.
3. Inconsistent operation. :
4. Wheel-type loader.

Base Equations:
Equipment operating cest: YE = 0.407(x)~0.225

13.07(x)-0.936

Laber operating cost: \

Equipment operating costs average 22% parts 46% fuel and Tubrication, and 32% tires. Labor operating costs
average 90% cperator labor and 10% repair labor. ;

1.000
—
u N
3
Distance Facter: u
If the average haul distance is g \\\\
other than 500 ft, the factor 2
cbtained from the following eguation a \\\
must bhe applied to the total cost k] AN —
per LCY: N ] 25;‘::_
o e
a
= 0.023(distance)0.616 @ 0.100 \\\“isyﬁqﬂpmnt
& Y
g N
- \Lu’:@r
—
8
Gradient Factor: a
If total gradient (gradient plus g
rolling resistance) is other than 2%, =
the factor obtzined from the following E
equation must be applied to the total g
cost per LCY:
. g.010
FG = 0‘8775[0,045(% grad'lent)] 1Q 100 1000

CAPACITY, moximum loosa cubic yards per hour

Overburden remaval capitel ecosts - Fromt-end laadars

Used Equipment Factor:
These factors account for added gperating expenses accrued by equipment having over 10, 000 h of previous
service 1ife. The respective equipment and labor portions of the base operating costs must be multiplied by
factors obtained from the foilowing equations:

Equipment factor: Ue = 1.162(x)~0.017
- 'Labor factor: uy = 0.9858(x)0.006
Track-Type Loader Factor:

If track—type loaders are used, the following factors must be applied to the tota] cost obta1ned from the
base eguations:

Equipment factor: Te = 1.378
Labor facfor:‘ Ty = 1.073
Total Cost:

Cost/LCY overburden = [Yp(Ug)(Te) + YL(Uj)(T7)] % Fp x Fg
To obtain the overburden removal capital cost, the above total cost per LCY must be multipiied by the total

amount of coverburden handled by fropt-end loader prior to production. This product is subsequently entered
in the appropriate row on table 6 for final capital cost calcuiation.
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Rear-Dump Trucks

Capital Cost Equations:
These egquations provide the cost of hauling overburden using rear-dump trucks. Costs are reported in
dollars per LCY of cverburden handled. The equations are applied tc the following variable:
X = Maximum LCY of pay gravel, overburden, and tails moved hourly by rear dump truck.

The base equations assume the fallowing:
2,500 ft haul distance. :

4 Joader cycles to fill.

50 min/h efficiency.

Average operator ability.

. 2% rolling resistance, nearly level gradient.

[ = N A S R
A .

Base Equations:

Equipment operating cost: Yg = 0.602(x)~0.296

Labor operating cost: YL = 11.34(x)-0.891

Equipment operating costs consist of 2B8% parts, 58% fuel and lubrication, and 14% tires. Lzbor operating
costs censist of 82% operater labor and 18% repair labor.

1.000

Distance Factor:
If average haul distance is other
than 2,500 ft, the factor obtained
from the fellowing equation must be
applied to total cost per LCY:

/1/

Fp = 0.093{distance}@-317,

\\
0.100

Gradient Factor:
If total gradient {gradient plus
rolling resistance) is other than
2%, the factor cobtained from the
following equation must be applied
to the total cost per LCY:

DRERATING LOST, dotlars per loose cubie gard

Fg = 0.907¢[0.048(% gradient)]

0.qIg
10 100 1000

CRAFPACITY, moximum iooss cuhic pords per bour

Operctimg removal copitogl costs - Rear-durmp trucks

Used Equipment Factor:
These factors account for added cperating expenses accrued by equipment having over 10,000 h of previous
service 1ife. The respective equipment and labor portions of the base operating costs must be multiplied
by factors obtained from the fellowing equations: .

Equipment factor: Ug = 0.984¢x)0.018
Labor factor: Uy = 0.943({x)0-021
Total Cost:

Cost/LCY overburden = [Yp(Ueg) + Y (U3)] % Fp x Fg
To obtain the overburden removal capital cost, the above total cost per LCY must be multiplied by the total

amount of overburden handled by truck prior to production. This product is subsequently entered in the
appropriate row on table & for final capital cost calculation.
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Capital Cost Equations:

These equations provide the cost of excavating and hauling overburden using scrapers.

"in doliars per LCY of overburden handled.

The base curves assume the following:
Stapdard scrapers.

50 min/h efficiency.
1,000 ft average haul distance.
Bverage operator ability.

tn = L M —
A e a e

Base Equations:
Equipment operating cost:

Ye

Labor operating cost: YL

Equipment operating costs consist of 4B% fuel and lubrication, 34% fires, and 18% parts.

Scrapers

Costs are reparted

The equations are applied to the foliocwing variahle:
= Maximum LCY of pay gravel, overburden, and tails moved hourly by scraper.

€% rolling resistance, nearly level gradient.

0.325(x)~0-210

12.07(x)-0-.930

consist of 88% operatar lzbor and 12% repair labor.

Distance Factor:
If average haul distance is other than
1,000 ff, the factor obtained from the
following equation must be applied to
total cost per LCY:

Fp = 0.01947(distance)0.577

Gradient Factar:
I total gradient (gradient pius roliing
resistance) is other than 6%, the factor
obtained from the following equation must
be applied to total cost per LCY:

= 0.776e[0.047(% gradient)]

Used Equipment Factar:

OFPERATING COST, dotlars per loose cubic 'yard

‘Labor operating costs

1.000

0.100

0.010

1Q

CRPACITY,

Jela}
max fmum loose cublic yards per hour

elela]

Overburden removal copita! costs - Scropers

These factors account for added operating expenses accrued by eguipment having aver 10 000 h of previous

service Tife.

by factars abtained from the fellaowing equations:

Equipment factor: Ug

Labor factor: L}

Taotal Cast:

= i.098(x)~0.006
0.845(}()0'034

Cast/LCY overburden = [Yg(Ue) + Y (U7)] x Fp x Fg

The respective equipment and labor portions of the base operating costs must be muitiplied

To obtain the overburden removail capital cost, the above total cost per LCY must be muitipiied by the total
This product is subsequently entered in the

amount of gverburden handled by scraper prior to production.

appropriate row on table & for final capital cost caleculatien.
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Capital Cost Egquation:

Ming Egquipment

Backhaes

This equation furnishes the cost of purchasing the appropriate number and size of hydraulic-backhoes needed
to previde the maximum required production. Costs do not include transportatian, a1es tax, or discounts.
The equation is applied to the following variable: :

x = Haximum LCY'of pay gravel moved

hourly by backhice.

' The fo]]ow1ng capac1t1es were used to calculate the base equation:

105 hp ‘ -
135 hp _ -
195 hp - -
325 hp : -

95.0 to 200.0 LCY/h.
175.0 to 275.0 LCY/h.
250.0 to 375.0 LCY/h.
350.0 to 475.0 LCY/h.

The above capacities are based on the following assumptions:

(1) Medium digging difficulty.
(2} Rverage operator ability.
"(3) 600 to 80U swing angle.

(8) 0% to 50% maximum digging depth.

(5) Mo obstructions.

Base Equation:
Equipment capital cost: Yc

= 84,132.01¢[0.00350(X) ]

Equipment capital costs consist entirely of the equipment purchase price.

Digging Depth Factor:
If average digging depth is other
than 50% of maximum depth obtainable
for a particular make of backhoe,
the factor obtzined from the following
equation must be appiied to total
capital cost:

= 0.04484(0)0-790

whera 0 = percent of maximum
digging depth.

Used Egquipment Factor:
This factor accounts for the reduced
capital expenditure of purchasing
equipment having over 10,000 h of
previous service 1ife:

= (.386

Digging Difficulty Factor:
Parameters given in the discussion on

digging difficulty factor is required.

" 1,000,000
/
-

] /

—

g

Q L,////

hel

5 100,000

Q

a

nad

any

=

j1

e

%]

10,000
10 100 1000

CAPACITY, maximum loass cubic yards per hour

Mine equipment copttal costs - Bockhoes

$ite Adjustment Factors in section 1 should be used to determine if a
If so, one of the following should be applied to total capita) cost:

= Easy digging = 1.000
Medium digging = T1.330
Medium-Hard digging = 1,556
Hard digging = 1.822
Total Cost:
Backhoe capital cest = Yg x Fp x Fy x Fp

This product is subsequently entered in the appropriate row on table & for final capital cost calculation.
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8ulldozers

Capital Cost Equation:
This equation furnishes the cost of purchasing the appropriate size and number of crawler-dozers needed to
provide the maximum required productien. Cests do not include transportation, sales tax, er discounts. The
eguation is appiied to the following variable:
X = Maximum LCY of pay gravel, overburden, and waste moved hourly by bulidozer.

The fellowing capacities were used to calculate the base equation:

65 hp - 19.00 LCY/h.

80 hp - 31.50 LCY/h.
105 hp - 56.50 LCY/h.
140 hp - 82.00 LCY/h.
200 hp - 126.00 LCY/h.
335 hp - 263.50 LCY/h.
460 hp - 334.00 LCY/h.
700 hp - 497.50 LCY/h.

The ahave capacities are hased on the foilowing assumptions:
(1) Strajight "S" blades.
(2} No ripping.
{3} Average aperator abiiity.
(4} 50 ft cutting distance.
(5) 300 ft dozing disténce.
(6) 50 operating min/h. ‘
{7} Even, nearly level gradient.

1,000,000
Base Equation: ' , .
Equipment Capital Cost: Y¢ =:3,555.96(x)0-806

" Equipment capital costs consist entirely : ' ‘ : e

" of -equipmant ‘purchase price. : /////7
Distance Factor: - . '

If average dozing distaqée is other than 300
ft, the factor cbtained from the follewing
equation must be applied to capital cost:

Fp = 0.01549(Distance)0-732 100,000 el . %_

e

This will correct for the addition or
reduction of egquipment required to maintain
maximum capacity.

" CAPITAL COST, dallars
A

Gradient Facter:
1f the average gradient is other than level,
the factor obtained from the follewing equation
must be applied to total capital cost. This
will correct for the addition or reduction of
equipment required to maintain maximum capacity. 10,000
(Favorable haul gradients should be entered as *Ma 10Q 1000
negative, uphill haul gradients as positive.)

CRPACITY, maximum foase sublc yards per hour

Fg = 1.041e[0.075(% gradient)] Mine equiment capltg! costs - Bu! idozers
Digging D¥#fficulty Factor:
vVariations from the base digging difficulty will necessitate changes in equipment size to maintain production
capacity. Parameters given in the discussian on Site Adjustment Factors in section 1 should be used to
determine if a digging difficulty factor is required. If so, one of the following should be applied to total
capital cost:

Fy = Easy digging = 0.883
Medium digging = 1.000
Medium-Hard digging = 1.197
Hard digging = 1.509

Used Eguipment Factor:
This factor accounts for reduced capital expenditure of purchasing equipment having over 10,000 h of previous
service 1ife:
Fu = 0.411

Total Cost:
Bulldozer capital coest = Yg x Fy x Fp x Fg x Fy

This product is subseguently entered in the appropriate row on tahle & for final capital cost calculation.
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pDraglines

Capital Cost Equation:
This equation furnishes the cost of purchasing the appropriate size dragline needed to provide the maximum
required production. Costs do not include transportation, sales tax, or discounts. The equation is applied
to the following varizbie:
X = Maximum LCY of pay gravel, overburden, and waste moved hourly by dragline.

The following capacities were used to ezlculate the base equation:

84.0 hp - 28.00 LCY/h.
110.C hp - 47.00 LCY/h.
148.8 hp - 66.00 LCY/h.
170.0 hp - 75.00 LCY/h.
19¢.0 hp - 94.00 LCY/h.
263.0 hp - 132.00 LCY/h.
289.0 hp - 188.00 LCY/h.
540.0 hp - 264.00 LCY/h.

The above capacities are based on the following assumptions:
(1) .0.9C bucket efficiency.
{2) Full hoist.
(3) 90° swing angle.
(4) Average operator ability.

Base Equation:
Equipment capital cost: Yc = 16,606.12(X)0.678

1,000,000 o

Equipment capital costs consist ’/,/
entirely of the equ1pment purchase

pr1ce ‘ ////’

Swing Angie Factor:
If the average swing angle is other
than 909, the factor obtained
from the following equation must be
applied to total capital cost:

100,000

CAPITAL CDST, dallors

= 0.450{swing ang]e)o-TBG

This factor will compensate for
equipment size differences required
to obtain the desired maximum -
.capacity. i

- 10,000 :
« 10 100 ‘ 1000
EAPACITY, moximum Ioase cubic yards per hour

Used Equ1pment Factor : ) Mine equipment capltal costs - Oraglines
This factor accounts for the reduced capital expend1ture of purchasing eguipment having over 16,000 h of
previous service 1ife:
. Fy = 0.422

Total Cost:
‘ bDragline capital ccst = Yg x Fg % Fy

This product is subsequentiy entered 1n the appropriate row on table & for final capital cost caiculation.



Front-End Loaders

Capital Cost Equation:
This squation provides the cost of purchasing the apprepriate size and number of front-end loaders needed
to supply the maximum required production. Costs de not include transportation, sales tex, or discounts.
The equation is applied to the following variable:
X = Maximum LCY of pay gravel, overburden, and waste moved hourly by froni-end Toader.

The hase equation was calculated using the following capacities:

1.00-yc3 bucket (65 hp} - 24.00 LCY/h.
1.50-ya3 bucket (80 hp) - 34.50 LCY/h.
1.75-yd3 bucket (105 hp) - 38.50 LCY/h.
2.25-yd3 bucket (125 hp) - 56.25 LCY/h.
2.75-yd3 bucket (155 hp) - 66.00 LCY/h.
3.50-yd3 bucket (200 hp) - 129.50 LCY/h.
4 .50-yd3 bucket (270 hp) - 171.00 LCY/h.
6.50-ydd bucket (375 hp) - 234,00 LCY/h.
12.00-yd3 bucket (690 hp) - 348.00 LCY/h.

The above capacities are based on the following assumptions:
500 ft haul distance.

24 rolling resistance, nearly level gradient.

. Inconsistent cperation.

Wheel-type loader.

. 50 operating min/h.

General purpose buckets - heaped.

(- B I SN
. . .o

Base Eguation: .
Equipment capital cost: Yo = 2,711.10(%)0-8%6

1,000,000

Equipment capital costs consist entirely
of the eguipment purchase price.

Distance Factor: ///
If the average haul distance is other than
500 ft, the factor obtained from the
following equation must be applied to the
capital cosi:

dallars
N

Fp = 0.033{distance)0.552

This will correct for the additien or reduction
of equipment reguired to maintain maximum
capacity. (If tracked lcaders are to be used,
the maximum haul distance should not exceed

600 ft.)

100,000

CAPITAL COST,
™,

e

Gradient Factor:
If total gradient (gradieni plus rolling
resistance) is other than 2%, the factor
obtained from the following equation must
be applied to the total capital cost:

= 0.047(% gradient 10,000
Fg = 0.883e (% g ) g 100 1000
This will correct for the addition or reduction CAPACITY, moxlmum loose cubic yards per hour

of equipment reguired to maintain maximum capacity. ’
Mine egquipment caopltal costs - Fromt-ernd locders
Used Equipment Factor:
This factor accounts for reduced capital expenditure of purchasing equipment having over 10,000 h of

previous service life:
Fy = 0.38b
Track-Type Loader Factor: '
If track-type loaders are used, the factor obtained from the following eguation must be applied to total
capital cost:
Fy = 0.414({x)0.272
This factor will account for the decrease in production efficiency and the difference in eguipment cost.

Total Cost:
Front-end loader capitel cost = Y¢ x Fgp x Fg x Fy x Fr

This product is subsequentiy entered in the appropriate row on tabie € for final capital cost calcuTation.
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Rear-0ump Trucks

Capital Cost Equatian:

This eguation furnishes the cost of purchasing the appropriate size and number of diesel rear—dump trucks

needed to provide the maximum required production. Costs do not include transportation, sales tax, ar

discounts. The eguation is applied to the following variahle:
= Maximum LCY of pay gravel, overburden, and ‘waste moved hourly by rear-dump truck.

The fo]10w1ng capac1t1es were used to calculate the base equation:

3.0-yd3 truck - - 32.30 LCY/h.
5.0-vdd truck .- 53.40- LCY/h.
6.0-vd? truck - -+ 53.60 LCY/h.
"B.0-yd? truck - _ 83.50 LCY/h.
10.0-ye? truck - 104.20 LCY/h.
12.0-yd3 truck - 124.50 LCY/h.
16.0-yd3 truck - 163.90 LCY/h.
22.8-yd3 ‘truck - | - . 223.50 LCY/h.
34.o-yd3,truck ‘ - 326.30 LCY/h.
S—yd truck - 444 .80 LCY/h.

The abave capac1t1es are based on the fo]]ow1ng assumpt1ons:
1. Diesel rear-dump trucks.

2. 4 loader cycles to fill.

3. 2,500 ft haul distance.
4.

% rolling FESIStENCE, nearly level grad1ent

Base Eguation:
Equipment capital cost: g = 47z.09(x)1.138

Equipment capital costs consist entirely of the egquipment purchase price.

1,008,000

Distance Factor:
1f the average haul distance is other than

2,500 ft, the factor cbtained from the
following egquation must be applied to

capiial cost:

Fp = 0.06240{Distance)0.364

This will correct for the addition or
reduction of equipment reguired ic maintain
maximum capatity.

Gradient Factor:

If total gradient (gradient plus rolling
resistance) is other than 2%, the factor

100,000 /
chtained from the following equaticn must

be applied to total capital cost: //
= 0.89520.056(% gradient) ////

CAPITAL COST, dallars
N

This will correct for the addition or //7
reduction of eguipment reqguired to

maintain the maximum capacity. (Favorable iU,ODqQ

haul gradient should be entered as negative, 100

uphill haul grades as positive.) CAPACITY, maximur looss cubic yards per hour

1800

Mine equipment capltal costs - Rear-dump trucks

Used Eguipment Factor:

This factor accounts for reduced capital expenditure of purchasing equipment having over 10,000 h of previous

service 1ife:
= 0,243

Total Cest:
Truck capital cost = ¥g x Fgp x Fg x Fy

This product is subsequentiy entered in the appropriate row on table 6 for final capital cost calculation.
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Scrapers

Capital Cost Equation:
This equation furnishes the cost of purchasing the appropriate size and number of scrapers needed to provide
maximum required production. Costs do not include transportation, sales tax, or discounts. The equation is
applied to the following variable:
X = Maximum LCY of pay gravel, overburden, and waste moved hourly by scraper.

The following capacities were used toc calculate the base equation:

330 hp - 201.00 LCY/h.
450 hp - 323.00 LCY/h.
550 hp - 420.00 LCY/h.

The above capacities are based on the following assumptions:
Standard scrapers.

6% rolling resistance, nearly level gradient.

1,000 ft average haul distance.

Average operator ability.

300 ft dozing distance.

50 operating min/h.

Thth £ LMy~
« 2 oa e e »

Base Equation:
Equipment capital cost: Yo = 1,744.42(x)0-934

1,000,000
Equipment capital costs consist -
entirely of the eguipment purchase
price.

Distance Factor:

. 1f the havi-distance is other than
1,000 ft,.the factor obtained from
the following eguation must be
applied to the total capital cost:

100,000

Fg'= 0.025(Distance)ﬂj539

CAPITAL COST, dellars

This will correct for the addition
or reduction of eguipment required
to-maintain maximum production
capacity.

10,000
10 10 . 1000

CAPACITY, maximum locss cuble yards per hour

s Mirs egul -
Gradient Factor: i guipment copl tal cosis Scropers

If total gradient (gradient pius roliing resistance) is other than 6%, the factor obtained from the
following equation must be applied to total capital cost:

Fg = 0.776c0.047(% gradient)

This will correct for the addition or reduction of equipment reguired to maintain the maximum production
capacity. (Favorable haul gradients are entered as negative, uphill haul gradienis as pasitive.)

Used Equipment Factor:
This factor accounts for reduced capital expenditure of purchasing equipment hkaving over 10,000 h of previous
service life:
Fy = 0.312

Total Cost:
Scraper capital cost = Ye x Fp x Fg x Fy

This product is subseguently entered in the appropriate row on table €& for final capital cost calculation.
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Processing Equipment

Canveyors

Capital Cost Equation:
This eguation fernishes the cost of purchasing and installing the appropriate size conveyors needed to meet
maximum required production. A separate cost must be calculated for each canveyor in the circuit. The
cost includes associated drive motors and electrical hook-up. Equipment transportation, sales tax, and
discounts are not accounted for, The equation is applied to the following variable:
X = Maximum cubic vards of material handled hourly by conveyeor.

The following capacities were used to calculate the base equatxon

18-in conveyer - 96.0 yd3/h.
24-in conveyor - 192.0 yd3/h
30-in conveyor - 320.0 yd /h.
36-in conveyor - 480.0 yd3/h,

The above capacities are based on the following assumptions:
7. 3,120 1b/yd3d feed material.
2. 40 fi porteble conveyors.
3. HNeariy level set-up.

Base Equation:
Equipment capital cost: Yo = 4,728.36(x)0.287

The capital cost consists of 89% equipment purchase pr1ce, 8% 1nsta11at1on labor, ard 3% construction
materials. ! 000,060 e . .

Length Factor:
If the required conveyor length
is other than 40 ft, the factor
cbtained from the following
eguaiion must be applied to the
calgulated capital cost:

100,000

= 0.304{Tength)0-330

CARPITAL COST, dallars

This factor is valid for L—]

e

conveyors 10 to 100 £t long. : ) L
L]

Q0 1000

CAPACITY , maxlimim looss cublc 'yards per hour

10,000
10

Used Equipment Factor‘ ' ’ Processing squipmént cap!tal costs. -Canveyors
This factor adcounts for reduced capital expenditure of purchas1ng equipment having over 10,000 h of previous
seryice 1ife:

Fy = 0.505

Total Cost: ‘
Conveyar capital cost = Yg x F x Fy

This product is subseguently entered in the apprepriate row on table 6 for final capital cost calculation.
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Feed Hoppers

Capital Cost Equationm:
This eguation furnishes the cest of purchasing and installing the appropriate size vibrating feeder needed 1o
meet maximum required preduction. The cast includes associated drive motors, springs, and electrical
hook-up, pTus the expense of a hopper. Equipment transportation, Sales tax, and discounmts are not accounted
for. The eguation is applied to the following variable:
X = Maximum cubic yards of material handled hourly by feed hopper.

The following capacities were used to calculate the base equation:

12 in wide unit - 16.0 yd3/h.
24 in wide unit - 211.0 yd3/h.
36 in wide unit - 522.0 yd3/h.

The above capacities are based on the following assumptions:
1. Un-sized feed.
2. 2,300 1B/LCY feed density.

Base Eguation:
Equipment capital cost: Yo = 458.48(X)0-470

100,000

The capital cost consists of B2%
equipment purchase price, 14%
construction and instaliation iabor,
and 4% steel.

Hopper Factor: )
In many instances & vibrating
feeder may not be required. If a
hopper is the only equipment needed,
muliiply caiculated cost by the
factor obtained from the following
equation:

13,000

CAPITAL COST, dollars

Fy = 0.078eL0.00772(X}] |~

The product will account for
material and labor reguired to

construct and install a hopper. 1,000
»P Mg 100 100Q

CAPACITY, max!mum cublc yords of fesd treated per Four

Processing copl tal costs - Fesd heppers

Used Egquipment Factor:
The factor calculated from the foliowing equaticn accounts for reduced capital expenditure of purchasing
equipment heving over 10,000 h of previous service iife:

Fy = O_475e[0.00036(X)]

Total Cost: .
Feeder capital cost = Yp x Fy x Fy

This product is subseguentiy entered in the appropriate row on table & for final capital cost calculation.
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Jig Concentratars

Capital Cost Egquation
This eguation furnishes the cost of purchasing and instaliing the appropriate size and number of jigs needed
to meet maximum required production. The cost includes asscciated drive motors, piping, and electrical
hook-up. Equipment transportation, sales tax, and discounts are not accounted for. The equation is applied
to the following variable:
X = Maximum cubic vards of feed handled hourly by jig concentrators.

The following capacities were used to calculate the base equation:

12 in x 12 in Simplex - 8.617 yd3/h.
26 in x 26 in Simplex - 2.896 yd3/h.
36 in x 36 in Duplex - 11.106 yd3/h.
36 in x 36 in Triplex - 16.659 yd3/h.
42 in x 42 in Triplex - 22.675 vd3/h.

The above capacities are based on the following assumptions:
1. Cleaner service.
2. 0.617 yd3sftZ hourly capacity.
3. 3,400 1b/yd3 feed solids.
4, 40% solids slurry density.
5. Gravity feed.

Base Equatien:
Equipment capital cost: Yo = 6,403.82(X)0-595

The capital cost consists of 62%
equipment purchase price, 12%
construction labor and
installation, and 26% construction .
materials. 4

100,000

Rougher/Cgarse Factor:
If jigs are to be used for rougher
service, or & coarse feed, higher
productivity will be realized.
To account for the reduction in
eqguipment required to maintain
production, the calculated capital
cost must be multiplied by the ////
following factor:

10,000 ////

CAPLTAL COST, dollars

Fr = 0.531

1,000
a.i 1.9 t0.a oa.n
CARPACITY , maxlimum ocuble yards . of feed treated per hour

Processlng equipmant conttal cests - Jig concentrotars

Used Equipment Factor:
This factor accounts for reduced capital expenditure of purchasing eguipment having over 10,000 h of previous
service iife:
Fy = 0.687

Total Cost: .
Jig concentrator capital cost = Yp x Fg x Fy

This product is subsequently entered in the appropriate row on table & for final capital cost calculation.
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Sluices

Capital Cost Equation:

This equation furnishes the cost of constructing and instailing the appropriate size and number of sluices
_‘nesded to meet maximum required production. Costs de not <include mater1aT transportatxon or sales tax. The
equat1on is applied to the following varizhle: .

"% = Maximum cubic yards of feed hand1ed hourly By sluice.

The. foiIow1ng capac1t1es were used to calculzte the base equat1on:

18 in-wide Box - 20.75 yd /h.
‘24 in-wide BoOx - 31.25 yd3/h:
30 in-wide Box - 50.00 yd3/h.
36 in-wide Box - 75.00 yd3/h.
42 ip-wide Box - 125.00 yd3/h.
48 in-wide Box - 218.75 yd3/h.

The above capacities are based on the folicwing assumpt1ons
1. Steel plate construction.
2. Angle iron r1ff1es
3. 3,400 ib/yd feed solids.
4, 4:1 length to width ratie.
5. Gravity feed.

Base Equation:

Woed Comstruction Factor:

Length Factor: ///

Ecuipment capital cost: Yo = 113.57(x)0.567

The capital cost conzists cf 61%
construction and installation laber, 10,000
and 39% construction materials.

If sTuices are to be made of wood
rather than steel, the following
factor will account for reduced
material and construction costs:

1,000 d

Fiy = 0.499(x)-0.023

CAPITAL COST, dollars

in the desired length of the sluice.
The factor obtained from the following -
equation must be applied to capital 1 10 100 1.000

cost: CAPACITY, maximum cublc yards af feed treated per haur

= 1.001(L)0.753

This factor will account for changes P/’///,

Frocessing egquigment ool tal costs - Sluices

where L = desired length divided
by length assumed for the base
calcylation (width x 4.0)

Used Equipment Factor:

This factor accounts for reduced capital expend1ture of purchasing egquipment having over 10,000 h of previous
service life:

= 0.574

Total Cost:

STuice capital cost = Yg x Fy x F x Fy

This product is subseqqently entered in the appropriate row on table 6 for final capital cost calculation.
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spiral Concentrators

Capital Cost Egquation:
This equation furnishes the cost of purchasing and installing the apprepriate number of spirals meeded to
meet maximum required production. Cost of siurry splitters, fittings, and pipe are 211 included. Costs
do not include transportatien, sales tax, or discounts. The equation is applied to the following variable:
X = Maximum cubic vards of feed handled heurly by spiral concentrator.

The following capacities were used to calculate the base equation:

2 starts - 2 yd3/n.
10 starts - 10 ydi/h,
50 staris - 50 yd3sh.

100 starts - 100 yd3/h.

The above capacities are based on the foliowing assumptions:
) Rougher service.

1.75 ton/h solids per start.

3,400 1h/yd3 feed solids.

10% solids slurry density.

Gravity feed.

th $» &y py —
P

Base Equation: o : : '
‘ Equipment cagital cost: Y¢ =3,357.70(x)0-999

The capiia1‘cosf consists -of 71%
equipment purchase price, 13%
constructicn labor and instaliation,

‘ ' : 1,000,000 e
and 16% censtruction materials. R

Cleaner/Scavenger Service Factor: ///
If spirals are to be used for 100.000 /]
cleaner or scavenger functions, !
unit capacity will decrease. To
account for additional eguipment
needed to maintain production,
calculated capital cost must be
maltipiied by the foliowing factor:

10,000

CARITAL COST, doitars
AN

Fe = 2.333

4

Used Equipment Factor:
This factor accounts for reduced
capital expenditure of purchasing 1.000}
equipment having over 10,000 h of
previous service 1ife:

10 -100 1.000
CAPFCITY, max!mum cuble yards of fesd treated per hour

FU = 0.854 Fraocessing equipment copt tal CU’StS - Spirgl corecentrotors
‘Total Cost:
Spiral concentrator capital cest = Yp x Fg x Fy

This product is subsequently entered in the appropriate row on table & for fipmal capital cest calculation.
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Table Concentrators

Capital Cost Equation:
This equation furnishes the cost of purchasing and installing the appropriate size and number of tables
needed to meet maximum required production. Cost includes associated drive motors, piping, and electricatl
hook-up. Equipment transportation, sales tax and discounts are not accounted for. The equation is applied
to the following variabie:
= Maximum cubic yards of feed handTed hourly by table concentrator.

The f0110w1ng capacities were used to calculate the base equat1on

18 fit2 - 0.147 yd /h.
3z fi2 - 0.442 yd /h.
80 fie - 0.882 yd /h.
140 ft2 - 1.471 yd /h.
240 £t2 - 2.471 yd3/h.

The above capacities are based on the following assumptions:
. Cleaner seryice.
Z. 3,400 1b/vd3 feed solids.
3. 25% solids slurry density.
4. Gravity feed,

Base Equation: .
Equipment capital cost: Yo = 20,598.06(x)0.643

1,000,000

The capital cost consists of 62%
equipment purchase price, 12%
construction labor and installation,
and 26% construction materials.

100,000 ,”,

- Rougher/Coarse Factor:
if tables are to be used for
rougher service, or a coarse feed,
higher productivity will be
realized. To account for reduction
in equipment regquired teo maintain
prodiction, the calculated capital

" cost must be muitiplied by the

following facter:

10,000 - /,:’

‘C‘HPITHL COST, dollars

= 0.568

100 L '
Q.1 1.0 10.0 T N

CAPACITY, maximum cublc yards of feed treated per hour

Processing equipment capltal costs - Toble comcertratars
tsed Equipmeni Factor:
This factor accounts for reduced capital expenditure of purchas1ng equipment havang over 10,000 h of previous
service life:
= 0.59%

Total Cost:
Table concentrator capital cost = Yg x Fgp x Fy

This product is subseguently entered in the appropriate row on table & for final capital cost calculation.
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Trommeis

Capital Cost Equation:
This equation furnishes the cost of purchasing and installing the appropriate size trommels needed toc meet
maximum reguired production. €ost includes associated drive motors, piping, and electrical hook-up.
Equipment transportation, sales tax and discounts are not accounted for. The equation is appiied to the
f0110w1ng varizhle:
= Maximum cubic yards of feed handled hourly by tromme?s

The follawing capacities were used ta calcuiate the base equat1on

3.0 7t diam - 40 yd3/h.
3.5 ft diam - - 50 yd3/h.
4.0 ft diam - 85 yd3/h.
4.5 ft diam - 150 yd3/h,
5.0 ft diam - - 250 yd3/h.
5.5 £t diam - 300 yd3/h.
7.0 ft diam - 500 yd3/h.

The sbove capacities are based on the following assumptions:
1. Trommels are sectioned for scrubbing and sizing.
2. Gravity feed.
3. 2,300 Tb/vyd3? feed density.

Base Equation:
Equipment capital cost: Yo = 7,176. 21(x>0 559

The capital cost consists of 64% equipment purchase pr1ce 26% construction and instzliation labaor, and 10%
construction materials.

1,000,000

Used Equipment Factor:
This factor accounts for the reduced
capital expenditure of purchasing
equipment having over 10,000 h of
previous service life:

Fy = 0.516

100,000 /

Total Cost:
Trommel capitai cost = Yo x Fy

CARPITAL COST, dollars

This product is subsequentiy entered
in the appropriate row on table 6
for final capital cost calicuiation.

10,000
10 140G 1000

CAPACITY, maxlimum cuble yards af feed trected per hour

Processing equipmert capltal costé ~ Tromels
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Vibrating Screens

Capital Cost Equation: :
This equation furnishes the cest of purchasing-and installing the appropriate size and number of vibrating
screens needed to meet maximum required production. Cost includes installation-and electrical hook=-up of
both the screens and the associated drive motors. Equipment transportation, sales tax, and discounts have
not been taken into account. The equation is applied to the following variable:
% = Maximum cubic vards of feed handled hourly by vibrating screens.

The following capacities were used to calculate the_base equation:

30 ft2 screen surface - 47 yd3/h.
56 ft¢ screen surface ~ 87 yd3/h.
80 Ft2 screen surface - 93 yd3/h.
96 £t screen surface - 150 ydalh.
140 £+2 screen surface ~ 218 yd3/h.

The above capacities are based_on the following assumptions:
1. An average of 0.642 ftZ of screen is required for every cubic yard of hourly capacity.
2. 3,720 1b/yd3 feed solids.
3. EGravity fesd.

Base Egquatian:
Equipment capital cost: Yo = 1,870.20(X)0-63]

The capital cost consists of 75% eguipment purchase price, 10% construction and installation labor, and 15%
construction materials. - :

1,000,000 — i o

Capacity Factar:
If anticipated screen capacity
js other than 0.624 ft2/yd3
of hourly feed capacity, the
calculated capital cost must be
multipTied by the foliowing factor:

Fc = 1.322(c)0.629 109,000

where C = Anticipated capacity in
square feet per cubic yard of hourly
feed.

CAPITAL COST, dallars

This will account for the increase rd
or reduction in equipmeni size
required to maimtain production. ’/1,///

10,000
10

10G 1000
CAPACITY, moximum cubic yards af fesd trecied per haour

. Process!ng equipment conltial costs - Vibrating screens
Used Equipment Factor: ’
This factor accounts for reduced capital expenditure of purchasing eguipment having over 10,000 h of previous
service life:

Fi = 0.565

Total Cest:
Vibrating screen capital cost = ¥g x Fg x fy

This product is subsequént]y entered in the appropriate row on table 6 for final capital cost caleulation.
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Supplemental
Buildings

Capité] Cost Eguation: : ) .
This equation provides the cost of materials and construction for any buildings needed at the site. These

may include storage sheds, shops, or mill beildings. Costs do not include sales tax, material transportation,
or discounts. A separate cost must be calculated for each building, and the equation is applied to the
following variable:

" X = Estimated floor area in square feet.

Building costs are based on the foliowing assumptions:
1. Average quality temporary structures.
2. Steel frame with metal siding and roofing.
3. Concrete perimeter foundations with woad floors.
4, Electicity and lighting provided.

Base Equation: .
Capital cost: Yo = 34.09(x)0-907

The capital cost consists of 34% construction labor, 41% construction materials, and 25% equipment.

100,000

L/

Cement Floor Factor: ////
If a cement floor is reguired, the :
cost calculated from the base '

equation must be multiplied by the
factor gbtained from the following
equation: ;

Fo = 1.035(x)0-008

10,000 ' b
pd

CARITAL COST, dollars

Plumbing Factor:
If plumbing is reguired, the
following facter must be applied to

the totel capital cost:

Fp = 1.013¢x)0.002

1,00
’ ?GO 1,000 10,000
. FLOOR AREA, asquora fest

Supplemerntal copl tal costs - Bulidings
Foundation Factor:
If a concrete foundatien and wood floor are not needed, multiply the capital cest by the factor obtained from
the following equation:
Fr = 0.640(%)0.026
This will account for the cost of wood blocks and siTls far the foundation.

Total Cest:
Building capital cost = Yg x Fp x Fp x Ff

This product s subsequently entered in the approprizte row on table & for final capital cost calculation.
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Employee Housing

Capital Cost Equation:
Costs of purchasing, cutfitting, and installing trailers for workers 1iving at the minesite are provided by
this equaticn. Costs are based on fair quality single-wide trailers capable of meeting minimum building code
reguirements. Costs do not include sales tax, equipment transportation, or discounts. The eguation is
applied to the following variabie:
X = Average cubic yards of overburden and pay gravel handied hourly.

The fol]owing capacities were used to calculate the base equation:
25 yd=/h - 3.1 workers,
50 yd3/h » - 4.2 workers.
150 yd3/h - 6.6 workers.
400 yd3 h ' - 9.9 workers.

The above capacities are based on the following assumptions:
© 1. Average work force for placer mines in the western United
States (including Alaska).
2. Two workers per trailer.
3. Trailers contain cooking facilities.

Base Equation: '
~Capital cost: Yo = 7,002.51(%)0-418

100,000
> r ‘]

The capital cost consists . of 90%

equipment purchase price, 7% . ,"””7
construction and installation laber,
and 3% construction materials. ”’,,r’

"

Used Equipment Factor: 10,000
This factor accounts for the
reduced expense of purchasing used
trailers. The adjusted cost is
obtained by muitiplying the
calculated capital cest by the
following factor:

CAPITAL COST,. dallars

Fy = 0.631

1,000
Ma o] 1000

CAPACITY, average loose cublc yards poy
grave! plus averbiurden mined par hour

Suop lemental 1 - i
Work Force Facter: lala} al copital costs - Employse housing
The eguation used to compute manpower for capital cost estimation is:

Work force = 0.822(x)0-415

If the work force for the operation under evaluation is knewn, and is different than that calculated from the
above equation, the correct capital cost way be obtained from the following equation:

¥c = (Number of Workers) X 8,608.18

Total Cost:
Empioyee housing capital cost = Yo x Fy

This proeduct is subsequently entered in the appropriate row on tahle 6 for fipnal capital cost calculation.
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Generators

Capital Cost Equation:
This equation provides the cost of purchasing and installing the appropriate size generator required to meet
maximim production. Cest includes installation and connection through the fuse box, and aliows for miil,
mine, camp, and ancillary function power consumption. Costs do not inciude equipment transportation, sales
tax, or discounts.. The equation is applied ta the following var1ab1e'
X = Max1mum cubic yards of mill feed handled per hour.

The following capacities were used to calculate the base eguation:

10-kW generator - 10 vd /h.
30-kW generator - 40 yd /h.
A5-kW generator - 75 yd3/h.
75-kW generator - 125 yd3/h.
125-kW generator - 200 yd /h.
250-kW generator - 400 yd /h.

The above capacities are based on the assumption that 0.57 kW are needed for every cubic yard of mill
capacity. This is average for a mine with a basic plant containing trommels, conveyors, mechanical gravity
separation devices (jigs or tables), and other necessary anciilary equipment. 1In all cases, a slightly
higher rated generator has been selected for costing purposes to account for demand surges and miscellaneous
electrical consumption, such as camp electricity. A factor is provided below for operations with power
censumption rates ether than 0.57 kw/yd3.

Ease Equation:
Equipment capital cost: Yo = 1,392_55(x)0.604

100,000

The capital cost consists of 75%
_equipment purchase price, 19% :
construction and installation : oL
labor, and 6% construction o 1 . : -

materiais. I L B ‘ : |~

Alternate Power Consumption Factor:
If ant1c1pated power cansumption
rate is other than 0.57 kid/yd3
mill capacity, the capital cost
must be muitiplied by the factor
obtained from the fo]lowing
eguation:

10,000 7

CAPITAL COST, dallars’

Fp = 1.385(p)0.618

where P = anticipated power
consumptien rate.

0l
L 0 DIG 100 1000

MILL CRPACITY, moximum avbic yards of fesd treated per hour

Supplemantal copltal costs - Genarators
Used Egquipment Factor:

This factor accounts for reduced capital expenditure of purchasing eguipment having over 10,000 h of previogus
service 1ife:
= 0.481
Total Cost:
Generator capital cost = Yo x Fp x Fy

This product is subseguently entered in the appropriate row on table 6 for final capitail cost calcuTation.



Pumps

Capital Cost Equation:
This equation furnishes the cost of purchasing and instaliing the appropriate size of pump needed for each
particular functien (i.e. providing fresh mill water, recirculating spent water through settling ponds, etc.).
If more than one pump is reguired, a separate cost must be calculated for each installation. Guidelines for
pump requirements are Tisted in the text portion of this manual. 1In general, however, at least one pump will
be required if water is recycled threough settiing ponds. Costs of diesel driven centrifugal pumps, PVC pipe,
and pump and pipe installation labor are all considered. Casts of equipment transpertation, sales tax, and
discounts are not included. The equation is applied to the following variable:

X = Maximum gallons per minute of water handied.

The following capacities were used to calculate the base equation:

0.50 hp pump - 50 gpm.
2.00 hp pump - 200 gpm.
5.25 hp pump - 500 gpm.
16.50 hp pump : - 1,000 gpm.
18.50 hp pump _ - 1,750 gpm.
37 QG hp pump . . D 3,500 gpm.

The above capacities are based on the following assunmiptions:
: 1. Total head of 25 ft. : :
2. Diesel powered pumps. )
. 3. Abrasion-resistant steel construction.
4. ‘Total engine-pump efficiency of B0

‘Base Equation: ' '
Equipment capital cost: Yo = 63.909(x)0.618

The capital cost consists of 70%
eguipment purchase price, 22%

construction materials, and 8% 10,000 z
construction and installation : : 4
labor _ : 1///

Head Factor: ]
if total pumping head is other than /,/
25 ft, the factor calculated from
the following equaticn will correct
for changes in pump size reguirements.
The praduct of this factor and the
original cost will provide the
appropriate figure:

1,000 1

Fy = 0.125(H)0.837

CAPITAL COST, dollars
AN

where K = total pumping head. ////

Used Equipment Factor:
This factor accounts for reduced
capital expenditure of purchasing
equipment having over 10,000 & of 1ag . .
previous service life: 10 100 ' 1,000 10,000

PUMP CARPACITY, maximum gal loms per mirute
= 0.615

Supplemental capttal costs - Pumps

Total Cost:
Pump capital cost = Yg x Fy x Fy

This product is subsequently entered in the approprizte row on tahle 6 for final capital cost calculation.
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Settling Ponds

Capital Cost Equation: ‘ )
This eguation furnishes the cost of settling ponds for waste water treatment. Cosis of labor and equipment

operation for site selection, size determination, rough surveying, excavatiom, ditcking, grading, and
placement of sized gravel are &11 included. The equation is appiied tc the following variable:
= Maximum mill water consumption in gallons per minute.

1f the water consumption rate is not known, one can be estimated from the
following equation:

X = 94.089(v)0-546
where Y = maximum cubic vards of mill feed handied per hour.

The following capacities were used to calculate the base equation:

400 gpm - 1,426 yd3 Tiquid capacity.
600 gpm - 2,739 yd3 tiguid capacity.
800 gpm - 3,208 yd3 Tiguid capacity.
1,400 gpm - 4,991 ydd Tiquid capacity.

The above capacities are based on the following assumptions:
1. Pond Jocated in mined-out area.
2. Excavated by bulidozer.
3. Capable of holding 12 h of waste water produced by mill.
4. -Based on jig plant water consumption rate.

Base Equation:
tapital cost: Yo = 3.982(x)0-952

The capital cost consists of 75% construction labor, 13% fuel and Tubrication, and 12% equipment parts.

o rm i ,

10,000

Liner Factor: .
in order tc meet water quality //’
standards, some seitling ponds must . 1,000 /
be Tined with an impervious !
material. 1If such a Tiner is
required, total capital cost must
be multiplied by the factor
calculated from the following
equation:

CAPITAL COST, dollars
N

0
10 —

e

Fi = 27.968(x)~0.314

This factor covers cost of the
liner and associated inmstallation
labor.

10
10 100 1,000 10,000
MILL WATER CONSUMPTION, maximum gallcrns per mirute
Total Cost:
Settling pond capital cost = YC X FL Supplemental copltal costs - Settling pernds

This product is subseguently entered in the appropriate row on table € for final capitaT'cost calculation.
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TABLE 6. -~ Capital cost summary form

1tem

Cost

Exploration:

Method T cost..evennnnn..
Method 11 cost....vv.n....

Development:

Access roadsS. e nennnns

Clearing......ovvvuenunns
Overburden removal:

Bulldozers.....ovverenenn.
Draglines............. e
Front-end loaders.........

Rear-dump trucks.........

Yol =111 S

Mine Equipment:
Backhoes.............. Pes

Bulidozers. . cvevreneunen..

Draglines.......c..... -

Front-end loaders.........
Rear-dump trucks..........

SCraDeNS . i i s annnsnnanns
Processing Equipment:
Conveyors......covvvunens

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

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

......................... PR P
...... R R O I I I I AR
..............................
L R R I I I R R TR
..............................
P A R
..............................
R I I I I I I I R P A
..............................
N A R N I I R R

------------------------------

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

L =R=Tu (8 ¢V ] 1= 3
J1G CONCentrators . .o s sttt e e cr et v arerrannsnaenen
Sluice...... e e e ettt eaa e e e
SpIral COnCenIratOrS. .o it i e e e et e e
Table coOnCENEratorS. . vt it e et e s esreenennnns e
Trommels..... f e b eea e ear s e st
Vibrating SCreemS . it r et e e et et e e e
Supplemental:
Buildings....... et e s e ettt e
1«
T TRl o 1 L o R
R 17 ‘e
Settling PONAS . s ottt et s e et e e e et
R o 4 o< 2
Continmgency.. ..o vrenenenennnnnn, e et et
e - P
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OPERATING COSTS
Overburden

Bulidozers

Operating Cost Equatiens:
These equations provide the cast of excavating and relocating overburden using bulldozers. Costs are reported
in dollars per LCY of overburden handled. The equations are applied to the following variable:
X = Maximum LCY of pay gravel, overburden, and tails moved hourly by bulldozer.

The base equations assume the following:
1. No ripping.
2. 50 ft cutting distance.
3. 50 min/h efficiency.
4. 300 ft dozing distance.
5. Average operator ability.
6. Nearly level gradient.

~Base Egquations:

Equipment operating cost: Yg = 0.993(x)~0.430

14.01(x)~0-945

Labor operating cost: Yi

Ecuipment operating cosis average 47% parts and 53% fuel and Tubrication. Labor operating costs average 86%
operatoer labor and 14% repair labor.

Distance Factor: 1.000
If the average dozing distance is
cther than 300 ft, the factor
obtained from the foliowing egquation
must be applied tc total cost per LLCY:

N

N

= 0.00581(Distance)0.904

AN

\x
0.100

Gradisnt Factor:
If the average gradient is other
than Jevel, the factor cbtained from
the following eguation must be applied
tg the total cost per LCY:

Fg=1 .041e[0.015(% gradient)],

/

Ripping Factor:
If ripping is regquired, total operating
cost must be multipliied by the following
factor:

= 1.595

OPERATING £0ST, dollars per |posa cuble yard
/

This will account for the reduced 0.010
productivity associated with ripping. T o 100 100Q

CAPACITY, maxlmum laose cublc yards per hour

Overturden remaval oparating costs - Bul idozsrs

Used Equipment Factor: ‘ :
These factors account for added cperating expenses accrued by equipment having over 10,000 h of previous
service 1ife. The respective equipment and labor portions of the base cperating casts must be muitiplied
by the factors obtained from the foliowing equations:

Equipment factor: Ug = 1.206(x)~0.013

Labor factor: Ug 0.967(X)0-015

Digging Difficulty Factor:
Parameters given in the discussion on Site Adjustment Factors in secticn 1 should be used to determine if a
digging difficulty factor is required. If so, cne of the following should be appiied to total cost per LCY:

Fy = Easy digging = 0.B30
Medivm digging = 1.,00C
Medium-Hard digging = 1,250
Hard digging = 1.670

Totel Cost:
Cost/LCY overburden = [Yp(Ug) + Y (U7)] x Fp x Fg x Fy x FR

The above total cost per LCY must then be multiplied by the total yearly amount of overburden handled by
bulldozer. This product is subsequentiy entered in the appropriate row on table 7 for final operating cost
calculation.
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Drag1ines

Operatung Cost Equations: ‘ :
© These egquations provide the cost of excavating overburden using dragiines. Costs .are reporied in dollars per
" LCY of cverburden handled. The eguations are applied to the following variable:
X = Haximum I.CY of pay gravei, everburden and tails moved hourly by dragiine.

The base curves assume the following:
1. ..0.90 bucket efficiency.
2. Full hoist.
3. 80° swing angle.
4, Average operator ability.

Base Equations:

Equipment operating cost: Yp = 1.984(x)~0.390

it

Labor operating cost: Y, = 12.79(x)"0.888

Equipment operating costs consist of 67% parts and 33% fuel and Tubrication. Labor operating costs consist
of 78% operator labor and 22% repair labor.

Swing Angle Factor: 1.000 — ="
If average swing angle is other
than 90°, -the factor obtained from
the following equation must be
applied to the totail cost per LCY:

S~
N

/

= 0.304{swing angle)0.269

i

T~
<

=
o
3]
va

Used Equipment Factor:
These factors account for added
operating expenses accrued by
eguipment having over 10,000 h of
previous service life. The respective
equipment and labor portians of the
base operating costs must be multipiied
by the factors obtained from the
fallowing equations:

DPERATING CDST, dollars per loese cubis gard

a.c1o
1a

0.017 1 100
1.162(X)"V- CAPACITY, maximum loose cubic yards per haur

It

fquipment factor: Ug

tabor factor: Uy 0.989(%)0.006 Overburden remaval cperating casts - Orag!ines

Total Cost:
Cost/LCY averburden = [Yg(Ug) + Y (U7)] x Fg
The above total cost per LCY must then be multiplied by the total vearly amount of overburden handled by

dragline. This product is subsequently entered in the appropriate row on table 7 for finzl operating cost
calenlation.
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Front-End Loaders

Operating Cost Equations:
These eguations provide the cost of relocating overburden using wheel front-end lcaders. Costs are reperted
in doliars per LCY of overburden handled. The equations are applied to the following variable:
X = Maximum LCY of pzy gravel, overburden, and tails moved hourly by front-end loader.

The base equations assume the foliowing:
1. 500 ft haul distance.
2. 2% rolling resistance, nearly level gradient.
3. Inconsistent operation.
4. UWheel-type Toader.

Base Egquations:

Equipment operating cost: Yp = 0.407(x)~0.225

13.07(x)~0.936

~ Labor operating cost: YL

Equipment operating costs average 22% parts, 46% fuel and iTubrication, and 32% tires. Llabor operating costs
average 90% operator labor and 104 repair lzbor.

.00

Bistance Factor:
If average haul distance is
other than 500 ft, the factor
obtajned from the following eguation
must be applied tc the total cost
per LCY:

N

N

M
N
\\\X
a.100 [l egrgrent

= 0.023(distance)0-616

Gradient Factor:
If total gradient (gradient plus
relling resistance) is other than
2%, the factor cobtained from the
following equation must be applied
te the total cost per LCY:

DPERATING COST, dollors par loose cubic yard

= 0_877e[0.045‘(% glr‘ad‘ient)] . o.gin ’ : .
‘ e} . 100 tooe

CAPACITY, moximum foose cubic gards per hour

Qverburden remaval operating costs - Fromt-end lacders

Used Equ1pment Factor:
These factors account for added aperating expenses accrued by equipment having cver TU 000 h of previous
service 1ife. The respective equipment and lzbor portiaons of the base operating casts must be multiplied by
the factors obtained from the following equations:

it

Equipment factor: Ug 1_152(x)—0.017

.989(x)0.008

Labor factor: (E4]

Track-Type Leader Factor:
If track-type loaders are used, the following factors must be applied to the total cost obtained from the
base equations:

Equipment factor: Te = 1.378
Labor factor: Ty = 1.073
Total Cost:

Cost/LCY overburden = [YE(Ug){Te) + Y (U1}{Tq)1 x Fp x Fg
The above total cost per LCY must then bhe multiplied by the total yearly amount of overburden handled by

front-end locader. This product is subsequently entered in the appropriate row on table 7 for final
operating cost calculation.
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Rear-Dump Trucks

Operating Cost Equations:
These equations provide the cost of hauling overburden us1ng rear-dump trucks. Costs are reported in dallars
per LCY of overburden handied. The equations are applied to the foTllowing variable:

X = Maximum LCY of pay gravel, overburden, and tails moved hourly by rear dump truck.

The base equations assume the following:
1. 2,500 ft haul distance.
2. 4 loader cycles to fill.
3. 50 min/h efficiency.
4. Average operator ability.
5. Nearly level gradient.

Base Egquations:

Eguipment operating cost: Ye 0.602(x)0.296

n

Lzbor cperating cost: Yi 11.35(x)~0.891

Equipment operating costs consist of 28% parts, 58% fuel and ]ubr1cat1on and 14% tires. Labor operating
costs consist of 82% operator labor and 18% repair Tabor.

1.000

Distance Factor: -
If average haul distance is other g \Ex
than 2,500 fi, the factor cbtainad 2 \\\\
from the foliowing equation must be %
applied to total cost per LCY: 2 \\\\
g N
Fg = 0.093(distance)0-311 8 T~ P~
) N i
& ::é*tt:
o 0.100
& Eqiprent
Gradient Factor: 4 \\\\
If total gradient (gradient plus = \\\uin,
roliing resistance) is other than b
2%, the factor obtained from the “
following equation musti be applied 9
to total cost per LCY: E
%
- 0.607e[0.049(% gradient)] o

0.010
ia 100 1Q00

CRPACITY, maxImun loose auble yoards per hour

Overburden removal opesrating costs - Rear-dump trucks

- Used Eguipment Factor:
These facters account for added operating expenses accrued by equipment having over 10,000 h of previous
service 1ife. The respective equipment and labor portions of the base operat1ng costs must be multiplied by
the factors obtained from the following equations:

Equipment factor: Ug = o,gaq(x)—0.015

Labor factor: 1B ]

0.943(%)0.021

Tcta1 Cost: :
Cost/LCY overburden = [YE(Ue) + YL(U1)] x Fp x Fg

The ahove tota1 cost per LCY must then be mu1t1plied by the total vearly amount of averburden handled by
~truck. This product is subsequentiy entered in the appropriate row on table 7 for final operating cost
calculation.



Scrapers

Operating Cost Equatiens:
These eguations provide the cost of excavating and hauling overburden using scrapers. Cosis are reported in
doliars per LCY of overburden handled. The equations are applied to the following variable:
X = Maximum LCY of pay gravel, overburden, and tails moved hourly by scraper. .

The base curves assume the following:
1. Standard scrapers.
2. 6% rolling resistance, nearly level gradient.
3. 50 min/h efficiency.
4. 1,000 ft haul distance.
5. Average operator ability.

Base Equations:

Equipment operating cost: YE = 0.325(x)~0.2i0

12.01(x)~0.930

)

Labor Operating Cost: YL

Equipment operating costs consist of 48% fuel and Yubrication, 34% tires, and 18% parts. Labor operating
costs consist of 88% operator labor and 12% repair labor.

1.000

Distance Factor:
1f average haul distance is other
than 7000 fi, the factor obtained
from the following egquation must be
applied to the total cost per LCY:

Fg = 0.071947(distance)0.577

0.100 jziikv—

Gradient Factor:
If total gradient (gradient plus
rolling resistance) is other than
6%, the factor obtained from the
following equation must be applied
to the total cost per LCY:

OPERATING COST, dollars par logss cubic gard

Fo = 0.776e[0-047(% gradient}] U.DlOL
16 700 1000

CAPACITY, maximam ioose auble yards per haur

Overburden removal operaling costs - Scrapesrs

Used Equipment Factor:
These factors account for added operating expenses accrued by equipment having over 10,000 h of previous
service 1ife. The respective equipment and labor portions of the base operating costs must be multipTied by
the factors obtained from the following equations:

Equipment factor: Ue = 1.096(X)0.006

Lahor factor: Uy 0.845(x)0.034

Total Cost:
Cost/LCY overburden = [Yp(Ug) + Y (U7)] x Fp x Fg

The above total cost per LCY must then be muitiplied by the total yearly amount of overburden handled by

scraper. This preoduct is subseguentiy entered in the appropriate row on table 7 for final operating cost
calculation.
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Mining

Backhoes

Gperating Cost kquations:
These equations provide the cost of excavating pay gravel using backhoes.
The equations are applied to the following variable:

LCY of pay gravel handled.

X = Maximum LCY of pay gravel moved hourly by backhoe.

The base equations a¢sume the following:

7. Easy digging difficulty.

2. 60° to 909 swing angie.

3. Up to 50% of maximum dicgging depth.
4. Average operator ability.

5. Mo obstructioms (boulders, tree rcots, etc.).

Base Equations:

85 - 200 LCY/h

Equipment operating cost: Yg
‘ labor operating cost: Y =
175 - 275 LCY/h

Equipment operating cost: Yp =

Labor operating cost: YL =
250 - 375 LCY/h

Equipment operating cost: YE =

Labor opereting caost: Y =
350 — 475 LCY/h

Equipment operating caost: YE

—
~
nou

Labor operating cosi:

tEquipment operating costis censist
of 38% parts, and 62% fuel and
Tubrication. Labor operating costs
consist of 88% coperator labor and
12% repair labor. :

Bigging Depth Facter:

If average digging depth is other
than 50% of maximum, the factor
obtained from the following equation
must be appiied to the total cest
per LCY of pay gravel:

Fp = 0.09194(% of maximum digging depth)u-aoa.

Used Equipment Factor:

These factors account for added
operating expenses accrued by equipment
having over 10,000 h of previcus

service 1ife. The respective equipment
and labor portions of the base operating
costs must be multiplied by the factors
obtzined from the following eguations:

Equipment factor: Ug = 1.078(x)~0.003

il

i

Labor factor: 0y = 0.918({x)0.021

Digging Difficulty Factor:

OPERATING COST, dollars per lcese cubic yard

= S.SBO(X)_I'O]Q
17.53(x)~1-009

11.44(x)"1.021
17.25(%)~1-000

15.17(%)~1.003
1g.97(x)"1-017

22.59(Xy-0.995
16.55(%)~0.977

Costs are reported in doTiars per

1.000
N
.
~
S
G.i100 N
Qi
N oy
S
Y
\\‘ \\J\E:pi;man{
G ~ h Laor —4—
0.qaig
10 . 1aa 1000

CAPACITY, moximum looss cuble yards per Rogr

Mining opsrating costs - Becokhoes

Parameters given in the discussion on Site Adjustment Factors in section 1 should be used to determine if a

digging difficulty facteor is reguired.
of pay gravei:

Fy = Easy digging = §.000
Medium digging = 1.250
Medium-Hard digging = 1.500
Hard digging = 1.886

Total Cost:
Cost/LCY pay gravel = [Yp(Ug) + Y (Uy)] x Fg x Fy

If so, one of the following should be applied to-total cost per LCY

The above total cost per LCY must then be multiplied by the total vearly amount of pay gravel handled by

backhoe.
calculation.

Thic product is subsequently entered in the appropriate row on table 7 for final operating cost



Bulldozers

0perat1ng Cost Equations:
These equat10ns provide the cost of excavating and relocating pay gravel using bulldozers. Costs are
reported in dollars per LCY of pay cravel handled. The equations are applied to the following variable:
X = Maximum LCY of pay gravel, overburden, and tails moved hourly by buiidozer.

The base eguations assume the following:
1. Mo ripping.
2. 50 ft cutting distance.
50 min/h efficiency.
300 ¥t dozing distance.
Average operater ability.
Nearly ievel gradient.

[ IS - ]
P

Base Equations:
Equwpment operat1ng cast: .YE

il

'G.SQB(X)‘O-430

Labor operat1ng cost: ¥, = 14.01(x)~0-945
Equ1pment operating costs average 47% parts and 53% fue1 and 1ubr1cat1on Lébor operating costs average 86%
gperator iabor and 14% repair laber. O .
. 1.000 r
Distance Factor: ‘ >
If average dozing distance is other \\\
than 300 ft, the factor cbtained
from the following eguation must be
appiied to the total cost per LCY:

= 0.00581{distance)0.904

@Gradient Factor:
If average gradient is other than
level, the factor obtained from the
following equation must be applied
to the total cost per LCY:

= 7.041e[0.015(% gradient}]

/
] 7

0.100 :::lhk\

Ripping Factor: ¥ leger

If ripping is required, toital
aperating cost must be muitiplied
by the following factor:

OPERATING COST, collare par leoose cubic yard
4
7

= 1.595

0.010
This will account for reduced 10 - 100 1000
productivity associated with CAPACITY, maximum laose cubilc yards per hour
ripping.

Mining operaling costs - Bulldozers
Used Egquipment Factor:

These factors account far added operating expenses accrued by egquipment having over 10,000 h of previous
service 1ife. The respective equipment and labor portions of the base operating costs must be muitiplied by
the factors cobtajned from the following eguations:

1.206(x)-0.013

Egquipment factor: Ue

Laber factor: Uy = 0.967¢x)0-015

Digging Difficulty Factor:
Parameters given in the discussion on Site Adjustment Factors in section 1 should be used to determine if a
digging difficuity factor is required. If so, one of the following should be applied to total cost per LCY:

Fy = Easy digging = 0.830
Medium digging = 1.000
Medium-Hard digging = 1.250
Hard digging = 1.670

Total Cost:
Cost/LC? pay gravel = [Yg(Ug) + Y (U3)] x Fp x Fg x Fy x Fg

The above total cost per LCY must then be mu1tipiied by total yearly amount of pay gravel handled by

bulldozer. This product is subsequently entered in the appropriate row on table 7 for final operating cost
caleulatiaon.
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Draglines

Cperating Cost Equations:
These eguations provide the cost of excavating pay gravel using draglines. Costs are reported in dollars per
LCY of pay gravel handled. The equations are applied to the following variable:
X = Maximum LCY of pay gravel, overburden, and tails moved hourly by dragline.

The base curves assume the following:
1.  0.90 bucket efficiency.
2. Full hoist.

3. 90° swing angle.

4. Average operator ability.

Base Egquations:
Equipment operating cost: Yg

1.984(%)~90.390

Labor operating cost: YL = 12.19(x)"0.888

Equipment operating costs consist of €7% parts and 33% fuel and Tubrication. Labor operating costs consist
of 784 operator labor and 22% repair iabor.

1.000 [
< ~
b
Lo \\:E\\:xx
g \ .
3 .
o NN
§ \\\‘ \_Eq_xip-rswt
Swing Angle Factor: _ _ : H _ : \\\\\\
If the average swing angle is other a- ' _ B N
than 900, the factor obtained ' 'g 0.100 - = : _ ‘ N
from the -following equation must be = e
applied to total cost per LCY: K|
Fa = 0.304(swing angle)0-2689 8
o
&
=
oy
vd
LU
il
D .
0.010
'S¢ ; Q0 1000

CRPACITY, moximum loose cubiic yards per hour

A Mining operating costs - Oraglines
Used Equipment Factor:

These factors atcount for added operating expenses accrued by equipment having over 10,000 h of previocus
service 1ife. The respective equipment and labor portions of the base operating costs must be multiplied by
the factors obtained from the following equations:

Equipment factor: Ug = 1.162(X)-0.017

Labor factor: Uy = 0.989(x)y0.006
Total Cost:

Cost/LCY pay gravel = [Yp(Up) + Y {U7)] x Fg

The above total cost per LCY must then be multiplied by the total yearly amount of pay gravel handled by
dragline. This product is subsequently entered in the appropriate row on table 7 for fipal operating cost
calculation.
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Front-End Loaders

Operating Cost Equations: .
These equations provide the cost of hauling pay gravel using wheel front-end loaders. Costs are reported in
dollars per LCY of pay gravel handled. The eguations are applied to the following variable:

X = Maximum LCY of pay gravel, overburden, and tails moved hourly by froni-end loaders.

The base equations assume the following:
1. 500 ft haul distance.
2. 2% rolling resistance, nearly level gradient.
3. Inconsistent cperation.

4. Wheel-type loader.

Base Equations:

Equipment operating costi: Y = 0.407(x)"0.225

Labor operating cost: YL = 13.07(x)~0-936

Equipment operating costs average 22% paris, 46% fuel and Tubrication, and 32% tires. Labor operating costs
average 90% operator labher and 104 repair labor.

1.000

Distance Factor:
If the average haul distance is
other than 500 ft, the factor
obtained from the following egquation
must be applied to total cost per LCY:

= 0.023(distance)l-616

L]
[/

0.100 | T~ Ecuiprant

Grad1ent Factor:
If total gradient (grad1ent pIus
rolling resistance) is other than 2%,
the factor obtained from the following
equation must be applied to the total
cost per LCY:

OPERATING COST, dol laors per loosa .cubic yord
74

= 0.877e[0.046{% gradient)]

g.Q1a
g 100 1000

CAPACITY, maxlmum loose cubic yards per hour

Mining opsroting casts - Front-end locders
. Used Eguipment Factor:
These factors account for added operating expenses accrued by equipment having over 10,000 h of previous
service 1ife. The respective equipment and labor portions of the base operating costs must be multipliied by
factors obtained from the Fﬂ]]nw1ng equations:

Equ1pment factor: Ue = 1.162(x)~0.077

i

Labor factor: . Uq 'o;ggg(x)0,0Gﬁ

Track~Type Loader Factor:
If track—type Toaders are used, the following factors must be applied to total cost obtajned from the base

equations:
Equipment factor: Te = 1.378
Labor factor: Ty = 1.073

Total Cost:
Cost/LCY pay gravel = [YE(Ua){Te) + Y {U1X(T])] x Fp x Fg

The "above tetal cost per LCY must then be multiplied by total yeariy amount of pay gravel handled by

front-end Tcader. This product is subsequently entered in the appropriates row on table 7 for final
operating cest calculation.
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Rear-Jump Trucks

Operating Cost Equations:
These equztions provide the cost of hauling pay gravel using rear-dump trucks. Costs are reported in dollars
per LCY of pay gravel. The equations are applied to the following variable:
X = Maximum LCY of pay gravel, overburden, and tails maved hourly by rear dump truck.

The base eguations assume the following:
1. 2,500 ft hual distance.
2. & loader cycles to fill.
3. 50 min/h efficiency.
4. Average operator ability.
5, 2% rolling resistance, neariy level gradient.

Bzse Equation:
Equipment operating costi: Yg

0.602(x)"0-296

11.34(x)-0.891

I

tabor operating cost: Y

Eguipment operating costs consist of 28% parts, 58% fuel and lubrication, and 14% tires. Labor aperating
costs consist of 82% operator labor and 18% repair labor. . -

1.000 —

AN

™~

\\
Q.100 ] -

Distance Factor: :
If average haul distance is other
than 2,500 fi, the factor obtained
from the following eguation must be
applied to total cost per LCY:

Pal

[/

Fp = 0.093(distance)C-317

\\
‘(; Equlpr=nt
N

Niaxr

Gradient Factor:
If total gradient (gradient plus
ralling resistance} is other than
2%, the facter obtained from the
following eguation must be applied
to total cost per LCY:

DPERATING COST, dollars per ioose cuhic yard

Fg = 0.907¢{0.049(% gradient}]

Q.a10
1Q 100 1060

CARPACITY, moximum loose evblc yards per hour

Mlning cpsrating costs ~ Rear-durp trucks
Used Equipment Factor:
" These factors account for added operating expenses accrued by eguipment having over 10,000 h of previous
service life. The respective equipment and labor portigns of the base operating costs must be multiplied by
factors obiained from the foliowing eguations:

Equipment factor: Ug = o_ggq(x)—0.016
Labor facter: Uy = 0.943(X)0.021
Total Cost:

Cost/LCY pay gravel = [Yp{Ueg) + Y (U3)}] x Fg x Fg
The above total cost per LCY must then be multipiied by the total yearly amount of pay gravel handled by

rear-dump truck. This product is subsequently entered in the appropriate row on table 7 for final operating
cost calculation.
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Scrapers

Operating Cost Egquations:
These egquations provide the cost of excavating and hauling pay gravel using scrapers. Costs are reported in
dollars per LLY of pay gravel handled. The equations are appiied to the following variable:
X = Maximum LCY of pay gravel, overburden, and tails moved hourly by scraper.

The base curves assume the following:
1. Standard scrapers.
2. 6% roiling resistance, nearly level gradient.
3. 50 min/h efficiency.
4, 1,000 ¥t haul distance.
5. Average operator ability.

Base Equatioms:

Equipment eperating cost: Ye 0.325(x)—0.210

i

Labor operating cost: ' Y 12.01(¢x)~0.830

Equipment operating costs consist of 48% fuel and Tubrication, 34% tires, and 18% parts. Labor operating
costs consist of 88% operator iabor and 12% repair labor.

1.000
'E
Distance Facior: o
If average haul distance is other 3
than 1,000 feet, the factor obtained 7
from the feliowing equation must be B
applied tc the total cost per LCV: a
a
a
Fp = 0.01947(Distance)d-577 N
| 2
g 0.100 \:T‘- =S T—
g AN
Gradient Factor: - \\\\\
If total gradient (gradient ] N
plus rolling resistance) is o
other than 6%, the factor g
obtained from the following E
equation must be applied to 2
total cost per LCY: o
= 0.087(% dient .
Fg = 0.776e(0.037(% gre 1 .ol TN TG00

CRPACITY, maximum |oase cuble yards per haur

Mine operating costs - Scropers

Used Eguipment Factor:
These factors account for added operating expenses accrued by equipment having over 10,000 h of previous
service Tife. The respective equipment and labor portions of the base operating costs must be multiplied by
factors cobtained from the following equations:

Equipment factor: Ue = 1.096({%)~0.006

0.845(X)0.034

Labor factor: Uy
Total Cost:
Cost/LCY pay gravel = [Yg{Ug) + Y (Uj)] x Fg x Fg

The abuve total cost per LCY must then be muitiplied by the total yeariy amount of pay gravel handTed by
scraper. This product is subseguently entered in the appropriate row an table 7 far fimal operating cost
calculation.
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Processing
Conveyors

© Operating Cost Equations: : o =
. These equations provide the cost of moving gravel using conveyors. Costs are reported in dollars per cubic
yard of gravel handled and inciude the operating cost of the conveyor along with the drive. The eguations are
applied to the following variable: :
X = Maximum cubic vards of feed moved hourly by conveyor.

The bdse equations assume the foliowing:
‘ 1. 40 ft conveyors.

2. 3,120 1b/yd® feed.

3. Nearly level setup.

Base Equations:
Equipment cperating cost: Y

fl

Q_gjg(x)—o.ﬁﬁl
o_gﬁg(x)—0.702

]

Labor operating cost: Yi

Equipment operating costs average 72% parts, 24% electricity, and 4% lubrication. Labor operaiing costs
consist entirely ef repair labor. : :

g.100
ko)
g
Conveyor Length Factor: 3
1f conveyer length is other than o .
40 ft, factors cbtained from the g ‘\\\\\
following equations must be applied a
to respective portions of the a \\\\\ RN
operating costs: 8 < .
- NN
. \ \
Eguipment facter: 2‘ \\\\\
s g.olo ~C ~C
Le = 0.209(length)0-431 2
£ ( g ) é \ \Eunp'rznt
Labar Factor: E{
g ™~
L7 = 0.245(7ength)0-390 g ad
c
+n8 -
ax
N
These factors are valid for convevors Q
10 to 100 ft Tong. 0.00t
Rats) 103 1000

CRPARCITY, maximum logse auhle yards per hour

} Processing cperoting cast - Conveyars
Used Equipment Factor:
These factors account for added operating expenses accrued by equipment having over 10,000 h of previous

service life. The respective equipment and labor portions of base operating costs must be multiplied by the
following factors:

Equipment factor: Ug = 1.155
Labor factor: Uy = 1.250
Total Cost:

Cost/yd3d gravel = [Ye{Le¥(Ue) + Y (L) {U7)]
The above total cost per cubic yard must then be multiplied by the total yearly amount of feed handled by

conveyor. (A_separate operating and total yearly cost must be calculated for each conveyor in the circuit.)
This product is subseguently entered in the appropriate row on tahle 7 for final operating cost calculation.
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Feed Hoppers

Operating Cost Equations:
These eguations provide cost of materizl transfer using vibrating feeders. Cosis are reported in dollars per
cubic yard of feed and include the operating cost of the hopper, feeder, and drive motor. The equations are
applied to the following variable:
X = Maximum cubic vards of feed handled hourly by feed hopper.

The base equations assume the following:
T. Un~-sized feed.
2, 2,300 1b/yd® feed solids.

Ease'Equations:

Equipment operating cost: Yg = 0.033(x)~0.344

I

Labor operating cost: Yi 0.017(X)'0'295

Equipment operating costs consist of 88% parts, 6% electricity, and 6% lubrication. Labor operating costs
consist entirely of repair laber.

Q.100

'-Hoyper Factor:

In many 1nstailat1ons, a vibrating
feeder is not used, and pay gravel
feeds directly from the hopper. If
this is the case, no operating cost
for feeders is required.

OPERATING COST, dollars par cubic gard of fead treoted

Used Equ1pment Factor: g.ara \\\\“*s\\
If a feeder with over 10, OGO h of ' : ]
previous service 1ife is to be used, I~ ™~
the following factors must be applied .
to respective operating costs to ™~ \\‘~\\'
account for increased maintenance and ] Ecuiprent
repair requirements: S
Equipment factor: Ug = 1.176
Labor factor: Uy = 1.233
0.00%45 100 1009

CAPACITY, moximun cubic yards of feed treated per hour

Fracesslng opsratlng costs - Fesd hoppers

Total Cost:
Cost/yd? feed = [Yg(Ug) + Y (U)]

The above total cost per cubic yard must then be multiplied by total yearly amount of feed handled by feed
hopper. This product is subsequently entered in the appropriate row on table 7 for final operating cost
calculation.
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Jig Concentrators

Operating Cost Equatians:
These equations provide the cost of gravity separation using jig concentrators. Costs are reported in
dollars per cubic yard of feed and include the operating cost of the jigs and associated drive motors.
The equations are applied to the foliowing variable:
X = Maximum cubic vards of feed handled hourly by jig concentrators.

The base equations assume the foliawing:
1. Cleaner service
2. 0.617 yd /ft2 hourly capacity.
3. 3,400 1b/yd3 feed solids.
4. 40% solids slurry density.
5. Gravity feed.

Base Equations:

Equipment operating cost: ~ Yp = 0.173(x)~0.328
Supply operating cost: Ys = 0.002(x)-0.184
Labor cperating cost: Y = 3.508(X)~1-268,

Equipment operating costs consist of 40% parts, 34% electricity, and 26¥% lubrication. Supply operating costs
consist entirely of lead shot for bedding material. Labor operating costs consist of 66% operator labor and
34% repair lebor.

S 10c.000 — _
a i ]
¢
a N
Rougher/Coarse Factor s \\
If jigs are to be used for = 10.000 H
rougher service or a coarse feed, s <
higher productivity wili be T ™
realized. To compensate for this & \\
situation, the following factor i N
must be applied to total cperating = 1.000 <
cost: ﬁ N
L N
a o]
Factor: Fg = 0.344 0 G0 s U N
5 AESANmEmm—. S
Ecti 0y
o Niter
=
g o.00
Used Equ1pment Factor: o
If. jig concentraters with over 10,000 h S
of service 1ife are to be used, the o —
following factors must be applied to T , i e S L.
respective operating costs te account g Q 005.1 G TR TN ~—&R0.0

for increased maintenance and repair

. . CAPACITY, max!imum cuble yards of feed treated per hour
requirements:

Equipment factor: Ug = 1.096 Pracessing operating caosts - Jig concentratars

Labor factor: Uy = 1.087

Total Cost:
cost/vd? feed = [Vg(Ug) + Ys + Y (U3)]1 X Fg

The above total cost per cubic yard must then be multiplied by the total yearly amocunt of feed handled by jig
concentrators. This product is subsequently entered in the appropriate row on table 7 for final operating
cost calcuiation.
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Sluices

Operating Cost Equations:
These equations provide the cost of gravity separation usipng sluices. Costs are reported in dollars per
cubic vard of feed and consist entirely of the expense of per1od1c concentrate cleanup. The equation is
applied to the following variable:
X = Maximum cuhic yards of feed handled hourly by sluice.

The base eguations assume the following:
1. Steel p]ate construction.
2. Angle iron riffies
3. 3,400 1b/yd3 feed solids.
4, ‘4:1 length-to—width ratio.
5. Gravity feed.

Base Equation:
Labor operating cost: ¥ = 0.377(x)~0-636

Labor operating costs consist entirely of feed adjustment and cleanup labor. Costs of maintenance labor and
parts are negligible.

V o
2 {.000
a
]
S
S
Wood Sluice Factor: 2z \\\\
If wood siuices are to be used, - I
an allowance must be made for R \\\\\\
periodic sluice replacement. To E 9.100
account for this, an equipment cost = g
must be added to total cost, and u ~.
labor cost must be multiplied by q IS
the following factor: a S
N ™
o N
Equipment cost: 2 \\\\\
a
-0 0.383 = g.0i0 \\\\\
= 0.00035(X)"V- 2 s
=
n
Labor factor: 3
“
Wy = 1.141 =1
=
% .00t :
& T 10 100 1.000
CAPACITY, maximum cuble yards of feed trected per hour
Total Cost: Processing opsrating costs - Siuices

Cost/yd® feed = [V (W]) + YEI

The above total cost per cubic vard must then be multiplied by total yearly amount of feed handled by
sTuices. This product is subseguently entered in the appropriate row on table 7 for f1na1 operating
-cost caiculation. -
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Spiral Concentrators

Cperating Cest Egquations:
These egquations provide the cost of gravity separation using spiral concentrators. Costs are reported in
dollars per cubic vard of feed and include the operating cost of the spirals and slurry spiitters only. The
equations are applied to the following variable:
N X = Maximum cubic vards of feed handled hourly by spiral concentrators.

The base equations assume the following:
1. Rougher service.
2. 1.75 ton/h solids per start.
3. 3,400 1b/yd3 fead solids.
4. 10% solids slurry density.
5.. Gravity feed.

Base Equations:

tquipment operating cost: YE $ 0.0007/yd3

1

0.755(x)~0.614

It

Labor operating cast: YL

Equipment operating costs consist entirely of parts. Llabor operating cosis consist entirely of operator
laber, with the operater performing functions such as lining replacement.

o
Cleaner/Scavenger Factor: _% F-00m
If spirals are to be used for o <
cleaning or scavenging, throughput v P~
is reduced. The following factors k S~
must be appiied toc respective 2 \\\\
operating costs: 0. 1000 ~
T
. g L
Equipment facter: C, = 2.42¢9 ~
8 [~ bLeker
g
Labor factor: €y =1.79¢ _ 0.0100
g
L.
s
]
Used Equipment Factor: . a.aaia
Since spiral concentrators have no moving 3 Eaigmnt
parts, they enjoy a long service life. 8
Generally, only the Tiners require periodic o
replacement. Feor this reason, the operating =
costs associated with spirals are typica!iy «
constant throughout the life of the machine. g 0.co01; o o T Ba0

CAPALITY, moxlmum cubic yards of feed treated per hour

Processing opsrating costs - Splrgl concentrators

Total Cost:
Cost/ydd feed = [0.0007(Cg) + Y (C])]

The above total cost per cubic yard must then be multiplied by the total yeariy amount of feed handled by
spiral concentrators. This product js subsequently entered in the appropriate row on table 7 for final
operating cost calculation.
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Table Concentrators

COperating Cost Equations:
These equations provide the cost of gravity separation using tahle concentrators. Costs are reported in
dollars per cubic vard of feed and include the operating cost of the tables and associated drive motors. The
equations are appiied to the following variable:
X = Maximum cubic yvards of feed handied hourly by table concentrators.

The base egquations assume the following:
1. Cleaner service. '
2. 3,400 1b/yd® feed solids.
3. 25% solids slurry density.
4, Gravity feed.

Base Equations:
Equipment operating cost: Yg

1.326(7()_0'443

Labor operating cost: YL 1,399(x)~0.783

Equipment operating costs consist of 88% parts, 7% electricity, and 6% Tubrication. Lzbor operating costs
consist of 67% operator labor and 33% repair labar.

o
2 10.00 {
a -
o
5
.
he)
E b
. SN
Rougher/Coarse Factor: E ~\\::§
If the tables are to be used for & 1.00 “
rougher service or a coarse feed, I \?\\‘\
higher productivity will be & \\\\\5
realized. To compensate for this g N T
situation, the following Factors 9 \\\ ‘*\\\\
must be applied to both equipment g N N Equlprent
and labor operating costs: & as
: b
. < a.o
Equipment factor: Rg = 0.415 5 e,
.
Labor factor: Ry = 0.415 e B
' B
(]
=
=
&
g 205 .0 0.0 160.0

CARPACITY, max|mum cublc yards af feed treated per hour

Processing operating costs - Table corceritratars
Used Equipment Factor:
1f table concentrators with over 70,000 h of service 11fe are to be used, the following factors must be
applied to the respective operating costs to account for increased maintenance and repair reguirements:
Equipment factor: Ug = 1.217(x)~0.002

Labor factor: Ui = 1.121(x)-0.028

Total Cost:
Cost/yd3 feed = [YE(Re)(Ue) + YL(R7)(U)]
The above total cost per cubic yard must then be multiplied by the total yearly amount of feed handled by

table concentrators. This product is subseguently entered in the appropriate row on table 7 for final
operating cost calcuiation.
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Taitings Removal
Bu11dozers

Operating Cost Equations:
These equations provide the cost of removing and relocating tailings us1ng bulidozers. Costs are reported in
_dollars per cubic.yard of tailings moved. The equations are applied to the following variable:
X = Maximum LCY of pay gravel, overburden, and tails moved hourly by bulldozer.

The base equations assume the foi1ow1ng
1. 50 minsh efficiency.
2. 300 ft dozing distance.
3. Average operator ability.
- 4. Nearly level gradient.

Base Equaticns. .
Equ1pment operating cost' O YE

u,an(x)‘ﬁ;QSO
14, 01(x)70.945

. Labor operat1ng cost' YL

Equupment operating costs average 47% parts, and 53% fue] and 1ubr1cat1on. Lahoridperating costs average 86%
operator iabor and 14% repair labor. .

f.000 . K

D1stance ‘Factor:
If average dozing distance is other
than 300 ft, the factor obtained
from the fc1iuwﬁng equation must be
anplied to total cost per LCY:

\

/

= 0.00581(distance)0.902

\\::EEE\‘.
¢.100

N
\\\ [~ Equipment
N

Gradient Factor:

OPERATING COST, dnllars per loose cubic yard

If average gradient is other than \\der
Tevel, the factor obtained from the
fallowing equation must be applied
to total cost per LLY:
= 1.041[0.015(% gradient)]
R 0.q10
1Q 100 1000
CRPACITY, maximum looss cublc yards per hour
Processlng operating casts - Tallings remaval - Bulldaozsrs

Used Equipment Factor:
These factors account for added operzting expenses accrued by equipment having aver 10,000 h of previous

service 1ife. The respective eguipment and labor portions of the base operating costs must be multiplied by
factors obhtained from the following eguations:

H

Equipment factor:  Ug = 1.208(X)~0.013

"Labor factor: U7 = 0.867(x)0.015

1l

Total Cost:
Cost/LCY tailings = [YE(Ug) + Y (U3)] x Fp x Fg

The above total cost per cubic yard must then be multiplied by the total yearly amount of tailings maved by
bulldezer. This product is subseguently entered in the appropriate row on table 7 for final operating cost
calculation. :
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Draglines

Operating Cost Equations: )
These equations provide the cest of removing and relocating tailings using dragiines. Costs are reported in
dollars per cubic yard of tailings moved. The equations are applied to the folieowing varaab]e:

% = Maximum LCY of pay gravel, overburden, and taiis moved hourTy by drag11ne.

The base curves assume the foliowing:
0.90 bucket efficiency.

Full hoist.

909 swing angle.

Average operator ability.

B L) P

Base Egquations:

Equipment operating cost: ' YE 1.984(x)-0.390

{abor operating cost: Y, = 12.19(x)"0.888

Equipment operating costs consist of 67% parts 33% fuel and lubrication. Labor operating costs consist of 78%
cperater labor and 22% repair labar. R I L . )

1.
ooo [
o Y
;] *
o \
g N T
o N [T~
§ \ | \&uim*
Sw1ng Ang]e Facter: . . \\\\\\
© . If'the average swing ang]e is ather 3 . AL e
than 509, the factor obtained from - @ 0.100 5 ™,
‘the fo]]uwing-equation\must be : g ‘ i i ~
applied to total cost per LCY: = N Lerer
: N | -
= 0.304(swing angle)0.269 5
a
j&}
Z
=
fang
o
w
&
0.010 :
10 10 1000
CRF’HEITY, maximum jouse cwblc yards per hour
Fracess Ing opér;;:xting costs - Tailings removal - Draglinss

lLsed Equipment Factor:
These factors account for added operating expenses accrued by equipment having over 10,080 h of previous
service 1ife. The respective equipment and labor portions of the base operating costs must be muitiplied by
factors obtained from the following eguations:

Equipment factor: Us = 1.162(x)~0-017

tabor factor: Uy 0.ag5{x)0.006

]

Total Cost: .
Cost/LCY tailings = [Yg{Ug) + Y (U3)] x Fg

The above total cost per cubic yard must then be multipiied by the total yearly amount of tailings moved by
dragline. This product is subsequentiy entered in the appropriate row on tab]e 7 for final operating cost
calcuiation.

[

100



Front-End Loaders

Uperating Cost Eguations: ) ]
These equations provide the cost of removing and relocating tailings using wheel front-end loaders. Costs
are reported in doliars per cubic yard of tailings moved. The equations are applied to the following
variable:
X = Maximum LCY of pay gravel, overburden, and tails moved hourly by front-end loader.

The base eguations assume the following:
1. 500 ft haul distance.
2. 2% rolling resistance, nearly level gradient.
3. Inconsistent operation.
4, Wheel-type loader.

Base Egquations:

Equipment operating cost: Yp = 0.407(x)~0.225

13.07(x)~0.936

Labor operating cost: YL

Equipment operating costs average 22% parts, 46% fuel and Tubrication, and 32% tires. Labor operating costs
average 90% operator laber and 10% repair laber. e .

1.Q00

AN

V\\\

Distance Factor:
1f average haul distance is other
than 500 ft, the factor obtained
from the following equation must
be applied to total cost per LCY:

M

-
0.100 [~ Enuiprent

N
AN

/

Fp = 0.023(0istance)0.8T6

\ Letor

Gradient Factor:
If total gradient (gradient plus
rolling resistance) is other than
2%, the factor obtained from the
following equation must be applied
to total coest per LCY:

OFERATING LCOST, dollars par lacse cubic yard

Fe = 0.877e[0.048(% gradient)] C.010
o

100 1000
CAPACITY, moximm logose cubic yards per hours -

Processing operatimg costs - tgllilgs removal - Front-end locders
Used Equipment Factor: ‘ '
These factors account for added operating expenses accrued by equipment having over 10,000 h of previcus
service Tife. The respective equipment and Tlabor portions of base operating costs must be multiplied by
factors obtained from the following eguations:

Equipment factor: Ue 1.162(x)~0.017

0.989(X)0.006

o

Labor factor: Uy

Track-Type Loader Factor:
If track-type loaders are used, the following factors must be applied to total cost obtained from the base

equations:
Equipment factor: Te = 1.378
Labor factor: Ty =1.073
Total Cest:

Cost/LCY tailings = [Yp(Ug){Te) + YL(U1)(T1)] x Fp x Fg

The above total cost per cubic yard must then be multipiied by the total yearly amount of tailings moved by
front—-end loader. This product is subseguentiy entered in the appraopriate row on table 7 for final
operating cost calculation. ‘ ‘
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Rear-Dump Trucks

Operating Cost Equations:
These equations provide the cost of relocating tailings using rear-dump trucks. Costs are reported in
dollars per cubic yard of tailings moved. The equations are applied to the following variable:
X = Maximum LCY of pay gravel, overburden, and tails moved hourly by rear-dump truck.

The base equations assume the following:
1. 2,500 £t haul distance.
2. 4 Joader cycles to fill.
3. 50 min/h efficiency.
4. pverage operator ability.
5. 2% roliling resisiance, nearly level gradient.

Base Equations:

Equipment operating cost: Ye U.GUZ(X)‘G-ZQG

i

Labor operating cost: Y = 11.34(x)"0.891

Equipment operating costs consist of 28% parts, 58% fuel and lubrication, and 14% tires. Labor operating
costs consist of 82% operator iabor and 18% repair labor.

1.000
5 AN
Oistance Factor: 3 \\\\
17 average haul distance is other r
than 2,500 ft, the factor cbtained a
from the following equation must be o \\\
applied to total cost per LCY: § “s\\\ N
g N
L R
Fp = 0.093(distance)0.317 a
g a.100 e p—
TOJ \\
'_' \Ld:nr
cradient Factor: g
If total gradient {gradient plus a
roiling resistance) is cther than =
2%, the factor chtained from the P -
following equation must be applied &
to total cost per LCY: [
0-9185 100 1aca
- 0.049(% gradient
FG 0'9076( (%9 )] CARPACITY, muximum looss cuboic wards psr hour
Processing operating costs - Tollings removal - Rear-cdurp trucks

Used Equipment Factor:
These factors account for added operating expenses accrued by equipment kaving over 10,000 h of previous
service 1ife. The respective equipment and labor portions of base operating costs must be multiplied by
factors cbtained from the following equations:

Equipment factor: Ue = 0.984(x)0-0186
Labor factor: Uy = 0.943(%)0.021
Totz] Cost:

Cost/LCY tailings = [Yg{lUg) + Y (Uy)] x Fp x Fg

The above total cost per cubic vard must then be multiplied by the total yearly amount of tailings moved by
truck. This product is subseguently entered in the appropriate row on table 7 for fimal eperating cost
caleculation. ‘
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Scrapers

nperatIng Cust Equations:
These equations provide the cost of remov1ng and relocating tailings using scrapers. Costs are reported
1n doilars per cubic vard of tailings moved.  The equations are applied to the following variable:
- % = Maximum LCY of pay gravel, overburden, and tails moved hourly by scraper

The base curves assume the following:
1. Standard scrapers.
2. ©% rolling resistance, rearly level gradient.
3. 50 min/h efficiency.
4, 1,000 ft haul distance.
5. Average operator ability.

Base Eguations:
Equipment operating cost: YE

0.325(x%)"0-210

12.01(x)—0.930

Labor operating cost: YL

Equipment operating costs consist of 48% fuel and lubrication, 34% tires, and 18% paris. Labor operating costs
consist of B8% operator labor and 12% repair lahor.

1.0aa

Distance Factor:
If average haul distance is other
than 1,000 fit, the factor obtained
from the following equation must be
applied to total cost per LCY:

= 0.01947(Distance)0-577 .

Q.100 . A

Gradient Factor:
If total gradient (gradient pius
rolling resistance) is other than
6%, the factor obteined from the
following eguation must be applied
to total cost per LCY:

PPERATING COST, dollarse par loosa cublc yard

Fg = 0.7762[0.047(% gradient)]

0.010
10 100 1000

CAPRCITY, moximum loose cubic yards per haur

Processing oparating costs - Tallirngs remaval - Scrogers

Used Equipment Factor:
These factors account for added operating expenses accrued by equipment having over 10,000 h of previous
service life. The respective equipment and labor portions of base operating costs must be multiplied by
factors obtained from the following eguations:

Equipment factor: Ug = 1.096(x)~0-006
Labor factor: Ut = 0.845(x)0-034
Total Cost:

Cost/LCY tailings = [Yp(Ug) + YL(U;)]1 % Fg x Fg

The above total cost per cubic vard must then be multiplied by total yearly amount of tailings moved by
scraper. This product is subsequently entered in the appropriate row on table 7 for final operating cost
calculation.
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Trommels

Operating Cost Equations:
" These equations provide the cost of processing gravel using trommels. Ceosis are reporied in dollars per
cubic vard of gravel handled. The equations are applied to the following variable:
X = Maximum cubic yards of gravel processed hourly by trommels.

The base eguations assume the following:
1. Trommels are sectioned for scrubbing and sizing.
2. Associated electric motor operating costs are included.

Base Equations:
Equipment operating cost: Ye

fl

0_217()()-0.403

0.129(x)"0-428

Laber operating costi: Yi

Equipment operating costs average 63% parts, 26% electricity, and 11% Tubrication. Labor operating costs
consist entirely of maintenance and repair labor.

T
9 .00
a
2
T .
Used Equipment Factor: 5
These factors account for added o \t\\\‘~5\\\ ' \\\\\‘~ '
operating. expenses accrued by g : \\‘\\‘
equipment having ever 10,000 h Ky ™~ ™~ Equipnt
of previcus service 1ife.  The é \\\‘\\\
respective equipment and lahor a > :
portions of base operating costs . 0.C10 .
must be multiplied by the g
following factors: 0
[+]
Equipment factor: Up = 1.794 3
‘ =
m
a
Labor factor: Ui = 1.310 o
g
o
T
3 q.001
& "ho 100 oo

CAPACITY, maximum cubic yards of feed treated per hour

Processlng operaling costs - Trommals

Total Cost:
Cost/yd3 gravel = [Ye(Ug) + Y (U7)]

The abocve total cost per cubic yard must then be multiplied by the total yearly amount of gravel processed by
trommels. This product is subsequently entered in the appropriate row on table 7 for final operating cost
calculation.
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Vibrating Screens

CGperating Cost Egquations:
These equations provide the cast of processing gravel using vibrating screens. Costs are reported in dollars
per cubic vard of gravel handled. The equations are applied to the following variable:
X = Maximum cubic yards of gravel processed hourly by vibrating screen.

The base equations assume the following:
1. Ap average of 0.842 12 of screen is reguired for every cubic yard of hourly capacity.
2. Associzted electric motor cperating costs are inciuded.
3. 13,120 1h/ydd feed salids.
4. Gravity feed.

Base Equations:

Equipment operating cost: Yp = 0.104(x)"0-426

Labor operating cost: YL = 0.106(x)~0.570
Equipment operating casts average 73% parts, 19% electricity, and 8% Tubrication. Labor operating costs
consist entirely of maintenance and repair labor.

o
8 0.100
a
g
o
i)
. @
&
Capacity Factor: S
1f anticipated screen capacity k]
is other than 0.624 ftZ/yd3 g \\\\\“5_
hourly feed capacity, the respective o 4\‘\\\
eperating costs must be multiplied = N\\\\\\ I~
by factors obtained from the a . \\\\\\\
following equations: . 0.010 ‘ P
. [0} S
a ~ fprent
‘ @ \\\\ Eruipmen
Ce = 1.267(C)0.575 g \\
€1 = 1.207{)0.458 3 ~]
' - \Ldzr
=
‘ ‘ &
where € = anticipated capacity u
- in-square feet of screen per g
cubic yaré of hourly feed. E
: B : : o : .
§‘°'“°Ha 100 . 1000

CAPACITY, maxlmum cublc yards af fesd treated per hour

Processing cperatlng tosts - Vibrntfng sGreans

Used Equipment Factor: ) .
These factors account for added operating expenses accrued by equipment having over 70,000 h of previcus

service 1ife. The respective equipment and labor portions of base operating costs must be multiplied by the
fellowing factors:

Equipment factor: Ug = 1.197
Labor factor: Uy = 1.131
Total Cost:
Cost/ydd gravel = [YE(Ce)(Ue) + Y (C7)(UT}]
The ahove total cost per cubic yard must then be multiplied by the total yearly amount of gravel processed by

the vibrating screen. This product is subsequently entered in the approprialte row on table 7 for finmal
operating cost calculation.
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Supplemental
Employee Housing

Operating {ost Eguation:
This equation furnishes the operating cost associated with providing housing for workers at the minesite.
Costs are reported in dollars per cubic yard of overburden and pay dravel. Expenses for food, supplies,
water, heat, and electricity are all taken into account. The equation is app11ed to the following variable:
X = Average cubic yards of overburden and pay gravel handied hourly.

The base equation assumes the following:
1. 10 h/shift.
Base Equation:

Supply operating cost: Yg = 1.445(x)~0.583

Supply operating costs average 95% indusirizl maierials and 5% fuel.

1.000

Food Allowznce Factor:
1f workers are to pay for food and
suppiies out of their own pocket,
the cost calculated from the above
equatien must be multiplied by the
following factar:

Ff = 0.048

0.100 N

Work Force Factor:
The eguation used to compute
manpower for operating coest
estimation is:

SSrplles
Work force = 0.822(%)0.415

If the work force for the operation
- under evaluvation is known, and is
different than that calculated from g.o1a i
the above egquation, the correct 10 10C 1cca
cost can be obtained from the CAFRCITY, averags looss cubic yards poy
following equation: grave! plus averburden mined par hour

OPERATIMG COST, do!lars per lpose cublc ygard

Supplemental cperating costs - Employes housing

Y. = ' (Mumber of workers) X $17.85
s Cubic yvards of overburden and pay gravel handled daily

Total Cost:
Cost/LCY = Y5 X Ff

The above total cost per LCY must then be muit1p11ed by the total yearly amount of overburden and pay gravel
handled., This product is subsequently entered in the appropriate row on tahle 7 for final operat1ng cost
ca]cuiat1on
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Generators

Operating Cost: :
Operating costs of diesel generators are accounted for in the electrical pertions of the other equipment
goperating costs. By so doing, operating costs of the generators are tied directly to size and type of
eguipment used. )

The electrical portions of cperating cost curves will aisc account for the expense of electricity brought in
through transmissicn lines if diesel generators are not used. This is at best an approximation. However,
costs assigned in this manner are typically more representative than costs calculated by trying to estimate
the total power consumptiion of an operation.
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Lost Time and General Services

COperating Cost Equations:
These eguations account for costs not directly related to production. Costs are reporied in doliars per
cubic yard. Items in this section inciude:

1. Equipment downtime. ‘ .
a. Productivity Tost by the enitire crew due to breakdown of key pieces of equipment.
b. Productivity Tost by individual operators due to breakdown af single pieces of equipment.
c. Labor charges of outside maintenance personnel.
d. Wash plant relocation.

2. Site maintenance.
a. Road maintenance.
b, Stream diversion.
c. Drainage ditch construction and maintenance.
d. Site cieanup.
e. Reclamation grading and recontouring.
f. Settling pond maintenance,

3. Concentrate refinement.
a. Time spent recovering valuable minerals from mili concentrates by panning, mechanical separation, or
amalgamation.

The equations are applied to the following variable:
A = Maximum cubic yards of feed handled hourly by mill.

Base Equations:
Equipment operating cost: YE

]

0.142(X)0-004

Labor operating cost: Y, = 2.873(x)~0-524

Equipment operating costs average 1.000
53% fuel and Tubrication, and 47%
equipment parts. Labor eperating
costs consist of 91% operater Tabor
and 9% meintenance and repair labor.

Total Cost:
Cost/ydd = Yg + Y

0.100 Lebgr

The above total cost per cubic yard
must then be muitiplied by the total
vearly amount of overburden, pay
gravel, and tailings handled. This
product is subseguently entered in
the appropriate row on table 7 for
final operating cost calculation.

OPERATING COST, dol lars per looss cubic yard

a.olal__ |
10 100 1000

MILL CAPACITY, maximum cubic yards of feed treated per haour

Supc lemental gperating costs - Lost time od general services
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Pumps

Operating Cost Equations:
These equations provide the cost of transperting and providing water using centrifugal pumps. Costs are
reperted in doliars per hour of pump use. If more than one pump is used in the operaticn, a separate cost
must be calculated for each. The eguations are applied to the foT10w1ng var1ab1e'
X = Maximum ga]lons of water required per minute. -

. The base equations assume the fo110w1ng
‘1. Total head of 25 ft.
2. Diesel powered pumps.
3. Abrasion-resistant steel construction.
4. Total engine-pump efficiency of 80%.-

Base Eqﬁatibns:

Equipment operating cost: Yg = 0.007(x)0.713

It

0.004(x)0.867

Labor operating cost: Y1

Ecuipment operating costs average 59% fuel and lubrication, and 41% parts.  Labor operating costs consist of
82% coperataor labor, and 18% wmaintenance and repair labor. (Operator labor includes pipeline work.)

1D.DD[ - I

_
|

Lerar
{

g |
/L,E:.ulp‘?sﬂt
(’

Head Factor:
If total pumping head is other
than 25 ft, factors calculated
from the following equations will
correct for changes in equipment &nd
labor operating costs. The product
of these factors and the original
costs will provide the appropriate
figures:

el
1.00 | /,i:;//

N
Y

Hg = 0.091(H)0-735

Hy = 0.054(n)0-893

/4f/
7

b—

OPERATING COST, dollars per hour

where H = total pump1ng head.

o.or
1a 00 7000 10,000

PUMP CAPACITY, maximam galloms par mlnute

Supplemental cperating costs - Pamps
Used Equipment Factor:
These factors account for added cperating expenses accrued by equ1pment having over 10,000 h of previous
service 1ife. The respective eguipment and labor portions of base operating costs must be multiplied by the
following factars:

Equipment factor: Ug = 1.09&

Labor factor: Uy = 1.087

Total Cost:
Cost/h = [Yg(He)(Ug)1 + LYy {(HI(U)]

The above total cost per hour must then be multiplied by the anticipated hours per year of pump use.
This preduct is subsequently entered in the appropriate row on table 7 for final operating cost calculation.

109



TABLE 7. - Operating cost summary form

Item Cost/a

Overburden Removal:

BN < YU I ¥ c Ko - o fr e, R
1 Ll =
Front—end 1080erS. i i it it i it et et s e e e m et saennceeenn
Rear—-gump trUCKS . ..ottt it e s et et s earcannennesnns
I o8 o 1= ol M s ar e,

Mining:

BaCKROBS . . s et et s e e e e .. ees
Bulldozers......co.cv. .. e e et et e eaen
Draglines............. et maeee e m i e
Front-end Toaders............ P et a s s r e et
Rear-dump trucks.................. e meeee e S
RS ol 4= = e b e ...

Processing:
CONVEYO S . st s st s asa s nonansns f s ees s f e ree s
Feed hoppers....... T, Crr et n e
Jig concentrators. .. ... i, H et e
Stuice............ e re e, Ceeeaena [P
Spiral concentrators. . v e e, e
Table concentrators............. f e s rseee et aas e
Tailings removal.....coveerrrnns. e st
Trommels. st e e inennn et et e e
AR o= 1 (L ol of T =3 2 T .
Supplemental: : '
< 3
Lost time and general SErviCeS.. ... ..nrrensverrnnnnnnnnn .
S 1 P r et aaas ety
SUbtotal .. et
B T v 1T = ¢T3 .
Total...ovvvervunn.. ot e a e a s e et e,

Cosi per cubic yard pay gravel = Total cost per cubic vard
pay gravel mined per year.

Final cost per cubic vard pay gravel. . ... e e e eueeuaunas
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APPEMDIX.-——EXAMPLE OF COST ESTIMATE

SAMPLE ESTIMATIGN

PARAMETERS
- general: 150 operating d/a.
_ 10 h/shift. _
100 LCY/h pay gravel capacity.
2.5 LCY stripping ratio.
150,000 LCY/a pay grave] mined.
375,000 LCY/a overburden removed.
Workers Tive on-site.
- Expleration: ' 20 worker-days reconnaissance.
1,400 1 churn drilling.
2,000 yd3 trenching.
1,200 samples panned.
8 h helicopter time.
180 worker-days camp reguirements.
Development: 4 mi access road.
20% sideslope.
Forested.
22 ft wide.
Ungravelied,
b acres cleared.
Forested.
10% sideslope.
Overburden removal: Excavated and hauled by one scraper.
250 LCY/h production capacity.
30,000 LCY prior to production.
3,000 ft averacge haul distance.
+8% average haul gradient.
Mining: Excavated by cone backhoe.

Hauled by two front-end loaders.
100 LCY/h production capacity.
Medium-hard digging.

800 Tt average haul iength.

+6% average haul gradient.

new backhoe.

gsed bulldozer.

new front-end loaders.
used scraper.

Mine equipment:

—t N\ el el
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Milling:

Jailings placement:

Labor
Equipment
Steel
Lumber
Fuel
Tires

Jig plant {(see accompanying £low sheet)}.

Feeder:

Trommel:

Rougher jig:
Cleaner jigs:
Final jig:
Scavenger sluice:
Scavender sluice:
Conveyor:

100 LCY/h.
100 LCY/h.
20 yd3/h.

2@ 5 gdB/h.

0.2 yd°/h.
50 yd3/h.
20 yd3/h.

70 yd3/h, 40 ft.

Transported using 1 bulldozer.
100 LCY/h production capacity.
400 ft average haul iength.
Minus 8% average gradient.

ESCALATION FACTORS:

Construction materials -

Electricity

Industrial materials -

113

11.98/17.69
362.3/360.4
354.6/357.4
354.9/343.2
630.7/636.2

. 246.0/262.0
363.63/358.32

540.3/524.9
324.3/323.2

T | N (| R T | B T

1.025
1.005
G6.992
1.034
0.991
0.939
1.015
1.029
1.003



Front-end loader

i

Mine-run grave]
(100 yd-/h)

|

Feed happer

Oversize -
(25 yd3/h)

Wastee—— Sluice

-

Trommel

|

Minus 0.5 in
(50 yd3/h)

Minus 0.25 1in
(20 yd3/h)

Minus 0.125 1in
{5 yd3/h)

Rougher jig

- Waste «—— Cleaner jig

(20 yd3/h)
Concentrate Concentrate Concentrate
(0.01 yd3/h) (5 yd3/h) (0.1 yd3/h)
Waste e—————|\ T Sluice
I Cleaner jig
Conveyor Concentrate
(0.01 yd3/h)
Concentrate
(0.7 yd3/h)
Final jig gh
Concentrate
(0.03 yd3/h)
Qump Panning

Gold product

FIGURE A-1. - Sample fiow sheet.
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Capital Cosis

Exploration (p. y:
Reconnaissance = 20 worker-days X $1985.00/worker-day = $3,900
Churn driiling = 1,400 ft X $45/ft = $63,000
Trenching = 2,000 yd3 X $7.10/yd3 = $14,200
Panning = 1,200 semples X %2.710/sample = $2,520
Eelicopter = 8 hours X $395/h =  %3,180
Camp = 7180 worker-days A $30/worker—-day = %5,400
Exnloration capital cost = 992,180 x 1.25 {labor) = $94,485
Access Reads (p. }:
22 fi wide
4 mi long
20% sideslope
forested
600 ft blasting
Base cost: Yo = 765.65(22)0-922 = $13,236/mi
Labor = $13,236 X 0.68 X 1.025 = $9,225
Parts = $13,236 X 0.13 X 1.005 = $1,729
Fuel = $13,236 X G0.16 X 0.991 = $2,089
Tires = $13,236 X 0.03 X £.939 = $373
$13,426/m1
Forest factor; Fp = 2.000(22)-0.079 - 1.567
Side slope facter; Fg = 0.633e[0.021(20}1 0.936

Blasting factor; Fg = [12,059.18(22)0-53471 x (600/528C) = 7,140.000

Access Ropad Capital Cest = '
[($13,426 X 1.567 X .963) X 4] + 7,140 = | $88,180

Clearing (. y:
6 acres
10% sideslope
forested
Base cost: Yo = 1,023.61(6)0-213 = ¢5 358
Labor = $5,358 X 0.68 X% 1.025 = %3,735
Parts = $5,358 X 0.12 X 0.9971 = $637
Fuel = $5,358 X 0.18 % 1.006 = %970
Steel = $5,358 X 0.062 X 0.992 = $106
$5,448
Slope factor: Fg = 0.942¢[0-008{10) 1 = 1 020
Ferest factor: FF = 1.750

Clearing Capital Cost =
[$5,448 X 1.020 X 1.7501 = | $9,725
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Capital Cosis

Pre-production overburden removal (p. e
30,000 LCY
250 LCY/h _
3,000 ft hautl
+8% haul gradient plus rolling resistance
With used scraper

Equipment cost: YE = 0.325(259)‘0-2}0 = $0.102/LCY
Parts = $0.102 X 0.18 X 1.005 = $0.018
Fuel and lube = $0.102 X 0.48 X 0.9971 = $0.049
Tire = $0.702 X 0.34 X 0.939 = $0.033
$0.700/LCY
Labor cost: | YL = 12.01(250)0-930 = g0.071/1LCY
Labor = $0.077 X 1.00 X 1.025 = $0.073/LCY
Distance factor: Fp = 0.0194?63 000)0-577 = 1,975
Gradient factor: Fe = 0.776el 047(8)1 = 1.730
Used eguipment: Ug = 1.096{250)"@-005 = 1.060
| U = 0.845(250)0.034 = 1.019

Dverburden Removal Capital Lost =
[($0.700 X 71.060) + ($0.073 X 1.0719)1 X 1.975 X 71.130 X 30,000 = $12,077

Mine eguipment - backhoes (p. }:
100 iLCY/h
80% maximum digging depth
Medium-hard digging

Base cost: Yo = 84,132.01e[0.00350(100)1 = 4179,389
Eguipment = %$119,389 X 1.00 X 1.005 = $1719,986
Digging depth factor: Fp = 0.04484(80)0.790 - 1.429
Digging difficulty factor: Fy = 1.556
Backhoe Capital Cost = L
{$119,986 X 1.429 X 1.556) = $266,782
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Capital Costs

Mine equipment — bulldozers (p. )
100 LCY/h
400 ft average haul distance
Minus 8% average haul gradient
Used eguipment

Base cost: Yo = 3,555.96(100)0-806 - ¢145 537
Equipment = $145,531.00 X 1.00 X 1.005 = $146,259
Bistance factor: Fp = 0.01549(400 0.732 - 7 244
gradient factor: Fg = 1.041el0.0715(-8)1 - 0.923
Used equipment factor: Fy = 0.411
Bulidozer Capital Cost =
($746,259 X 1.244 X 0.923 X 0.411) = ' $69,022
Mine eguipment - front—end loaders (p. ¢
1680 LLY/h
Two 50-yd3 machines
B0OG ft average haul
+6% haul gradient plus rolling resistance
Base cost: Yo = 2,711.10{50)0-895 = g90,245
Equipment = $90,245 X 1.00 X 1.005 = $90,696
Distance factor: Fp = 0.033(800)0-552 = 1,327
Gradient factor: Fe = 0.888e£0.047(8)] = 7.136
Front-end Loader Capital Cost = :
{2 % $90,696 X 1.321 X 1.136) = $272,207
Mine eguipment - scrapers (pg. Y :
250 LCY/h
3,000-ft average haul
+8% haul gradient plus rolling resistance
Used equipment
Base cost: Yo = 1,744.42(250)0-93% = 4302,919
Equipment = $302,879 X 1.00 X 1.005 = $304,434
Distance factor: Fp = 0.025(3,000)0-539 - j.871
Gradient factor: Fe = 0.776eL0.047(8)1 - 7 730
Used equipment factor: Fy = G.312
Scraper Capital Cost = ‘ :
($304,434 X 1.877 % 1.130 % 06.312) = ‘ $2006,817
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Capital Cosis

Processing eguipmenit — conveyors (p. )
70 yd3/h
40 fi Tong
Base cost: Yo = 4,728.36(70)0-287 = 476,005
Egquipment price = $16,005 X 0.89 X 1.005 = $14,316
Installation labor = $16,005 X 0.08 X 1.025 = %$1,312
Construction materials = $16,005 X 0.03 X 1.015 = £487
Conveyor Capital Cost =
‘ (%$14,316 + $1,312 + $487) = $16,115
Processing eguipment - feed hopper (p. }:
100 LCY/h '
Base cost: Yo = 458.48(100)0-470 = ¢3 993
Equipment price = $3,993 X 0.82 X 1.005 = $3,2¢1
Installation labor = $3,993 X 0.14 X 1.025 = $573
Steel = $3,993 X 0.04 X 0.992 = $158
Feed Hopper Capital Cost =
($3,297 + $573 + $158) = 44,022
Processing eguipment — rougher jig {(p. Y
20 yds/h
Base cost: Yo = 6,403.82(20)0-595 = 438,067
Equipment price = $38,067 X 0.62 X 1.005 = $23,720
Installation labor = $38,067 X 0.24 X 1.025 = $9,364
Construction materials = $38,067 X G.14 X 1.015 = %5,409
Rougher factor: Fp = 0.531
Rougher Jig Capital Cost =
[($23,720 + $9,364 + $5,409) X 0.531] = $20,440
Processing eguipment — cleaner jigs (pg. }:
Two @ 5 yd®/h
Base cost: ) Yo = 6,403.82(5)0-595 < 416,685
Equipmeni price = $16,685 X 0.62 X 1.005 = 3$10,395
Installation labor = $16,685 X 0.24 X 1.025 = 4,105
Construction materials = $16,685 X 0.74 X 1.016 = 2,370
Cleaner Jigs Capital Cost =
[($10,396 + $4,105 + $2,370) X 2] = , $33,742
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Capital Costs

Processing.equipment — final jig (p. Y

0.2 yd9/h -

Base cost: Yo = 6,403.82(0.2)0-595 = ¢2 458
Equipment price = $7,458 X 0.62 X 1.005 = %$1,532
Installation labor = $2,458 X 0.24 X 1.025 = %605
Construction materials = $2,458 X 0.74 X 1.015 = %349

Final Jig Capital Cost =
(%1,532 + $605 + $349) =
Processing eguipment — sluice (p. }:

&0 yd3/h

Base cost: Yo = 113.57(50)0.567 = ¢1,044
Construction labor = $1,044 X 0.61 X 1.025 = %653
Construction materials = $1,044 X 0.39 X 1.015 = %413

Sluice capital cost =
($653 + $413) =
Processing eguipment — sluice (p. }:

20 yd3/h

Base cost: Yo = 113.57(20)0.567 < 4627
Construction labor = $627 X G.61 X 1.025 = $388
Construction materials = $621 X 0.39 X 1.015 = $248"

S1uicé capital cost =
- {$388 + 3248) =

Processing equipment - trommel (p. Y
100 LCY/h

Base cost: Yg

Ecuipment price
Installation labor
Construction materials.

$94,166 X 0.64 X 1.005
$94,766 X 0.26 X 1.025
$94,166 X 0.10 X 1.015

noan
onon

Trommel Capital Cost =
(%$60,568 + $25,085 + $9,558) =
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7,176.21{100)0-55% = ¢94 165

$60,568
$25,005
$9,558

$1.,066

o
o
o
e

$95,221



Capital Costs

Supplemental — main buiiding (p. K
1,680 fif
Cement floor
Plumbing added

Base cost: Yo = 34.09(1,680)0-907 = ¢28,707
Equipment = $28,707 X 0.25 X 1.005 = $7,213
Construction labor = $28,707 X .34 X 1.025 = %$10,004
Construction materials = $28,707 X 0.41 X 1.015 = $71,946

Cement floor factor: Fc = 1.035(1,689)0-058 = 71.098

Plumbing factor: Fg = 1.013(1,680)0-002 - 7 028

Main Building Capital Cost =
[(%7,213 + $10,004 + $71,946) X 1.098 X 1.028] =
Supplemental - sheds (p. ):

Two @ 216 ftZ

Base cost: Yo = 34.09{216)0-907 = ¢4 467
Equipment = $4,467 X 0.25 X 1.005 = %1,122
Construction labor = $4,457 X 0.34 X 1.025 = $1,557
Construction materials = $4,467 X 0.47 X 1.015 = $1,859

Shed Capital Costs =
F($71,122 + $1,557 + $1,859) X 2] =

Supplemental — emplovee housing (p. 3
100-LCY/h pay dravel
250-LCY/h overburden
3s0-LCY/h total
Used trailers

Base cost: Yo = 7,002.51(350)G-418 = $81,035
Equipment = $871,035 X 0.90 X 1.005 = %$73,266
Construction labor = $87,035 X 0.07 X 1.025 = $%$5,814
Construction materials = $81,035 X 0.03 X 1.015 = $2,4468

Used trailer factor: Fy = 0.631

Empioyee Housing Capital Cost =
[($73,296 + $5,814 + $2,468) X 0.631] =
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$32.918

$9,076

$51.476



Capital Costs

Supplemental — generators (p. )
J00-LCY/h mill feed

Base cost: Yp = 1,382.65(100)0.604 = 422 327
Fquipment : = $22,321 X 0.75 X 1.005 = $16,824
Construction labor = $22,321 X 0.19 X 1.025 = $4,347
Construction materials = $22,327 X 0.06 X 1.015 = $1,359

Generator Capital Cost =

($16,824 + $4,347 + $1,359) = $22,530
Supplemental - pumps (p. ):
100-LCY/h mi11 feed
80-ft head
Water consumption (p. Yy = 94.089(100)0-546 = 1,163 gpm
Base cost: Yo = 63.909(1163)0-618 = 35 0130
Equipment = $5,013 X 0.70 X 1.005 = $3,527
Installation labor = $5,013 X 0.08 X 1.025 = $411
Construction materials = $5,013 X 0.22 X 1.015 = %1,120
Head factor: Fy = 0.125(80)0-637 - 2 038
Pump Capital Cost = ‘
[(%$3,527 + $47171 + $1,120) X 2.038]1 = $10,308
Supplemental - settling ponds (p. }:
1163 gpm
Base cost: Yo = 3.982(1163)0-952 = 43,300
Equipment = $3,300 X 0.75 X 1.025 = $2,537
Censtruction labor = $3,300 X 0.25 X 1.005 = $829
Settling Pond Capital Cost =
(32,537 + $829) = ' $3,366
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TABLE A-1. - Capital cost summary form

- Ttem Cost
Exploration:
FIE=% oo o T N N of 5 i % :
Method IT COSE.vre s s s s e st es s s e e e ettt aennninnnns 94,485
Development: "
ACCESS TOBUS . s v ir s imee e ceneressanescnnannnrcnnennnnn 88,180
U =T ok T 1 < 9,725
- Overburden Removal: i
LSl e 7= o3
[ Y« I T =S
Front—end T0a081S. .. rr e s s s s e e s s s rs s sssmareansanns
Rear—dump TrUCKS . oo e e e e e e v et r e e
B o 5= ol 12,077
Mine Equipment:
BackhOBS . o i e e e e s it 266,782
IR e o 2= oS A 89,022
F L= N T o =3
Front-end Joaders. ... e e et e e it eeaaeas 272,207
Rear—dump trucksS. oo PR :
DY ok - 3 ol 200,817
Processing Equipment: ,
YR S . s s s s s s s m s s s s . 16,115
Feed hoppers........veu.... e ke b e s e bt e, 4,022
MR TR )T ol =] 1 8 o= of £ ol A A 56,668
B T = 1,70C
Spiral Concentralors. ... i
Table concentralorsS. o e e e e ettt essseenesnnns
I )17 1303 1 O ‘ 95,221
Vibrating SCr BB . ottt e ettt e s et e et ssm e eeenans
Suppiemental:
Buildings. . ov v e 41,994
S - 1 N 51,476
B T T Ly o 5 S 22,530
1) 10,308
<ol [ £ o T o ) T L~ 3,366
BT ¢ o= Y 1,316,705
Contingency (108 . o e e e e e e e e et e e e 131,671

Total capital cost..... e s en e ee e e e e an e mean . 1,448,376
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Operating Cosis

Overburden removal - scrapers (p.

y:

250 LCY/h
3,000-ft average haul distance

+8% average haul gradient plus rolling resistance

Used eguipment

-Eguipment:

Backhoe Mining Cost =

[(0.076 + 0.172)71 % 1.320 X 1.

Annual Backhoe Operating Cost

$0.491/LCY X 150,000 LCY/a

0.325(250)-0.210 = ¢0.702/LCY

500 = $0.491/LCY

123

1.975
1.130
1.080
1.018

Y

$1571,125

Ve =
Parts = $0.702 X 0,78 X 1.005 = $0.018
Fuel and lube = $0.702 X 0.48 X 0.991 = $0.049
Tires = $0.702 X 0.34 X 0.939 = $0.033
$0.100
Labor: Y, = 12.01(250)70.930 = g0.071/LCY
Labor = $0.071 X 1.00 X 1.025 = $0.073
Distance factor: Fp = 0.0194763 00019577 =
Gradient factor: Fg = 0.776el -047(8) 1 =
Used equipment facter: Ug = 1.096(250)‘0-005 =
. U_ = 0.845(250)0.034 =
Overburden Removal Cost = :
[{0.7100 X 71.060) + (0.073 X 1.0719)1 X 1.975 X 1.130 = $0.403/L
Annual Scraper Operating Cost
$0.403/LCY X 375,000 LCY/a =
Mining — backhoes (p. Y :
Pay gravel excavation
100 LCY/h
80% maximum digging depth
Medium-hard digging difficulty
Equipment: Y = 8.360(100)71-019 = g0.077/LCY
Parts = $0.077 X 0.38 X 1.005 = $0.029
Fuel and lube = $0.077 X 0.62 X 0.9971 = $0.047
$0.076
Labor: Yy = 17.53(100)1-009 - 90 168/LCY
Labor = $0.168 X 1.00 X 1.025 = $0.772
Digging depth factor, Fp = 0.09194(80)0-608 - 7 320
Digging difficulty factor, Fy = 1.500

$73,650



Operating Costs

#ining — front-end lecaders (p. )
Pay gravel haulage
100-LCY/h total
Two 50-LCY/h loaders
800-ft average haul distance
+b% average haul gradient plus rolling resistance

Equipment: YE = 0.407(50)70-225 = 30.789/LCY
Paris = $0.769 X 6.22 X 1.005 = $0.037
Fuel and Jube = $0.769 X G.46 X 0.9%1 = $0.077
Tires = $0.7102 X 0.32 X 0.939 = $0.051
$0.165
Labor: ¥ = 13.07(50)~0.936 - $0.336/LCY
Labor = $0.336 X 1.00 X 1.025 = $06.344
Distance factor: Fp = 0.023(80C0 0.616 = 1.413
Gradient factor: Fg = 0.877e[0.046(6) ] = 1.156
Pay Gravel Transportatioen Cost =
(0.165 + 0.344) X 1.413 X 1.156 = $0.8371/LCY
Annual Front-end locader Operating Cost
$0.833/LCY X 150,000 LCY/y = : $124,650
Processing — conveyors (p. Yy
70 yd=/h
Equipment: Yg = 0.218(70)"0-561 = $G.020/yd3
Parts = $0.020 X 0.72 X 1.005 = $0.014
Electricity = $0.020 X (.24 X 1.029 = $0.005
Lube = $0.020 X G.04 X 0.991 = $0.001
$0.020
Labor: Y| = 0.250(70)70.702 = $0.013/yd3
Labor = $0.013 X 1.00 X 1.025 = $0.013
Conveyor Operating Cost =
(0.020 + 0.013) = $0.033/yd?
Annual Conveyor Operating Cost
$0.033/yd3 % 105,000 yd3/y = | $3,465
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Operating Costs

Processing — feed hoppers (p. ):
100-LCY/h total

Equipment: ' Yg = 0.033(100)70.344 = $0.007/LCY
Parts = $0.007 X 0.88 X 1.005 = $0.006
Electricity = $0.007 X 0.06 X 1.029 = $0.0004
Lube = $0.007 X 0.06 X 0.991 = $0.0004

$0.007

Lahor: Y = 0.0717(100)0-295 = $0.004/LCY
Labor =

$0.004 X 1.00 X 1.025 = $0.004

Feed Hopper Operating Cost =
(0.007 + 0.004) = $0.0711/LCY

Annual Feed Hopper Operating Cost
40.071/LCY % 150,000 LCY/a =

Processing - rougher jig (p. ):
20 yd3/h
Equipment: Ve = 0.113¢20)~0.328 - 40,042/yd3
P
Parts = $0.042 X 0.40 X 1.005 = $0.017
Electricity = $0.042 X .34 X 1.029 = 30.015
Lube = $0.042 X 0.26 X 0.997 = $0.011
$0.043
Supplies: Yg = 0.002(20)0-18% = $0.001/yd3

Industrial materials

i

$0.0071 X 7.00 X 7.003 = $0.007

i

Labor: Y| = 3.508(20)~1-268 = $0.079/yd3

Labor

$0.079 X 7.00 X 1.025 = $0.0817

0.344

Rougher service factor: Fy

" Rougher Jig Operating Cost =
(0.043 + 0.007 + 0.081) X 0.344 = $0.043/yd3

Annual Rougher Jic Operating Cost
$0.043/yd3 X 30,000 yd3/a =
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Processing — cleaner jigs {(p.

Operating Costs

):

Two @ 5 yd3/h
Equipment:
Parts

Electricity
Lube

Supplies:

Industrial materials

Ltabor:

Labor

Rougher Jdig Operating Cost =

YE

Ys

Vi

[T |

i [ I}

1l

0.113¢5)0-
$0.067 X 0.
$0.067 X 0.
$0.067 X 0.
0.002(5)0-
$0.001 X 1.
3.508(5)"1-

$0.456 X 1.

(0.067 + 0.001 + 0.467) = $0.535/yd3

Annual Roucher Jig Operating Cost

$0.535/yd3 X 15,000 yd3/a =

Processing - final jig (p.

)

0.2 yd3/h
Equipment:
Parts

Electricity
Lube

Supplies:

Industrial materials

Labor:

Labor

Final Jig Operating Cost =

Ys

Yi

nn-n

328 = $0.067/yd3

40 X 1.005 = $0.027
34 X 1.029 = %0.023
26 X 0.997 = $0.017
30,067
184 = 40.001/yd3

00 X 1.003 = $0.007
268 = 30.456/yd3

00 X 1.025 = $0.467

0.113{0.2)-0.328 = $0.792/yd3

$0.792 X 0.
$0.192 X 0.
$0.192 X 0.

40 X 1.0605 = $0.077
34 X 1.029 = $0.087
26 X 0.9971 = $0.049

$0.183

0.002(0.2)~0.7184 - ¢0.003/yd3

$0.003 X 1.

3.508(0.2)

$26.999 X 1

(0.193 + 0.003 + 27.674) = $27.870/yd3

Annual Final Jig Operating Cost

$27.870/yd3 X 300 yd3/a =
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00 % 1.003 = $0.003
1.268 = $26.999/yd3

.00 X 71.025 = $27.674

$8,361



Operating Costs

Processing — sluices {(p. )
50 yd3/h
Labor: YL = 0.377(50)70-636 = $0.031/ya3
Labor = $0.037 X 1.00 X 1.025 = $0.032

Siuice Operating Cost =
$0.032/yd?3

Annual Siuice Operaﬁﬁng Cost
$0.032/yd3 X 75,000 yd3/a

Processing — Sluices (p. y:
20 vd3/h
Labor: Y = 0.377(20)0-836 - $0.056/yd3
Labor = $0.056 X 7.00 X 1.025 = $0.057

S1uice Operating Cost =
$0.057/yd3

Annuad STuice Operating Cost
$0.057/yd3 X 30,000 yd3/a

H

Processing — Tailings placement — bulldozers (p. ):
100-LCY/h total
400-T+ average haul distance
Minus 8% average haul gradient

Equipment: YE = 0.993(100)0.430 = ¢0.137/LCY
Parts = $0.137 X 0.47 X 1.005 = $06.085
Fuel and Tube = $0.137 X 0.53 X 0.991 = $0.072
$0.137
Labor: YL = 14.01(100)-0-945 = $0.180/LCY
Labor = $0.180 X 71.00 X 1.025 = $06.185
Distance factor: Fp = 0.005816400%0-904 =
Gradient factor: Fg = 1.041e[0.073(-8)] =
Used eguipment factor: Ug = 1.2@6(1@0)“0-013 =
U = 0.967(100)0-015 =

Tailings Placement Cost =

$2,400

$1,710

1.307
0.923
1.136
1.036

[(0.337 X 7.138) + (0.185 X 1.036)] X 1.307 X 0.923 = $0.419/LCY

Annual Bulldozer Operating Cost
40.419/LCY X‘150,000 LLY/d =

127

$62,850



Operating Costs

Processing — trommels (p. y:

J008 LCY/h
Equipment: YE = 0.217(100)0-403 - g0.034/LCY
Parts = $0.034 X 0.63 X 1.005 = $0.022
Electricity = $0.034 X 0.26 X 1.029 = $0.009
Lube = $0.034 X 0.171 X 0.997 = $0.0064
$0.035
Labor: Y| = 0.729(100)70-429 = 30.018/LCY
Labor = $0.018 X 1.00 X 1.025 = $0.078

Tromme!l Operating Cost =
($0.035 + $0.018) = $0.053/LCY

Annual Trommel Operating Cost
$0.053/LCY X 150,000 LCY/a = ' $7.950

Supplemental - housing (p. ¥
100-LLY/h pay gravel
250-LCY/h overburden
350-LCY/h total

Supplies: Yg = 1.445(350)°0-583 - ¢0.047/LCY
Fuel = $0.047 X 0.05 X 0.997 = $0.002
Tndustrial materials = $0.047 X 0.95 X 1.003 = $0.045%

$0.047

Housing Operating Cost =
$0.047/LCY

Annual Housing Operating Cost
$0.047/LCY X 525,000 LCY/a

324,675
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Operating Cosis

Suppiemental - lost time and general services (p. )
100-LCY/h mill feed

Equipment: - Yp = 0.142(100)0.004 — g0, 745/1CY
Fuel = $0.145 X 0.53 X 0.9971 = $0.075
Parts = $0.145 X 0.47 X 1.005 = $0.068

$0.144

Labor: Y, = 2.673(100)70-524 = ¢0.239/LCY
Labor = $0.239 X 7.00 X 1.025 = $0.245

Lost Time and General Service Cost =
($0.744 + $0.245) = $0.389/LCY

Annual Lost Time and General Service Cost =

$0.389/LCY X 675,000 LCY/a =

Supplemental - pumps (p.  ):
100-LCY/h mill feed

1,163 gpm
80-fi head
Equipment: Yg = 0.007¢1163)0-713 = $7.074/h
Fuel and lube = $1 074 % 0.59 X 0.991 = $0.628
Parts = $1.074 X 0.41 X 1.005 = $0.443
$7.071
Labor: Y| = 0.004(1163)0.867 = ¢71.819/h
Labor = $1.819 X 1.00 X 1.025 = $7.864
Head factor: . Hg = 0.091(80)0-735 = 2,279
Pump Operating Cost = Hi = 0.054(80)0-893 = 2 739

[($1.071 X 2.279) + (%$1.864 X 2.739)] = $7.546/h

Annual Pump Operating Cost =
$7.546/h X 1,500h/2 =
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$262,575

$711.319



TABLE A-2. - Operating cost summary form

Item Cost/a
Overburden Removal:
U o Tr.d =T .S 4
=Y I T =T -4 A
Fromt-end Joaders . ... st snsssaasarerrnsnnan
Rear—dump TrUCKS . it it ittt et ittt et
SO A B S . s s st s s e s s s s s s s rnsnsssmransssssannansnsossenennns 151,125
- Mining:
S ot 6 1 o E < 73,650
BUTTd0ZerS . it i s e s e e s s s e m s e s o esnnasnnssncnnnnsns
B 1 =L« T I = N
Fromt—end 10808 S . vt i e it et e et et ettt 124,650
Rear-dump TruCKS . .ot it e ettt e e e
S B DB S s s it e et et e st s s aasanneraseasnensrasesnnnnenocnns
Processing:
oMV YO S . s s s s nrsrassossssnsvsorossnsnsosssonsnsnsoonns 3,465
=T =T [ Yo o 5 <3 oS 1,650
Jig concentrators. ..ot i i s 17,676
L T o =P 4,110
Spiral concentrators. ... it ts e e et
Table COnCeNLIratorS . vt ittt e e ettt et et esmaaieenunnn : .
Tailings removal . . o ettt et e n e st et 66,900
B0 - 7,950
Vibrating SCrBeNS . .t i e it s e s s s s esnnnsssraensesansenaens
Supplemental:
111 TN 24,875
Lost time and general ServiCeS...uu e e e eee e e isneeeanns 262,575
288311+ - 4,403
I ] £ o oF- 1 OO UU 742,829
Contingency (T0%) .t v e i s it et ettt ettt et taseenceeennnosnans 74,283
1« 5 %= I e eaeaan B17,112

Cost per cubic yard pay gravel = Total cost per cubic vyard
pay gravel mined per year

$817,112/150,000 LCY/a = $5.45/LCY.

Final cost per cubic vard pay gravel. . ... ..o vee o ivueurrsrones $5.45
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