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ABSTRACT

The discussion is'diﬁided into three parts. Part I describes a pro-
cedure for determining the mining rate that gives the minimum amortization
tonnage required of an ore body, and the amount of that tonnage. Tﬁe'basic
idea is that amortization tonnage is equivalent to the estimated'capital
costs, including interest, divided by the estimated. operating profit per
ton. Both capital costs and>operating profit per ton can be expressed as
functions of mining rate, by making use of empirical equations. Therefore,
amortization tonnage can be expressed as a function of mining rate. The
amoxrtization tonnage is calculated for a series of mining rates, one of
wvhich will‘indicate a minimﬁm tonnage.

Paft II describes a procedure for calculating the optimum mining
rate to obtain maximum present falue of an ore body, vhen mining rete is
the only variable. An expression is derived which gives present value
in terms of mining rate, and this expression is solved using various rates.
The results are plotted, and the resulting graph will revéal 2 maximum
present value at one mining rate;

Part III shows how optimum operating cond;tionsifor maximum pre-
sent value can be determined when mining method, mining sequence, milling
'methOd, cut-off, and mining rate are variabie. The proce&ure consists
essentially of calculating the present valuwe for all practical combinations
of the above variables, and selecting the combination thai gives the high-
est present value. If desired, cut-off can be eliminated as one of the

variables by making it equivalent to the operating and capital cost.of

mining a ton of ore.



INTRODUCTION

STATEMENT OF THE PROBLEM.

The problem is to outline two procedures. The first is a pro-
cedure for calculating the minimunm amortization tonnage required of-ah
ore body. An amortization tonnége is the amount of ore of a certain
grade that an ore body must contain to repay the capital cost of'mining
it. This tonnage is not constant for any given ore body but rather is a
function of the mining rate. As the mining rate increases, the Operating
cost usually deéreases, owing to imnroved efficiencies atvhigher outouts.
If the grade remains constant, this results in an inc:ease in operating
profits. 'However, capital costs also increase with nining rate, because
the required plant capacity increases, and the combined effect is to give
a definite minimum amortization tonnage at a certain mining rate. The
procedure outlined allows the determination of this rate and tonnage,
under conditions most likely to be found iﬁ practice.

The second procedure is one for calculating the maximum present
value possible for an ore body. Thé factors that affect the present
value of an ore body afe complex, and can be divided into two groups:

1. Those beyond the contrﬁl‘of the eﬁgineer.

a. Marketing factors.

b. Nature of the ore body, and other mhysical
factors (i.e., location) that apply.



2; Thoée under the control of the‘engineer.

&. Mining and milling methods.

b. Mining rate. |

Ce Gﬁt—offs,,or blending ratios.

d. Mining sequence.
To get an idea of the complexity of the subject, consider an assay wallj
type deposit. The cut-off determines the reserves, the reserves deter—
mine.the nining rate, and the mining rafe determines the cost, which in
turn determines the cut-off. When it is also realized that several
nining methods may be equally applicable (each with different recoveries
and costsj and that the absolute meximum mining rafe for each method is
not necessarily'the best, then the complexity of the problem becomes

apparent. This is without even considering the first group of factors.

DMPORTANCE OF THE SUBJECT.

A knowledge of the amortization tonnage, and présenf value, is
essential in the develomment of mineral propert;es. Amortization tonnage
is most important in the exploratory stage. Itvgives a.goal to be proven
or disproven by exploratory development as rapidly and'ag cheaply as
possible, keeps exploration expenditures within reasonable limitg, and
glves assurance that capital investment is in line with ore resérves.
Naturally, the minimum amortization tonnage is of the most interest to
the engineer at tﬁis stage.

o Present value is important when proven ore reserves exist. It is
the best measure of the wealth of the reserves, (1), (2), (3), (4) and
operating conditions must be chosen to give the maximum possible present

value for the ore body.
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Ag these two items are so important, a.nd as the factors that affect .
them are so complex (especially for present value), it is desirable that
they be ca.lcu.lated by systemaf;ic and logical procedures, such as outlined
here; This will reduce the possibility of errors, aﬁd greatly si)eed_the

work.

REASONS FOR ITS SELECTION.

The importance of lcndwing amortization tonnage is well known, e.xid
the rnecessity of planning for maximum present value is often meni_;ioned in
the literature, yet the writer knows of no published work that shows how
to calculate a minimum amortization tonnage, or gives a system for calcula~
ting maximum present value. As the writer's'special inter'est is in
mineral property development, it was not long before this lack became
apparent, so it was decided to do something about it, .the resulf being
this thesivs. |

The procedure for calculating minimum amortization tonnage makes
use of rudimentary empirical equations. While no claim is made thét these
equations hold true in practice, they serve to iilus'brate the method.
Yore refined equations could be obtained by means of analytical geometry,
(5), and while their use is not absolutely necessary, thefe is always the
interesting possibility that a génex_‘al exprevssion linking two variables
(i.e., mining rate, and operating gost per ton) may be found, under more
or less defined conditions. This would be of great assistance in later

work.
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REVIEW OF LITERATURE

An arpicle by H. M. Callaway (6) is interesting as it introduces
a nathematical expression to show the inverse proportionality between
operating cost per ton, and .mining rate. Tais is also done in the proce-
dure outlined here for calculating minimum amortization tonnage,. but in
this case the expression is differeant, as is its purpose, and> its sphere
of application.

KHr. Callaway is conceruned with the effect on cut-off grade of
reductions in mining rate, vhicn often occur during periods of reduced
metal »prices vhen operators try to mine higher grade ore. He shows that
a2 reduction of mining rate on an established vroverty .will increase
mining costs, and hence will increase cut off grade, d.l}e tq the elenment
of fixed costs. He gives a method vhereby the increase in grade necessary
to balance é. given reduction in tonnage can be calculated. The expression

for cost ver ton in terms of mining rate is:

C=a4so.
n
Vhere C© = cost per ton.
a = fixed costs for the veriod of one month.
n = tons mined and milled per month.
b = variable cost per ton.-

AIn order to break even, the revenue from a ton of ore must exactly equal

the cost of mining and milling that ton, which leads to the ekpression:
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Rxsp=

T

g lp

VWhere
='recov§ry grade.
SP = market price.:
From this, Mr. Callaway getAs tihe expression:
af®d
B=m___
SP
which is used to calculate the increase in grade necessary to offset a
given decrease in tonnage. |
In the part of the present discussion dealing with amortization
tonnage, the purpose is to pick the mining and milling rate that gives '
the least amortizatlon tonnage required of an ore body, as yet undevel-
oped. In this case, Mr. Callaway's formula for cost pér ton in terms
of mining rate is not applicable. It employs fixed cdsts, such as de~-
preciation, which suggests a fixed plé.nt capacity, the variationsg in
nining rate oceurring by operating at various levels under full capacity.
What is required in the present case is a formula linking cost
to rate on a series of possible plants, each operating at full capacity.

The expression used is:

g = w?
T

Where

C = total operating cost, mining and milling, over the period
of one year. Includes taxes.

T = tons mined and milled per annum,

k & n = constants.
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k & n are evaluated in a particular case by estimating the cost per ton
at two different mining rates, substituting in the general expression to
get two equations that are solved for k & n.
With regards to blending high and low grade ores, an article by
E. T. Wocd (7) is interesting. Mr. Wood gives a formula winich can be
used to calculate the additional dollars to be gained per ton of high grade

ursnium ore by blending with low grade. The formula is:

95y (1/R) - 954 - BUBC - £ 3.00) = §/Tom g

Waere:
Ap = assay of blended mix.
A = assay of high grade ore.

R = ratio of low grade tons blended with each ton of high grade.

"

T™C = total mining cost for high grade tons only.

C total fixed dollar investment.

T = tons of high grade ore.

This formula only applies to ores sold under the AEC Circular 5, and when
Ay & Ap lie between 0.20 and 0.505 Us0g. Tae article states that it can
be shown by the equation that witnu specific grades of ore available for
blending, the maximum additional dollars to De gained by blending is
realized at a blended grade of 0.20j5. Using a blended grade of 0.20%
U3°8’ the formula is equated to zero, and blending curves plotted to

show the break even »oint at different mining costs for various assays

of high grade, Ay, in terms of either "R", or the assay of the low

grade, "Ar." AH, g and R are related in a nomograph, so that if the

value of any two are known, the value of the third can be found.
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F.igues.l and 2 illustrate the blending curves, and Figure 3 re-
lates "R", War" and "AH“. The following example illustrates the use of
figures 1 to 3. Assume the available high grade to assay 0.140% U30g, -
and the mining cost to be $8.00 per tom, including administrative costs.
The break even value of “R' is determined to be 2.37 from Figure 1, and
consequently "A" to be 0.115% U30g from Figure 3., or using Figure 2.,v
this cut-off value of "Ar" is determined directly to be 0.115% Uz0g, and
the ratio "R', 2.37 is obtained from Figure 3. In other words, if 2.37
tons of 0.115% U30g were mined and blended with one ton of 0.40% Us0g,
the same dollar income would be realized as mip.ing only the one ton of
0.40% U308‘ If, however, low grade material assaying more than 0.115% ‘
U3Og is available, blending will return a greater profit than mining the
high grade alone. »

Mr. Wood also includes in his article a nomogréph showing the
additional dollars to be gained by blending one ton of ore of 0.20 to
0.50 percent with ore below 0.20 percent in grade. Blend assay 0.20
percent . Tﬁe total dollars to be gained by blending any specific ore
body is obtained by multiplying the dollars read from the graph by the

tons of high grade ore in the ore body.



valves ‘R’

L ! l - | 4

o]
0.20 030 0.40 050 0.60 070

0.80 0.90
VALUES Ay %e U30s

Fig. 1—Blending is profitable only for values of “R” to left
of DMC or direct mining cost line. Assay of blend is 0.20
pct U,0,. Note that equation changes for values of high
grade ore above 0.50 pct (see text).

Fisure 1-Blending curve, showing break even vpoint in terms of R.

(after Wood)



0.16

, T T T = —
$12.00
e 311.00 -
0.44 |
- $10.00
. Q43 —
$9.00
012} : —
. %800
044 ] ] ] I L 1
0.20 030 040 050 A 0.60 070 080 0.90
H

Fpg 2—Minimum values of low grade ore that can be
blended to 0.20 pct U,0, at mining costs shown.

Figure 2-Blending curve, showing break even point in terms of AL'

(after Wood)

17
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vaLUES “R”

0 ] ! j ] ! i I 1.20

Az —0.20
020 — A,

Fig. 3—Graph of R =

Figure 3-Nomograpn relating R, AH, and AL'
| (after Wood)

As with MNr. Callaway'!s article, Mr. Wood's article refers to an
established mining overation, with a specific total fixed dollar iﬁvest—
nent. It is this fact that under certain conditions makes blending pro-
fitable, the decrease in average grade veing offset by decrease in costs
at the higher tonnage, due to the element of fixed costs.. Mr. Wood's
treatment is rather limited when it comes to considering blending in
relation to present value, which is the important criteria in these
discussions. Being vased on total fixed dollar investument as it is, his
treatment is effectively limited to one rate‘of production. Blending

results in large increases in ore reserves, wihich must be accompanied by



incl.‘eases- in profit per ton and mining rate, if .present value is to be
ainpreciably increased. Using Mr. Wood‘s method, the engineer ig denied
the ppssibility of increasing léresent value through an increase ‘in mining
rate. In the preéent discussion, this is not the case. ‘ .

A talk given by J. A. Patterson (8) at the 1958 meeting of the
A, IH.E. in Wew York, gives an interesting account of the manner in which
U308 cut~off grade is determined for the ore bodies in the Ambrosia
Lake, New lHexico uraniuvm districf. Statistical methods are used for
aralyzing the variations in ore reserves, mining costs and profité, witli
variagtions in cut-off grade, to enable tiie mine overator to select the
cut-off that will return the maximum profit.

The first step is to construct a tons of ore VS, cut-off grade‘
curve for the ore body under consideration. An example of this curve

is shown in Figure U.

€000
\ .Tons Vs Cut off Grade
\
“40.000
.
[
2 §Tom of Ore
.- -
20,000 \
102000 - \\
. \
\h . .
0.0 070 0CO Of0

o 010 0.20 .30 0.40 0.80
. Cut off Graode, %

Figure Y4-Tons of ore vs. cut-off grade.

(after Patterson)



20

The nature of the ore bodies, and the sampling methods at Ambrosie
Lake allow the use of statistical_ data handling techniques, based on
sample lengths, which greatlyrsimplify the drawing of this cuﬁ-_e. The
curve shows that ore reserves increase rapidly ' with é.ecreasing cﬁt—off.

The tons vs. cut-off curve is,then used %o draw an average grade

vs. cut-off curve, as illustrated in Figure 5. This curve shows that

average grade decreased with decreasing cut-off.

/ Averoge Grode Vs Cut off Grade
0.80 v >
R oae0 /
. 4
s .
3 /
0.30
. /
o
S /
e 020 —
>
<
0.10
(+] 010 0.20 0.30 040 aso

Cut off Grode,% - ‘ C

FPigure H-Average grade vs. cut-off grade.

(after Patterson)
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A graph is then constructed showing the fotal cost of mining the ore
body at various values of cut-off. The total cost is equivélent to the
cost per ton timesbthe tonnage‘at the appropriate cut-off. Thé-cost per
ton is estimated separately for each cut-off, because-changing cui—off
changes the reserves and with them the scale of operation and the cost.

- The gross value of the ore body at different cut-off values is
then plotted. The difference between the gross velue and the total cost
of mining at each cut-off gives’the profit at that cut-off. Profits are
plotted against cut-off, and the cut-off that gives the maximum profit
is accepted as optimum. Figure 6 illustrates the variation of total

mining cost, total gross value, and total profit with cut-off.

700,000
% \ Value 8 Profit Vs Cut off Grade .
| 600,000 A\
800,000 ‘\\\
\ e
= 400,000 5
. § \
- &,
-3 /-\\\d} \%b
300,000 %
o N
&
200,000 >
x
toapoo j’%
) 0l0 020 030 060 080

Cut off Grode, %

Figure 6-Variation of total mining cost, total gross value,
and total profits, with cut—-off.

(after Patterson)
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The drawback to the method outlined by Mr. Patterson is that it
enploys total net profits rather than present value, as the basis for
fixing optimum cut-off, contrary to the statements of most writers who
say that planning for maximum present value is ‘of priﬁe importance.

A talk presented by W. O. Hotchkiss and R. D. Parks at the 1936
neeting of the A.I.M{.E. meeting in New York (9) sets forth in a general
way some items that can be of use to a mine operator in calculating
witich of several methods of mining applicable to his own ore body will
produce the greatest total present value of profits, as a result of its
individual relative cost, recovery, rate of production, and profit. In
their talk, they stated that recovery and profits in tue mining business
do not go hand in hand because usually some part of an ore body can be
recovered at a lower cost ver ton than a higher proportion of it, and
because present value is a better measure of the value‘of a vroverty
than total net profits, especially for purposes of comnparison.

They give an exanple of an ore body, 255 of which is cheaper to
mine than the remazinder and show that even though mining the easy 25p
alone results in lower total net drofits, it actually gives & greater
present value tnan mining the two parts of the ore body together. An-
other more general exanmnple brings out this »oint that the total of
future income does not in any way represent present value, and taat
present value is largely dependent on the time period &uringkwhich the
income is received. Exanples are given that show that planning for
maximum present value rather than maximum total net profits is also of
advantage to fee interests as well as shareholders, even in the case of

flat rate royalties.
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ther vdriable factors that must be considered by an operator when
nlanning for production are mentioned in the article. For instance, if
a decline in prices over a series of years is expected it will be an
incentive to speed production to the extent that there is a demand for

he product. On the other hand, the prospect of an increasing price
curve may be sufficient to offset the increased present value of a largér
immediate production. Of course, thae increase in present value brought
about. by prompt realization is dffset by present expenditures for in-
creased plant capacity, etc. ot so obvious is the adverse affect on
present value of the longer deferment period required to build the larger
plant.

Under conditions of fluctuating demand there is always the vossi-
bility that added plant capacity, once provided, may be useful during
only vart of the operating life. Also, any plant cons£ructed for present
industrial or metallurgical processes may be made obsolete by technical
advancenents. If such advancements can be anticipated, it may well
affect the policy of operations. For examnle, assume a metal mine is
operating on a relatively low scale of metallurgical recovery. The
operators expect that over a veriod of years they will be able to devise
mneans of greatly improving the metallurgical work. These probable
improvements may well be so important as to offset other inducements for
larger present production. The présent value of the deferred increase
in production at the imnroved recovery night easily be greater than the
additional present worth of prompt realization at low recévery.

Other intangible factors that must be considered when planning
for productiqn are communit& responsibility, pcssible future need for

minerals left in unrecoverable state, and others.
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DISCUSSION

DETERMINING MINIKG RATE THAT GIVES MIWIMWM
AMORTIZATION TONNAGE, AND THE ALOUNT OF
THAT TONNAGE.

USE OF EMPIRICAL EQUATIONS

In the example given in this section use is made of elementary
empirical equations to express the relationship between mining rate
and various other quantities, such as operatiﬁg cost per ton, plant and
equipment costs, and others. Ko claim is made that the equations used
actually apply in practice, their purpose is merely to-illustraté the
method of use. On an actual job, equations could be derived that were
closer to fact by making estimates, to give an example,‘of éost pe: ton
at various mining rates, plotting the results and using methods of
anslytical geometry to get the equations linking them. (5)

Actually, the job could be done without the use of gmpirical
equations, but it is felt that by employing them in a number of cases
some gene:al relationship might'become apparent which could be very

ugeful and time saving in later work.

~ Operating cost per ton in terms of mining rate.

Based on the idea that costs are inversely prdportional to mining

rate, cost per ton is expressed in terms of mining rate by the
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following equaticn.

C = kT

Where

total operating cost, mining and milling, over a2 period
of one year. Includes nornal taxes.

(@]
L

T = tons nined and milled per annun.

kX and n = constants.
The constants, k and n are evaeluated in any particular case by estimating
the opnerating cost per ton (%) at two different mining rates, and substi-
tuting in the general expression to get two equations that are solved
for z & n. To show how tiis is done, consider tihe following example.

The cost of production is estimated at two possible mining rates. They

are:

nining rate >Dollars/Ton
Small production 1kho,184 9.18
Larzge production 797,953 7.22

Tiae cost of production includes taxes. To estimate thie taxes it is first
necessary to estimate the cost exclusive of taxes. Then in conjunction
with the value of the ore it is possible to arrive at profits before
taxes. Xnowing the profits and tax regulations, it is possgible to
arrive at total taxes, and taxes per ton, wiich is added to the original
operating cost per ton.

Anplying these figures to the valuation of k and n in the general
expression:

C = k1
T



giég = k(lu6,lshgn élg

2 = K797,953)" | 2)
log 9.18 = log kf(n log 1U6,18L) (i>
log 7.22 = log kf(n log 797,953) ("

Subtracting (4) from (3) gives
log 9.18-log 7.22 = n(log 146,184 - n(log 797,953)
0.96284 - 0.85854 = n(log 146,184 - log 797,953)
0.10430 = n(5.16495 = 5,90195)
. 0.10430 = - n(0.73700)

n = - 0,10430
0.73700
n= - 0.1415

Substitute n = - 0.1415 in (1) and solve for k.
9.18 = k(146,184)~0 115
k= 9.18 (146,184)0 115
k = 19,39 |
Therefore,. the equation relating operating cost per ton to mining rate

in this case is

¢ = 4o,
T ‘JQE%TTﬁIET
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The’ relé.ﬁionshii) ‘between cost per ton and nining rate is shown diagra-

‘haticly in Figure 7.

3 , .

|
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Fis. 7 - OPanTIJG 3CST PER TON.VS. KINING RATE.

According- t§ the law of diminishing returns, this curve is not
strictly correct but should commence an um:ard swing at hlgner pro—-
duction ra.’ces,~ as showm in }F:.gure 7. The commencement of the upuard
swing in unit c03t§ corresponds to the point waere all ava'ti.lable”work-'
:mg faces are being wor}:ed at i‘ull ef fa.c:.ency. If extra men are employed
in the existing working faces, the rate of production will be ihcreased.,

but at the cost of efficiency, resulting in higher unit costs.
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In tae dase of manufacturing industries whichh operate non-wasting
assets, a certain amount of inefficiency and higher unit costs caa be
tolerated if the increased droduction results in an over all increase
in annual profits. In the case of a mine, which overates a wasting asset
{i.e., an ore body), tuis situation would seen undesirable vecause tirere
is only a linited nunper of units of ore available, and anything that
would tend to reduce the »rofit per unit would reduce the total return.

However, from a »dresent value noint of view, increased unit costs
nay be desirable, if they are accomoanied by increased productiori wiich
would tend to reduce tie time required to exploit the ore body, and
hence increase tiie nresent value. Therefore, any expression linking
unit costs and production rates should reflect tnis upward swing, although
for purposes of illustration, the expression C = M will be used in

T
this discussion.

Plant and equiument costs in terms of mining rate.
A very simple relationship is used, expressing plant and equipment
costs as so nmuch ner ton of daily capacity.

. Il

Cpg = total rlant and equipment costs.

= factor for cost per ton of daily canacity.

!
g
ks

I

3
|

= tons mined and milled Der annum.

= working days, ver annun.

B
l

Cost per foot of hoisting shaft in terms of mining rate.

Cost per foot is assumed to be directly provortional to the

mining rate, because as the mining rate increases, so must the size of
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the shaft and Lence the cost per foot. The general expression used is:
c/f = ke f ko

cost ver foot.

Vhere c/f

Iy tons mired and milled per annum.

Ky & ko = constants, evaluated by estimating the cost »ner foot

at two rates of production, and suostituting these

values in the general expression to give two

equations that are solved for ky & k.
For example, supvose the cost per foot for a shaft large enough to handle
100,000 tons per annum is 349 dollars. Tne same shaft, if it was made
large enough to handle 200,000 tons per annum, could cost 574 dollars
per foot. Then:

N
i

Subtracting (1) from (2) gives

ky . 100,000 # Iy (1)
k. 200,000 # x5 (2)

nu

225 = 1.100,000
k) = 0.00225

Substituting k; = 0.00225 in (1) gives
340 = 225 # ks .

ko = 124,

Defernent period in terms of mining rate.

Deferment period is assumed to ve directly proportional to mining

rate, because generally speaking the greater the mining rate, the vigcer
the plant that nust be built, and the longer the pveriod required to build

it. The general expression used is:

ks.T # Ky

a

Where

o
I

= years of deferment.

T = tons mined and milled per annum.



30
& k) = constants, evaluated the same way as kl and k.

éALCULATION OF MINIMU AMORTIZATION TONNAGE
| A knowledge of minimum amortization tonnage is very important when
éontemplating the develoément of a mineral properﬁy because if exploiation
development proves this minimum tonnage not to exiét, then work on the f
property should céase. . |
Amortizétion tonnagé is obtained by dividing the total estimaté&

capitél costs (including interesf) 5y the expected operating profits per.
ton. Both capital costs and operating profits are functions of mining
rate, s0 an expression can be obtained for amprtization tonnage in temms
of miniﬁglrate...Various values of mining rate are theh téken, and the
correspon&ing values for amortization tonnage calculatéd. This procedure
will dlsclo e a mining rate that gives an amortization tonnage that is

lower than any other, and this is the one required. .

Capital requirements.

Exclusive of interest.

Capital will be required for. two purposes, plant and equipment,

and pre-production development.

Plant and eguipment. Ag mentioned in the section headed "Em- -

pirical equations," plant and equipment will be expressed in terms of

tons of daily capacity. The generai'expréssion used. is:

CPE::FPEXT
m

the symbols having been defined vpreviously.

Develqpment. Development includes all shaft sinking, cross:

cutting, drifting, raising and w1n21ng necessary to develop enough work-
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ing places for full production. For purpbses of thig discussion, it will

be assumed thét all pre—pro&udtion development is completed at_thé same

time as the plant is completed, at the end of the deferment period, so

that full producﬁion comménces mnore or less immediately at the end of

this period.

To estimate the cost of pre-production development, proceed as

follows:
1.
2.
3
Where
N,

‘GHS

Estimate the maximum'level interval, as determined by
rhysical considerations.

Plan on developing one level at a depth which will give
backs equivalent to the maximum level interval.

_Bstimate the cost of hoisting and ventilation shafts to

this depth. The cost of ventilation shafts (GVS> is
assumed to e constant here, but the cost of the hoisting
shaft will be a function of the mining rate:

D (c/£)

D (ky.T ¢ ké)

 COgg = total cost of hoisting shaft.

D = depth.

(k) .T # k) = cost per foot of hoistiﬁg shaft in terms
of mining rate.

Estimate the cost of all other pre-production development
work. ' '

a. Work, the cost of which is not included in the expression
for operating cost per ton in terms of mining rate.
This includegs stations and main haulage cross cuts.
( symbol, Cxa) ’

b. Work, the cost of which is included in the expression
for operating cost per ton in temms of mining rate
(symbol, Cypl. Allowance must be made for the fact
that this work is both capitalized and charged as an
operating expense. Do this by dividing its. cost by
the amortization tonnage Symbol, Ay and subtracting
the result from the expression for cost per ton.
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Total. The total capital costi'exclusive of intergst, is

D(k1.T £ kp) £ Oys # Cxc # Owp # Fpw x T
_ et S

Interest on capital.

The interest on the capital invested must i)e considered as an
expense. Suppose for simplicity sake the total cépit_al to be invested :
in the property to bring it into production is WC." Suppose also that this
capital is invested over a deferment period of "4' years, with an equal
amouﬁt being invested each year; Let the productive life of the mine
equal "n" years.

At the end of the deferment period, th.e capital invested has

anounted to

(1) £ o(1fz) el ~ # o(1fx)
4 a d

or.

-—ﬁ(lfr)d F (1fx)d-2 - # (1,45]

e

plQ

The sum of the terms in the square brackets is:

-—zlfr)d‘*l - (l*zﬂ

|-

S {1 [(1*:«)%41 - (1f7r)
d

and the to{al capital cost at e end of the deferment pe:éiod is:
r ]
This is the amount that must be considered as being invested in the
property at the commencement of opera'.tions. For convenience, call it
cr.

The interest on C! over the productive life of the mine is also

an expense, and nust be considered as adding to the invested capitel.
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To return 'bhe princ:l:ole, C!, the investor must get back C! at the end of
0

the first year, and so on down to ‘the last year. In the meantime ‘he
has had:

C!
n invested for 1 year.

ct

n invested for 2 years.

[ .
n :mvested for n years. .

Therei‘ore the value of the investmen’c, with interest is:

c' [(1,cr> F (14m)® —-(l{-r)]

The sum of the terms in the square brackets is:

(1) . [(afz)n-1]
r

and the total value of the investment is: '

_c_'_..(l,lr) Eb‘r) ]

=]

or:

@IO
L d

1 Elfr)dfl - (lfr'):l (1fr) El%r)n-;]
r , - r

In this expression, (kBT 4 kl;.) can “t')e substituted for "d!' as pointed out
previcusly in the section on empi_ric.:al equations, and At can be sub-
gtituted for "n“‘ where T |

n 8 years of productive life.
At = gmortization t_onnage.
T = tons mined and milled per annum.

Profit per ton.

The profit per ton is equivalent %o the value of the ore per ton

minus the cost per ton.



P=v- |k - op
A,

Wﬁerg
P = profit per ton. )
YV = value of ore per ton.
kT® = operating cost per ton in terms of miniﬁg rate.
Cip = cost per ton of development work included both as a
"It' capital cost, and as an operating cost in the

expression C = kT™, (See page 31)
T

Method of calculating minimum amortization tonnsge.

The amortization tonnage is equivalent to the estimated capital

costs (including interest) divided by the exvected profit per ton, i.e.

Ay = F(kl'f*kz)*cvs + Cxc # Cip # %mT}&_ .
‘ ' n__JCk

L Elfr)kﬂ*kh*l ':l:ﬂ | J(1fx) [(1#) At/T.E'
A o o om0
(kg . T £y m-

4 L!-_-é,r_ [:(l,lr)“‘/ T -ﬁ}é El,tr)kBIT*khfl‘ ~( lflﬂ

To calculate the minimum amortigzation tonnage, proceed as follows:

1}
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1. Pick a value of T.

2. Substitute in the equation to obtain an expression in the
form : . ’ ’

k! ‘Atz - k" LAy = M [(i{xx?zs) A,t/T. _.3]
3. By a process of iteration, arrive at the value of
Ay that satisfies this expression. This is the
amortiza.tion tonnage required at that par‘b;cular rate ofA
mining.
4. Repeat for several values of T, one of which will
indicate a minimum amortization tonnage.

Evaluation of results.

If diamond (iriliing,. and./ or exploratory underground. develorment
indicate that an amortization tomnage is contained in the ore body above
the proposed first level, and if thysical conditions are such as to
permit mini#g at the appropriate rate, then it is possible to proceed
with development designed to block out reserves.

: Diamond drilling, and exploratory underground development may
indicate that the minimum amortization tonnage does not occur in the
ore body above the proposed first level, or if it does, that conditions
aré such that prevent mining at the_necessa.fy ra_te. There might also be
indications that if deeper levels were opened up, an amortization tomnage
would not be contained above then, either.. fJnd.er these coné.itions it
is clear that it is not possible to develop an amortization tonnage for
the 1e§el interval and mining and millling.method éonsidered. The next
step will be %o repéat the calculations, using various comﬁinai;ions of
nining and milling method and level iﬁterval, in the hope of finding one
which will pemiﬁ the development of an émortization ton.nage; If no

suitable combination is found, then the prospect must be abandoned.



Application.
Find the minimum amortization tonnage for the hypothetical ore

body illustratéd in Figure 8, given the following detailéf

Value of ore, V , = $20 .00/ ton
(Estimated from earlier work) ,
Cost per ton, kI% = ;h9¢391ﬁﬂ"0’1h;5}
Cost of normal development, Cyp = $141,100.00 )
Made up of: - ‘ .
. Drifting, 940! @ $60/foot. =. 56,600
Sub drifting, 910!
® $28.30/foot = .25,750
Fingers, 104O' @ $12/foot = 12,500
Raises, 1290' @ $20/foot = 25,750
Vent. driftsg 730! ‘
@ $28.30/foot = 20,500
" Total © $141,100
Cost of stations, crosscuts, Oy = ' ll,OOd
Cost of ventilation shaft, COyg =  Zero
(Included in raise cost.)
Depth of hoisting shaft, D = 330 feet

ky & kp 0.00225 and 124
(From section on empirical equations)

Factor for plant and equipment,

) = 1500
Interest rate, r = 0.05
k3 & ky -=  0.00001 and 1.50

(From section on empirical equations.)

Table I and II illustrate the calculation of this problem; and

Figure 9 illustrates the results graphically. It can be seen that the
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minimum émor_tizétion tonnage is 63,500 t‘oﬁs,-:‘:a.nd. occurs at a mining rate
of 1;7,500 toné per annum. It ﬁow,remains to check these results égainst
the actual conditions. From Figure 8, the tonnage of ore indicated above
the first level ils 312,000 tons. At 90 percenﬁ recovery, there v;ill_;b'e
280,000 tons of minable ore with an indicated average grade of $20.00
per ton. This is greatly in excess of the regquired 63,500 tonsl, end as
a mining rate of 17,500 tons per annum looks pbyéically feasible, it is
airigizt to __'broceéd. with develolalz;xent designed'to block oub reserves. If
the development showed an average grade of less than $2_O/ ton, theﬂ figufe
used in the orlginal calculations, the calculations would have to be

repeated to give a new minimum tonnage and rate.

Use of digital computer.

Eﬁhe_'exp'ressioxi for aﬁéftization tonnage shown oh page 34 would
lend itself very well to solution by a digital computer. A program could |
be set up which would instruct the machine to detemine. the.amorti:_zation‘
tonnage that would equate the left and right hand sides of the expression
for any given mining rate. Through the use.of a series.of mining
'rates, the machine would supnly the. amortization tonnage for each rate.
The mining rate ;;thich gave the minihm amorﬁization tonnage wou.id. then

be readily apparent.
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CALCULATION OF OPTIMUM } WINTNG RATE TOR
HAXIMUM PREDENT TALUE UH&M MININ& RATE
IS ”H“ ONLY VARIABLE. '

' Thls sectmon is included because it follovs on veny naturally :j.
from the work on amortization tonnage, and because it is sometlmes the
case in practlce that ore reserves are constent and‘o+vun1form g;ade,“;
and‘fhat”only one minihg and milling method and seqpence of mining is
epnlicable or worth considerinﬂ | in this Case, the nroce&ure outllnea |
: here can be use& to calculate the mlnlng rate that gives the mayimum
present value.

In the amertizetion tonnage exa;pie given it vas showh that717,50b ‘
tons per annum wee‘the‘minimum mining rate, and mining should notrbe
carried on at lees than fhis rate;_ If 1t 1s, the amortlzatlon tonnage
will rise rapldly, as v1ll the oneraﬁlng costs, and profits and present
value will be greatly rednced., However it is not necessarlly the upper
llmlt to the'm;n;nb :ate. If the- measured ore reserves are larger than
%he'ﬁinimum,amortization tonnage 'then a hlgher mlnlng rate.may be
Justlfled because it results in 1ower 0perat1ng costs ana greater'nfe- j
sent value, up to the p01nt vhere the galn in present value 1s oxfset
by ﬁhe 1ncreased present cost of the extra plant camaclty. On looklng
at 1t another way; 1ncrea81ng the mlnlngvrate above mlnlmum tends to
1ncrease both proflt per ton (operatlng) and the amortlzatlon tonnage.l“
'At the beglnning of the 1ncrease, the galn 1n proflt per -ton is: stronger.

than the galn in amortlzetlon tonnage, w1th_a;resultant 1ncrease.;nﬂpre-
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sent valuve. If mining rate is increased too much, the gain in amortization
tonnage will become stronger than the gain in profit ver ton, and the re-
sult will be a reduction in present value. In bejween these two exiTemes,

there is a mining rate that gives a maximun present valus.

MATHEATICAL RELATIONSHIPS
The relationship between.present value, capital cost, operating

profits, mining rate, deferment, life, and interest, are illustrated in

the following eguation.

Nw

=1 .
(PV4C) (LAY 40 (14r) & o £ G (147) = 2 | V=(kTB Om)| |t L
a . a a ' R R
r(lfr)T
Where PV = present value
C = capital invested
= Wiy Mep) # CygfOyof Oy Fog - T
: m
d = years of deferment.
r = interest rate.
P = tons nined and milled ver annunm.
V = value of ore, per ton.
X2 = operating cost per ton.
Cyp = cost of normal pre-production development.
R =

reserves.
The sum of the terms in the left hand side of the equation, exclusive of

the first.term is:

[ ;El,tr)d - (1,Lr2l
ajlr A

Therefore:

(PV,LC) (1,tr)d ,L c 1 (1,tr) —(1An)} =1 Er-(km- um] [-—(l;lr)T]




I

.and

-2
PV = T| V-(kI2 COpp)| |1=(1fr) {,-9_ l:( Ynd - -(1fr) i
R r , a

o

(140)¢

HETHOD OF CALCULATING OPTINWI MILIxG RATE.

To obtain the mining rate that gives the maximum present value
in any vparticular case, take various values for "T" and calculate the
corresponding present values. Plotting will reveal a maximunm in the
nining rate vs.‘present value curve, and the ontimum mining rate and

vresent value can be read off the curve.

APPLICATION

Suppose in the previous exampdle, develomment to the denth of the
proposed first level was undertaken, and revealed recoverable ore re-
serves of 300,000 tons, with an average value of $19.00 »ner ton. These
are the true figures that have been arrived at by actually blocking out
the reserves. Tune »previous figures of 280,000 tons at $20/ton were
merely Dreliminary estimates based on diamond drilliag and/or exploratory
underground develonment. These preliminary estimates had to Be nade to
see 1f they exceeded tiie required amortization tonnage. As they did, it
was permissible to go ahead with the blocking out of the reserves, whicn
reveals 300,000 tons at $19/ton. Under these conditions find the mining
rate that gives tne maximum present wvalue.

Table III is the calculation sheet for this problem, and Figure 10

shows the resuits grapnically. It can be seen that the maximum present
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value is $1,825,000, and occurs at a mining rate of 100,000 tons per
annum, giving a productive life of three years for this portioﬁ_of the ore
body. Tine optimum mining rate can be establiéhed vwhen it 1s physicéily
possible to do so, and when tihere is an adequate market for the full pro-
duction. VWhen estimating the optimum mining rate and plant capacity,
only the measured ore reserves are considered, as only these have an
element of rigk sufficiently sméll»to Justify the large capital expen—
ditures required. However, it is generally fairly certain that addition-
al ore exists that would warrant a larger plant. Therefore, develovment
should be pushed anead of production until at the end of a given neriod
of time, the measured ore reserves have incrgased, and additional plant
can be installed, and production increased.

When considering additional plant capacity, the present value of
the increased earnings should outweigh the present cost of the additional
plant required. The effect on sales volumes and prices should be éx-
amined closely when contemnlating increased production, especially if

the mine is large.

USE OF DIGITAL COIPUTER.

As»with the equation for émortization tonnage, the equation for
present value shown on page LU could very easily be progfammed for
solution by a digital computer. Such'a>program would enable present
values for a large number of mining rates to be caiculated rapidly.
The optirmum mining rate for maximum vresent value could then be de—-

termined easier and faster than by manual solution.
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USING TOTAL KET PROFITS 00 GIVE AN APPROXIMATION TO THE OPPILUM MINING B.A.TE.
By using an expréssion for totad net profits instead..of present

'é'alue, a rapid approximation o the optimum mining rate can be-obtaine,d..

waev;er, ‘b‘n.is figure is only an approximetion and must not be accepted

as final, as it is basedvon_ total net profits, and not present value

wihich is the correct criteria. The mathematical relationshin is:

~ R | S =z
Where
NP total net profits.

V = value of ore per ton.

k7™ operating cost mer ton, mining and miliing,
~ in terms of annual production.
Cyp = normal develomment.

R = reserves.

D(le) Tfko) FOygHCooFCupA P T = capital cost of plant and
m capitalized development.

This expression can be simplified to:
WP = R.V - RXI? - D.Xx; .T = Duky = Oyg — Oyg -F

™
m.

Differentiating with respect to T,

4 TP = n R.em(n-1) _ Dk, - Fpy
ar B
m

To find tiie value of "I that gives the maximum total net profit, set

the differential egual to zero, and solve the resulting equation for "I!;



Solving this expression for T gives:

- (1-n)
T n.R.k
Dk # EP%]
m

Examole: Work the previous example using this expression:

n = —0.1“15
D= 330
) = 0.00225
Fpg = 1500
" n= 300
R = 300,000
k= 49.39
1.1&15
T = 0.1415 x 3. 102 x 49.39
330 x 0.00225 F 1500
300
T = 74,300 tons per annunm.

According to these calculationg, the mining rate that gives the maxinmum
total net profits is 74,300 tons per annum. Referring to Figure 10, a
mining rate of 74,300 tons per annum gzives a present value of $1,700,000.
Thus, if 74,300 tons per annum were taken as being the mining rate that
gave the maximum present value, it would Dbe in error by

(1,825,000 - 1,760,000 x 100) = 3.5%
1,825,000

witnh regard to present value, and

(100,000 - 74,300 x 100) = 25%
100,000

with regard to mining rate.



DETERIINING MAXTMUH PRESENT VALUE
WHEN HINING RATE, HINING AWD MILLING
METHOD, CUT-OFF, AND MIGING SEQUENCE
ATS VARTABLE.,

The method consists essentially of calculating the present value
for all possible combinations of cut-off, mining sequence, etc., that’
apply-in the particular case under consideration, and adooting the
conbination that gives tne greatest presént value for that ore body.
In this discussion, the various factors will pe defined, with the aid
of examdples where necessary. Thaen the general method of calculating
" the present values at the various combinations will be -outlined. Thne

combination. that gives the greatest present value is readily appé.rent,

and should be adopted.

CUT-OFF.
Cut-off can be defined two ways, as grade (i.e., Z» Cu.) which
is the usual way, or as dollars per ton, which is more convenient in

certain cases.

Grade.

Cuﬁ-ofi‘ is best expressed as grade when there is only one
valuable constituent in tne ore. i‘llle_ cut—-off grade is illustrated as
lines connecting points of equal assay, on seétions through' the ore

zone. For emple, in a steenly dipping tabular type of ore. zone with
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considerable width, the sections could be vertical longitudinal sections,

say b0 feet apart.



Dollars per ton.

Cut-off is best éxpressed as dollars per ton when thére are
éeveral valusble constituents in the ore. As wigh grade, dollars ver .
tﬁn cut-off is best shown as a series of lines.conneéting points of
equal ver ton dollar value, on a series of sections drawn through th
ore Zzone.

To express cut—off as dollars per ton involves a consideration-
of the proposed method of milling the cre, and to vhom the »roduct
will fe sold, as well as the assays. It is apparent therefore, that if
several alternative methods for milling and disposing of the ore are
available, then a series of cut-off sections nust be drawn for each
method. This involves mdfe work than wvhen expressing cut—off as grade,
but it is‘the most convenient approach wvhen tie ore contalins several
valuable cqnsti%uents. Tue following example illustraﬁes how dollar
ver ton cut-off sections can be drawn. SuppOse_a series of sections
through a lezd, zinc, codjper ore body are available, each section show—
ing the analysis of tae ore at points on a2 reguler grid. Supvose also
that one »ossible method of milling and disvdosal is to produce = bulk
concentrate to be sold to a conper émelter. Then, taking each section
in turn, and considering the nilling method,‘estimate the analysis
of the concentrate that cocuwld be produced from the ore at each point on
tne grid. Also, estimate the mflp of concentration (i.é., tons of
concentrate per ton of ore) at each voint. Actually, the grade of the
concentrate will nrobably be about tie same for ali voints, deverding
nore on the milling methbd than oﬁ the grade of the ore, but the ratio
of concentration will be different at each point, depending largely on

the ore grade.

50
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Vith this ixifoma;cio#, and knowing the base charges, payments and
penslties at ‘the smelter, and using an equitable price for each comsti-
-;buexllt, it is possible to calcﬁlat.e thhe dollar value pver ton of. ._the ore
~a;t e'a:ch grid point on the se'ction. Iso-value lines. ca.n then be"d.ra,vi_r}.on
fhe section, and the samé process repeatecl for thé other sections.

Figure 11 illustrates this principle diagramatically.

MIKING SEQUENCE.
| This Aref-ers to the sequence in which the various parts: of the
ore body are mined. Parts of ce_r"béin'ofe d.eposits. are .of higher érade
than other paris, juét as some pa.r‘bs_‘ are more accessi‘olé than others.
Generally,‘ the greatest present val@e will result when the higher grade,
mnore accessibl'euore is mined i‘irst-.v

In vein mining, ’ch.ere are two basilc sequences:

1. Hining down dip, along the full strike
length of the ore zone.

2. Mining along the strike, outward';-from a shaft
which is sunk to approximately the full depth
of the ore zone. '
All other sequences are combinations of these two. The sequence, along
with the cut—off, a,ffec’cs the variation of revenue Dver ton with ‘cimé, and

6perating cost ver ton with time,. two factors of prime importance when

calculating present values.

MINING HETHODS.
Mining methods affect operating costs, and recoveries. -‘ﬂleyia.lso
atfect capital costs, though not to the same extent as milling rﬁ'eth;ds.
It is quite possible that a mining mé'bhod. with a loﬁ :r;'ecover&

nay result in a higher over all present value, than one with a higher
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recovery, if tie cost of the first one is lower. Therefore, all mining
methods that appear worthwiileé should be investigated.
HINIKG RATE.

The effect of mining rate on present value was dealt with in a

previous part of the discussion,

COMBIRINHG THEX VARIABLES.

The proéedure to be outlined consists of finding the particular
combination of all the above variables that gives the maximum pl‘éseﬁt-
value for the ore body under consideration. As it is likely that thiere
will De many combinations, it will be convenient to 4me_ke a sheeb similai'
. to that shown in Figure 12 for each combiﬁa’cion of cut-.-off,' sequence, and
milling and disposal metnod. The full range ‘of the other variables, min-
ing rate and nining method, can be shown in each sheet; The sheet illus—
trated in Figure 12 is set up for use with ore Dbodies containing several
valuable constituents. Care nust be ’cak_:en that the right cut—-off sec~ |
tions are uééd. witih the milling and disposal method being considered.

It will De remembered that each method has its own sét of sections.

For ore co;1taining only omne va.lua‘ble constituent, the sane sé‘b
of cut-off sections are used fo:.j 2ll nmilling and disposal méthods,

In the squares lettered A, B, C, D, e'b'c., in Figure 12, the
following information in table fom will be placed. | '

1. In the case of ore containing ﬁore'than one valuable

constituent, the average dollar value pér ton or ore
mined and milled for each year of life of the mine. In
he case of single valuable constituent ore, the average

grade of ore mined each year, with the tonnage and grade
of concentrate produced each year from this ore.
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The cut—-off sections play a big part in supolying tiais information, as
does thie nining sequence and rate, and to a lesser extent, tihe method.

2. The average operating cost per ton of ore mined and milled
for eachh year of life.

This infoermation comes mairnly from tne method, rate and sequence

of mining.

-

3. The gross operating vrofit for each year of life of the mine.

For the nultiple valuable constituent ore, this is obtained
by taking the difference between average revenue and cost
per ton for each year, and nultiplying this difference by
the annual »roduction.

In the other case, gross overating profit per year is
arrived at from a knowledge of the tons and grade of
concentrate produced each year, and the terms of the
schedule under vaicih tiie droduct is sold.

The estimated tax for each year. This depends on the
gross operating »rofit, and the tax schedule in force
in the area.

;F‘

5. The net overating ?rofit for each year. Tuls is the
difference between tae gross operating orofit, and the
tax.

o. The length oi the deferment veriod, and the capital
invested during each year of deferment.

HETHOD OF CALCULATILG PHESHNT VALUS.

When the present value is calculated using the values in each
square on each sheet, the combination of factors that gives the max-
imun possible »resent value will be apnarent. An example will best
illustrate the method of calculatiag present value.

The estimated net overating profits from a mine during its

oroductive life of five years are:



1 .year
2 year
year
year
5 year

_456:

During the two Jears required to bring the Droperty into over—.

ation, $4,000 capital for plant and equipment will be required each

year.

10 percent, and a safe rate of Ui percent?

What is the present value of the property using a risk rate of

calculation of this problen.

Pable 1V illustrates tie

TABLE IV.

CALCUTATING PRESEWT VALUE FOR UNEQUAL ANNUAL
- RETURNS .
INTEREST 00 SINK- AMOUNT IN

YEAR.| PROFIT. ON Ii{G FUND RATEL . (n-m) years
(m) CAPITAL (x) (1.04)% 2

1. 5,000 0.10(x) 5000-0.10% | 1.17 " 5850-0.117x
2. 7,000 " 7000-0.10x | 1.125 7860-0.1125x
3. 10,000 " 10000-0.10x| 1.109 11090-0.1109x
4. 8,000 W . 8000-0.10x | 1.040 8325~0 .104x
5. 6,000 " 6000-0.10x | 1.000 60000 .200x

TOTAL . 39125-0 . 5Mlilx

1.

The sum that one dollar w1ll amount o in Mn" years if invested
at U percent compound interest. (n = 5) -
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The total of the sinking fund installments, with interest, must
eéqual the original capifal invested.
fherefore, . |
| 39,125 - 0.5MH x = x
Sblving for x:

1.544 <

I

39125

u

x
This is the wvalue at the commencément of operations, two years:hehce.

The actual present value is obtained from the expression,

(PV£L000) (1.07)3£(4000) (1.07) = $25,300

= 25,300 ~ (4000 x 1.07) - 4000
' (1.07)¢ :

PV = $14,%400.

I&IMINATIEGAbUT-OEF.AS AY INDEPENDELKY VARIABLE.

In the case of an assay wall type deposit, wheh the »lant is
operating at full papacity; it may be possible to eliminate éu$~off as
an independenf variable by making it equivalent to the operating »lus
capital cost of mining a ton of bre.L . |

i.e. cut-off (dollars) = operating cost # total capital costs and interest
ton ton Reserves.

However, to determine the reserﬁes, 2 knowledge of cut-off is re-
quired, reserves being inversely proportional to cut-off as iliustrated
in figure Qf To ovefcome this difficﬁlﬁy,'derive an empirical equation
giﬁing reserves in terns of cut-off under the paitiéular conditibns that
apply. Reserves can then be regléced by a function of cut—off,

For any combination of mining.method, nilling method, and mining

rate, the operaﬁing costs,agd total capital costs are krown, so the Te-



58

quired cut-off-can be foﬁnﬁ. by a process of iAtération. It should be.
noted that each proposed method of milling and markebing will give a
é.if:f.‘erent equa.tion‘ relating résefves to cut-off. Also, the miﬁ;ﬁ.ng se-
q;uenée will cause a varié.tioxi in operating costs xfifhl time, and “Ehis;_will
cause corresponding Varié.tipns in cut-off with. tinAle,i which however éhou.id. .
not be lairgé. ‘

The general procedure for getting odtimum ope‘z;ating conditions
when cut-off ié elimina.ted.v as a’.Variable' is similar to the proced;uie
previbusly outlined, éxcept that. th.ere are fewer combinations .to 'consi-{

der.

DIF¥PICULTIES.

Of course, the foregoing outline represents idedl conditions,
where all the necessary information concerning _the ore .body, ,etc.-, is
available before mining comménces. In vpractice, this would seldom bé
the case, but never‘bheless, the same general. procedure would have to be
attempted w:.tn what information was available, u:niess it was too me_é.ger
altogether. |

‘ Relative changes in costs, product prices, and other factors can
occur after the proverty has been brought in-bo production, ‘a,nd. these
changes will alter optimum opera,tihg conditions. if .this ocecurs, the
operating conditions can be reviewed and adjusted :*i:o optimum if necessary.
Here, as alwéys, the proposed cha.ngés should result in a greater present

value. .



COMCLUSIONS

From the foregoing discussion it can ve concluded that amorti-
zation tonnage is a function of mining rate and that an ore body has a°

nininum amortization tonnage which can be found by trial and error con—-
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putations whaen amortization tonnage is expressed as a function of mining

rate. This process can be greatly simplified by the use of a digital
éomputer.
It is also concluded that present value depends on a number of

inter-related factors; cut-off, milling method, mining method and se—

quence, and mining rate. When mining rate is the only variable, present

value can be related to it mathematically, and the opfimum nining rate
for maximum present value can be found by trial and error computations.
Here again, a digital coﬁputer will greatly speed the work. Total-net
profits can be used instead of present value to give a rapid approxima-
tion to the optinmum nining rate, by the use of calculus.

en several; or all of the factors are Varigble, the optimum
combination for maximum present value can be found only by trial and
error computationsg, that is, calculating the present value fgr all
practical combinations, and choosing that cbmbinétion'wﬁich gives the
maximum present value. For each comﬁiﬁation, the annual profit must
be estimated separately for each year of life, and the present-value

calculated without benefit of formulas. This process appears compli-
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cated wiien outlined in a general mamner, dut in any particular case, sone.
or all of the variables may be found to be quite limited in range (i.e.
'oniy one mining method appliéablé) and this would greatly simolify the
.calculations. A further simplification may De effééted by expréssing
cut-off as a function of the operating and capitél cost of mining a
ton of ore. |

This thesis is based on the ides that present value is a better
measure of thé worth of a mineral property than the total anticipated
net érofits, and this being the case, overating conditions sﬁoul& be
cnosen to give maximum present value, rather than maxinum total net
profits.

Inrall examples used in this thesis, the plant_is considered to
bg operating at Tull capacity, the varying mining rates spoken of
being considered as the maximum rate possible for eacﬁ of a series of

mills under consideration but not as yet built.
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