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ABSTRACT

The primai-y function of the computer model presented here

is to calculate the optimum level of investment necessary

for the development of a particular mineral deposit. How-
ever, the most important applications of the model would be

to help answer a variety of more general eccnomic quesfions.
For example, an important application would be to compare the
effect of different tax and royalty policies on a Prbvincé's
stock of ore reserves. Another application would be to compare
different mining and processing methods for a particular mineral
deposit. These applications, plus others, éuggest that a model
of this kind would be of value to both industry and governments.
A most significant consequence of plamners using a model such as
this is that in the process of optimizing the use of capital
and human resources, they will also be maximizing the possible

mineral resources that can be utilized.
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CHAPTER 1
INTRODUCTION
Purpose of the Model
This computer model calculates the optimum size and life of a project

needed to develop an ore body. The optimizing process is one of adjust-
ing the size and productive life of the project until either (1) the

~ maximum rate of return is achieved, or (ii) the marginal rate of return

is at least equal to a pre-determined minimum rate. The evaluator
will select ane of these alternatives. Tt should be noted that the
latter process gives a solution identical to the solution that would
be obtained by using the pre-determined minimum rate as the discount
rate and maximizing the present value of the project.

The model would normally optimize a project from the point of view of
& private investor, meaning that money costs and values would be used
throughout. However, for purposes of evaluating public policy, pro-
vision should be made for the inclusion of all costs and benefits
from a project. That is, the evaluation could be done from a social
rather than a private point of view,

The most important applications of a model of this kind are in the
analysis of ecanomic problems relating to the mining industry. One
use would be to evaluate the effects on mining firms of different

tax and royalty systems. . Areas affected would be calculated ore
reserves, the rate of extraction, and overall project profitability.
Another use would be to estimate the level of mining activity needed
to support the development of new town sites. These and other possible
applications are discussed in more detail in the final chapter.,

The description of the model that follows 4s done in two main parts.
Chapter 2 is entirely devoted to a technical description of the
computer program. It describes in detail what the program does and
how it does it. Chapter 3 provides an example of an evaluation of a
minersl deposit using the model. The emphasis here is on the pre-
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paration of the data to be used in the analysis.

Overview of the Model

Two contrasting types of data are used by the program in evaluating
‘a mining project. The first consists of geological data relating to
the mineral deposit being evaluated. Sufficient information must be

provided to enable the program to calculate two grade-tonnage functions:

one function will express the relationship of tonnage to average grade;
the other will express the relationship of tonnage to cut-off grade.

. The second kind of information which must be provided is of a finsncial

nature. For purposes of calculating income tax and royalty liabilities,
five catefories of capital costs are used. These ares: (i) pre-product-
ion exploration costs; (1i) pre-production development costs; (1ii)
mining investment; (iv) processing investment; and (v) social capital
investment. For purposes of calculating annual profits, information

is needed n mining costs, processing costs and value per unit of pro-
duction. As with the geological data, sufficient,information must be
provided to enable the program to calculate functions of cost against
annual capacity. There are five capital cost functions and two
operating cost functioms.
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Once the program has been provided with the above data, the follow-
ing sequence of operations occurs. Initially, the program calculates
the cost-site and mineral grade-size functions; each function will be
either linear, log-linear or hyperbolic. This is done once for each
mineral deposit being evaluated. Then initial values for the size and
production life of the project are assigned.

Pollowing this, the program begins an iterative process designed to
calculate the optimum size and life of a mining operation which would
develop the mineral deposit. The steps in this process are as follows:
(1) assign the project a pre-production period (based on the size of

the project being evalusted) and a total life (this being the sum of

the pre-production period and the productive life being tested); (2)
calculate the ammual revenue the assumed project could expect from

the mineral deposit; (3) calculate working capital, distribute the
capital investment over the pre~production period, and calculate the
annual gross profit; (4) calculate the total royalty the proposed pro-
ject could anticipate; (5) calculate the capital taxes and income taxes
the project could anticipate; (6) calculate four cash flows, each assum-
ing different tax liabilities; (7) calculate the internal rate of return
for each of the cash flows; and (8) compare the internal rate of return
for the assumed project to the internal rate of return for a project
either of different sise or of different productive life.

Depending on the results of the comparison, the 1life or size of the
project will be incremented up or down. The process will then be
repeated until the maximum IRR is determined. At the discretion of

the evaluator, once the size of project yielding the maximum return is
determined, the project can be gradually increased in size to test if

an additional increment of investment is able to earh the minimum accept-—
able return. This incrementing would continue so long as each increment
of investment earns the minimum return.

After the optimum project is determined, a sensitivity analysis and
probabilistic analysis can be carried out. Sensitivity analysis in-
volces varying up to 11 parameters affecting profitability from 5% to
20% to note the effect on the anticipated rate of return. Probabilistic
snalysis involves using Mante Carlo techniques to generate a rate of
return distribution.
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CHAPTER 2
DESCRIPTION OF THE COMPUTER PROGRAM
This Chapter will be entirely devoted to a technical description of.
the computer model. Section 2,1 of this Chapter will describe the

activities that take place in the main part of the program while
sections 2,2 to 2,7 will describe the various subroutines used,

The Complete Model

The program is written in standard Fortran. As such it shoud be com-

- patible with all computers having a Fortran compiler and a memory in

2,1.1

excess of 140 K, It is written in double precision for maximum possible
accuracy although it could readily be converted to single precision.

with reduced accuracy where memory core may be a constraint. In situations
where reduced capability is quite acceptable many of the subroutines

can be simplified, and in one instance, even removed with minimum com-
plications,.

A simplified flow chart of the complete program is shown in Figure 2.1.
The MAIN compiler listing is provided in the Appendix at the end of the

.chapter,

MAIN Variables

The REAL variables in the main part of the program are defined alpha=
betically as follows:

A =~ 7 element array contains the first constant for each of
the two mineral reserve equations,
AA - 7 element array contains the first constant for each of

the 7 cost equations,

B = 7 element arrsy contains the second constant for each of

the two mineral reserve equations,
BB = 7 element array contains the second constant for each of
the 7 cost equations.




Mgure 2.1 Simplified Flow Chart of
: the Computer Progrem
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BORCAP  ~ 50 element array which contains the assumed borrowed
capital by year,

BORROW - total amount of pre-production capital which is assumed
to be borrowed. ;

CAPCOS - 10 by 8 matrix stores the input capital and operating cost
data. EFach input card will contain the relevant cost data
for a particular size of project.s The first 7 entries on a
card will contain capital and operating cost data and the
eighth entry will specify the annual capacity in tons for
that projecte Up to 10 cards can be read in,

CAPTAX - 50 element array contains the capital tax calculated in
‘the INCTAX subroutine. e

CASFLO = 5 by 50 matrix contains the 4 cash flows generated.

CASH = 50 element array contains the cash flow for the current

~ s8lze of project before the investment is incremented.

COST = 7 element arrsy contains the 5 capital cost and a operating
cost values calculated for each size of project.

BQUIT = the assumed equity capital for the project.

EXPLOR = 50 element array containing the annual exploration costs.

FEDTAX - 50 element array containing the annual federal income tax
liability. This is not being printed by the model in its
present form.

G -~ this is the value for the size increments.

GRADE - 50 element array contains the average grade values calculated
for the project.

GROPRO - 50 element array contains the calculated gross annual profit.

INTRST - 50 element array contains the calculated annual interest
charges for the payback period.

MAX - maximum tonnage for the ore body as indicated on the options
card,

MAXTON - the maximum tonnege for the ore body as calculated from the
cut=0ff grade function.

MCAFLO - 50 element array contains the calculated marginal cash flow
for the incremental investment.
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- 50 element array contains the calculated annual

mining investment,

- 10 by 8 matrix stores input mineral reserve data,
'Bach input card will contain 3 entries. The first

will be an average grade figure, the second a cut-off
grade figure, and the third the tonnage of mineral above
the assumed cut~off grade., Again, up to 10 sets of data
can be stored.

- overhead operating costs, presently at 5% of production

operating costs.

- rate of return for previocus assumed project.

rate of return on the incremental investment for

" the previous assumed project.
- the optimum rate of return value being passed to the

ANALYS subroutine.

- the size of the project that yeilds the maximum rate

of return.

- 50 element array containing the annual pre-production

values for the projecte

= 50.element array containing the annual amount of principal

being paid on the assumed debt.

50 element array containing the anmual processing invest—
ment.

5 element arrsy containing the rates of return for the
four cash flows.

assumed value for the concentrator recovery rate.
assumed value for the minimum acceptable rate of return
on: incremental investment,

50 element array containing the annual revenue the pro-
Ject could expecte B o
constants for the concentrator recovery rate nm;tion.
interest rate for borrowed capital,

the anmual capacity of the project in tons of ore.

50 element array containing the amnual production in
tons of ore. This array is passed to the ANALYS sub~
routine for the sensitivity and probabilistic analysis,
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SM, SC - salvage values for the mining and concentrating assetse
SOCINV - 50 element array containing the anmal investment in

social capital.
T - discount rate for the project; used in the ROYALT subroutine,
TAPCOS -~ total capital invested during the pre-production period.
TAX - 50 element array containing the anticipated annual income

 tax for the project. ‘

L - tons of ore processed in the final year of operation and

fraction of final year during which production occurs.
T0TCOS - total capital investment (excluding working capital).
TOTINV =~ 50 element array containing total anmual capital investment.
TOTROY - 50 element array containing the anticipated anmial royalty
. for the projecte. ) _
VALUE ~ net smelter return from all recoverable metals expressed

as value per pound of the principal recoverable mineral.
WORCAP - 50 element array containing the assumed working capital

used for the project.

X - stores the value for the project size where a tonnage
constraint occurs.

YY - stores the value for the project size during normal optimi-
zation.

The interger variables listed in alphabetical order are as follows:

BET - used in the SIZE adjustment part of the program to indi-
cate when the size is optimum.

c - first year of producticn for the project.

CBL - book life of concentrator assets.

D - last year of the pre-production period for the project.

E - second year of production for the project.

F -~ set at a period of 1 year; used in the part of the pro-
gram which optimizes the life of the project.

H - 7 element array containing the information as to the kind

of equation which best represents each of the 7 various
cost functions,

HG - instruction to the program as to how the ore body is to be
mined (high-graded or mined at the average grade of the
reserves). '
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HH = 7 element array containing the information as to the
 kind of equation which best represents each of the 2
. .mineral grade functions.

IC = instruction to the IRR subroutine that four cash flows
‘will be passed from the MAIN.
- ID .= 1instruction to the IRR subroutine that one cash flow

will be passed from the MAIN,

used to indicate that once the maximum rate or return has

been calculated, the investment will be incremented (if

the average rate of return is sufficiently large),

= instruction to the program as to how secondary ore reserves

are to be included in the evaluation, .

= 1instruction to the program as t0 whether a sensitivity

analysis and/or a probabilistic analysis is to be done,

= JYears of additional possible production once the primary

ore reserves have been mined,

= used in the part of the program where project life is

optimized to indicate when this has been done,
- this is the period of production for the primary ore
reserves,

~ &ignal to the program indicating that a tonnage constraint

is in effect.

- = stores value of primary ore reserves life is an ore tonnage

constraint exists,

= book value of mine assets,

~ this is the life of the complete project, ,

~ this indicates to the BQUATN subroutine that 7 equations

‘are to be calculated,

= instruction to the program that will indicate whether or

not the equations are to be printed.

- this indicates to the BQUATN subroutine that two equations

are to be calculated.

= used in the investment increment section of the program

to indicate if the marginal cash flow is to be calculated

or if the sisze is to be incremented first.

Sop = -used to signal that the project has been optimized. A1l
financial data can be printed and the analysis of the pro-
Ject can begin,

B3 B "cFF 5 E g oA oy
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W - second last year of operation for the project.

' 2.1.2 Input Data

Data is provided to the MAIN routine by statements 0003 through

0008. The first two cards read are a data card and an options card.
The anticipated net smelter return (VALUE), debt equity ratio (DER),
interest rate (S), the discount rate (T), the maximum size for the ore
body (MAX), and the minimum acceptable rate of return (RMIN), are pro-
Ject parameters. L and M indicate the number of cost data cards and
mineral reserve data cards respectively. HG is the mining sequence
option. 00 is instruction to mine the primary ore at average grade

of the primary reserves; 01 means mine the primary ore taking the
‘highest grade material first. ISEN is the analysis option. 00 means do
not do any analysis; O1 means do a probabilistic analysis; 02 means do
a sensitivity and probabilistic analysis, and 03 means do a sensitivity
analysis. IOP is the secondary ore reserve option. 00 means exclude
the secondary ore reserves from all calculations till the very end;

Ol means include the seccndary reserves in all calculations; 02 means
do not include the secondary ore reserves till the maximum rate of
return for the project has been calculated. PG is the graph option.

00 means do not print graphs; Ol means print graphs. These will be for
the 7 cost equations and 2 mineral reserve equaticms.

Statements 0005 and 0006 read in the capital and operatioms cost
data. Each card will contain data for 5 classes of capital, mine
operating costs, processing operationg costs, and the size of oper-
ation these costs apply to. There is one card per project sisze.
Because this cost data is used to calculate continuous functioms, a
minimum of 3 sets of data should be provided.

Statements 0007 and 0008 read in the mineral reserve data. Bach
card will contain an average grade figure, a cut off grade figure,
and the total mineral tonnage to which these figures apply. As
with the cost data, a minimum of three sets of data should be pro-
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vided., If one data card is provided, the program assumes that
the tonnage figure is for the whole deposit so that the average
grade figure will be that for the whole deposit. A log-linear
relationship between tons of mineral and average grade is assumed..

2,1.3 Calculate Equations

2.104

The first time the BQUATN subroutine is called (statement 0015) the
seven cost equations are calculated using the data in CAPCOS, L is
the number of sets of data, AA and BB will contain the equation con-
stants that are calculated, H will indicate which of three kinds of
equation is to be used for each functior, P will indicate how many
equations are to be calculated, and PG will instruct the subroutine
as to whether or not graphs of the equations are to be printed,

MAX is the maximum tonnage of mineral for the deposit.

-
-

At statement 0016 this subroutine is called again to calculate
the mineral reserve equations. The subroutine parameters have
the same meaning as before. In this case, however, only-two
equations are being calculated rather than seven.

Statements 0019 to 0025 calculate a maximum tonnage for the
mineral deposit, Either this or the value MAX will be the
total tonnage constraint, depending which is the smaller.

Statements 0026 to 0028 initialize SIZE and LIFE for the project
before the iterative process begins,

Calculate Capital, Life, and Preproduction Period

Statement 0031 is the starting point for that part of the program
which will be continuously used in the iterative process that will
optimiszse the project.
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Statements 0032 to 0040 determine if a tonnage constraint is
in effect., If so, this will alter the optimizing sequence for the
program, :

Statements 0041 to 0048 calculate the total capital costs in the

five categories that have been established plus the mine operating
costs and the processing operating costs. Note that in each case

the cost is a function of SIZE, the annual rated capacity for the
project. From statements 0049 to 0054 the appropriate pre-production
period is.determined. This is a function of the total project size
as measured by the total capital investment, Statements 0055 to

0057 identify specific points of time during the complete life of

the project,s D is the end of the pre-production period; B is the _
second year of production; N is the sum of the pre-production period
and the life of the primary ore reserves,

2.1.5 Calculate Annual Revenue

In statement 0060 the annual revenue subroutine (ANNREV) is called.
Paraméters fed to the subroutine are: LIFE, the production period
for the primary ore reserve; SIZE, the annual capacity of the pro-
Ject in tons of ore; VALUE, the net smelter return; A, B, and HH,

the mineral reserve equations; D,C,N; Rl, R2, the recovery rate
constants for the principal mineral; TOPCOS, the total operating
costs per ton of ore, and; MAXTON, the size of the orebody. Inform-
ation returned from the subroutine is as follows: REVENUE, the annual
revenue the project could anticipate; GRADE, the average grade of ore
mined each year; IY, the number of years of secondary ore productiom,
and; TL, the tons of ore mined in the assumed final year of operation.
Options to the subroutine are: HG, instruction as to whether the
deposit is to be high-graded or not, and; IOP, instruction as to how
the secondary ore reserves are to be included in the evaluation of
the project.

2.1.6 Distribute Costs and Profit Over the Life

In statements 0061 to 0097 costs and revenues are allocated to each
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year of the project in preparation for the income tax and royalty
- calculations, The capital costs are distributed equally over the
pre-production period in statements 0065 to 0069, The equality
assumption can be changed without much difficulty although many
more statements would be necessary. Doing this would alter the
rate of return calculation only slightly.

Working capital is assigned to the project in statements 0070 to
0081, Included in the working capital recovered in the final
year is any salvage value for the mining and processing assets,
Statements 0082 to 0097 are used to assign on-gaing investment
to the project as well as calculate the annual gross profit.

2.1.7 Calculate Royalties

Statement 0098 calls the ROYALT subroutine. This subroutine cal-
culates the royalties that the project could anticipate under the
Metallic Minerals Royalty Act. Through proper depreciation claims
it also calculates the minimin royalty the project could anticipate.
Information fed to the subroutine is: GROPRO, the gross profit;
MININV, PROINV, EXPLOR, SOCINV, and PREPRO, the five categories of
capital investment, and; N, C, and Ty the latter being the discount
rate. Information returned is TOTROY, the total amnual royalty the
project could anticipate.

2,1,8 Calculate Capital and Income Taxes

Statement 0099 calls the INCTAX subroutine, This subroutine calculates
project income taxes, capital taxes, and the interest and principal per
year for the pay back period an any borrowed capital. Information to
the subroutine includes: GROPRO, the gross profit; five kinds of
capital cost; A, C, and S, the latter being interest rate; WORCAP,
working capital; DER, the debt~equity ratio; I¥, rumber of years
of secondary ore production, and; SM and SC, the assumed salvage

value of mining and processing assets. Information returned is:

TAX, the income tax; INTRST, anmual interest payments; PRIN,

anmual psyments on the principal, and; CAPTAX, the capital tax.



2,1.9

-1l -

Calculate Cash Flows

The cash flows are calculated in statements 0100 to 0106, Four

cash flows are calculated although only three are printed by the
program as it is at present. The first cash flow is for the over—
all project as it would be evaluated by a private investor. The
second cash flow is that from the point of view of an investor pro=-
viding equity capital (add borrowed capital and deduct debt repayment
and interest). The third cash flow is the result of adding back
royalty and tax payments. Thus it is the cash flow a publicly owned
project could anticipate (assuming that the project wmzldlnot have
been otherwise undertaken by a private firm so that taxes and royalties
are not a cost to the project either as a direct cost or as forgome
revenue to the government from a private firm). The fourth cash
flow assumes that the project would be undertaksn privately if not
done by the government, thus the only gain to the province by doing

- it would be the federal income tax payable,

2,1.10

2,1,11

Call the IRR Subroutine

Statement 0108 calls the internal rate of return subroutine which
calculates the rates of return for the four cash flows, Besides
the cash flows, the subroutine is given the total length of the
project, N, and it is told the number of cash flows to evaluate,
IC. The rates of return are returned in vector R, Statement 011}
terminates the analysis if on the first trial, the rate of return
is less than zero. Statement 0115 terminates the analysis if SIZE
or LIFE are reduced to 10,000 ton/year or 1 year respectively. In
either case, transfer is made to the end of the program where an
appropriate statement is printed.

Adjust Iife or Size of Project

Statements 0119 to 0158 are used to incremat the size or life of the
project depending on the result of the IRR calculation,
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The sequence of events in the optimizing process is best understood
from Pigure 2,2, SIZE and LIFE for the project are initialized at

some reasonable value at the beginning of the program (see statements
0026 to 0028). Also OLDR, the previous rate of return, is set at a
very low value, Assuming a positive rate of return is generated, then
with INC«0 and LET=0, the program increases the life of the project by
F which is set at +1 year, OLDR is assigned to the value of R(1).
Control passes to label (statement 0187) 30 and from there to label

09 (see Figure 2,1). A new rate of return is calculated and compared
to the previous rate. If the new rate is larger, the life is again
increased by 1 year. This continues till the new rate of return is
smaller than the previous one. The life of the project is reduced by

1 year and F is changed to -1. LET is incremented by 1. The life of
the project is further reduced by 1 year (since LET=1 and R(1)<.OLIR).
In this case the newtate of return will still.be’less"thun OLDR, . sa:
a year is added back to the 1life and F made equal to +1 again. LET

is again incremented by 1 (to a total of 2). The size of the project
is now increased by G (equal to 10000 tons per year) and a new evaluation
done, Since LET is now equal to 2, the size of the project will be
increased or decreased in the same manner as was the life, When a

size adjustment no longer results in an increase in the rate of return,
the life of the project is again adjusted up or down. When this is
optimum, the size is once more adjusted. If no further increase in the
rate of return is possible, then INC is set equal to 1 so that the in-
cremental rate of return to a small increase in the size of the project.
can be determined,

If at this time IOP=2, meaning that marginal ore down to the operating
cost cut-off grade has not been included in the evaluation, IOP is now
set equal to 1, In the incrementel analysis it will now be included.

If a tonnage limit was specified for the deposit, then if this should be
exceeded at any time in the process of maximizing the rate of return, a
change in the procedure takes place. A year is deducted from the life
of the project and only SIZE optimizing takes place., When the rate of
return has been maximized, the results of the calculation are printed
and sensitivity and probabilistic analysis takes place. No increment
is made to the investment.




PMgure 2,2 orithm for Adjus the Life
muofll’rojcmolhnr.lu




2.1.12

241013

=17 -
Calculate the Return to the Incremental Investment
The investment in the project is incremented by small steps and

the marginal rate of return determined in statements 0159 to 0186.
The algorithm for doing this is shown in Figure 2.3,

Assuming that the maximum rate of return exceeds a specified mini-
mum, the incremental investment analysis occurs automatically.
Initially SET will equal 1 so that the size of the project will

be increased by G while the cash flow yielding the maximum rate

of return will be stored in CASH, The cash flow for the project

at its new size is now calculated. The previous cash flow (in CASH)
is deducted from this to arrive at the marginal cash flow. So long
as the rate of return to the marginal cash flow exceeds the speci-
fied minimum, the size of the project contirues to be increased

in small steps.

When the optimum project is determined the results are printed.

Print Details of Optimum Project

Statements 0190 to 0238 print the details of the optimum size of
mine and processing facility.

Statement 0192 calls PRNPRO which is in the REVENU subroutine. This
prints the production data for the last calculation. It will show
the anmual tons of ore milled, the average grade of ore, the mine
cut—-off grade, the pounds of principal mineral in the concentrate,
and the total value of the concentrates The value will reflect the
assumed by-product content,

Statements 019, to 0203 summarize the financial data, The average
and marginal rates of return are printed, the various capital and
operating cost totals are printed, and the assumed borrowed capital
and equity capital totals are printed.

Statements 0204 to 0211 print the various amounts of capital invest-
ment as they are distributed over the life of the project. This
will show the amount of investment by year for the 5 classes of
capital plus the amount of working capital usumed.

Statement 0212 calls PRNROY, This will print the detalls of the
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last royalty calculation in the ROYALT subroutine. The first page

of the printout details the rqyalty calculation; the second page

records the investment made and the undepreciated balance for the
- two classes of capltal asset.

Statement 0213 calls PRNTAX in the INCTAX subroutine, The first

page of this printout will detail the annual capital tax calculations
This is assessed on the firms paid up capital which includes borrowed
and equity capital plus any surpluses. The second page of this
printout shows the annual allowsble deductions from gross profit in
order to arrive at the taxable income., The third page shows the
anmal, tax calculation and the undepreciated balances for the various
classes of capital.

Statements 022% to 0238 print the three cash flow calculations. The
first page of the printout details the cash flow calculation for

the overall project. Deducted from gross profit are all taxes,
royalties, and capital expenditures., The second page detalls the
cash flow calculation if taxes and royalties are not a cost to the
project as would be the case if the project would only be undertaken
by the Cromn. The third page details the cash flow to equity calcul-
ation. This separates the debt capital from the equity capital and
deducts interest and debt repayment from the project cash flow,

Call ANALYS Subroutine

Statement 0241 calls the subroutine which will undertake the
sensitivity and probabalistic analysis. Parameters fed to the sub-
routine are all those affecting the economic worth of the project.
These are in order: net smelter return (VALUE); tons of ore milled
per year (SIZB); the total capital and operating costs (COST); the
fecovery rate constints (R,R3)ythe working capital (WORCAP); the
anmual exploration costs (EXPLOR); the annual pre-production costs
PREPRO); the anmual mining investment (MININV); the annual processing
investment (PROINV); the annual soeial capital investment (SOCINV);
the anmual ore grade (GRADE); the project life (N); the first year
of production (C); the year preceeding producticn (D); the interest
rate (S); the debt-equity ratio (DER); instruction as which analysis:
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is to be done (ISEN)s the optimum project rate of return (OPTR);
the number of years of secondary ore production (IY), the discount
rate to be used (T); the salvage values (SM and SC), and; the
fraction of the final year during which production occurs (TL).

2.2,

2.2.1

The ations Subroutine ATN

This is the first subroutine called from the main part of the program,
It is called only twice, first to calculate the five capital cost

and two operating cost functions, and second, to calculate the two
mineral reserve functions. A simplified algorithm for this sub-
routine is shomn in Figure 2.4, The compiler listing is at the end

of the Chapters

EQUATN Variables

The REAL variables in this subroutine are defined alphabetically
as follows:

A = 3 by 7 matrix containing the first constant for
each of three possible equations, up to seven equations.
A = 7 element array containing the appropriate first constants
from A for transfer to the main part of the program,

. B = 3 by 7 matrix containing the second constant for each

of three possible equations,up to seven equations,

BB = 7 element array conteining the appropriate second
constant from B for transfer to the main part of the
program,

CAPCOS - same a@s in subsection 2.1.1.

CPACTY = 20 by 3 matrix will contain the independent variable
in linear, hyperbolic, and natural log form for up to
20 sets of data.

LABEL <~ used in the graphing part of the subroutine; this will
be assigned the Hollerith string used to label the
vertical axis,

MAX -~ same as in subsection 2,1.1.

MAXTON -~ same as in subsection 2.1.1.

- - -




SIZE

TOTMIN

VALUES

Y, YY, YYY

2,22,222

- 1if only one data card for the mineral reserve is pro-

vided (thereby assuming an exponential grade-tonnage
relationship), this will be assigned the average grade

~ figure for use in calculating the 3 sets of mineral

reserve data,
3 by 7 matrix which will contain the correlation

‘coefficient for each possible kind of funetion, up

to seven equations,

in the graphing part of the subroutine this will

be assigned the value for the independent variable

while the dependent variable is calculated; it is

used for all equations,

10 by 3 by 7 matrix, used to store the summations
necessary in the least squares method of deriving the
best equation from the raw data. ’

see MINGRA above, This variable will be assigned the
total tonnage figure for the deposit. .

50 element array; in the graphing part of the sub=
routine this will contain the values of the dependent
varisble for the equation being graphed,

these three variables store the Hollerith strings for
the labeling of the vertical axis,

in the equation part of the subroutine, these variables
are assigned the numerator and denominator values for
the equations that determine the correlation coefficients
and equation constants,

The integer variables in alphabetical order are:

AST
BLANK
H

LINE

assigned '#' for the graphing of the various functions,
assigned a space for the graphing,

7 element array that is used to pass information to the
MAIN as to the ldnd of equation that best expresses the
rav data provided in CAPCOS,

munber of sets of data being provided.

100 element array stores the characters for
each line of the graph.
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P - number of equations to be derived.
PERIOD - assigned '.' for the graphing.
PG = same as in subsection 2.1.1.

" POINTS -~ the 100 possible real values in VALUE are converted to

50 possible integer values for the graphing.
Q - the last value on each data card (which is the abscissa
value for each set of data).
YLABEL - assigned the vertical axis value for the graphs,
Preparation of the Data for Leas ares lysis

Statements 0004 to 0021 prepare the data passed from the MAIN for use
in the determination of the appropriate equations.

In the case of the mineral reserve data, if only omne card is provided, -
then an exponential grade-tonnage relationship is assumed. Statements
0010 to 0015 will then generate 3 sets of data based on this assumption
which will then be used to generate the two constants for the average
and cut~off grade functions,

The exponential grade-tonnage relationship produces two separate
equations as follows:

Given a mineral deposit of size D tons with average grade b, for a
cut~off grade c, the amount of ore E will be:

BaDe ~°
This is rewritten so that cs=b Ln(D/E) as in statement 0014, Assuming
we choose a cut-off grade greater than zero, the average grade g of
the ore will be:

gub+c
These two functions are then used to generate the 3 sets of data. The
equations that will be generated by least squares techniques from the
data are:

g=8, + b1nE

and Cc=a, + bInE

For both the cost and reserve relationships, three kinds of function
are fitted to the raw data. The first will be a simple linear function,
the second will be a hyperbolic function, and the third will be a log-
linear function. The equation chosen will be the one with the highest
correlation coefficient.

The correlation coefficients and constants for each kind of function
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can be calculated in exactly the same manner if each is expressed in a

-1inear form. The linear form for the hyperbolic and log-linear functions

are:

Y:a+bx' where x' =1
X
Z =c+d{™ where X" = LnX

The subroutine does this by converting the abscissa for each set of data
to the appropriate form in statements 0020 and 0021.

Calcula the riate ations

Statements 0022 to 0071 calculate the two constants and the correlation
co-efficient for the three functions that are fitted to each set of data.
With the exception of the mineral reserve cut-off grade function, all
equations are calculated the same way. The constants are determining

by solving the normal equations for the least square line Y = a + bx'.
Thus:

n } Xi‘ a i [Yi
ngx;ﬂ b in Y,
where X; can be X, , ')%1' or LaX,

nIgY - (1%) (5Y,)

nix - (1)

Theeefore.b =

and a _ZY,_ -bei
n

The correlation coefficient R is:

- 0
o _niny - (1) (Iy)

2 2 2 2

(IN2 - (1)) myy,? - (Ty)d)F

Statements 0QL8 to 0071 choose the constants for the equation which
best fits the raw data, i.e.: the equation with the correlation co=
efficient closest to 1, These constants are fed back to the MAIN in
the AA and BB arrays while the kind of equation is indicated by the H

arrays If the constants are for a linear function, H(K)al; if for a
hyperbolic function, H(K)s2, and; if for a log-linear function, H(K)a3.
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The procedure for calculating the mineral reserve cut-off grade function
varies from the procedure for the other equations. This is because the
method of calculating both the cut-off grade function and average grade
from geological data that is often not too reliable can lead to equations
which are logically inconsistent. In the extreme case, one equation could
be linear while another could be logarithmic. In a more practical situation,
the two linear equations or two logarithmic equations can be inconsistent.
In this program, the equation that is calculated in the normal manner is
the average grade function. The assumed cut-off grades are entered on the
mineral reserve data card but are not normally used. The cut~off grade
function which will then be consistent with the aversge grade function is
derived as follows:

Assume an average grade function Y = a + bX, Y is the average grade
and X is the total tons of mineral, The metal M in this deposit is the
average grade Y times the tonnage X.

That is: MeXY .

= aX + btz
. The cut-off grade C, can be expressed as a small change in the quantity of
metal divided by a small change in the tons of ore containing the metal or,
CadM=a+ X
14

In other words, both the average grade and cut-off grade functions logically
have the same intercept "a" but the latter has twice the absolute value of
slope (which is 2b)s 1In the program, the cut-off grade function is auto-
matically assigned a first constant "a" equal to that calculated for the
average grade function, and a second constant "b" equal to 2 times that
calculated for the average grade function.

The same procedure applies if the first equation is log-linear.
Assume Y = a + blnX
MaXY = aX + bXeLnX
dM = a2 + b(Xel + InX) = a + b(1 + LnX) =« C
ax X

i.e. c-(.+b)+bmo

In the program, the first constant for the cut~off grade function is the
sum of the two constants for the average grade function and the second
constant is the same as that for the average grade function,
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This procedure applied to a hyperbolic function yields a cut-off
function C = a, That is, the cut~off grade function consistent with a

- -~ hyperbolic function is a constant to which the average grade function is-
asymptotic. This is not realistic, but in the unlikely event the best
average grade function should be hyperbolic, the assumed geological
cut-off grade data will be used to calculate the cut-off grade function.

22,1, Graphing Each Function

If a graph is to be printed for each function, this will be done by
statements 0072 to 0188,

The tonnage constraint for the mineral reserve is determined by state-
ments 0099 to 0106, This constraint will be printed as a vertical line
on the two mineral reserve graphs. ‘

Statements 0114 to 0123 print the equation for each function after the
title on the graph. :

Statements 0124 to 0141 determine the interger ordinate values for 100

real abscissa values. Becsuse a vertical space is about twice the width

of a horizontal space, only 50 lines are printed for the 100 possible
abscissa values. This is accomplished in statements 0136, 0138, and 0140
where the POINTS value (between 1 and 10 or 1 and 100) is further divided

by 2, °

From statements 0143 to 0186 the actual printing of the graphs takes place.
There are three basic kinds of graph each with different labels and size of
axis, These are for the capital cost functions, the operating cost functions,
and the mineral reserve functions,

2.3 The Annual Revenue Subroutine (ANNREV)

This subroutine is called from the main program every time a change is
made in the size or production life of a project. Its main purpose is to
calculate the annual gross revenue a project of given size and life could
anticipate, Figure 2,5 is a simplified algorithm for this subroutine., The

‘compller listing is at the end of the Ghapier,
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ANNREV Variables

The real variables in alphabetical order are as follows:

A -~ same as in subsection 2.1.1.

AVGRAD ~ tiis varisble will be assigned the average grade of the primary
ore reserves. This value will be used in the part of the sub-
routine that is calculating the production of the marginal are
reserves after the primary ore reserves have been depleted.

B - same as in subsection 2.1,.1.

CCGRAD - 50 element array containing the value for the ore cut-off grade
for each year.

COGRAD - operating cost cut~off grade.

GRAD - 2 element array will be assigned the average and cut-off grades
for the ore reserve if it is to be mined at those grades for each
year of production (rather than high-graded).

GRADE -~ same as in subsection 2,1.1.

MAXTON - same as in subsection 2.1.1.

METAL ~ 50 element array contains amount of recoverable metal per year in
the concentrate,

PAVGRA - aversge grade of total production of ore for previous years,

PCGRAD ~ cut~off grade of total production of ore for previous years,

PMETAL - metal content of total production of ore for previous years.

PROD <« 50 element array, contains anmual amount of ore milled,

PTIONS - total production of ore for previous years.

Rl, R2 = same as in subsection 2.1.1. |

ROV = 50 element array, contains recovery rate for each year,

REVENU.~ same as in subsection 2,1,.1,

SIZE -~ same as in subsection 2,1,1.

TAVGRA - average grade of total ore mineable to operating cost cut-off

grade.

TL - same a8 in subsection 2.1.1.

TS -~ total tonnage of primary ore.

TMETAL - metal content of total ore milled,

TOPCOS -~ same as in subsection 2.1.1.

TIONS - total ore milled.

VALUE -~ same as in subsection 2,1.1,

XAVGRA - aversge grade of secondary ore.

XTONS - tons of secondary ore,

XYEARS - years of secondary ore production.
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2.3.3

H - same as in subsection 2,1.1
D - LI I | " "
HG - " " n " "
HH - " n n L] "
IY - " " n " "
LIFE - " ® n " "
N - " " n [ "

Production Grade is at Average Grade of Primary Reserves

Asam:l.ﬁg that the options card has indicated that the mineral dépoeit-
is to be mined so that the average grade of production is at the
average grade of the primary reserves, the calculations will be done
by statements 0013 to 0028, The average and cut-off grades are cal-
culated by statements 0013 to 0020, Statements 0021 to 0027 place
the production figures on the sppropriate arrays for transfer back
to the main part of the program and for later printing.

The Mineral Deposit is to be High-Graded

If the mineral deposit is to be high-graded the production figures
will be calculated by statements 0030 to 0072. The average and
cut-off gredes for total production prior to the current year are
calculated by statements 0033 to 0046, Previous metal production
is calculated by statement OOL$. The average and cut-off grades
for total production including the current year are determined by
statements 0053 to 0066, Total metal is calculated by statement
0067. Statements 0068 to 0072 place the production figures in the
sppropriate arrsys for transfer back to the main part of the program
and for later printing,
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2,3.4 QOalculate Production of Secondary Reserves

. The operating cost cut-off grade is calculated at statement 0080,
Assuming this is less than the cut-off grade of the primary reserves
and assuming that the options card or the main part of the program
has indicated that the production figurew for the secondary ore
reserves are to be calculated, this will be undertaken by statements
0082 to 0130.

Since the cut~off grade is a function of .the recovery rate (which for
the secondary resefves is initially unknown) the value applicable to
the primary reserves cut—off grade is used (see statement 0077)e The
average grade of the secondary reserves is then calculated and the
‘recovery rate re-calculated, If this value differs from the initial
assumption by more than .001, then a new recovery rate is used, a

new cut~off grade is calculated, and the secondary reserves are re-
calculated. This process is repeated 3 or 4 times till the cut-off
grade assun@tion for the cut-off grade is compatable with that for
the secondary reserves,

Total tonnage of ore for the deposit is determined by statements 0082
to 0088, The average grade of this ore is determined by statements
0089 to 0095, The secondary ore tonnage, average grade, and years of
additional production are determined by statements 0097 to 0109.
Statement 0110 converts the year(s) of additional production from a
real to an integer variable. Statement 0111 increases the total life
of the project by the years of additional production. Statements 0112
to 0130 place the secondary ore production figures at the end of the

primary reserve production figures in the appropriate arzzps.

2,345 Print the Final Production Figures

Statements 0136 to 0144 will print the final production figures for
the optimum sized project. This will be printed when called from
the main part of the program after the optimum project has been
determined.
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The Royalty Subroutine (ROYALT

This subroutine is also called every time a change is made in the
project size and life. The royalty is calculated according to M125,
The Motallic Minerals Royalty Act. This subroutine fot=omly éaiv
culates’ thb .annual royalty but attempts:to’ misindze the:¢otal=
royalty assessment by making the appropriate anmual depreciation
claims, Since the real rate of return is being calculated for the
project, the inflation rate is assumed to be zero, The algorithm
for this subroutine is shown in figures 2,6(4), (B), end (C)e The
compiler listing is at the end of the Ghapter.

ROYALT Variables

The real variables in this subroutine are defined alphabetically

~ as follows:

BASROY «~ 50 element array containing the annual basic royalty
payable by the project.

CMPROC = 50 element array containing the cumulative processing
investment for each year.

D - the amount by which a depreciation rate is to be varied
up or down.

DEPREC ~ 50 element array containing the anmual depreciation claim.

DISROY ~ 50 element arrasy containing the annual total royalty payable
after being discounted by the real opportunity cost of
capital, S.

DoUML - sum of anmual depreciation rates.

EXPLOR - same as in subsection 2.1.1.

GROPRO - same as in subsection 2.1l.1.

INCROY -~ 50 element arrsy containing the anmual incremental royalty
paysble by the project.

MININV - same as in subsection 2.1.l.

MINVB - 50 element array containing the annual undepreciated
balance for the mining and service investments.

MSINV - 50 element array containing the anmual mining plus social
capital investment (in the pre-production period it will
also include pre-production plus exploration investment).
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same as in subsection 2.1.1. :
50 element array containing the annual undepreciéted
balance for the mining and service investments,
50 element array containing the anmal mining plus
social capital investment (in the pre-production period
it will also include pre-production plus exploration
investment) .
gross profit minus the depreciation allowance,
stores value of minimum total discounted royalty.
50 element array containing the annual processing allowance,
same as in subsection 2,1.1.
the annual profit base; indicates the maximum amount -of
profit which will be assessed at the low royalty rate,
50 element array containing the profit after the exploration
deductione
same as in subsection 2,1.1 i
50 element array containing the annual depreciation rates,
50 element array containing the anmual amount of profit
subject to a royalty assessment.
discount rate; same as T in subsection 2,101,
same as in subsection 2,1.1.
total discounted royalty for the project.
total base royalty for any three year averaging period,
total incremental royalty for any three year averaging
periode
TOTINV 50 element array containing total annual capital investment
in a project,
TOTROY same as in subsection 2¢1el.
TOTUB 50 element array containing the annual undepreciated
balance of total capital invested in the project,
TPROBA sum of profit bases for any three year averaging period.
TPROF sum of taxable profit for any three year averaging period.

The integer variables in alphabetical order are:

c ~ same as in subsection 2.1.1.
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- same as D in subsection 2.1.1.
= 1in the depreciation rate adjustment part of the program

this will indicate the year in which the rate is being
changed,

- 1in the depreciation rate adjustment part of the program,

this wil) indicate the mumber of years since a depre-
ciation rate change was able to reduce the total royalty

- when set equal to 1, indicates that no further reduction

in total discounted royalty is possible, given the sigze
of the adjustment increment.

- records how often the depreciation rate adjustment increment

has been halved,

- this will limit the number of times the depreciation rate

adjustment increment will be halved.

~ when set equal to 1, this will indicate that the depre-

ciation rate R(K) is to be incremented by + D,

= when set equal to 1, indicates total royalty is at a

minisum
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1 2 3 4 5
Mine and Cumulative Mine and
Year Service Processing Total Service Total
Investment Investment Investment U.B, U.B.
1 1,500,000 040 1,500,000 | 1,500,000 | 1,500,000
2 500,000 500,000 1,000,000 | 2,600,000 | 2,500,000
3 0.0 5004000 0.0 1,600,000 | 2,000,000
L 0.0 500,000 040 1,280,000 | 1,600,000
5 0.0 500,000 0.0 |1,024,000 [1,280,000
6 0.0 500,000 0.0 819,200 | 1,024,000 :
6 8 9 10 11 12
Depreciation Profit Base
Gross ° on Processing| Net 186 of Base Incremental
Profit Total Assets Allowance Profit M& S Asset | Royalty Royalty
0.0 0.0 0.0 0.0 0.0 0.0
0.0 0.0 0.0 $270,000 0.0 0.0
500,000 | 500,000 0.0 0.0 $360,000 0.0 0.0
500,000 | 400,000 40,000 60,000 $288,000 $9,000 0.0
500,000 | 320,000 40,000 140,000 $230,400 $21,000 0.0
500,000 | 256,000 40,000 r’OL,OOO $184,320 $27,648 $6,888
‘Table 2,1 e of Royalty Calculation As no Inflation
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Initialization and Preproduction Period

‘Statements 0004 to OOL8 prepare the subroutine for the royalty mini-

mization procedure. Statements 0004 to 0008, 0020, and OOL5 to 00L8
apply specifically to that part of the subroutine which will be adjusting
the annual depreciation rates., Statements 0010 to 0019, and 0027 to
0036 set the preproduction values for the various arrays to zero. State—
ments 0021 to 0025, and 0037 to OOL2 establish the yearly amounts for

the mine and service asset undepreciated balance, and determine the
cumilative processing investment.

Statements 0043 and 0044 are particularly significant in that they set
all depreciation rates at the upper limit of 20 (allowed by the royalty
legislation, Mi25). From this upper limit, they will be systematically
reduced to determine if the total royalty payable by the project can be
reduced,

Calculating the Annual Royalty

Statements 0049 to 0096 will calculate the annual totel royalty a project
might anticipate. The algorithm for this is shown in figure 2.6(B). The
Metallic Minerals Royalty Act also provides for adjustments in the royalty
assessed because of inflation. Since the project is being evaluated in
constant dollars, no inflation adjustments are necessary. A sample:cal-
culation is shown in Table 2,1. :

During years 1 and 2 investment is made in: (1) mining and service assets,
and, (2) processing assets. The mining and service assets include invest-
ment in pre-production exploration and pre-production development,

Columns 1 through 5 record the investments made, and the undepreciated
balances for the two categories of assets. From years 3 through 6, the
project is assumed to earn a gross profit of $500,000 per year (column 6)e
The assumed annual depreciation rate is 206 (maximum normally allowed)
which is applied to the total undepreciated balance for the year (and
includes any new investment). The amount of depreciaticn is shown in
column 7, The processing allowance (column 8) is 8% of the cumilative
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processing investment. Deducting the depreciation and processing
allowance from gross profit leaves the profit subject to a royalty
assessment (column 9). The profit base (column 10) is defined as
188 of the mine and service asset undepreciated balance, as of the
end of the previous year (or beginning of the current year), Net
profit equal to or less than this amount is assessed at a rate of
196 (column 11) while any net profit in excess of the profit base
is assessed at the rate of 39% (column 12). ‘

Three other features of the royalty system should be noted:

(1) The processing allowance is either 8% of the cumlative
processing assets (as above) or 50% of the profit after
deducting the depreciation, whichever is the lesser.,

(2) There is a three year averaging feature which moderates the
effects of fluctuations in annual gross profit. It is not a
moving average however, It functions as follows: In the
third year of a three year period: (a) sum the net profit for
the 3years; (b) sum the profit bases for the 3 years; (c)
detcrmine total royalty for the three years by multiplying the
total net profit uwp to the amount of the total profit bases
by <15 and by mltiplying any profit in excess of the total .
profit bases by «35. The base royalty in the third year is
the total base roya;ty less that paid in the first two years,

The incremental royalty in the third year is the total incremental
royalty less that paid for the first two years. The total royalty
is the sum of the base and incremental royalty (and can be negative)e

(3) The minimum depreciation rate is 106, This rate must be used
80 long as there is sufficient gross profit. If there is in-
sufficient gross profit, then the depreciation deduction will
be the amount of gross profit in excess of gero.

2.4ely Varying the Annual Depreciation Rates

The depreciation rates are adjusted and the best rates chosen by
statements 0097 to 0151. The algorithm for this is shown in figure
2,6(C)e
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The depreciation rates used in the total royalty calculation are
particularly important because of the two different royalty rates

in effect: a low rate for the annual profit which would represent a
reasonable before-tax rate of return to the mine and service capital
'imrestment,» and; a high rate for any profit which would exceed this
amounte The amount of profit in a year which may be subject to
assessment at the high royalty rate is a function of (1) the gross
profit, (ii) the profit base (.18 times the undepreciated balance

of mining and service capital assets), and, (iii) the depreciation
claim for the current year, However, the size of the profit base,

as well as the amount of depreciation which can be claimed in .the
current year is also a function of the depreciation claims in prior
years, If in prior years the maximum depreciation has always been
claimed, the undepreciated balance of the total assets will be relatively
small. This means that (i) the maximum possible amount of the depreciation
claim in the current year (.2 times the undepreciated balance of total
assets) will be relatively small, and, (ii) the profit base for the
current year will be relatively small, If profit in the current year
is relatively high, then a large portion of this profit is going to be
assessed at the high royalty rates If in prior years, in particular
those years when profit was low, less depreciation had been claimed, the
current profit base would have been larger, and a larger depreciation
claim could have been made.

There are three factors which moderate the effect of a relatively small

| undepreciated balance of total assets in the latter years of a project.

The first, and most obvious, is that gross profit can be expected to

decline as the average grade of ore mined declines, This occurs in

the model in two situations: (i) when the assumption is made that the

ore body is to be high graded and, (ii) when the marginal ore is being
mined,

The second moderating factor is the 3 ,v}ear averaging feature. Any unused
profit base from the first two years of any period can be used in the
3rd. year to reduce the possible effects of the high royalty rate being
assessed in that year, The third moderating factor is the cost of
capital over time. A dollar of royalty payable in year 1 of a project
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is a greater burden than that dollar being payable during the last

year of the projecte This means that there is an incentive to claim
@ large amount of depreciation during the early years of the project
even if it means that more incremental royalty may be payable later,
The subroutine takes this into &ccount by discounting the annual royalty. .
What is minimized in the subroutine is the total discounted royalty.

The minimization procedure begins with all the depreciation rates set at
20% (statements 0043 to OOL4) and the total discounted royalty at these
rates determined, The depreciation rates are then reduced in turn by
D beginning at the first year of production, If any depreciation rate
reduction results in a reduction of the total disoounted royalty, that
rate is retained, otherwise the rate is restored to its previous value,
Bach rate is reduced in turn by D till a complete pass can be made for
all years of production without resulting in a further reduction in the
total discounted royalty. Then the sign of D is changed and each rate
is increased in tum by D (where possible) again checking for a reduction
in the total discounted royaltye If a complete pass can be made without
8 change in any of the royalty rates, then D is halved and the sign
changed. The cycle begins again with each depreciation rate reduced
ty D in turn, so long as the total discounted royalty can be further
| reduced. D contimues to be halved till such time as it is reduced to
8 predetermined size, at which time the calculation stops and the un=
discounted total annual royalty is returned to the main part of the
program,
D will normally be halved 19 times during a complete minimization pro-
cedure, Since D is imitially set at 0.01, it will be at 1.91 x 108
at the end of the calculations, The two exceptions to this are when the
maximum depreciation rates (20%) are the applicable rate or there is no
royalty payable at all. In the former case, the calculation will stop
after only 4 passes, and, in the latter case, only one calculation is
necessary,

At the completion of the project optimization procedure, the royalty
calculation details will be printeds This is done by statements 0156
through 0163, The first page of the printout will detail the annual
royalty calculation; the second page will detail the annual investments
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and anmual undepreciated balance for the two categories of capital.
asset, '




2.5

2,501

The Income Tax Subroutine {INCTAX}

As is the case with the royalty subroutine, this subroutine is
called every time a change is made in the project size and/or life.
Two taxes are calculated: the first is the capital tax, assessed
according to The Corporation Capital Tax Act, C226; the second is
the corporate income tax assessed according to the Federal Income
Tax Act, as of Jamuary 1, 1976. These two taxes are calculated in
the one subroutine since the capital tax is an allowable deduction
for purposes of the corporate income tax calculation. The INCTAX
algorithm is shown in figure 2,7(A) and (B)e The compiler listing
is at the end of the Chapter,

INCTAX Variables

The REAL variables in this subroutine are defined alphabetically as
follows:

ACCA - 50 element array, contains amount of accelerated capital
cost allowance.

ACCWOR - accumulated working capital, used in the annual capital
tax calculation,

BORCAP - 50 element array, contains assumed borrowed capital per year,

CAPTAX - 50 element array, contains the amount of the capital tax per
year,

CAPUB -~ 50 element array containing the total borrowed capital plus
interest for each year.

CMXPLR - 50 element array, contains the cumulative exploration costs
for the project.

DEPLAL - 50 element array, contains the anmual depletion allowance,

DEPIUB - 50 element arrsy, contains the unclaimed balance of the
depletion allowance pool.

DER = assumed debt-equity ratio.

BQITY - 50 element array containing the assumed amount of capital
subject to the capital tax, and which was not borrowed.
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1,33 times the value of deductions allowsble following
the resource allowance, This will indicate whether or
not any capital cost allowances are to be claimed.

50 element array containing the annual exploration
expendi ture,

50 element array, contains the year-end total borrowed
capital plus accumlated interest.

50 element array contains the total mining, processing and
social capital investment.

50 element array, contains the undepreciated balance of
total capital plus interest for the assets which cah be
written off on an accelerated rate.

same as in subsection 2,1.1.

same as in subsection 2.1.1.

same as in subsection 2.1.1

50 element array, contains the annual capital cost allowance
for class 10 assets.

50 element array, contains the annual total investment in
mining, processing, and social capital assets made after
the beginning of production (class 10).

50 element array, contains the undepreciated balance each
year for the class 10 assets.

50 element array, contains the annual pre-production
allowance claim,

50 element array, contains the annual accumulated amount
of borrowed capital plus interest.

same as in subsection 2,1.1.

50 element array, contains the undepreciated balance by
year for the pre-production development investment.

50 element array,.contains the portion of debt servicing
which is applied against the principal.

throughout the annual tax calculation this is valued at the
amount of profit left after each deduction,

same as in subsection 2.1.1.

50 element array, contains the annual resource allowance
for the project,
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S ~ same as in subsection 2,1.1.

SC - same as in subsection 2,1.1,

SOCINV - sgame as in subsection 2,1.1.

SV - net salvage value of mining and processing assets.
TAPROF = 50 element array, contains annual taxable income for the
, projecte

TAX = 50 element array, contains the annual income tax payable,

TAXCAR = 50 element array, contains the losses for tax purposes
which will be carried forward.

TGROPR = 50 element array, contains the annual gross profit after
deducting ‘the capital tax:and prierilesses.

TTPROF ~ value of total taxable profit for the current and previous
year where a carryback of losses is contemplated.

WORCAP - same as in subsection 2,1,.1,

XPLCAP = 50 element array, contains the cumulative explaration
capital that is assumed to be borrowed, plus interest.

XPLDED - 50 element array, contains the annual amount of exploration
deduction,

The integer variables in alphabetical order are:

same as in subsection 2.l.1.
D = game as in subsection 2.,1.1.
same as in subsection 2.1.1.

Q
]

H
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2,52 The Pre-production Period

Statements 000, to 0046 determine the values for the various asset
categories and for the various allowances that may be claimed. Since
no production will have occurred in these years, the allowances along
with the tax payable will be gero

The asset banks which are established in the pre-production period for
later write-off in calculating the income taxes are as follows:

(1) Accelerated Capital Cost Bank

This includes class 28 capital investment plus any interest on
capital borrowed for these assets, In the program this bank will
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contain the sum of mining, processing, and social capital
investment, plus interest. Write-off is at up to 100% of the
unclaimed balance.

(2) Pre-production Development Cost Banic

Pre~production development costs are accumulated in this bank for
later write-off at a rate of up to 30% of the unclaimed balance.
Included here will be interest costs on any capital borrowed.

(3) Pre—production Exploration Cost Bank

Surface and underground preproduction exploration costs which
have not been expensed elsewhere will be accumilated in the
exploration cost bank for later write-off at up to 100% of the
unclaimed balance. As in the previous cases, interest on
borrowed capital is included,

(4) Ongoing Investment Cost Bank

After the start of production investments made in mining, processing,
and social capital assets are accumulated in the ongoing investment bank
for write-off at up to 308 of the undepreciated balance.

(5) Depletion Bank
The depletion bank during the pre-production period amounts to one-
third of all investments except that for working capital. After
production begins, cne~third of exploration expenditure is added
to the bank. This can be written off at any rate so long as the
amount does not exceed 256 of profit remaining prior to this deducticn.

In statement 0019 FIXINV is definede This is the sum of the mining,
processing, and social capital investment. In the preproduction
period, this will be the basis for an asset bank,

Statement 0020 establishes the total borrowed capital assumed for
the year. This will be the total capital invested times the
debt—-equity ratio. The total borrowed capital, CAPUB, at the end of
the year is the amount borrowed plus the interest payable, This is
calculated by statement 0022, The total borrowed capital for the
fixed investment, including interest for the year, 1s calculated in
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statement 0023.

Statements 0024 and 0025 determine the year-end values for the
_pre-peoduction borrowed capital and the exploration:borrowed
capital. In statement 0026 the asset bank:for:assets which-can

be depreciated at up to 100% is established. ‘This .is-the fixed
investment, defined above, plus the interest . on.the borrowed capital
for those assets. Statements 0027 and 0028 establish the asset

banks for the pre-production investment and the exploration’ invest-
ment. Statement 0029 establishes the depletion’ bank.

Statements 0030 to 0032 determine the capital tax for the first

~ year. The capital tax in any year is .002 times the taxable capital
as of the end of the year. The taxable capital is determined in

two steps; first, determine the.sum of: (a) paid up eapitel stock,

(b) surpluses, (c) loans and advances, (d) reserves, and (e) indebted-
ness. From this total deduct: (a) the goodwill allowance, (b) the
investment allowance, and (c) deductions allowed in computing taxable
income in excess of the amounts recorded on the books. The taxable
capital as determined by statements 0030 and 0031 is the equity capital
invested in the year and the working capital. The capital tax is .002
times the sum of the equity capital, the -working capital and the
borrowed capital (including interest). '

Because the capital tax is a taxable loss before production begins,
this taxable loss will be carried forward (and can be done so for up
to 5 years). This is done in statement 0032,

Statements 0034 to 0046 update the various asset banks and set the
allowance values to zero for pre-production years 2 to D, Statements
0035 determines the totsl unamortized belance of borrowed capital for
the year. This is: the sum. of the borrowed capital for the year and
the accumlated borrowed capital for the previous year, both times

1 plus the interest rate S. Statements 0036, 0037, and 0038 deter-
mine the total borrowed capital for the fixed investment, the pre-
production investment, and the cumulative exploratimm respectively.
Statement 0039 updates the fixed investment bank., This is the sum
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of the current fixed investment, the current interest on borrowed
capital used to purchase it, the current interest on previously
borrowed tapital, and the fixed investment bank at the end of the
previous year. Statements 0040 and 0041 update the pre-production
investment bank and the exploration investment bank respectively.
Statements 0042 to 0OLL determine the capital tax as before.
Finally, statement 0046 updates the depletion bank. This is simply
the sum of the depletion bank for the previous year and one-third of
current investment (excluding working capital).

A final step before the calculation of taxes payable during the pro-
duction phase is to calculate the annual interest and principle
payable if there is any debt to recover. This is done by statement
0047 which calls the DEBT subroutine. This subroutine calculates a
capital recovery factor which is then used to determine the annual

paymentsa.

cucuhtg‘ the Annual Taxes

Statements 0048 to 0173 will calculate the yearly income tax and
capital taxes payable by the project. Statements 0056 to 0062 up-
date the capital cost banks prior to the tax calculation.

Statements 0063 to 0067 calculate the capital tax. Because paid up
capital stock, surpluses and reserves are not specified anywhere in
the program, and because the major capital items are quickly written
off by way of the capital cost allowances, it was decided to approxi-

- mate the taxable capital in any year by way of a formula. The formula

iss
TC=CB(I) + E(D) - (I-D) * E(D)/(N-D) + O(I) + W

TC - taxable capital

CB(I) - unamortized debt

E(D) - equity capital at the beginning of production
I - current year

D - pre-production period

N - total project life

O(I) - undepreciated balance of ongoing investment
| - cumlative working capital
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The capital tax is equal to .002 times TC, This tax is payable within
six months from the end of the year it is assessed. During the pre-
production period the tax may be paid from loan capital or equity
capitale The progrim assumes it is always paid from equity capital.

Assuming there is profit remaining after deducting the capital tam,
statement 0083 will commence the actual tax calculation for the current
year, From there to statement 0138 the taxable income will be calculated,
The taxable income is calculated as follows;

From: Gross Profit (after capital tax)-
Deduct: Accelerated Capital Cost Allowance

Deduct: Normal Capital Cost Allowance

Leaves: Net Profits 1

Deduct: Resource Allowance

Deduct: Interest Costs-

Deduct: Pre-production Development Costs

Deduct: Exploraticn Costs

Leaves: Net Profits 2

Deduct: Depletion Allowance

Taxable Income

- - Suus

NV B NN W N e
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The accelerated capital cost allowance can be any amount up to the
unclaimed balance in the accelerated capital cost allowance.bafike The
normal capital cost allowance is any amount up to 30% of the unclaimed
balance of the normal capital cost allowance bank, The profit remaining
after these two deductions, net profit 1, is the basis for the resource
allowance. This allowance is 256 of net profit 1, From the remaining
profit is deducted: any exploration costs (preproduction or current);
the pre-production development allowance (up to 306 of the unclaimed
balance); and, the interest charges on long term debt. This glves net
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profit 2, From this is deducted the depletion allowance which is
the lesser of 255 of net profit 2 or the amount unclaimed in the
depletion bank. The profit remaining is the taxable income.

The subroutine does not derive the taxable income by simply making

the allowable deductions in order as above, It minimizes the total

tax assessment for the project by posponing any assessment as long

as possible. This process begins at statement 008l where EXP is

defined as being the sum of the interest deduction, the pre~production
investment allowance, and the cumulative exploration which is then
divided by .75 The difference between EXP and gross profit is avail-
able for the accelerated capital cost allowance and the normal capital
cost allowance. If the difference between EXP and gross profit is
claimed by the capital cost allowances, the profit remaining before

the depletion allowance (Net Profits 2) will be zero. If the difference
between EXP and gross profit camnot be entirely claimed, then Net
Profits 2 will be greater than zero and a depletion allowance can be claimed.
This will still leave profit which can be taxed.

An important:.; feature of this procedure for calculating the tax is that
it maximizes the benefits from the resource allowance. With marginally
profitable projects, it is often possible to reduce taxable income to
zero without making any claim from the accelerated capital cost allowance
banke The larger the interest deduction, the more likely this is to
occur, Naturally, some marginal projects will never pay income taxes.

If it should happen that the current taxable income is less than zero

and the taxable income in the previous year was positive, then a one year
carry-back of losses is allowed, This is done by statements 0139 to 0150,
The taxable income for the two years will be summed. If it is negative,
the tax payable for the previous year will be reduced to zero and the

net loss will appear for the current year and be subject to carry forward,
If the net taxable income is positive, the previous year's tax will only
be on that positive amount and the current year's taxable income will be
Zero,

Statements 0152-0168 deduct any loss éarry forward from cwrrent taxable in-
come. As noted before losses can be carried forward for up to 5 years,

The actual tax payable is calculated by statement 0169. The federal tax
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rate 13 36% and the provincial rate is 15% for a total of 51%.

The detailed tax calculations will be printed by statements 0176. to
0189 if requested from the main part of the program.

2,6 " The sis Subroutine (ANALYS

Following the determination of the optimum SIZE of project, the ANALYS
subroutine is callede This will undertake two kinds of analysis on
the optimum projecte The first is a sensitivity analysis. In this
analysis, one of 11 factors affecting project profitability is in-
creased or decreased by some percentage in order to measure the effect
on the rate of return to the projecte This analysis is done three
times, each time the factors affecting profitability are varied by a
different amount,

The second analysis is a probabilistic analysis in which probabilities
are assigned to each of the factors affecting profitability, By way
of Monte Carlo techniques a probability distribution is generated for
the rate of return,

The compiler listing for this subroutine is at the end of the Chapteér,
2,6.1  ANALYS Variables

The real variablés for this subroutine are as follows:

A - 50 element array, contains first constant for function of
average mine cost versus production.
AA = 50 element array, contains first constant for function of
average processing cost versus production
B -~ second constant for equation of mine cost versus production,
BB -~ second constant for equation of processing cost versus production.

BORCAP -~ same as in subsection 2.1,.1.

CAPTAX - same as in subsection 2.1.1,

CASFLO = same as in subsection 2.1.1,

cos = 3 by 50 matrix contains random normal values for the mining
and processing operating costs,

DATA - 11 by 2 matrix containing the evalustor's estimates for the
upper and lower ranges (at the 90% confidence level) of the
factors affecting the pz_'ojecta rate of return.
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- same as in subsection 2.1.1.

value by which a cost or revemue factor will be changed in
the sensitivity analysis,

- same as in subsection 2.1.1.

same as in subsection 2.,1.1.
same as in subsection 2.1.1.
same as in subsection 2.1.1.
11 by 3 by 50 matrix used in the Monte Carlo analysis to
contain the values for each of the 11 project parameters
for each year of the project,
same as in subsection 2.1.1.
same as in subsection 2.1.1,

_ same as in subsection 2.1.1.

in the sensitivity analysis this value is the percentage
change in the rate of return,

- in the sensitivity analysis this value is the percentage

change in the variable affecting profitability,

same as in subsection 2,1.1.

same as in subsection 2.1.1.

same as in subsection 2,1.1.

1000 element array used to record the number of times a rate
of return occurs at each whole percent between 0% and 100%.
same as in subsection 2.1.1.

same as in subsection 2.1,.1.

50 element arrays; in the analyses, this will contain the
annual recovery rates.

same as in subsection 2,1.1.

same as in subsection 2.1.1,

same as in subsection 2.1.1,

50 element array; in the probabilistic analysis this will
contain the values for annual ore production.

same as in subsection 2.1.1.

same as in subsection 2.1.1.

same as in subsection 2,1.1.

same as in subsection 2,1.1,

same as in subsection 2,1.1.

same as in subsection 2.1.1.

same as in subsection 2,1,.1.
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VAL - 50 element array; in the probabilistic analysis this will
contain the anmual values for the net smelter return.

VALUE -~ same as in subsection 2.1.1.

WORCAP -~ same as in subsection 2.1.1.

X - during the probabilistic analysis this is assigned the value
of the standard normal deviate.

YRAN - value of the randon number, between O and 1: -

Z ~ during the probabilistic analysis this.is the sum of 12
random variables.
ZN ~ sum of rates of return for all simulations and then the

mean rate of return.

The integer variables are:

ASTER -~ assigned the character '#¢,

c = same as subsection 2.1.1.

D. - =" game as subsection 2.1.1l.

D - same as subsection 2.,1.1.

Is - random number seed.

ISEN -~ same as subsection 2,1.1.

JT ~ label value for graph of probability distribution.

Js -~ integer value of the rate of return plus one; later it is

assigned the integer value of the proportion of rates of
return at each value between O and 100.

L -~ in probabilistic analysis this indicates which standard
deviation (upper or lower) is to be used in deriving
the new value for a parameter. |
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Initisl Conditions

Statements 000, to QOL5 establish the initial conditioms for the

analysis to be undertaken. Statements 000L and 0005 read a data

card which will instruct the probabilistic part of the subroutine as

to how many simulations to carry out. Statements 0006 and 0007 will

read the data cards containing the evaluators estimates of the upper

and lower limits for the various factors affecting project profitability.
Statements 0013, 0014 and 0015 are used to generate an odd number

between O and 100 for use as a seed for the random number generator.

Since the seed will be a random number initiated extermal to the pro-
gram, the sequence of random numbers will be different each time the
progrem is run.

Statements 0017 to 0OL5 place the optimum values for 11 variables
affecting profitability into a matrix. This matrix will be used in

both the: sensitivity analysis and probabilistic analysis. At statement
0046, a decision is made as to which analysis is to be done. Both may

be undertaken (if ISENS equals 2); either one may be done (if ISENS equals
1 or 3), or; neither may be done (if ISENS equals 0).

Sensitivitz Analysis

The sensitivity analysis is undertaken by statements 0048 to 0173.

The subroutine alters each variable in turn by DEV and measures the
effect of this change on the rate of return. The variables are
changed in a manner that will reduce the calculated rate of return.
That is, a variable such as VALUE is reduced while variables such as
COST(6) or COST(7) are increased. The complete analysis is done three
times. The first time DEV is initially set at =.05, the second time at
-+l and the third at -.2,

The percentage change in the rate of return is calculated and printed
along with the actual rate of retumn.

babilistic is

The probabilistic analysis is undertaken by statements 0176 to 0256.
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Statements 0176 to 0181 use the estimates for the upper and lower
limits of each variable to determine the values that represent + 1
standard deviation. Since split-normal distributions are likely to
occur most often, the upper and lower values for each variable will
usually be different. (If a point value is to be used for any variable,
the upper and lower estimates will be the same as the initial value;

if a normal distribution is assumed, the upper and lower estimates

will be equai).

_Statements 0186 to 0190 will use the random mmber generator to derive

random-normal deviates. These will be multiplied by the standard

_deviation for each varisble and the result added to (or subtracted from)

the initial value to arrive at the new value., For each simulation, this
is done for each of the 11 variables for each year of the project. The
rate of return which is determined for each simulation is rounded off

to the nearest percent and its occurrence recorded for later presentation

in the graph of the rate-of-return distribution.

The graph is obtained by statements 0229, 0280, and 0231 during the
similations, and by statements 0233 to 0256 following the simulations.
Statement 0229 will round the rate of return value plus 1% by means of
integer addition, The occurrence of a rate of return at this value is
recorded by statement 0230, Statement 0231 accumulates the rates of
return for later determination of the mean. This is calculated at
statement 0234

Statements 0237 to 02149 actually print the bar graph. At statement 0238
the number of rates of return at each percent is divided by the total to
arrive at the probability (times 100) of a rate of return for that value.
This is converted to an integer value at statement 0240, The probabilities
(in percentage) are accumulated by statement 0241. A check is made later
to see if all the rates of return have been taken into account. If so,
the graphing stops. The axie valne fiu: thie-percent. im-teterwmined rmire~
at statement 0242, It is the count value I minus one. This sets the
label value at the correct rate of return value which was previously
recorded at one more than the actual return (statement 0299). Statement
0243 then prints: JI, the label; PT(I), the portion of the total returns
at this value, and; ASTER 1,JS, the whole number of asterisks for PT(I).
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Pinally, at the bottom of the graph, statement 0252 will print the mean
rate of return.

The Interdependence of Variables

One of the problems always encountered whenever sensitivity and probab-
{listic analyses are undertaken is the interdependence of cre or more

of the variables. There are a number of possible ways of dealing with
ite If the interdependence is weak, it can be safely ignored (in most
cases). Where the interdependence produces effects which tend to cancel
out, the relevant factors can be excluded from variation in the analysis,
Where the effects of interdependence are cumulative, the variables can be
aggregated and treated as one. Whichever mamner is used to deal with

the interdependence, the evaluator should always be conscious of it and
should adjust his conclusions accordingly.

In this subroutine, 5 of the 11 varisbles are assumed to interact to-a
significant extent. The most important interaction is between the
average grade of ore mined and the concentrator recovery rate. The
equation which expresses this interaction is:

ROV = R1/G + (R2~G) e*
where RCV = the recovery rate
Rl = a constant of value - .00125
R2 = a constant of value .97
G = the average grade of mill feed

If the average grade of mill feed is L% copper, the recovery rate is
.9367; if the average grade is 1% copper, the recovery rate is o846,
The maximum recovery rate is about 95%. Variables Rl and R2 can be
changed to reflect the kind of ore being processed.

The other interaction is between the quantity of ore processed and
the aversge mining cost and the average milling cost. The indepen-
dant variable for the two linear equations used is quantity of ore
(SI1Z). The slopes for the two equations, B and BB are fixed but
the intercepts are differemt for each optimum sise of project. In
general, as SIZ decreases from its optimum, the averege mining and
silling costs increase. At present B and HB are set at .6 and .7
respectively. When better information is available, they cen be
revised.
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2.7 . -Other Subroutines

2761 The Debt Amortization Subroutine

This subroutine is called from the INCTAX subroutine prior to the
calculation of the anmual income taxes. Information supplied to the
subroutine includes: the 1ife of the project, N; the year production
commences, C; the interest rate, S; the rumber of years of secondary
ore production, I¥; and the total borrowed capital (including accumu-~
lated interest) as of the beginning of production, CAPUB., The sub-
routine then calculates: a pay back period; a capital recovery factor;
‘and the total payment. The annual payments are separated into the

interest and principal constituent parts before being returned to the
INCTAX subroutine.

2.7.2 The Internal Rate of Return Subroutine

~After the calculation of the cash flows in the MAIN routine or ANALYS
subroutine, the internal rate of return is calculated. Up to four cash

flows are passed to this subroutine slong with the value for the life of
the project, and the value indicating the number of cash flows,

The internal rate of return is that rate of interest which will equate
the discounted negative sand.positive cash flaws. That:is:

n

)1:1 OF, s(ef - 1)/reri =0

As the equation indicates, contimuous discounting is used. This produces
a little more realistic result , particularly for the early (and most
important) years of the project where capital is not utilized for a
whole period but rather is continually invested throughout the year.

An example of the effect of this method is as follows, Assume a single
investment of $100 discounted for 1 year using a rate of 10%. Using

the contimuous method of discounting the Apresent. value is $95.16,

Using the period method of discounting the present value is $90.91,

If 1=10 years, them the present value by the contimious method is
$38.69 and by the period method is $38.55. The overall effect of
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the eontinuous method then is to produce a slightly lower internal
rate of return for the project,

One of the problems encountered while developing this subroutine was
the occurrence of multiple roots. This can become serious, particularly
with marginal cash flows where the final two values of a stream may

be a large positive value followed by a large negative value. In an
actual case of this kind, two positive roots were found, a first at
Just over 6% and a second root at nearly 13%. Both are realistic so the
problem for the subroutine was to select the correct one. The solution
was suggested by an article on project evaluation which stated that the
rate of return "is the first positive rcot R of the (discounted cash
flow) polynomial® (see bibliography E/MJ - July 1974). This information
became the basis for a method of selection in the subroutine, In order
to find the correct root, the subroutine starts at an interest rate
Just over 0%, calculates the present value, and then increments the
rate by 1€, The present value at each rate is calculated and stored,
This process contimues till such time as the present value switches
from a positive value to a negative value or visa-versa. When this
occurs, the exact root is determined using the Bolzano-Weirerstrauss
methods If no switch over occurs, the incrementing continues till

the discount rate equals 1, The calculation is then stopped and if

the present value is negative the IRR is set equal to O%; if the

present value is positive the IRR is set equal to 100%.

The Random Number Subroutine

This subroutine is called from the ANALYS subroutine, Its purpose is to
provide random values between 0 and 1, which are the basis for deriving
the normally distributed values for the various factors affecting pro-
Ject profitability. The value of the random number is fed to ANALYS

by way of Yl. IR is the random number seed and N is the continuation
indicator. IR can be any value between 0 and 2#%29, N=l means restart
and Ne2 means continue, The mumbers are generated by the Transworthe
method. This subroutine was obtained directly from Bemnett, J. et, al,

Financial Bvaluation of Mineral Deposits Using Sensitivity and Probabil-

istic Methods, U.S, Buresu of MNines, Information Circuldr 8495.
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0001

0002

0003
0004
0005
0006
0007
o008
0009
0010
0011

0013
0016
001S
0016
0017
ools

0019
0020
0021
0022
0023
002s
0025
0026
0027
0028
0029
0030
0031
0032
0033
0034
0035
0036
0037
0038
0039
0040
0041
0042
0043

AN

06
oS
06
300

03

303

210
220

230
240

REAL®8 CAPCOS(10+8)9sGROPRO(S0)s BORCAP(S0)+DFLOATs VALUE2AA(T)»
®SIZEeXReYX9OPTRICOST (7)o PROINV(S0) s TOTROY (50) ¢ TOPCOS+BB(7) 9»DLOGY
OTAX(S0) s INTRST(50) o MAXTONe PRIN(50) sDEXPIMAXsCASFLO(05950) ¢SMeSCo
®SeCAPTAX(S0) ¢S122(50) sOLDRMyDERIFEDTAX(50) yRMIN+BORROWIR(S) 9 TeOHy
®TOTCOS+EQUITe YYeMCAFLO(S5¢50)/7250®0,D0/+TOTINV(50)90LDOR/0.00100/
*G/ 10000.00/9CASHI(50) sRM(5) /50,007 ¢TONSYREVENU(SO0) +EXPLOR(SO0) e TL
®MININV(S50) o WORCAP(S0) sSOCINVISO) o TAPCOSsPREPRO(SO)eA(T)I/T®0,D0/
®B(T)/7%0,D0/sMINRAL(10+8)/80%0,D0/¢GRADE(S0)90SIZEe
®R1/=,0012500/9sR2/70.9700/

INTEGER H(T) oCoMBL/S/7eDeSET/L1/oLET/0/eBET/0/9F/71/eriH(TI/T®0/9E
®STOP/0/¢1C/6/¢INC/0/¢CBLZL10/ 28N eP/T/ 2PP/2/9HGIPGoI0/1/eLIN/0/sLIFE

READ O4+VALUEsDEReSoToMARXsRMINsLoMoHGe ISENe 10P¢PG

FORMAT (6F12.469796(1293X))

READ 05¢ {(CAPCOS(IeJ)ou=leBleI=]ol)

FURMAT (5F12.002FS.2+F10,0)

READ 06+ ( IMINRAL(I0J)ousle3)eI=n]eM)

FORMAT (3F15.5)

PRINT 300 :

FORMAT(*109//s40Xo P INPUT DATAVe/00e%y 30X0)0(0_10))

PRINT D3I oVALUEIDEReSeToNAXeRNINsLoMeriGe ISENe IOP PGy
S {(CAPCOS(IeJ)ed=1e8)el=10L)

FORMAT (/7/7940Xe*TWO OPTIONS CARDS?9//7020X98(FT.801X)eF9,091XeFS5.29
®//925RKe6(1203X)0//7/+40X0°COST CARUS*e//9 ((SF1l2,002F5.2eF10,0)7))

PRINT303+ t (MINRAL(I0J)eusle3)elxliom)

FO“NAT(/.‘O!"HINER‘L RESERVE DATA®e//93(20X93F15.5077))

CALL EQUATNICAPCOSoLsAAsBBoHePoPGIMAK)

CALL EQUATN(MINRALsMoAosBoHNHePPoPGIMAX)

PRINTO) .

FORMAT (919677061 X0 PROJECT ITERATIONS®¢/00e%960Xe1B8(*_*)¢//s
021K 'PREPRODUCTION® 903X s *PRIMARY P o UEX 9 *SECONDARY'90T7Xo *TOTAL e 08X,
S IPROVECT * oSXo* INTERNAL * 06X o *MARGINAL Y 0/928A+*PERIOD?e6X9*0RE LIFE?
OoTXo%0RE LIFE?o7Xo'LIFE®e8Xo'CAPACITY¢2Xo*RATE OF RETURN®o1Xe
O®IRATE OF RETURN?®)

IF(HH(2)~2)21002200230

MAXTON==A(2)/8(2)

GO 10 240

MAXTON==B (2) /A (2)

GO TO 240

MAXRTONSDEXP (=A(2)/8(2))

CONT INUE

§SIZEaMAXTON/200000.00

SI12E=DFLOAT{1SSZE) *25000.D0

LIFE=(1SIZE~4)/2

IF (MAX LT MAXTONAND cMAK BT . 0.00)MAXTONZMAKX
XR=0,001D00

CONTINVE

TONSsL IFE®SIZE

IF (TONS.LE.MAXTON)GO TO 250

LIFE=L]IFE~-]

LET=2

BET=0

RMIN=]100.D0

OLOR=0,001D0

LIN=)

CONT INUE

D0 10 K=le7

IF(HIK)=2)1191201)

COSTV (K)=AA(K) *BB(K)®S]I2E
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1YY 60 10 10

84S 12 COST(K)SAA(K) BB (K)/SIZE

0646 60 70 10

047 13 COST (K)=AA (K) +B8(K)*OLOG(SI2E)

0sd 10 CONT INUE

049 TOVCOS=COST (1)COST (2) ¢COST(3) oLOST(4)+COST(S)

050 IF(TOTCOSeLEL1.50°07)Cn)

0s1 JF(TOTCOS.6T.1.5D *07.AND.TOTCOS.LES.0D *07)Cse

0se IF(TOTCOS8T:.5.,0D0 *207.ANDTOTCOSLEL2.5D *08)CeS

053 IF(TOTCO5.GT.2.5D *08.AND.TOTCOSLE«S5.0D *08)Cms

0Se IF(TOYCOS.8T7.5.0D *08)Ca7

05s OsCe)

056¢ €sCe}

‘134 NeDeL IFE

0se Ons0,0500°(COST (6)*COST(T))

059 TOPCOS=COST (6) oCOST (7) oOM

060 CALL ANNREVILIFE'SIZEoVALUEoAsBoMeDoCoNoREVENU TOPCOSo NG
SR1eR20 GRADEIYeTLI0PsMAXTON)

o6l D0 15 I=}eD

062 WORCAP(1)=0,D0

063 SROPRO(1)=0.D0

066 $122¢(1)=20.,00

065 EXPLOR(I)=COSTI1) /0

066 PREPRO(I)=COST(2)/D

067 MNININVI1)aCOST (3)/7D

068 PROINV(I)SCOST (4)70D

069 13 SOCInVI1)=COST(5)/70

3 { ] WORCAP(D)=0,10D02T0TCOS

071 NORCAP(C)=0,15D00°TOVCOS

o072 WusN=]

073 00 46 IsE.ww

074 o6 wORCAP(3)=0.D0

07s SHaDFLOAT (MBL=N*D) /DFLOAT (MBL)*COST(3)/2.00

076 IF(SN,LT,0.00)Sn=0.D0

07?7 SCeDFLOAT (CBL=N*D) 7DFLOAT (CBL)*COS5T (&) 72,00

078 IF(SCelLT.0.00)SCa0,00

34 $%=0.00

80 $C=0,00

(1 }} WORCAP (N) == (WORCAP (D) +WORCAP (C) +SNeSC)

7.4 00 16 1=ConN

083 BORCAP(1)=0,D0

08s SI1Z2¢1)1eS12E

113 IFU1.EQ.NISIZZ(IVaTL

086 EAPLOR(1)=0,D0

087 PREPRO(1)=8,00

oss IF (1,6E.IN=1Y))GO TO l61

089. IF((1=D) /494 ,EQ.(I-D))GO TO 160

cv0 16} RININV(I)=0,00

091 PROINV(1)=0,D0

092 SOCINV(II)I=0,00

093 60 70 16

094 160 NININV(I)=COST(3)°0,10D0

09S PROINV(1)=COST (4)*0.06D0

096 SOCINV(1)=COST(5)°0,04D0

097 16 GROPRO¢ 1) sREVENU(1)=TOPCOS®S122(])

098 CaLL ROVQL'GGROPQOOIIN]NV|PRO!NV'EIPLOQOSOCXNVOPﬂE?ROO
®nsCoToTOTROY)

1099

CALL lNC?AX(GROPROONININVOPGOINVOEIPLOROSOCINVQPREPROOBORCAPO
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0100
010}
0102

0103
010e
0105
01006
ol07
01086
0109
0110
011}
o112
0113
olle
0115
ol1e6
0117
olle
0119
0120
0121
0122
ol23
0126
0125
0126
ol27
viza
0129
0130
0131
0132
0133
0136
0135
0136
0137
0138
0139
0ls0
0le]
0le2
0143
0les
01a5
0146
0147
0148
0149
0150
0151
o152
0153
0154
015%

17

60

02

20

k] )]

19

21

22

23

24

ONsCoSeTAKY INTRST4PRINGNONCAP¢CAPTAXsDE e [ YeSMeSC)
N0 17 3=l
TOTINVII)ZMININV (1) ¢PROINVII) e XPLUR( T} eSUCINV () ePREPRUL(])
CASFLO(1¢1)=GROPRO(II=TAX(I)=CAPTAXK(I)=TOINOY(I)=TUTINV(])~

*wOHCAP (1) '

CASFLOIZ2« J)=CASFLUOGL s D) =INTRST(I)=PHINII) onOKRCAP(])
CASFLU(Io1)=CASFLUTLo1) e TAX(I)oTOTRUY () *CAPTARI])
FELUTAX(1)30,36D0/70.5100TAKX (]}
CASFLO(49])3CASFLO(Le1) oFEOTAX(I)
TL=TL/SIZE

CALL JHN{CASFLOReN9ICoTL)
IFIR(1)LT.XR)GO YO 60

YR=SIZE

LLSLIFE

KRz (1)

CONT INUE

IF (OLDR.EQ.0.00100.AND.R (1) .EQ.0,0D01G0 TL 513}
IF(LIFELEQ.) OR.SIZELEQL.10000.D0)G0 TO 5133
IF(INC.EQe1)GO TO 18

PRINT 029DelLIFEsIVoNeSIZEGR(L1IIRNM(L)
FORMAT (19404 (6X9J2o6X! oF12:292X02(FL0,5064))
IF(LET.EQ.2)60 TO 19
IF(k{1)=0LDR.LT.0.00)60 TO 20
LIFE=LIFESF

OLDR=R(1})

&0 TO 30}

LIFE=LIFE~F

F==F

LET=LETe.]

BET=0

CONT INVE

YYaSl2eE

LInso
IFGLETEQoleAND R (1) LT . OLORILIFESLIFEF
IFILETY . EQ.2)SIZESSIZE*G

G0 T0 30

CONT INUE

IF(R(1)=0LDR.LT.0.D0)60 70 21
S12€=S1ZE«6

OLDR=R(])

60 T0 22

S1ZE=SIZE-G

6=-6

BET=BETe1

CONT INVE
IF(BET.EQ.lcANDR(1) LT, OLOR)SIZE=SIZE 6
IF(BET.EQe2.ANDSIZE.EQ.YY)E0 YO 23

1F (BET.EQe2.AND L IN.EQ.1)60 TO SO

GO T0 26

CONT INVE

LIFE=LL

SIZE=aYX

INC=]

IF(IOP.EQ.2) I0P=])

IF¢ xoP.EODOOANDDR“).LE.““‘“' 10P=)
OSIZE=S]I2E

60 10 30

CONTINVE
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0156
0157
[2%-1]
0159
cled
0lel
0le2
[ %]
oles
oles
0l66
ele?
oles
0169
o170
(1§21
olr2
o173
017
0175
oi7e
(184
o178
(1% 4
o180
olel
ole2
cl8d
[ T 1Y
0185
olse
o187
olus
0le9
0190
0191

0lv2
0193
0194
0195
0196

0197
0198
0199

0200
029)
0202
0203

1.4

o2
3
26
»
( 24

30
3l
32

3%

.

1F wr.'.EU.Z.AND.!NC.EO-OH.IFE'LIF:#'
IF (e T.FU.2)LET=0

w 10

CONT INUF )
lF‘“.l’QLE.“"!".O‘.S'O’.EQ.I,GO T0 47
IF(S5LT,EQ.1)G0 To 25
JIF(IN=N)e0s83e¢62
CANM(NGL)=20,00

oL 10 &3

NaNe}

CASFLO(1oN)=8,.00

CONT INUE

00 26 Islen
MCAFLO(Lo1)SCASFLOILoI)=CASNH(I)
CALL IMR(MCAFLOIRMoNG 1DoTL)
CONT INVE

PRINT OTeOoLIFEsIVINOSIZECR (L) oRNIL)D

FUNMAT (19K 04 (ORe [L2o0K) oF12,202R02(F 10eS0oA))
IF(R(1) LE.RNINCOR.STOP.EQ.1260 TO 31
IF(RR{)} 0T .ANINIGO TO 25

SlLt=S12¢e-6

“R(1)=0LDRN

StouPs) .

IF(10P.EQ.0) 10Ps]

60 10 30

1

SI1ZE=SI12E+6

INsN

DO 28 I=sleN

CASKH(])=CASFLO(] D)

OLORM=aN(])

SEVs0

60 Y0 09

CONT INVE

IFC(R(1) LERNIN,OR.SIZE.€0.0SIZEIRN(LI =R (1)

PRINTI2

FORMAT(919939Xs *DETAILED DATA FOR OPYINUM RETURN?® ¢/,
©000939X032(9_0)9//945XKe *PRODUCTION DATA o790 540K015(0_2)e//)
CALL PRNPRO E .

PRINTII

FORMAT (°1904//000Xe*FINANCTAL DATA®e/e%e%003X010(0_0))
PRINTICoR(L)oRN())

FORMAT (0=0432X¢ *AVERAGE RATE OF RETUNNI*oF10,50°%°¢,
©//932Ke SMARGINAL NATE OF RETURN3I®oF10.5¢%8¢)
TAPCOS=TOTCOS+wORCAP (D)
PRIN!3S.(COSY(I)ol'l.S)c-ORClP(DlolAFCOSoCOSV(6).605!(11.0”.?0’C0$
FORMAT (*=0o38X¢ *EXPLORAT JON COSTS*oF 19.90/025X¢ 'PREPROVUCTION DEVE
SLOVRENT COSTS®eF15.507¢
S39Re *MINING INVESTMENT* oF15.5070359K0 'PHOCESS ING INVESTMENT,
®F15.50/031X09SOCIAL CAPITAL INVESTMENT ®oF 19.5¢/ °27Xe
®'PREPRUDUCTION wORKING CAPITAL9F19¢50/70900955X915(9_9)0/95) Ko
OoTOTALYoF15.507/936R9 *NINING COSTS PENW TON?oF15.507035X0
®*PROCESS COSTS PER TON® oF15,5¢7928R0 *ADMINISTRATIVE COSTS PER TON®
O-Fls.so/.Oo'-ssxolS(O-')oloSllo'lotAL'oFlb.SD .
BORROW=TAPCOS®DER

EQUIT=TAPCOS-BORROY

PRINT3I60ER'EQUIT ¢B0RRON

FOMMAT (/7/7939X9 'OEBT=EQUITY RATIO®s F15,5¢7¢

®42X < *EQUITY CAPITAL®oF15.50/+40X0 *@OMROWED CAPITAL'eF15,.5)
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FOKTRAN 1v

020%
0205
0cue
0207 *

0cuy

0209
0¢l0
0z1i1
o2i2
0213
o2le
021s
ozio

0217
oc1s

0219

0220
0221
0z22

0223
022e
0225
0226

0227
0228

0229
0230

0231
0e32
0233
023

0238
0236

0237
0238

II.l.IIlll.li.ll...................................--.--III------t4*

44‘_______________________________________————::j----.---.................................................

6 LEVEL 2} MAIN DATE = 77043 15707704

199
200

201
202

sny

S118

5119
S120

S125
S126

S127
Sl28

S121
Si2e

si123
S124

00 199 Iz:]l.N

YOYINVIl)"OYlNV(!)’lORCAP(l)

PeInl2U0

FORH&T('l‘o//oSJXO'ANNUkL CAPITAL lNViS‘HtN"/o'O'Oﬁ?loéb('_')0//.
'lSAo’PKEPRUDUC'lON'OlX.'FQEPHODUC'XON'ODK"NKNING'OOX"PﬂOCESSING'
*93R99S0C]AL CAPITAL?+2Xs *uORK ING CﬂPo'leo'IO?AL'O/.IOAO’ERPLONAT!
.ON'v3lv'DEVELOPNEN"’QX"lNVES'"EN"!‘XO'XNVESVHENY"QA.'INVES'NEN
®T'eaRe?AND SALVAGE VALY, 2A+°CAPLITAL o/ /) .

?NINIZUIOCIOEXPLOR‘I)'PRtPRO(1)OHIN1NV(I)'PROKNV1130'

SS0CINVII) owORCAP(IDoTOTINV (1) oladon) , .

FONNA’((llananlo?lFlZ.?o!l)ll)

DO 202 JI=1l.N

YOYINV(!l8107lNV(l)-l0NClPll’

CALL PRNKOY ) '

CALL PRNTAX

$=5¢100.000

PRINT S117 .

fON"A'('l'o/l'bSl"lN‘E“NlL RATE OF NE'UNN'O/"O'OSEKO¢3('_"OIIO
®SOX e *PROVECT CASH FLOW e/ )

PRINT 5116

FOH'A'llSlv'OPEﬂAVING'o9lo'CA’I'AL"I]IO'lNCO"E'olll"NINING"Ill'
."OYDL"BKQ'IORKING C‘Pl'lL'p?lc'CASH'OIOIOK;‘?RO?I"Olllo'lll"IQ
.lv'7‘!'012!"ROV‘L'V'D7ID'INVESf”EN!'O 00X9 PAND SALVAGE VALUE® o6 X
SIFLOm®y/) '

PR!“‘S]]V!‘l.GROPRO‘l’OC‘p'Au(l’O ‘Al(l’o'O'ROY(l’OVO'INV(])o
OHORCAPII)OCASFLOCIOIDOI'IDN)

FORMAT((1Xo12007XeTF17.5)/) .

PRINTS120eR(]))

FONMAT (//0055K0* JRR IS'oFlZ.bo"'.l/oblo'NO'Et 1 THE CALCULATION I
®S STOPPED IF THE IRR IS LESS ThAN ZEKO OR GREATER THAN 100%.°)

PRINTS5]12S

FORHAY"I'0//.56!0'PUBLIC CASH FLOW]1?)

PRINTS]26

FORMAT ( Io3llo'PROJECY'0103210'CASN'olllo'CaPlt&L‘-lzlo'lNCONE'o
OIlloOHIN!NG'OIZIo'CASN'-IoSElo'FLOI'oIQIo'IAK'QIQRQ'YAI'Q
.lllo'ROVALYV"IZKQ'FLO".I)

PR!NYSI??O(vaASFLoilOlDOCAPYAICI)0!!!(])O'OTQOV([’QC‘SFLO|3OI’Q
olm]enN) *

FORMAT((1Xo12021X0e5F17.5)7)

PRINTS1289R(3)

FORMAT (/790559 Y IRR ls’.Flz.bo'I'i/l.?lo'“O'Ei 1 TnE CALCULATION |
S STOPPED IF THE IRR IS LESS THAN LEKO OR GREATEN THAN 1008,%0/7/7,
®11X9*2 PUBLIC CASH FLOW] aSSUMtS THAT THE PROJECT WOULD NOTY MAVE 8
CEEN UNDERTAKEN BY¢9//013Ke 04 PRIVATE COMPANY SO THAT TARES AND ROY
SALTIES ANE NOT A COST TO THE PROJECT,.*)

PRINTS)2)

FOﬂHA'('l'plloS'lv'EOUl" CASH FLOW?®)

PRINTS) 22 : .

FORMAT | 103210'PROJEC"tlo33lv'CASN'OIZI"BORﬂo.ED'.lOI.'DEB"o
0]0!0'lN'EﬂES"olJlo'CASN'oIoJ3lo'FLU"QIdl.'CAPlYIL'.’IQ
SIREPAYMENT ® 98Ky 'ON OEBT9913Xs*FLOW?»/)

PRINYS!Z)-(l-CASFLO(Iol).BORCAP(l)'PHINCIDOINYRS?CI)g

>

4

SCASFLOI20I)0I=)oN)

FORMAT ((1Xe12023Xe5F17.5) /)

PRINTS124¢R(2) ¢S

FORMAT (//70056Xs ¢ IRR IS*eF12.60°%°0//795Ke *NOTES | THE CALCULATION §
®S STOPPED IF THE IRR IS LESS THAN 2ERO ON GREATER THAN 1008,.%9//7y
®11Re%2 EQUITY CASH FLOW IS THAT AFTER ADDING BORROWED CAPITAL AND

PAGE 0005
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023y
0240
(713}

0242
0243
0cee

(711}
0266
02e7

0260
0249
0250

15707706

OSUBTHACTING®+//7913R9DEBT REPAVMENT AND INTEREST.%0//011Re*3 TnE |
ONTERFST RATE 1S°:F0.20°%,°)

WPIn=RI1))

IFCOPTR,LELS 72.00160 T0 $130

CALL ANALYS(VALUE ¢SI2Z9COSToR]19sR2y OUNCAVOtIVLORoPkEPNOONININVO

O®PROINV ¢ SOCINVeGHADE oNeCoDoSoDER ISENIOPTHe IV eToOneSNeSCoTL)
60 70 5130

9131 PRINT S132eSTZEoNeLIFE )

5332 FOKMAT(0)0o//7/7/7020K0%A POSITIVE wATE OF wbTURN waS NOT GENERAIED B
oy tnk INITVIAL VALUES SLT FOR THE PHOJECT. TMESE witlt 3es/7¢30R0
OIANNUAL CAPACITY WAS®oF10.1e1Xe?TONS OF ONE PER YEARS®9//703040
SIPREPRODUCTION PERIOCD WAS®o[2¢ )Xo VEAHSe ANDI?e//030Ke
SIPRInANY RESERVES WERE EXPECTED YO LASTY FUN'e301lRe*VEARS,. )

60 T 5130

5133 PuINTS130eSIZECLIFE

G136 FORMAT (9] 9¢/7/7020R0°CHECK COSY OR GHADE FUNCTIONS I10PeHe® /7025
OPROJECT SIZE 1S%eF 10101 Re?TONS 0/ 70250

OoLIFE OF PRIMARY RESERVES 1S°¢I291Ke°VEAKD?)
5130 cgnlxuue
sTOP

PAGE 0006
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FORTRAN 1V G LEVEL 21 EQUATN DATE = T7053

0001
0002

o1

0003

0004
0005
0006
0007
co08
0009
esle
0011
0012
0013
0014
001S
0016
0017
ools
0019
0020
0021
0022
0023

0026

0025
0026
0027
0028
0029
0030
0031
0032
0033
00346
003s
0036
0037
0038
0039
0040
00e1
0042
0043
0044
0045
0046
0047
0048
0049
0050
0051
0052
0053
005¢

20

0s

13
12

11
03
200
05
06
09

300

SUBROUTINE EQUATN(CAPCOSsLoAA+BBoHsPsPGIMAX)

REAL®8 CAPCOS(10¢8)eCPACTY(2003)eA(39T)oB(3eT)eR(3I0T)90ABSY

14/59/17 PAGE 0001

®SUM(100397) «MINGRAY OLOGsDSQRToAA(T)e8B(T) 9ZeZZe22Z¢TOTHMINGSIZE
SVALUES(100) Y/'CAPITAL®/¢ YY/9COST(S)¢/9YYY/PGRADE(%)/y

CDFLOAT+LABEL I MAXIMAXTON/0,DO/+DEXP
INTEGER LINE(100) o»YLABEL+POINTS(100) 9PERIOD/1,9/4AST/008/,
SRALANK/® 0/eH{T) ePeQePG

QsPe]

00 15 K=le7

00 15 Usleld

D0 15 1I=]l.10

SUN(IeJeX)=0,00

1FIL.6T7.1)6G0 TO 20

MINGHASCAPCOS(1+1)

TOTHINSCAPCOS (193) '
00 25 J=led

CAPCOS (U9 3)=TOTHIN/ (5=))

CAPCOS (U9 2) SMINGRA®DLOG (TOTHMIN/CAPCOS(Je3))
CAPCOS (Je1)=CAPCOS (J92) *MINGRA

L=l

CONT INVE

DO 01 i=1,L

CPACTY (1+1)=CAPCOS(1+0Q)

CPACTY (1¢2)m=]1,0D0/CAPCOS(1+Q)

CPACTY (1+3)=DLOG(CAPCOS(1+0Q))

DO 02 K=]l.P

D0 03 JU=l.3

00 O0s I=]lelL .
SUMIL1oJeK)=SUM({19JsK) *CPACTY (I0J)
SUN(2eJeX)sSUM{2+J9K) ¢CAPCOS(10K)
SUMI3eJeK)I=SUM(I9J9K) ¢CPACTY (JoJ)o02
SUN(40JeK)aSUMI49JK) ¢CPACTY (19 J)®CAPCOS (1oK)
SUMISesJeK)IZSUMISeJsK) ¢CAPCOS (oK) 002
SUM{69JeK)aSUN(]L s JeK)#e2
SUMITeJeK)aSUM(LleJeK)OSUM(2eJeK)
SUM{BeJeK)IZSUM(29JeK) 002
Z8LOSUM(SeJeK)=SUMI(BeJeK)
ZZaLOSUM (3 eJeK)~=SUM(6eJeK)

222= LOSUMIA o JeK)=SUM(TeJeK)
BlJeK)3222/22
AlJoK)I=(SUMIZ20JeK) =B (JeK)OSUN(LeJeK) ) /L
IF(J.EQ.2)B(JeK)a=B{JeK)
IF(Z)13¢120123

1IF(22)1191201)

RiJex)=l,00

60 Y0 03

RiJeK)=222/DSQRT (2°22)

CONT INUE

IF(P.NE.2,0R.X.NE.2)60 TO 200
IFINIK=1)=2)300,200+30) ’
CONT INUE

IF (DABS(R(1+K) )=DABS (R(12+K)))05:06+06
IF(DABS(R(2+K) )=DABS(R(IeK)))07:08:00
IF(DABS (R(1¢K))=DABS(R(IsK)))IOT 209009
AA(KX)IBA()oK)

BB (K) =B () K)

CONT INUE

HiK)=])
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FORTRAN IV @ LEVEL 21 EQUATN DATE = 77083 36/59/17 PASE 0002 v
0058 IF(P.NEL2,0R.K.NEL2)GO TO 02 «%
0056 AA(K)=mAA(K=1)

.. 0087 88(X)=2,00088 (X=1) ‘
LA 1T 1) 60 70 02
0039 (T AA(X)®A(20K)
0060 8B(X)=B(2eK) s
6061} nin)s2 _
0062 60 10 02
0063 (14 AA(K)BA (IeK) s
1T 83 (K) =8 (3ek) ;

0063 301  CONTINVE
0066 HiIK)=3 3
0067 IFIP.NE.2.0R. K. NE.2)60 TO 02
o060 AA(K)SAS (K=])¢BB (K~]1)

0069 A8 (K) =88 (K=1) ﬂ
e070 (7] CONT InUE : B

1331 IF(PE.C0.0)80 TO S3 :
o072 00 35 x=)p &
073 PRINY 29 o
o07e 29 FORMAT (9])9) i
2078 IF(P.EQ.2) 60 TO 70 6
sov6 60 TO (01082+03086¢85+86087) 0K ' ¥

o7 el PRINTGL §
eso7s ol FORMAT (S0Xo * PREPRODUCTION EXPLORATION®0/09¢9049Xe25(0_0)) (‘
007 Go To N1 »
CTT 1) 82 PRINTO2
008} 2 FORNAT (50X¢ *PREPRODUCT ION DEVELOPMENT®9/0000049Ke25¢0_0)) [ ‘h
0082 60 10 71 2 "
o083 o3 PRINTSI w :
o008 3 FORPAT (50X 'MINING INVESTMENT s 79%09040Ke17¢0_0)) i :‘
208S 60 10 71 ' :
ovas s PRINTOSG ;
oue? 66 FORMAT (SOKe *PROCESSING INVESTMENT o 700000000020 (0 _0)) q
e08s 60 T0 71 : g
089 s PRINTES . i
0099 5 FORMAT (SOXe *SOCIAL INVESTNENT e 70%09049X017 (0 _0)) '
0091 60 10 71 o
0002 FYY PRINTGG . . !
0093 &6 FORMAT (S0Xe 'MINING COSTS(PER TON)*e 70909049Ke2] (0 _0)) : L (!‘g
009 G0 Yo 71 : W
009s o7 PRINTOT : :

0008 7 FONNAT (SOX ¢ *PROCESSING COSTSI(PER TON) ®9/9900949K025(0_0)) o $
0097 60 T0 71
0398 70 CONT INUE . , )
0099 IF(M(2)=2)100+101+102 : : : .;,‘
elo00 100  MARTON=-aA(2)/88(2) : o
0101 60 Y0 103 : )
0102 101 MAATON=Z=88(2)7AA(2) ' 65‘
0103 GO 70 103 ¥
010s 102  MARTON=DEXP (=AA{2)/BB1(2)) _ .
010S 103 CONTINUE i
0106 IF (MAR LT oNAXTONLAND cHAKX o NE . 0.00) MAXTONSNAX : i
0107 G0 TO (88+89) 9K
o108 88 PRINT 72 »
0109 72 FOHMAT (50X *AVERAGE ORE GRADE®e/99¢9049Xe17(0_0)) 1]
0110 60 70 71 :

o111} 89 PRINTY 73
2 73 FORMAT(50Xs *CUTOFF ORE GRADE®s/+%¢%949XelT(0_s)) . |
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o113 n CONT INUE ‘
ol1s IF(NIK)=2)90+91+92

o118 90 PRINTO3¢AA(K) 08B (K) ‘
o116 93 FORMAT(/ 263Xe0V209F15,59 *e(?sFl6.120°)X0s/)

0117 60 T0 99

o118 91 PRINTS4 0 AA (K) 08B (K) ‘
0119 96  FORMAT(/ 243KetY=n99F15,5y 10 (9sF15.509)/X%0/)

0120 GO Y0 99

o2l 92 PRINT9SeAA (K) 98B (K) ‘
o122 9 FORMAT (/ 283Xe'Y='9F15,59 Yol 9F1S.S0* ILNIA) *9/)

0123 99 CONT INVE

0l12s DO 34 I=14100 . ‘
0l12s SIZE=DFLOAT(1)®]10.0002¢ )

ol26 IF (P.EQ.2)SIZE=DFLOAT (1) ®10,D0%e5 g ‘
o127 IF (N(K)=2)36¢3)032 : ‘
ol28 3 VALUES (1)sAA(K) o8B (K)®SI2E . . T ) .

0129 60 70 33 .

0130 k11 VALUES (1)sAA(K) +BB(K) /S12E ' ‘
TET 60 To 33

0132 32 VALUES (1) =AA (K) +88 (K) *DLOB (SIZE) :
0133 £ CONTINUE ‘
0136 IFIP.£Q.2)60 TO &7

013S IF(X.67.5)GO TO 48 )
0136 POINTS(I)=(VALUES(1)/10.00995)/2,0040.500 ‘
0137 60 TO 34

0138 48 POINTS (I)SVALUES(1)/2.D000,500 ) ]
0139 60 T0 3¢ i ‘
0140 a7 POINTS(I)SVALUES(I) *1000,00/2,00¢0.500 9

olsl 3 CONT INUE = .
0142 LIMIT=MAXTON/100000,00+0.500 ‘
0143 00 36 Jslel0 '

Olas 00 36 L=1e5 .
01aS I1=51=(S5®(J=1)eL) ) . ‘
0146 00 37 mM=19100

017 37 LINE (M) sBLANK

olag DO 38 M=le)00 ‘
0149 as IF (POINTS (M) .EQ. I)LINE (M) =AST

0150 IF(P.EQa2eAND [ LE2S)LINE (LIMIT)=AST

0151 IF(L.EQ.1)60 TO 39 ! ‘
0152 IF(1.EQ.26.AND P NE.2.AND.K.LE.5)60 TO S5

0153 PRINT 40 oLINE

0154 40 FORMAT (19X0°,99100A)) ‘
0155 60 TO 36

0156 13 PRINT S6.LINE

0157 56 FORMAT (6Xo *MILLIONSS?94X00,99100A1) ‘
0158 GO 70 36

0159 39 CONT INUE

0160 IF(P.EQ.2)G0 TO 46 ‘
0161 IF(K.GT.5)60 TO 44

0162 LABEL=BLANK : .

0le3 IF (1.€Q.25)LABEL®Y , g
0l6e YLABEL=2°1/10

0165 60 TO 45 :

0166 4 LABEL®BLANK ) 5
0167 IF (1.EQ.25)LABEL=YY [ |
0166 YLASEL=2e]

0169 60 TO &S :
o170 a6 LABEL=BLANK




FORTRAN IV @ LEVEL 21 EQUATN DATE = 77083 147597127 PASE 0006
(1%)) IF(1.EQ.25)LABELaYYY
oLr2 YLABEL=201/]0
.. 0173 s PRINT41oLABEL e YLABEL oL INE
T 0176 (31 FORMAT (4X0AL10130® .0100A))
o17s 36 CONT INUE
0176 D0 &2 1=1,100
[ 2% 4 42 LINE (1) =PERIOD
[ 1%/ ] PRINTAIeLINEs (J9]21010)
0179 3 CORMAT (1TXe*0 299100AL0//¢19K4%00010(TXe13)9//)
0186 1F (P.EQ.2)60 TO So :
elel PRINTS2
ole . s2 FORMAT (SOKe *ANNUAL CAPACEITY (TONS 10%05)0¢)
o183 60 T0 3s
olae 50 PRINT S}
ols8s s} FORMAT (50K 'MINERAL RESERVES (TONS 100e¢) )
alee 38 CONT InVE
o0le7 PRINT 29 :
olas $3 CONT TuE i
0109 RETUAN :
o190 EnD
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OATE = 77053

14759717

SUBROUT INE ANNREV(LIFEoS!ZE'VALUEQAOB'NN'D-CONQREVENUOYOPCOSONGQ

'REVENU(SO)OGRIDE(SO)oCCGRlD(SO)oYONS'RCV(SODODLOG-NAIYONORIOQQQ
'PTUNSoPCGRADoPAVGRA.PNETALoTYONSoAVGNADvTHE?ALoCOGﬁADoTAVGROQ

*TOPCOSeXTONS» XAVGRAQ!VEARS-DEIPOGRAD(02)oﬂ(?)cﬂ(?)

RCV(I)SRIIGRADE(I)'lRZ-GRADE(l))'DEIP(GRIDE(!))

FORTRAN IV 6 LEVEL 21} ANNREV
0001
SR]oR2y GRADE+IYoTLo IOPeMAXTON)
0002 REAL *8 METAL (50) 9PROD (S0) o DABS+sSIZEoVALUE s TL »
0003 INTEGER CoDoeNsLIFEsHN(T) oHE
0006 TONS=LIFE®SIZE
6005 TL=S1Z¢
0006 DO 10 I=le¢D
0007 METAL (I)=0.D0
0008 PROD (1)=0,D0
0009 GRADE (1)=0,00
0010 REVENU(TI)=0,D0
00}11 10 CCGRAD{II)=0,.D0
0012 1IFIhG.EQ.1160 TO 06
0013 DO 100 u=l,2
0014 IF (HMIJ)=2) 1101200130
0015 110 GRAD (J)=A(J) «B (J) *TONS
0010 60 10 100
0017 120 GRAD(J) =A (J) *B(J) /TONS
0018 GO Y0 100
0019 130 GRAD (J) =A (J) +B (J) *DLOG ( TONS)
0020 100 CONT INUE
0021 DO 09 I=CoeN
0022 GRADE (I )=GRAD(])
o0v23 CCGRAD(1)=GRAD(2)
ouv2s PROD(I)=STIZE
0025
0026 RE'ILIl)‘SllE'NCV(l).GR‘DE(l).ZOOO.DO
0027 09 REVENU (I)SMETAL (1) ®VALUE
0026 AVGRAD=GRAD(])
0029 60 Y0 07
0030 08 CONTINUE
0031 D0 11 I=CeN
0032 IF(1.E0.C)GO TO )02
0033 PTONS =SJ2€e(]-C)
0034 IF (HH(1)=2)10T7+108+109
003S 107 PAVGRAZA (1) +B (1) *PTONS
0036 GO0 TO 106
0037 108 PAVGRASA(1)+B(1)/PTONS
0038 60 70 106
0039 109 PAVBR"Ill)'ﬂ(l)'DLOG(P'ONS)
0040 106 CONTINUE
00s1 . IF(Hh(2)=2)11191219131)
0042 111 PCGRAD=A (2) B (2) *PTONS
0043 GO 70 101}
00446 121 PCGRAD=A(2) +B (2) /PTONS
0045 60 70 101
0046 131 PCGR!DIA(2)0912)'DL°3(P7°“S)
0047 101 PHETAL=PTONS®PAVGRA
0048 GO 70 103
0049 102 PTONS=D,.DO
0050 PCG6RAD=0,D0
005) PAVGRA=0,00
0052 PMETAL=0,D0
0053 103 TTONS=S1ZE® (1-D)
0054

IF(H1(2)=2) 14091500160

PAGE 0001
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DRTRAN IV @ LEVEL 2) ANNREV DATE = 77053
2053 100 CCGRAD(I)=A(2)+B(2) *TTONS

D0Se 60 10 135

9057 150  CCGRAD(I)=A(2)+3(2) /TTONS

20Se 60 T0 135

9059 160 CCGRAD(1)3A(2)+8(2)*DLOG(TTONS)

9060 135 CONTINUE

2061 IF(HN(1)=2)1700180+190

D062 170  AVGRAD=A(1)eB(1)eTTONS

bo63 60 To 136

2066 180  AVGRAD=A(1)+B(1)/TTONS .

1063 60 10 136

0066 190  AVGRAD=A(1)+8(1)*DLOG(TTONS)

Jo6? 136 THETAL=TTONS®AVSRAD

)o68 GMADE ()= (TMETAL-PMETAL) /ST2€E

2069 RCVIT)8R1/GRADE (1) ¢ (R2-GRADE (1) ) ®DEXP (GRADE (1))
)070 WETAL (1) 8 (TMETAL=PHETAL ) *RCY (1) *2000..00
T3 PROD (1) aS12E

072 10 REVENU(T)aMETAL (1) OVALUE

073 o7  CONTIMUE

)oTe 1v=0

)ors TTONSSTONS

076 IF(IOP .NE.1)60 TO 202

2077 RCV (N)=R1/CCGRAD (N) » (R2=CCGRAD (N) ) SDEXP (CCERAD (N) )
078 300 CONTIMUE |

079 RCV(N® L) aRCV (N)

080 . COGRAD=TOPCOS/ (VALUESRCY (N) ©2000,000)
)08 IF (COBRAD+6E.CCGRADIN) )60 TO 202

1002 IF (nH(2)=2) 16141510161

)08 3 161 TTONS= (COBRAD-A (2} )/8(2)

)08 60 70 S0

)oss 151  TTONS=3(2)/(COGRAD=A(2))

)086 GO T0 50

3087 161  TTONS=DERP ( (COGRAD=A(2))/8(2))

)oss S0 CONTINUE

)os9 IF (TTONS.GT . MAXTON) TTONS=MAXTON

)090 IF (nn(1)=-2)171e1810i9)

1091 171 TAVGRA=A(1)+B(1)eTTONS

1092 60 10 Sl

2093 181  TAVGRA=ZA(1)+B(1)/TTONS

094 60 T0 51

)09S 191  TAVGRA=A (1) +8(1)*0LOG(TTONS)

1096 S1  CONTINUE

097 XTONS= TTONS-TONS

)098 IF (XTONS.LE.0.00 160 TO 202

099 XAVGRA= (TTONS®TAVGRA=-TONS®AVGRAD) /XTONS
)100 IF (XAVGHA.LE.COGRAD)IGO TO 203

J101 RCVIN)=R1/XAVGRA® (R2=-XAVGRA ) *DE XP (XAVGRA)
)102 1F (DABS (RCV (N)=RCV (N¢1) ) ,LE.0.00100)60 TO 30}
103 IF (RCV(N) =RCV (N¢1)) 30243010303

1106 302  RCVIN)=RCV(Nel)=(RCV (Ne1)=RCV (N))/2.00
105 G0 70 300

106 303  RCVIN)=RCV(N+1) e (RCVIN)=RCV (Ne1))/2.00
107 60 70 300

108 301  CONTINUE

109 XYEARS=XTONS/S12E

110 1Y=XYEARS*0.99D0

111 NENe]Y

112 IF(IY.€0.1)60 TO 201

16/39/17 PASE 0002

OO0~ 0" 000000 -0—- 000000000
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FORTRAN IV 6 LEVEL 21 ANNREV DATE = 77053 164/59/17

0113 NN=N-]Yel

olle NNN=N=1

0115 DO 200 I=NN¢NNN

0116 GRADE (1) =XAVGRA

0117 PROD (1)2S12€

0118 CCGRAD (1) =COGRAD -

0119 RCV(1)=R1/GRADE (1) » (R2-GRADE (1) ) ®DEXP (GRADE (1))

0120 METAL (1) =S1ZE®RCV (1) *GRADE (1) #2000.00 |

0121 200 REVENU(J)aVALUESMETAL (1) .

0122 TL=TTONS= (N=C) *S1ZE

0123 201  CONTINUE

012¢ 1F (1V.EQ.1) TLETTONS~TONS

0125 PROD (N) =TL - '

0126 GRADE (N) sXAVGRA

0127 CCGRAD (N) =COGRAD

0128 RCV (N) sR1/GRADE (N) » (R2~GRADE (N) ) ®DEAP (GRADE (N) )

0129 METAL (W) sTLORCV (N) ®6RADE (N) 2000 .00

0130 REVENU [N) sVALUESHE TAL (N)

013) 60 To 202

0132 203  TTONS=TONS

0133 202  CONTINUE

0134 RETURN

0135 ENTRY PRNPRO

0136 PRINTI2

0137 12 FORMATI20Xe*TONS® »12Xe ¢AVERAGE®¢08X s *CUTOFF®907Xe *RECOVERABLE® o

_ ®05X s *CONCENTRATE*e/9 19X 1OF ORE®912Ke *GRADE? 909X s *GRADE* 0 10X s

®METAL (LYS) * 906K e *VALUE ($) ¥ 9//)

0138 0014 I=CoN

0139 GRADE (1) =GRADE (1) ©100.D0

0140 16  CCGRAD(I)=CCERAD(1)®100.00

0lsl PRINT130 (1sPROD (1) sGRADE (1) oCCGRAD (1) sMETAL(I) g REVENU(I)eInloN)

0142 13 FORMAT((1Xe12008XeF16.5¢2(F16.5+'%0) +2F16.5)7)

0le3 PRINT 459 TONS»TTONS

0lee 45  FONMAT(////¢38K+ "PRINARY ORE PRODUCTION®oF12.10¢9TONS®+//+40Xs
®*TOTAL ORE PRODUCTION®+F12,1+°TONS®)

014s RETURN

0166 END

PAGE 0003
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FORTRAN
o001
I
., 0002

0003
0004
0005
0006
0007
0008
0000
o010
o011
o012
0613
0014
0015
0016
0017
ools
0019
0020
o021
o022
0023
0024
002%
0026
o027
o028
0029
0030
0031
0032
0033
0036
003S
8036
0037
0038
0039
0040
0041
0042
0043
004s
0045
0046
0047
0048
0049
0050
0051
00S2
0053
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OATE = 77053

14/59/17

SUBROUT INE ROVALT (GROPROJMININVPROINV.ERPLORISOCINVPREPROINICe Sy

*TOTROY)

REAL®B MSINV(50)e PROINV(SO) oMININVISO)sR(S0) eSeDEPREC(SO0) e

®GROPRO (S0U) e TPROF ¢ TPROBA +« TBASRO ¢ T INCRO

OLOROY e SUNROY ¢

ODISROY(50) ¢BASROY (S0) ¢ INCROY (50) o PALLOW(50) +ROYPRO(50) ¢ TOTROV(50) ¢
b PROBAS (50) o TOTINV(S0) o TOTUB(50) o NINUB (S0) +EXPLOR(50) o
OCMPROC (501 o SOCINV (50) o PREPRO(50) oPROFIT (50) o DEXP+DoNETPRO9DSUN]

lu{tﬁ!l CoHoPoQoXele LEVSETSTOP
Ks

LET=0

P=]

Q=60

SET=0

1sl

R(1)=0,00
OEFREC(]1)=0,D0
PALLOW(1)=0.00
ROYPRO(])=0,00
YOTROY(3)=0,00
INCROY (3)20.,00
BASROY (110,00
OISROY(1)=0.00
PROBAS (1)s0,0D00
PROFIT(1)0,00
RiNel)s)

USINVII)sMININV (1) *PREPRO (1) oEXPLOR(]) «SOCINV(E)

TOTINVII)= MSINV(I)*PROINVII)
TOTURLII=TOTINV(I)
HINUB(I)s MSINV(I)
CHMPROC(1)=PROINV(I)
HaC=])

00 9001 =24
PROFIT(1)=0,D0
INCROY (])=0,00
BASROY(1)=0,00
DISROY(1)=0.00
YOTROV(1)=0,.00
ROYPRO(1)=20.D00
PALLOW(])=0,.D0
DEPREC(1)=0.D0
R(1)=0,00

MSINV (1)SHININVII)*PREPROCI)*EXPLORLI) «SOCINV(])

TOTINV(I)= MSINV(I) sPROINV(])
TOTUB(I)=TOTUB(I=1) ¢TOTINV(])
MINUBCI)SMINUB(I=1) sWSINV(I)
CHMPHOC (1) =CMPROC(I=1) +PROINV (1)
9001 PROBAS(1)=0,18000MINUB(I~1)
00 9002 IsCeN :
9002 R(I)20.200
0=0,.01000
OLOROY=1,00¢12
STOP=-)
f1aN=Ce]
9003 CONTINUE
IF(STOP.NE.~1)60 TO 9004
DO 9005 I=CeN
PROFIT (1) =GROPRO (1) =EXPLOR(])
IF(PROFIT(I).L.T.0.00)PROFIT (1)=0.00
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FORTRAN

0056
0055
0056

0057
00ss
0059
0060
006l
0062
0063
0064
0065
0066
0067
0068
0069
0070
0071
0072
0073
0074
0075
0076
0077
o078
0079
0050
0081
0082
[ 1.].X]
008s
008s
0086
0087
0088
0089
0090
00912
0392
0093
0094
0095
0396
0097
0098°
0099
0100
0101
0102
003
0104
0105
0106
o107
0108
0109
0110
o111

.

13,0
S Rl

IV 6 LEVEL 2] ROYALTY OATE = 77053

9041

9006

9007
9008

9225

9010
9011

9009

9013
9012

9005

901s

901S

9018

MSINVII)=MININV(I) *SOCINV(])

TOTINV(I)= NSINV(I)*PROINV(])
TOTUB(1)=TOTUB(1=1) «VOVINV(])
MINUBII)=MINUB(I=)) oMSINV(])
cnPhoC(!)-CMPROC(l-l)OPROINV(l)
IF(R(I).LT.0.1D0)G0 TO 904}
DEPREC(I)=R(1)*TOTUB(])
lF(DEPREC(l)-PROFIT(l))900609001090‘[
DEPREC(I1)=PROFIT(])
R(I)=DEPREC(I)/TOTUB(])
NETPRO=PROFIT (1) ~DELPREC(I)

PALLOW (1) =CNPROC(I)*0.08D0
IF(NETPROLE.2.,D0*PALLON(I))GO TO 9007
ROYPRO (1) =NETPRO-PALLOW (L)

60 TO 9008 .

ROYPRO () =NETPRO/2.00
PALLOW(1)=ROYPRO(])
PROBAS(1)=0,1800°MINUB(I~])
IF(146VeCeANDe (I¢1=C)/393,EQ.(]1¢)=C))60 TO 9225
60 Y0 9009
VPROF!RDY’RO(!)OROVPROCI-IDOROYPQO(!-Z)
TPROBA=PROBAS (1) +PROBAS (1=1) +PROBAS (1~2)
1F (TPROF .6T.TPROBAIGO TO 9010
TBASRO=0,1500°TPROF

TINCRO=0,.D0

GO YO 9011

TBASRO=0.15D0°TPROBA

TINCRO=0,35D0® (TPROF-TPROBA)

BASROY (1) sTBASRO=BASROY (I=]) =BASROY (1=2)
INCROY (1) =TINCRO=INCROY (I=1)=INCROY (I=2)
60 70 9012

CONT INUE

IF (ROYPRO (1) .GV .PROBAS(I))GO TO 9013
BASRQY(1)=0,1500°R0YPRO(])
INCROY(]1)=0.00

60 TOo 9012

BASROY(1)=0,15D0*PROBAS (1)

INCROY ([)=0.35000 (ROYPRO(T)=PROBAS (1))
TOTROY (1) =BASROY (1) ¢ INCROY (1)
DISROV(I)SYOTROY(I)O(DEXP(S)-I.ODODIlSODEXPCSOI))
NINUBIT)=NINUB(I)=(NINUB(I)/TOTUB (1) ®DEPREC(I))
TOTUB(I)=TOTUB (1) =DEPREC (1)

CONT INUE

SUMROY=0,00

00 9014 JsCoeN

SUMROY=SUMROY *DISROY (J)

IF (SUMROY.6T.0.00)60 TO 901S

STOP=e)

60 TO 9016

CONT INUE )

IFILET.NE.0)G0 TO 9017 !

IF (OLDROY=SUMROY.LE.0.D0)60 TO 901
ULDROY=SUNROY

L=0

GO T0 9019

CONT INUE

IF(SET.NEL.1)G0 TO 9019

RI(XK)sR(K) D

14759717
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FORTRAN

o112
0113
. 011e
0118
0116
0117
o118
0119
0120
0121
ol22
0123
0126
0128
0126
0127
ol2s

0129
0130
013}
0132
0133
013
0135
0136
0137
0138
0139
0le0
0ls)
0142
0143
0144
0leS
0146
0la7
0ls8
0149
0150
0iS1
0152
8153
0154
0155
0156
0157

0158

0159
0160
0lél

v

Iv ¢ LEvEL 21 ROVALY OATE = 77083 14/59/)7

.-

9019

9020

9222

2223

9017

9024
902s

9023
s016

9004

9031
9032

K=Ke)

LslLe]

SET=0

IF{L.LT.N)GO TO 9020

LET=)

60 T0 9016

CONT INUE

IF!(R(u,-D.LT.O.ID0.0R.R(K)-D.GY-O.aoO).ANO.K.L!.N)GO 10 9222
60 70 9021

LsLe)

KaKe]"

60 T0 %020 .

CONT INVE . i
IFI(K.LE.N)GO TO 9022

K=l

CONT INUE
lF(R(K)-D.GE.O.IDO-AND.Q(Kl-D.LE.O.lDO.AND.!Rl()-ﬂ)'(fofuﬁtk°l)0
STOTINV(K) ) LE.PROTIT(K) IGO0 TO 9223

60 Y0 9016

RIK)SR(K) =D

SETs=)

GO TO 9016

CONTINUE

IF(P,6E.Q)G0 TO 9023

PsPe])

IF(P/7292,NE.P)GO TO 9026

D==D/2.D0

60 TO 902

0s=D

LET=0

KsC=]

OLDROY=)1,0D¢12

DSUM1=0,.00 .
DO 8000 usCenN

OSUNL=DSUM] eR ()

I1SUMI=DSUM1*1000000.D0

ISUv2=110,2D021000000.00

lF(lSUNl.EO.XSUHI.AND.?.EO.S)S?OP'I

GO 70 9016

STOP=e}

CONT INVE

60 Y0 9003

CONT INUVE

RETURN

ENTRY PRNROY

PRINTS030

FORMAT (919,549 *ROVALTY MINIMIZATION® /900950 X920(0_0)9/¢
@020, e *PROFITOo1080 $ANNUAL ¢ o 8X+ *PROCESSING o TX ¢ *ROYALTY ¢ 909K
OOPROFlf'olaﬂcOBASIC'QOKQO!NCRENENYAL'oOlo'VO‘AL'-Ig
®6Xe SAFTER EIPLOQ"QXO'DEPRECIAYION'oblo'ALLOUANCE'oOOKQ'PROPIYOQ
S8Xe *BASE (lat)'v9lo'ROYALTV'.9R¢'RUVALIV'OOOIo'RoYALtV'oIID
PRINY903I.(!-PROFI'(!)oDEPREC(l)oPALLOI(I)-ROVPROCI)oPROBAS(I)O
®BASROY (1) 9 INCROY(I) s TOTROY(]) s 151 sN)

FORMAT ({(LXe1201Xs8(F16.5))/)

PRINT9032

FORNA7|'l'oll/o9lo'YEARLV'O?!Q'NINING AND® o6X o *CUNULATIVE® 911 Xo
O'ANNUAL'oO?lo'ANNUAL'olOlv'tO!AL'oOlo'NINXNB'olOXo'DlSCOUN!EO'olo
S0 290X9*TOTAL INVEST92Xe¢SERVICE INVEST ¢ 9 3X0 *PROCESS INVEST?95Xs

PAGE 000

BN E EEEBIBIABEADE N

>



-

FORTRAN

4
.. 0162

0163
0164
0165

T
IV 6 LEVEL 21 ROYALT

®*DEPREC RATE'OZKQ'DEPRECIATION'o?lo'UNOEPREC BALANCE*»

®1X9 *UNDEPREC BALANCE®s4Xs *ROYALTY?¢//)

DATE = 77053

14759/17

PRINT9033¢ (J+TOTINV(I) NSINV!I)tCNPROC(l’OR(I)ODEPREC(X)QYOYUB(!’

®oMINUB (1) oDISROY(I)oIx]eN)
9033 FORMAT ({149 T201X03(F16.5)eF16.12¢4(F16
RETURN
END

513/
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FORTRAN IV 6 LEVEL 21 INCTAX DATE = 77236

0003
0004
0008
0006
0007
0008
0009
0010
0011
ovl2
0013
001e
001S
0016
0017
0ols
0019
0020
0021
0022
0023
0024
0025
0026
o027
0028
0029
0030
-0031
0032
0033
0034
0035
0036
0037
0036
0039
0040
0048}
0042
0043
0044
0045
0066
0047
0048
0049
0050
0051

-

11724705

SUBROUT INE INCTAX (GROPRO+MININVePRUINVEXPLORSOCINV¢PREPROHORCAP
SeNICoSeTAKI INTRSToPRINewORCAPeCAPTARSDENS IV eSMeSC)

HEAL®& GROPRO(SU) +EXPLORIS0) o wORCAP (50) ¢ PREPRO(S0) +AORCAP(50) ¢
SONGINV(50) oF [AUY(50) ¢PREUR(50) +DEPLUS (S50) vCAPUB (S0) ¢ INTRST(S0) ¢
PONGUR (S0) «RALLOW(SO) o TAPROF (50) e TARID0) oFRINISO) 9SMeSCeSVe
ODEr oNCCA(50) ¢ ACCA(SO) 9DEPLAL (S0) oACCROR(50) 9 PROFLIEXPeTTPROF oS
*DABS+PREALO(S0) o TAXCAR(S0) vEQUITY (502 ¢CAPTAX(50) ¢ TGROPR(S0) ¢
SF IACAP(S50) +PRECAP(50) 0 CHRPLR (50) o XPLCAP(50) o XPLDED(50) o
OMINENV(50) oPROINV(SO0) o SOCINV(SO) oF IRINV(S50)

INTEGER Co0 Y

0sC-1 '

00 1100 1=} - . .

Taxi1)=0,00

TAPROF (1)30,00

RALLOW(]I)=0,D0

ONGINV{1)=0,.00

PREALO(])=20,00

YTGROPR(])=0.00

RPLDED(1)=0,00

DEPLAL(1)=0.00

ACCa (1)=0,D0

NCCa (1)=0,00

ONGUR (1)=0.D0

PRIN(]1)=0.D0

INTRST(1)=0.D0 -

FIRINVII)=NININV(I) *PROINV(])eSOCINVL])

BO:C!P(!"(FII!NV!liO PREPRO (1) +uwORCAP (1) *ERPLOR(]I) ) ®DER

Is

CAPUH (1)=BORCAP(1)®(1.D0+S)

FIXCAP(1)aFIXINV(]I)®DER® (] .D0S)

PRECAP (1) SPREPRO(I)®DER® (]1,00+S)

XPLCAP(I)SEXPLOR(])®DER®(]1,D0S)

FIRUR (L)SFIXINV(I)®(],000DER®S)

PREUR (1)sPREPRO(1IVI®(].00+DER®S)

CHMAPLRII)=EXPLOR(1)® (]l ,DU0+DER®S)

DEPLUB(]I=(FIXINVII)PREPRO(I)*EAPLORI]I))IZI,D0 .

ACC®OR (1) sWOKRCAP (1)

EQUITY(I)=2(1.0D0-DER)®(FIXINVII)*PREPRO(IIEXPLOR(IN)

CAPTAKR(1)30,00200°(CAPUB (1) ¢EQUITY(1)*ACCWOR(]))

VARCAR(])==CAPTAR(])

00 1000 I=2.D

CAPUB (1)=(RORCAP(I)*CAPUB (1~-1))®(1.,D0S)

FIXCAP(I)SFIRINV(I)®DER® (] ,D0+S)eFIACAP(]I=1)®(]1,D0+S)

PHRECAP (1) =PREPRO(IV®DER® (1 .,D05) *PRECAP([-1)9(],D0+S)

XPLCAP(I)=EXPLOR (1) ®DER® (1,D0+S) e XPLCAP([~1)®(],00¢S)

FIXUB (I)=2FIXINV(II®(1.00¢DER®S) ¢FIACAP(I~=1)0SeFIXUB (}~])

PREUR (1)=PREPRO(1)®(1,00.0ER®S) *PRECAP(]I=1)*S+PREVB (]-])

CHXPLR(I)=EXPLOR(IVN® (1 .D0+DER®S) ¢ RAPLCAP(1=1) *SeCHuAPLR(I~]1)

ACCNOR(1)=ACCVOR(I=1)*wORCAPI(])

EQUITY(II=EQUITY(]I=1)¢ (1.,000-DERIC(FIXINVILI)*PREPRO(I)*EXPLOR(I))

CAPTAK(1)=0,.00200® (CAPUB (1) +EQUITY(I)eACCWOR(]))

TAKCAR(])==CAPTAX(])

DEPLUB(IIS(FIXINVI(I)ePREPRO(I) ¢EXPLONI]))I/Z73.00«DEPLUB(I~]))

CALL DEBT(NeCoSeCAPUBS INTRSTIPRINSLIY)

DO 1001 I=CeN ’

ACCA(I)=0,.D0

NCCA(1)=0,D0

XPLDED(1)=0.D0

PAGE 0001

e £8 -




FORTRAN IV 6 LEVEL

cos2
0053
0056
5055
005%
6057
6053
0059
0060
0061
0062
0063
0064
0065
0066
0067
05€8
084S
0670
0071
06072
0073
0074
co7s
5076
6077
0078
0679
0030
0081
0052
0083
0054
0635
0036
0027
60E3
0089
0090
0691
0092
0093
0094
0095
0096
0057
0098
0093
0100
0101
0102
0103
0104
0105
0106
0107
0168
0109

1061
106C

1224

1225

1051

1003

21 INCTAX DATE = 78023

GEPLAL(I)=0.D0

TAXSAR(1)=0.00

PPEALDIII=0.D0

RALLOW(11=0.00
CNGINV(TISMININV (1) +PROINV(I)«SOCINV(T)
GNGUB (1) =ONGUB(I=1) *ONGINV (I}

PREUS (1)=PREUS (I=)) *PREPRG(])
FiXINV(I)=0.D00 .
FIXUB(I)SFIXUB(I-1)eFIXINVI(]) ]
PEPLUB(I)=DEPLUB{I=1)+EAPLOR(])/3.00
CMXPLR(T)=CMAPLR(I=1)*EXPLONIT)
ACCROR(I)SACCHOR{I=1) o WORCAP(I) ,
IF(1eEQoNeANDLACCHOR(I) «NESO.DOIACCROR(I)S0,D0
EQUITY(I)=EQUITY (D) ~(I-D)®EQUITY D)}/ (N=Cel)+ONGUS(])
IF(I.EQO.N)EQUITY(1)=0.D0
CAPTAX(13=0.002009(CAPUBIL])«EQUITY(I)*ACCWORI(I))
TGHOPR(1)=GROPRO (1) ~CAFTAX(])
IF(1NE.NIGO TO 106D
SV=SMeSC=F I XUB (N) ~ONGUH (N)

1F (SV.LE.0.D01G0O TO 1001}
TSROPR (M) =TGROPR (N) *SV

ONGUB IN)=0,D0

F1XUBI(N)=0.D0

GO YO 10606

SV=0.00

CONT 1 SUE

PROF1=TGROPR(I)

IF(TGROPK (1) 4LT40.D0) TGRCPR (1) S0,00
1F (PROF1.67.0.00)60 TO 1224
PRGF1=PROF1-INTRST (1)

G0 YO 1002

PREALO(I)=0,3D0*PREUB(T)
EXP={INTRST(I)+PREALO(I) «CMXPLR(I))/0.7500
IF(EXP.LT.PROF1)GO YO 1003
RALLOY(1)=0.25DV*PROF])
PROF)=PROF1=RALLGw (1) =INTRST(I)
IF(PPOF1.GT.0.D0)GO TO 1225
PREALO(:)=0.D0

XPLDED(1)=0.,D0

60 T0 1002

CONT INUE

IF (PROF1.GT.CMAPLR(I))GO TO 10S)
CMXPLR(T)=CMAPLR (1) =PROF1

XPLDED (13 =PROF1 ’
PROF1=0.00

PREALO(1)=0.00

GO TO 1002

PROF13PROF1-CHXPLR(I)
XPLDED (1) =CMXPLR(])

CNXPLR(I)=0.C0

PREUB (1) =PREUB (1) =PROF1
PREALO(1)=PROF1}

PROF1=0.C0

60 70 1002

PROF 1=PHOF1-EXP
NCCA(1)=0,300®ONGUB(])
IF{PROF1.GT.NCCA{I})GO TO 1008
ONGUB (1) =ONGUB (1) -PROF

11750703
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FORTRAN 1V 6 LEVEL 21 INCTAX DATE = 73323 11/7506/03

o110 NCCA(1)=PROF1

0111 PROF1=0,LC

012 GO T0 1009

0113 1008 PROFI=PROF1-ACCA(])

0lle CNGUH (1) =ONSUB(1)=-NCCA(Y)

0115 1009 CONTINUE

cll6 IF (PGOF],GT.FIXUBII)IGO TO 101D

0117 FIXUR(I)=F1XUB{])~PROF)

8118 ACCA(11=PROF]

0119 PRGF1I=0,D0

0123 60 TO 1011

012} 1010 PROF1=PROFI=FIXUSB(])

0122 ACCA{I)=FIXUB(])

6123 FIXJUB1Y:20,00

€125 1011 PROFI=PROF1eEXP

0125 RALLOW (1) =0,25D08PKOF]

tl126 PROF1=PROF1=RALLOW(I)=INTRST(I)=PREALO(])=CMXPLR(]) .
0127 XPLOED (1) =CMXFLR(])

0123 CMXPLR(1)=0.00

0129 PREUB (1) =PREUB (1) ~PREALO(Y)

0130 IF (DEPLUS(T) JLE.0sD0.0RePROF1.LE.0.D03GO TO 1002
c131 DEVLAL (1)=0.25D0°PROF 1

6132 IF(DEPLAL (1) .GE.DEPLUB(I))GO TO 1006
0133 DEPLUB (1)=DEPLUB (1) =DEPLAL(])

134 GO 1O 10067

0135 1006 CEP_AL(T)=DEFLUS(])

9136 DEPLUBI(1)=0.D0

0137 1007 PROF1=PPOF1=DEPLAL(I)

038 1002 TAPRCF (1)3PROF]

0139 IF (TAPROF (1) oL T.0.D0.AND.TAPROF t1=1) «6T40.00)G0 7O 1223
03460 63 T0 10)2 .
0lel 1223 TTPHUF=TAPROF (1) ¢ TAPROF (I~1)

0142 IF(TTPROF«LELD.D0)GO TO 1013

0143 TAX(1=1)=0,51008TTPROF

[ IEYY TAPROF (T=1)=TTRPROF

0145 TAPROF (7)=0,00

0148 G0 Y0 1012

0147 1013 TYAX{(I-1)=0,D0

0148 TAPRGF (1=1)=0,00

0149 TAPRGF (1)sTTPROF

‘0150 1012 CONTINUE

0151 IF(TAPROF (1) 4LT,0.00)60 TO 101S

0152 PROF1=TAPROF (1)

0153 L=1-S

0154 IF(L.LEWUILS]

09155 1229 CONTINUE

0156 IF(L.GEL1)60 10 1226

0157 IF(TAXCAR(L).LY.0.00)60 TO 1230

0158 LaLe]

0159 GO 10 1229

0160 1230 CONTINUE

016} 1F (PROF1.LT.DABS (YAXCAR(L)))GO YO 1231
0162 PROF1=PROF1+TAXCAR(L)

0163 TAXCAR(L)=0.D0

0164 L=t}

cles 60 T0 1229

0156 1231 TAXCAR(L)=TAXCAR(L)*PROF}

0167 PROF130,D0

PAGE 0003
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FCRTRAN IV G LEVEL 21 INCTAX DAYE = 78023 11750703 PAGE

crea
015
0170
2171
0172
0173
0174
0175
017e&
0177
0178
0179

G180
o161}
032
0i83

0184

018S
0186
0187

olas

0189
0190
0191

1226

1915

1001

202
203

204

1024

1025

1026

1027

TAPROF (1)=PROF]

TAXL1)=0,51D00°TAPRGF (1)

G9 70 1001

TAX11)=0,D0

TAAchﬁl')-TAPROF(!)

CONTINULEZ

FETURN

ENTIY PRNTAX

PRINT 202

FORMAT(9104///794TA9*CAPITAL TAX CALCULATIONY /9% 0%446X023(%
PRIMNT203
FORVA?(/I/oZSXo'UNAHORT!ZED'ol:Xo'EQU!TY"IZXo'ACCUNdLAYED'olle
"c;>,TAL'o/o2hx.'DtuT'olexu'CAP11.L'oo9x.'ooaKING CAPITAL®ellXe
eITAXY)

PRIVT2049 (1¢CAPUBII) 9E QUXTY(‘)oACCuOn(I)oCAPTAX(I)vl=1'N)

FOMMAT (/ »5X312010X04F20.5)

PRINT1024

FORMAT (919+53Xe* INCOME TAX CALCULATION®9/9%90953X022(°_*)e/»
0'-'oSXo'bROSS PROFIT'oG6lo'aCCELERAYED'-aXo'NORNAL':Io9Xo'AFT&R'.

GXe YCAPITAL COSTTeaX9*CAPITAL COST*6Xe*RESOURCE®y

'SXol!NTFN‘ST ON? o6 X8 *EXPLORATIGN? 93X 9 *PREPROC-DEVELOP Y 94K
®IDEP,_STIONY s/ 96K 'CAPITAL TAX®s TXotALLOAANCE ' o TXo P ALLOWANCE? o
OTRe*ALLOWANCE " 94 Xe *LONG TERM DERT*+5Ae *DEVUCTIONS o TX
SIALLOWANCEYs TXePALLOWANCE®+//)
PRINI)OZS-(loTGRO?R(!)-ACCA(')oNCCA(l)oRALLOb(l)o!NTRSY(l)o
OXELDED (1) oPREALO(]) ¢DEPLAL(I) 01=20eN)

FORMAT((1Xe1291Ke8(F16,5))/)

PRINTIORZ6

FORMAT(%199///794Xe* TAXAGLE PROFIT®o7Xs ¢ INCOMES o TX s SUNDEP-BALANCE?®
®4Xo *UNDEP~BALANCE? 94X 9 VUNAMORTIZED® 04X o *CUMULATIVE® 4SXo

@ UNDEP=-BALANCE Y »4X s SUNDEP-BALANCE o/ +3Xs ¢ (AFTER PRIOR LOSSES)'.AX-
BeTAXY90GX s VACCEL=-CCA® e8X o *NORMAL CCA'sSXy SDE3TY ¢,

#8X s *EXPLORATION®s 4X9 *PHREFRO-DEVELOPY +4Xoe *DEPLETION9//)

PRINTI027 9 (1o TAPROF (1) o TAX (1) o FIXUB{I) oONGUB (1) 9 CAPUB(I)oC
OMXPLR(I) oPREUB(I) oDEPLUB(Y) s 1=1eN) .
FORMAT ((1XeI201XeB(F16,5))/)

RETURN

END

0004
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FORTRAN IV 6 LEVEL 21 DEBT OATE = 77053
0001 SUBSROUTINE DEBT (NsCeSeCAPUB INTRSTIPRINS 1Y)

0002 REAL®B SeDETREPINTRST (50) ¢ CAPUB(50) o PRIN(SO)

., 0003 INTEGER C  oUsV
™' 0004 UsN=]Y=Cel J

0005 IF (U, 6E.20) V220 '
0006 IF (UeGEel5.ANDU.LTc20)VE1S

0007 IF(Ue6Ec10.ANDU.LTo15)V10

0008 IF(ULTL10)VYVSY

0009 1sC

0010 OETHEP=CAPUB(1-1)19(S®(]1,00¢5)%2V)/((1.0008)00V=])
o011 LeCeval

0012 00 02 I=CoL ‘

0013 INTRST (1) =SeCAPUB(I=))

0016 PRIN(1)aDETREP=-INTRST ()

0015 o2 CAPUB (1 )=CAPUB (I~1)=PRIN(I)

oole Listel

0017 00 03 IsLLeN

0018 INTRST11)=0.00

00i¢ PRINII)=0.00

0020 03 CAPUB(I)=0,.00

s021 RETURN

022 €ND

14/59/17
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FORTRAN IV 6 LEVEL 21 IRR OATE = 77063

0001
0002

ovo3
0006
0005
0vo6
0007
0008
0009
0010
0011
0012
0013
0014
ovis
o0le
00L?
oule
ovl9
0020
002)
Qov22
oved
0026
0025
0026
0027
ouvza
0029
0030
00131

0032
0033
0034

0035

0036
0037
0038
0039
0040

00s1

0042

0043
0040

0045
0046

0047
0usn

0049

0050
0051

1e

15

0e

07
0S
06
12

13
02

SUSHOUTINE IRR(CASFLOSReNs ICoFY)

REAL®R ClSFLOCS-SO’00]55(]02)oR(S)oﬁll-0-06/olthDlSSUﬂcDABS'DEIbo
CALeUFLOAVFY

00 20 K=leIC

“‘ﬂ"l.o-oa

DISSUM=],000

DISS(1)=0,000

00 10 I=1en

AI=DFLOAT(]) ’

JF(1.EUNIAT=DFLOAT(I=1) ¢FY
DlSS(l)lDISS(I.OC‘SFLOCKOI).(DEIPGRQK)l-loDO’/lR(K)'DEAPIR(KD.AI))
H(x)=0,01000001D0

00 1ls Uz2,101

NISS(J)=0,0D00

00 11 IsleN

AI=DFLOAT (1) _
1F(1.EQ.N)AT=DFLOAT (I=]) oFY
D!SS(J)IDISS(J)0CA$FLO(KO!)'(DEI9(H(K’)-looﬁ)/(ﬂ(ﬂ"o!l?(ﬂ(ﬂ".l,)
lF(DlSS(J'l).07.0.00.‘ND.DISS(J)oLt.G.OO)GO 10 15
IF(DISS(J‘l’.Lt.o.oo.lﬂo.olss‘dl.GE.O.DO)G“ T0 1s
RIK)=R(K)+0,0100

CONT INUE

IF(DISS(101).LE.0.D0)60 To 12

IF(DISS(101).67.0.00)60 YO 13

CONT INUE

8=R(K)

AzH{(K)=0,01D00

GO Y0 0s

CONT I NUE

A=R(K)

B2R(K)=-0,.0100

CONT INVE

IF(DABS(A=B) LLE.6)60 TO 02

Rin)=tae8) /2,00

DISSUM=0,0D0

DO 07 I=)eN

Al=DFLOAT (1)

IF(1.EQuN)AL=DFLOAT (I=]1) oFY

DISSUM =DISSUM OCIS'LOCKil).(DEIP(R(K)l-lcDO)I(ﬂ(K’.DEAP(R(K)'QI’)
IF (DISSUM) 05+02+06 )

83R(K)

60 70 04

ABRIK)

60 70 06 .
R(K)=0,00

60 Y0 02

RiK)=]),00

CONT INUE

RIK)=R(X)*]00.00

CONT INUE

RETURN

END

157071706
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FORTRAN IV 6 LEVEL 21 ANALYS OATE = 77083 15707706

0vol
000s
000S
0006
0007
0008
0v09

0010
oul}
0012
0013
Oulse
0vls
ovlé
0017
0018
0019
0020
0021
0o22
0023
0024
ou2s
0v26
0027
ou2s
0029
0030
0031
0032
0033
0034
0035
0036
0037
ouv3e
0039
0040
0041
0042
0043
0046
0045
0046
0047
00408
0049
0050

499
$00
sol

.00

601
2512

3999

SUBNUOUTINE ANALYS (VALUE o+SIZ +COSTonloR2e WORCAPIEAPLORIPREPRO
.ﬂlNINV.PNOINVoSOClNVoG“lDFONOCODOS.DQ“QlStthPf“olVotchnuSﬂ'SCOVL’
HEAL®E VALUL oVAL (H0) o Oro SIZIS0)eCUSV (1) oC0US (30500 onUNCAP(SU) 0
'llPLO“(sﬂ’oPﬂfP"o‘bu)ON'NINV(SO)OﬂﬂulNV‘SG’OSOCINV(SO'Oﬁﬂluﬁ(bo)o
OMATRIR(1103¢50)0DATA(LYe2) 0ZoYRANO KR 9DEXP RCV (%009 TOTROY (500

9690990150,QYII(SO)OIN'“S'lSOloPﬂlN(S”)-CAP'AllSODodOBCA”ISOIolNo
CDERISICASFLO(Se50)725020.00/7+TOTINVISO) e Ty PT(1000)71000°0.L0/
'uPlRoPC?CNAoPC'OEV.UtVI-D.0500/0“lb’ls'O.UOIOSNOSCORIvnlo'LQ
SA(S0)2AA(50)¢8/70,.600/9B8/70,7D07

INTEGER CoDeASTER/900/,30/17

READ 499oNS

FORYAT (Jaol X)

PEADSOO { (DATA(ToJ) sus)e2)eImloll))

FORMAT (2F10,.5)
PQIN!SDIQNSO(lo‘f‘(l'J)OJ'IOZ"!‘IOI]’

FOPMAT (°1%6///7000X0*VARIABILITY OATA0/0909439R016(0_%)0e//¢00R0100
®//794398e2(F10.902K) ) 92/)

$2§/100,.00

00 400 I=CeN

GRADE (1) =GRADE(11)/7100.D0

CALL ICLOCK(Ile]2¢13)

IS =1ABS(MOD(13.100))

IF(1S/7292,E0.15) ISa1Se])

NRANS]

00 600 I=1¢D

MATRIX(1¢3+1)20,D00

MATRIX(293¢1)30,00

MATRIX(30301)20,.D0

MATRIX(6030]1)30,00

MATRIX(Se3e)SEAPLONR(])

MATRIX (6934 1)=PREPRO(I)

MATRIX(Te301)=nININV(L)

MATRIX (893¢1)=PROINV(I)

MATRIX (99301)8SOCINV(])

MATRIX(109391)=0,00

MATRIX(11e3e])=0,.00

00 601 §=CeN

MATRIX(103¢1)=GRADE (1) '
ﬁCV(!’tRllGRlDE(I)‘(ﬂZ'GalDE(l".Dtﬂp(ﬁal0£|l"
MATRIX(20301)=kCV(])

MATRIX(3¢3e1)mVALUE

MATRIX(603e1)aSI2 (1)

MATRIX(Se3e1)SERPLOR(])

MATRIX (6039 1)=PREPROC(])

MATRIX(Te301)sMININV (]}

MATRIX (B893¢1)=PROINV(])

MATRIR(Y93¢1)=SOCINV(I)

HMATRIX(1003¢])=COST (6)

MATRIX(11e301)=COST(7)

COSt1+1)=COST(6)

CO0S(2¢1)2COST(T7)
ALI)aMATRIX(49301)®(MATRIX(10030])=8)
A‘(l)'NA'Q]I(QOJ.l"(ﬂ.fﬁli(llo3ol)-ﬂﬂ)

IF (ISEN=-112511+300002512

CONTINUE

00 3998 us=le3

PRINT 3999,4 )

FORMAT(91°9//7/7951Xs *SENSITIVITY ANALYSIS W09120/0%09950K020(°_ ),

PAGE 0001

e » » © & @ O o 0 o ¢

3




ORTRAN 1V 6 LEVEL 21 ANALYS DATE = 77052 14/02/702 PAGE 0002
®//7/936X¢ *‘PARAMETER CHANGE®+3Xo*IRR CHANGE®+6Xo *RATE GF RETURN'e//)

0051 DO 4201 I=1+D

0052 C0S(1e1)=0.00

0053 COS(2+¢1)=0,.00

005« 4201 GROPRO{I)=0.D0

0055 D0 3001 K=l.l} )

0056 GO VO(4001¢40020400394000+4005+40060400704008+4009+401004011)0K

0057 4001 CONTINUE

0058 00 4100 I=CoN

0059 GRADE (1) =GRADE (1) ®(1,00DEV)

0060 4100 RCV(I)=R1/GRADE(I)* (R2-GRADE (1)) *DEXP (GRADE (1))

0061 60 Y0 3002

ovee 4002 CONTINUE

0063 00 4012 Is=CoN

0064 4012 RCV(1)=RCVII)®(].DODEV)

0065 60 70 3002

0066 4003 VALUESVALUE®(1.D0*DEV)

0067 60 T0 3002

([ ] 4004 CONTINUE

0069 00 4106 I=CeN

0070 SI1Z (1)=S1Z (13°(1.D0°DEV)

o071 COS(lel)=(Al])eBeSI2(1))/S12¢(1)

o072 4106 COS(2¢1)=(AA(1)*BBEOSIZ(I))I/SIZ(I)

0073 60 70 3002

0074 400S DOEv=-DEV

007S DO 4101 Is=leN

0076 4101 EXPLOR(I)SERPLOR(1)®(]1,00+DEV)

0077 60 T0o 3002

o078 4006 CONTINUE

0079 00 4102 I=1l.N

006b 4102 PREPROCIISPREPRO(I)®(2.D0+DEV)

o081} 60 10 3002

0082 4007 CONTINUE

0083 00 4103 I=leN

0084 4103 MININVIIISMININVII)®(]1.D0¢DEV)

e08s 60 T0 3002

0086 4008 CONTINUE

0087 00 4106 [=loN

00vaes 4106 PROINVIIISPROINV(I)®(1,00DEV)

0089 60 T0 3002

0090 4009 CONTINUE

0091 00 4105 I=leN

0092 4105 SOCINVII)=SOCINV(I)®(]1,00+DEV)

0093 60 70 3002

0094 4010 CONTINUE

0095 00 4013 I=CoeN

0096 4013 COS(1+1)=COS(1e]1)®(1,00+DEV)

0097 60 T0 3002

0098 4011 CONTINUE

0099 D0 4014 I=CoN

0100 4014 COSi2¢112COS(201)*(1,D0+DEV)

olo01l 3002 CONTINUE

0102 00 4200 1=CoN

0103 4200 GROPRO(I)SVALUE®RCVIII®SIZ (1)°2000,D00°GRADE(I)=SIZ (I)®(COS(lel)e
SCOS(2¢1))~OH*NATHIX (40301)

0104 CALL ROYALY(GROPROSMININVPROINVEXPLORsSOCINVePREPROsNeCo T
*JOTROY?)

olos CALL INCTAX(GROPROsMININVoPROINVIEXPLOReSOCINVePREPROsBORCAPINGCo

e s e . A sad ke i o




FOHTRAN 1V @ LEVEL 21

ANALYS OATE = 770083 15707706 PAGE 0003 i

eSeTARIINTRSToPRINSRORCAPsCAPTAR eOL ks [V oSHeSC)

o106 N0 0300 Islen

olor TOVINV L) =MININV L) oPHOINV I oL XPLUKIL ) e2ULINV I oMFREPRUL)

0108 4300 CASFLO()o1)=GROPRO(I)=TAX(I)=CAPTAX(1)=TFOIn0OY(])~
®TOUINV (1) =NORCAP (1)

0109 CALL IRR(CASFLOWRONeIDeTL)

0110 PCTICHA= (R(])=-0PTR)Z7OPTR®100,00

il PCIOLV=DEV®100.00

o012 60 TO (500105002+500305000¢5005050000500702008¢5009¢5010¢501)) 0K

0113 $001 PNINT S10LePCTDEVIPCTCHAIRIL) , i

ol1s $101 FONMAT (19X *AVERAGE ORE GRADE®» SNeFS.1e'8eOReFT,2090%

OUXeF 10.5¢99%e/7) ! : 1
011s DO 5201 I=len . [
0116 RCVIIISHATRIR(20301) ,

o117 $201 GRADE (I)aMATRIX(1le3el) :

0lle 60 7o 3001

o119 5002 PHINT $102:PCTUEVIPCTICHAIRIL)

0120 S102 FONMAT(23Xe°RECUOVERY RATE®, SRFS Lo N0 eOXNeF T, 20%0%¢ T

®8XeF10.5008%0/7) ‘ A
(YY) 00 S012 I=CeN
0122 8012 RCV(I)esMATRIN(2e301)

0123 60 70 3001
0l2e 5003 PRINT 5103¢PCTOEVIPCTCHAIR()) !
0125 $103 FORMAT(2TXe*NET VALUE®, SKeFS. L08R eONeF 7,208 :

SuKeF10.50°%%9//) i
ol26 VALUESMATRIK (393¢C) b
0127 60 10 3001 i
ola2s S004 PRINT $104+PCTDEVIPCTCHAIR(]L) 1 :
o129 S106 FORMAT (2540 YORE TONNAGE ¢ o SKoFS.1o0B09NoF 7,20 0% ;

*8X9F10,5¢°%%¢//) 2 i
0130 00 5210 I=leN )
013} COS(1e 1ISMATRIX(100301) i i
0132 COS (20 1) =MATRIX(119301) ;
0133 $210 SIZ (1)=MATRIX (49300} !
013e 60 10 3001
0135 5005 PRINT S5105+PCTOEVIPCTCHAIR(L)

0136 5105 FOWMAT (11Xe *PREPRODUCTION EXPLORATION® 0SXoFS.10989990XoFT.2008%,

CHReFl0,50°0%e//7) :

0137 DO 5205 IsleN

0138 $205 EXAPLOR(I)=MATRIX(Se3e1)

0139 60 10 3001

0140 5006 PRINTY 5106sPCYDEVePCTCHACR(L)

0le) 5106 FONMAT(11X¢*PREPRODUCTION DEVELOPNENT ¢ ¢S oFS.10tR0eOReFT 20700y

*8XeF10,50°%%¢//)
0le2 CO 5206 I=leN
0143 5206 PREPHRO(IIaMATRIX(6¢3¢1)
0les 60 10 3001
01e5 5007 PRINT SL0T+PCTDEVIPCTCHASIR(]L) _

0146 S107 FOHRMAT (21Xe'WMINE INVESTMENT ¢, SAIFSe Lo 'R eOKFT2090%

OR/ReFl0.5¢%%%0//) .
0la7 DO 5207 I=leN
0148 5207 MININV(I)SMATRIX(Te3e])

0149 60 10 3001
0150 5008 PRINY 5108+PCTOEVPCTCHAIR(L)
015} 5108 FORMAT(15Ke *PROCESSING INVESTMENT®s SXoFS.10'00s0KeF 7,208,

OBRsFl0.59°2%9//)

0152 00 $208 I=1l,N

0153 5203 PROINVIIISMATRIX(89301)




FORTRAN 1V 6 LEVEL 21 ANALYS OATE = 77089 15731/58

0154
0155
0158

0157

0158

0159
0160
olél

0162
0le63
0166
0165
0166

oler
oles
0169
ol70
0171
0172
0173
0174
0175
ol76
o177
o178
o179
0l80
ol8l
olag
0l83
olas
olas
olae
ole7
oled
0la9
0190
0191
0192
0193
019s
0195
0196
097
o198
0199
0200
0201
0202
0203
0204
0205
0206
0207
0208

S009
5109
S209
$010
5110
5013
5011
Si11
5014

6000
3001

3998
3000

T00

901
902

903
904

905

GO0 Y0 3001

PRINT S109+PCTDEVIPCTCHASR(L)
FORMAT (22X +*SOCIAL CAPITAL®,
®8XAsFl0.59'8%¢//)

D0 5209 I=]l.N :
SOCINV(T)=nATRIX(993+1) .
GO T0 3001 : .
PRINT S110«PCTDEVPCTCHASR(])

FORMAT (16Xe *MINE OPERATING COSTS®e SXeFSeletReoOXeFT,20980,
*8XsF10,50°%%9//)

DO 5013 1=Con

COSilel)aMATRIX(10030])

60 T0 3001

PRINT S1119PCTDEVIPCTCHASR(])

FORMAT (13Xe *PROCESS OPERATING COSTS?®e SKoFSelet090NeFT,20080,
®B8XeF10.50°%%e//7//)

00 S016 I=CenN

COS(21)=MATRIX(1103+1)

PRINT6000+0PTR

FORNAT (S51XeOPTIMUM RETURN®¢F10,5¢%8¢)

CONT INVE

DEV=-DEVe2,D0

CONT INUE )

CONT INVE

IF(ISEN.EQ.3)60 TO 251])

00 700 I=),N

D0 700 uUs=l,1]

MATRIX(Jelo1)SDATA(Je]) OMATRIA (Je30])

RMATRIX(Je2e1)=DATA(J2) SHMATRIX(Je30 1)
Hh!ﬂll(dolo!)ICNAYRII(JoJQXl-ﬂAfﬂll(Jolo!))II.6000

ﬂl'ﬂlllJoZol)l(~A781R04020ll-ﬂlflllldololl)IIOGQD.
IN=0,D0

D0 800 M=) NS

00 925 Is=)leN

DO 924 usle))

230,00

DO 950 K=l,y12

CALL RAND (ISeNRAN¢YRAN)

Is2+YRAN

KX=Z=6,00

L=l

IF (XX.6V.0,D0)L=2 .

GO '0(90].902090309Q§.90509060901090009090910091l)OJ
GRADE ll)!XX.“AYQII(JOLOIlONA‘QIX(Joiol)

GO TO 92s :

CONT INUE

IF(1.LE.D)GO TO 924
GCV(l)CRIIGNADE(l)"RZ-GﬂADE(l’)'DEIP(GRADE(]))
QCV(I,SRCV(!’OXK'“"RIX(JOLOX)

60 T0 926

VAL (1) ERXSMATRIA (JoL o 1) oMATRIX (Jo30])
60 Y0 926

siz |l.'ll'"l’ﬁll‘J'L.t)0""“'“(J|30!'
IF(1.LE.O)GO TO 926
Cﬁsllollﬂ‘l(l,OB'SIZCI))Isll(l)
COS(?OI)'(AI(I)OSB'Sll(l))ISll(l)

60 TOo 924
EIPLORCl)'ll'“l'ﬂ“‘J'L.l""l‘ﬁ!l(JOJOl)

SKoFS5.10'0%99KeFT,2098%

PAGE 0004
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FORTRAN IV 6 LEVEL 21} ANALYS . DATE = 77083 157071706
0209 60 TO 926
0210 90 PREFPHO(TIISAXKONATRIA (Yol oI) oMATRIR (U0 Je])
[ T2 N} i) 10 Y7o
[ T4%4 907 MININVITI=AROMATRIXR (Jol o D oMATHIA (U S0 ])
0213 60 TO 926
0214 90 PROINV(l)'ll"h'ﬂll(JOLvl’CNl'ﬂll(JOJil’
0215 G0 10 924
0216 900 QQCINVllI-l"“lf“!“J'L.I)ONA"ﬂlliJOJOI’
0217 w0 Y0 v2e¢
(T3] ] 910 COS (Jol)sAXOMATRIX(JoLle])eCOSELe])
0219 60 70 92¢
0220 911 COS (21 )=AXOMATRIR(JoL0])oCOS(2e1)
0221 92 CONT INUE
0222 925 GROPRO(II=VAL(IIORCV(II®SI2(1)*GRADE (1)9c000.,00-S12¢(1)*(COS()ol)e
*COS (201) ) =OH®NMATRIX (4930 ])
0223 CALL ROYALT(GROPROIMININVIPROINVIEAPLORSSUC INVePREPROINsCo Ty
eTOIROY)
0226 caLL INC'AI(Gﬁo’ao.“l“l“'oPRO]NVOthLO“QhUCl“'.P“Eﬂ“OOUOKClPONOCO
*SeTARs INTRSToPRINIWORCAPoCAPTARLERS IV 9SH9SC)
0225 DO 1000 Islen
0226 TOVINVCIDISMININV (1) oPROINV(]) *EXPLOR(E) ¢SOCINV (1) ¢PREPHO(I)
0227 1000 CASFLO(1+1)=GROPRO(II=TAX(I)=CAPTAA(L)=TOIROY(])~
STUTINV(I)=WORCAP(])
o228 CALL IRR(CASFLOeRoNoIDeTL)
[ T74] JS=R(1) 1,500
0230 PriJS)=PT (JUS)*1,.D0
0231} IN=LNORI])
0232 800 CONT INUE
0233 2=0.D0
0236 INSIN/NS
0235 PRINT 2000+NS
0236 2000 FORMAT(°196//040Xe*ERPECTED RATE OF RETUKN DISTRISUTION® o/,
®009%039R036(0_*)0///7045Xe *NUNBER OF SIMULATIONSe150//77)
0237 00 2500 I=le10)
0238 PY(1)=PT(1)/NS*100.00
0239 IF(PT(1)12250102501¢2502
0240 2502 JS=PT(1)«0,5D0
0261 2sZ+PY(])
0262 Jisl=]
0243 PRINT 2503¢J1ePT (1) e (ASTERIK=194S)
0260 2503 FONMAT (30XeJ20 *R092Xe?0CCURS®o1AeF0.208%02R0%|4100A1)
0245 60 TO 2500
0246 2501 IF(Z2-99.9999D0)2504¢250602506
0247 2506 PRINT 2505
0248 2505 FORMAT(S)Xe0 (00 9)
0249 2500 CONTINUE
ueso 2506 PRINTY 2508
025) 2508 FORMAT(5(S51Xe0(04/))
0252 PRINT 2507+2N
0253 2507 FORMAT(///+45Kko 'HEAN RATE OF RETURN®oF10.500%8¢)
0254 PRINT251001S
0255 2510 FOHMAT (//945Xe *RANDOM NUMBER SEED®e15)
0256 2511 CONTINUVE
0257 RETURN
0258 END
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FORTRAN I

0001
00p2
0003
“'0004
0005
0006
0007
0008
0009
0010
0011
0012
0013
001
0015
0016
0017
0018
0019
0020
0021
0022
0023
0024
0025
0026
0027
0028
0029
0030
0031
0032
0033
0036
0035
0036
0037
0038
0039
0040
004])
0042
0043
0044
0045
0046

-e® Wi
XY -

V 6 LEVEL 21

20
30
«0
$0
60

70
80

90
160
110

120
130

140
150
160
170

REAL®HS Y1.POW(30)

INTEGER 1A1(30)91A2(30)¢343¢30)

N1=29

Vllo.Do

“AX=260 IR

IF (N=2) 10940540
D0 20 1=)+29,2
1A2(1)=0
1A2(1+))=)
POw(1)=0.50009]
PO.(IOI)'D.SDOOOCIOI)
1A2(29)=]

Nl=N]le«29
N2=N]=MaR

00 110 I=1,29
IF(1-2)50+60+70
ITENP=]A2(28)

60 T0 30
1TEnP=]1A2(29)

GO 0 &0
ITENP=IA3(1-2)
TA(I)SITENPeIAR(])
IF(1A3(1)=2)100090090
IA3(1)=0
Ial(I)=1a2¢(1)
IA2(1)=1A3(])
IF(N=2)120917C+170
IF(N2) 3001700130
N1=29-§2

N2aNle)

N=2

12s0

00 140 IsN2+29
I1Zn]Ze}
1A2(1Z2)=1aA)¢])
IF(N1)150+1700150
DO 160 I=)enN)
12a]Z+}
IA2(12)=1A3¢(]))

DO 160 1s),29
12Z:30~1
ITEnP=IA2(12)
YisV]1ePOw(I)oITENP
RETURN

END

RANO
SUBROUTINE RAND (IReNsY1)

DATE = 77053

16759717

PAGE 0001
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3.1

3.2

3e2.1
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CHAPTER 3

USING THE COMPUTER PROGRAM TO EVALUATE A MINING PROJECT

Introduction

This Chapter will describe in detail the procedures to follow in order
to carry out an economic evaluation of a mineral deposit using the com-
puter program. The mineral reserve data and the capital cost data were
derived from two consultants' feasibility studies that were carried out
on a small mineral deposit in the Province, however, the evaluation
undertaken here should not be cansidered as anything more than a
demonstration of how to use the computer program.

The description that follows will be done in three parts, The first

part will outline the kinds of data that must be obtained; the second
part will discuss the results of a successful optimization, and; the

final part will discuss the analyses undertaken by the program.

‘Input Data

Two basic kinds of data are necessary for an evaluation. The first
kind of information needed is mineral reserve data, This should in-
dicate the tonnages and grade of material available., The second kind
of information needed is the capital and operating costs that would
be incurred in order to mine and process the mineral into a saleable
product.

In addition to this basic informstion, the evaluator will be required to
instruct the program on such things as the amount of information being

~provided, the amount of information to print out, the constraints in

effect, and so on. This information is provided on options cards.

The Options Cards

The first two cards in the data deck are options cards. An example of
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each is shown in Figure 3.1, The 6 entries on the first card occupy
fields of width 12, A decimal paint for each mumber should be pro-
vided. The six entries on the second occupy fields of width 2 followed
by 3 spaces. The digit in each field is right justified,

The first entry on the first data card is the anticipated revemue per
pound of principal metal. It takes into account the value of all by-
_products which may be recovered from the ore. An example will illus-
trate how it is to be derived. Table 3.1 contains the grades, recovery
rates, and values of the metals in the concentrate produced from a

tn of aore, - '

Metal | Ore Grade Concentrator N.S.R. Value/ton
) Recovery Rate
Copper 2,08 928 $ 0.59/ib $21.712
Zine 2.0% 75% $ 0.22/1b $ 6.600
Silver 0.60 o3z/ton 564 $ 5.52/0z $ 1.855
Gold 0.0L oz/ton 50% $138.00/0z $ 2,760
TOTAL $32.927

Table 3.1 Value of a Ton of Ore in Concentrate

The net smelter return (N.S.R.) takes into account the costs of smelting
and refining each metal as well as the associated losses while doing
this, The value of the concentrate produced from a ton of ore-is -
$32.927; This is converted back to the value for the principsl metal,
copper. Thuss: ~

N.S.R.* = $32,927/(.02x2000x.92) = $.89475
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Figure 3.1 First Two Options Cards
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The value of the metal in the concentrate, expressed in terms of

the principal metal, is wiique to the mineral deposit béing evaluated.
An implicit (and sometimes dubious) assumption in this method of
cancentrate valuation is that when a higher grade of principal metal
is mined, the grades of the other metals are assumed to be correspond~
ingly higher. However, this method does provide simplicity while
taking into account the values and recovery rates for by-products.

The second entry on the options card is the assumed portion of the
investment which will be financed by dsbt capital. It will be some
value between O and 1. Agein, a decimsl point should be used. This

value is only used during the pre-production development stage of
the project and will be the same for each year.

The third entry is the assumed rate of interest on borrowed capital.

In the pre-production phase of the project it will be used to calculate
~ the interest on any borrowed capital. This will be accumilated for
later recovery when the debt is to be repaid and it will also become
part of the capital asset banks for income tax purposes. After pro-
duction commences, interest will be psyable on the unamortised part

of the debt.

The fourth entry is the discount rate to be used in the ROYALT subroutine.
It might represent the opportunity cost of capital for an investor in

the project. As such it could-be set equal to the value in entry three,
but it could also be different. It will be a value between O and 1,

again with a decimel point.

The fifth entry is the tonnage constraint for the mineral deposit.
There frequently will be one where the mineral exists in sharply de-
fined lenses or pockets. In this kind of deposit, the average ore
grade will remain relatively high right to the boundary with the host
rock and then drop sharply. If there is no tonnage constraint except
that specified by the cut-off grade function, them the constraint
should be set equal to O.

The sixth entry on the options card is the minimum rete of return
which would be desirsble on any incremental investment in the project.
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Normally, it would be more than the rate at which cepital could be
borrowed at. Note that the value here is expressed as a percent
rather than a value between O and 1, As before, a decimal should
be used,

The first entry on the second options card is the mumber of data
cards containing capital cost data for different sizes of project.
03 means there are 3 cards for 3 different possible size of projects

The second entry is the number of data cards containing mineral
reserve data,

The third entry is instruction to the program as to the mining
sequence to use, 00 means that mining is to take place in a mamner
that the average grade of ore mined each year will equal the average
grade of the total primary ore reserves. Ol means that mining will
commence with the highest grade material first. The average grade

of material mined will decline year by year. The former sequence

is normally used, It will provide a more conservative rate of return

estimate than the high=grading assumption.

The fourth entry is instruction to the ANALYS subroutine as to the
kind of analysis to undertake. 00 means do no analysis; Ol means do
only a probabilistic analysis; 02 means do both, a sensitivity analysis
ard a probabilistic analysis; and, 03 means do only a sensitivity
analysis. Normally, neither kind of analyses would be undertaken the
first time a new project is evaluated. It could be undertaken after
the evaluator is satisfied that the "optimum" project reflects the
best information that is reasonably obtainable and that the possible
profitability is sufficient to warrant further analysis,

The fifth entry instructs the program as to how secondary ore reserves
are to be treated in the evaluation. Secondary ore reserves will be
any ore remaining after the primary ore reserves are depleted. The
secondary reserves cut=off grade is determined by the operating costs
alons while the primary ore cut-off grade will also allow for a profit,
00 here means that secondary ore reserves will not be included in the
optimizing stage of the evaluation. O1 means that the secondary ore
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reserves will be included throughout the evaluation while 02 means
that the secondary reserves will only be included if and when the
investment would be incremented.

The sixth entry will instruct the EQUATN subroutine as to whether
or not a graph of each function is to be printed. Normally, graphs
would be printed the first time or two that an evaluation is made
since they provide the evaluator with the equation for each function
as well as a graph of the function. This information will usually
tell the evaluator if the derived functions are realistic and there~
fore if the solution is realistic, Upon examination of the functians,
" it may be the case that the evaluator will went to obtain more data
. or improve onm the accuracy of available datas 00 means do not print
"graphs while O1 means that graphs are to be printed.

3¢2+2 The Capital Cost Cards

Following the options card will be a series of capital cost

cards. An example is shown in Figure 3.2. The first five entries
occupy fields of width 12; the next two entries occupy fields of
width 5, and; the last entry occupies a field of width 10, Each
card will contain the capital cost and Qperating cost data for one .
size of mine and concentrator project that could be used to develop
the mineral deposit being evaluated. This data will be used by the
program to derive 7 functions of size versus coste A minimum of
three cards will be needed to derive non-linear functions. If these
few are used, however, the costs needed to be determined to a high
degree of accuracy if the function that will be derived is to be
reliable.

The first entry on each card will be the cost of the pre~production
exploration needed to ocutline sufficient ore for a project of the
size indicated (entry 8). An important point here is that this
entry will contain only estimated future expenditure necessary.
Expenditures already made do not enter the evaluation except to

the extent that they may be included in capital asset banks for
purposes of calculating the taxes and royalties payable by a future
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Figure 3.2 Capital Cost Data Card
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possible projects At present, the program is not able to include
such sunk costs in the analysis,

The second entry on the card is the estimated pre-production develop~
ment costs necessary for a project of the size indicated. The largest
part of this entry will be the labor costs necessary for mine shaft

and stope development, the installation of machinery and equipment,
and concentrator construction.

The third entry on the card is the mine equipment costs., This would
include underground crushers, underground transport systems and the
head frame and hoist.

The fourth entry is the processing capital costs., This will be the _
concentrator and contained equipment.

The fifth entry is the social capital investment, This will include
a wide variety of investment necessary to the operation of the project
and not included in other categories. Included here could be a power
plant, roads, living quarters for employees, and so on.

‘The sixth and seventh entries are the estimated mining and processing
-costs for this size of project. Mining costs will usually be the most

difficult to estimate since they will vary widely with the minirig
method used and the scale of operation. Also more uncertainty exists
here than in the processing part of the operations For example,
unexpected poor ground conditions could require changes in mining
methods which frequently tend to be more costly,

' The final entry is the mill (and mine) capacity for this size of

projecte The mill capacity will be in tons of ore per year,
Mineral Reserve Cards

Following the cspital cost cards are the mineral reserve cards. An
example is shown in Figure 3<3¢ The three entries occupy fields of
width 15. Again, note that a decimel point is required, As with the
cost cards, a minimum of three should be provided in order that the
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program can derive non-linear functions where applicable. 4An
exception to this would be if the mineral reserve average grade

is estimated to vary directly as the log of the tons of material
included in the grade calculation, In this instance, one data card
is sufficient showing the total tons of ore in the mineral deposit
and the average grade of the deposite The cut~off grade in this
case is 0.0

The first entry on the data card is the average grade of the tons
of material in entry three.

The second entry is the assumed cut=off gradee This figure will

be the first chosen (arbitrarily) after which the total tonnage and
average grade figures will be calculated using geologist's estimates
of the amount of mineral at each assay value.

The final entry is the total amount of material in tons above the

" specified cut-~off grade,

It is important that the tonnage and grade figures estimated reflect
the mineable material in the deposit. Estimates of mineable material

 will take into account dilutionnof the possible ore by waste rock,

3e2els

and it will take into account possible pillars and support structures -
which cannot be removed even though they may be of a mineable grade.

Data for the Probabilistic Analysis

Following the mineral reserve cards is a third.optians.carde. This has:
one entry occupying a field of width Le It will indicate the number

of similations to carry out in the probabilistic analysis. An example
is shown in Figure 3.1, No decimal point is required but the entry must
be right justified.

The evaluator's estimates of the variability of any of the factors
affecting profitability is provided on the final series of cards,

Since the program in its present form will modify 11 factors, 11 data
cards must be provided, A sample is shown in Figure 3.5« There are
two entries on the card, each occupying a field of width 10, A decimal
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point should be used.

A normal probability distribution is assumed for the values of all
factors in this analysis. To represent a skewsd distribution (the
most likely), a split-normal distribution is used. An example of
the split-normal distribution is shown by the estimates in Figure
3.5.

The evaluator is required to obtain estimates for the upper and lower
limits for values of a factor at the 90% confidence level. If a point
value for, say, concentrating costs is $3.00, and the evaluator is

90% confident that the cost will not be less than $2.85 or more then
$3.30, then the two values.to be entered on the data sard are: $2.85/ .
$3.00 = .95 and; 3.30/3.00 = 1.1 respectively.

‘The 11 cards in order are: Average Grade of Ore; Concentrator Recovery: .

Rate, Net Smelter Return; Tans of Ore Mined/year; Pre-production
Exploration Costs; Pre-production Development costs; Mine Investment;

- Processing Investient; Social Capital Investment; Mine Operating Costs,
and; Concentrator Operating Costs,

The Evaluation of a Mineral Deposit

‘The data for this evaluation undertaken here is based on information
from two feasibility studies on a proposed project in Northwestemn
Manitoba. The studies are somewhat out-of-date; also, they contain
different estimates of probable ore reserves and project costs,
However, they were useful in that they indicated what the relative
capital and operating costs would be. The estimates of probable
mineable ore were the most uncertain, The ore reserve data used in
this evaluation only approximates that contained in the studies, The
information was summarized and re-arranged in order to indicate the
probable grade-tonnage relationship in the deposit, Where the studies
made very conservative estimates of ore grades and tannages, these
estimates were relaxed somewhat.
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Figure 3.5 Variability Estimates Data Card
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3431 Mineral Reserve Data

For this evaluation, the ore reserve data was sumerized to 3 caxds,
plus a tonnage constraint entered on the first options card. This is
shown in the following table. The estimates include dilution by
waste rock and exclude high grade material which may be unminesble
because of location or possible use as a rillar,

Average Grade Cut~off Grade Total Tons

Tard 1 040525 005 14899.0

Card 2 04047 0.04 270000,0
‘Cartt 3 0,019 0,03 485591,0
Constraint 745 x 10°

Table 3,2 Mineral Reserve Data

The grade~tonnage functions calculated by the program are shown in
Figure 34 (also see Appendix I to this chapter)., Note that the
functions are linear over the range of possible quantities of ore and at
the constraint tonnage the cut off grade drops to zero, The extensions
of the linear functions beyond the constraint are of no significance.

Je3e2 Capitai and Operating Cost Data

Cost data is estimated for 3 possible size of projects. This is shown
in Table 303

Cad 1
Caxd 2
Card 3

oration |Development
$86, 500 $1,000,000
$170,000 $1,900,000
$340,000  $3,300,000

Mine Op. | Process Op. Capacity
$23,00 $15,00 87,500
$18,00 $ 8,00 175,000
$15,00 $ 3.00 350,000

Table 3.3 Capital and Operating Cost Data
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Figure 3,6 Average Grade and Cut-off Grade Functions
1. Average Grade Y=,05355 -~ 4000000024056 X
2, Cut=off Grade Y=,05355 - Q0000004811 X
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The 7 equations derived by the program from this data are shown in
Figure 3.7 and 3.8. Note that the capital cost functions are linear
with total costs directly proportioned to annual capacity while the
operating cost functions are hyperbolic with costs per ton of capacity
decreasing as capacity is increased,

All these costs are specific to the mineral deposit being evaluated.
Exploration and development costs, for example, were low because some

of this work had been done by a previous owner. The social capital
costs reflected ths fact that Manitoba Hydro could supply power for

the project relatively cheaply. If more generalized use is to be made
of the model, cost data will have to be accumulated which pertains to a
wide variety of possible mining situations. Geographic location, deposit
size, deposit type, and mining methods are all factqrs which.have :
significant effects on capital and operating costs.

First Options Data Card

The options cards for the first evaluation of the mineral deposit

is showmn in Figure 3.1. The principal metal value was determined to
be $0.89475 per pound of copper in concentrate form. The procedure
for arriving at this value is shown in Table 3.1 and the accompanying
text.

For the first evaluation, it was assumed that equity capital was
the only source of financing. This generally produces a lower IRR
than when we assume capital is borrowed.

The real interest rate, the third entry, was assumed to be 86, This
was also the value assumed for the opportunity cost of the capital,
the fourth entry.

The fifth entry is the tonnage constraint for the deposit. Such a
constraint will normally occur for massive sulphide deposits in
Manitoba. The constraint should express the evaluator's estimte
of the mineable material.
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Figure 3.7 Capital Cost Functions

1. BExploration Y = 1500+ ¢9665.'X

2, Development Y = 300,000 + 8.6531 X
3. Mine . Y= 350.m + 41633 X
Le Processing Y = 300,000 + 9.4694 X
5 Social Y = 950,000 + 5.,3061 X
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Figure 38 Operating Cost Functions
6. Mining Costs Y = 12,5 + 923000

7« Processing Costs Y = &5 + 1,375,000
- X
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The minimum acceptabie rate of return was assumed to be 20%. This
happens to be higher than the maximum return from this project so the
investment is not incrementeds (Because a constraint is in effect for
‘this mineral deposit, incremental investment would not occur anyway).
Based on past reported company behavior, a rate of return of about
twice the prime interest rate would be typical. A real rate of returm
this high can mean that the risk element is large and/or that the ex-
pected return in alternate projects is high,

" BEntries one and two on the second options card indicate the number of
cost and mineral reserve data cards respectively. The minimum number
of 3 each was provided,

Entry three is zero indicating that the ore is to be mined at the average
grade of the primary ore reserves,

Entry four is two indicating that both sensitivity and probabilistic
analyses are to be undertaken,

Entry five is zero indicating that secondary ore reserves will not be
included in the optimizing stage of the evaluation but will be included
in the final calculation which will subsequently be printeds 01 should
not normally be used here. If it were to be used, the program would
proceed to reduce the life of the primary reserves (and total primary
tomage) so that the highest grade material would be mined first with

the lower grade material being relegated to the later years of secondary
ore production. In effect, the resulting solution is one of high-grading
the ore bodys Since this would not likely be practical, or at most, only
possible to a limited extent, the use of Ol as a code should be avoided.
It can be used (but not in all cases) if the assumption is made that the
ore body is to be high-graded in the first place (entry three). Ol can
also be used when the assumption is made that the project is to be
financed by a large proportion of debt capital. Since debt capital is
only recovered over the life of the primary reserves, the program will,

- in effect, calculate the optimum pay back period.

Entry six is 01 indicating that we want to print graphs of all the
functions. When we are satisfied that we have the best data available
and a plausible optimum solution exists, then this entry would be changed
to 00 while further analysis is undertaken,
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3.3.4 Data for the Probabilistic Analysis

The .third options card will head the part of the data deck concerned
with the probabilistic analysis. This card will indicate the number
of simlations to undertake. The number is mainly a function of the
number of variables subject to variation.:. A project with 11 variables
subject to variation, will require more similations in order to pro-
vide a reliable probabilistic distritution for the rate of return than
would a project with only 3 or 4 variables subject to variations 500

 similations were done for this evaluation. Because of the uneveness
‘of the rate of return distribution generated for this project, this
number would appear to be a minimum.

The proportiocnal varisbility estimated for each of the 11 factors
affecting profitability are shown in the following table.

“Factor Tower ange | Upperfamgs |
Average grade 0.90 1.10
Recovery rate 0490 1.05
Net smelter return . 0.80 1.20
| Annual tone processed 0.80 1.05
Exploration costs 095 1,20
Development costs 0¢95 1.2
Mine equipment costs 095 1,20
Process equipment costs 0.95 1.20
Social capital costs 0.95 1,30
Mine operating costs 0.95 1,10
Process operating costs 095 1,10

Table 3.4 Factor Variability

These estimates are at the 90% confidence level. That is, the evaluator
18 906 certain that the probable value of a factor, F, in any year will
be within the range, say, «95FK F<l.l Fo.
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3¢3.5 Results of the Evaluation

The series of iterations leading to the optimum solution for this
evaluation are shomn in Table 3,5 below, and in Appendix 1 to this

Chapter.
Primary Ore Life Project Capacity Average Return (%)
4 125,000 18.712
5 125,000 17.95
3 125,000 - 17.125
4 135,000 19.101
4 145,000 19.327
[N 155,000 19.415
4 165,000 19,385
4 145,000 19.327
N 155,000 19.415
L 165,000 19.385
4 145,000 19.327
A 155,000 19,713

Table 3.5 Optimieing Iterations

Th-e program automatically assigned a primry ore life of L years
to the project and an initial sise of 125,000 toms/year. Then it
proceeded to increase the 1ife 1 year at a time, and would continue
to do 80 as long as a higher rate of return could be realiszed. PFor
this initial sise of project, the optimm 1ife proved to be 4 years
yielding a rete of return of 18.71%. With the 1life of 4 yours, the
sise of the project was increased in sise by increments of 10,000
tons/year. The maximum rate of return was obtained with a sise of:
155,000 tons/year. The LIFE was increased to 5 years but then the
tomage constraint of 750,000 tons was exceeded. The primary ore




life was reduced by 1 year and the size incremehtﬁﬁ continued. At

a life of L years for the primary ore reserves, and a SIZB of 155,000
tons/year, the maximum rste of return which could be. achieved was:-
19.42%. This solution required a total of 11 iteratioms.

" The detailed production data is provided in Table 3.6. This is from

the actual computer printout. Note that in additiom to the primary
ore of 620,000 toms, there is some secondary ore amounting to 130,000
tons, The cut-off grade for the secondary ore was 1.73% while the

_cut-off grade for the primary cre was 2.37%.

The financial data summary is shown in table 3.7. This shows the
total capital and operating costs for the project, the assumed debt
and equity capital, and the average and marginal rate of return,
Since the average rate of return is at maximum, the marginal rate of
return will also be this value,

Table 3,8 shows the detailed calculation for arriving at the cash flow.
for the project. Note that the internal rate of return here is 19.74f
whereas the maximum rate of return was initially determined to be 19..426.
This difference results from including secondary ore in the final cal-
culation whereas it was excluded in previous calculations. The inclu-
sion of extra revenue (and net profit) has increased the rate of return.

Table 3.9 shows the cash flow for the project if taxes and royalties
are added back as might be the case for a Crown corporation. An im-
portant assumption here is that the project would not have been under-
taken by a private firm in the absence of the Crown. In this case,
taxes and royalties are not a cost to the project.s Note that the rate
of return to the project approximately doubles..

Appendix II to this Chapter contains a detailed printout for the pro-
Jject under completely different assumptions., Firstly, the tonnage-
grade function for the deposit is assumed to be logarithmic. Secondly,
50% of the project would be financed by debt capital. Thirdly, incre-
mental investment occurs so long the marginal rate of return exceeds
.

The project ylelding the maximum rate of return is one of SIZE 120,000
tons/year with LIFE equal to 3 years. Ths size is then incremented to
a size of 160,000 tons of ore per year where the marginal rate of
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oF ORE

0.0

000 ‘

155000.0
155000.0
155000.0
155000.0
130000.0

Table 3.6

AVERAGE CUTOFF
0.0% 0.0 %
0.0 £ 0.0 %
3.86% 2.37%
3.06% , 2.37%
3.864 T 2.37%
3.864 2.37%
2,068 1.73%

PRIMARY ORE PRODUCTION
TOTAL ORE PRODUCTION

RECOVERABLE
METAL (LBS)

0.0
0.0

11207472.85
11207472.85
11207472.85
11207472.85

L904T719.43

620000,0 TONS
750000.0 TONS

Production Data for Optimum Project

CONCENTRATE
VALUE(S)

0.0

0.0
10027886. 33
10027886.33
10027886.33
10027886. 3 3
4352707.71

- Lt‘[ -
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FINANCIAL DATA

EXPLORATION COSTS  151312.24490
PREPRODUCTION DEVELOPMENT COSTS 1641224..,8980
MINING INVESTMENT  995306.12245

PROCESSING INVESTMENT 1767755.1020L

SOCIAL CAPITAL INVESTMENT 1772448.97959
PREPRODUCTION WORKING CAPITAL __632804.69388
TOTAL 6960851.63265

MINING COSTS PER TON 18.4677L
FROCESS COSTS PER TON 8.37097
ADMINISTRATIVE COSTS PER TON 1.34104
TOTAL 28,18065
DEBT-BQUITY RATIO 0.0
BQUITY CAPITAL 6960851.63265
BORROWED CAPITAL 0.0
AVERAGE RATE OF RETURN: 19.76337%
MARGINAL RATE OF RETURN: 19.7%337%

Table 3.7 FPinancial Data Summary
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OPERATING

0.0

0.0
5659886.33
5659886.33
5659886.33
5659886.33
-689223.8),

CAPITAL
TAX

6328.05
13921.70
13288.90
10757.68
8226.46
5695.2l,
0.00

Table 3.8 Project Cash Flow

INCOME MINING TOTAL
TAX ROYALTY INVESTMENT
0.0 0.0 3164023.47
0.0 0.0 3164023.47
62208.33  1321,329.28 0.0
1488762.43 14L145756.04 0.0
1529037.98  154,2897.45 . 0.0
2030942.33  1620610.57 0.0
203337.25 12812.2 0.0

IRR IS  19.743374%

WORKING CAPITAL
AND SALVAGE VALUE FLOW

0.0
632804,.69
949207.04

0.0

0.0

0.0

-1582011.73

CASH

-3170351.52
-3810749.87
3310852.78
2714610.19
2579724 .45
2002638.19

2055086.06
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PROJECT
CASH
FLOW

-3170351.52
-3810749.87
3310852.78
2714,610.19
2579724 .45
20(R638.19
2055086.06

CAPITAL .

TAX

6328.05
13921.70

13288.90

10757.68
8226.46
5695.24,

0.00

IRR IS 41.504,660%

INCOME
TAX
0.0
0.0
63208.33
14,88762.43
1529037.98
2030942.33
203337.25

MINING
ROYALTY
0.0
0.0
1324329.28
1L,5756.04

1542897.45
1620610.57

12812.27

CASH
FLOW -
-3164023.47
-3796828.16
4710679.29
5659886.33
5659886.33
5659886.33
2271235.58

NOTE: This cash flow assumes that the project would not have
been undertaken by a private company so that taxes and

royalties are not a cost to the project.

Table 3.9 Cash Flow After Adding Back Taxes
and Royalties

-ozt -
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return is 8.72% and the average is 16.7%

Note that although there are 1,2 million tons of material in the
deposit, only 507,641 tons of it are ore. Had the project been
financed entirely by equity capital, the calculated ore reserves
would have been even less.

Table 3,10 shows the project cash flow and equity cash flow under
the assumption of 50% borrowed capital. The rates of return are
1647 and 21,L% respectively, This illustrates the leverage effect
of borrowing capital which costs less than the project can yield,

The Sensitivity and Probabilistic Analyses

Analyses were carried cut on the project shown in Appendix I to
‘this Chapter. This project assumed that financing was by equity
capital alone and that the grade-tonnage relationship was linear.

Sensitivity Analysis

Tables 3.11, 3.12 and 3.13 contain the results of 3 separate sen-
sitivity tests done on each of the 11 factors affecting project pro-
fitability. In the first test, each parameter is changed by 6. As
the table shows, profitability is least sensitive to changes in the
capital investment, Operating cost changes result in larger changes
in the rate of return, with the largest changes occuring when factors
affecting gross revenue are varied,

Doubling the amount of change in the capital cost parameters as in
Table 3,12 and again in Table 3.13, results in roughly a doubling of
the change in the rate of return. Doubling the change in factors
affecting gross profit such as average ore grade or tonnage of ore
processed more than doubles the change in the rate of return, This
is because of the interaction between some of the parameters. This
interaction affects 5 of the 11 variables. PFirst, a change in the
anticipated grade of concentrator feed leads to a significant change
in the recovery rate. Second, a shortage of ore results in higher
than normal average mining and processing costs.
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OPERATING

CAPITAL
PROFIT . TAX
0.0 6729.67
0.0 15731.90
5834213.76 13601,37
5834,213.76 9333.27
5834213.76 4853,13
2/,227.83 0.0
PROJECT
CASH
FLOW
-32442149.06
~3897588.08
3479399.85
3029435.78
2707416.82
1641937,53

Table 3.10 Project Cash Flow and

1 BQUITY CASH FLOW IS THAT AFTER
DEBT REPAYMENT AND INTEREST.

2 THE INTEREST RATE IS 8.00%

INCOME
TAX

0.0
0.0

0.0°

1300704 9%
1527953.60

0.0

IRR IS

BORROWED
CAPTTAL
1617709.69
1941251.63
0.0
0.0
0.0
0.0

IRR IS 21.432%,97%
ADDING BORROWED CAPITAL AND SUBTRACTING

MINING

ROYALTY

0.0

0.0
1370586.72
1494699.77
1593990.21

0.0

16.652563%

DRBT

REPAYMENT

0.0

0.0
1227035.59
1325198,44,
1131214,.32

0.0

Borrowed Capital

TOTAL

INVESTMENT

3235419.39
3235419.39

0.0
0.0
0.0
0.0

INTEREST

ON DEBT

0.0

0.0
318675.87
220513.02
1144,97.15

0.0

WORKING CAPITAL CASH
AND SALVAGE VALUE  FLOW
0.0  -3242149.06
64,7083.88 -3898235.17
970625.82  34,79399.85
0.0 3029435.78
0.0 2707416.82
-1617709.69 1641937.53
CASH
FLOW
-16244,39.37
-1956336.45
1933688,39
1483721,.32
1162705.36
1641937.53

Equity Cash Flow Assuming

-zz‘[-
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The magnitude of the change in the rate of return can be used to
indicate these factors which require special care when values are
determined, As these tables suggest, ore grade, concentrator re-
covery rates, and the net smelter return are the most important
parameters.

The Probabilistic Analysis

The results of the probabilistic analysis are shown in Figure 3.9.

500 simulations were carried out using the parameter variabilities
contained in Table 3.4, Most of the factors were assumed to have a
value distribution that was skewed. As the rate of return distribution
shows, the mean rate of return of 16,7.% is well below the point es-
timate, The mean or expected return is the proper one to use in pro-

- Ject evaluation, Note that the point value (or greater) for the rate

of return of 19.7% could be expected to occur only 19$ of the time.
In other words, it is most probable that the project would not achieve
‘the optimum rate of return that was originally calculated. An import-
ant consequence of using the expected rate of return determined here

~ is that the risk factor in the minimun acceptable return for the pro-

Ject can be reduced. This has important implicaticns for total cal-
culated ore reserves and the optimum size of project.

As was the case with the sensitivity analysis, there is interdependence

 between (1) the cancentrator recovery rate and average ore grade, and

(1) the quantity of materisl processed per year and average mining
and processing costs, The effect of this interdependence has been
to increase the difference between the calculated point value for the
rate of return and the expected value, In ane series of trials, the
increase amounted to a little over ane half of one percent.
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PARAMETER CHANGE IRR CHANGE RATE OF RETURN

AVERAGE ORE GRADE ~5.0% -10.37% 17.69%
RECOVERY RATE -5.0% -10,00% 17.76%

NET VALUE =5.0% ~10.00% 17.76%

ORE TONNAGE -5.0% -9.766  17.8%
PREPRODUCTION EXPLORATION 5.0% -0.08% 19.72%
PREPRODUCTION DEVELIPMENT - 5.0% -1.07% - 19.52%
. MINE INVESTMENT 5.0% -0.63%  19.61%
PROCESSING INVESTMENT 5.0% -1,11%8 19.52%
SOCIAL CAPITAL 5.08 -1.11% 19.52%
MINE OPERATING COSTS 5.0% -3.02% 19.14%
PROCESS OPERATING COSTS 5.0% -1.37% 19.47%

OPTIMUM RETURN 19.7,

Table 3.11 Sensitivity Analysis #1
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PARAMETER CHANGE IRR CHANGE RATE OF RETURN

AVERAGE ORE GRADE -10.0% -21.45% 15.50%
RECOVERY RATE -10.0% -20.66% 15.66%

NET VALUE  -10.0% -20,66% 15.66%

ORE TORNAGE -10.0% -20.17% 15.75%
PREPRODUCTION EXPLORATION 10.0% -0.16% 19.70%
PREPRODUCTION DEVELOPMENT 10.0% -2,12% 19.32%
MINE INVESTMINT 10,08 -1.2.% 19.49%
PROCESSING INVESTMENT 10.0% -2.19% 19.308
SOCIAL CAPITAL  10.0% -2.20% 19.30%

MINE OPERATING COSTS 10.0% -6.19% 18.51%
PROCESS OPERATING COSTS 10.0% -2, 71% 19.19%

OPTIMUM RETURN 19.7,

Table 3.12 Semsitivity Anmalysis 4
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PARAMETER CHANGE = IRR'CHANGE RATE OF RETURN

AVERAGE ORE GRADE  -20.0% =49.79% 9:91%
RECOVERY RATE ~20.0% “47.Tu% 10.31%

NET VALUE  -20.0% <47 7% 10.31%

ORE TONNAGE  -20.0% -46.50% 10.56%
PREPRODUCTION EXPLORATION  20.0% -=0,32% - 19.67%
PREPRODUCTION DEVELOPMENT ~  20.0% - -lyo 166 -18.91%
MINE INVESTMENT 20.0% =2.46% 19.25%
PROCESSING INVESTMENT 20,08 =4 41% 18.86%
SOCIAL CAPITAL  20.0% lli2f 18.86%

MINE OPERATING COSTS 20.08 -12.91% 17.19%
PROCESS OPERATING COSTS 20.0% =5.57% 18.63%

OPTIMUM RETURN 19.72

Table 3.13 Sensitivity Analysis #3
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1
115 OCCURS  2.40% | **

axraa
TEE
&

208 OCCURS  7.40% | sewness
21% OCOURS  5.40% | wwwee
226 OCCURS  3.00% | sw»
23% OCCURS  1.40% | #

21% O0CCURS  0.80% | *

- 256 OCCURS O.40% | #

266 OCCURS 0,208 | *
|

NUMBER OF SIMULATIONS 500
MEAN RATE OF RETURN 16.74111%

Mgure 3.9 Expected Rate of Return Distribution
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APPENDIX I

COMPUTER PRINTOUT

Grede-Tonnage Relatiomship = - Linear with Constraint
‘Graphs of Functions - fee
Minancing - Equity Cepital Only
Sensitivity Analysis - Yes
~ Probabilistic wﬁil - V Yes

Incremental Iuveitmnt - Mo




29. 4

v-};

(See0T SNOL) ALIOVEYI TVANNY

.
‘

o
-s
-
[
~
o
[ ]
<*
"
N

[ ]
o
[ ]
°
L
L ]
°
°
°
[ ]
L
.
.
.
.
.
.
L ]
.
.
L]
°
.
.
°
°
[
.
.
*
®
.
.
.
.
.
°
.
°
.
.
.
I3
[ ]
L J
I3
.
.
.
.
.
.
°
.
°
.
.
.
°
L J
°
.
.
°
.
.
.
°
°
°
.
°
.
.
[3
°
[
°
°
.
.
I3
.
.
.
.
I3
L]
°
.
L ]
L]
.
3
.
3
.
.
.
°
¢ @&

. 200050000000000000000
) ., O08080000000000000000

. V000000000000 0000000

0000000

N(SO2Z190CS994°0 ) +00000°00ST LY

ROTIVEU 3T ROUTTISNOU%a 103

Weildvd
SSNOINVIN



[ VIR

- 130

(See0T SNOL) ALIIVEYI TWANNY

ot 6 ] '} ° s v € 2 t .
900000000 000000000000 0000000000000 RPPOOLOPRIOREOPOIORIROONORPOOIOOOROROOO00OCRRIOPPORINIGOSDOIPOIOOSPSEDTS

oo
. ee
oo -
oe
(113
L]
o0
[Yrs
e
o
[T 1)
oe
o0

osee

N(069922T90CS9°C ) *00000°00000€ =4

WVilevI
SSNOLI TVIN




(See0T SNOA) ALTIVAYD VNNV

- N -
z z z

L 4
z

$ Wildvd
SSNOIVIN

- 13-

(] [ ] ~ °
z . z E 4

N(22T90€SIZEVT°Y 1+00000°0000SE =i
INMTSIART URIRIA




— e e o e
(Seall SNOL) ALTOV4VD TVANNY
ot ¢ ° '] L) S v . 3 2 t (]
0000 B0C00 COPPPOOOOCORNOOOOROROIPNROINROIODROPOEO0OOOPDIOO0O0O00000000C00000200000000000CCCOIOIISOIOBGIGGS .
‘..
YY) [ J
o0 L J
ee *t [
oo hd
o0 ®
oo [ ]
e L ]
oo L ¢ [
oo °
o0 L ]
o0 [ ]
(13 hd
oo L L]
o0 d
1) e
. ee ®
[ ] .“ *
. o® LR J [ ]
- o® 4
2 . Y'Y *
ﬂw [ 1) *
« oo e ] Wilevd
] L4 ® SSNOITTIEN
oe hd
oee .
o0 - b
o0 c9 [
oo hd
. ee d
o .
e hd
o0 L ]
ee o
. ese e
o0 [ ]
‘. L
oe b L
'Y} .
. .
L) °
[ 1) .
o0 *e ]
eee ®
ae ®
oo ®
Y L ]
*n L

X(201SSLLEE699°6 ) 200000°00000C =A
TNRTSTANT SRTSSIIE




®

(SeedT SNOL) ALI1DV4VD TIVANNY

ot 3 e 3 ° s v € t t ]

[ ]
®
LY 34
esse °
[ rrr] L4
esee ®
ase ®
[y hd
LYY T ®
ecee hd
see hd
. sese e
. e ° hd
osee e
esee ®
ooe i
, LY TYY ®
. . . eess °
. Ty .
< oo ®
. . esee *
ﬂu ooee ®
a PYYYY ®
i oo ¢
[YYY} .
, sose ®
ssee b
eeee
ose .
L ]
L ]
. L ]
L ]
®
L]
L ]
L ]
L]
[ ]
. L ]
®
[ ]
L
[ ]
L J
*
L ]
L J
[ ]

N(0RGEYI22INE S ) 200000°0000S6 =4
IRINISTRRT WIS

ot

WiIevI
SSNOITVIN




il S - 0 St Soeir P =es S D 8 W8 => s ~ =

(SesOT SNOL) AINIVAVD TVNNNY

T

A/71(00000°000526 ) +0005°21

TROI 83ITSTSOJ SRININ

]}

'y

- - r . .o R o . .
9 0 6 05 0 000 00 0 50 5000 000 00000000000 SN ENDPOSPELEES O TOIBS DSBS ONDYY OSSN




- 135 <

(See0T SNOL) ALIDVYVD TWANNY

ot ] ] /') 9 $ ) € 2 t .

[ 4 ....‘..‘.‘.“...“..‘..‘...O......O‘..‘...‘OO‘.‘..‘ .
0000080000000 4
ovensee ®
. oo hd
(11} ®
) [ ]
Y ) ®
o [
L ]
Y [ ]
o [ ]
L J
Y L
.
[ 4
e
Y L
.
L ]
- ¢ ®
. L J
L]
Y L J
L
L]
L J
¢ L J
L
L
L ]
L J
L]
. L
o L]
*
L]
L
L J
*
. L]
\ ®
, ®
[
[
[
[}
.
L]
°
L
A/7100000°004SLCT ) +00605°0~ LY

RO ¥33TSIN0I BATSSIO0NI

[ 1

"

1$)1802




sl ot - . -

. , (9001 SNOL) SIANISIV TVHININ
. ot 4 ] /' ° s v € 2 1 )
000000000 NSCCOOOPOOOTOIOORROCOOOOTNSOODOOOOOORRROOOCOROORROOIORPPOOOINOOPOOOPROPItOOOOOOOROOOROBGAESOS .
. [ ]
3 - b
[} e hd
® e b
. . Al | (]
) ) hd
Y L ]
° o hd
® ° ®
L) ® 3 ]
® .. g
® ) ®
e L ]
i e o *
e e L + ]
1 Y L J
1 * .
L ]
= ¢ .
_m_ o0 *e ]
o e ® .
o3 ° %, -
% ) e °*
oo . °"°
~ 1 e “m (82 30Vye
..
L J
[ ]
9 (]
[ ]
[ ]
* [
! [ ]
n ’'} ]
[}
; .
[ ]
1 °9 "]
[ )
.
.
N °
“e "
®
v ®
.
. *
¥ 0 ]
&. : X(9S0920000000°0~ ) *SSESO°P =

TIVEY IR0 FIVEIRY




(9e001 SNOL) S3IA¥ISIM TIVHININ

ot A ® /) ’ s ’ € 2 t 0

*
L ]
L ]
L ]
[ ]
[ ]
*
[ ]
L ]
L J
L J
L ]
L J
L J
®
®
[ 3
. e °9 [}
5 "
' -
. § (m)30vme
[
*
°9 V)
L]
L ]
®
° 4 M
L ]
. L d
.
.. ‘
L J
[ ]
[ ]
[ ]
6 M
L ]
. * ot 7

X(211990000000°0~ ) *55€50°0 )
JVYNT~IBO" IIVINT




N
R
.

00000°16SS8Y  000C0°0 (T3 LT )

" 00000°000012 000%0°0 o Lve e

00000°eesry  000S0°0 os2s0°e

VAVG 3A¥IS3N TVUININ

C0000SE  00°C 00°ST° 0000082 °000009¢ ‘seoo0et *e0000ce °0000%¢

- *008S4T  e0°® ..o..-o.rooobn 0000002 ‘os000tt *0000061 cooe0sLt

1171} 00°St00°C2° 0000001 ‘o000t *s0000L 0000001t 00590
S0¥Vd 150d

, © o 2 o ¢ ¢
00°02 *0000SL 0080°0 0080°0 0°0 9%60°0
SAHVYI SNOILdO Ony

VIVO INaRT




BEOJECT ITERATIONS

PREPRODUCTION  PRIMARY SECONDARY TOTAL PROJECY INTERNAL HARGINAL
PERIOD ORE LIFE ORE LIFE LIFE CAPACITY RATE OF RETURN RATE OF RETURN
2 o 0 ) 125000.00 18.71351 8.0
2 S 9 7 125000.00 17.95553 0.0
2 3 [ S 125000,.00 1716256 0.0
2 4 0 6 135000.00 19,10077 0.0
2 4 0 6 145000.00 19,32668 0,0
e L 4 9 6 155000.00 19.41545 0.0
4 4 0 6 165000.00 19,36534 0,0
2 4 0 6 145000.00 19.,32666 0.0
2 4 0 6 155000.00 19.41545 0.0
2 L] 0 6 165000.00 19,3853 0.9
e L] 0 6 145000.00 19.32668 0.0
2 . 1 7 155000.00 19.74337 0.0




TONS
OF ORE
0.0
;o.
155000,00000
1355000.,00000
155000.00000
155000.00000
130000.00000

DEIAILEQ OALS _FOR . OPIInlN _AEIURM

AVERAGE
GRADE

0.0 s
0.0
3.06375%
3.,86375%
3.,86375%
3.863758
2.059%6%

EBQDUCYLION OALA

CUTOFF

GRADE
0.0 &
0 s
ZIT229%0
Se3722%
2.37229
2.3722%
1.731588

RECOVERABLE
NETAL (LOS)
0.0
0.0
11207472.0526)
11207472.85201
11207472.085261)
11207472.85261
4064719.43360

PRIMARY ORE PROOUCTION 620000,0T0NS
TOTAL ORE PRODUCTION

750000,0TONS

CONCENTRATE
VALUE(S)

0.0

0.0
10027886 ,33007
10027886,33007
10027886.33407
10027386.33407
4352707.7132%
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AVERAGE RATE OF RETUARNS
MARGINAL RATE OF RETURNS

EXPLORATION COSTS

PREPRODUCTION DEVELOPMENT COSTS
MINING INVESTMENT

PROCESSING INVESTMENT

SOCIAL CAPITAL INVESTMENT
PREPRODUCTION WORKING CA:I;A

ovaL

MINING COSTS PER TON
PROCESS COSTS PER TON
ADMINISTRATIVE COSYS PER YO
TOTAL

OEBT-EQUITY AATIO
€QUITY CcaPITAL
BORROWED cCAPITAL

19,743378
19,74337%

151312.24490
1661224,48980
995306.12245
1767755.10204
1772448.97959

6960051 .63265

18.4077¢
8.37097

260,18065

0900051063265
0.0

- nt -




’
1

1 75656.12 820612.24 497653.06 883877.55 886224.49
2 75656.12 820612.24 497653.06 883877.55 886224.49
3 0.0 0.0 0.0 0.0 0.0
. 0.0 0.0 e 0.0 0.0
s 0.0 0.0 0.0 ' 0.0 0.0
® 0.0 0.0 0.0 0,0 0.0
7 0.0 0.0 0.0 0.0 0.0

. PREPRODUCTION PREPRODUCTION MINING PROCESSING SOCIAL CAPITAL WORKING CAP,
’ EXPLORATION  DEVELOPMENT INVESTKENT INVESTHENT INVESTHENT

TOoVAL

AND SALVAGE VAL CAPITAL

0.0

632804 ,69

949207.06
0.0
0.0
0.0

-1582011,.73

3164023,.07
3796828.16
949207,0¢

0.0

0.0

0.0
=1582011,73

- z'r[ -

prawrre .

itbiaaiie:




PRUFIY
AFTER ERPLOR
0.0
0.0
$659886,.33487

5659806.33487
$659886.33487

1

2

3

. 5659886.33487
s

6

? 689223,.84220

ANNUAL
OEPRECIATION

0.0

0.0
1265609.38776
1012467.51020
0809990,.00816
647992,00653
$18393.60522

PROCESSING
ALLOWANCE

0.0

0.0
141420.40816
141420.40016
141420.40816
141420.40816

85415,11853

BOXALIY MININIZATION

ROVALTY
PROF1T
0.0
0.0
4252056,53895
4505978.41650
4708475,9105¢
4870473.92017
85415,11853

PROFIT
BASE (18%)
0.0
410426.2653)
020852,53061
656682.02449
$25345.61959
420276,49567
336221,19654

BASIC
ROYALTY

0.0

0.0
123127,07959
98502.30367
T0601.8429¢
63041.47435
1201226778

INCREMENTAL
ROY,.LTY
el
0.0
1201201,00292
1347253.73720
1464095,60463
1357569.09858
0.0

TOTAL

ROVALTY

0.0

0.0
1324329,28251
16645756.040068

1542097,44757

1620610.57293
12012,26778

- EWT[ -




- O U & W N =

VEARLY NINING AND

CUMULATIVE
VOTAL INVEST SERVICE INVEST

PROCESS INVEST

3164023.46939 2280145.91837 883877,.55102
3164023.46939 22'0105.51037 1T67755.102064
0.0 0.0 1767755.10204
0.0 0.0 1767755.10204
0.0 0.0 1767755.10204
0.0 0.0 1767755.10204
0.0 0.0 1767755.102064

ANNUAL
OEPREC RATE

0.200000000000

0.200000000000
0.200000000000

ANNUAL

0.0

0.0
1265609.38776
1012487.51020
809990.00816
647992,00653
518393,.60522

TOVAL

31664023,46939
6326046,.93678
$062437.55102
4049950,04082
3239960.03265
2591968.02612
2073574.42090

NINING
OEPRECIATION UNDEPREC BALANCE UNDEPREC BALANCE

2200145,91837
456029],083673
3648233.46939
2918586.77551
2334869.42061
1867895.53633
1494316.42906

DISCOUNTED

ROVALTY

0.0

0.0
1084s58.27235
1092970.31416
1076730.09716
1044010.58422
7619.18787

- ﬂqtl-

-— J\lj -
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UNAMORT JZED
DESY

0.0
0.0
0.0
0.0
0.0
0.0
0.0

CASITAL.TAR CALCULALION

Eoulty
CAPITAL

3166023.46939
6328046.93878
5062437.55102
3796828,16327
2531218,77551
126%609.38776

ACCUMULATED
WORKING CAPITAL

0.0
632804.69383
1582011.73469
1582011.73469
1582011.73469
1562011.73469
0.0

CAPITAL
TAR

6328,04694
13921.70327
132088.89857
10757.,67980

8226,46102

s695.24224

- -




JNCOME TAX CALCULATION

GROSS PROF1IY ACCELERATED NORMAL .
AFTeR CAPITAL COST CAPITAL coOST RESOURCE INTEREST ON EXPLORATION  2REPROD~-DEVELOP DEPLETION LE
CAPITAL Tax ALLOWANCE ALLOaANCE ALLOWANCE LONG TERM DEAT DEDUCTION ALLOWANCE ALLOWANCE
\‘»
1 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
2 0.0 0.0 . 0.0 0.0 0.0 0.0 0.0 0.0 !
3 5646597,43630 +5355)0.20608 0.0 ‘277771.30305 0.0 151312.26490 492367.34694 47408,95808 \
4. 5649128.65507 0.0 0.0 1412282.16377 0.0 0.0 - 344657,14286 973047,33711
S 5651659,8738S 0.0 0.0 1412914,.96846 0.0 0.0 . 261260.00000 999371,22635
6 56541¥1,.09262 0.0 0.0 1413547,77316 0.0 0.0 168882,00000 89521,.456805
7 689223,.84228 0.0 - 0.0 172305.90057 0.0 0.0 '118217.40000 0.0
. .
NS
£
&,
|
4
4
L
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TaARABLE PROFIT
(AFTER PRIOR LOSSES)

0.0
0.0
12197712406

2919162.0113¢
2998113.67906
3982239,86142

398700.4817)

INCOME
Tax
0.0
0,0
62208.33326
1488762.42578
1529037.97621
2030942,32932

203337.26567

UNDEP=8ALANCE

ACCEL-CC:

2267755.10204
4535510,20.08
0.0
0.0
0.0
0.0

UNDEP=-BALANCE
NORMAL CCA

0.0

UNANORTIZED
DEBT

0.0
0.0
0.0
0.0
0.0
0.0
0.0

CUMULATIVE
EXPLCRATION

75656.12245
151312.24490
0.0
0.0
0.0
0.0
0.0

UNDEP=BALANCE
PREPRO-DEVELOP
620612,24490
1541224.48980
1148857.14280
806200.,00000
562940,00000
394056.00000
275840.60000

1

UNDEP=RALANCE

DEPLETION
1054674,48940
2105348,97959
2061940,02151
1088892.68440
69521 .45805

0.0

0.0

- -




OPERATING
PROF1IT

0.0

0.0
$659886.33487
5659826,33487
S6SINE6 33407
$659886,33487
89223.04228

NOTES 1 VnE CALCULATION

CAPITAL
Tax

6328.00694
13921,70327
13208.89857
10757,67980
8226.46102
5695.26224
" 0.0

INIERNAL_RAJE _QF BETUQN
PROJECT CASH FLOw

INCONE
Tax

0.0

0.0
62208,.33328
1488762.42578
1529037.97631
2030942,32932
203337.24567

IRR 1S

"INING
ROYALTY

0.0

9.0
1326329.28251
1445756.04008
1542097.44757
16206i0.57293
12812.26778

19.Ta337438

TOoTaAL
INVESTMENT

3164023,.46939
3104023,46939
0.0
0.0
0.0
0.0

IS STOPPED IF THE IRR IS LESS TnAN - ZERO OR GREATER THan 100%,

WORKING CAPITAL
AND SALVAGE VALUE

0.0
632804.,69388
949207.04082

0.0

0.0

0.0

~1562011.73469

CASH
FLOW

=317035..51633
~3819749.886653
3310852.77971
27140610.18841
2579724 ,44997
2002638.19038
2055086.06352
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PROJECT
CASH
FLOW
-3170351.51633
=3810749,66653
3310852,77971
2714610.18861
2579724.,44997
2002638.190238

2055086,06352

PUBLIC CASH FLOW)

CAPITAL

TAR
6328.04694
13921,.70327
13268,.%9857
10757.67930
8226.46102
$695,20224
C.0

IRR IS

INCOME
Tax

0.0

0.0
62208.33326
1488762.42578
1529037.97631
2030942,32932
203337,24567

61.,5040660%

MINING
ROYALTY

0.0
0.0
13243¢9.28251
144575604088
1542897, 44787
1620610.57293
12812.26778

NOTE: 1 TWE CALCULATION 1S STOPPED IF TnE IRR IS LESS TrAN ZERO OR GREATER THAN 1008,

2 PUBLIC CASH FLOW1 ASSUMES THAT THE PROJECT wOULD NOT nAVE BEEN UNDERTAKEN BY

A PRIVATE COWMPANY SO THAT TARES AND ROYALTIES ARE NOT A COST TO TWE PROJECT,

CASNH
FLO#

=3164023,46939
=3796828.16327
4710679.29405
5659886.33487
56590856,.33487
$659286.33487
2271235.57697

- 671 -
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PROJECT
SASH
FLOW
«3170351.51633
«3810749.86653
3310852.77971
2714610.188¢1
2579724.44997
2002638.19038
2055086.06352

CAPITAL

EQUITY CASH FLOw

BORRNNED DEBY

REPAYMENT
0.0 0.0
0.0 0.0
0.0 0.0
0.0 0.0
0.0 0.0
0.0 0.0
0.0 0.0

IRR IS  19.74337a

MOTES ) THE CALCULATION 1S STOPPED IF THE IRR IS LESS THAN ZERO OR GREATER THAN 100%.,
2 EQUITY CASH FLOW IS THAT AFTER ADDING BORROWED CAPITAL AND SUBTRACTING

DEBT WEPAVMENT AND INTEREST.

3 THE INTEREST RATE IS 8.008.

INTEREST
ON DEBT

CASH
FLOW

=3170351,51633
~3810749,86653
3310852.77971
2714610.18841
2579724.44997
2002638.19036
2055086.06352

- o1 -
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SEMSLIINITY ASALYSIS » )
PARAME TER cﬂnse Inn Cranue RATE UF ®ETunn
AVERAGE ORE GRADE -5,0% =10.37» 17.08732s
RECOVERY RATE 5.0 =10.00 ‘ 17.702004

NETY VALUE -5.08 «10,0us 17.70200e

OPE TONNAGE =5.0% “9.76% 17.80841%

PHEPRODUCTION EAPLONATION 5,08 ~0.008 19. 718985
PREPRODUCTION DEVELOPHENT | 5.08 “1.uTs 19.52326%
WINE INVESTHENT 5.0 -0,63 19.0111ue
PROCESSING INVESTMENT S.08 “lodls . 19.51626%

" SOCIAL CAPITAL 5.08 ~l.1e 19.51570e

NINE OPERATING COSTS 5.0% =3.02% 19.13789¢

PROCESS OPERATING COSTS "$.08 =1.37% 19,40524%

OPTINUR RETURN 19,73




PARAMETEN CHANGE

AVERAGE ORE GRADE =10.,0%
WECOVERY RATE ~10.0%

NET VALUE -10.0%

OWE tqnﬁice -10.0%

PHEPRODUCTION EXPLONATION 10.0%
PREPRODUCTION DEVELOPMENT 10.0%
MINE INVESTHENT 10.0%
PROCESSING INVESTWENT 10.08%
SOCIAL CAPITAL 10.0%

MINE OPERATING COSTS 10,08
PROCESS OPERATING COSTS 10.0%

1 CoaAnbE
=<l .45
-20,00%
~20,66%
-éo.ltt

=0.l0n
=2,12%
=] .20%
2,199
=2,20%
=6.,19%

-Z. "‘

OPTINULM RETUNN

SESSLTIVIIY ANALYSIS & 2

HATE UF RFTuwy

19,73

15.50110»
19.0>730%
15,05730%
13.05370t
19, 7u336%
19, 31505w
l9.§e900t
19,30209%
1973009!‘
iﬂ.bl??bt

19.19403%

- 5T -




SENSITINITY ANALYSIS = 3

PARAMETER CHANGE  IHN CrANGE RATE UF WETUNY
AVERAGE ORE GRADE -20.08 09,7y 9.90815e
RECOVERY RATE -20.0% - “turen 10.31230%
NET VALUE  =20,0% “4T.70% 10.312368
' onlei TonwacE -20.0% ~.6.50% 10.55877»
PREPRODUCTION EXPLORATION 20.0% -0.32e 19.67216%
PREPRODUCTION DEVELOPNENT 20.0s aulen " 18.91306%
MINE INVESTRENT 20.08 ~2.008 19.264860+¢
PROCESSING INVESTHENT 20,08 ~t.0ln 18.80603%
SOCIAL CAPITAL 20.08 4,428 16.40148%
WINE OPERATING COSTS 20.08 -12.91% 17.16705%

PROCESS OPERATING COSTS 20,08 =5.57% . 18.63468%

OPTINUN RETURN 19,73

-7 -




Te

.1}

9%
10s
119
12%
13%
lew
15%
l10%
178
163
19%
209
21%
22%
23%
24%
25%
26%

CAPECIED 9ALE _OF REIUNN OISTRI-UTION

0CCURS
OCCURS
OCCURS
0CCUFS
0CCUKS
OCCUKS
OCCUKRS
OCCURS
OCCURS
OCCURS
OCCURS
OCCURS
OCCUKS
occums
OCCURS
OCCURS
OCCURS
OCCUKS
OCCURS
OCCURS

NUMHBER OF SIMULATIONS

V.20%
0.80%
1.20%
€809
95.60%
9.20%
S.40%
9,208
12.40%
12.20%
16.,60»
10.80%
1.‘0‘
H5.40%
3.00%
1.40%
0.50%
0.40%
0.20%

MEAN HATE OF HETUNN 16,74111%

j®

e

[

jee

joe
|secses
jecsee
|escene

|teccocnsesssee
|osssacassse
jessscse

jeenee

|ese

|e

|

|

'.

RANDOM NUMBER SEED

500

A7

-GG ~
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APPENDIX II

COMPUTER PRINTOUT

Grade-Tonnage Relationship - Log-Normal
Graphs of Munctions <~ Mineral Reserves Only
Mnancing - 50% Debt Capital

Sensitivity Analysis - No

‘Probabilistic Analysis - llo

Incremental Investment -~ Yes
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PREPRODUCTION

PER

WDANNNVRVRANAVNAVNRNNNNNRDANNNDYN

100

PRIMARY
ORE ;lFE

WOULWWWWWUNIWWWWWNG SO

SECONDARY
ORE LIFE

X XX X K- X-N-X-X R-E-K-§_§ _§K-X N-J

E20JECY IIERATIONS

TOoTAL
LIFE
4

CURUANARURVESOVARNINS VOO

PROJECT INTERNAL MARGINAL
CAPACITY RATE OF RETURN RATE OF RETYURN
150000.00 12.10505 0.0
150000.00 8.82324 0.0
150000.20 15.35750 0.0
150000,00 17,0872« 0.0
150000.00 15.68197 0.0
160000.00 16,73973 0.0
140000.00 17.35718 0.0
130000.00 17.53002 0.0
120000.00 17.5837¢ 0.0
110000.00 17.48336 0.0
120000.00 16.40098 0.0
120000.00 15.53953 0.0
130000.00 17.53082 V.0
110000.00 17.48336 0.0
130000.00 17.53082 16,53693
140000.00 17.35718 13.84800
150000.00 17.08724 11.24002
160000.00 16,73973 8.72108
170000.00 16.32922 6.25984
160000.00 16.65256 6,72108




QEYALLED DATA FOR_OPT IMUNM

£BODUCTION DAIA

TONS AVERAGE CUTOFF RECOVERABLE CONCENTRATE
OF ORE GRADE GRADE METAL (LBS) VALUE (S)

0.0. 0.0 ) 0.0 - 0.0 0.0

0.0 0.0 ] 0.0 * 0.0 0.0
160000.00000 J.83258% 1.83258% 11472717.2525S 10265213.76172
160000.00000 3.83258s 1.83258% 11472717.25255 10265213,76172
160000.00000 3.83258% 1.832588 11472717.2%255 10265213.76172
27640,.72543 1,77607% 1.720061% 882596.45110 789703.17462

PRIMARY ORE PRODUCTION 480000.0TONS
TOTAL ORE PRODUCTION S07640,.7T0NS




EINANCIAL _DAIA

AVERAGE RATE OF RETURNS
WARGINAL RATE OF RETUANS

EXPLORATION COSTS
ratpaoouctlon OEVELOPMENTY COSTS
MINING INVESTMENT

PROCESSING INVESTMENTY

SOCIAL CAPITAL INVESTHMENT
PREPRODUCTION WORKING CAPITA
TOTAL

NINING CCSTS PER TON
PROCESS COSTS PER TON

16.,05256%
8,72105s

150144,8979¢
1684489,79592
1016122,44898
1815102,04082
1798979.5918s

7117922.65306

le.28125
8.09375

ADMINISTRATIVE COSTS PER YOM.____ 1.3

vovaL

DEBT-EQUITY RATIO
EQUITY CaPIvAL
SORROVED CAPITAL

1815
27.69375

0.50000
3550961.32¢53
3558961.32653

- T -
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PREPRODUCTION PREPRODUCTION

EXPLORAVION

T8072.45

78072,45
0.0
0.0
0.0
0.0

DEVELOPHMENT

842244,90

842244,90
0.0
0.0
0.0

ANNUAL _CAPLIAL INVESTMENT

MINING
INVESTMENT

508061.22
508061.22
0.0
0.0
0.0
0.0

PROCESSING
INVESTMENT
907551,02
907551.02

0.0

0.0

0.0

0.0

SOCIAL CAPITAL WORKING CAP,

INVESTHENT

899489.80

899489.60
0.0
0.0
0.0

TOTAL

AND SALVAGE VAL CAPITAL

0.0
647083,68
9700625,.82

0.0

9,0

-1617709.69

3235419.39
3882503,27
970625.82
0.0
0.0
=1617709.69

- 591 -
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PROFITY
AFTER EXPLOR
0.0
0.0
$834213.78172
5634213.76172
$834213.76172
240227.83070

ANNUAL

DEPRECIATION

0.0

0.0
1294167.75510
1035334.20408
820267.36327
24227.8347¢

PROCESSING
ALLOWANCE
0.0
0.0
145208.16327
145208.16327
145208.16327
0.0

BOYALTY MININIZATION

ROVALTY
PROFIY
0.0
0.0
4394837.84338
4653671.3v437
4860738.23519
0.0

PROFIY

BASE (l8%)

0.0
€19016.30612
030032.61224
$7062¢.08980
536340.87186¢
42907269747

8ASIC
ROYALTY
0.0
0.0
125704,.89164
10056391347
80451.13078
(N3

INCRENENT AL
ROY..LTY
te0
0.0
1204080 ,03089
1394135.85660
1513539.07717
0.0

ToTAL
ROVALTY

8.0
0.0
1370506, 72272
1690699,77007
1393990.20795
0.0

- 91 -




YEARLY

MINING AND

TOTAL INVEST SERVICE INVEST

3235419.38776
3235019,38776
0.0
0.0
0.0
0.0

2327868.36735‘

2327868,36735
0.0
0.0
0.0
0.0

CUMULATIVE
PROCESS INVEST

907551,.,0204)
1815102,04082

1815102.04082

1815102,04082

1815102.04082
1815102,04082

ANNUAL

OEPREC RATE
0.0
0.0
0.200000000000
0.200000000000
0.200000000000
0.007312800166

ANNUAL

0.0

0.0
1294167.75510
1035334,.20408
828267,.36327
24227.83474

TOTAL

3235419,38776
6470838,77551
S176671.02041}
4141336,81633
3313069.45306
3288861.61833

HINING
OEPRECIATION UNDEPREC BALANCE UNDEPREC BALANCE

2327863,36735
4655736.73469
3724589.38776
2979671,51020
2383737.20816
2366305.40000

DISCOUNTED

ROYALTY

0.0

0.0
1122440,76133
1129971,05395
1112385.81293

0.0

.= 99T -
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UNAMORTIZED
DEBY

1767120.46939
3983448.35020
2750012, 75607
1631214.31607
=0.00000

o0

CAPITAL XA CALCULATION
EQUlTY ACCUNMULATED
CaPlvTaL WORKING CaPITAL
1617709.69308 [ 1Y )
3235419.3877 647083.8775S
2020500,50082 1617709.69388
1617709,69388 161770969380
008854.0069%¢ 1617709.69308
0.0 0.0

CAPLITAL
Tax

eT729,67233

15731.90323

13601.37398

9333.2874)

48353.12908
0.0
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onoss fRoriT
CAPITAL Tax
0.0
0.0
5820012,38773
5824880.49431
5629300.63264
24227.83474

ACCELERATED
CAPITAL COST
ALLOWANCE
0.0
0.0
4459391,5852)
456033.06735
0.0

NORMNAL
CAPITAL COST
ALLOWANCE
0.0
0.0
0.0
0.0
0.0

INCOME TaX CALCLI 2TION

RESOURCE
ALLOwANCE
0.0
0.0
340305,20063
1342211,.85661

1457340.15816

6056,95868

INTEREST ON
LONG TERM DERT

0.0

0.0
318675.86802
220513,02055

114497,14529
o.o

EXPLOKATION
DEDUCTION
0,0
0.0
165763,.42367
0,0
0.0

0.0

PREPROD=-DEVELOP

ALLO@aANCE

6.0

Ce0
536676.31020
375533.41714
262873.39200
1817%.87605

DEPLETICN
ALLOWANCE

040

0.0

0.0
857547.,2830¢
998662,48430

0.0

- L9T -




TAXKABLE #FROFIT

(AFTER PRIOR LOSSES)

0.0

0.0
=0.00000
2550480,.2735¢
2995987,.45209

0.0

INCOME
Tax

.

0.0

0.0

0.0
1300744.,.939%)
1527953.60098

0,0

UNDEP~-BALANCE

ACCEL-CCa

2407706.12245
4915424.65506

| 456033.06785

UNDEP-BALANCE
NORMAL CCa

0.0

0.0

0.0

0.0

0.0

0.0

UNAMORTIZED
oear
1747126,46939
3983448,35020
2756412.75687
1631214,31607
-$.00000
0.0

CU“ULATI&E
EXPLORATION

UNDEP=BALANCE
PREPRO-DEVELOP

81195,3469
165763,42367

875934.69388
1768254,36735
0.0 1251778.,05716
0.0 876244.64000
0.0 613371,24800

0.0 $95200.37195

UNDEP=BALANCE
DEPLETION
1078473.12028
2156946,25650
2156946,25850
1299298,97547
300636,49117
300636.49117




OPERATING
PROF 1T

0.0

0.0
S834213.76172
5834213.76172
5834213.76172
24227.83474

NOTE: 1 THE CALCULATION IS

CAPITAL
TAX

6729,67233
15731.90323
13601.37398

9333.26741

4853.12908

0.0

INIESNAI_BATE_OF SETUSN
PROJECT CASH FLON

INCOME
Tax

0.0

C.0

0.0
1300744,.%395]1
1527953.60098

0.0

1RR IS

MINING
ROYALTY

0.0

0.0
1370586.72272
1494699,77007
1593990.20795

0.0

16.652563%

TOTaAL
INVESTMENT

3235419,38776
3235619.36776
0.0
0,0
0.0
0.0

STOPPED IF THE IRR 1S LESS THAN ZERO OR GREATER THAN

WORKING CAPITAL
AND SALVAQE VALUE

0,0
647083.87755
970625.,81633

040

0.0

~1617709,69388

CASH
FLOW

=3242149.06008
=3898235,16854«
3679499 ,.86863
3029435,78473
2707416.6237)
1641937.52861
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PROJECT

CASH

FLOw
=3262149,06008
=3898235.16854
3479399,.840068
3029435,70473
2707416.02371

1641937,.52861

PUBLIC Casw FLOWI

CAPITAL
YAX

6729.67233
15731.90323
13601.373%8

9333.2674)

4853,12908

0.0

NOVES 1 TWE CALCULATION IS STOPPED IF THE IRP IS LESS Than
2 PUBLIC CASM FLON] ASSUMES THAT TnE

INCONE
Tax

0.0
0.0
0.0
1300744,9395)
1527953,60090
0.0

37.03253e%

NINING
ROVALTY

0.0

0.0
13v0536.72272
1494099,.77007
1593990.20795

0.0

ZERO OR GREATER Twan 1008,

PROJECT WOULD NOT MAVE BEEN UNDERTAKEN @Y

‘A PRIVATE CONPANY SO FHAT TARES AND ROVALTIES ARE NOV

A COSY TO TwE ePaOJECT,

CASH
FLOx

=3235419,38776
=3582503,2653)
4863587,94539
5634213,76172
5836213.76172

1641937,5206)

-OLT -




EQUITY CaSH FLOW

PROJECT
CASH RORROWED DEAT INTEREST
FLOw CAPITAL REPAYMENT ON DERT
1 |-3242149.06008  1617709.69388 0.0 0.0
2 -3898235.1685¢  1961251.63265 0.0 0.0
3 3479399.84868 0.0 1227035.5933¢ 318675.86802
. 3029435.78473 0.0 1325198.44080 220513.02085
5 2707416.8237) 0.0 143121431607 114497.14529
6 1641937.52861 0.0 0.0 0.0
IRR IS 21,432697% 1
NOTE: 1 THE CALCULATION IS STOPPED IF TWE IRR 1S LESS TwAN ZERO OR GREATER THAN 1008,
2 EQUITY CASH FLOW IS THAT AFTER ADDING BORKONWED CAPITAL AND SUBTRACTING
. DEBT REPAYMENT AND INTEREST.
3 THE INTEREST RATE IS 8.00%.
agaemaaae S SRR ————
\

CASH
FLOw

=1624639,36620
~1956983,53588
1933688.34733
1483724.32337

1161705,36236

L§61937.52661
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CHAPTER 4
20 EXTENSIONS
Introduction

A computer model capable of determining the optimum sise of a project
needed to develop a mineral deposit also has pplications in the
analysis of a variety of related economic problems. This Chapter
will suggest some problems tholoddcmdddiuuolﬂm. Since
modifications to the model would be necessary for most tasks, no
attqtuinbeudohmhotemnydmmuwotmﬂuemd

‘analysis. This is left for other monographs and perhaps other

economists,

The most important information needed for the snalyses proposed

here is the capital and operating costs data spplicable to both
uenammmm«mmtmmm. This
information could be obtained from two sources. The first socurce
mldbeprmcmdnwintmnumorudﬂundmuho
are mining the desired mineral, &chintomtimmldhantoboup—
dammwudtoumctmtcomumduochnpdno-

- graphic location, (The sssembling of this information is a separate

study in 1tself),

The aocaamrceotintomummbormacmﬁmﬂm
which specialises in the evaluation of mining projects of the kind
under consideration. The firm would be asked to undertake feasibility
studies of a renge of project sises that would sine and process the
target mineral in the desired region, The information might be costly
initially tut could serve as the besis for a variety of economic
lwdoomauumforacmomotﬂn.

Economic Probiams for the Model

moproblmmdlmmmuduotmmmumtyform
model. As presented here, the most difficult problems are those
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requiring the most modifications to the model. Blx kinds of pro-
blem are discussed.

Target Grade and Tonnage of a Deposit for a Region

The model is normally provided with data on a mineral deposit to

be evaluated. Given the capital and operating costs which would be
applicable for a deposit in that region, the optimum rate of production
is then calculated., This procedure can be reserved in that if infor-
mation exists on the costs of mining and processing in a region, it is
possible to hypothesize a mineral deposit of some size and grade and
then determine if that hypothetical mine is profitable or not. Grade
and tonnage can both be adjusted until a profitable deposit is outlined.
This procedure can be continued so that a family of profitable deposits
is determined, each of different size and grade. The target deposits
are those that are most likely to occur in a region based on experience
in that region and in regions of a similar kind.

A variation of this analysis would be to determine the size and grade
of deposit needed to support investment in a new townsite in a potential
mining region. In this instance, a number of deposits could be evaluated

‘together (see 4e2.4 below).

Compare Different Mining and Processing Methods for a Given Project

Projects of different size can frequently employ significantly
different mining and processing methods. A possible implication to
the model of this is a discontinuity in one or more of the capital
and operating cost functions. That is, after a project would reach

a given size, there could result a sudden drop in, say, mining costs
with the possible introduction of a much more efficient mining method.
For the model to handle this properly, the evaluation would have to be
undertaken repeatedly using data applicable to the different kind of
process or method being evaluated.




A similer kind of analysis to this would be applicable in the evaluation
of different kinds of antipollution devices. Some devices could entail
& large capital investment but small operating costs while others

might entsil the reserve. It may well be that separate evaluatims for
the two possible methods would be the anly way of determining which is
prefersble in terms of economic efficiency.

4¢2.3 Evaluate Taxation and Royalty Policy

A completely different area of snalysis for the model concerns
Government policy with regard to income taxes and royalties, For this
kind of analysis, different tax and royalty systems would be used in

the evaluation of a given sise of mineral deposit., Different rates

of tax, different allowsble deductions, and different rates for the
capital cost allowances could be expected to result in different .
optimum solutions for the evaluation, A different optimum solution would
mean one or more of the followings a different sise of project (which
means a different rate of extraction and a different level of investment);
different amounts of primary and secondary ore; different amounts of tax
and royalty revenue; a different total life for the project; and, of
course, a different return to the invested cepital. For a marginal
project, the kinds of tax and royalty systems in effect are critical
since a small change in, say, & tax rate can mesn the difference bstween
a visble project and an unviable ome (ore or no ore).

In order that the model could undertake such an analysis, completely
new tax and royalty subroutines would have to be provided sand sub-
stituted for the old subroutines, This would be relatively easy to
do however.

he2s4s Undertake The Economic Evaluation of a Whole Reglon
The evaluation of individual deposits in a region may not prove fruitful
but the evaluation of a group of deposits together could lead to further
development. The procedure here would be to hypothesise a central
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concentrator doing custom processing for the potential mines being
evaluateds As before, a range of concentrator sizes would be used
to derive a processing capacity - processing cost function. Each

- deposit would be evaluated in turn at an assumed processing change.

(Mining costs here would include transportation to the concentrator).
If total optimum production was different from concentrator capacity,

. the concentrator size would be changed and all deposits re-evaluated.

This procedure would continue till concentrator size matched the total
optimum production, Note that deposits not earning the minimum desired
rate of return would not be contributing to the total production while
the investment in profitable mineral deposits would be incremented till

_ the last increment of investment earned the minimum rate of return.

Le2e5

By this means all mining investment would be earning at least the
assumed opportunity cost of capital, yet the maximum possible amount
of ore would be determined,

An important aasumtidn here is that all concentrate produced could be
further processed at the prevailing processing costs (and then sold).

Social Cost - Benefit Analysis

The evaluation undertaken in the previous Chapter and the evaluations
proposed above assumed that any divergence between money costs and
social costs were of little consequence. This assumption is frequently
incorrect. Proper resource management from the Province's point of
view should not exclude any significant level of external effects which
may result from mining activity,

The determination of social costs and benefits is usually much easier
to propose than to carry out, particularly for large projects. For a
small project, the divergence between private and social costs may not
be significant but for a large project, there is almost certain to be
a divergence. This is because of the large amounts of capital, human,
and natural resources involved. Since a large project would naturally
employ a large number of people, within this number are people who are
likely to be otherwise unemployed. Also, such a project would import
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significant amounts of labor. These consequences can lead to &
significant increase in the gross provincial income and tax revenues,
yet an evaluation from a private point of view would not include
these benefits,

A large project can also generste significant costs and benefits
which do not appear in either a public or private accounting pro-
cedure. The costs can be in the form of pollution and foregone use
of resources in other activities (including recreation), Additional
benefits might include improved health, school, and transportation
facilities, particularly in less developed parts of the Province.

For the model to handle many of these costs and benefits at its
present level of development, shadow prices (costs) would have to
be determined and the actual costs and revenues adjusted accordingly.

‘In other cases, proxies could be used for the external effects and

the cepital and operating costs suitably adjusted. Any other Govern-
ment objectives might be included by the suitable weighing of some

‘costs and benefits.

Determine the Market Price of a Mineral Deposit

Another application for this model would be to determine the market
price for a mineral deposit. In order for the model to do this, it
would have to be modified so that it would maximige the present value
of a possible project rather than meximige the internal rate of return.
The cash flow would be calculated in the same manner but a fixed dis-
count rate would be used, as assigned by the evaluator, The discount
rate would be the real opportunity cost of capital for the potential
buyer(s) (and would include a risk element). Assuming that the oppor-
tunity cost of capital would be the same for the seller and the buyers,
the seller would be indifferent between developing the mineral deposit
himself or selling it for the calculated value, Note that the present
value (if positive) is the economic rent: that could be anticipated for
the deposit being evaluated, If the province owned the mineral deposit,
it could calculate a selling price that would be a substitute for a
royalty on production. In this case the present value would be cal-
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culated exclusive of any other royalty deduction. Altemately,vit
could assume a production royalty and sell the deposit for any
economic rent calculated with the royalty included.

Gdnclusion )

The six suggested areas of analysis for which the model.may be of use
are by no means exhaustive., For one thing, vthe_use of a model such

‘as this is not limited to mineral deposits. Also, other analysts

will find applications in their own area of interest that have not

been hinted at here.

It is hoped that this model will prove to be as valuable an analytical
tool for other economists as the experience in developing it proved
to be for the author,
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APPENDIX

Conments by Professor B, W, MacKensie

. Professor MacKenszie's comments are presented in the order they
‘were made and are followed by the author's discussion.

l. Professor MacKenzie:
It appears that the estimates used in the model are in constant
money terms and that the effects of inflation are not considered.
This mey result in significent errors for the rate of return and
net present value criteria evaluated. Tax considerations over-
value and debt financing under-values the criteria evaluated if
inflation is present but not considered. Escalation (differential
inflatin) among the cost and price parameters if it exists also
introduces an important source of error. For a complése deacription
of these effects see:

"Treatment of Inflation in Mine Evaluation"

K.C.G. Heath, G.D. Kalcov and G.S. Trms

IMM Transactions, January 197..

Discussion:

The estimates are in constant momey terms as noted. The authors
of the article referred to above recommend that ™in the early stage
of evaluation - of a prospect for a target evaluation, in a hypo-
thetical model prepared for planming purposes - the parameters should
not normally be inflated, i.e. the evaluator should work in con-
stant money terms®, (P.A 30). The reasmn for this is that good
estimates of inflation are costly and time consuming to obtain,
while poor estimates are likely to give results that are less
reliable than those obtained by using uninflated parameters. The
authors also point out the effects of two possible sources of
error - in taxation and project financing - tend to cancel one
ancther (P.A 2,). In the case of taxation, accelersted rates of
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capital recovery (as are applicable here) tend to reduce the
effects of inflation since the capital from a profitable pro-
Ject is recovered in the first couple of years of operation.

The adverse effects of inflation on borrowed capital can be
reduced by using an interest rate that includes an inflationary
element. Of course the principal will still be repaid in curremt
dollars,

The model in its present form cannot take into account the effects
of differential inflation although it could do so with a relatively
minor modification. The problem is to reliably estimate what the
amount of th7 differential would be for a number of years. Of the
three areas of concern, the latter would appear to be the most

significant.

2, Professor MacKenzie:

The optimization of capacity and cut-off grade variables in the model
is based on single point estimates. It is not clear whether these
are expected or most-likely estimates. Risk analysis is carried out
only after the optimum project has been determined. In my experience,
uncertainity has an important effect on the optimization of mining
project specifications. Therefore, it is suggested that consideration
be given to incorporating risk analysis in the optimization stage of
the evaluation process.

Discussion:

The final velues for the parameters could be called "most likely"™
estimates. To incorporate risk into the optimizing part of the
model in its present form would require the inclusion of a risk
factor in the discount rate and the rate selected as the minimum
acceptable (if the latter is different from the discount rate).
Doing this would lead to a different optimum solution. The amount
of risk to include in the rate(s) is suggested by determining the
optimum project without a risk element and doing a probabilistic
analysis on that project.

Another possible solution is to do a probabilistic analysis on each
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project tested during the optimisation phase. However, this would
be very costly in terms of computer time. It would certainly
result in a different optimum (so long 8s some of the parameters
have possible values whose distritution is skewed) than would the
use of point estimates and a real discount rate. Also, it would
likely result in a slightly different optimum than would be the
case by using an inflated discount rate. Only testing would deter—
mine if the increased accuracy could be Justified in light of the
increased costs involved.

3. Professor MacKenzie:

The tonnage-grade functions are assumed to be continuous. This is
realistic where there are gradusl and continuous grade trends through
a deposit. However, often the grades within a deposit are sharply
taned. Also, extraction can only be carried out in terms of dis-
crete mineable units of the deposit. Therefore, an inventory of

the tonnage available and tha aversge grade of such tonnage above
particular levels of cut-off grade is more realistically an aggre-
gation of discrete mining blocks,

Discussion:

Professor MacKensie's comment is correct. Tt implies that the

model would have limited use in a final feasibility study. However,

I believe that the model is useful for the kinds of analysis discussed
in chapter 4 of this report. It will also provide a guide to eva-
luators on the likely size and cost of a project needed to develop a
particular mineral deposit.

4+ Professor MacKengie:

In the model, capital and operating costs are expressed as functions
of installed capacity. These costs are also a function of cut-off
grade which dictates the degree of selectivity required in the
mining operation. The shape of these cost functioms should reflect
both eemomies of scele and, beyond some point, diminishing retumns
as the build-up of capital and menpower begin to force the fixed
deposit limits,
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Discussion:
‘The mine operating cost functions referred to would be "typical®
for a range of deposit sizes and a particular mining method. The
average mining cost declines as the size of mine increases reflect-
ing the usual economies of scale. Diminishing returns can be ex-
pected in any mine as rate of mining is increased beyond some
normal amount. However, this effect defines an entirely different
function than is provided in the model. That is, the function in
‘the model could be comsidered similar to a long run average cost
curve. A short run average cost curve for that size of mine would be
needed to show the effect of diminishing returns. At present, the
model does have a short run average cost curve of sorts but it only
reflects economies of scale. In the ANALYS subroutine, as the
optimum value for the mining and concentrating rate is increased
or decreased, the average mining and concentrating costs decrease
or increase respectively.

5. Professor MacKenzies

Two factors should be considered in optimizing rate of extraction.
The most important (considered in the model) is obvicusly the over-
all capacity of extraction and processing equipment which is to be
installed. Within an installed system of a specified capacity some
degree of over and under capacity operation is possible with a pre-
mium cost being incurred with respect to the variable component of
operating costs. Thus, the second factor is the degree to which the
installed capacity will be utilized over time. While this factor is
of lesser importance, it becomes a significant optimization element
once the uncertainity dimension is considered.

Discussion:

This point is somewhat related to the previous one. As was pointed
out, average operating costs do change as the optimum size is changed
in the ANALYS subroutine.
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6. Professor MacKenzie:
It seems to me that the description of the model underestimates the
importance of variation in the grade mined over mine 1ife. This as-
pect of the optimisation should embody two decision variables -
the sequence of extraction and the cut-off grade. The sequence of
extraction of the various mineable units of the deposit (i.e. the
order in which they are mined) is usually from highest to lowest
grade subject to the technical constraints imposed by the deposit
and the mining system. The sequencing variable often has an import-
ant effect on optimization and a high to low grede sequence does not
cmstitute "high-grading®. The cut-off grade variable determines
how much of the material within each of the mineable units will be
extracted. An improved optimum can be achieved if the cut-off grade
is allowed to vary over the life of the deposit. For example, if
mineral price and operating cost are constant an improvement in the
optimization criteria will be achieved if cut-off grade 1s initially
set somewhat above the fixed cut-off grade optimum and then decreased
over the exploitation 1ife down to the point where marginal revenue

per unit extracted is equal to marginal operating cost per unit ex-
tracted,

Discuasion:

The model is able to optimize a project using either two mining

sequences. The deposit can be mined with the average grade of
annual production et the average grade of the deposit or it can be
mined from highest grade to lowest grade. I used the term "high-

grading” in this report to refer to the latter case. This term

should not be interpreted in any derogatory sense.

I did not include an example in the report of the high-grading sequence
simply to keep the report from becoming any larger than it already

is. Professor MacKensie is quite correct in pointing out that a
higher rete of return can be achieved by mining the highest grade

ore first where this is practical.
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Professor MacKenzie:
The taxation routine appears to assume that taxation is on an
individual project basis. This will under-value the decisicn criteria
in cases where integrated companies with existing sources of income

may take their tax allowances earlier and more fully than the time
stream of project income.

~ Discussion:

This comment is correct but it was outside the scope of the study to
build any particular kind of corporate model prior to the project -
evaluation model. Each firm evaluating a project would likely have

a unique income tax situation which could affect the optimum size

and profitability of the project from their point of view., The

model would have to be modified to reflect any different tex situation
than that assumed.

Professor MacKenzie:

The types of probability distribution assumed where three point
-estimates have been made for an uncertain parameter does not appear
to be discussed.

Discussion:
The probability distribution is referred to (perhaps too briefly)
in Chapter 2 in the description of the ANALYS subroutine. The
distributions are assumed to be normsl with a split normal distri-

bution used to represent a skewed distributiom. Chapter 3 has
been amended to clarify this point.
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