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Abstract

The investment cü¡tate for copper-zinc projects in M¿nitoba

worsened. as a result of four distinct factors dr¡ring the period from 1969 to

L977. These vÍere: income tax refonns which led to increased federal and

provincial tax assessments; a neT¡I prorrincial royalty act which resulted in

increased royalty assessments for a profitable project; a iurnp in the arurual

rate of i:rcrease in capital and operating eosts (intfation); and finaIIy,

copper and zinc pri-ce increases which failed to keep pace with the cost

increases reflecting relatively long rwr changes in factors affecting world

supply and demand.. Th-is study evaluates the effect of these factors on

potential copper-zinc projects in the province. The analysís is undertaken

using a computer model d.esigned. to calcuJ-ate the optimum size of a project

wirich would d.evelop a given mineral deposit. The study shows that the

private val-ue of potential copper-zinc projects has declined by about 90

percent since 1969. Nearly two-th-irds of this decline is attributed to

increased tax and royalty assessments r^dth the remainder a consequence of

relativel-y d.epressed metal prices a¡d inflation. The study also shows that

from the prorrincer s poi-r:t of view the income tax and royalty reforms have

ha¿ some beneficial effects. In particular the new legislati-on has reduced

the optimum private rate of ore extraction for a uiable project closer to

the socialty optimum rate, resulting in an increase in overall benefits.

The legislation is deficient where marginal projects are concerned in that

a project will be r:rrprofitable for a private firm even though it could

generate some social benefi-ts. Changes to the income tax legislation which

would hetp alleviate this problem woul-d be to allow preproduction development

costs to be recovered immediately from a fi-rnr s income and include social-
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capital- costs i:r the earned depletion bank. The royalty legislation could

be improved by changing the fi:<ed processi-ng allowance to an investment

al-lowance based on the undepreciated balance of total assets, increasing

the rate at which investment could be recovered, and all-ow'ing losses to be

carried forward. An r:nerçected deficiency in the existing royalty legisla-

tion in Manitoba is that it is not very effective in adjusting for inflation.

Either more adequate indexing is needed or the two royalty rates should be

replaced by a single rate. The study concludes that the worst feature of

the reforms appears to be their timing. They were i-ntroduced when economic

conditions r¡rere begiruring to worsen, maJcing the overall turn-down in the

investment c]-i¡nate worse than it needed to be.
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Chapter 1

Introduction

1.I Background

TLre release of The Report of the Royal Commissign on Taxation,

The Carter Report , in lt967 marked the begiruring of change in federal a¡d

provincial tanation policies applicable to the mining industry. By the mid-

1960t s, fed.eral- and provincial government incentives to mining compan:ies in

the form of tax exemptions and allowances had reached a ma:ci¡lum. hiith regard

to fe¿eral corporate tæ<ation, a depletion all-owance of 33 L/3 percent of

mining profi-ts was automatic; new mine i¡come was tax exempted for three

years and, explorati-on and development could be recovered i¡mediately from

other mine i¡come or as soon as income would permit. Provincial royalty

assessments driring this period were sma11, averaging less than 10 percent

on mining profits, and in the case of Man:itoba, were reduced by l0 percent

on new mine j:rcome for a period of three years.

Because of these special prorrisions, the metal mining sector

experienced one of the lowest effective corporate profits tax rates of any

!-ndustry in Canad.a. The mj-:ring tax plus i-ncome tax as a percentage of book

profit before taxes averaged 22.O percent for Metal Mining over the period
't

1967-59.t The comparable rate for Mani¡Jacturing was 41.9 percent while the

rate for Al-1 Industries was 32.Ç percent.

In conjuctíon w'ith the low leve1 of taxation j¡ the mini¡g sector

duri-ng the 19óOrs and. strong metal prices, net earnings were well above the

lst.ti"tics Canada , 6t-2O7, Corporation Financial.Stati.stigs, (Ottawa) '
The average effective tax rates foi these sectors of the Canadian economy

fron 1967 Lo i775 are shown in Appendj-x I to this chapter.
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average for A]-l Industries in Canada. tn 1969 for example, the after-tax

return to eqr.r-ity for Metal Mining was L2.)j percent while for AJ.l- ïndustries

it was !.OO percent.2 The above average rate of return in Metal- Mining in

combination with strong markets led to a high level- of nrine investment in

Canada and an increase j¡r mineral exploration and development in other parts

of the world. Tlr-is activity resulted in the creation of excess Canadian

nrine and processing capacity which became apparent as early as 1970 for

nickel w-ith mines in both Thompson, Manitoba and Sudbury, Ontario, being

initially bought fron streamrf and then placed on standby where they remain.

The relatively high retr:rns to nining investment along with

The Carter Report recommendations proposing major tax reform led to a

noticeable change in the mirring investment cli¡rate by the 1970rs. "Winds of
.)

cheungsrr-' were blow'j.:eg that by L97l+ had culmj¡rated i¡r signifieant taxation

changes federally as well as anrrounced changed i-n provincial mining tax and

royalty legislation in British Columbia, Saskatchewan, Manitoba and Ontario.

Federal changes j:rcluded: (i) replacement of the three year tax

holiday by an accelerated allowance for capital recovery; (ii) repfacement

of the automatic one-third depletion by an earned depletion system; and

(iii) a timit on the rate at which preproduction development exlgenses could

be recovered. to lO percent of the undepreciated cost.

Provincial changes were annou¡ced or implemented in several pro-

r¡j¡rces. In British Columbia, an additional two-tiered royalty system was

i¡rtroduced in which the incremental royalty ?ras tied to price changes in

"o*.from

3 ft i-"
L97l+

The net return to equitY for these
L967 T,o L975 are shown in Appendix II

sectors of the Canadian economY
to this chapter.

summary for Canada published iné
9"by

the sub-title of
Price-i¡'laterhouse

tax and royalty
Co.



2

comparison to a moving average of past prices.

ar¡:ou¡ced that a potash reserve tax whi-ch would

Saskatchewan it was

based on world prices was

to be i¡troduced. In Man:itoba, the royalty rate was j¡rcreased from ll percent

lo 23 percent pending the introduction of a new royalty system. In Ontariot

new royalty rales were introduced wh-ich increased as profi-t i-ncreased and

meant that large firms would normally be subject to h-igher average rates than

sma1l firms.

The mi¡-ing sector, by way of the Mi.:ring Association of Canadat

responded i,¡ith three major objections to the new policies.4 First the

association argued. that governments had not taken i¡to accor:nt the unusual

amor:nt of risk facing the mining sector, which justified their receiving

preferential tax treatment in relation to other sectors. Second the assoc-

iation pointed out the combined taxes and royalties could exceed the assess-

ments on other sectors thereby leading to a dismantling of the mining sector.

Tlr:ird, the association argued. that mir::ing tÐc legislation which would slow

the rate of resource d.evelopment wouJ-d. not result in good conservation of

minera.l- resources; it would. onJ-y force Canad:ian-based mir:-ing companies to

accelerate their exploration actiuity outside Canada. In the association

view, accelerated. development i¡r other parts of the world in combination with

higher costs of doing business i-n Canada would result in reduced Canadian

prod.uction accompanied by fewer employrnent opportwrities and a decline in

e4ports.

The situation portrayed by The Min:ing Association of Canada ifl

IgTl+ is becomilg the rea'lity of l977 and L978. Canadars share of worl-d metal

production is i¡d.eed falling; erçorts of refined metals have declined

4rr"
Mini

Association of Canada, Supertax! The Impendinß Crisis in Canadar s

In

be

Mining
and How t hlill Affect All C , I97l+'
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contributing to an increased trade deficit and a weakened Ca¡ladia¡ dolIar;

and, there have been sign-ificant employee Iay-offs in the primary metal

production sector. Yet these occurences ca¡not be entirely attributed to

the tax and royalty changes that were introduced j¡r the early 1970rs. A

number of other factors have contributed to the poor perfonnarce of the

mining sector. These includ.e: (i) increased competition in ni-ckel and copper

production from ffthird worldrt cor:ntrj-es in Africa, Central and South Americat

and Southeast A.sia; (ii) reduced demand for minerals by Canadat s mai¡r

customer, the United States of America, following the Viet Nam l¡üar and a

decli¡re in spendi-ng for the space progra¡n; (:-ii) a desire by Canadian mini-r:g

companies to increase i¡rvestment i¡r other countri-es i¡ order to maintain

their share of world production; (iv) ttre increased labour and energy costs

experienced in the early 19?Ots; and (v) the creation of over capacity in the

mining sector i¡r the late 1960t s because of the generous tax i¡rcentives in

combination lrith a relatively lúgh level of demand.

Tlrus world price j¡rcreases for the metallic minerals failed to keep

pace with cost j¡rcreases for the Canadian industry. Although it coul-d be

argued. that the desire by prorrincial governments for a larger share of mine

profits encouraged. mining company activity outside of Canada, the introduction

of the revised legislation i¡ras coincident w-ith the cost-price squeeze. That

is, the adverse mining investment climate can be only partly attributable to

the new ndning tax and royalty legislation, with the remainder being attribut-

able to the other factors referred to above as reflected in the relative

price changes.

In add.ition to affecting the investment cümate in the provincest

the income tax and royalty rerrisions along with the relative price changes

al-so affect the potential mineral wealth of the proirinces. Th-is effect j-s



5.

not so obvious. Tt would be normal that increased taxes and royalti-es could

result in some marginal projects no longer bei..:ng profitable to a private

developer. However, because such projects are not undertaken does not mean

there is a sig:rificant loss of social benefits. Firstly, if the social

benefits from a project amount to the surplus wh:ich will be generated (the

revenue in excess of costs plus a return to the i¡rvested capital), the

benefits lost because a marginal project is not undertaken are by defin:ition

small. Furthermore, the project may sti-ll be undertaken in the future when

economic conditions warrant development. Secondly, even though a project can

generate profits for a private developer, it may not generate benefits for

society (or the prouince). The tax and royalty legislation in place may

result in a project bei-:rg profitable for a private developer to undertaker yet

the surplus generated could be negligible (or even negative). Such a proiectt

r^rhile profitable to a private developer, could be profitable because of

subsid.ies from the tax system. Th-ls is a possibility whenever the net taxes

and royalties generated are negative.

More important, however, is the way the potential rnineral wealth of

a province can be cha:rged by the effect of the tax and royalty on the optimum

production rates of potential projects. Tlris is because the total profit

from a mi¡reral resource project is a function, not onJ-y of aru:ual- costs and

prices, but also of the rate of ore exbraction. .4. rational developer does

not simply matciJnize ar:nual. profits, but because a deposit has a finite life

maxi¡izes instead the present value of the total resou.rce. As tlr:is study

will show, the optimum rate of ore erbraction for a private developer usualJ-y

differs signj-ficantly from the socially optimum rate (defined as the rate

which will maximize the surplus). Although some of th:is difference can be

attributed to the h:igher discount rate used by a private developerr it is
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also dependent on the income tax and royalty legislation in place. l{hen a

large, profitable deposit is mined at a rate which is too high or too low,

the loss in potential wealth to society can be substantial.

l-.2 Purpose of the Study

This study w-ilI evaluate the effect of income tax, royalty, and

price changes on potential mining projects from two points of view. The first

point of view is that of a mining firm maxi:nizing the present value of the

resource. The i¡rcome tax and royalty regimes whose effects wlIl be compared

are those i¡ force i¡ Marritoba i¡¡ f969 (prior to any significant changes to

the rates or method of calculating assessable profit) and those in force i¡r

L977 Gffer the federal and prouincial changes ürere nearly complete).

Similarly, the costs and prices whose effects will be compared are those

which existed in L969 and again in L977. In addition, the effects of the

legislative changes wilJ- be compared w-ith the effects of the cost and pri-ce

changes and finelfy the combined effects of the price changes and legislative

charrges that occurred from Lg69 Lo 1977 wlII be shovsn.

The second point of view is that of the province which would tuish

to maximize the surplus from a project. Agai:r, a comparison will be made of

the effects on projects because of changes to the income tax and royalty

regimes as well as those resulting when costs and metal prices changed. As

before the two points i-n ti-rne of concerrr are L969 and L977.

The study is limited to projects which would develop copper-zi-nc

deposits i¡r Manitoba. The reason for th-is is as fo11ows. 0f the present

metatl-ic mineral production in Manitoba onJ.y copperr nickelr and tantalum

can be considered pri:rcipal minerals; the others including zinc, goldr silvert

the platinums, lead and selenium are essentially by-products. Tantafum is
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a rare metal- of which one deposit exists i¡r this hemisphere. A study of the

effects of the mining tax and royalty legislatiorr on tantalum profitabillty

would be Limited to the one project al-:ready in operation as it is highly

wrJ:lkely other deposi-ts will be discovered in the prorrince. Nickel is

sufficiently different from copper jn terms of production costs and marketing

to justify a separate study. Copper is chosen over nickel- in that more

information is available on project capital and operating costsr greater

potential appears to exist for new copper-zinc discoveries, attd the most

prom:isi-ng areas for new discoveries are more w-idely held than is the case

for nickel.

Three different size of projects are used i:r the analysis. The

first project characterises sma1l copper-zinc deposits of up to one million

tons in size. Such a project would have to be undertaken by a nearby

operating mi¡e since it is too smal.l to support the costs of a separate

processing facility. A1so, it would need to be located near existing social

infrastructure if development is to take p1ace. These assumptions are

i.:rcorporated in the model used in the analysis as fol-lows. Concentrating

(ny tne nearby large mining firm) is done for a constant charge per ton of

input. Concentrator capital costs are assumed to be zero. Social capital

costs are one-half the total needed if the deposit were to be developed as

a separate project. Capital costs are recovered from other n'i:j::.i-rrg income to

the ex[ent allowed i¡r the income tax and royalty acts. Conseqrently the net

cost to the firm i-s gross cost less the saving in taxes and royalties.

Projects of th-is size are therefore sensitive to the nearness of social

infrastructure and. to the capital recovery provisions jn the i:rcome tax and

royalty legislatj-on.



The second project would develop copper-zinc deposits in the one

million to ten mi-llion ton range. Although this size of deposit is often

marginal as an independent project, it can be easily r:ndertaken by a mining

company in the same region. The assumptions in the model for the second

project are that social capital costs are hal.f those necessary for an

independent project and that capital- costs can be recovered from other-mine

income. T|:-is project has a separate concentrator. As r^¡ith the smaller

projectr the feasibi-lity of this size of project is sensi-tive to the nearness

of social i¡frastructure and to the capital recovery prorrisions in the income

tax and royalty legislation.

The thr-i-rd project would develop copper-zinc deposits in the ten

million to 100 million ton range. It is assumed that this project is fuIly

independent in that al-l costs are recovered from any income generated after

production begins. Projeets of thi-s size and qua]jty are shown to be

profitable for a private developer to r:nd.ertake rrnd.er a wid.e range of

conditions.

The analysis is caried out by undertaking a series of feasibility

tests (or experi:nents) on the three different copper-zinc deposits using a

modified version of a computer model developed by the author with:in

The Department of Mines, Natural- Resources and Elrironment.5 The computer

model is initially prouided with geological data on the deposit, capital

and operating cost data applicable to the type of deposit being evaluated,

metal prices, discount rates, aÌld inflation rates. Then using the discounted

cash flow a project woul-d yield, the model, by wqy of an iterative process,

(
'Bagnall, R., A Computer Model for Deternining the Optimum Si-ze of a Mine
Fro.iect, Study fj-na¡ced jointly by the Federal and ProvÍncial governments
un¿er tfre Non-Renewable Resor¡rce Biraluation Program agreement (project
number M47511-3).
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determi¡es the size and life of the project which would maxj¡rize the present-

value of the deposit. Since the present-value is sensitive to the kind of

taxes and royalty systems in effect, the discowrt rate used, and relative

pricesr a ûrange i¡ any one of these not onJ-y affects the present value

but also results in a project whose characteristics are changed. That is,

different amounts of capital would be invested, the amount of primary ore

in the deposit woul-d change, and the project would yield different amounts

of profit, taxes, and royalties.

ïn order to measure the effects on a project of changes in income

tax and royalty legislation, metal prices, and production costs from the

point of view of a mining firrn, eight ercperiments are used. Six etçeri¡ents

abstract from inflation while two include i¡flation. the first of the si-x

e:çeriments assumes 1969 income tax and royalty legislation, and 1969 prices

and costs. After the characteristics of the optimum project that would

develop each deposit are determined, successive experiments introduce the

1977 income tax legislati-on, L977 royalty legislation ar:rJ- 1977 metal prices

and costs, in turn and then together. Inflation tar L969 arñ 1977 is

introduced to the e:çeriments that depict L969 ana L977 conditions respec-

tively. Each experiment identifies: (i) ttre optÍmum ar¡:ual production rate;

(ii) tfre amount of ore in the deposit; (:-ii) the private value of the d.eposit;

(iv) ttre social surplus generated; (v) the taxes and royalties generated,

and; (ui) tfre optimum level of capital investment wrder the specified

conditions.

In order to show the effects of the new tax and royalty legislation

as well as changing prices on copper-zinc projects from the point of view of

the prorrince, seven e>qperiments are used. The fi-rst e>çeriment maxi¡nizes the

present val-ue of the gross profit cash flow, using the soci-a1 opportunity
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cost as a discount rate. Subsequent experiments introd.uce the supply price

of private capital as a discor:¡t rate, the L969 iincome tax and royalty

legislation, the L977 ineome tax legi-slation, the L977 rcyalty legislationt

and then both pieces of legislation. The final ex¡periment shows the effect

on the socially optimum project when the l-}69 metal prices and costs are

replaced by those for 1977.

The results of the analysis shows that, from the point of view of

a mi-n:ing firn, the val-ue of potential copper-zinc projects has dropped by

nearly ÇO percent in the period from 1969 Lo L977. Nearly two-thirds of

this decline is attributed to the changes in income tax and royalty legisla-

tion. The remainirg one-third. is attributed to a combination of the relative

decaine in metal prices and increased rates of j¡flation. Very sma11 projects

are rendered u¡economic both by the legislation and by depressed prices.

From the provincet s point of uiew, the analysis shows that the

most sJ-gnificant factor affecting Manitoba? s potential copper-zinc wealth

has been the relative decljne in prices. The new income ta:c and royalty

legislation, on the other hand, has tended to increase this wealth as the

optimum pri-vate producti-on rates have been moved closer to the socially

optimum production rates.

Finally, the analysis indicates that some changes to both the

income tax and royalty systems are necessary i-f the maximum possible benefits

are to be realized. from the development of the provincer s mineral resources

by private firms. Suggestj-ons for changes are made jn the final chapter.



Metal Mining :

Manufacturing :

Profitl

Direct Taxes

Tax Rate (/")

Profit

Dlrect Taxes

Tax RaLe (/")

APPMIDIX T

COMPARISON OF M'FMTTVE TAX RATES

l-967

491+.6

86.0

L7.39

21806.5

1r184.1

h2.tg

8r191.0

2r60l+. t+

31.80

All Tndustries: Profit

: Direct Taxes

: Tax na+,e (/")

1968

552.2

136.8

2l+.77

31228.2

r1362.t+

lt2.20

9 r2t+6.O

3 tO29.9

32.77

Source: Statistics Canada,

Notes:

l?69

652.t

L55.6

23.86

3 1697 .8

Ir527 '7

&.3I

10r131.7

3 rl+53.5

3l+.O9

rg70

8g).3

270.5

30.62

21899.h

Ir237.6

1r2.68

9 r65L.2

3J99.8

35.23

1. Profi-t is Net Profit (Before Taxes).

Direct taxes are income and mining taxes assessed on profits.2.

L97T

5r3.9

a26.7

2h.65

3 1679-o

Lr5OO.2

l+O.78

LLr616.5

3 r720.g

32.03

6I-207, Corporation Financial Statistics.

r972

335.5

111.9

33.37

t+136L.3

1,77L.2

40.61

rtr553.O

hrr22.2

35.68

L973

Ir272.8

376.L

29.55

6r606.6

2rl+61r.7

37.3L

16r980.1

5 tgLl+.1+

34.83

I97 L

Lr5r2.O

666.6

l+l+.09

81697.2

3 rlaL.9

39.38

23 r8gO.O

8rl+U+.9

35.35

L97x

8l+7.5

3117.5

4f .00

7 1625.5

3 tO92.6

l+o.56

23 )366.2

8rl+33.7

36.O9

Hf



Metal Mining :

Manufacturing :

Net Profit

Equity

Rate of
Return (%)

Net Profit

Equity

Rate of
Return (/")

Net Profit

Equity

Rate of
Retnrn (/")

1967

408.6

2186/,+.I

Ll+.27

Ir622.l+

Lg Ð63.5

8.5f

5r596.6

63 r222.o

8.84

APPENDÏX T]

CCI{PARTSON OF RATES OF RETURN

All Industries:

1968

lJ5.l+

21996.8

L3.86

1r865.8

L9 1863.2

9'39

61216.L

67 r769.9

9"t7

L969

l+96.5

hro26.7

l'2.33

2rL',lO.L

22|L]-O.O

9.82

6r678.2

7l+rzL}.O

9.00

Source : Stati-stics Canada, 6I-207 t

L970

6L2.8

l+1286.5

1-l+.30

1r661.8

23rrli,.2

7.L8

6rz5r.t*

831036.0

7.ti|

L97L

391.2

l+r365.7

8.8?

2rr78.8

zt+r67o.9

8.9)

7 ¡895.7

gorro2.2

9.76

Lg72

223.6

l+t358.7

5.L3

Corporation Financial Statistics.

L973

896.7

4r887.8

r8.35

2t59O"I Ì+rLÐ.9 5t272.3 l+¡532.9

25r800.1 28r3LO.9 32tl+l+7.5 36|OOO.5

ro.o4 LIn.63 L6.25 L2"59

7 rt+3O.8 LI1065.7 ].5,1+l+5.L ll+r932.5

97 ro7o.8 LO6rMz.O 11814?ó, 5 L3Otti..6.5

7 .66 10.40 13 .o4 Lr. h5

L97 Ì1

8l+5.1+

5r2'.12.3

L6.O3

L97 5

500"0

5 rlQ2"9

9-22

H
¿\)
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Chapter 2

The A¡alybical Model

The analysis is carried out using a computer progran which will

determine the optìmum si-ze of the mining project that would develop each

deposit. Basically the program is an algorithm which w'iIl calculate the

present value of the cash flow generated over the life of a project. Coupled

to thi-s is a procedure for systematically adjusting the size and productive

tife of the project rintil such tjme as the present-value i-s at a ma,:ci:num.

The three sizes of copper-zinc project used in the analysi-s are

eval-uated from two points of view. The first point of view is that of a

private j¡vestor who would be undertakj¡rg the project using equity capital.

îhe opti:m-rm project in this case is the one whi-ch yields the highest present

value of the aru:ual net cash flow usi¡rg the supply price of capi-taf (SpC) as

a discount rate. The supply price of capital is the minimum acceptable

ret¿rn an investor would. antici-pate before advancing capital for the project.

The second poirrt of view is that of the prorrince whichr ideallyt

woul-¿ want to mÐd1nize the present value of the before-tax cash flowr using

the social opportirnity cost (SOC) as a discount rate. The social- opportunity

cost is the average before-tax rate of return capital car earn in the Province.

2.I Proiect EValuation

The appra-isal- of capital expenditure for a mining project is

d.ifferent from the appraisal of any other investment. The method uses

d.iscor:¡ted. cash flow for an investment in one of three possible *ty".2

no

the

First,

lTh""" d.iscount rates plus a third, the private opportrurity cost¡ âre
discussed more fulIy in Chapler 3 when the actual values are determined.

)¿Edge, C. ç., A Practicat Ma::ual on the Appraisal of-Capital Þrpenditure
(Hã¡rifton, On strial and Cost Accountants of
Canada, f97L).
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if a si-ngle investment is being considered, the internal rate of return (mn)

for the cash flow is calcul-ated and compared to the investorr s mini¡lum accep-

table retr.:rn. The investment is desirable if the IRR exceeds the investorf s

mininum.

Second, where there is more than one investment opportunity, then

the cash fl-ow from each can be present-valued using the investorf s minimum

acceptable return as a discount rate. The investment w'ith the highest present

val-ue is preferred, so long as it is positive and the projects are of similar

Life.

Third, if a specific project or task must be r:¡dertaken, but it can

be undertaken a number of ways, the initÍal investment can be expressed as

an equivalent after-tax ar¡rrual cost (using the appropri-ate discount rate) and

added to the after-tax operating cost. The investment with the lowest total-

arurual cost is the preferred one.

The apprai-sal method used in this study is the second. Since

the model determines the optimum size of project to develop a mineral

d.eposi-t, it compares variations of the project and chooses the one

that yields the highest present va1ue. The variation that yields the highest

present value is the optimum project because the marginal investment is just

able to earn the desj-red mini¡num acceptable retr¡rn. Tf the l-ast increment

of investment earns more than the minimum return, then the present value of

the cash flow woul-d still not be at a maximum; if it earns less, then the

present val-ue would be reduced bel-ow maximum.

The arurual cash fl-ow from the point of uiew of a private investor

is calcul-ated as fol]-ows:

from: Sales Revenue

deduct: Operati-ng Costs

deduct: Prorincial RoYal-ties
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deduct: Income Tax

deduct: Capi-tal Costs

gives: Cash Flow

The a¡nual cash flow from the proirincers poJ-nt of uiew is:

from: Sal-es Revenue

deduct: Operating Costs

deduct: Capital Investment

gives: Cash Flow

This cash flow will also be the aru'rual social benefits so long as

a ful-I enrployment economy is assumed and there are no exbernal costs or

benefi-ts.

The present
n
rtP.V. = L

val-ue of the cash fl-ow stream for a project is:

cri (u"- L)freri

where r is the supply price of capital or the social- opportunity costt

depending on the point of view taken. The discount factor gives the val-ue

at the begirming of the first peri-od of a one-year funds flow paynent made

dnring the ith year.3 Th-is method. is preferred since assuming a continuous

flow during a period. is more re¡'listic than assuming a single payment at the

end of a period, particularly for the early years of a project.

There are three important simpfifying assumptions concerning the

aru:ual- cash flow. The fj-rst is that the average grade of the ore mined and

milled is constant over the primary otu4 p"odlrction period.. Although the

2,Sterrnole, F. J., Economj-c Eval-uation and Tl1vestlrg$,Degisi9n Mglhods (Colden,

Colorado: Invest iòn, L97l+) t Chapter 1l'

4The p"Ímary ore is that on which the investment decisi-ons are based. The

cal-culation of the cut-off grade which i¡-ill determine the total amount of
primary ore in a deposit inðludes a profit element. fhe secondary ore is
ifrrt "ém"ining 

as dètermined by a cut-off grade where revenle just equals
cost.
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computer model could undertake an evafuation using the assumption that the

highest grade of ore woul-d be mi-ned first, the assumption of a constant

average grade of ore rnined is more realistic. First, it is not always

possible to mi¡re strictly from the highest grade of ore to the lowest grade

as might be desireable in theory. Second, in practice metal- recovery in the

concentrator w-i1l be more efficient if an even grade of feed is maintained.

Third, the assumpti-on of consta¡t average production grades is consj-stent

r,rith that actually observed in mine feasibility studies.

The second simplifying assumption is that the tons of ore mined

and mi-lled aru:ualIy is consta¡t over the life of the project. This is also

consistent with observed practice in actual mine feasibility studies although

in theory, a firm ma-:cimizi-ng the present value of a mine project would

prefer an annual- production schedule whj-ch was hi-ghest i¡r the first years

of production and would d.ecline gradually as the ore was mined..5 Ho*"rr"*,

again ttr-is may not be practical. First it may not be possible to vary the

production rate as desired from one period to the nexL. For exampler this

could be the case if it was necessary to maintain an even flow of material

to the concentrator to ensure an efficient recovery of metal. Secondt

and very important, there may be insufficient lmowledge of what the mine

and concentrator cost functions would be over ti:ne for a possi-ble projectt

particularly when they are subject to change as production proceeds. l¡riithout

th-is lmowledge r anÍ decline j:r the annual rate of production would be based

on other considerations such as mine depth or the ore configuration.

The third simplifying assumpti-on is that metal- prices and operating

5scott, A. 1.,
Gaffney, M.,
University of

"The Theory of the Mine Under Condj-tions of Certaintyrf in
ed., @Resoqtqe-q,-erld--Taxation, (Mil-war:kee : The
lUi-sc
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costs ri¡iI1 remain constant in real terms. That is, the metals sold, whether

by long term contract or i¡r an open market, w-ill reaTtze the same real price

over the productive Life of the project. Similarly, real labour and energy

costs, the major components of operating costs, will not change dispropor-

tionately during the LLfe of the project. Again this assumption is consistent

with usual practice i¡r rnine feasibility studies, if not i.:: ex-post experience.

Although most of the analysis is carried out abstracting from

i-nflation, inflation is introduced in two of the ex¡periments to illustrate

how a higher than nortnal- rate of inflation can also adversely affect the

i.:rvestment climate.6 The most important i-nflatj-onary effect is the

anticipated di-fferential inflation i-:: capital costs, operating costs and

metal prices.

However, ir:flation is also important in the calculation of income

taxes and royalties. blith regard to taxes, capi-tal cost allowances and the

earned depletion al-lowance are based on historical costs rather tha¡ curent

costs. If there is inflation, the real value of the capital recovered is

less than the cost of its replacement. Taxes are assessed on the infla-

tionary d.ifference J-eading to a lower rate of return on the replacement

value of capi-tal than mJ-ght have been anticipated under the assumption of

no inflatíon. A si:nilar argument appli-es with regard to royalty assessments

based on mine profit.

Finally ir:flation could also be important if debt fi.::ancing is

assumed. Just as the real val-ue of a depreciation al-lowance may decline

over ti¡re rtrith inflation, the repayments of the principal for borrowed

capital will decti¡re in real value. Also, if the interest rate does not

6^See, fnns, G. I
Fvaluationfr, in

Kalcov, G., Hea1th, K., 'tTreatment of Tnflation in Mine
January, f97L.IMM Trans¿qtala4 ,
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ful1y anticipate future inflation, the real- cost of borrowing tÉll be less

than anticipated. Thus the effect of inflation may be to yield a larger

return to equity tha¡ anticipated.

When inflation is assurned i¡ the analysis, the cornputer prograJn

will automatical-ly calcul-ate discount rates which includ.e the proper el-ernent

of inflation. The inflationary discor:¡t rate is one which v'rilI discor:¡t an

inflated cash flow to the same present value as would the real (or uninflated)

discount rate when applied to the uni-nflated cash flow. For example, if the

uninflated gross profit per period is CFi and the real discount rate is r

then the present vafue of the profit stream is:

lD TTa.V.

n

f,
i=1 retl/çer - t)

cFi

Tf the profit stream is inflating at

disccunt rate s which wilJ- yielC the

inflation. That is
ïcFi

r"ti/ç"" - r¡

DT7I.V.

a constant rate k then there is some

same present val-ue as occurred w'ith no

ns-P.V. = Hr-l

where ICF is the inflated profit stream. The same present value luil1 be

achieved in the following case.

cr','teki/(ek-r)
,u'i/ (er - 1) . xuÆ / (uk - r)

l¡

I
With the profit stream inflating continuously at a rate k the i:rflationary

discount rate s w-il-l be such that

-^si -^riJE 19

Ð=Ð

TLre cornputer progran i,aill d.etennine s, given r and k, by an iterative process

i:t which s is systematically changed until such tj:ne as the vafue of the

left hand erçression approximates the value of the right hand e>çression

k"ki
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with the desi-red degree of precision.

A final assumption concerns the ty¡pe of fj-nancing used for each of

the three sizes of project in the study. Because interest on debt capital

is a deductible expense in arri-ving at taxable income, the method of financing

assumed can affect the rate of return for a project. Since t]ne L969 arß L977

income tax legislation treat i¡rterest payments in an identical maru:er the

analysi-s is not weakened. (as well as being sÍmplified) if it is assumed that

only equity capital is used. TLre computer model has the facility to handle

the assumption of debt financing so that a debt-equity ratio and ba¡k lending

rate need to be specJ-fi-ed in the input data. Also the results of any

e>periment will include references to the debt capital.

2.2 The Computer Model

Figr-rre 2.1 is a simplified flow chart of the computer program used

for the analysis.T Each of the major sections of the program is described

below.

The d.ata requirements for any experiment are provided on three

option cards, three or more cost cards, and one or nore mineral reserve """d..8
The first option card will contain (i) ttre net smelter return per pound of

copper in the concentrate, (:-i) tfre debt-equity ratio (zeto for this study),

(iii) the supply price of private capital, (in) the private opporturtity cost,

(v) ttre ba¡k lending rate (not used in this study) and, (vi) ttre socj-al oppor-

ti:nity cost. The second option card wj-IL indicate (i) tfre number of cost cards

provided., (i:-) ttre number of mineral reserve cards provid'ed, (ii-i) how the

¿eposit will be rnined (ty frigh-grad.ing or by average-grading), (1l¡) if graphs

7A complete tisti¡rg of the program is contained in Appendix f to this chapter.
AoAn u*"mple of one of the experiments is contained in AppendS:r II to this
chapter.
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ADJUST LTFE

ADJUST STZE

CALCIILATE
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CALL
PRESENT VALUE

SIIBROUTT}E

I/'jx >PV(z )

Figure 2.I Simplified Flow Chart of Computer Model.
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of the fr¡rctions are to be printed, and (v) which cash flow i-s to be

maximized. The third option card w11l show the rates of inflation (if any)

for (i) capital costs, (ii) operating costs, and (iii) metal prices.

A mj¡i-rnum of three cost cards must be prorided for any experi¡rent.

Each card wilI contai¡ the appropriate capital and operating costs for a

designated size of rnine-concentrator facility. TJ:e capital costs are di-uided

into five categories as required for an accurate determ'ination of income tax

and royalty liabiLities. fhese are erçloration, development, mine assetst

processi-:eg assets, and service assets. The operating costs are for mining

and concentrating. The data on the cost cards is used in the model to

generate fr:nctions for each cost category. The independent variabl-e in

each case is ar¡rual capacity in tons of ore per year.

The mineral reserve card.(s) will show (i) ttre average grade of

the mi¡reral shown on the card, (i:-) tfre cut-off grade that was assumed for

that q:.antity of rnineral, anA (ii:-) the tonnage of mineral in the deposit

to which the grades apply. Tlr:is data is used to generate two mineral reserve

equations. TLre first equati-on is average grade as a function of the total

amount of primary ore; the second is cut-off grade as a function of the

pri-rnary ore.

The seven cost equations and two mineral reserve equations are

determined in the EQIJATN subroutj-ne. Each set of cost data is tested wj-th

three different curves. O::e is linear, one is hyperbolic and one is log-

li-near. Using least-square technieuesr the subroutine selects the firnction

wh-ich w-i1l best fit the data. The mineral reserve equations are deterrnined

j¡ one of two possible hrays. If only a single data card is supplied, it is

assumed that the grade-tonnage relationship for each of the equations is
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'o
1og-Linear.' If three or more data cards are supplied, the mineral reserve

eqr:.ations are determined in the same ma¡ner as the cost equations. This

subroutine w-itl- also print a graph of each of the firncti-ons if required.

After the nine equations are detenni-ned, the initial- values for

the preproduction period, size of project, and primary ore production period

are assigned. Each w111 be one of three possible values depending on the

size of the deposit being evaluated.

Once these i.:nitial steps are completed the model begins the

iterati-ve process úrich wilJ- deterrnj:re the optimum project. First the

capital investment is determined for the size of project bei-ng evaluated.

Tlren each of five classes of capital is distributed evenly over the prepro-

duction period. Tf inflation is a factor in the e4periment, then the capítal

costs are i¡flated by the appropriate amou¡t. AJ-so introduced at thj-s tj-rne

are the assumptions concerrting the projects which would develop the smaller

two of the three deposits. For the smallest project this j¡rcludes reduced

service capital costs, no concentrator capital costs and a fixed charge per

ton for concentrating. For the medium sized project it includes reduced

service capital costs.

Second, the gross a¡rrual revenue for the productive life of the

project is calculated in the REVH{U subroutine. The mi¡rera'l reserve fi:nctionst

net smelter return value, and production period data are used by the sub-

routine to d.o th:is. Later the subroutine is ca]-led agai-:: to print the

production details once the optimum project has been determined.

Third, the ongoing capital investments, working capitalr salvage

value (if relevant), and gross a¡nua1 profit are deterrni:red and distributed

oTSee Musgrove, P. 4., "Mathematical Aspects of the Grade-Tonnage Distribution
of MetaÍs", Àppend:ix to, Brooksr D. 8., (Minera]- Supply as a Stockrr, in
Vogely, W.'4.;-ed., Economics oi the Mineral Industrigs, (New_Tork:_^American
Inètitute of Mining, Metallurgical¡ and Petroleum Ergineers¡ Inc.r L976).
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over the prod.uctive life of the project. Ongoing capital investment in

min-ing processing axd social assets is calculated. Each is an aru:ual fi-xed

percentage of the initial j¡vestment for each category. The ongoing invest-

ment is assumed to take place only dr:ring the primary ore production phase.

I'lorki:rg capital is calculated for the last year of the preproduction period

and the first year of production. In each of those years it is a percentage

of the totat initial investment. For the final year of the project it is

assumed that working capital recovery plus any salvage value is equal to the

costs associated r4rith the termination oí the project.

For-:rth, after the project is established, the anticipated royalties

are calcul-ated in the ROTALT subrouti:re. They are calcul-ated according to

the legislation as of L969 or L977, as required. This subroutine w-i11 al.so

print the details of the royalty calculation for the optimum project.

Fj-fth, the anticipated i¡rcome taxes for the project are deterrnined

j-n the INCTAX subroutine. Agãin they w'il1 be calculated according to the

legislation as of L969 or L977. For the smal]er two projects the net capital

invested is determined taking i-nto accor:rrt the tax provisions wh'ich al-low

the i¡mediate recovery of invested capital from other mitring income. As in

the ROYALT subroutine, the detailed tax calculations are printed after the

optimum project is determined.

Sixbh, after all costs and revenues have been deterrnined, seven

cash flows (or revenue flows) are determined. The computer program can be

instructed to determine the project which woul-d maxi¡ize the present value

of any one of them.

The first is the project cash flow. As detailed i-n section 2.I

earlier, tLr-is is si-rnply sales revenue less operating costsr provincial

royalties, income taxes, and capital costs. i¡ühen this cash flow is present-
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valued using the supply price of capital as a discount rate, the resulting

value is the price that a private ovJner of the rights to the resource could

ask if he were selling it to a si¡til-ar person.

The second cash flow is calculated from the point of view of an

eçr:ity investor when it is assu¡ned. that some of the invested capital i-s

borrowed.. This cash flow is determi¡red by addíng borrowed capital to the

project cash flow and deducting debt repayment and interest costs. Valuing

a project from the point of view of an equity investor can show the leverage

effect of debt financing. Th-is cash flow will not be used in the analysis

since it is assumed that the proiect i-s financed with equity capital.

The third cash flow is the gross profit stream a project woul-d

yield. Tlris is calculated in the model by adding back i¡come tax and royalty

payments to the project cash flow. The present value of the aru:ual gross

profits using the social opportr:n-ity cost as a discount rate gives the social

sr:rplus generated by the project. As mentioned earlier this v'rill al-so be the

social benefits assuming a full employment economy and no e>cternal costs or

benefi-ts.

The fourth cash flow is used to determine the economic rent the

project will yieId. Ihe economic rent is the present value of the project

cash flow, exclusive of anrrual royalty payments, using the supply price of

capital as a discount rate. It is the maxi¡num lump sum amowtt the prouince

cou.l-d charge a private developer for the rights to the mineral- property. If

a larger amor::rt were asked. for the rights, the developer would not be prepared

to make the investment.

The fifth cash flow is used to determj-ne the net social surplus

from a project. TLre net surplus is the gross surplus l-ess foregone taxes

an¿ royalties at the ti¡ne of investment. Foregone taxes and royalties are
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calculated for the two smaller sizes of

developer has other mining income which

recover some or a1l- investment as it is

project since it was assumed the

for tax purposes can be used to

made.

The si:cbh revenue flow is the aru:ual gross income taxes and

royalties arrticipated from a project. This revenue represents the direct

benefits to the province that a project r,ui1l generate after production begins.

The stream of revenue is dj-scounted to the present using the social oppor-

tr:rrity cost as a discor:¡t rate.

The fi¡ral revenue flow is the annual net taxes and royalti-es

anticipated frorn the project. For the smaller two projects, the sixbh

revenu.e flow is reduced by the taxes and royalties foregone during the

preproduction phase v¡hen the capital j-::vested is being recovered from other

income. As with the previous case, thj-s revenue stream r,¡i1l be discounted

to the present using the soci-al opportr:nity cost as a discount rate.

Seventh, after the revenue flows have been detenni¡ed., the present

value of each is calculated in the IRVAL subrouti-ne using the appropriate

discount rate. As stated. previously the present value of either the fi-rst

or third revenue flows will be maxirnized in this study; the discount rates

r^ri11 be either the supply price of capi-tal or the social opportun:ity cost

respectively.

Once the evaluation is completed, and if the opti:num project has

not been d.etermined, then either the size or the life of the project will be

varied accord.i-ng to the results of the evaluation a¡d the above sequence of

events repeated. The procedure for arri-rring at the optimum project is

illustrated by Figsre 2.2. Basically the model- i^¡i1l test a series of vari-

ations to a project and select that variation which ruill yield the highest

present value for the revenue stream being maximi-zed. From Figtte 2.2, assume
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Fi.g:l"e 2.2

Variations of Proiect Tested

s6Lr

S-L.
)L

s^L, S-L)J

s4Lr CT
4¿ S,L4) s4L4

s3Lr CTÐeu) S^Lt) l( S^L-J)

e1u2"r szLz sz\ S,L,, szL5

srh- CTuL"z srb sr14 srL5

Life L

that for the size of mineral- deposit being evaluated, initial project size

and Life assigned is SrL, at the origi:r 0. For Life Lrr the size of the

project is initial.ly increased in steps of 161381+10 ton" of capacity per

year. lrlhen the present value of the revenle stream can no longer be increased

by additional increases in size, such as at S5L1r the life of the project is

increased, initial-ly by one year. Then the size incrementing begins again

at Sr. Assun:ing project SrLU fields the greatest vafue, a possible total

of 23 d.ifferent projects couJ.d. have been tested. At this ti¡e the size and

life increments are halved and a nevü origin establlshed in the region of

S^L. A new optimum project is then determined followed by a fr¡rther haluJ-ng
É.)

of the sj-ze and life i¡rcrements. Tlris procedure continues u¡til the optimum

project is determined to 1 ton of annual capaci-ty. This degree of precision

Size S

rot6,3gl+ is zU. Each time the
and LLfe increments are halved
This procedure is repeated 14

optimum project is deterrninedr the size
and a new optJ-mum project determined.

ti:nes.
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enables the model- to measr:re the effects on the optimum project of very small-

changes to the discou¡t rate or tax and royalty rates.

2.? Dcperj¡rents Performed in the Analysis

Eleven different e4periments are perforned on each proiect in

the analysis. Since there are three sizes of project, a total of 33

e4geri-rnents are camied out. They are listed in Table 2.1.

An Investorf s Point of View

To evaluate the effects of the income tax, royaltyr and price

charrges from the point of view of a private firm, experiments number 3, 4,

5, 61 7,9, IO, and 11 are used. Þrperiment number J establishes the

opti-rnum size of project for an investor given the condj-tions of legislation

and prices in 1969. The discount rate is the real supply price of capital

(inrtation is excluded) .

Tabl-e 2.1

Þ<periments Perforrned

E<periment Discourt Rate Income Tax Royalties Prices Inflation Optimized

#1 S.o.c. L969 1969 L969 No SurPlus

#2 S.P.C. L969 L969 1969 No Sr:rPIus

rt2 s.P.c. L969 L969 1969 No Priv. value7r) r

#t+ I.S.P.O. l969 1969 L969 res (1969) priv. Value

4E s.P.c. L977 L969 1969 No Priv' value1r)

#6 s.P.c . :1969 L977 :969 No Pr^iv. varue

fl S.P.C. L977 1977 L969 No Pri-v' Value

# s.o.c. 1969 L969 1777 No sr:rPrus

#g s.P.c. L969 L969 L977 No Priv' Value

#IO S.P.C. l-.977 L977 L977 No Friv' Value

#IL I.S.P.C. L977 L977 1977 Tes (I97?) priv' Value
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Ex¡periment number 4 is the same as number J except that the

relatively low rate of inflation for 1969 is introduced and the appropri-ate

inflationary discorrnt rate (f .S.P.C.) is used. These experiments are the

basis for later comparison when the new tax a¡d royalty legislation is

introduced and when economic conditions change. Economic conditions are

changed when metal prices do not increase as quickly as capital and operating

costs and when the rate of inflation changes.

In experiment number 5 the income tax legj-slation as of the

begi::nlng of L977 is introduced. 'The major changes from the 1969 legislation

are: (i) tne 3 yeæ tax exemption is replaced by the jnmediate recovery from

new mine income, of mining, processirrg, and social capital i.:evestment;

(ii) tne automatic d.epletion is replaced. by earned d.epletion; (iii) tfre

deductibility of provincial royalties is replaced by an automatic resource

allowance, and (iv) preproduction development costs can be recovered from

other mine income to the ü¡nit of 30 percent of the r.:ndepreciated cost

(rather than being fuÌly recoverable). The most important change to a

private investor is the eli-nrination of the 3 year tax holiday.

Þ<perlment number 6 is carried out using the 1969 tax legislation

and 1977 royalty legislation. The new royalty system does not have a 3 yeæ

period of one-half royalty rates, the three small royalty rates are replaced

by two larger rates, the mine income brackets are not fixed but are a

percentage of the undepreciated cost of mil-ing and serrrice investment, and,

the basic mine income bracket is adjusted because of i¡flation. The most

important changes for a private investor are the eli¡ination of the J year

period of reduced royalty rates and the high i-ncremental royalty rate i-n the

new system. Both changes significantly increase the l-evel- of royalty

assessments.
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Experiment number / replaces both the income tax legislati-on and

the royalty legislation of L969 w-ith that in effect in 1977. The results of

this erçerj¡rent can be compared with the results from e>çerjment number 3 in

order to measure the fuJ.I impact of the legislative changes on project

profitability.

Ðçeriment number 9 differs from experiment number 3 in Llna5 L969

costs and prices are replaced by those of L977. Capital and operating costs

foy L977 are the 1969 values i¡rflated by a factor determined from Statisti-cs

Carrada I3-2LL, Fjxed Capital Flows and Stocks. L969 and L977 metal prices

are the market prices i:r effect at those tj¡es. Since copper and zinc

price increases since 1969 have not kept pace with cost increases, project

profitability is reduced. The results of this e4periment can be compared

with those of experiment number 7 in order to determi-ne the factors which

have affected profitability the most.

Þcperiment number 10 combines 1977 costs and prices with 1977 income

tax and royaJ-ty legislation. The results of thi-s experiment can be contrasted

with those of experi:nent number J to show the full exbent (exclusive of

inflati-on) tfrat project profitability has decl:ined since 1969.

Þcperiment number 11 differs from experi-ment number 10 in that the

relatively high rate of j¡flation for L977 is included in the evaluation.

lrlhen the results of this erçeriment are combined with those of experirnent

number l¡, the effect on project profitability assuming inflation can be

compared to the effects under the assumption of no inflation (e4geriments

number 3 and number 1O). Tkre compari-son will make it possible to measure

the adverse effects of higher inflation on the investment clj¡ate.
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The h^ouincef s Point of View

To evaluate the effects on copper-zinc projects of the new income

tarc legislation, new royalty legislati-on, and price changes from the province? s

point of view, ex¡periments number 1, 21 3, 51 61 7, and I are used. The

provincers concern w-ilI be to maximize Li;te surplus from a project. This

swplus wi11 accrue to the federal and prouincial governments in the form

of taxes and royalties and to private j¡vestors in the form of net profits.

It is assumed that profits are reinvested or spent in the proulnce and that

federal taxes eventually benefit the province so that the prouincer s concern

w'il1 be the same as those of 'tsociet¡il.

Erçeriment number 1 estabï-shes what the roi¡j¡rce would consider to

be the optimum size of project. This erçeriment ma:ci¡nizes the present value

of the gross profit using the social opportunity cost as a discount rate.

The size of project detemi¡red by this e4geri:nent will not onJ-y yield the

maximum possible surplus, the amor:¡t of primary ore will be at a maxi¡um

wh:ile the amount of i:rvestment capital reqrrired wil-l be at a mini.rnuî.

bçeriment number 2 differs from exlperi-rnent number l- in that the

discount rate used is the supply price of capital. The results of this

e:çeriment can be used to measure the effects on a project of using a discount

rate which is above the social-ly optimum rate (as is the appropriate supply

price of capital determj.::ed for th:is study). The general effect w-ill be to

cause the 1evel of investment and a¡nua1 rate of prod.ucti-on to increase

whj-1e the surplus and amount of prÍmary ore decreases.

In experiment number 3 the effects of the 1969 income tax and

royalty legislation on project characteristics are shown. Now the vafue of

the project to a private i¡rvestor is ma:ci:nized. The general effect of the

legislation wil-l be to further increase the level of investment and aru:ual
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rate of production and reduce the available surplus and amount of primary ore.

Dcperiment number I introduces the L977 sysLem of income taxes.

Since the level of taxati-on is greater, mainly as a consequence of eli¡inating

the three year tax holiday, the val-ue of a project to a private developer

wil-l decti¡re. However, from the provincer s point of riew, if the rate of ore

exLraction is reduced and moved closer to the socially opti-mum rate, the

result will be to increase the surplus and the amount of primary ore deter-

mined for the deposit. 0f course, this assumes that the project is still

suffi-ciently profitable for a private j¡rvestor to undertake or that the

provj-nce would. d.evelop any deposit a private firm wouJ.d now decline to invest

in.

In experitent number 6, Lhe L969 royalty system is replaced by that

in effect as of L977. Because of the high i-ncremental royalty rate i¡r the

new system the optÍmum a¡nual rate of production will be reduced.ll although

the three year tax holiday in the 1969 income tax system wil-l tend to offset

this. To the ertent that the rate of producti-on is moved closer to the

socially optlmum rate the sr:rp1us available should be increased.

Þcperiment number 7 is carried out i,,rith both L]ne 1977 income tax

and 1)77 royalty legislation. Because of the elimination of the three year

tax holid4y plus addition of the high incremental royalty rate, the 1evel of

i¡vestment and a¡nual rate of production wil-l be significantly reduced from

their I9?3 val-ues. However j-f these values are moved closer to the socially

optimum rates, the surplus and amount of primary ore determined for the

deposit will likely be i¡tcreased.

't 1ttgiriacy-lrlantrup, S. V., rfTaxation and the Conservation of Resourcesrr, in
The Quarberly Journal of Economics, February, I9hJ+.
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Experiment number I is identical- to experiment number 1 except that

1977 prices and costs are used. The i¡creased costs in relation to metal

prices are the main factors that wi-Il have the greatest adverse effect on

the projects from the provincer s poi:rt of view.

As the analysis will show, the effects of the tax and royalty

changes will differ, depending on the point of view taken. fhe results of

the erçerj¡rents should prouide sorne guidelines as to the kind of legislation

that is desirable, and the kind of legislation to be avoided. They will

also show vùrich of the economic and legislative factors that have changed

si¡ce 1969 lnas had the greatest impact on the investment climate in the

provilce.
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C A COMPUTER PROGRAV FOR DETERMININ6 THE OPTIMUM LEVEL OF INVESTMENT
C FOR A MINING PROJECT
c
c . a.. a a. a a a a a a... a a a. a a a a o a a a a a a a aa a a a a a a o a a a a a a a a a aa a a a a a a a a a a a a a aaa a a

C PRO6RAM DTSIGN BY ROBIN G. BAGNALL
C DEPARTI',tEi.IT OF MJNES NAÍURAL RESOURCES AND ENVIRONi'{ENT
C 975 CENTURY STREET' hINNIPEG MANITOBA
c TELEPHONE 1204) ô33-9543
C a n a a a. a a a aaa a a a a a a a a a a a a a a a a a a a a a a a a aa aa a t a aaa a a a a a a a a a a aa a a a a a t a a a a a a

c
C THE I.IÂIN PROGAFT CACULATES THE PROJECT CASH FLOnS AND CONTAINS THE

c oPTIMIZIN¿G PfTOcEDURE.
c

REALJTS CAPCOS ( I O I 8 ) IGFOPRO (50 ) IUI BORCAP (50 ) IOFLOATT Vr VALUETAA (7 ) T

"SIZET *X r YX r DL0Gr C0ST ( 7 I r l{ORCAP ( 50 ) r T0TR0Y ( 50 ) r TOPC0S ¡ bB (7 ) r SM r SC I
l+TaX (5Lr ) r INTpST (501 rr.iaXTONrPRIN (50) TDEtPTCASt L0 (8r501 tYY /L.D0/ t
+S r CAPTAx ( 5O ) r SIZZ (50 ) I PV ( 8 ) I DER r DX r XR' TAPC()S r TL r BORROW r T T OHr TONST
*f 6f Ç05 r EeU I T ¡DV / I.ú0 / r TTONS r ECOR r ÊQUI r T0T Ir.¡V ( 50 ) r 0LDPV/-I .D+ I0l r
ÕExpLolf(2r50) rpREpR0(¿ç50) TMININV (?ç50 ) rPFìOINV(¿r50) TSOCINV(2r50) I
åR I r RJ r RK I BG,/0 ?.DO / I PVAL I NSUR rGTÂXr NTAX r VPr GROINV ( 50 ) I F0RG0N ( 50 ) r
Ira ( 7 ) r b ( 7 ) r AK r M I NRAL ( I 0 r I I / 80r'ù .D0 / TGSUR r REVENU ( 50 ) r G/ I 6384 .D0 / ¡
n I À.¡ F L A I ( 5 0 ) | I N F L A Z ( 5 0 ) r i N F L A 3 ( 5 0 )

lrrlTEbcR H(7) rCrLIFl¡vBL/5/¡NIl/0/ r HH(7) rDrEr 31 AP/0/çIC¡
ÞCBL/ L v / çLf I | çZ ¡ ? /7 / çPP /'è/ r PG r HG çLLf / 0/ ¡ lOP

COMMOí\ GROPRO' H J N I I'IV I PRO i NV T EXPLOR I SOC I NV I PREPRO I TOTROY ¡ f AX T

ÕCAPT AÄ r ¡0RCaP /8L / INFLA?/A2/l ¡RI /A3/ TL/84/ I NTRST r PR I N r U
+ / 85 / òARCAp I DER I SM r SC186l I NFLA3 ¡ SIZ Zr RE. VEt,¡U r A I B r V ALUE I ToPCOS
Þ / a7 / C ASFLO r pV r S r V r L C / 88 / HH TLIF E / A9 / lY / BLZ / HG ¡'l.OP / ÈU / C ç D, N/ / l8

C READ AND PRINT INPUT DA.IA.
c

REA0 0 I TVALUETDERTST f rUrV¡LrHrHGrPGrZ
0i FoRMA¡ (F8.5r2Xr5FÌ0.5¡/¡5 (I2r3X) )

READ 02rtìITRJTRK
02 F-ORr¡Al ( 3F l0 .5 )

REAù 03r ( (CAPCOS ( I rJ) rJ=l rB) r I=l rL)
03 FORvAI(5Fl?.0ç2F5.2rFI0.0)

REAII u4' ( (MINIìAL ( I rJ) rJ=l r3) r l=l rli{)
04 FoRvA'i (3F15.5)

PR IÌ\f 05
05 FORMAT(rIrr//t40XrrINPuT DATAT¡/st+tç 39Xrl0(r-r))

PR INT O6 IVALUE TDER T S T T IUTV TL IMIHGT PG¡ZIRI IRJ¡RKI
'Þ ( (CAPLoS ( I rJ) rJ=l r8) r I=l rL)

06 FOFtTTAT (//¡40xç TTHREE OPTIONS CARDST ¡//ç20XrbFL0.5¡//t
Þ?2X' 5 ( I?r3Xl ç.// ç?QX¡ 3F10.5r
Þ ////;40XrtCOST CAI{DSt¡//¡((5Fl?.0ç'è15.2¡FL0,0l/ll

PRINT O7r ( (MINRAL ( I IJ) 'J=I '3) T I=I IH)
o7 FoRMAT (/ ¡4OXr I MINERAL RESERVE DATAI ¡// ¡3 (2OXI3FI5.5 ¡ / /I I

c
c cALcuLATE THE SEVEN COST FUNCTIONS ANo THEN rHE Trl/0 MiNERAL RESERVE

C FUCT I 0NS.
L

CALL LOUATN (CAPC0S rL I AA r BBTHTPTPG)
CALL ¿OUATN (MTNRAL TÈII A I B THHT PPIPG)
VP=l.D-I5

c
C CALCULATE INFLAfION INDEXES FOR THE FUTIJRE'
c

DO 0B I=1r50
INFLA ¡, ( I ) = (R I r¡DEXP ( RIT1DFLOAT ( I ) ) +VP) / (DEXP (R I ) -I .00+VP)
INFLA¿ ( i ) = (RJIlDEXP (RJI'DFLOAT ( I ) ) +VP) / (DEXP (RJ).I.DO+VP)



O8 INFLA3 (i )= (RKÞDEXP (RKITOFLOAT ( I ) ) +YPI / (DEXP (RK ) -I.DO+VP)
c
C CALCULATT INFLATIONARY DiSCOtJNT RATES ( IF APPROPRIATË).
c

CALL KATE(STTTUTVTRI)
PR I t\ I I I

1I FORi.{Al (f lrr//ç5lXrrPRoJECT ITERATIoNST s/¡t+rr50Xrl8(r-rlt//;
ú?7X¡'t-RËPRODUCTl0hrr r04Xr TYEARS 0Fr r ISXr
#IPRO.JECT I r09Xr IPRESENT' ç / ¡J0Xr IPERI0DI I08Xr |0RE LIFEI r04Xr
ÈrilULliPLIERr r04Xt TCAPACITYT r09Xr TVALUET )

c
C USING ThE I.,|INERAL RESERVE FUNCTIONS DETERHINE THE MAXIMUM SIZE FOR

c THE DEPOs I T .
c

IF(HH(?r-2)l2rl3rl4
l? uaXTOlv=-A (?l /81?',

GO T0 15
13 MAXT0N=-B (?, /Al2')

GO TO 15
14 yaXT0N=nExP (-A (¿, /8 121,
15 CONTINUE
c
C DETERMIT\E INITIAL VALUÊ.S FOR THE PR0JECT SIZETTHE PROJECT PRODUCTI0N
C PEFIOD AI.JU THE VALUE FOR ThE PREPRODUCTION PERIOD.
c

LIFI=r
¡ ¡ 1vA,rT0N.GT.1 .0D+ 06 ) L I F I =2
IF ( tTAXTON.GT. I .00+07 ) LIFl=3
AK=30U00.D0
IF ( t,4AÃT0N.GT. I . 0D+06 ) AK=41 0000.00
JF ( r¡AÀT0N.GT.l .00+0 f ) AK=4000000. D0
C=3
IF ( FA,\T0N.GT. I . 0D+06 ) C=4
JF (t/AÀT0N.GT. I . 0D+07 ) C=5
D=C- I
E=C+l
yP=0. OZZ.3D0
IO=0

c
c FoR DEPOSITS LESS ThAN lO MILLI0N TONS rIOr IS SET EOUAL T0 oNE SO

c TFAT THE COSTS DETERMINED BY THE MODEL CAN BE MODIFIED IN A MANNER

c coT\}SISTANì.|{ITH THE ASSUMPTION TI-1AT OEVELOPMENT I5 BEiN6 CARRiED OUÏ
C BY A NEAKöY MINING FIRI.I .
c

¡¡ llrA,rT0N.LE. I . 0D+07 ) IQ=I
c
c sET ¡¡g Nur.rEER oF cASH FLotlS.
c

IC=7
c
C SO LONG AS IIOPI IS ZERO ONLY THE PRIMARY ORE IS USED IN THE

C OPTIMIZI¡¡u PROCEDURE.
c

I Op={)
c
C BEGIN THE ITËRATIVE PROCESS TO OETERMiNE THE OPTIMUM PROJECT'
c
77 MET=O

XR=:1.0D+I0
c
C INCREASE IHE Pi{IMARY ORE PRODUCTTON PERIOD BY ONE UNIT.
c
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16 LIFI=LIFI.1
MET=HE T + I

c
C INITIALiZT THE PROJECT SIZE.
c

SIZE=AK
L7 LET=O

I þ/=0
þ¡X=-1.00+10

c
c INcREMENT TTTE ANNUAL CAPACiTY BY A DESIGNATED NUMBER OF TONS CAPACTY.

c
i8 SJZE=5IZE+G

LET=LLT+ I

C CÂLCULATE THE OUANTITY OF PRIMARY ORE.

T9 TTOIVS= (SIZEÞDFLOAT (LIFI) )/DV
NIT=ÌrIT+l

c
C CALCULATT ThE NUMBER OF FULL YEARS OF PRIMARY ORE PRODUCTION'
c

LIFE=LTFL/DV
¡=9+L IFE
Do 3¿ I=CrN

3? SIZZ(l)=SiZE
c
C CALCULATÊ ThE AMOUNT OF PRIHARY ORE IN THE LÂST YEAR 0F PRODUCTION.

c
TO¡¡S=L ¡¡g+g I ZE
TL=T I0NS-TONS
IF(TL.LE.0.D0)GO f0 33
N=N+I
SIZZ(N) =TL

33 CONT i rvuE
a

c cALcuLAIE THE CAPIfAL AND OPERATING CoSTS FoR THE Slz1 oF PROJECT.
c

DO 20 K=Ir7
IF (H (Á)-2) ?l;22ç?3

?L COST (t<.) =AA (K) +88 (K ) I'SIZE
GO T0 20

2? COST ( h. ) =AA (t( ) +88 (i( ) /SI ZE
GO f0 20

?3 COST (ó.) =AA (K) +ts8 (K) r+DL06(SIZE)
?0 CONII^¡UE
c
C I'IODITY ThE COSfS AS APPROPRIATE FOR THE TYPE OF PROJECT'
c

IF (MA,\TON.GT. I . 6g+07
COST (¡) =0,5D0.,rC{)ST (5
I F ( l¡A,(TOt{. GT. I . 0 D+ 06
COST(a)=0.D0

G0 T0 25

G0 T0 25

c
C THIS VALUts IS PECULIAR TO THE STUOY tsEING UNDERTAKEN'
c

c0sT (7) =ù.500ðCAPC0S (3r7)
?5 CONl INUE
L
C DISTRIBUTE THE CAPIfAL COSTS OVER PREPRODUCTION PERIOD'
C INFLATE ThE CAPITAL COSTS tsY THE APPROPRIATE INFLATION INDEXT
L
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TORCAP
GROPRO
stzz ( L
EXPLOX
EXPLOR
PREPRO
PAEPHU
MININV
MININV
PRO I NV

=I rD
I)=0.D0
I ) =0.00
=0.D0lr
èç
Ir
èç

) =cosf (It /oþ INFLAI ( I )

)=EXPLOR(1.çI)
) =C0ST (Zl /DÞ iNFLAi ( I )

)-PREPR0(IrI)

PtrO I ¡iV
SOC I tyv

?4 SOC I NV

c

I I I ) =COST 13l- /OáiNFLAl ( I)
2 t I I =l1I N I NV ( I r I )

Ir ) =COST l.+l /DÈ,INFLAI ( I )

)=PROINV(lrI)lèç
) =C0ST l5l /Dâ Ir'¡FLAI ( I )

)=SOCll.lV{}rI)
(lr
(èç

C CALCULATE TTTE OPERATIN6 COSTS FOR THE SERVICE ASSEÏS.
c

oH=0. I5D0+ (c0sT (6) +C0ST (7) )

TOPC05=C0ST (6) +C05T (7) +OH

c
C CALCULAlE ThE ANNUÂL GROSS REVENUE THE PROJECT HILL GENERATE'

c
CALL ANNREV

c
C CALCULATL THE þJORKING CAPITAL FOR THE PROJECT.
c

TOTCU5=COST ( I ) +C0ST (2) +COST (3) +C0ST (4) +C0ST (5)
tioRCAP (0) =0.1000il T0TC0SnINFLA2 (D)
WORCAP ( C ) =0. I5DOnT0TCOS+INFLAA (C,
D0 34 I=ErN

34 IIORCAP(I)=0.00
c
õ CalCUUare THE SALVAGE VALUE oF MINING AND PROCESSING ASSETS.
C THE SALVAbE VALUES IiILL BE SET EOUAL TO ZERO FOR THIS STUDY'
c

SM=0.00
SC=0. D0
IF ( IOP.NE.2) GO TO 3O

SM=DF LOAT (MiJL-N+D) /DFLOAT (M8L) I+COST (3' /?.DO11 INFLAI (N)

1F (sM.LT. 0.D0 ) 5M=0.D0
sc=DFLOÁT (cr,tL-1.¡+D) /DFLOAT (cBL) +COsf (41 /2.00lrINFLAI (N)

IF (Sc.Ll .0.00) SC=o.00
I{oRCAP ( rr ) =-0.2500+TOTCOS{å JNFLAe ( N) -sM-sc

3O CONT I NUE
c
c cALcULATE. THE ONGING INVESTMENT DURIN6 THE PRIMARY ORE PRODUCTION.

c
DO 35 I=CrN
BORCA|- 1t ) =0.D0
EXPL0H(ì,rI)=0.D0
EXPLOF( ( Zç Í\ =0 . D0
PREPh0(IrI)=0.00
PREPx0(2rI)=0.00
TL=S i /-Z (Il /SIZE
IF ( I0P.EQ. l.At'tD. I.EQ. (N-IY) ) TL=YY
IF(I.LE. (l'\-IY) )G0 TO 36
MININV(IrI)=0.00
MININv(2rI)-0.00
PROINV(IrI)=0.00
PROIT\v(2rI)=0.D0
SOCII'rv (IrI)=0.D0
SOCIN'v(2rI)=0.D0
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36 MINilvV(lr
MJNINv (2¡
PR0INV ( 1r
PeOII'tv (2r
SOCI¡iv(L
5gÇlNV(Zr

G0 T0 35
) =c0ST (3) "0.0¿500ÞINFLAI ( I ) nÏL
)-r.tININV(lrI)
) =cosT ( 4 ) r1 0.0I5o0ÞINFLAI ( i ) ÞTL
)=PROlr'rV(IrI)
) =COSf (5) ë0.0¿(,lO0r'INFLAI ( I ) ÕTL

) =SOC I NV ( I r I )

c
C CALCULATT TITE GROSS PROF I T FOR THE PROJECT '
c
35 GROPRO ( I ) =REVENU ( I ) -TOPC0S{'S I ZZ (Il r+I NFLA2 ( I )

TL=SIZZ(N) /SIZE
c
C CALCULATE THE ROYALTIES THE PROJECT CAN ANTICIPATE'
c

CALL ROYALT
c
C CALCULATT. THE INCOME TAXES THE PROJECT CAN ANTICIPATE'
c

CALL INCTAX
DO 37 I=IrN

c
C CALCULATT TFE FOREGONE TAXES AND ROYALTIES AT THE TIME OF INVESTMENT'
c

ToT INV ( I ) =MININV (2 r I ) +PROINV (2r I ) +EXPLOR (2 ¡ II +SOCINV (2' I ) +
.ÞpREpk0(ZrI)

GÍIO iNV ( I ) =MININV ( I I I ) +PROINV ( I r I ) +EXPLOIì ( I I I ) +SOCINV ( I' I ) +

I'pREpHO(IrI)
FORGOT'I ( I ) =GtlOiNV ( I ) -T0TINV ( I )

c
C CALCULATE THE SEVEN REVENUE FLOI,tS FOR THE PROJECT.
c

cAsFLo( lr I) =GR0pR0 ( I ) -TAX ( I)-CAPTAX ( i)-TOTR0Y (I)-T0TINV( I)-
+9loRCAP ( I )

CÂSF L0 (2r I ) =CASFL0 ( I r .INTRST ( I ) -PRIN( I ) +BORCAP( I )

+TAX ( I ) +T0TROY ( I ) +CAPTAX (I)
+T0TROY(I)
-FO.ìG0N ( I )

CASFLL/ (Jr I ) =CASFLO ( I r

CASFLU (4' I ) =CASFLO ( I I
cAsFLu (5 r i ) =CASF LO (3 r

CASFLU(6I I) =TAX ( I)'TOTROY( I) +CAPTAX(I)
3T CASFLTJ (7r I ) =CASF LO (6 r I ) -FOIìGON ( I )

c
C CALCULATE TTIE PPESENT VALUE OF EACH OF THE REVENUE FLOI{S.
U

cALL PRVAL
IF ( TL.E0. l.D0 ) TL=0.00
IF ( TL.GT. 0.00 ) L IFE=N-C

c
C IF THE OPTIMUM PROJECT HAS NOT tsEEN DETERMIMED CONTINUE THE OPTIMIZING'
c

IF (sT0P.E0. I ) 60 r0 4ó
c
C RECORD ThE PROJECT PARAMATERS FOR THE PRIMARY ORE FROM TI-IE OPTIMUM PROJECÏ'

JF (DV.NE.l6384.D0.0R.PV lZ) .LT.XR)GO TO 39
PVAL=PV ( I )

EQUI=PV(2)
GSUR=PV ( 3 )

EC0rì=Pv ( 4 )

NSUR=PV ( 5 )

GTAX=PV ( ó )

NTAX=PV ( 7 )
39 CONT I I{UE



39.

c
c
c
c

JF THE CURRENT VARIATION OF fHE PROJECT IS NOT AN IMPROVEMENTI
DO NOT RLCORO IT IS SIZH AND PRODUCTION PERIOD.

IF (PV (Z) .LT.XR) GO TO 4O

lW=I
YX=SIZE
l-L=LIFI
DX=Dv
xR=Pv (z)

O CONT I NUÉ

IF THE SI¿E OF THE PROJECT HAS BEEN INCREASED BY ONLY ONE UNIT OF SJZEI
RECORD THL PRESENT VALUE OF THE REVENUE STREAM BEiNG MAXIMIZED'

IF (LET.EO. I ) OLDPV=PV (Z)

IF ONLY TWO SIZE VARIATIONS OF THE PROJECT HAVE BEEN TESTED'

AND NO FUKTI.IER JMPROVEMËNT IS POSSIELE EEGIN THE SIZE INCREMENTING

FROM A SMALLER INITIAL VALUE.

IF(LË1.E8.2.AND.OLDPV.GT.PV(Z) )GO TO 4I
Go TO 42
SIZE=51¿E-Gâ4.Ù0
IF ( DV.GT.2.DO ) SI ZE=SI ZE-G.I'B.DO
GO TO IT

2 coNT lNuE

IF SIZE INCREMENTING IS TAI(ING PLACE ANO NO FURThER IMPROVEMENT IS
POSSIBLE UYPASS THE SERIES OF STEPS PERTAiNING TO THE LIFE ADJUSTMENT'

IF ( Ih.E0.0.ÂND.t{X.GT .PV lZ) )G0 T0 43

IF THE CUKRENT VARIÀTION OF PROJECT IS NOT AN IHPROVEMENT TRANSFER TO

WHERE THL LiFE CAN BE INCREASED 8Y ONE UNIT.

IF (I¡X.GT.PV{Z) )GO TO I6

RECORD THÈ. NEllJ PRESENT VALUE
II,iCREASEO tsY ONE INCREMENT.

ANO TRANSFER TO I/HERE THE SIZE CAN BE

ìl{X=pV ( Z )
GO To lB

3 CONT INUE

IF ÂT LEAsT ONE VARIATION IN PROJECT LIFE HAS BEEN TESTED THEN PROCEED

TO þ/HE}ìE THE SIZE AND LIFE INC}ìEMENTS iILL BE REDUCED IN MAGNITUOE'
OTIiERHiSE REDIJCE ThE INITIAL LIFE VALUE BY T!JO UNITS ANO BEGIN AGAIN'
AN OPTION IS TO CHANGE I.LE.II TO I.ÇT.2I TO ENSURE THAT THE LIFE VALUE

IS OPTIMUM.

IF(MEr.cE.l)G0 T0 44
LJFI=LL-e
G0 T0 77

4 CONÏ I NUE

4l

4
L
c
c
c

c
c
c
L
c

4
c
c
c
c

c
c
c
c

c
c
c
c

4
c
c
c
c
c
c
c

4
c
c
c
c

c
'C

IF IHE PF,OJECT SIZE INCREMENTS
THE FINAL OPTIMUM PROJECT SIZE

IF(G.Eo.I.Do)G0 TO 45

ARE REDUCED T0 ONEr PROCEED T0 I{HERE
AND LIFE VÄLUES ARE ASSIGNED.

INITIALIZE THE PROJECT SIZE BELOI{ THE CURRENT OPT I HUI'I.
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c
4¡q=YX-Go02.D0
G=6/ 8v

c
ð TruITIALIZ- 1HE PROJECT LIFE BELOI{ THE CURRENT OPTIMUM'
c

LJFI=LL-l
t_IFI=LIFIÞBG
DV =D V *8G

c
ð pnoceeo T0 IHERE THE OpTIMIZINO PROCEDURE CAN BEGIN AGAIN.
c

GO TO 77
45 SToP=I

LIFI=LL
SIZE=YX
DV=DX
YY=SI¿Z (N) /SIZE
IF(I0P.Ë0.0) I0P=I

c
ð PNOCTEO TO CALCULATË THE PARAMETERS OF THE OPTIMUM PROJECT (INCLUDIN6

C TOTAL 0RE).
c

G0 IO 19
46 CONT INUE
c
ð segIN pRINTING THE RESULTS FOR THE OPTIMUH PRoJECT.

c
ptìINT 47rNIT

+7 FORdAj ( tI I q///ç40Xr tNUMBER 0F ITERATIONST rIl0)
PRINÏ 48

4tì FORMA I ( r I I r39Xr f0ETAILED DATA FOR OPTIMUM RETURNT r/r
Þ ¡ + | c J9X¡ 32( r-r ) ¡ / / ç48Xr . PRODUCT ION DATA t ¡ / s | + t ¡47Xr I5 ( t-t I ¡ / / I

CALL PRNPRO
S=Sl,lu0.0Do
T=Tcl U0.D0
u=ucIu0.D0
V=Và1u0.00
PR I N't 49

49 FoRvAl ( r I I r / / ç44\,r TECONoMIc suÞ|MARY t ¡/ ¡ | + I r43Xr I6 ( r-t ) )

wORCAP (D ) =h0RCAP (D, / INFLA2 (D)

TnPC0S= Í0TC0s+woRcAP ( D )

pRI NTso r ( COST ( I ) r I=l r5 ) r ttORCAP (D) r TAPC0STCOST (ó ) rCOST ( 7) r0Hr T0PC0S

50 FORMAI ( r- r r3BXr r EXPLORATION COSTST rF15.5¡/ ¡?5X¡ tPREPR0DUCTI0N DEVE

o¡çPUENT C0STSt rFI5.5¡ / ¡
+39Xç IMINING INVESTMENTI TFI5.5¡/ T35XT IPROCESSING INVËSTMENTI I
+F I5.5¡/ ç3Ii, I SOClAL CAPiTAL INVESTMENT I ¡F15'55/ ¡?TX¡
+ I PREPhODUCT ION lioRK I NG CAP ITAL I rFI5.5ç / s t + | r 55X ' ¡5 1t -t \ s / t
r37Xr tGR0SS CAPITAL C0STSf I
# F I5.5r //¡36Xr TMINING COSTS PER TONf rFl5'5r/r35Xr
l¡TpROCLSS COSTS PER T0lJr rFl5.5¡/ç28Xr TAOMINISTRATIVE C0STS PER T0Nl
+rFl5 .5ç/ ¡ I + r r55Xr l'5 ( r -tl ¡/ r5lXr rToTALt rFl5'5)

l¡ORCAP (0) =IIORCAP (D) nINFLAZ (D)

BORRCII=TAPCOS,ÞDER
EOUi T=TAPC0s-B0RR0t{
PRiN f 5l TDERTEGUIT I B0RROH

5l FORHAi (,// ¡3qXr rDEbT-EAUITY RATI0T I FL5'5ç/ ¡

Þ 42x t' EOU ITY CAP I TAL I r F1 5'5 ç / ¡40X r I EORROI'JED CAPITAL r t f,' ]$'5 )

PRINT 52TPVALTPV ( I ) rE0UI rPV (2) tGSURTPV (3) TEC0RTPV (4) TNSURTPV (5) r
+GTAXTPV (o) rl.iTAX ¡PY (7) ç7

52 FORrrAl (///t63Xr TPRiMARY oREr rI0Xr TT0TAL oREr r /¡t+t ¡67Xt Il ( r-r ) I
r+l0xr9 ( r_r I ç// c?5lt¡,pREsENT VALUE-Fl PRoJEcT INvESTMENTT rFI4.?¡5X¡



41.

53

54

55

56

rrF 14. ?¡ / t 3BX ç | -#? EOU I TY CAP JTAL r r4X I F L4.2 r 5X I F14.2¡ / r 38X r

r+r-83 GRCSS SURÞLUS I r5XrF L4.¿r5XrFL'+.?¡/ t38X¡
Þ t -í4 Èc0NoMIc RENT ¡ r5XrFI4.?r5XrFL4,2¡/ ¡38X¡
.Þr-#5 r.¡ET SUPPLUST rTXrF !4.2ç5X¡FL4.2¡/ t38X¡
nt-ç6 uR0SS ROYALTY/TAX I r ÌXrFl4.2r5XrFl4.?¡/¡38X¡
Þ. -t7 rvET ROYALTY/TAXr r3XrFI4.?¡5XtFL4.?¡ // / ¡?5X¡
ÞroPTir'r¡¿1NG D0NE 0N f,rrI2)
i:ÊIírT 53
FORI¡41 (/// ¡?OXçT#L¡T?'AND F4 ARE OISCOUNTED

+rQF PF(IVAIE cAPlTAL.r ç// r20Xr f fl3r#5r#órAltlD
{' 

' fhE SOCIAL OPPORTUNITY COST. I )

PRINÏ 54'YY'TL
FORIlA f (/ / I24XI IFINAL YEAR FRACTION(PRIÞIARY

Þ26x,ç'l'INAL YEÀR FRACTION(TOTAL 0RE, ItFl4.3l
DO 55 I=IrN
TOTINv ( I ) =fOTINV ( I ) +IJORCAP ( I )

AT THE SUPPLY PRICE I1
#7 AtìE D I SC0UN f ED AT I t

0RE) ' ¡FL4,3;/¡

PP INI 56
FORMAI ( | I | ¡ / ¡5?\r I lvET CAPI TAL INVESTMENT t ¡ / ¡ r + | r 5LX¡?? ( r -t I t / / ¡

l'tgxr 'pREpRoDucTIoNr r lXr TpREPRO0UCTION¡ r5Xr TMININGT r6Xr TPR0CESSINGf
*¡JXr TsOCIAL CApJTnL¡ tZXçt t.lOtìKING CAP. I r4Xr TTOTALT t/¡16Xr TEXPLoRATI

+e[Jr r3^r TDEVELOPyENT I r4Xr I INVESTMENT I t4Xt I INVESTHÊNT I r4Xr I INVESTMEN
'nTr t4Xr rAND SALVAGE VALr I 2Xr rCAPlf ALt ¡//l
pRINT 57r ( ITEXPL0R (2çIITPREPRO(2rI) TMININV(2rI) tPROINV(2rI) r

ëSOCINv (2rI)'IJORCAP (l) rl0TINV (I) rI=IrN)
FORvAI ( ( lX ;ï?tl?X¡7 (F L?.?¡2\) ) /l
D0 58 I=lrrr,i
fOT Il.rv ( I ) =T(tTINV ( I ) -liORCAP ( I )

CALL PRNROY

CALL PRNTAX
PRINT 59
FOHvA I ( | l r ç / / ç53Xr t PRESENT VALUE CALCULATIONS I t / r' + t ¡5?l\¡26 I t 

-¡ I t
+/,/ 

'a6At 
| #! PROJECT CASH FL0UJ I r/)

PR:NÏ óO
FORVAI ( l5X r r oPERAT ING r r gXr I CAPITAL I r I lXr r INCoME t I I IX I I MININGT t I IXt

{. f TOT AL T TEXT T dORKING CAPITAL T ç7X¡ tCASHr ¡ / cL6Xr rPROF IT r r l lXt rTAXr r l6
#Xr' TA^I' I2XI'ROYALTY''7Xr I INVESTI4ENT I T O6XI IAND SALVACE VALUEI'6X'
*tFL}F t t/)
pRIrrI ól r (ITGROPRO(I) TCAPTAX(I) r TAX(I) rT0TR0Y(I) TTOTINV(I) t

+¿wOrìCAP ( I ) TCASFLO ( I r I ) r I=l rN)
FORþ,4 I ( ( ix ¡ I?ç 07Xç7FL7 "51 /lPRIi\T 6¿ rPV(l)rS
FORMA I (// ç46Xç) PRESENT VALUE I5r rFL4,?t//tILX¡

nr I TdL SUPPLY PRICE OF PRIvATE CAPITAL ISf r F6.?st* .t)
PR I t\Ï 6J
FORMAT (rl' ç//t56XrrÉ2 EQUITY CASH FLol{t)
PRINT 6{+

FOR¡.¡AT ( / t 32Xr r PROJECT | ¡ / ç33Xr I CAsh I I I ?X I r iS0RROdED I r I 0X I I DEBT t r
*l0Xr I INTERESTf rl3lr rCASH ) ç/ ¡33Xr rFLol¡¡ rl2Xr TCAPITALf r9Xr
l+TREPAYMENT I rBXr rOlv DEBTr r l3X, tf¿Q*' t/l
pRIñT 65 I ( ITCASFLo(1rI) TBoRCAP(i) rPRIN(I) TINTRST (I) I

ÞCÂSFLU (2 r I ) r I=l rl,¡)
FORMAI ( ( IXr J2ç23Xr5FI7,5l /l
PRIÑÏ 66 'PV 

(2) rUrS
FORMAÍ (// ¡46Xr TPRESENT VALUE ISr rF!4.?¡// ¡llX¡

lt rr EauITy cAsH FLoli is THAI AFTER ADDING EORROHE0 CAPITAL AND

#SUBTkACTINGT r // çL3Xr r0EBT REPAYME.NT AND INTERESI.T ç//rIlXr tZ THE B

ÞANK LËNDING RATË IS, rF6.2çt%.t ç// rIlXr
rTI3 ThT SIJPPLY PRICE OF PRIVATË CAPITAL ISIT F6'?S I%' I )

PRINT ó7
FORMAI ( I I' c// s6IXr Id3 GROSS SURPLUS' )

PR I r\T 68
FORt.f A I ( / ¡3IXç | pROJECT | ç / t32X r I CASH T r I I X r I CAP I TAL t ¡ L?Xç t I NC0ME t r

57

58

59

60

6l

62

ó3

64

ó5

6ó

67

68
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69

70

+l0X I r MINING, T l2X I I CASH. ¡ / ¡32Xr rFLoW r r I4Xr I TAXr r l4Xr rTAX I ç

nt ]xr I xOYALTY, çl?xr IFLOvlI r,/)
PRINT69T(IICASFL0(IrI)ICAPTAX(I}lfAX(I)lTOTROY(I)lCASFL0(3rI)r

ÕI=lrh)
FORÀ.AT ( (lX ¡I?¡2lXr5F17.5, /,
PRI"JT 7O rPV(3)rV
FORMAT (// ¡46Xr TpRESENT VALUÉ ISt rFI4.?ç//tIlXt

+ , I I PUI]L IC CASI-I FLOWI ASSUMES THAT THE PROJECT þ¡OULD NOT HAVE B

?EEN Uf\¡DÈlìIAKEN SYtt//rI3XrrA PRIVATE COMPANY S0 THAT TAXES AN0 R0Y
+¡¡Tle5 ARE ÀiOT A COST TO THE PR0JECT. t r //¡LLXç
*.2 TnE 0ISCOUNT RATE USED ISrrF6.2r rli(THE SOCIAL 0PPORTUNITY C0ST)
Õ. | )

PRINT 7I
FORTqAT ( rl I r //¡60xtt#4 EcoNoMIC RENf r)
PRINT 72
¡6p;a|l (/ s41xç TPRoJECTf r /¡48Xr rCASHr rÌ?Xt TRoYALTYT t

r1 I I X r I CASH t t / ç 48\r I F LoW r r I I X r t PAYMENTS I I I I X r I FLol{ | r / )

pptrnf Z.¡ r (ITCASFLO(lrI) TTOTROY(I) r CASFLo 14çTl rI=IrN)
FORvAI ( ( lXr I2r38Xr3FI7.5' /l
PRINT 74 rPV(4)rS
FORMA I (// ¡46XCI PRESENT VALUE ISI 'FI4,?¡//¡LLx.'ç{TII ËCUNOMIC RENf IS THE PRESENT¡T

Þ I VALU¿ OF THE PROJECT EXCLUSIVE OF ANY ROYALTlES' I I// çLLXç
Õ'2 TñL SUFPLY PRICE OF PRIVATE CAPITAL ISIT F6.25 IÈ. ' )

PFINT 78
FORr.¡Al ( tl I t// ¡56Xr rÉ5 NET SURPLUST t// ¡44X¡

+ t 6R0S5 | t9X' t FOREGONE TAXES I r
Ar$X¡IHLt'tAININGI ç/ç43Xr'SURPLUS'TgXTIAND ROYALTiESIç7X¡ ISURPLUS'',/)

PPI^¿T 79' (I ICASFLO(3ç I)'FORGON(I) ICASFLO(5II) II=ITN)
FOR^/a l ( ( lXr I2r36Xr3Fl7 .5' / t

PRI\Ï 80¡PV(5)
FORMAl' (/ / ¡46ÁC IPRESENT VALIJE ISI TFL4'Z'I
p¡¡r\ï gt
FORI',AÌ (I]. I ç//ç56AI'#ó GROSS TAXES AND ROYALTIESI ç//¡38X¡

+ ¡ pf.ìov iNc IAL . r gXr r cAPI TAL I r I 0Xr I INCoME I r 9X r t TOTAL T AXEST ¡ / ¡

+3qx, I 
'roYALT IES t r 1 lXr rTAX I r l3Xr I TAxEsr rSxr t¡¡9 ROYALTIËS I t/)

pRIr\T 8lr (lrToTe0Y(I) TCAPTAX(I) rTAX(I) TCASFL0(6rI) rI=IrN)
FORf''rAl ( ( iX ¡12¡31 Xr4F L7.51 /l
PRIi\T 80rPV(6)
PRINT 84
FOR¡,AT(rlr ç//ç56Xrra7 NËT TAXES AN0 ROYALTIESf ç//¡45X¡

ãTTOTAL TAXEqT róXr fFOREG0NE TAXEST ¡2XsTREMAININ6 TAXES) ¡/ t44Xs
I1 IANIJ ROYALfIESTT6XT IAIJiJ ROYALIIESIT4XT IAND ROYALTIESI ¡/I
PRINI 85r (I'CASFLo(6rI) rFoRGO|Y(I) tcAsFLO (7rI) rI=IrN)
FORFAT ( ( lXr 12;40Xr3F 17.5' /l
PPINT 80rPV(7)
PR I t\Ï 87
FoRr/Af(rlr)
STOP
END

7L

7?

73

74

78

79

80

8l

8?

B4

85

87
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C THIS SUtsHUUTINE DETERMINES THE IilIFLATIONARY DISCOUNT RATES.

c
SU8Ê{0uT INE RATE (S I T rUr V I R J )

RFALrå8 SrTrUrVrRTrCHEKrDEXPe4¡$¡ÇrQr DTDAESçRfçx/I.D-15/
DO Ì0 I=lr4
G0 T0 (ll;12¡L3;I4)rI

C IA' IS TI'IL APPROXJMATE INFLATIONARY RAÏE.
c
t i A-S+R i
c
C IC' IS SET EOUAL TO THE REAL DISCOUNT RATE.
c

C=S
GO T0 15

L? A=T+RI
C=T
GO T0 t5

13 ¡_g+RI
C=U
GO TO I5

14 ¿=V+R I
C=V

c
C IBI IS SEl AT A VALUE ABOVE THE INFLATIONARY DISCOUNT RATE.
c
l5 g=[+0.0100
c
C IDI IS SF.T Af A VALUE BELOYJ THE IÑFLATIONARY DISCOUNT RATE'
c

D=A-0.0I00
c
C THE VALIJE OF '8T IS FIXED tsY THE RATE OF INFLATION ANO THE REAL

C DISCOTJNT KATE.
L

Q= (Rl+DEXp (RI ) +X, / IDEXp (RI ) -I.00+X) Õ (CT1DEXP (C) +xl / lolxP Ic) -I.00+X)
L
C THE VALUE OF ICiIEKI I'ILL BE MADE ABOUT EOUAL TO IOT BY ADJUSÏING IAI'
I
I6 CtrEK=AäDEXP (AI / (DEXP(A)-I.DO)

IF (DAOS (8.CHEK) .LT. I.OD'08) GO TO T7

1¡ lfhrK.Lf.Q) 6O T0 22
c
C SET THE UPPER LIMIT TB' TO THE CURRENT tAI.
c

B=A
c
ccALcULATEANEI{VALUEFoR'AInatrwRvEETl{EENTHECURRENTvALUE
C AhJD THE LU*ER LTMIT.
c

A:(A+Ul/?.O0
GO T0 I6

c
C SET THE LUCER LIMIT ID' TO THE CURRENT IAI.
c
22 D=A
c
C CALCULATE A NEVi VALUE FOR IA' HALF 

'{AY 
EET|{EEN THE CURRENT VALUE

C AI.JD T¡¡ UPPER LIHJT.
c

A= (A+ts1 /?.D0



r+L.

c
CSE
c
l7
18

l9

?0

?L
l0

?3

G0 TO l6

T THE DiSCOUNT RAfES AT THE NEÌT INFLATIONARY VALUES'

GO TO

S=A
GO TO
T=A
GO TO
U;A
GO TO

V=A
CONT I NUE
PRINT ?3¡ScTrUrV
FOR¡/Af ( f I | ç / / //r40Xr TtIISCOUNT rìATESt ¡/ ¡ t+l r39Xrl4 (

+30Xr TsUPPLY PRICE OF CAPITAL IN t''l ININGT;F12.9¡//t
f3OXIIUPPOFTU¡'IITY COST OF CAPITAL IçF12.9ç//S
lt30Xr rÈjANK LFNDING RATE t ¡F12.9¡//t
+30Xr tsOCIÁL DISCOUNT RATE I rFlZ.9)

RETURN
ENO

(l8rt9ç2Q¡21)rI

IO

IO

IO

t-tl ç//¡



Itr4).

C THIS SUEROUTiNE CÂLCULATES THE SEVEN COST EOUATIONS AND THE

C TWO MINEi(AL iIESERVE FUNCTIOI'¡S. GRAPHS OF THE EOUATIONS CAN 8E

C PRINTED iF OESIRED.

SUBROUT INE EOUATN ( CAPCOS TL TAA TB8 T HTPI PG)
REALttb CAPCOS(10r8) TCPACTY (?0ç3) rÄ (3 ¡71 ¡B(3r7) rR(3t7)'DABSt

*gl,rM(lUr3r7) rMIÀü6RAr DL0GTDSORTTAA(7) rElB(7) çZçZZçZZZTT0TMINTSIZET
åV¿LUE5 ( TOO ) .DEXP, Y / ICAPITAL'/r YY./ ICOST I5) ] / ¡YYY / IGFAOE ('AI I / ¡
+DFLOAT çLABEL r vAX T0N./0 . D0/

INTF.GtR LINF. ( lOO ) I YLÂBELIPOINTS ( IOO ) 
'PERI 

OD/ I 'I / I AST/ IÞI / ç

åBLAI'\K,/ t t / ¡H(7) rPrQrPG
Q-P+ I

c
C SET ALL VALUES IN THE ARRAY TO ZERO.
c

DO I0 K=Ir7
DO I0 J=Ir3
D0 t0 I=lrl0

10 SUM ( I rJrK) =0.00
c
C IF uORE TriAN qNE DATA CARD IS PROVI0ED PROCEED TO CALCULATE THE EQUATIONS.
c

IF(L.6T.l)G0 TO 1t

C DEfERMINE THREE DATA POiNTS ASSUMING A LO6-LINEAR GRADE-TONNAGE RELATION'
c

MINGRA=CApCOS(lrll
TOTMIN=CAPC0S(lr3)
D0 l2 J=I r3
CAPC0S (Jr3) =T0TvIN/ (5-J)
CAPc05 (J¡21=t'IINGRAnOLoG (T0TMIN/CAPC0S(Jr3) )

L? CÄPCOS(JI],}=CAPCOS(JI2)+MINGRA
L=3

T] CONTINUE
c
c THE INDEPENDANT VÂRIABLE IS EXPRESSED IN ONE OF THREE POSSIBLE IiAYS

C So THAT LTAST SOUARFS TECHNI0UES CAN 8E USED TO CALCULATE THE

C TWO COI-ISTANTS FOP FÄCH EOUATION.
C THE THREE POSSIBLE E(IUATIONS ARE: LINEAR; HYPERBOLICIANDI LOG-LINEAR.
c

=l rL
Irl)=CAPCOS(IrQ)
I ¡21=' l .0D0/CAPC0S ( I I Q )

i r3) :DL0G (CAPCOS ( I rQl )

D0 l3
CPACT Y

CPACfY
13 CPACÏY
c
C TPI IS ThE
C AND 'LI IS
c

NUMBER oF EOUATIoNST r3r Is THE NUMBER 0F l(INos 0F EAUATIoNT
rHE NUI'IBER OF DÂTA CARDS.

D0 l4 K=lrP
DO 15 J=lr3
DO ì6 I=lrL
SUM(lrJrK)=SUV
SUM(¿rJçK)=SUV
SUÈl(3rJçK)=3UM
SUr',t ( 4 1 J ¡ ( ) =$[Jr'l

lrJrK)+CPACTY(IrJ)
2rJrK)+CAPCOS(IrK)
3çJçK) +CPACTY ( I rJ) ë$2
4 rJç K ) +CPACTY ( I ¡J) r¡CAPCOS ( I rK )

l6 SUM (5rJrK) =SUM (5rJrK) +CAPC0S ( IrK) È+2

SUl| ( ÞrJrK) =_sUM ( I rJrK) +*2
SUM ( 7 rJrK) =SUM ( I rJrK ) iISUM (2rJrK)
SLIM ( ð I J r K ) =StJÀ'l (2 r J I K ) ++2
Z=L+SUM ( 5rJIK) .SUM ( 8 IJTK )

ll=t-+5UM (3rJrt() -suM (6rJrK)
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L7

1B

?0
15
L

c
c
c
I

c

?T
c
c
c

?4
¿5
I

c
c
?8

?2.
c

c

I
c
c
c

ZZZ= L+'SUM (4rJrK I -SUM (7rJrK)
BtJ'xl=ZZZ/ZZ
A ( JrK ) = (SUM (2 ç JçK ) -8 (JrK) +SUÈl ( I rJrR), /L
IF (J.EA.2) F ( JrK) =-B (JrK)
IF(ZlITrlBrlT
IF(ZZ)20r18r20

CALCULATE THE R SAUARED VALUE FOR EACI'I EOUATJON.

RiJrK)=1.D0
GO T0 15
R ( J I K I --ZZZþÉ?/ (ZpZl+ 1.00-10 )

CONT INUE

IF IHE MiNERAL RESERVE FUNCTIONS ARE BEING DETERMINED AND THE SECOND

ECTJATION IS tsEING CÀLCULATED CHECK THE SHAPE OF THE AVERAGE GRAOE

FUFICTION. IF LI¡IEAR THE cUToFF GRADE FUI.ICTIOII IS ALSO LII.IEAR; IF
LOG-LIÀIEAR THE CUTOFF GRADE FUNCTiON IS aLS0 LOG-LINEART ANDI IF
HvpepaOlIC THE CIJfOFF GRADE FUCTIoN rJILL BE AS DETERMiNED FRoM THE DATA.

IF(P.NE,2.OR.K.NE.2)GO T0 2I
IF(H(n-l)-?I?Zt?I¡?3
CONT I Ì.'¡UE

DETERMINE WHICH EOUATION

IF(DAbS(R(lrK))-DABS
IF(DAéS(R(?.K))-DABS
lF(DAÉS(R(lrK))-DABS

HAS THE HIGHEST R SOUARED VALUE.

(Rl2¡K)))24ç25ç?5
(R(3rK)))¿6¡?7ç?7
(R(3rF)))26ç?8¡?8

PLACE TT1E CONSTANTS IN THE ARRAY FOR RETURN TO THE MAIN PROGRAM.

AA(K)=A(lrK)
BB(r()=B(lrK)
COT.IT INUE

IDEI,ITIFY WHICH EOUATION HAS BEEN SELECTED AS BEST EXPLAINI¡¡C THE DÀTA'

H(K)=l

Fop THE SLC0ND EAUATION OF THE MINERAL RESERVE FUNCTIoNS
PROCEED TO THE END OF ÏHE LOOP.

IF (P.f\¡E.2.0R.K.ÀIE.2) C0 T0 I4
AÄ(r()=AA(K-l)
BB(K)=e.D0r¿BB(K-1)
GO T0 l¿
AA(K)=A(2çK)
B8(l()=8(2rK)
H(K)=2
G0 T0 l4

26 AA(K)=A(3rK)
BB(K)=B(3çK)

23 CoNT I ilUE
H(K)=3
IF (P.l'18.2.0R.K.NE.2) G0 T0 l4
AA (K) =AA (K-t ) +BB (l(-1)
BB(K)=BA(K-l)

14
c
a

c

CONT I NUE

IFGRAPHSARENoTToBEPRINTEDGoT0ThEEND0FTHEPRoGRAH.

27
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IF(PG.EG.O)GO TO ¿9
DO 30 K=l rP
PPltrT 3I

31 FORMAT ( | I | )

c
C ARINT HEAUINGS.
c

IF (P.EO.2) GO TO 32
cC T0 (J3r34r35r36r37r38r39) rK

33 PPINT 40
40 FORtt A I (5OXç r PREPR0DUCTI0N EXPL0RATION I I / t | + | t49Xt ¿5 ¡ r-r ) l

GO T0 4t
34 PPlt\T 42
42 FOPMAT(S0XTTPREPR0DUCTION DEVELOPI{ENTtr/rr+tr49X¡?51t-t) )

GO T0 +¡
35 PRINT 43
43 FORyAT(50Xrr¡rll',ltNG INVESTMENTfT /çt+t¡49X¡17(r-r))

Go I0 4I
36 PP JNT 44
44 FORf4AT(50X¡TPR0CESSING INVESTMENTTT /st+t¡49XtZI(t-r))

GO T0 4t
37 PÍìINT 45
45 FOPIIIAT (5OX r 'SOCIAL INVESTMENTT r / ¡ t + t s49)1 ¡ l7 ( r-r ) )

GO TO 4l
38 PRINT 4ó
46 FORrral (5oxr TMINING COSTS(PER ToN) tr /etat t4gxr2I (r-r),

GO TO 4l
39 PPINT 47
47 FORt'rAT(50XTTPROCESSING COSTS(PER T0N)tç/tr+rr49Xr251t-t))

GO TO 4l
3? COI.¡T I NUE
c
c ÐETERMII'¡E THE TOTAL TONNA6E FOR THE DEPOSIT.
c

IF(H(¿r-?r4P,t49¡50
4g MAxlc)r'l=-A Al2l- /BBl?',

G0 T0 5l
49 MAXTON=.BBI?-I/AAI?')

6ç¡ Tu 5l
50 MÂXT0N=DEXP (-AA (?) /BB12r l
5l CONT I F¡UE

G0 TO (52r53) rK
52 PRINT 54
5+ FORvAT (50XTfAVERAGE oRE GRADEtt/çt +fr49Xrl7(r-r))

GO TO 4l
53 ptr¡lt¡T 55
55 FORt4AI(50XrrCUTOFF 0RE GRADET ¡/¡t+.¡49Xr17(t-r))
4l coNT INUE
c
C PRI¡iT THE EAUATION FOR EACH GRAPH.
c

IF(H(l\)-2)56r57r58
56 PRINT)9oAA(K)rBB(K)
59 FORtiAT (,/ ç43J\s rt=r ¡F15.5: | + ( t rFIó.I2r I lXt ¡/l

GO T0 60
57 PPJN'f 6l rAA (K) rBB (K)
6t FORi'4A't (/ r43Xr tY=r rF15'5r r+ ( | rFl5.5r | ) /Xt ¡/l

GO TO 60
58 PRINfó2rAA (K) rBB (K)
62 FORMAI (/ r43Xr rY=r rFl5.5r t+ ( t rFl5'5r | )LN(X) t r/)
6O CONT INUE
c
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: DETERMINE A SERIES OF POINTS FOR PLOÍTiNG ON A GRAPH'
Ì

DO 63 I=lrl00
s I zE=ùFLOAT ( I ) +10.00+1t4
IF (P.LQ.Z) S I ZE=DFLOAÍ ( I ) Þ10.D0Þn5
IF(H(n)-?)64ç65¡66

t4 VÂLUES ( I ) =AÂ (K) +BB (K) rSIZE
GO TO 67

15 VALUES ( [ ) =Â À (K) +BB (K) /SÍZE
G0 TO 67

16 VALUES ( I ) =ÂA (K) +BB (K) |1DLOG (SIZE)

'7 
CONT INUE

: DETERMI¡.8 INTEGER VALUES FOR EACH OF THE POINTS ACCORDING TO TI'IE AXIS SIZE'

IF (P.EQ.2)G0 TO 68
IF(K.GT.5)GO TO ó9
PO IÌ..T5 ( I ) = ( VALUES I l' / L0. D0n+5 I /2.D0+0.5D0
GO TO 63

59 POI¡¡T5 ( i ) =VALUES (l' /?. D0 +0.500
60 TO 63

58 poiNTs(I)=VnLUES(I) r1l0O0.DA/2.D0+0.500
i3 CoNT I ittUE

: DETERMINE AN INTEGETì VALUE FOR THE DEPOSIT SIZE.

L l MI T=MAXTOr.l/I 00000 . D0+0.500

C PRINT THE GÍIAPH IN 50 STEPS BEGINNING AT THE TOP'
c

DO 70 J=lrl0
0O 70 L=Ir5
¡=51- (5it (J-l ) +L)

c
C CLFiTR THE LINE T0 BE PRINTED.
c

DO 7l M=1r100
7I LJNE (M) =tsLANK
c
C HHEN THE INTEGER VALUE IN 'POINTSI EOUALS I I I PLACE II'I IN TI-IE LINE'
c

OO 7? M=lrl00
7? IF (POINTS (M) .EO.I ) LI¡E ¡I.I) =AST

I F ( P. T.0.2. AND.I. LE.25 ) L INE (LIHIT ) =AST
c
ç PRII.IT THE LABEL ON THE VERTICAL AXIS AT THE APPROPRIATE TIME'
c

IF (L.E8. I ) GO TO 73
c
C PRINT A LINE OF lHE GRAPH.
c

IF ( I.E8.26.AND.P.NE.2.AND.K.LE.5)GO TO 74
PRIt\T 75 rLINE

75 F0RMAi(l9Xçf.ftl00Al)
G0 T0 70

74 PPINT 76rLI'IIE
76 FORI{AT (6Xr TMILLIONS$f ¡4Xtt. t rl00A1)

G0 TO 7rl
73 COIlT INUE

IF(P.EQ.2)GO TO 77
IF(K.GT.5)GO TO 78
LA BE L=BL ANK
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79
30
70

IF(I.E0.25}LÂ8EL=Y
YLABEL=2{I/10
GO TO 79

¡8 LABEL=8LANK
JF(I.tO.25)LABEL=YY
YLABEL=2ÞI
G0 l0 79

I7 LABEL=BLANK
I1 ( I.LQ.25) LABEL=YYY
YLABEL=2nJlI 0

PP ¡ ITEO T LÂBEL T YLAEEL T L INE
FOPMAI (4XrAllrI3r | . I rI00AI)
CONf I NUE

PPINT THE HORIZONTAL AXIS.

DO eI I=lrl00
LINE(I)=PEPIOD
PRINTiJZTLINEI ( I r I=I I IO)
FORl'.tAl ( l7Xç r0 . I rl00AI' //rl9xrr0r r10 (7xrI3l ¡//l

PRINT THE LABEL FOR THE HORIZONTAL AXIS.

IF(P.EO.2)GO TO 84
PRINT 83
F0RMAT (50Xr TANNUAL CAPACITY (T0NS l0ÕÞ5) I )

GO TO 30
PRINT 85
FoRMAT (50Xr rþlf'Jf RAL RESERVES (TONS 10+nó) I )
CON T i i.JUE

PRINT 3I
CONT iNUE
RE TUr¿N
END

8I

8?

L

83

84
85
30

?9
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1

fHIS SUEI-(OUTiNE CALCULATES THE ANNUAL OROSS REVENUE ANO PRINTS fHE
PROOUCTION OETAILS.

SUBfIOUTINE ANNFEV
REAL Õ8 METÂL (50) r SIZZ (50) TDAESISIZEIVALUEITLTYTONST

{TpEVENU (50 ) TGRADE (50 ) rCCGRÂD (50 ) I ToNS I F{cv (50 ) tDLO6'
+PIoI\5 I PCGRÂD I PAVGRA I PI'If f 4¡ I TTONS' AVGRAD I TMETAL I COGRAD' TAVORA'
.ÞTOPCOS 

'XTONS r XAVGRA r XYEARST 0EXPTGRAD ( 02 ) rA (7 ) r 817 I t
nIt'!FLAA (50) r IÀlFLA3 (50) r nL1'0.00 12500,/ ¡R?/0.97D0/

IiI TEbER CTDTNTLIFErHH(7) rHG
ðOuvCr¡¡ /Bl / INFLa?/86/INFLA3 ¡SLZZTREVENUTA TBTVALUETTgPCOS

+ /Be / Hâ ç LIF E /8c / Î,Y / 8L? / HG ¡ IOP /80 / C ¡D ¡ N

DO I0 I=lrD
METaL (I)=0.D0
GFADE (I)=0.00
REVENU(I)=0.D0

l0 ççÇÈAu(I)=0.00
TOl.ls=U.00

J¡ THE gEPOSIT IS TO BE HIGH-GRADED BYPASS THE SECTION t{HICH ASSUI'IES

PROOUCTIC.)* IS AT THE AVERAGÉ GRADE OF THE DEPOSIT'

IF(HG.EG.I)GO TO I8

DETERMINE THE TONS OF PRIMARY ORE.

DO 1 I I=CrN
I TONS=T0NS+S IZZlfl

DETF-PI4 I NE THE AVERAGE AND CUTOFF ORADES FOR THE ORE '
Do 12 J=l r2
IF(HH(J)-?)13çl4rl5

l3 GRAI-..r (.r) =A (J) +B (J) ÞTONS

GO TO I?
l4 6RAC (.¡) =A (J) +B (J),/TONS

GO TO 12
15 GRAD (.1) =A (J) +B (J) nDLoG (ToNS)
I? CONT iNUE
c
C SFT ANNUALLY FOR THE PRODUCTIVE LIFE
C SECO¡TDARY CUfOFF GRA0EST THE PRIMARY
c AND THE IOTAL REVENUE.
c

DO I6 I=CrN
GFADE(I)=GRAD(T)
CCGiìAD(I)=GRAD(2)
RCV ( I ) =fìI,/GRADE ( I ) + (Rz-GRADE ( I ) )'¡DEXP(GRADE ( I) )

t4ETAL ( I ) =S IZZ lI ) ITRCV ( I ) ITGRADE ( I ) É2000 
'00

]6 REVENTJ (I)=qETAL( I).ÞVALUE+iNFLA3 (I}
AVGFAU=GRAD ( I )

GO f0 t7
I8 CONT IIVUE
c
BEGIN HIGH- GNADING THE ORE.
c

D0 I9 I=CrN
IF ( I.EQ.C) GO T0 20

c
c
c
a

c
c
c

I
c
c
c

OF THE PROJECT THE PRIMARY AND
t'fETAL PR0ÐUCTI0Nt

c
L
c

DETERMINE THE AÀIOUNÍ OF ORE PROOUCED IN THE PREVigg5 Y[{RS'
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PT0N s=PT0¡g + s I zz I I- l,'

: DETERMI|'\E fl'E AVERAGE CRADE O¡ 1¡4f ORE'

IF(HHtl)-212Lç2?¡23
?l PAVGkA=A (I) +B(l ) ëPTONS

GO TO 24
?? PÂVGRA=A ( I ) +3 ( I ) /PTONS

GQ TO 24
23 PAVGRA=A ( I ) +B (I ) IlDLOG (PTONS}

?4 CONT INUE

C DETERMINE THE CUTOFF GRADE OF THAT ORE'
c

J F ( Hl-l (2, -2125 ç26 ç27
?5 PCGRAT)=A (2) +B (2) ïPTONS

66 To 2rì
?6 PCGRAU=Â (2) +B (2) /PT0NS

G0 TO 28
?7 PCGRA{J=A ( 2 ) +B ( 2 ) {rDL0G ( PTONS }

c
C CALCUTATE THE PREVIOUS ¡'IETAL PRODUCTION'
c
28 PMETAL=PTONSnPAVGRA

6q TO 29
?0 PTO\s=0.00

PCGRAU=O.DO
PAVGRA=O . DO
p¡¿TAL=0.00

c
C CÂLCULATE TOTAL ORE PRODUCTION TO DATE'
c
?9 TONS=TONS+SIZZ(I)
c
C CALCULA';E THE CUTOFF GRADE FOR THE PRODUCTiON TO DATE'
c

Itr(HHt?l-?)30r31r32
30 CCGRAD ( I ) =A (2) +B (el itTONs

66 To 33
3i CCGRAU (I) =a (2\ +8 (2) /TONS

G0 T0 33
32 CcGRAU(I)=a (2', +B(2)11DL06(ToNS)
33 C0NT I I'tu¿
c
ð cqLCUI-ATE THE AVERAGE GRADE FOR THE PRODUCTION TO DATE.

c
IF(HH(l)-2)34'35r36

34 AVGRAI)=A (l ) +B(l ) ItTONS

66 To 37
35 AVGRAU=Á (l) +B(l) /ToNS

oO TO 3'Z

36 AVGRAD=a ( I ) +B ( I ) rrDLOG ( T0NS)
c
C CÄLCULATE TOTAL METAL PRODUCTION TO DATE'
c
37 TMETAL=TONSirAVGRAD
c
ccaucuIaTETHEAVERAGEGRADEoFTHISYEARSoREPRoDUCTI0N.
c

GRADE ( I ) = (TI'4ETAL.PMETAL) /SÍ'ZZII)
FCV ( I ) =RI,/GFADE ( I) + (R2.GRADE (I) ) +OEXP(GRADE(I) )

c
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: CALCULATE THIS YEARS METAL PRODUCTION'

METAL ( I ) =(TMETAL-PMETAL) ÕRCV ( I) +2000'00

: CALCULATE THIS YEÄRS GROSS REVENUE'

t9 REVENU ( I ) =Mf TAL ( I ) rf VALUEçINFLA3 (I)
17 CONT INUE

IY=o
TTONS=TONS

a

: JF THE FINAL PROJECT HAS NOT BEEN DETERMINED 60 TO THE END OF THE PROORAM'

c
IF ( I0P .NE. I ) G0 T0 38

c
ð rHls Is THE AppRoxIMATE RECOVERY RATE FOR THE SECoNDARY ORE.

c
RCV ( N ) =P I,ZCCGR AD (N) + ( P2-CCGRAD ( N ) ) öOEXP ( CCGRAD ( N) )

39 CONT II"UE
RCV(t.¡+l)=RCV(N)

c
ð OTTCNUINE THE CUTOFF GRADE FOR THE SECONOARY ORE'

c
COGRAIJ= TOPCOS/ ( VALUEIlRCV ( N ) +EO O O . ODO ) {' I NFLA2 ( N) / I NFLA3 ( N )

c
ð lr rOo SoME REASOT¡ THE FINAL CUTOFF GRADE IS GREATER THAN THE PRII'4ARY

c óne cuToFF GRÀoE Go To rHE END 0F THE PRoGRAM'

IF (CO(tRÂ0.GE.CCGFAD(N) )G0 T0 38
c
C CALCULATE THE TOTAL ORE AS DETERMINED BY THE FINAL CUTOFF GRADE'

c
IF (HH t?l-?140ç41¡42

4o TT0\s= (coGPAD-A (¿, ) /8(2'
GO r0 43

4I TTOtr>=8 (?l / (COGRAD-A (2) )

GO T0 43
4? TTO\5=DEXP ( (COGRAO'A (Z) I /B(21 

'43 CONT INUE
c
C OETTN"INE THE AVERAGE GRAOE OF THAT ORE'
c

JF(Hh(l)-?144t45ç46
44 TAVGRA=A ( I ) +8( I ) ëTTONS

66 TO 47
45 TAVGI'(A=A (l) +B(t )/TTONS

cO T0 47
46 TAVGRA=A(1) +B (1) *DL06(TTONS)
47 an*1 1 NUE

c
C DETERMINE THE AMOUI'IT OF SECONOARY ORE'

c
Xf0NS= TTONS-TONS
IF (xT0NS.LE.0.D0 ) GO TO 38

c _- _

ð oerenntlNE THE AVERAGE GRADE oF THE SEcoNDARY oRE'
c

XAVGRA= ( TTONSI'TAVGRA.TOFISIf AVGRAD ) /XTONS

RCV (N) =lì1,/XAVGRA+ (R2-XAVGRA) r¿DEXP (XAVGRA)

c
c IF THE lìL,coVERY RATE NOIJ 0IFFERS SIGNIFICANTLY FROM THE RATE PREVIoUSLY

C USED ADJUST THE RATE AND RECA.CULATE THE AMOUNT OF SECONDARY ORE'



53.

)

IF (DAos (RCv (N) -RCV (l't+l ) ) .LE.0.00100) G0 T0 48

IF (RCV (N) -RCV 1t',t+l ) ) 49ç48r50
i9 PCV (N) =ÈCV (NJ+l ) - (RCV (N+l ) -RCV (N) ) /2.D0

G0 T0 39
i0 RCV(t¡)=RCV(N+l)+(RCV(F!)-RCV(N+ll l/?.O0

GO TO 3e
r8 CONT I NUE

:
; OTSTNigUTE THE SECONDARY ORE. OVER AS MANY AODITIONAL YEARS AS NEEDED'

YTONS=O . DO

IF(sIZZ(N).EO.SLzzlc) )G0 T0 5l
C

ð ofrEn"lNE THE AM6UNT oF SEcONDARY oRY To INCLUDE t¡ITH THE FINAL

C YEARS PROfJUCTION OF PRIMARY ORE.
c

YT0Ns=s Izzlc) -sIzz (t'l)
I F (XTONS.LT. YTOI\IS ) YTONS=XTONS

ORATJh ( N ) = ( YToNSÞxAvGRA +S IZZ (N) 'nAVGRAD ) / ( S I ZZ ( N ) TYT0NS)

SIZZ(t'¡) =SIZZ (N) +YT0NS
5? RCV (I'¡ ) =¡ I,¿GRAlE (N} + ( R2-GRADE (N) ) ]IDEXP (GRôDE (N) )

CCGPâU ( l.') =C0GRAf)
M{'TAL ( N ) =S IZZ (N) ÞRCV (l'l ) rrGRAOE ( N) n?00 0 'D0
F?EVENU ( l.i ) =VALUE{tMETAL (N ) l' INFLA3 ( N)

5I XTONS=XTOIIS-YTONS
IF (xToNS.LE.0.D0)G0 TO 38

c
ð lr nOpe S¿CgNSARy ORE REMAINS EXTEN9 THE LiFE 0F THE PRqJECT.

c
|.¡=N+ I

c
cREcoRDTHeNUMSERoFYEARSoFSEcoNoARYoREPRoDUCTIoN.
c

ll=lY+l
IF ( xT0NS-slz¿ (c) ) 53 ¡53 s54

53 SIZZ ( N ) =XT0llS
xT0ñS=0.00
GPADL(N)=XAVGRA
GO TO 5e

54 YTolvS= SIZZIC'
S\ZZ(¡¡) =SIZZIC,
GFADE(N)=XAVGRA
66 To 52

38 CONT INUE
RETURN

C PRINT PROÛUCTION DETAiLS FOR THE OPTIMUM PROJECT'
c

ENTRY PRNPRO
PRINT 5ã

55 pgnvAT(Z0XrrToNSf rI2XrrAVERAGErr0SxrrCUTOFFrr6XrfPRIMARY METALtT
+gzrX r I CONCENTRAfE I r / t IgXr rOF ORE r r l2Xr I GRADE I r 09Xr I GRADE ¡ ¡7Xç | IN CO

{f NcEr'¿ (uBS) r r 5Xr TVALUE (Í) | ¡//l
D05f't I=CrN
GPADE ( I ) =GRôDE ( I ) +100.D0

5ó CCGI',AU ( I ) =CCGRAD ( I ) 11 100.00
PR IñT57 r ( I r S IZZ (I) TGRADE ( I ) I CCGRÀD ( I ) TMETAL ( I ) t REVENU ( I ) I I=l rN)

57 FORMA I ( (1Xr I2r08XçF16.5t? (Fl6.5r rÈr ) r2Fl6.5l /l
PRINT 58çTONSTTTONS

5g FOPMA T ( / / / / ç38X r I PRI MARY ORE PROOUCfION | çFl?. I r t ToNS | ¡/ / s40xç
ÞTTOTAL ORE PR0DUCTI0N | çFL?.lr' T0NSr )
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: THIS SUtsh(JUTINE DETERMINES THE ANNUAL INTEREST PAYMENTS ANO ANNUAL

C ar'lOUNT TO BE PA iD ON f HE PRINCIPAL.

SUBROUT I NE DEBT
REALilb SIDETREPI INTRST (50) ICAPUB (50) IPRIN(50)
JNTEGER CrD'UrV
COMMON /84/ T.¡'¡TRSTçPRINIS/8I T/CAPUB/A9/IY /BO/C¡D¡N

c
C DETEPYII.JE ThE REP4YMENT PERIOD.
c

u=N-IY-c+1
JF (U.GE.20 ) V=20
IF ( U .68 . } 5. AND. U. LT.2O I V=I 5
JF (U.GE.IO.AND.U.LT. I5) V=I O

IF(U.LT.l0)V=U
I=C

c
C DETERMINE TFE ANNUAL EOUAL PAYMENTS TO PROVIDE FOR THE

C INTEREST AND PRINCIPAL"
c

0ETREP=CAPUB ( I-l ) + (Sn ( I .00+S) ++V+ì .0-15 ) / l (L.D0+S) nÐV-I.00*l.D-I5)
¡_Ç+V_l

c
C SEPARATE THE INTEREST AND PRINCIPAL ANO PLACE THEM IN ARRAYS

C FOIì USE II\ THE INCOME TAX SUBROUTINE.
c

DO 02 I=CrL
JÀ¡TRSJ ( I ) =S+CAPU8 ( I-I )

PRI\ ( I ) =0ETREP-I\TRST ( I )

O? CAPUts ( I ) =CAoUB ( I-1) -PRIN ( I)
LL=L + I
DO 03 I=LLrN
J¡l TPST(i)=0.00
pÞJN{l)=0.D0

03 CAPUE(I)=0.D0
RETUK¡J
END
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: THIS SUBF{OUTINE CALCULATES THE PRESENT VALUE OF THE SEVEN REVENUE FLOHS'

:
SUBROUfINE PRVAL
REALIlLì cA.FLo ( 8 r 5O ) I PV ( 8 ) I DEXP r T I FY r AI I OFLOAT T S T U ¡Z/ L .O-L5/
I¡iTEGER C'0
COMI'ION /ts3/FY /87lCASFLOTPVTS çUt lC/80/CrDçN
D0 20 K=lrIC
PV(K)=0.00

c
C USE THE SUPPLY PRICE OF CAPITAL AS A DISCOUNT RATE'
c

T=S
c
C WHERE Appr{OpRIATE USE THE SOCIAL OPPORTUNITY COST AS A DISCoUNT RATE.

c
IF (K. E0.3.0R.K.6E.5) T=U
DO I0 I=IrN
AI=DFLOAT(I)
IF(I.LT.N)GO TO IO

c
ð l^l r¡rr FINAL YEAR DISCOUNT oNLY FOR THE TIME PROoUCTION oCCURS'

c
AI=DFLOAT (N-l ) +FY

l0 pv (K)=Pv (K) *c,ÂsFLo(KrI)r(DEXP(T)-I .D0+z'' / fiþ}EXP(TnAI)iZ)
?O CONT INUE

FETUI¿lr
END
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, TH i S SUEHUUT I ¡,¡E CALCULATES I{AN I TOÊA ROYALTY ASSESSMENTS AS OF I969.
;

SU8'IOIJTINE ROYALT
REÂL+8 FI ' SUMIPROFIf (50) ICMPROC (50) TRISIDEPREC (50} IPROF3I

ðGROPFi0 ( :0 ) r DEÞC ÂL r M INALO r MAXALO r MI NPR0 ( 50 ) r T0TUB ( 50 ) I PR0F I I PR0F2 I
äTOTI¡lv (50 ) çROYZ (50 ) r R0Y3 (50 ) r PALLOW (50 ) r ROYPRO (50 ) r TOTROY (50 ) r
+¡¡p¡0x (2r50) rPFEÞR0 (?ç50 ) TMININV (2r50) rPROlNV (2r50) TSOCINV (2r50) I
{,TAX (¡(j) ICAPTÂX (50) IHO¡ìCAP(50) IROYI (50)

JIJTEGLR CçDç IC
coMvON GRoPRO'I¡ININV IPROINVTEXPLORI SOCINVIPREPROITOTROYTTAXT

{'CAPT AÃ r *ORCAP / B¿ /S ç RI / tsO / C ¡ D t N/ 89 / IY / / IO
5¡rr.,,t=0.00
D0 9000 I=lrD
tJEpFEc(I)=0.00
PALL0ir(I)=0.00
RoYP'-(0(I)=0.D0
TOTROY(I)=0.00
PROFIT(I)=0.00
MINPH0(I)=0.D0
T0T I Nv ( I ) =0 .00
T0TUts(I)=0.D0
RoYl(I)=0.00
R0Y2(I)=0.00
ROY3(I)=0.00

c
C DETERMINE THE TOTAL INVESTMENT IN THE PROJECT.
c
9000 suM=suM+EXpLoR ( I I I) +PREPRo(l rI) +MININV (l I I) +PR0iNV (I I I) r

'rSgC I 
frv ( l r I )

c
C DETERMINE TF¡E TOTAI- PROCESSING INVESTI.IENT.
c

I=I
CT.IPPOC ( I ) =PROINV ( I r I )

DO 90ûl l=2çD
9001 cMpP0c ( I ) =cMPRoc ( I-l ) +PROINV (l I I)

Ic=D+3
c
C DETERMIÀE THE DEPEECIATION RATE TO USE.
c

ID=IT-U-IY
R=l.Du,/DFLOAT ( ID)
JF (F.LÏ. 0.ID0) R=0. ID0
IF (e.bï. 0.3D0 ) R=0'3D0
R=0. I U0
P¡¡ t5u0 I=CrÀJ

c
C DEDUCT ONbOiNG EXPLORATION IF ANY.
c

PR0FIT ( I) =Gn0pR0( I)-EXPL0R (?¡Il
IF (PHUFIT ( I ) .LT.0.D0 ) PROFIT ( I) =0.09

c
C RECORD THE ÄI.1OUNT AND KINO OF ANY ONGOING INVESTMENT.
c

TOT I r\v ( I ) =M I N I t{V ( 2 r I ) +PROI NV ( 2 ç I ) +SOCI NV ( 2 r I )

IF ( I.T.O.C) TOT JI.JV ( I ) =TOTINV ( I ) +SUM

ToTtr3(I)=TOTINV(I)
çuPiì0C ( I ) =CuPROC ( I-l ¡ +PR0¡NV (2r i )

DEPREC(I)=0.00
c
C OEDUCT DEPRECIATION FROU E¡CN YEARS UNDEPRECIATED EALANCE.
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: THE METHOD IS STRÂIGHT LINE.

DO 9002 J=Cr I
IF(T0TUB(J).LE.0.Do)GO TO 9002
DEPCAL=;¿TOT INV (J)
IF( (D¿PFìEC(I)+DEPCAL).LE.PROFIT(I) ) G0 T0 9004
DEPCaL=PR0FIT ( I ) -DEPREC ( I )

)004 IF(CEPCaL.GT.TOfUB(J) )0EoCAL=T0TUB(J)
DEPHEC ( I ) =DfPeEC ( I ) +0EPCAL
TCTUú ( J ) =TOTUB ( J) -DEPCAL
IF(DEPREC(I).GE.PROFIT(T) )GO TO 9OOó

9OO2 CONT INUE
U

c DETERMINE TF'E PROFIT AFTER DEDUCTING THE DEPRECIATION ALLOi{ANCE.
c
9006 MINPk0 ( I ) =PROFIT ( I ) -DEPREC ( I )

c
C DETERMINE fFE PROCESSING ALLOHANCE.
c

PALL0'r ( I ) =0. 08D0rlcMPRoc ( I t
MJNAL0=0.1500rrMlNPRO ( I )

MÂXALI,=O.65DO+MINPRO ( I )

¡¡ 1PaLL0e, (I ) .GT.t'lAXAL0) PALL0!l ( I ) =MAXALO
IF (pALLCvr ( I ) .LT.MINALO) pALL0hJ ( I ) =MINAL0

c
C DETERMII'\T. TNE MINING PROFIT.
c

ROYPHU ( I ) =MINPRO ( i ) -PALLOlr ( I )

c
C DIVIDE TñL ¡'INING PROFIT INTO THREE AHOUNTS FOR PURPOSES OF THE

C ROYALTY CÀLCULATION.
c

PROFI=0.00
PROF2=0 . D0
PR0F3=0 . {)0
JF TROYPHO(I).LE.l.0D+06)GO T0 9007
JF (¡luYPÊo(I) .GT.I.0D+06.AND.ROYPRO(I).LE.5.00+06)G0 T0 9008
Pe0F3=R0YPRO ( I ) -5.0D+06

9008 PROF2=ROYPRO(I)-1.0D+06-PR0F3
9OO7 PROF i=RCYPRO(f )-PROF2.PROF3
c
C IF THF- TI-II.{EE YFAR PERIOD OF REDUCED ROYALTY RATES IS PAST

C CALCULATE THE ROYALTY AT FULL RATES.
c

IF ( 1.uT. IC) G0 TO 9009
FOYi ( I ) =PFrOFl+0.03000
ROYZ ( I ) =PROF2+0.04500
RoY3 ( t ) =PROF3+0.05500
GO TO 9010

I ) =PR0Fln0.060D0
I ) =PRClF2+0.09000
I ) =PROF3'tt0.I l0D0

c
C TI.]I-: TOTAL ROYALTY IS THE SUÞT OF THE ROYÀLT IES DETERMINED AT THE

c ÍHREE RaTES.
t-
90I0 TOTROY ( I)=RoYl (I) +ROYz ¡¡¡ +R0Y3(I)
9500 C0NT lr'¡uE

RE TU R I,¡

a
C PRiNT THE DETAILS OF THE ROYALTY CALCULATION FOR THE OPTIMUM PROJECT'

c

9009 ROYI
ROY2
POY3
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ENTRY PÊNROY
pRIt\T90.j0

) 0 3 o F o R u A T ¡ I ¡ r r 5 I X I I R O Y A L T Y C A L C U L A T I O N ( I 9 6 9 ¡ t ¡ / t | + | r 5 I X ¡ 26 ( t -t I s / ¡

þ t -. rex r r pROFIT I r I 0Xr I ANNUALf r SXr t PPOCESS ING t ¡7Xt TROYALTY I r 08Xr
11 

' 
POYALTY I r I I X T I ROYALTYI T 9X. T I ROYALTY T T O9XT ¡ TOT ALI ¡ / I

+6ts TTFTER EXPLOR. ç4Xs t0EPRECIATIONT r6Xt TALLOWANCET r08Xr fPROFITT r
+gXr. (LOh RÂTE) r rBXr I (FED RATE) | r6Xr I (HI PATE) | ¡7Áç TROYALTYt ¡//l

pRINrTe03I r ( t rÞRôFIT ( I ) TDEPREC ( I ) TPALLOW ( I ) rROYPRO ( I ) rROYI ( I ) I
+ROY¿ ( I ) .ROY3 ( I ) TTOTROY ( I) r I=1 rNl

9031 FoRMAT ( ( IXr T?çlXriiFl.6.5'/. /l
PR i\T9032

gc3? FoRvAT ( r I I I / / ¡34Xr rYEÂRLYr róXr I CUMULATiVF I r I lXr I ANNUALf r l0xr
+IPtITAL I I / ¡3IXI I TOTAL INVEST'¡?XI IPROCESS INVESTIT5XT
+rgfPÈt-CIATION t 1/Xs TUNDEPREC EALANCEt c//l

pR Jr\T9033 r ( I rTOT INV ( I )' CI\4PROC ( J ) r OEPFEC ( I ) r TOTUts ( I ) I I=l rN)

9033 FORvAI ( ( IXr 12r 25X¡4FL6.51 /')
RE TU RN

END



60.

c
c

c

L
c

; THIS SUBROUTINE CÂLCULATES TOTAL INCOME TAX ASSESSHENTS AS OF I969'

SUEIìOUTINE INCTAX
REALrls cROFRO (50 ) r INTRST (50 ) TTOFCAP (50 ) TCAPUA (50 ) TB0RCAP (50 ) I

.'+EXpLOR (Z¡50) rpREPR0 (2r50 ) ri'IININV (2r50 ) TPROINV (2r50) TSOCINV (2r50) r
rf.tprtgF rS r FIXUB (50 ) r TAPROF (50 ) rTAX (50 ) rPRIN (50 ) TSMTSCTPREUB (50 ) r
çDERII'¡CiCÂ (50 ) r 

^DrAE 
r SVI DEPLAL (50 ) IFIXINV (50 ) I PROFI 

'CAPTAX 
(50 ) ITLI

.'t\ âBS r pREAr_O ( 50 ) r TAXCAR ( 50 ) r INFLÊ 2 ( 50 ) r TGPoPR ( 50 ) r ÀMPRoF ( 50 ) I TK r
+f I XCAp ( 50 ) TpRECAP ( 50 ) rT0fR0Y ( 50 ) r CMXPLR (50 ) TXPLCAP (50 ) TXPL0ED (50 )

IÀrTEoLR CrD
èOuv0¡¡ GROPRO,HININVTPROINVTEXPLORçSOCINVTPREPROTT0TROYTTAXT

t¡C ÀÞ T A x r w ORCAP /Al / INFL/.?/93 /'ÍL/?4 / I t'ITRST I PR I N r S

+/85/BC}RCA P I DER I S M r SC /89 / IY / BL T / C APVB / 80 / C ¡O I T'I// I Q

AD= I . uD0
AE= I . 000

1090 c0r.lT INUE
D0 il00 I=lrD
CAPTAX(I)=0.00
TAX(I)=O.DO
TAPROF (I)=0.00
PREAL0(I)=0.00
TGR0Pli(I)=0.00
XPLDEU(I)=0.00
DEPLAL(I)=0.00
NCCA (I)=0.00
P'RIN(I)=0.00
JNTRST(I)=0.00
TAXCAk(I)=0.D0
XMPR0F(I)=0.D0
FIXINV ) =vININV ( l' ¡ ) +PROiNV ( I' I ) +SOCINV (1 I I)

c_
cDETERMINETHEAI.ioUNToFBoRRot{EDcAPiTALFoREACHYEARoFTHE
C PREPRODUCTICN PERIOD.
c
i t 00 BoRCAP ( I ) = (FIXINV ( I ) +PREPRO( I r I ) +EXPLOR ( ] r I ) +þioRcaP ( I ) ) ëDER

I=I
c
C Af,D ¡¡TEREST TO THE CAPifAL BORR0HED'
c

CAPLIB ( I ) =BORCAP ( I ) rá 1 1.9Q+S)

TFE 1r,¡ftREST IS CAPITALIZED AND l{ILL LÂTER REDUCE THE TAXABLE iNCoME

wl-,EN a CAPITAL COST ALLOþiANCE IS CLAIMED'

FIXCAP ( I ) =FJXINV ( I ) +DERì+ ( I .00+S)
PRECAP ( I ) =PREPRO ( I T I ) IlDER'I1 ( I'DO+S)
XPLCAP ( I ) =EXPL0R ( I t i ) r+DERn ( 1.D0+S)

FoR PURPOSES OF THE CAPITAL COST ALLOäANCE THE ÁSSET P00L IS
INCREASED BY THE AMOUNT OF THE 1¡ffPfSTT

SET THE FINAL.YEAR OF THE TAX FREE PERIOD'

IC=D+3
AD=0 . U0
AE=0 . D0

FOR SMALL PROJECTS EXPLORATiON AND DEVELOPMENT IS RECOVERED

IMþlEDIATELY FROM OTHER INCOME. I IOt t{ILL EOUAL I I I IF THIS I5 THE CaSE.

iF(I0.E0.0)G0 To 1090

c
c
c
c

c
c
c
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FIXUB ( I ) =FIXINV ( I ) n ( l.D0+DERãS)
PREUts ( I ) =PREPR0 ( t r I ) Þ { l.D0+OER+S)

fFE NET COST TO THE FIRM FOR ANY CATEGORY OF ASSËT IS
THE GROSS COST LESS THE TAX SAVING AT THE TIME OF INVESTMENT.

PREPR0 l?tÍl =PREPRO l?¡f ) -PREUB ( I ) rlAD'n0.5ID0

RFDUcE TI-tL UNDEPREC I ATED BALANCE tsY THE AMOUNT OF THE CAP ITAL COST

ALLOIdAI'¡CE CLAIM.

PREUB ( I ) =PFEUB ( I ) n ( I.00-AD)
C¡¡XPLH ( I ) =EXPL,OR ( I I I } Þ ( ] .DO+DERTTS )

EXPLOH (?r I ) =EXPL0R (2r I) -CMXPLR ( I ) nAEÞ0'51D0
CMXPLH ( I ) =C¡¡XPLR ( I ) r' ( Ì.00-AE)
0O 1000 I=2rD

:
C THE TôTAL EoRROr,{ED CAPITAL IS THE AMOUNT OliING FROM THE PREVIOUS YEAR

c PLUS THE AI.¡oUNT BoFRoÍED TFTIS YEAIT PLUS THE CURRENT INTEFEST ON THE TOTAL.

c
CAPUB (I)=(BORCÂP I) +CAPUB (I-I) )Õ(I.00+S)

) ÞDER+ ( I .00+S) .FIXCÂP ( I-l ) + ( l.D0+S)
r I ) öDERö ( I .Drl+S) +PREcAP ( I-l ) ö ( I.00+s)
r I) ÈDERÕ(1.00+s) +xPLcAP (I-l ) ö (1.00+5)

FIXCAP(I)=FIXïfJV(

c
cTHEUÀJoEPHEcIATEDBALA¡IcEISTHESUM0FcURRENTINVESTMENTPLUS
c JNTEREST ON THE AMOUNT BOFRO}iED PLUS INTEREST ON THE CAPITAL PREVIOUSLY

C BOfIPOìJED PLUS THE PREVIOUS UNDEPRECIATED BALANCE.
c

FIXUB (I)=FIxINV(I).'r(1.00+DER+5¡ +FIxcAP(I-l)ns+FIXUB (I-l)
pREUE ( I ) =pREPR0 ( I r I ) ð ( I.D0.0ERns¡ +PRECAP ( I-l ) rlS+PREUB ( I-l )

c
C fHE NET COST IS REDUCED 8Y THE TAX SAVING.
c

pp¿PRU l?¡ll =PREPRO (?tIl -PREUB ( I ) nAD110.51D0

PIìEUÈ. ( I ) =PRFUB ( I ) +( l.D0-AD)
CMXPLK ( I ) =FXPLOR ( I I I ) Þ ( I.OO+DER.''S) +XPLCNP ( I.1) ITS+CMXPLR ( i-I )

EXpLUH (2¡Il =EXPL0R (2r I ) -CMXPLR ( I ) ã'AE+t0'5100

I0OO CMXPLH(I)=CvXPLR(I)'+(l.D0-AE)
c
C DETERMJNJE THE ANNUAL INTEREST PAY14ENTS AND THE AI'IOUNT TO BE PAID

C ON THE pRiNCIpAL.
c

CALL DEET
L
õ t¡l rtrr F IN¡AL yEaR OF pRODUCTION THIS t{ILL 8E A FRACTI0N THAT

c HILL LIì{IT THE aMOUNI 0F THE oEPRECIATI0N CLAIM.
c

TK=l.L)0
D0 l0{Jt I=CrN
IF ( I.E.O.N) TK=TL
cAPTAX(I)=0.00
NCCA(I)=0.D0
XPL0ED(I)=0.00
DEPLAL(I)=0.00
TAXCAi((I)=0.00
X¡¡PR0F (I)=0.00
PREALO(I)=0.00

c
è O¡lool¡lo INVESTMENT IS THE SUM OF THE INVESTMENT IN HININGT
C PROCESSINGI AND SERVICE ASSETS.

PRECAP(I)=PREPR0(
XPLCAP(i)=EXPL0R(
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FIXINV ( I ) =MININV (?çll +PROINV (?r I ) +SoCINV (2r I )

FiXUB ( I ) =FIxUB ( I-l ) +FIXINV ( I )

PREUts ( I ) =PREUB ( I-l ) +PREPRO (?¡l)
CMXPLI-( ( I ) =CVXPLR ( i-I ) +EXPLOR (2r I )

TGR0PH(I)=GP0PRO(I)
IF ( I.NE.N) GO T0 1060

:

: IN THí FIf\AL YEAR OF PRODUCTION ASSET SALVAGE VALUE CAN REDUCE THE

; U¡,OTPOECIATED BALAÑCE OF THE. FIXED INVESTMENT. ANY REMAiNING VALUE

: IS ADDED IO ¡¡.¡6QI.IE.

5y=SM+SC
IF ( SV-r IXt-t¡¡ I I ) ) I 0bI I I 061 I I 062

lO6l FIXUti(N)=FIXUB(N)-SV
GO TO 1060

I0É,2 SV=SV-FIXUB (N)
FIXU6(N)=0.fto
TGR0PR (lv) =TGROPR (N) +SV

I 060 coNT I NUE

PROFI=TGROPR(I)
IF (TGKOPR ( I ) .LT.().DO ) TGROPR ( I ) =O.DO

c
ó T¡.,coNe IS REDUCED BY INTEREST AND ROYALTY PAYMENTS.IF IT IS NEGATIVE

C iT IS CAÍìHIED FORWARD AS A TAXABLE LOSS.
a

PROFI=PIìOF1 -INTPST ( I ) -TOTROY ( I )

c
ð TT J¡IçOME IS NEGATIVE OP THE TAX EXEMPT PERIOD IS STILL IN EFFECT

C DO NOT CLAIV ANY CAPITAL COST ALLOHANCE.
c

IF (PROFI.LE.O.DO.OR.I.LE.IC)GO TO IOO2

c
ð tr.¡cour IS REoucED BY THE FSLL AM9UNT oF EXPL6RATIoN cgsTS.
c

IF(PHOFI.GT.CMXPLR(I) )GO TO II26
XPLDÊD(I)=PROFI
CMXPLx ( I ) =C^aXPLR ( I ) -XPLDED ( I )

PRoFi=0.00
G0 T0 t00Z

II26 xPL.DED ( I )=CMXPLfT( I)
CvXPLR(I)=0.00
PROF I=P¡ìOF I -XPLDED ( I )

c
ð lr.rco¡,te IS REDUCED By THE FULL AMOUNT OF PREPRODUCTI0N DEVEL0PMENT C0STS.

c
JF(PROFI.GT.PREUB( I) ) GO TO LL?,7

. PREALU(i)=PR0Fl
PREUB ( I ) =PREUB ( I ) -PREAL0( I )

PROFI=O.DO
G0 T0 I00e

Il?7 PREAL0 ( I ) =PREUB ( 1 )

PREUts(I)=0.D0
PROF I =PROFT -PREALO ( I )

c
C FIXED INVE.STMENT IS RECOVERED AT THIRTY PERCENT OF THE

C UNDEPRECIATED BALAI'ICE.
c

NCcA ( I ) =0.3D0.ÞFixuB ( I ) r+TK

IF(PI'(OFT.GT.NCCA(I) )GO TO II25
NCCA(I)=PROFI
FIXUB ( I ) =FIXUB ( I ) -NCCA ( I )
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PR0F I =0 .00
GO TO 1002

125 PPOFI=P'ìOF l-NCCA ( I )

F J xtJ¡ ( I ) =F I xUB ( I -l ) -I'ICCA ( I )

DFPLAL¡¡)=PR0Fl/3.00
PROF i=PHOFI-OEPLAL ( I )

002 TAPROI'(l)=Pe0Fl

A TAXA,BLE LOSS CAN BE CARRIED BÀCK ONE YEAR INCOME PER¡IITTING'

IF(TAPRoF(I).GE.o.D0.oR.TAPRoF(I.l).LE.0.00)G0T01012
TTPROË-=f APR0F ( I ) +TAPROF ( I-l )

IF(TTFROF.LE.0.O0)Go T0 l0t3
TAPR0F (I-I)=TTPR0F
TÄPROF (I)=O.D(j
JF(TTPRCF.Gf .35000.D0)G0 T0 1300
TAX ( I-I ) =0.2?D0ltTAPR0F ( I-I )

GO TO l0lu
I3O0 TTPP0F=TTPRoF-35000.00

TaX ( I -I ) =0.2200Ð35000.00 +0'5100+TTPR0F
GO T0 I0I2

1013 TAX(I-1)=0.D0
TAPR0F (I-l)=0.00
TAPR0F(I)=TTPR0F

10lz cor\TINUE
IF (TAPROF(I) .LT.O.DO.OR.I.LE.IC)GO TO IOI5
PPoF}=TAPROF(I}

c
cL.ossESFot{THEPREVioUSFIvEYEARScANEEcARRIEDFoRI¡ARDT0
C REDUCE TA^AËLE INCOME.
L

L=I-6
IF (L.LT.O)L=O

l??g [=[ + ]
IF (L.6E.I)GO T0 1226
IF (TAÁCAR(L) .GE.O.DO}GO TO 1229
iT tPHCTI.LT.DAES (TAXCAR (L) ) ) GO TO 123I
ppOF I =PROF I +TAXCAR (L)
lÂXCAri(L)=0.00
GO T0 L¿29

I23I TÂXCAR (L) =TAXCAR (L) +PFOFl
PROFI=0.00

l??6 TAPROF (I)=PR0Fl
c
C THE FEDERAL TAX RATE ON INCOME UP TO THIRTY-FIVE THOUSAND DOLLARS

C IS ELEVEN PERCENT.
c

IF (TAPRCF(I) .GT.35000.00)G0 T0 l0l4
TAX ( I ) =Ù.2?DO+TAPROF ( I)
GO fo 1001

ioI4 TAx ( I I =0.ã200*35000.D0+0,5ID0+(TAPRoF(I) -35000.D0)
GC T0 1001

1015 TÂX(I)=0.00
IF (TAPRCF (I).LT.O.DO)GO TO 13OI
XT.PRIJF ( I ) =TAPROF ( I )

laPR0F(I)=0.00
GO T0 l00l

c
C A TAXABLE LOSS IS CARRIED FORI{ARD'
L
1301 TAXcAñ ( I ) =TAPROF ( I)
IOOI CONTINUE
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RETURN

PRINT DETAILS OF THE TAX CALCULATION FOR THE OPTIMUM PROJECT'

ENfRY PRNTAX
PRINT}024

OZ4 FoayAT ( rl r r53Xr r INCOI4E TAX CALCULATION 1969t s/¡t +r r53Xç?7 lt-t I ¡/¡
Ir r - r .I cX r r CjROSS t ç / t 14¡ r I epf RAT ING I r 08X r t PPOV I¡¡CIAL I rSXr t JNTEREST r t
+6X r I EÀPL0RAT IOl.l r r 3X r I PREPRODUCT I ON I t5X r I CAP ITAL C0ST I r 5X I
lrIDEPLLTIONI ¡/çISXT IPROFITI 

'IIX' 
IROYALTYT T6XI ILONG TERM IE8TIT

¿r05X, TUEDUCTION. i5¡' rQf VELOPMENTf rTXr TALLOI.JANCET rTXt rALL0¡ANCEt ¡//l
pR INT L 0?5 ¡ ( i r TGROpR ( I ) rToTRoy ( i ) r INTRST ( I ) r xPLDED ( I ) r PREAL0 ( I ) r

{.ttCCA ( I ) TDEPLAL ( I ) r I=l rN)
r025 FORFAf ( (lXr I?ç8xç7 (Fl6.5l l/l

pRJt\T1026
1.0?6 FoRvAT I r 1 r 1 / / t 13Xr I TAX EXEMPT T r08X¡ TTAXABLE I r I lXr t INCoME | ç7X¡

+ I CUvULA T I VF | ¡ 4X t'UNDEP-EALANCE I r 3Xr r UNDEP-BALANCE t r5Xr
o rlJtrlôMORT i TEDt t / çl1(,r rPROF¡T t r I0Xr
ìr r pR0F iT I r I-jXr r TaX r r 09X r I EXPLORATIONT ¡lXr t PREPRO-DEVEL0PT r3Xr
Õr¡ioRl,lAL CCÂ | r I 0Xr t DEBT t ¡ / /l

pp INT I 027 I ( I r Xr'tpROF ( I ) r f APROF ( I ) rTAX ( I ) TCMXPLR ( I ) TPREUE ( I ) r
ëFJXUB ( I ) TCAPUB ( I ) r I=l rN)

L0?7 FORVAT ( (l X r 12¡07Xç7F16.5' /')
RE TUHN
El'lD
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THIS SUBR(JUTINE CALCULATES MANITOBA ROYALTY ASSESSMENTS AS OF L977'

Ir aDJusrs rHE ¡Ñ*ÜÀr--oEPPEcIATIoT'J RATEs so As ro MINIMIZE THE

pne ST^, T VALUE OF THE AÀJNUAL ROYALTY PAYMENTS.

suBÈouTINE ROYALT 
50 ) TsTDEPREC (50 ) TDEXPTDT

REAL+ö ¡¡SINV(50) r CMPROC(50) TPROFIT(50) rR(l
ÞGROPRO ( 5O ) I TPROF I TPROBA I TBASRO' T INCRO' OLDROY T SUMROY I CAPTAX (50 ) IT I
+DI,SrìoY (50) rßaSROY(50) rir'ICROY(50) r?AL!0I150) 'ROYPRO(50) 

rT0TROY(50) r

+pRoBÂs ( 50 ) I ToT I\V ( 50 ) I TOTLIS (50 ) I MINUB (50 ) I TAx (50 ) I NETPRoT RI r!{rUr
{.EXPLox lèç50) çPPEPRO(2r50) rt'IININV(2r50) rPpOIÀlv(2r50) rsoclNv(2r50) I

+¡¡6RCA P ( 5 0 ), I NFLUB ( 50 ) I DFLOAT ¡RL / 0. tSDO / ¡ R?/ 0 .35O0 / ¡P A/ 0. 0800',/

INTECER CTHIFISETIZ
couvot,t GRoppo, ù i^¡ I Nv I pRO I NV I EXpL0R I Sgc I NV I pREPR9 I Tof R0Y I TAX r

+¡cA PTAX r woPCÂP / B?/ 5 ç R | / AQ / c ¡ H q N/89 / lY / / lO

IU|15Tf.lE|.¡INIt.lUMALLoi,ÂELE.DEPREcIATIoNRATETINc0MEPERMITTING.

u=0.1{J0-l.D-I5

THISJNTEbE'ìvIILLREMAINSETTozERoUNTILTHERoYALTYMINII'{IZAfI0N
HAS BEE¡i LOI.¡PLETED.L

a
c
c
c

c
c
c
c

c
c
c
c

c
c
c

c
c
c
c

c
L
c
c

LET=0

THIS INTEbER hiILL BE
RATE IS TcSTED.

SET= 0

I M I IS TI-1L LAST YEAR TO 8E

M=N-Z

SET TO A VALUE OF ONE EACH TIME A NEI{ DEPRECIATION

INCLUDED IN THE MINIMTZATION PROCEDURE'

THENEXTFoURVARIABLESoETERMINETHENUMT]ERoFYEARSwHoSEDEPRECIATI0N
PATES WILL tìE IÀIC.UDED IN THE MINIMIZATION PROCESS.

IHI IS TFIE. LAST YEAR OF THE PREPRODUCTION PERIOD'

K=H

IZI IS TFIE NUMBER OF YEARS EXCLUDED FROM THE MINIMIZATION PROCESS

AT TFIE END OF TÃC PNOOUCTIVE LIFE OF THE PROJECT'

Z=3

IFIi5RANGEoFYEARSovERwHIcHTHERoYALTYRATEADJUSTMENTSIIILL
TAK E PLACL .

F=M-H

F0RSMALLPRoJEcTSADEPREcIATioNALLo!rANcEl/ILLBEcLAIHED
OURiNG ThT- PREPROOUCTION YEARS. THUS 'HI IS SET AT T¡{ENTY PERCENT.

ll=0 . D0

1¡ llQ.EQo
D0 e000 I
PALLOll ( I
pgypx0 ( I
TOTROY ( I
BASRÙY ( I

.DIsF0Y(i
It'.rcROY ( I

I ) i'J=0.200
=lrH
=0 . D0

=0.D0
=0.D0
=0 .00
=0 .00
=0.00
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PROFIT(I)=0.D0
R ( I ) =w

, DETEFMJI'¡E THE MINJNG AND SEVICE INVESTMENT FOR EACH YEAR'

MSINv ( I ) =MINiNv ( I r I ) +PREPRo ( I I I ) +EXPLOR ( t ¡ I ) +SocINV ( I I I )

, OETTO"INE THE TOTAL INVESTMENT FOR EACH YEAR'

,000 ToTINv(l)= vSINV(I)+PROINV(1rI)
I=l
PROBASl¡¡=Q.000
TOTUts(I)=TOTINV(I)

'TI IS THE TOTAL ROYALTIES FORGONE AT THE TIME OF INVESTMENT BECAUSE

A DEpr¡ECIATION ðl¡1" ða¡¡ ef l.tADE AGAINST OTHER INCOHE' ASSUME THE

¡VEÀNOC f.¿OYALTY RATE IS FIFTEEI'¡ PERCENT'

T=T0TtJ8(I){1¡lÞel

FOR EACH CATEGOÍJY OF CAPITAL ASSET THE NET COST TO THE FIRM IS
REDUCED tsY THE SAVING IN ROYALTIES'

ExPL0H (2çIl =EXPL0R (2r I
PREPF((J l2¡l) =PREPRO (2r I
MININv (?r I ) =ì'IINI¡'lV (2r I
PROINv (2qll -PROJNV (2r I

-T'+EXPLOR (

.T+PREPRO (

.TàMINI\¡V (

-T+PRO I NV (

-T+SOC I NV (

,/TOTINV(I
,/TOTINV ( I
,/TOTINV(I
,/T0TIl.JV ( I
,/TOTINV ( I

¡f
rI
rI
rI
çI

c
c
I
c

c
c
c

SOC INv (2 r I ) -S0CINV (?r I
DEPHÊC ( I ) =TOTUB ( I ) {1II

TOTUiJ ( I ) =I0TUB ( I ) -DEPREC ( I )

MINUÈ1 1¡= MSINV ( I) Þ(1.D0-W)

THE 1¡yfsrMENT BAsE Is rHE uNDEPREcIATED BALA¡lfe or MINING ANo

SERV I CE A>SETS.

INFLU.T ( I ) =MINUB ( I )

THE ORIGIÑAL COST OF THE PROCESSINC ASSETS IS RECORDED'

CMPR0C ( I ) =PR0INV ( I I I )

DO 9001 I=2rH
ToTUts (I ) = T0TUB( I-l) +T0TINV ( I)
T=TOTUB ( I
EXPL0x ( 2 r
ppf pl.{O (? r
MJNINV (2;
PROJNV (2t
5ç¡6tNv(Zr

ÞwrlR I
) =EXPL.0R l?ç Il-TÞEXPLOR ( I I I) /T0TINV (I)
i=PREPRO (2r I ) -Tr'PREPRO ( I ¡I) /TOf INV ( I )

)=MININV (er I)-T*MININV (1rI) /TOTINV(I)
) =PROINv (2r I)-T+PR0lNV ( t ¡ll /TOfINV (I)
) =S0CINV (2r I ) -T+S0CINV ( t ç Il /fOTINV ( I )

DEPPTC ( I ) =TOTUF ( I ) r1\{

TOTUtj ( I ) :TOTUB ( I ) -DEPREC ( I )

FINUB( I)=(MiNUg(I-l ) + MsINV (I) )*(l'00-id)

3,,. INVESTMENT BASE IS INCFEASED BECAUSE OF INFLATION AND NE*., INVESTMENT.

ð rr-iõ oecHeasED'cHEN DEPREcIATI0N IS cLAIIqED'
c

INFLUB(I)=(INFLUB(i.I)11(I.00+RI)+MSINv(I})ìt(1.00-H)
Cl,!PROC ( I ) =Cl¡PROC ( I-I ) +PR0INV ( I I I)

c
cTFEPRoFITBASEIsEIGHTEENPERCENToFTHEINVESTMENTBASEFoR
C THE PREVIOUS YEAR.
c
õool pRoBAs(I)=0.1800ÞINFLUB(I-I)
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FOR
AT
IN

PRoJEcTst{JTHÂSHoRTLIFEITISPossIBLEToDEPRECIATETHEASSETS
A RATE IN EXCESS OF T\IENTY PERCENT' ONLY TI{ENfY PERCENT IS USED

TH I S STUDY.

I S=N-H- I Y
1=2.Du/OFLOAT ( IS)
lF ( T.LT.0.200) T=0.200
Il (T.GT. 0.6D0 ) T=0.600
T-0.eu0

¡¡¡ TTIE DEPRECIATION FATES AT THE HAXIMUM VALUE.

DO 9002 I=CrN
R ( I ) =T

IS THr. AMOUNT BY TdHICH THE OEPRECIATION PATES IJILL BE CHANOED

ING ThL. OPTI¡IIZING PRODEDURE'

g=9.0 I 000
OLDR0Y=I.0D+12

ROYALlY MINIMIZING PROCEDURE BEGINS HERE'

COÀIf I NUE

SUÊ4ROY=O . DO

DO 90U5 I=CrN

SET

002

rDl
DUR

: THË

t003

c

c
c
c

DEDUCT CURRENT EXPLORATION COSTS 
'*O' 

1¡ÇOMEO

PROF I T ( I ) =GROPRO ( I ) -EXPL0R 12¡ 1)

IF (PRoFlT ( I ) .LI.0.00 ) PROFIT ( I ) =0.D9
t4SINV ( I ) =MIÀ¡INV (?çll +SOCINV (2r I)
TOTINv (l )= vSINV (I) +PROINV(2rf )

TOTUB ( I ) =TOIUB ( I-l ) +I0TINV ( I)
MIr.lub ( I ) =MIñlUB ( t-1 ¡ +vSINV ( I )

I¡tFLub ( I ) =I¡t'1-tltì ( l-i ) + ( I.D0+RI) +l'lsINV ( I)
CMPROC I 1 ) =ÇuPROC ( I-l ) +PROINV l?çIl

TJJTHJNTFILLASTTHREYEARsoFPRoDUCTIoNUSETHEMAxIMUMDEPRECIATI0NRATE.

IF(I.þT.M)R(I}=T
DEPFEC ( I ) =R ( I ) I'T0TUB( I)
IF (DEPREC ( J ) -PRoFIT ( I ) ) 9006r904I r9041

9041 DEPtìEc ( I) =PR0FIT ( I)
p ¡ t ) =L'EPREC ( I )./ToTUB ( I )

9OO6 ruETPRO=PROFIT(I).DEPREC(I)
c
C CALCULATE TI.IE PROCESSING ALLOIIANCE'
c

PALL0v; ( I ) =CI¡PROC ( I ) nPA

IF (pALL0,¡ (I) .LE.0.5OD0r+NETPR0)G0 T0 9007
PÂLLOÈ ( I ) =0.50D0'rÌ'lETPR0

90 07 ROYPR0 ( I ) =NETPRO-PALLOW 
( I )

PROBA5 ( I ) =0. lStJ0rlINFLUB ( I-l )

c
ð cvEnv THiäD YEAR THE RoYALTIES FoR THE THREE

c
IF( (I-H)/3ll3.1.18. (I-H) )G0 T0 9009
ipncr=RovpFo ( I ) +R0YPRo ( I-I ) +R0YPR0 (f-?l
TPROÚN=PgOBAS ( I ) +PROBAS ( I.i ) +PROBAS II-?I
IF(TPROF.6f.TÞR0BA)G0 T0 90I0

YEAR PERIOD ARE AVERA6ED'
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TF AS,{0=R l ÞTPROF
TINCR0=0.D0
GO l0 90iI

9OIlJ TFASXT=R]+TPROEA
T J ÀtCRO=iì2ö ( TPROF-TPR0BA )

901 I BASROY ( I ) =TBASRO-EASROY (I-I)-BASR0Y(i-2)
It¡CROY ( I ) =TINCRO-INCROY ( I-1 ) -INCROY ll-?,
G0 TO 9012

9O O9 CONT I NUE
c
C CALCULATE THE BASE AND INCREMENTAL ROYALTIES.
c

IF(ROYPHO(I) .Gf.PROBAS (I) )GO TO 9OI3
BASFìOY ( I) =RIt.ROYPRO ( I }

JNCRoY(I)=0.00
G0 TO 90i2

9013 BAScr)Y ( I ) =Rl'IPROBAS ( I )

J¡¡CR0Y ( I ) =R2{ ( R0YPRO ( I ) -PROBAS ( I ) )

9012 T0TRoY ( I ) =BASROY ( I ) +I|'JCROY ( I)
c
C DISCOI,'NT THE TOTAL IìOYALTY TO THE EEGINNING OF THE FIRST YEAR.
L

DISROY ( I ) =TOTR0Y ( I ) n (t)EXP (S) -l.000+I .D-l5) / (Sll9EXP (SnI ) + I .O-15)
c
C eEDUCE TI-iL INVESTMENT BASET THE MiNE ÁND SERVICE UNDEPRECIATED BALANCET
C ô,¡JD THE TOTAL U¡.'DEPRECIAIEO I]ALAI'ICE BY THE DEPRECIATION CLAJMED.

Jt{FLUb ( I ) =IÀIFLUB ( I } n ( l.D0-R( I ) )
HINUIT ( I ) =MIl',UR ( I ) i' ( l.D0-R ( I) )

TOTUB ( J ) =T0rUB ( I ) -DEPREC ( I)
c
C ATJD THE CURRENT DISCOUNTED ROYALTY TO THE TOTAL TO DATE.
c

SIJMROY=SUMROY+DISROY ( I )

9005 c0NtT INUE
c
C IF THE PRUJECT PRODUCTIVE LIFE IS TOO SHORTT OR THE DISCOUNTED ROYALTJES
C APE NEGATIVETOR THE MINIHIZATION PROCEDURE IS COMPLETED GO TO THE
C END OF TFIE. PROGRAII.
c

IF( (N'H) .LE.Z.0R.SUMR0Y.LE.0.D0.0RrLET.NE.0)60 T0 9004
c
C IF THE CUHRENT SIMULATION DOES NOT RESULT IN A REDUCED TOTAL ROYALTY
C DO \¡OT HLCORD IT. fF IT DOESI RECORD THE AMOUNT ANO SET THE STEP COUNTER
c ïo zERo.
U

IF (OLUROY.LE.SUMROY) GO TO 9018
OLDFOY =SUHROY
L=0

c
C PAOCEED TO HHERE THE DEPRECIATION RATE FOR THE FOLLOI{ING YEAR CAN
C BE REOUCEIJ t¡Y ONE PERCENT.
c

60 TO 9019
9018 coNTiNUE
c
C iF THE DEPRECTATION RATE FOR TI-JE CURRENT YEAR HAO BEEN REDUCED BY OI'IE
C PERCENT RÈTURN iT TO ITIS PREVIOUS VALUE. OTHER9JISE MOVE ON TO THE NEXT YEAR.
c

IF (SEÏ.NE.1 ) GO TO 9OI9
R(K)=R(K)+¡

90I9 K=K+l
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L=L*I

THIS INTEGER þ/ILL REMAIN AT ZERO UNTIL THE DEPRECIATION RATE FOR

TFIE CURREi\T YEAR I S REDUCEO 8Y ONE PERCENT '
SET=O

IF ÀLL ThL DEPRECIATION FATES OVER THE RELEVÂNT RANGE OF YEARS

HÂVE trCT irEEN TESTED ITITHOUT AT LEAST ol'lE SIMULATION kESULTING IN A

PEDUCTiON IN TOTAL POYALTIES PROCEED TO THE FOLLOIIING YEÂR'

lÈ ¡r_l yLARS HAVE BEEt'l TESTED AND No FUTHER REDUCTION IN T0TAL

NOVAUTTTS IS POSSIBLE THE PROCEDURE IS COMPLETED'

IF (L.LE.F)GO TO 9O2O
LFT=I
GO T0 9003

r020 C0NT I I'iUE

IF THE NEIT POSSIELE DEPRECIATION RATE IS LESS THÁN THE I'IINIMUI'I PERMITTED

ANO THE LqST YEAR IN THE RELEVANT RANGE OF YEARS HAS NOT BEEN REACHED

PROCEFD TO THE NEXT YEAR.

IF( R(K)-D.GE.U.oR.K.GT.M)60 T0 9021
L=L'I
K=K'l
G0 IO 9020

9021 C0NTlivUE

C iF THE RELEVANf RANGE OF YEARS HAS

C DEPRECI¡TIOT'¡ RATE CAÀI 8E REDUCED'
C YEAR 6¡ PKODUCTION.
c

IF (K.LE.M)GO TO 9022
K=C

9022 C0NT I r'¡UE

c
cIFTHENE'lPoSsIBLE0EPREcIATIoNRATEExcEEDSTHEMINIMUMALL0ì'jED
C REDUCE THL EXISTING RATE BY ONE PERCENT'
c

IF (R (r') -D.LT.U) GO TO 9003
R(K)=ft(K)-0

c
ð rrts INTEoER IS SET TO A VALUE OF ONE TO INDICATE THAT A NEH

C VARIATION IS BEIN6 TRIED.
c

SET=I
c0 TO 9003

9004 C0NTIi'¡UE
RE T U Hi\¿

c
ç PRiNT THE DETAILED ROYALTY CALCULATION FOR THE OPTIMUH PROJECT¡

ENTRY PRNROY
PRINTgOSO

9030 FORHAT ( I I r ç$4Xr TROYALTY MINIMIZATIONT ç/ çt+r r54X¡20 lt-t | ¡/ ç

+I-r '9^' 
IPROFITI IIOXI IANNUALI r 8XI IPROCESSINGI ITXI 'ROYALTYI TO9XT

nrPRCFITr r 12Xr rBaSICr ç8Xr I INCREMENTALT rSXr rToTALt r'lr
ë6XrlAFTEREXPLoRrr4XlIDEPREcIATIoN'r6XrIALL0u]ANcErr0EXrtPRoFITtr
*8XrIBASE(lfl%)|rgXrlRoYALTYIr9,(r'RoYALTYTT0BX'lt¡QlAt-TY|ç//l

pR I¡.¡Te03 I r ( I r PR6FI T ( I ), Orpnec { I ) rPALL0I{ ( I ) TROYPRO ( I ) TPROEAS ( I ) r
ëBASROY ( I) rIÀJCROY (i) TTOTROY(I) rI=lrN)

903I FOPfqAT ( ( lXr I2r lXrS (F16.5) I /l

NOT BEEN EXCEEDED PROCEED TO WHERE THE

OTHERWISE BEGIN AGAIN AT THE FIRST
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PpINT903U
O32 FOpMAT ( | I | ç///ç9Xr TYEARLYf r7Xç TMINING ANDr r6Xr fCUMULAfIVET rllXr

r1 I ANNuAL | ¡ 07\r I ANÀ{uAL I r l0xr I T0TAL r r8X I t MIhiE AND sERv IcEr t3x t
ÞTINFLATEDt¡/s
¿rt I r6Ãr TGROSs INVESTf r?Xr TsERVICE INVESTT r3Xr fPR0CESS INVESTT r5Xr
¿lINEPHLC RÁTEI ç?Xç IDEPRECJôTION T gIXIIUNDEPREC BALANCEI T

'rrlX' tUl,¡0ÊPREC BAt.ANCET ¡ |Xr TUNDEPREC BALANCT ¡//l
pR J¡JT9033r ( I rfoTINV ( I ) r MSINV ( I ) TCHPROC ( I ) rR ( I ) tDEPREC ( I )'TOTUB ( I )

ÞrllINUb ( I ) r INTFLUû ( I ) I I=I rfl)
r033 FORMAT ( (1Xr JZrIXr3(Fl'ó.5) rFló.1?t4(FL6'5't' /l

pqlNT9034rS
)034 FORvAT t//¡llXrrl THE OPPORTUNITY CoST 0F CAPITAL IsrrFó '2tt%.t¡

RE 1U HN

EÀlD
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a

c
c
c

THISSUER(JUTINEcALcULATEST0TALINcoMETAXASSESSMENTSAS0FL9TT.

SUBROUT INE INCTAX
REALçu GROPRO ( 50 ) ç F iX INV (50 ) TfORCAP (50 ) I INFLAZ (50 ) I EORCAP (50 ) r

.noÀtGiNv ( 50 ),F I XUB ( 50 ) r PREUÍi (50 ) TDEPLUB (50 ) T CAPUE (50 ) T INTRST (50 ) r
+oNGu8 ( 5ù ) rR ôLLow ( 50 ) I TaPiìOF (50 ) rTAX (50 ) r ÞQ tÈ¡ ( 50 ) r sMrsc r sV r TLrTKç
ñDER't¡CC¡1 (SO t, ÀCCn ( 50 ) r DEPLAL (50 l TACC¡TOR (50 ) I PR0F I r EXP'r TTPR0FT Sr
+F : xcAp (50 ) r pREçÀP ( 50 ) r T0TR0Y (50 ) rcMlPLR ( 50 ) I IPLcAP (50 ) I xPLDE0 (50 ) I
.ÉExpLoR(Zr50) rpREpRO(?r50) 'MINIl*JV(2r50) 

rPRoTt'iv(2r5C) rSoCJI'lV(2t50) r

+DABSIPREALo(50).TAXcAR(50)IEoUITY{50)lcAPTAx(50)ITGR0PR(50)rA0rÂEr
+CR (50 ) I TCXTTCTCTTCXT ACTFTTRC

JNTEbER Crt)
coMMot.¡ 6ROPRo I M I N I NV r PRO I NV r EXPL0R I S0C I NV r PRÉPRo I T0TRoY ¡ TAXr

äCAPTAX;wORCAP /AI /INFLA?/83/ÎL/84/INTRSTTPRINTS
Þ / 85 / BORCA P I D E R r S Y I sc /89 / lY / gL I / C 

^Pu} 
/ B0 / C ttl I N/ / I Q

SET THE TAX CREDIT RATE.

RC=0.0500

THESEVARIAELESREcoRDTHEToTALTAXCREDITSANDTHEAÞioUNT
CLôJMED RLSPECTIVELY.

CT=0 ' 00
CX=0.00

T}.{ESE VARIAtsLES IiILL DETERMINE THE AMOUNT OF THE CAPITAL COST

ALI-OWAÀICES DURI\JG THE PREPRODUCTlON PHASE OF THE PROJECT'

THEVALULSASSI6NEDHEREAReFoRLARGEII.IDEPENDANTPRoJEcTS
HHÈRE THE I¡¡VESir¡È¡rT IS RECOVERED AFTER PRODUCTI0N BEGINS.

AD=0.lJ0
AE=0 "lJ0
AC= l, . U0

FOR SMALL PHOJECTS CAPITAL COSTS ARE PARTIALLY RECOVERED

FRoM oTliEk INCOME. r I0f l{ILL EoUAL I I I IF THIS IS TlíE CASE'

IF(I(J.E0.0)G0 To I090
AD=0 . JD0
AE= I . (lD0

AC=0.00
I O9O CONT I NUE

DETERMINE THE AMOUNT OF THE TAX CREDIT.

CR(I)=FIXINV(I)rlRC
CT=CT+CR(I)
cR(I)=ACr¡CR(I)

D0 Ii00 I=lçD
TÂX(i)=0.00
TÂPR()F(I)=O.DO
FÂLL0t{(I)=0.00
ONGiNV(I)=0.00
TGR0PH(I)=0.00
DEPLAL(I)=0.D0
0NGUB (I)=0.00
NCCA(I)=0.00
PRIN(I)=0.D0
iNTRST(I}=O.DO
F IXINV ( I ) =MININV ( i I I ) +PROINV ( I r I ) +SOCINV ( I I I )

L
c
L



72"

DEÍERMJNE fHE AMOUNT OF BORROI'JED CAPITAL FOR EACH YEAR OF THE

PPEPRODUCT ICN PERIOD.

I ()O BORCAP ( I ) = (F IXINV ( I ) +PREPRO ( I I I ) +EXPLOR ( I I I ) +brORCAP ( I ) ) +OER

I=l

ADD INTERÊST TO THE CAPITAL BORROIED.

CAPUts ( I ) =EORCAP( I) I1 ( I.DO+S)

THE ¡¡ffREST IS cAPITALIzED AND IiILL LATER REDUCE THE TAXABLE INCOME

CHEN A CAPITAL COST ALLO*AI'¡CE IS CLAIMED'

FIXCAP ( I ) =FIXINV ( I ) ÞDEP{' ( 1.00+S)
PRECAP ( I ) =PPEpR0 ( I I I )+DERrr ( l.D0+S)
XPLCAP ( I ) =EXPLOR ( I I I ) *DERn ( l.D0+S)

THE ASSET POOL FOR PURPOSES OF THE CAPITAL COSÎ ALLOIJANCE IS
INCREÂSED BY THE ÂIIOUNT OF THE INTEREST. JT IS DECREASED BY THE TAX

CPEDIT CLAIMEI} AGAINST THE TAX PAYABLE ON OTHER INCOIlE'

FIXtJd ( I )=FIXIT\V (I ) r'(1.D0+DERëS-RCrlAE)

jtrf capITAL coST ALLOT.iANçE t{ILL EITHER BE A TAXABLE LSSS AND

: CAPRIED Ft¡R¡ARD OP CLAIMED AGAINST OTHER INCOHE'
:

ACcA ( I ) =0.3D0rlFIxuts ( I )

ð oent,ce rhE uNpEÞRFçIATED BALANCE By THE AMoUNT oF THE cAPITAL c0sT
C ALLOr¡¡¡ICE CLAlM.

FIXUB ( I ) =FIxUB ( I ) -ACCA ( I )

c
C THE NET COST fO THE FIPi'I FOR ANY CATEGORY OF ASSET IS
a otggç¿o É3Y THE TAX SAViNG AT THE TIME 0F INVESTI'1ENT.

c
MININv (?tI) =MININV(2rI)-AEr¡(ACCA(I) rá0.51D0+|,'l INiNV(IrI) /FIXI'NV(Il +

rRC4vIl'JINV(l'I))
pROINv tZ¡l):pR0INV(2rI)-AE{r(ACCA(I)ÞO.5ID0râPR0INV(l¡T.l/FIXINV(I)+

IIRCJÍPK(JINV(IrI))
SOC INV ( 2 r I ) =SOCINV (2 I I ) -AEn (ACCA ( I ) l¡0.51D0lfSOCINV ( I ¡ ll /IIXINV ( I ) +

+RC+S0CIrrV(1ri))
pRErJb (t ) =opf PR0 ( I I I ) + ( l.D0+DERr'S)
PREALU ( i ) =PREUB ( I ) nAD

PRFPFI\) ( 2 r I ) =PREPRO (?r I ) -PREALO ( I ) Þ0.5100
PREUB ( I ) =PREUB ( I ) n ( l.D0-AD)

I ) =EXPLOR ( I I I ) + ( l.D0+DER+IS)
I)=CqXPLR(I)ifÂE
2r I ) =fXPL0R (2r I ) -XPLDED ( I ) +0.5100
I ) =CrvrXPLP ( I ) n ( l.D0-AE)

c
C CALCULATE TFIE AMOUNT OF THE EARNED DEPLETION BANK'
c

OEPLUb ( I)= (FIXINV ( I) +PREPRo(Ir I) +EXPL0R (1 I I)' /3'D0
c
C CALCULATE THE CAPITÂL ÏAX.
c

ACC¡JOR(I)=hTORCAP(i)
EeUiTY ( I ) = ( 1.000-DER) n (FIXINV ( i ) +PREPRO ( l r I ) +fXPLOR ( l r I ) )

CAPTAX ( I ) =0.002D0r¡ (CAPUB ( I ) +EQUITY ( I ) +ACCþJOR ( I ) )

CAPTAX(i)=0.D0

CltXPLx
X PL DE I.)

EXPL(JH
CMXOL}<
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THE CApITAL TAX AND CAPITAL COST ALLOI{ANCE CONSTITUTE A L0SS CARRYFoRHAR0.

TAXCAR ( I ) =-CApTAX ( I ) -ACCA ( I ) nAC

TaPR0F(I)=TÂXCAR(I)
D0 I000 I=2çù

: THE TOTAL BORROv,ED CAPITAL IS THE AMOUNT OY¡ING FROH THE PREVIOUS YEAR

; PLUS THE AIJOUNT BORROWED THIS YEAR PLUS THE CURRENT INTEREST ON THE TOTAL'

:

)=(BORCAP(I) +CAPUB (I-l ) )n(1.D0+S)
) =FI X Il'JV ( I ) n0ERir ( I .DOrS ) +F IXCAP ( I-l ) å ( I .00+5)
) =ppfop6 ( I I I ) rlDERrl ( Ì,00+S) TPRECAP ( I-l ) È ( I .D0+S)
) =EXel-OR(I r I) r'0ERn(1.D0+S) fXPLCAP (I-I) å (1.00+S)

i T*e U¡IDEPHECIÂTED BALANCE IS THE SUM OF CURRENT INVESTMENT PLUS

] INTEREST ON THE AMOUNT BORROHED PLUS INTEREST ON THE CAPITAL PREVIOUSLY

I BORR0¡ED PLUS THE PREvIOUS UNDEPRECIATED BALANCE. A REoUCTI0N IS MADE

: FOP ANY TAX CPEDIT CLAIH.
:

FIXUB ( I ) =FIX INV ( I ) r' ( I .00+DERaS-RC$AE) +F IXCAP ( I-l ) ÕS+F IXUB ( I-1 )

ACCA ( i ) =0.31)0nFIXUB ( I )

FIXUB ( I ) =FIXUB ( I ) -ACCA ( I )

c NET COST TO THE FIRM IS REDUCED BY THE TAX SAVIN6.

MININv (zr i ) =MININV (zr I ) -ÂEn (AccA ( I) Þ0.5I00'ÞMININv (LtIl /F IXINV (I) +

jlRcitviNIl\V(lrI))
peoINV (2r I ) =pROINV (?r I ) -AE.n (AccA ( I) n0.5IÐ0i+PROINV( I qll /F IXINV (I) +

i+RCtlPrrUIlrV(l'I))
SOC INV l2 ç Il=SoCINV (? I I ) -AEÕ ( ACCA ( I ) +0'51p9+5¡çINV ( I t T) /FIXINv ( I ) +

+RC+s0cI¡rV(lrI))
PREtJII,(I)=PREPRO(1II)I'(I.DO+DER*S¡+ERECAP(I-I)+S+PREUB(I'I)
PREAI-U ( J ) =PIìELIB ( I ) IlAD

PpEPF(0 ( 2 r I ) =PREPRO 
(2 r I ) -PREAL0 ( I ) i10.51D0

PREUB ( I ) =PRFUB ( I ) 11 ( 1.D0-AD)
CMXpLx ( I ) =ExPt-OR ( t I I ) ¿' ( I .D0+DERnS) +XPLCAP (I-l ) *S+CMXPLR ( I-l )

XPLDÊU ( J ) =CF¡XPLR ( I ) ç'AE

EXPL(rF'. ( è ç 1 l=EXPLOP (2 ç ll-XPLDED ( I ) n0.5lD0
CMXPLH ( I ) =CvXPl-R ( I ) n ( 1.00-AE)

c
ð c¡uculaIE THE cAPITAL TAx AND CARRY JT FoRI{ARD As A TAxABLE Loss'
c

CAPUB
F I XCAP
PRECAP
XPLCAP

ACCwOti
EOUITY

ÞEXPLoH
CÄPTAX
cApT/lX
T A XCAI{
TAPROI-

I ) =ACCI.IOR ( I-I ) +IIORCAP ( I )

I ) =EOUITY ( I-l ) + ( I .DO-DER) {r (FIXINV ( I ) +PREPRO ( I r I ) +
rI) )

) =0.002D0r+ (CAPUB ( J ) +EQUITY ( I ) +ACCW0R ( I ) )
)=0.D0
) =-CAPT¡X ( I ) -ACCA ( I ) ë'AC

)=TÂXCAR(I)
c
C JT.ICREÀSE THE EARNED DEPLETION BANK'
c
i ooo DEpLUu ( I ) = (FIXINv ( I ) +PREPRO ( I r I ) +EXPLoR ( I r I ) \ /3.D0+DEPLUB ( I-1 )

c
õ OErfnutne THE ANNUAL INTEREST PAYMENTS ANg THE AMOUNT T0 8E PAID

C ON THE PRiNCIPAL.
c

CALL OEET
c
ô Iru rnE FII,¡AL YEAR OF PROOUCTiON THIS WILL 8E A FRACÍION THAT

C WILL LIMIT THE AMOUNT OF THE DEPRECIATION CLÂIM'



7l+.

TK=1.D0
D0 l00l I=CrN
IF(I.LO.N)TX=TL
AccA(I)=0.D0
NCCA(I)=0.D0
XPLOEU ( I ) =0. DO

DEPLAL(I)-O.DO
TÀXCApll)=Q.D0
PFTEALU(I)=0.00
RALL0lr(I)=0.D0
CR(I)=0.00

ONGOING lNVESTMF-NI IS Il'{E SUM OF THE INVESTMENT IN MININGT

PPoCESS I Nr¡ I AND SERV I CE ASSETS '
ONGINv
0Ì.'GUË (

PREUB (

FIXINV
FJXUE(
DEPLUts
cMxPLk

) =MItIINV (2r 1¡ +PROINV (2r I ) +SOCINV (2r I)
=0NrjUB ( I -I ) +ONGINV ( I )

=PRLUtl ( I-l ) +PREPR0 (?¡ll
)=0.D0
=F IXUB ( I-l ) +F IxINV ( I )

) =DLPLUU 
( I-I ) +EXPLOR l?¡l) /3'O0

) =cMxPLR ( I-l ) +F-xPLoFl (2r I )

c

c
c
I

L

CALC(JLATE TTtE CAPITAL TAX.

Acctok(I)=(doRcAP(Dl/lNFLA2(D)+lj0kCAP(c,./INFLA2(c))l'INFLA2(I)
EoUIT\(I)=E0L,JTY(t)).''INl.LA2(I,/|NFLA2(D)-(I-D).'TEQULTY(D)/(N-D-IY)

l¿+INFLÀ2 ( I ),/INFL,\¿ (D) +Oi'JGUB { I )

1F (ErJuIl Y ( I i .t-t.0.00 ) EoUITY ( I ) =0.00
IF ( I Y. GI--.I ) EQUITY (N) =0.IJO
IF ( IY.GË. I ) ACCWOR (N) =0.00
CAPTA¡ ( I ) =0.00200t¡ (CAPUù ( I )

CAPTAÃ (I ) =0.00
TGRCPH ( I ) =GROPRO 

( I ) -CAPfAX ( I )

IF ( I . '.E.N) GO T0 ltJ60

+EOUITY ( I ) +ACCìI¡OR ( I ) )

INTHEFINALYEARoFPRoDUcTIoNASSETSALVAGEVALUEcANREDUCETHE
uNDEpRECIATTD nalaÑc¿ oF THE FIXED tNvESTMENT. ANY R!,;!tAINING VALUE

TS ADDED TO 1¡QQME.

SV-SI'1 +SC

IF (sv-oNGUB ( I ) ) i06l r t06I t I062
I0 ó i ONGUB ( N ) =0NGUB ( f, ) -SV

GO T0 i060
L06? SV=SV-Ot\GUB (N)

ol'.¡(ìUu tN) =0.D0
TGROPFl (N ) =TGROPR (N) +SV

1O6O PROF}=TGÊOPR(I)
IF (P¡.OFI.GT.Ù.DO)GO TO I224

c
cIFTHERElSl,loINco¡^ETHETHEMINIMUMcAPITALcosTALLo',JANcEI5
ð ðr-attnro AND BEcoþlES A Loss cARRY-F0R'iARD'
c

ACCA ( I ) =0.3003'FIXUts ( I )

FJXUts ( I ) =FIXUB ( I ) -ACCA ( I )

PROF I=PHOFI -ACCA ( I ) -INTRST ( I )

G0 T0 1002
l??4 Tcx=0.00

3 oataorINE THE AMouNT oF THE ALLotiANcE FoR THE REcovERY oF PREPR.DU.TI0N

C DEVELOP¡¡EN¡T COSTS.
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JF ( PRI.UÈ ( I ) . GT. O.DO ) PREALO ( I ) =O.3DO{PREUB ( I )

oETERtlIr\E T¡E T0TAL LOssES F0R THE PREVIOUS FIVE YEARS'

L=I-ó
IF(L.LT.O}L=O

140 L=L+I
lÊ(L.bE.I)G0 TO II4l
16t=TCX-TAXCAR (L)
G0 T0 II40

DETERT,|II\E ThE TOTAL DEDUCTIONS THAT COULD 8E MADE FOLLOIÍIIN6 THE

INVESTMENT¡uLow¡TcE.0IVIDETHiSBY.T5.ANYPRoFITINEXcESS0FTHIS
õ¡N aE ustD FoR THE cAPIfAL cosr ALL0!{ANcEs'

141 f f P= ( iNTRST ( I ) +PREAL0 ( I ) +ÇMXPLR ( I ) +TCX I / 0 '75D0
IF (EXP.LT.PROFI)GO TO 1OO3

cALcuLATË A RESOURCE ALLoITANcE IdITHOUT DEDUCTING A CAPITAL C0sT ALL0I{ANCE'

RaLLUYT ( I ) =0.25D0nPROFI
:
: DEDUCT 

.IñI RESOURCE ALLOYIANCE AND INTEREST '
PPOF l=PH0Fl -RALLOlj ( I ) -INTRST ( I )

IF(PRÚFI.LE.O.DO)GO TO IOO2

ð oeoucr THÊ. pREpRoDUcTIoN DEvEL0PMENT ALLovlANcE.

IF (PHOFI.GT.PREAL0(I) )G0 T0 i05t
PREALU(I)=PR0Fl
PREUB ( I ) =PFEUB ( I ) -PFEAL0( I )

PROFI=O.DO
6g ï0 1002

l05l Pr?0F I:Pli0F l -PREAL0 ( I )

PRÉUb ( I ) =PREUU ( I ) -PREALO( I )

c
C INCOI.'18 I5 REDUCED BY THÊ FULL AMOUNT OF EXPLORATION COSTS'

IF (Pkri Fl.GT.Ct'',lXPLR(I) )GO T0 I052
XPLDÉD(I)=PROFI
PRoF I =0 .00
G0 T0 I053

1052 XPLDED ( i) =CvXPLR(I)
PROF I=PROFT.XPLDED ( I )

1053 CMXPLh ( l) =CMXPLR 
( I ) -XPLDED (I)

G0 T0 1002
c
C DETERMINE THE PROFIT lJHICH CAN BE USED FOR CAPITAL COST ALLOIiANCES'

c
IOO3 PROFi=PHOFI-EXP
c
c oNG0I NG i ¡¡V E STMENT I s REcovEREo AT TH I RTY PERCENT oF THE UNCLA I f{ED BALANcE '
c

NCCA ( l, ) =Ù.3D0->Ol!GUB ( I ) +TK

IF (PHUFI.GT.NCCA(T) )GO TO IOOS

ONGUEi ( I ) =0NGUB ( I ) -PR0Fi
NCCA(l)=PR0Fl
PR0FI=0.00
GO TO 1009

TOOS PROFI =PROFI.NCCA ( I )
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O¡rGUb ( I ) =ONGUll ( I ) -NCCA ( I )

009 coNT lr'JUE

DETERMINE TFiE ACCELERATED CALITAL COST ALLOWANCE'

¡¡¡PFTuFI.GT.FIXUB(I) )G0 T0 I0I0
FIXU5 ( I ) =FIXUB ( I ) -PR0Fl
ACCÂ(l)=PROFI
pa0Fl=0.00
GÓ TO IOIl

0l O PFOFI=PxùFi-FIXUB ( I )

ACCA(l)=FIXUB(I)
F I XrJts ( I ) =0 . D0

0It PR0FI=P¡l0Fl+EXP
i

; cALCULAT¿ THE RES0uRcE ALLOi{ANcE oN THE PFOFIT AFTER THE CAPITAL

: COST ALL0hANCES.

RALLOi{ ( I ) =0.2500nPR0Fl
pROFI=Prì0Fl-RALLOI{ ( I ) -INTRST ( I ) -PREALO ( I ) -CMXPLR ( I )

XpLDEU ( I ) -Cr.lxpLR ( I )

CMXPLTT(I)=0.D0
PPEUB ( I ) =FRluB ( I ) -PREAL0 ( I )

IF (DEPLuE(I) .LE.0.DO.OR.PROFl'LE'0'00)G0 T0 1002
:
c cALcuLATE ThE EARNED DEPLETiON ALLOIIANCE ON PROFIT AFTER ALLO|{IN6 FOR

C THE CARR Y FOR\{A}ID OF LOSSES.
I

DEPLAL ( I ) =0.2500i1 ( PÈ0F I-fCX)
IF (IJ¿PLAL(I ) .GE.DËPLUB(I) )GO TO IO06
DEPLUú ( I ) =DEPLUB ( I ) -DEPLAL ( I)
GO Tu 1007

lOO6 DEPLAL ( I ) =DF.PLUB ( I )

DEPLUB(I)=0.00
IOO7 PFOâ I=P¡{OFI-DEPLAL ( i )

l0 0Z TApf.ur ( I ) =pROF Ì
c
C A TÂXABLE LUSS CÂÀI I]E CARRIED BACK ONE YEAR INCOME PERMlTTINO'

c
IF(TAPPOF(I).GE.O.DO.OR. TAPROF(i-I)'LE'O'DO)GO TO IOIZ
TTPRIìI- =TAPROF ( I ) +TAPROF ( I-1 )

IF (TfPROF.LE.O.DO)GO TO IOI3
) =0 .5 i D0 '¡TTPR0Fj-| ) =TTPR0F
I ) =0 . D0
ù12
) =0. D0
¡-l)=0.D0
I ) =TTPROF

1OI2 CONTINUÉ
IF(TAPRCF(I).LE.O.DO)GO TO IOT5

c
C LOSSES FOH THE PREVIOUS FIVE YEARS CAN BE CARRIED FORWARD TO

C REOUCE TAAAtsLE INCOI{E.
c

L=I-6
IF (L.LT.O)L=O

I?29 L=L+ I
IF(L.GE.I)60 T0 t22ó
IF (TAXCAIì(L) .GE.O.DO)GO TO L??9
irirnpncr(I).LT.DABS(TAXcAR(L) ) )G0 To l23l
TAPROF ( i ) =TAPROF ( I ) +TAXCAR (L)

TÂX ( I-
TAPFOF
T APR OF

GO TO

IÙ13 TAX(i.
TAPROF
TÄPiTOF



r'r4(t.

TAXCAR(L)=0.00
G0 Tu 1229

?3I TAXCAHl¡¡:TÂXCAR(L) +TAPROF(I)
TAPR0F (I)=0.00

CALCULATE THE FEDERAL AND PROVINCIAL INCOME

??6 fAX ( I ) =0.51 D0ëTAPR0F ( I )

I F ( I0.EG.l.Otì.Rc.EQ.0. D0.OR 'DABS 
(cx-cT )

REDUCE ThL AI'4OUNT Of: THE FEOERAL TAX tsY ThE

¡f=TAX ( I ) n0.3600/0.51D0
IF (F I-I5o00.Do) Il28r tl28r Il25

I 28 TC=FT
G0 T0 Ll¿7

725 TC= I5u00. DO +0.5004 ( FT-15000 '00 )

lZ7 TCX=TL
L=I-6
IF (L.LT.O)L=O

l7g l_ =[- + I
IF(L.bE.I)GO TO I}26
IF(ck(L).LE.0.D0)G0 T0 lI29
IF (cl-,(L) .GE.TC) G0 T0 ll3t
1g=TC-CË ( L )

PREUU ( I ) =PREUU ( I ) -cR (L)
ce(L)=0.ù0
G0 TO tl29

l3l cR(L)=CR(L)-fc

REDUCE Tt-tE uNDEpRECI ATED EALANcE 0F THE PREPFODUCTI0N 0EVEL0PMEf'lT

cóéri av lHt AMoUNT oF THE TAx cREDIT'

PRETJB 1 I ¡ =PRfUB ( I ) -IC
TC=0't'0

]I26 TAX (I ) =TAX( J ).TCX+TC
cx=cx+Tcx-TC
GO I0 I00l

l0I5 TAX(l)=0.00
L

C A TAXABLE LOSS IS CARRIED FORþ¡ARD'

c
TAXCAH(I)=TAPR()F(I)

I00i c0NTIt'¡UÉ
RETUF(N

C - '¡¡rrr¡ ôo^ lE^?
C PRINT OETAILS OF THE TAX CALCULATION FOR THE OPTIMUH PROJEC1'

c
ENTRY PRNTAX
PPIÌ\T 2ù¿

?oz FORtl¡T( rlr ¡///ç+7Xr TcApITAL TAX cALcuLATIoNt ç/¡'+rr46xr23(r-r) )

PRINT¿03
?03 FORr.,r AI l///ç25XçtuNAMoRTIZED'rI2XrrEQUITY''l2XrrAccul'luLATEDrrllXr

.Þ | CAP I I AL | ç / ç 28Xr I DEE|T t, lOir I CAPITAL r r 09Xr I I{ORK ING CAPITAL I r L lX I

ÞrTAxr)
PFINT ¿04, (I TCAPUB ( i ) TEOUITY ( I ) rACCI{0R ( I ) TCAPIAX ( I ) r I=1rN)

?04

I0?4

FORI'¡AT (,/ r5Xr I2r l0Xr4F20'5)
PRINTI0¿4
FORVAj ( r I' r50Xr I INCOME TAX CALCULATION rg77 | ç / ç | +r r50x sll I t 

-r \ t / s

rrr-rr5ÀTTGROSS PROFiTtT06XTtACCELERATEDTT6XTTNORt'tALts/ç9)<rrAFTERtr
+ 9x. tðnÈITAL COSTr r4Xr TCAPITAL COSTr r6Xr tfff$QURCEt I

#5Xr I ir\ïEREST O¡¡r rÀx' tgiplonnTIONr r3Xr TPREPR0D-DEVEL0P I t4xs

TAX PAYABLE.

.LT.o.ID0)00 ro l0ol

TAX CREDIT '

t
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+TDEPLLTIONTT /¡61.çrcAPITÂL TAXtr TXtrALLolrANCEr ¡7X¡tALL0y'ANCEri
þ7tçt AuL0riANCEr r4Xr rLOÑG TER¡l 0EBTf r5Xr TDEDUCTI0Nt TTXT

31rÂLLowANCET ç 7xt rALLOtlAt'JCE) t//l
PR I NT I OZ> I ( I I TGROPH ( I ) I ACCA ( I ) I NCCA ( I ) I RALLOII ( I ) T INTRST ( I ) ¡

+XPLDÊU( i) IPREALO( I) IDEPLAL (i) II=IIN)
O?5 FORvAT ( ( lX ç12çlXrB (F16.5) ) /)

pRl¡'TI0¿6
0?6 FL)RFA'l (r I I r / ¡3xç TTAXABLE PROFiI (LOSS) r r2Xt t INCoMET rTXr

Þ r i,¡ÀIDLP-ÈALAltiCE | ç

n4Xr TUNDEP-EaLANCEr r4Xr TUNAM0RT IZIOt r4Xr TCUMULATIVET r5Xr
r.f UNDEp-ÈALAr.JcE r r 4À r I UNDLp-tsALANcE . ç / ¡4Xr I AFTER PR I0R L0SSES | ¡4Xs
.ÓITAXIrO9XIIÂCCEL-CCAII8XTINORMÂL CCAII9XT'DEBTIT
+8X' rL^PLORÅTIOòlr r 4Xr TPREPRO-0EVELOPf r4Xr TDEPLETIQNT ¡//'

pRINÏ !0è7ç (ITTAPROF (I) rTAX(I) rl-IXUd(I) ToNGUB(I) TCAPUB(I) rc
ëMXPLH ( I ) TPREUB ( i ) r0EPLUts ( I ) rI=lrN)

027 FORTTAT ( (lXrI2rIXrS (Fl6.5r' /'t
IF(Iç.EG.l)Cx=cÏ
PPINT lu2SrCTrCX

OZB FORr.¡AI (/// r20Xr I T0TAL TAX
+Z0X r r C|ìED ITS USE0 AMOUNTED

RETUxtr
END

CREDITS AHOUNTED TOITIXTFI5'5¡IXT If'I S/¡
T0r r6XrFl5.5r lXr t$. | )
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APPMüDTX TÏ

Input Data

Production Data

Economic SummarY

Net CaPital Ïrtvestment

RoyaItY Minimization

Income Tax Calculation 1977

Present Value Calculations
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83
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443797. ?541796.

54?621. 3I040I0.

708844. 5150000.

0"482I0 0.0

310
0.0 0.0

INPUT TIÂTA

TdREE OPTJONS CAROS

0.06860 0.0t450

I

0.0

I I 48573.

I 8ó I 539.

3733945.

COST CARDS

1874548.

320lI2l.

758802 I .

0.02530

0.03800

MINERAL RESERVE DATA

0.0 5120¡5.00000

3749095. 6.9I 5.82 175000.

4I94¡7r. 6.43 3.04 350000.

ó138587. 5.ó7 2.óg ¡050000.

0.02e30

æo



DI.SCOITNI-B,AIT5

SUPPLY PRICE OF CAPITAL IN I'IINING

OPPORTUNITY COST OF CAPITAL

BANK LENDING RATE

SOCIAL DISCOUNT RATE

0.068600000

0.014s00000

0.038000000

0.022300000

co
H



NUMBER OF ITERATIONS 3t7

@
t\)



I

2

3

4

5

6

7

B

T 0t'lS
OF ORE

0.0

0.0

53088.00000

53088.00000

53088.00000

53088.00000

53088.00000

494A4.86529

OLTAILE D-D.AIA-EOBJLTIËIIS-8ET t I NN

e8-0ÈllcI'.LoN-aaI"a

AVERAGE
GRADE

0.0 s

0.0 s

4.09ó78ü

4.09678%

4 .09678S

4.09678$

4.09678S

I.951 I3Í

CUT OF F

6RADE

0.0 s

0.0 b

1.566785

1.56678%

1.56678r

1.566786

I .5ó678$

1.22963%

PRIMARY METAL
IN CONCEN (LBS)

0.0

0.0

4017375. I5684

4077375. I5684

4077375. I 5ó84

40 77375.15684

4077375.15684

I 747875.3 I 332

PRIMARY ORE PROOUCTION

TOTAL ORE PRODUCTION

CONCENTRATE
VALUE ( $ )

0.0

0.0

196s702.s631 t

1965702.5631 I

t965702.5631I

I965702.563I I

l9ó5702.5ó31 I

84¿650.68855

275633 
" 

sTONS

3 I 4924 .9 TONS

6
UJ



ECONO!!-rC-SUUUÀ.BI

EXPLORAT ION C0SIS 2t 548b.70896
pREPRODUCTION DLvELOPMENT CoSTS 2199739.64695

MINING INVESTMENf 891387.57029
PRÙCESSING INV¿STVENT O.O

SOCIAL CAPITAL INvËSTÈtEl'¡T ló9945Ö.02tt71
PREPRODUCT ION ITORK ING CAPITAL-1O5ÓO-¿J95E9

GROss cApITAL c0sTS 5561679.t5039

MINING COSTS PER TON 7.7302{ì
PHOCESS COSTS PER TON I.34600

AOMINIST!(ATIVE COSTS PER TON_---I¡]Þ.I44
T0TAL I0.43772

DEBT-EOUITY RATIO ONO

EAUIfY CAPTTAL 5561679.ì5039
BORROI{ED CÂP I TAL O. O

PRESENT VALUE.# I
-#2
-#3
-fl t+

-Ë5
-#6
_fr7

OPTIMIZING DONE ON # I

#lr#2IANDf4AREDIscoUNTEDATTHESUPPLYPRIcEoTPRJvATEcAPITAL.

#3rf5rfóIAND #7 AIìE DISCOUNTED AT ThE SOCIAL OPPORTUNITY COST.

PROJËCT INVESTMENT
E0UIty 6¡plTAL.
GROSS SURPLUS
ECONOMIC RENT
t!ET SURPLUS
GROSS ROYALTY/TAX
NET ROYALTY /f AX

FINAL YEAR FRACTION (PRIMARY ORE)
FINAL YEAR FRACTION(TOTAL ORE}

Pr.,¿lMÂeY OFIF

-907967.01
-9079ó7.01
ló10624.+I
-143178.73
205613.95

20II237.89
606??7.42

],OIAL-O8E

-89e432.7 I
-899432.7 I
I65363t.99
-I21547.78
?486?1.5?

2034457.49
6?Ð447 .43

0.I92
0.932

æÈ



I

2

3

4

5

6

7

I

PREPRODUCTION PREPRODUCTION
EXPLORAT I ON DEVELOPMENT

6I062.40

57 87 6 ,54

0.0

0.0

0.0

0.0

0.0

0.0

898593.65

754400.7I

0.0

0.0

0.0

0.0

0.0

0.0

NE.I_CAEII.AL JtIY F S T M EXI

MINING PROCËSSING SOCIAL CAPIIAL
INVESTI4ENT INVESTMENT INVESTMENT

34525ó. ó9

2892 I 2.93

??¿84.69

??284.69

22¿84.69

¿?284.69

???84.69

4280.47

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

ó5824 I .8 I

55 I 392.76

33989. I 2

33989. I 2

33989. I 2

33989. I 2

33989. I ¿

65e8. ó7

WORKING CAP. IOTAL
AND SALVAGE VAL CAPITAL

0.0

505ó07.?0

758410.79

0.0

0.0

0.0

0.0

0.0

I 963 I 54 .55

21s8490. l3

I I 4óö4 .60

56273.81

56273 .8 I

5b273.81

56273.81

I0609.I4

@
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PdUF IT ANNUAL
ÀFTER T.XPLOR DEPRECIAfION

I

2

3

4

5

6

7

I

0.0

0.0

14I15b4.63546

l4I I5o4.63546

l4ll5ö4.63546

I4lI5ö4.63546

14115b,4.63546

326I41.2s893

505607.19549

910092.95188

739329. I 2347

6027 I 8.06074

493429.2 I 056

405998.13042

33ó053.e6630

27I004.44I84

PROCE SS I NG
ALLO I{ A NC E

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

8-0J..ALIY-E-I ÀLi&[¿a Ï I o N

ROY ALTY
PROF I T

0.0

0.0

672¿55.51 I99

8088ó6.5747?

9Id155.42490

I0055tìó.5ù505

1075531.3o9I7

55I3ó.84709

PROF I T

BASE ( I8È)

0.0

364 037 . I 80 75

65 5 266 .9 25 35

532316.96890

433957.00374

355269.03160

2923I8.65390

?4 ì 958 .35 I 73

BASIC
ROYALI Y

0.0

0.0

98290.03880

79A47.54533

65093.55056

53290.35474

43847.79808

3ó293.75¿76

I NCREMËNT AL
HOYALT Y

0.0

0.0

5946 . 0 0532

9679?.36204

I6v4ó9.44741

??76tl.Its7l

?7412+.45034

-65387.52óõ3

TOT ÀL
ROYALTY

0.0

0.0

I 04236.044 I 3

I 76639 .9 0737

?34562.99797

280901.47045

3I7 97 ?.24 I 4 3

-29093.77387

@
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YEAHLY MINING AND

GROSS INVEST SERVICE INVEST

25280¡5.97745

25280J5.97745

56'¿73.s0983

56273.80983

56¿l 3.8 0983

56?t3.80983

56¿7 3.8 0983

t0809.1440I

25?8035.97745

2528035.97745

5ó273.80983

56?7 3.8 0983

56A73.80983

5ó273.80983

56273.80983

I0809.14401

CUMULAT I VE

PROCESS INVESÏ

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

T TdE OPPORTUNITY COST OF CAPITAL IS I.45S.

ÀNNUAL
OEPREC IIATE

0.200000000000

0.?00000000000

0.200000000000

0.200000000000

0.200000000000

0.200000000000

0.e00000000000

0.200000000000

ANNUAL TOTAL MINE AND SERVICE INFLATED
DEPRECIATION UNDEPREC EALANCE UNDEPREC EALANCE UNDEPREC fIALANC

505ó07. I 9549

9I0092.95188

7393¿9. I 2347

6027I8.06074

493429.21056

405998. I 3042

3360 53.2óó30

?7I004.44184

?0724?8. 78 I 96

3640371.80753

295 7 316 . ¿Ì93 89

?410872.¿4?97

t 9737 16.e4??4

¡623991.52166

I344213.06519

1084017.7ó736

20?2428.78 I 96

3640371.80753

2957316.49389

24I0872.24?97

I 9737 16.84224

lb¿399e.521ó6

I344213.06519

I 0840t7.76736

¿u??42A.78 I 9ó

3o4037 I .80753

2957316.49389

è+ 108'l? .24?91

Ì9737Ió.rJ4224

I623992.521ó6

I 3++2 I 3.065 I 9

1084017.7ó736

æ.
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GROSS PROFIT
AFTLR

cAPITAL TAX

0.0

0.0

t4ll5ö4.63546

I4115b4.6354ó

I4l ì5rr4.6354ó

l4Il5b4.ó3546

I4115b4.63546

3261+I.288e3

I

2

3

4

5

6

7

ACCELEHATED
CAPI IAL COST

ALLOWANCE

369 I e5 .2 I 286

6?763I.86186

B7 I tó4.45654

59330e.88779

0.0

0.0

0.0

0.0

NORt,IAL
CAPITAL COST

ALLOWANCE

0.0

0.0

I6882.14295

28ó99.6430 I

3697 I .89306

4276?.46809

468I5.87061

33569.55708

IllclHF IAX cÀlclllATroN ìazz

RESOURCE
ALLOYJANCE

0.0

0.0

130884.50899

I e73e3.776 I ó

343ô53. I 8560

342¿05.54 I B4

34Ir92.rel¿l

73142.93296

JNTEREST ON

LONG TERM DEBÌ

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

EXPLORAT I ON

OEOUCT I ON

1327 44.35448

l3?7 44.35448

0.0

0.0

0.0

0.0

0.0

0.0

PREPROD-DEVELOP
ALLOI{ ANCE

3299ó0.94704

560933.60997

39¿653.52698

?7 4857 .46889

192400.2?8??

13468ù.15975

94276.tt183

65993.27828

DEPLET ION
ALLOWANCE

0.0

0.0

0.0

79330.96490

209ó39.832I5

¿??984. I I 644

¿323?5. I l5+5

38358.88015

æ
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TÂXABLE PHOF IT (LOSS) INCOME
AFTER PRiOR LOSSES TAX

I

2

3

4

5

6

7

I

0.0

0.0

0.0

2379e?.89471

628919.+9644

66ð95?.34933

69ô975.34636

I 1507ó.64045

0.0

0.0

0.0

I 2 I 37ó.37630

3'¿07 48.94318

341165.69816

355457.4?664

58689.08663

UNDEP-8ALÄNCE
ACCEL.CCA

861455.49ó67

L46447 4.34433

593309.88779

0.0

0.0

0.0

0.0

0.0

UNOEP-BALANCE
NOrìHAL CcA

0.0

0.0

3939 I .66688

6ó965.8337 0

86267.75047

99779.092¿t

I 09?37.03143

86476.6 I 83ó

TOTAL TAX CREDITS AMOUNTEO TO

CREDITS USED AI'{OUNTEO TO

UNAI4ORT IZEO CUMULAT IVE
DEÙT EXPLORAT ION

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

I 29542. I 7995 $.
l?954?. I 7995 $.

0"0

0.0

0.f)

0.0

0.0

0.0

0.0

0.0

UNDEP-IìAL ANCE
PREPRO.DEVELOP

76e908.87643

130ð845.0tt993

9I619I.5629s

64 I 334 .09407

448933.8ó585

3I4253.70609

?L9977 .594-¿7

I 53984 .3 I 599

UNDEP.I] AL ANCE
DTPLET I ON

842ó78.65915

Ib85357.318J0

Iõ85357.31830

1606026.353+0

I 396386.52 I 25

I I73402.40481

e4t 077.28936

902718.40920
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I

2

3

4

5

6

7

I

OPERÂT I NG

PROF I T

0.0

0.0

I4I1584.63546

l4t t584.63546

14II584.63546

I4t1584.63546

141Ib84.63546

326 I4 I .28893

CAP I TAL
TAX

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

¿8tsEll-YglllE-c Âr cur a r ION5

ÉI PR0JECT CASH FL0ll

INCoME I.|INING
TAX ROYALTY

0.0 0'0

0.0 0.0

0.0 104236.04413

I2t376.37630 I7ó639.90737

320748.94318 ?3456?.99797

341 165.ó981ó 280901.47045

355457 .4?664 317972.24843

58689.08663 -29093.77387

I T¡IE SUPPLY PR I CL OF PRIVATE

PRESENT VALUE IS

CAPITAL IS 6.86È.

TOT AL
INVE.STMENT

I 963 I 54 .54582

1652882.93328

56?7 3.8 Ù e8 3

56273.80983

56273.80983

5621 3.8 0 98 3

56?7 3.8 o 98 3

I 0809. I440 I

YJORI(ING CAPITAL
AND SALVA6E VALUE

0.0

505ó07.19549

7584 I 0 .79323

0.0

0.0

0.0

0.0

0.0

-8994 3e .7 I

CASH
F LOI{

-1963I54.545rtZ

-¿ I58490 . I 28 77

49¿663 .98tr27

l05f ¿94.54 I 96

799998.88448

733¿43 .657 03

óBld8I.l5056

28573õ.632I6
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PROJECT
CASH
F LOI{

- I 963 I 54 .54582

-2158490.1?877

4926"^3.988'¿7

L057294.54 I 96

79999d.88448

733243.ó5703

68I88I.15056

285736.832 I6

PRESENT VALUE

EOUITY CASH FLOW IS THAT AFfER ADDING BORROXED

DEtsT REPAYMENT AND INTEREST.

THE BANK LENDING RATE IS 3.80%.

THE SUPPLY PRICE OF PRIVATE CAPITAL IS 6.ð6È.

B0RR0liËD
CAP I ÏAL

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

*2 EOUIIY,CASH FLot¡

OE 8T
REPAYI.!ENT

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

INTEREST
ON DEBT

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

I S -899432.7 I

CAPITAL AND SUETKACTING

CASH
FLOII

- I 9ó3 I 54 .54582

-21584e0.L?877

492663.98827

1057294.54196

799998.88448

733243.ó5703

ó8188I. I5056

28573ó.832 I 6
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I

2

3

4

5

ó

7

I

PROJECT
CASH
FLOI{

'I 9b3 I 54 .54582

-2158490.12877

4926ó3.98827

| 057 ?94. 54 I 9ó

799998.88448

733243.65703

68I88I.1505ö

285 7 36 .832 I 6

CAPITAL
TAX

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

PUtsLIC CASH FLOWI ASSUMES

A PRIVATE COMPANY SO THAT

THE DISCOUNÏ RATE USED IS

É3 GHOSS SURPLUS

T NCOME
TAX

0.0

0.0

0.0

121376.37630

320748.943 I 8

34lIó5.698Ió

355457 .4?664

58689.08663

PRESËNT VALUE IS I65363I.99

THAT THE PROJECT þ¿OULD NOÏ HAVE EEEN IJNDERTAKEN BY

TAXES AND ROYALTIÊS AIIE NOT A COST TO THE PRUJECT.

2.?3S(THE SOCIAL OPPORTUNITY COST).

MINING
ROYALTY

0.0

0.0

1042J6.04413

1 76b39.90737

?3456?.99797

28090 I .47045

31797 2.24843

-29 0 93 .7 7 387

C ASH
FLOId

- I9ó 3I 54 .5¿15 8 2

-2158490.12b77

596900.03240

r355310.82563

1355310.82563

I355310.8¿563

¡355310.82563

315332.14492
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?

3

4

5

6

7

I

PRCJECT
CÀSH
FLOt{

-I963154.545d?

-2Is8490.I2877

49?663.98827

1057294 .54l.9b

799998.88448

733243.65703

ó81881.150s6

28573ó.832 I 6

I
'¿

ECONOMIC RENT IS

THE SUPPLY PRICE

f4 ECONOMIC RENT

IìOYALTY
PAYMENTS

0.0

0.0

I 04236.044 I 3

176639.90737

234562.99797

280901.47045

3 I 7972.24843

-29093.77387

PRESENT VALUE IS

THE PRESENT VALUE OF T}iE PROJECT

OF PRIVATE CAP¡TAL IS 6.865.

CASH
FL0i{

-l 963 154 .54582

-2158490.t?817

596900.03240

I 2339 34 .4 49 33

I 03+5ó I .88245

I0l4I45.L?747

999853.39899

256b43.05829

-I21547.78

EXCLUSIVE OF ANY ROYALTTES.
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2

3

4

5

6

'l

I

#5

GROSS
SURPLUS

- I 963 I 54 .54582

-2158490.I2877

59ö900.03240

1355310.825b3

1355310.82563

135s3I0.82s63

I355310.825ó3

3I5332.1449?

NET SIJRPLUS

FOtìEG0r\E TAXES
AND ROYALT IES

564881.43163

825 I 53. 044 I 7

0.0

0.0

0.0

0.0

0.0

0.0

REHAINING
SUHPLUS

-25¿803s.97745

-3033643.t7?94

596900.03240

1355310.825ó3

I 3553 I 0.825ó3

13553I0.82563

t355310.82563

3I5332.14492

PRESENT VALUE IS 248ó2 I .52

\oÈ+



I

¿

3

4

5

6

7

I

PROVINCIAL
ROYALT I ES

0.0

0.0

I 04236.044 I 3

I 76639.90737

?J456?.99797

28090 I .47045

317 97 ?.24843

-29093.7 7387

f6 GIiOSS ÏÀXES

CAP I TAL
TAX

0.0

0.0

0.0

0.0

0.0

0"0

0.0

0.0

AND ROYÅLTIES

I NCOME
TAXES

0.0

0.0

0.0

t21376.376J0

320748.94318

341 I65.ó9816

355457.42664

58ó89.086b3

PRESENT VALUE IS

TOTAL ÏAXES
AND ROYALT IES

0.0

0.0

I0423b.04413

29801b.28367

55531 1.941 I5

6??067. I 686 I

67 342e. ó75 0 7

29595.31277

2034457.89
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2

3

4

5

6

f

I

17 NET

TOTAL TAXLS
AND ROYALT IES

0.0

0.0

104?36.04413

?980 I 6.283b7

555311.941I5

6?2067.I6861

ó73429.b7507

29595 .31?77

PRESENT VALUE IS

TAXES AND ROYALTIES

FOREGONE TAXES REHAINING TAXES
AND ROYALTIES AND ROYALTIES

564881.43Ió3 -5o4881.431ó3

875I53.044I7 -875I53.04417

0.0 104236.044t3

0 .0 ¿980 I 6.283õ7

0.0 5553ll.e4l15

0.0 6??067.16861

0 .0 61 3429 .67507

0 .0 29595.3 I 277

629447.43
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97.

ChaPter l

Data Used for the Anal-Ysis

The data required for the analysis is divided into three major

categories. These are: (i) capital and operating costs; (ii) mineral

deposits, and; (iii) other. The latter consists of dj-scount rates, inflation

rates, and net smelter returns. In order that the results of the analysis

reflect the mi:ring conditions appropri-ate for the province of Man:itobat the

cost and mineral reserve data are rep¡esentative of those in Manitoba. The

d.isco¿nt rates, i:rflation rates, and net smelter returns, while relevant to

Manitoba, are national averages. Costs, prices, and j¡flation rates are

determi¡red.fortheyearsLg6ganargTT.Therealdiscowrtratesareassumed

to remain constant over ti¡ne.

3.1 Capital- and Operatine Cqs-þ Data

Capital and operating costs for typicat mine-concentrator projects

in Northern Marritoba were estjmated in a separate studyl carri-ed out i-n the

Department of Mines, Resor:rces and B'rvironmental Management' The study

provided estimates for three different sizes of copper-zinc project' This

is sr:Jficient ir:formation to enable the model to generate the required

continuous cost-size functions.

The capital costs are subdivided into five categories appropriate

for calcul-ating income taxes. These are:

(i) preproducti-on erqPloration;

(ii) PreProduction develoPment;

(i:-:-) mine assets;

Icol¿rto.r", 4., Capital- Expend.iture Anqlysis,_1!"¿y financed jointly by the

Federal and prouinci-ar governmeìr REE agreement (project number
/naa\o-( (-4).



98"

(i") concentrator (or processing) assets;

(") social and service assets.

preprod.uction exploration costs are those necessary to delineate a

d.eposit so that some esti-rnate of total- mineral content can be made. Ït

includes both drilting and erçloratory shaft silking if necessary. It does not

include the erçloration costs incurred prior to the discovery of the deposit.

Preproduction development costs are for shaft sinking and stope

d.evelopment prior to prod.uction and any temporary sr:rface facilities such as

access roads. The development costs used j¡r this analysis are reduced to

two-thirds of those shown in the Goldstone stucly because in that study it

was assumed. that all preprod.uction cosis would be incurred prior to production.

In practice stope d.evelopment is carried out continuously as producti-on takes

place. 1'he remaining development costs incured constitute part of the mine

operating costs.

Mi¡e asset costs i¡rclude those for the headframe and buildingt

ventj-lati-on equipment, undergror:nd crushers, underground transportation

facilities and &'i1r:ing equipment. Installation costs are i¡rcluded.

M1IL assets include surface crushersr ba]'l and rod mil1s, floatati-on

circu-i-ts, storage facilities, and the concentrator building. Againr the costs

of these assets i¡rclude installation charges'

Service and. social assets j¡clude permanent roadsr poü¡er facilitiest

and any on-site service buildings and equipment'

The capital cost esti:nates fot L969 are shor¡¡n in Table 3'I and

the curves generated. by the computer model from the data are shown in

Figr:re J.1. The capacity for each size of facility is measured jn tons of

ore processed per year (fff). For the smaller two of the three projects

evaluated. in the analysis, these costs are modified jn the computer prograjn
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to reflect the assumption that they are undertaken by a nearby mining company

earning other income. Ð<ploration and development costs to the company are

red.uced by the income taxes and, where appropriate, royalties that are saved

as a consequence of these costs bei:rg recoverable from other income' service

asset costs are assumed. to be one-half the value that would be calculated

for a separate project, reflecting the fact that some roads and service

assets would already be avaílable to a nevü project because of development

by the existing mine. Finally, for the smallest size of project, the mi11

asset costs are reduced to zero on the assumption that a separate facility

woul-d not have to be constructed' to process the ore rnined'

Table 3.1

1969 Capital Cost Eetqnates.

ÞçJ-oration

Development

Mine Assets

M:iIl Assets

Serr¡ice Assets

175.000 TPY

8l+l+3,797 .

2, r+Lr796 '

r,ll4,g,573.

rt856,989 .

3 ,71+9 ,o95'

?50.000 TPÏ'-
51p,62L.

3 ,104,010.

L,96r,539.

3 rzOLtLzL.

b,L94,L77.

1.050.000 TPY#-

708,844.

5,L5O,000.

3,733,91+5'

7,588tO2L.

6,738,5ü1.

The capital costs fot L977 are those for L969 inflated by a factor

of L.g67g7. This factor (derived later in section3.3) adiusts all costs

for the i¡rflation that has occurred from 1969 Lo 1977. The 1977 costs

derived are shown in Table 3.2. The operating cost data for L969 and 1977

are shown j¡r Table 3.3. The curves generated by the program from L:he L969

data are shown i:r Figure ].2. As was the case with the capital costs' the

Ig77 vaLues are those lor 1969 tjmes a factor of 1. s6797 ' The same factor
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is used for both capital and operating costs on the assumption that the most

important el-ements of operating costs (labour and energy) are increasi-ng at

the same general rate as the most important costs associated with the

production of mining capital assets (also labour and energy). For the

smallest of the three projects, which does not have a separate concentrator,

the computer model automatically assigns a constant milling cost of 0.5 ti-rnes

the milling cost for the 1,050,@0 ton per year facility as provided in the

input data. fhis i-s the assu¡ned cost to the firm which would use its

existi-ng concentrator.

Tabl'e 3.2

L977 Caoital Cost Estimates

Þrploration

Development

Mine Assets

Mill Assets

Service Assets

1969 -

L977 -

Mine

Mi11

Mine

Mi11

175,000 TPY

$829, ooo.

1+r740,@0.

2,&5,501.

3 ,4ó8,801.

7 ,OO3 ,2OO.

I75,000 TPT

$6.90ó

Ã êtÃ
/).9-)

12.9O

10.88

350,000 TPY

1,013, ó00.

5,798,I99'

3,t+77 1300.

5,979,ó@.

7,831+,599.

350,000 TPY

6.1+29

3.oLL

T2.OI

5.6s

1,0Ã0,000 TPY

L,324\OOO.

9 r620,048.

6,97t+,899.

u,L7l+r2OO.

LL,466,700.

1,050,0o0 TPï

5.669

2.692

LO.59

5.o3

Table 3.3

Operatine Cost Estimates
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Overhead and admi:ristrative costs for each project are L5 percent

of the mi-ne plus miIl operating costs. This value is al.so calculated auto-

matically in the computer prograrn.

?.2 Mineral Deposit Data

Three representatj-ve sized deposits are used in the analysis.

Each is the mean of the d.eposits in three ranges of deposit size whi-ch are

producing or have produced in the province. The three ranges are l-00 thousand

to I million tons, 1 million to 10 rniltion tons, and 10 mill:ion to l-00 million

tons. The deposits are listed in Table 3.4. The quantity of ore for each

deposit is as reported. in nrining company annual reports. It is the sum of

ore that has been mi.::ed plus lceovnr ore reserves'

The average quantity of ore a¡d thð average grades of the metal in

the ore for the three representative deposits are shown in Table 3.5. Hov¡ever

it must be remembered. that trorerr is onJ.y that mineral which can be econom-

ically recovered from a deposit so that the total mineral content of a deposit

w1ll normally be significantly greater. To exbrapolate beyond lcror¡m ore in

a deposit requires, fi-rst, some general lmowledge of the relationship between

the toru:age of material versus its average grade, and second, the economic

conditions which defined the cut-off grade for the deposit. Using estimates

for each, ptus the infornration in Table 3.5, the representative mineral

d.eposits determined2 fot this study are as shown in Table 3'6' The average

grad.e is for the copper alone. zinc, silver, and gold are by-products

v¡hose value is reflected. j¡ the net smelter return appropriate for each

deposit.

2Th" r"p"esentati-ve d.eposi-ts are d.erived in Appendix I.
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Production

That Have

plus Ore

Produced

Table 3.4

Reserves for CoPPer-Zinc Mines

or are Producing iqlc!¿þbJ

Average Grades2

P:roperby Name

Mandy

North Star

Ghost

hlh-ite

Cuprr:s

uacl<stone

Centerurial

Sch:ist

Anderson

0sborne

StaIL

Chisel

Sherridon

Fox

Ruttan

Fli¡ Flon

Notes: 1.

Size (Tons)

150,021

27 5,962

283 ßæ

425,2OO

509,37t+

r,o77 ,6tQ

1,4óo,oo0

2,07O'356

3 to62t3oo

3,35I,38O

5,353,492

5,952,2L5

8,53I,352

14,003,000

t+3 t278,291+

6t+,L27,657

cu (1"\

7.89

O. L¿L

L.835

2.21J+

3.25

2.t+36

2.06

4.2L

3.851+

3.70

t+.672

o.522

2.37 5

2.O34

L.553

2.3r9

zn (1"\

LO. 
'

12.73

t+.826

6.1+

3.50

2.60

7.O

0.10

L.5I2

0.652

LI.66

L.t$/

L.926

r.414

l+.291

.qu (oz/ton)

0.095

0.011

o.o2l+

0.oil

0.038

0.009

0.04

o.026

0.0r2

0.01

o.o33

0.047

0.0r8ó

0.013

0.013

0.05

f .90

v, ¿o

L.L2

o.97

0.84

ô90

0.70

0.72

0.18

o.20

0.25

L.22

o.559

o3ú
o.2ú

o.56

2.

Main sources are, Open File Report 77/1, NRm> FiIs!.Aru:ual , \
Report (lept. of Mi¡res, Resources and Ðrvironmenta-l- Management/

ã-d B-amb.,:rak, J. D., den File Report 7?/2, Tmportan! Einçral
properti-es of Ma¡:itou@esources and Eririron-
mental Managernent).

In most cases, the gold and silver values are for the remainj-ng
reserves as of JanuarY 1, L97L.

TLlese are estimates on1Y.



Deposit

#L

Jto
7f1

J.F:
17')

Size (tons)

328tg7L

3,857 ût+2

t+o,469,650

cu (1"\

3.65

1.ó1,

2.Or

z" (1"\

6.93

J. oo

too

Ag (oz " onl

.g2r

/a¡.o)4

"l+O2

105.

Au (oz /ton)

.03r

.ozL

.031

Tabte 3.5

Quantity of Ore and Grades for Each Size of Deposll

Deposit

#r

#2

#3

Table 3.ó

Total Minera-l Torurage Pef Qqpssit

totaf Ui.neraf (tons)

5r2,OL5

7,92O,791

89,0L5,321+

Average creée-çL(%).

-- 2.53

r.64

L,L2

carry out an exPeriment are the

net smelter return for each deposi-t

TTre grade-tonnage fu¡ctions for each of the deposits are depicted

in Figures 3.3, 3.4, and 3.5. Note that each function is Iog-linear and

that the total torurage for the d.eposit is determined at a cut-off grade of

0.q". That is, where the cut-off grade firnction crosses the horizontal axis

determi¡res the btal mineraf content of the deposi-t as shown in Table 3'6'

The eq:ations were deterni¡red by the computer model'

7.i Obher Data

lLre remaining data necessarY to

discount rates, inflation ratesl and the

as of L969 arñ L977.



Figure 3 "3

M]NERAL RESERVE FUNCTTONS
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Figure l.d
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Figure l.l
MNüERAL RESERVE FUNCTTONS
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Discount Rates

Four different discou¡t rates are provided j¡r the input data for

any experiment. Ttrey are real rates but they will be modified in the

computer prograln if in-flation is greater tha¡ zero for any erçeriment as

elçlained in Chapter 2. fhe rates are:

(i) TLre Supply Price of Capital (spc)

(ii) The Þrivate Opportunity Cost (pOc)

(iii) Tl:e Bank r,ending Rate

(i") TLre Social Opportr:nity Cost (SOC)

Had any of the benefits from the project been non-monetary in formt they

coul-d be shadow-priced in the manner suggested' by Mishan and discou¡ted at

the soci-al ti:ne preferenc" t"t".3 Tlris would introduce a fi-fth possible

discorrnt rate wtrich at present ca¡rtot be utilized in the computer model'

The real supply price of private capital j-s the mini-rnum return a

private firm could. expect before it would invest in a mining venture' It

u'i1l be the opportunity cost of that capital plus an add-itional amou¡t that

w.ill constitute a risk premj-um because of the uncertainty about future costst

revenues, and ore quality. The size of both the risk premium a¡d the

opportwr:ity cost can be elçected to vary according to the nature of the

market a firm sells in and the characteristics of the compa::yrs ore reserves'

A large firm that can exercise some market control or sells a diverse range

of prod.ucts will face less r:ncertainty than a smal-I fi¡m which sel-ls a

si¡gle commod.ity in an open market. sjmil-arly, a large firtn which can

produce from any of a number of possibte ore bod-ies faces less risk than a

smal1 firm which may only have one producing ore body' on the other handt

3gi"h*, E. J., Cost Benefit Analysis (London: George All-en & Unwin Ltd' t

L97L), ChapLer j2.
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a large firm which can operate in a relatively monopolistic ma¡¡rer because of

its market power, its control of sources of ore, and its ownershi-p of tech-

nology will have a higher tha¡ normal opportunity cost reflecting its greater

profit maki:rg opportunities. As a result, the supply price of capital for

a large firnr may not be signi-ficantly different from that of a small- firm'

The actual value of the supply price of capital used by mining

firms has been observed to range an¡nohere from 12 percent to 20 percent

(inctuaing inflation) r,rittr the most comrnon value bei:rg i:r the region of

I! percent.4 In order that the mini:num acceptable return w11l reflect

changing bank lend.ing rates and the effects of ir:-flatj-on, a discount rate

of twj-ce the prime i¡terest rate is often used. Þnploying th:is method for

the period from 1969 lo L977, the discor:nt rate ranged from 9 to 19 percent'

Abstracti¡¡g from inflation, it varied from less than 1 percent to nearly

I! percent. The value used for ttr-is study is the mean of the above real

rates or 6.8ó percent.5 Includ.i-ng L969 and L977 j:nf.-ation this produces

rates of nearly 12 percent and just over 16 percent respectively which are

consistent r,rith the values usually employed j-n feasibility studies' The

real rate is assumed to be the same for the life of projects evaruated in

:lg6g ana Lg77. As discussed above, the rate shoul-d not be overly sensitive

to the assumption about the kind of fírm undertakj¡rg the projects, so the

same rate is applied to the three sizes of project'

The second. d-iscoirnt rate required. for the analysis is the private

opport*nity cost. It is defined as the best (risk-free) return capital coul-d

4rn" uioing Association of Canada carried out a series of tax and royalty
stud.j-es which comparea the talc regimes of a number of prorrinces' A rate
of return of 15 pãt"e"t was d.escrlb"d."'rapproaching acceptable levelsrrt

Mining ¡,ssociaiiãn of Canada, MAC Task Force Mj¡e Mode1 Analvsis' MarÉtobat

(Toronto, 19?8)r P. 4.
q _- __
'See Appendix IÏ.
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earn in an al-ternate investment. Its actual use in the study is li-rnj-ted to

j|he L977 royalty system where the subroutine calculating the anticipated

royalties will d.o so in a manner which w'il-I mir::i:nize the present value the

arurual royalty assessrnents. The value for this rate has been esti:nated by

subtracting from the supply price of capital, an amount wh'ich would represent

the prernium for the anticipated risk and uncertainty' The forrner value has

already been estjmated to be 6.86 percent' An estjrnate for the latter value

is obtained by calculating the standard deviation of net income to share-

hold.ers eqrity for the provincet s major copper-zinc firm over a period of

years. This value was deterrnj-ned to be 5.33 p"t."nt.6 Let Q be the element

of uncertainty in the retrrrn to equity, sff is the real supply price of

capital, and POC is the real opportr:nity cost. Q v'É11 have a value such

that when used i-n a discount factor, t/(t+sPc) = t/(t+q)(r+POC) or

(r+src) = (r+a)(r+poc). Solui-ng for POC'

poc = (r+ src)/(t*A) - l
(t+ .0686)/(t* .0533) - 1

= .OU5

It is assumed that this rate r^¡ill remain constant trom 1969 I'o L977 as well'

The th-ird. discount rate is the real bar:k lendi¡g rate. Tb-is is

the interest rate on borrowed capitat which would be used to finance mine

projects. Bécause it is assumed' that equity capital is used for the projects

in this study, a value is not needed'. However some figr:re must be included

in the input data to the program even if it is not used' A value for the

lending rate was estj-rnated by averaging the real rate paid by the mining

companies in the province on the bond-s and d.ebentures issued' From l9ó8 to

ugmanr A. t
t

(Kingston:
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.1975 .¿,,e real rate averaged J.Bo perc.r*.7 Note that it is well bel-ow the

supply price of capital but above the private opporturrity cost.

The final discou¡t rate used i¡ the study is the social opportunity

cost. TLris rate is the average pre-tax rate of return capital can earn in

the prouince. Like the private opportrm-ity cost already esti¡lated, the

social opportr:ni-ty cost will not contain a premj-um for risk and uncertainty'

The effective income tax rate, R, in Canada from I9ó9 Lo 1977 averaged

a
35 percent for all industries.ö Assuming the reduction in the rate of return

to an j-nvestment because of tarces is equal to the effective tax rate, the

private opportr:'-ity cost POC brill equal (f - n) times the social opportun:ity

cost SOC. Tl:at is POC = (f - B) SOC and SOC = POC/(I - R)

= .ou5/o - o35)

= o.o223

As r^¡ith the previous discourrt rates, ttr-is is a real rate and is assumed to

remain consta¡t over time.

To summarize, the esti¡ated val-ues for the four d.iscor¡nt rates are

as follows:

Table 3.?

Supply Price
of Capital

0.0ó86

Private
Opportunity

Cost

o.ou5

Bark
Lending Rate

0.0380

Socia]-
Opporbunity

Cost

o,0223

TSee Append.ix

8F"o* Append.ix

ïil.

I to Chapter 1.
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The two most i-nrportant rates are the supply price of capital and the social

opportunity cost since they are the discount rates used i¡r the present value

calculations. However all the rates coul-d. si¡nultaneously be increased or

decreased significantly without affecti-::g the results of the analysis in a

material way. For example, the percent decrease i-n the value of a minS'ng

project fron 11969 Lo L977 because of the increased income tax assessments

would not change appreciably if the supply price of capital I¡Ierer salr

increased by 20 percent. This is because the same discount rate is used

regardless of the legislation i¡r effect, The one factor which could have a

significant bearing on the results is the difference between the supply price

of capital and the social opporturrity cost. Ttris is important for that part

of the analysis which is concerned ruith the legi-slation from the provincer s

point of view. Si-rnply j-ncreasi¡rg the discoirnt rate above the socially

optimum rate will change the characteristics of the project whose profi-t

stream (present valued.) is being maximized'. Thus the greater the difference

in the discount rates used, the greater will be the differences i¡r the

characteristics of the resulting project'

Inflation Rates

The two inftation rates used in the analysis are for the years

1969 and L977. Tlrey are calculated from data provided in Statistics Canada

:.3-2IL, Fixed Capital Flows and Stocks: Mini-ns (includine millins\, Quaffies'

and. Oit lrletts. Using the figures for Gross Fixed Capital Formation (CfCf)

w[ich, for each Íearr are expressed. in curent d.ollars and 19ó1 dollars'

an index base 19ó1 is calcul-ated. Dividi¡g the current yeart s index by the

previous yearr s ind.ex gives the cr¡rrent yeart s i¡flation factor' subtracting

l from this gives the j¡rflation rate for the year' The results are summarized

in Table 3.8.



GFCF /
t96t $ xtoo

8e3.7

924.t+

L585.4

L73l+.L

GFCF A
Current $ x10-

t ?u,
LL77.2

3l+1,,7.7

ì+L25,L

I.2I5l+58

L.n347 5

2"L74656

2.3788L3

Inflation
Factor

L.Ot+773

1.09388

I1/+"

Inflation
Rate (x tO01

t+.773

9.388

Table 3.8

Inflation Rates

ïear

L968

L969

r976

L977

ïn ord.er to make comparisons of value between the years L969 ana

Lg77 t Lne L977 resul-ts are expressed i¡r 1969 ¿ollars. The inflation factor

used for th-is is deterrnined by ùivid.'ing the r9?? rndex (Base 1961) by the

1969 Index (Base 196I). Ïhe factor is 2.3788t3/L,273t+75 = L'86797 ' That is'

in a period of eight years, costs have j-ncreased by about 8J percent'

Net Smelter Returns

T]:e net smelter return per por:rrd. of copper in concentrate is shown

q
in Table 3.g.' Ttre figures reflect the value of by-products whích are also

recoverable. The r:rriqre value for each d.eposit occurs because of the

differing proportions of metals in the ore'

lable 3'9

Net Smelter Returns (NSR*)

ïear

:I969

L977

9An 
"**pl-e 

of how

i-:r Appendix I.

Deposit #1

$ .4821

.819ó

DeposjL #2

.45OL

.7285

Deoosit lÉl

.t+658

.76LL

Index

the NSR* for DePosit #L in 1969 was calculated is concai¡red
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Briefly, the Nffix is calculated as follows. The NSR for each

metal is cal-cul-ated by deducti:rg from the refined metal price the contract

costs of smeltj¡g, refirring, and. transportation' Allowance is made for the

rate of recovery at the smelti.:eg and refining stage. The NSR for each metal

is the sa¡ne for a1l concentrate. The value for a ton of ore in concentrate

is then calculated and used to derive a single NSR* per por,:nd of copper in

concentrate.
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DMTVING TTIE RTFR,ESU\MATTVE MTNER,AL DPOSITS

Ma:ritoba rnetallic n:ine:¿l d.eposits generally occur as some combin-

ation of massive sulphj-des anci disseminated. sulptr-id'es. A deposit may consist

of a si-ngle zone (or pocket of minera'lization) or a series of zones' It is

not uncommon for a zone to consist enti-rely of ore. That is, al-I the

minera'lìzed material right to the bor:ndary with the host rock can be profitably

mined. Typically, a deposit rnri]l consist of a smal1 quantity of relatively

high grad.e mineral and larger quantities of lower grade material' Given a

function expressing the relationship between the q:antity of ore and the

average grade, it can be used to estilnate the total mineral content of each

representative dePosit.

one function which has been developed by Musgrove to express this

relationship is exponential in forn. ït is:1 n(c) = ae-G/K where

Aisthetotaltorrnageofminerali¡thedeposit;

K is the average grade of the deposit;

G is a selected cut-off grade; and

n(c)istheamountoforeabovethecut_offgrade.

The average grade of the ore is G.rr"(G) = G¡K'

Thecut-offgrad.eGforanydepositisdirectlyrelatedto

operating costs and inversely related. to the net smelter return' Norrnally

this grade wil-l- be d.ifferent for each deposit and for a si-ngle deposit it

will llkely change over ti¡e. using the mi¡re and miIl operatilg costs

already determined. for L969, the average total operating costs for the

project appropriate j.]1 size to develop each deposit are shov¡n j:r Tabl-e 1'

fuo"grorru, p. A., ,rMathemati_cal_ Aspects of_the Grade-Torunage Distribution
of Metalstr, Appendi-:< to, Brooks, 'O. t.t 'rMineraf Supply as,a Stockfr' in
Vogety, !ri. A., eO., fco+oln+cs ði lfre Míngraf Jndustiigs, (New-Tork: American

Institute of Mining, Metal}irrgical, and Petrolãñ-ruñå"tu, Inc', L976)'



Pro.iect

#L

#2

#3

lable I
Total Operatins Costs

capaciÞv (tPt)

100,000

750,000

4,000,000

Total Cost ($ per ton)

89.935

9.77L

7.592

1r7.

N. S.R.X
Per lb. Cu

o,l+82L

0.4501

o.4658

The net smelter retr:rn for each deposit is exlpressed in terms of

Lhe copper content j¡r concentrate si¡rce this is the primary metal in the ore.

Zinc, silver and. go1d. are by-products. The net smelter return for each size

of deposit as of 1969 Ls shown i-n Table 2. The method for arriui:rg at each

value is shown follor'ring the table '

Table 2

Net Smelter Return Calculations

Deposj-t Cu
N. S.R.znne Au

#L

#2

#3

$ .36?8 .0606 r.6273 3t+.7962

Gross
Value, Ore

832.3794

23.3545

r7.2263

0re
Grade, Cu

.$65

.0282

.0201

The net smelter return (m.s.n.x) is d'etermined' in two steps' The

first step is to calculate the N.S.R. for each metal' The average 1969 metal

prices as reported. by statistics canada for purposes of valufurg metal-

production are:

L969 neLal prices are: Cu - $O 's}ohb'
Zn - $O.L5I/Lï-

As - $1.76s15/oz'

lu - $37 .822f oz'
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Assumed. smelter-refi:rery recovery rates are: cu - 9t+'23/"

Zn - 8O.OØ"

Ãs - 92.oq,

tu - 92.0Ø"

Thesrnelter-refinery-transportationchargesasreportedina

feasibility study for a copper mine-concentrator pro¡ect2 in Manitoba,

adjusted Lo L969, are: Cu - $0 'l:O97

Zn - $0.0752

Ag - 0'0

Au - 0.0

Tbe N.S.R. per r¡nit of metal i-n concentrate is:

copper (go.¡ooo - 0.1097) x '9t+23 = 80'3678

zinc ($o.r5ro - o.o752) x .80@ = $0'0606

Silver 8r.76s75 x .92 = 5L.6273

x .92 = fi3t+.7962C.old fi37.822

After the N.S.R. for each metal i-s d.etermined (:-t wil be the same

for all deposits), then the net smelter return for the principle metal in a

deposit (m.S.n.*¡ can be d.erived.. It l^ri1l be unique for each deposit'

Assume that the N.S.R.IÉ for d.eposit number I j-s being calculated' The ore

valuepertoni¡rtheformofconcentrateisfor:nd'bysumm:ingtherecoverable

values for each metal:

Copper .0365 x 367s x .92 x 2ooo =

Zinc .0693 x .0606 x .75 x 2000 =

Silver .g2I x L-6273 x .56 =

C.ofd .031 x 3t+.7962 x '50 =

Total =

fi2J+.7OU

6.299t+

.8393

Ã2 02. )) /-)

l,iatts, Griffis, Ðd McQuat L;imited', F

on thð Pine BaY Mine, (Toronto: L973

$32.379t+
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The net smelter return per pound of copper in concentrate is fouad by

d.iuiding the value of the ton of ore in concentrate form by the number of

pound.s of copper i¡r the concentrate:

N.S.R.* = fi3238f(ZOOO x,92 x .0365) = $0.482L

!üith the N.S.R.* per poirnd of copper determined for each deposit

and the operating costs l.crown, the cut-off grades can be cal-culated' Ïn

each case, the cut-off grade 6 = Operating CosLf(m.S.n.* x 2OOO x R'R')'

Since (trom Musgrove), Gave(G) = C.t-Kr then for each deposit K = Garre(G) - G'

Finally, rearrange the relationship n(c) = le-G/r so that A = eG/KR(G).

The resul-ts are summarized in Table l '

Table 3

Total Deposit Tonnage

Deposit

#a

#2

#

R(c) (tons)

328,87L

3,857 ,3/.+2

40,h6g t65O

Gave(G)

.$65

.0282

.0201

.01120

.01180

.00s86

.. l\ =

.0253

.01ó4

.0112

a::d A= (tons)

5t2tOL5

7 ,92O,7{/

89,OL5,321+

An explicit assumption i-n thj-s method of cal-culati¡rg the deposit

size is that Zn, Ag, and Au grades vary proportionally to the cu grade.
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SUPPLY PRTCE OF CAPTTAÏ]

ïear

l767

1968

1969

rg70

L97I

tg72

L973

L97h

r975

L976

L977

1

fìfijne l¿ate

*"

.o750

.o750

.0700

.o525

,on5

.o57 5

.ost5

.0825

.o950

.o750

2x Pri¡re Rate

.090

. r50

.150

.140

.105

.og5

.115

.r75

^/-. ro)

.1go

.150

ïnflation Rate3 Supplv Price of Capital2

.0ó09

.Wl+

.o976

.0937

.o566

.0o39

.0369

.Olilv"

.ofi6

.1086

.o5L3

Average Value .068ó

published by the Banh of Canada'

.O271+

.oo23

.O1+77

.01,23

.oL58

.0908

.o753

,J252

.LO57

.o731+

.0939

Notes: JuJ-y 1 rate

Real SUPPIY 1

1.

2.

)t

(t + 2x Prime Rate)
rr'-Lçv = G+lttlation Rate)

Irrflation rates are calculated from Statisti-cs Canada r3-2fl,
Fixed CaPitaI Floiqq and Stocks; Mining l(irlql Mi
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APPBTDÏX TTT

BANK LE\JDTNG RATE

Long term d.ebt for the Provi¡rce's mi¡ri¡rg companies is provided by the issue

of d.ebentures or bond.s. The following rates are quoted for lhe current

long term debt of the comPanies.

ÎEAI ÎATE
YEAR

t968

tg70

t97L

r97t

LgTt

r97t

1975

TNTEREST RATE

.0685

.o925

.0863

.0900

.o775

.0885

.LO5

INFT,AITON RATE

.oo23 .0ó60

.Ott23 .Ol+82

.ol+58 .0387

.0458 ,Ot+23

.0458 .o3o3

.Ol+58 .0408

,!o57 -.0006

Average Rate: .0380
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Chapter 4

Income Tax and Royalty Legislation

The four pieces of legislation of concern to the study are:

(i) ttre ïncome Tax Act (Canada) as of t969; (ii) tire Income Tax Act (canada)

as of t977; (iii) the Mining Royalty and Tax Act (t"tanitona) as of L969, and;

(iv) ttre Metallic Minerals Royalty Act (Uan1toUa) as of L977. Manitoba income

tarc, as is the case in most provinces, is assessed and collected according to

federal legislation. The provinces set a separate tax rate which is then

applied to the taxable income base as d-etermined by the Federal Act' For

firms operating i¡t more than one province, taxable income is allocated j¡t

proportion to the simple average of (i) the fraction of total wages and'

salaries paid i¡ a proirince, a¡¿ (ii) the fraction of total sales occurring

in a province. Royalty and. mining tÐ( legislation, on the other hand' are

exclusively the responsibility of the provinces

a.f fncome tax lct as of 1969

Duri.:ng the years i-rnmediately preceding the L972 tgax reforms' Metal

Mi.ni:rg was the lowest taxed of all sectors i¡r Canada' For the five year

period fron L967 to 19?1 the effective tax plus royalty rate i-n Metal Mining

averaged 2t+.26 percent as compared to 4L.53 percent for Manufacturing and

33.o percent for A1l ïndustries.l The low rate in Metal Mining reflected,

in part, the varlous incentive schemes and' special provisions directed at the

mineraf resource sector which had. been i¡trod.uced. into the Income Tax Act

since its introduction in L9I7 '2

hto* Appendix I to ChaPter 1'

2Thu 
"p""ial provisions

Tri¡nbreJ-lr D. Y., and
on Taxati- Number

applicable to mineral
Anson-Cartwright, H.,

resources discus'sed bYare
the sr-on

Queent s Printer, L967
Taxation of Mini

Studies of ilv

Ottawa:
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Automatic DePletion Allowance

The first of these special provisions hlas the percentage depletion

allowance. Ïnitia1ly the aflowance was 25 percent of profit after all other

deductions but was later raised Lo 33 If3 percent of profit' It l¡ias a

specialprouisioni¡rthat(:-)itI\Iasananrruald'eductionfromprofitwhich

continued so long as a firm made a profit rather than bej¡rg a deduction which

was related to the cost of acqui-ring a depleting asset (the ore body), and

(i-i) :-t was available to all resource companies j-ncluding those which did not

own the resource but rather paid a royalty to the crown or another person for

the right to 'rw'in and removetr the minerals from the property' T?ris allowaÏIce

remai¡red a feature of the Income Tax Act until the end of L973'

Canitaf Cost A1"l orye4qe-g.

A second. tax advantage avai-lable to the resource sector was the

opportr:rrity to utilize larger than normal capitaJ- cost alloi^Iances' From 191f

Lo L9l+6, the amor:nt of the allowance was at the d'iscretion of the Minister'

ïn practi-ce, the maxi:num amoirnt claimabl-e was usualLy L5 percent of the

origj-nal cost of biritd.ings and machinery. After L9t+6 L]6e rate was set by

regulation. The regulation gnder the Income Tax Act, 1948 set the maxj¡num

allowable depreciation rate at 30 percent of the undepreciated cost of

builùings and machinery. ongoing d.evelopment costs including mi¡re shafts

and ma'in haúlage ways cou1d. be recovered up to the full amount from current

income. For other industries, the d.epreciation rates would usually be

limited to ! percent on buildings and 20 percent on production mach-inery'

permanent roads, dams, brid.ges, etc. would. be d'epreciated ! percent in

all industri-es.
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Preproduction Þ<ploration and Development

A third. factor favouri:rg the resource sector was the tax provision

allowing that the preprod.uction exploration and development costs for a

project coul¿ be recovered. j¡med.iately from other mining inccme rather than

recovered either at normal d.epreciation rates or from the income of the new

project. Thi-s prouision originated dr:ring lrlorld' War II as part of the Income

l,lar Tax Act. It began as a tax cred,j-t to m:ining compan-ies amounting to a

maximum of 40 percent of exploration erçenditure incr:rred by the company in

Canad.a j¡ search of base metals or strategic minerals. The original provision

was applicable to the period, January 1, L9l+3 Lo December 11, L945, but was

later exbended to cover the years L9t+ê arfi 19l+7. Tn 1948 the tax credit

was replaced by a method. of simply deducting such exlpenditure from i-ncome'

TLre e>çenditi:re was not li-rnited strictly to erçloration but j-ncluded develop-

ment expenditures (for other than depreciable assets) tnat r^¡ere incuffed for

a new mine up to the tj¡re commercial production could begin. From l-948 to

L95t+ Lrle provision was enacted on a year by year basis. In Lg55 íL was made

a permanent part of the Income Tax Act

Three Year Tax ExenrPtion

The tax provision providing the greatest economic benefit to the resource

sector was the three year tax exempt period. for the income from a new project'

Thi-s provision was first introduced in 193ó and was to last until the end of

L939. The exemption appfi-ed to any metalliferous mine but was aj¡ed primarily

at gold. nrining. Tn L939 the provision was exfended for another three years

to the end of Lg42. All mines were now to receive the exemption' During

the war the temporary Bcess Profits Tax Act contained a si-rnilar feature'

It woul-d. exempt from tax the incone from a new mine brought into production

from L9t+3 to the end of L9t+5 foy a three year period. The provision was then
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extended to be j¡r effect so long as the Excess Profits Tax Act was i¡t effect'

The exemption was continued' in the new rncome Tax Act' 1948 under section 74'

ïn 1949 the importance of the exemption was significantly j¡creased when

resource companies were not required. to d-educt the capital- cost aflowances

on the new j-nvestment until after the three year tax holiday. From 1948 to

::955 r.jhe exemption was reviewed ar¡nuaIly after which it became a perrnanent

feature of the Act.

Determinins the Income Tax Liability

A mining rj:rå would cal-culate its taxable j¡come for L969 as follows:

(1) For the first 3 years producticn from a rn'ine:

from: Gross Revenue

deduct: ÛPerating Costs

deduct: RoYa1tY/llinng Taxes

deduct: Interest on Long Term Debt

gives: Net Frofit (tax exemPt)

(2) Following the tax exempt period:

from: Gross Revenues

deduct: OPerating Costs

d.educt: RoYaltY^'ti¡ri-ng Taxes

deduct: Interest on tong Term Debt

deduct: Ðrploration and Development costs (tov/")

deduct: Capi-tal Cost Allowance (3V/" aecltttzng balance)

gives: Net Frofit

deduct: Depletion Allowance (gg t/lf" of ltret Profit)

d.educt: $lgl.osses (uP to 5 Previous Years)

gives: Taxable Income

3A rioirrg firm is defined as a firm that mined and processed ore up to the

refined metal- stage.
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Tf the taxable income were negative, the loss could be caffied back one yeart

income perniitting.

Royalties were fu.l-ly deductibl-e in ariuing at taxable i-ncome but

the d.eductibility of the mining profits tax was u¡nited to the ratio of

Mi::e h^ofit (lncome Tax) divided by Mi-ne Profit (Min:ng Tax), not to exceed

one. Mine profit according to the income tax act was gross profit less the

nornal capitat cost allovüênce less the processi-:eg allowance (as calculated

for the mining ta*). Mine Profit under the Marútoba mining tax act was

gross profit less d.epreciation less the processing allowance' The mining

ta:c act is descríbed more fu1ly in section 4'3'

Thefina]-taxcalculationwouldbeasfollows:

Fed.eral income tax: .11 x taxable income up to $35r@0

: .40 x taxable income in excess of $35t000

Marritoba income tax: '11 x taxable i¡tcome

L.2 Income Tax Act æ-9f-E1L

TLre first major reforms to the Income lax Act were implemented in

L97Z aÍLer years of study and d.ebate. The period' from 1972 Lo 1976 was one

of transition from the old act to what would amor:nt to a completely new act'

Automatic Dep'i etion All-owance Replaced

An important change vüas the eli-¡nination of the automati-c depletion

al-l-owance. Its place was taken by an 'rearned depleti-on't system' This

operates as follows. As of L969, a resource company wou-l-d establish an

earned depletion bank, Additions to the bank would be an amount equal to

one-third the cost of qualifying investment in a new project' Qualifying

investment includ.es erçloration, preproduction development, mine assetsr Pro-

cessing assets, and the required. service assets' social capital assets would
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not be j¡rclud.ed.A Investments leadi-:rg Lo a 25 percent e><pansion of an

existing facility would also qualify. Deductions from the ba¡k were to begin

in Lg77 but th-is was later revised Lo L97t+. The maxi:num deduction pernitted

was 25 percent of the profit before the deduction up to the amount remai-ning

in the earned depletion bank. In the sequence of deductions to arrive at

taxable income, the earned depletion allowance replaced the automatic

depletion allowance.

preproduction Development costs Recoverable at a MÐdJnuJn Rate of ?0 Percent

BegiJrring in l:971+ preprod.uction d.evelopment costs were recoverable

at a 1ower rate than exploration costs. The rate was set at l0 percent of

the r:ndepreciated. cost, the same as for d.epreciable assets' Elçloration

costs would continue to be ful1y deductible in the year incurred' Pre-

production development costs now include the cost of acqtriring the rights to

a resource property. Previously such costs i^Iere excluded from any category

of depreciable asset.

Provj¡rcial Mi-ni-ng Taxes Not Deductible

A LgTt+ amendment to the Income Tax Act disallowed provincial mining

taxes as a deductible expense. Th-is was replaced' by an additionat 15 point

reduction in the Fed.eral tax rate. one purpose of this amendment was to

preserve the Federal i¡come tax base in those provinces r¡¡here the mining tax

assessments had become quite large. In :1976, the 15 percent abatement was

withdrawn and an automatic resource allowance implemented. The resource

allowance ís 25 percent of profit after deducting the depreciation allowance

4l ].çlg amendment now allows their inclusion'

51. l97g amendment has
d.evelopment costs to
cost.

restored the provision whj-ch al-Iows preproduction
be recovered. at up to 1OO percent of the undepreciated
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but before deducting interest, exploration costs, and preproduction develop-

ment costs. fn most provinces the allowance has proven to be larger than

the royalty-mining tax assessments'

Three Year Tax B<emPtion Removed

The rer¡ision to the Income Tax Act that resulted in the greatest

j¡rcrease i:r the taxes of a resource company VIas the eumination of the three

year tax holiday. The effect of this was partially off-set through the

introd.uction of accelerated. capital cost aflowance provisions' The allowance

for new mining, processing, service a¡d social capital investment could be

the greater of (i) new mine income (fimitea to 1OO percent of the r:ndepreciated

balance), or (i:-) lO percent of the und.epreciated balance' Investments for

a 2J percent etçansion of a facility would also qual i fy for the f ast tnrrite-

off, but associated social capital costs would be excluded. For l972 arñ L973

a compsny could either continue w'ith the three-year exemption or use the

accelerated. al-l-owance prorrisions. If the latter opti-on is chosen, invest-

ments as of L969 or later would qualify'

Because the capital cost allowance csn be at teast J0 percent of

the ¡ndepreciated. balance of mining and processing depreciable assetst the

opportr:n:ity exists for a mirring firm w-ith no other i¡tcome to increase the

effectiveness of the resor:rce allowance as a tax shelter'ó A firm d'oes this

by claiming a capital cost allowance during the preproduction phase of a

project which then becomes a taxable loss and can be caried forward for up

to five years. Because losses are d.educted' aftei the resource allowancet

they r,rill not d.jminish the size of the resource allowance once production

commences. capital cost alloI¡Iances, on the other hand' are deducted before

6rorr"rru, E., and Kemp, R.,.Canadi?n Taxation of Mining rncome, (Toronto:

CCH Canadj-an Limited, L978), P' 72'
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the resource allowance and therefore will reduce the resorJrce allowance

base.

Deterrnj¡ring the Income Tax Liabilitv

A mjning firm would. cal-cul-ate its taxable i¡rcome for l-977 as follows:

from: Gross Revenue

deduct: OPerating Costs

ded.uct: Capital Cost AlJ.owance (tOØ")

ded.uct: @ (3Ø" aecnning balance)

gives: Gross Profit

deduct: Resource AILowaIce (25/" of Gross Profit)

deduct: Interest

deduct: Preproduction Developme* (SØ, d.eclining balance)

d.ed.uct: E¡çloration (tOV/")

gives: Net Profit

deduct: Depletion Allowance (max. 25/, of Net Profit)

deduct: $!g-þg (tor uP to 5 Years)

gives: Taxable Ïncome

As before, a taxable loss must be carried. back one Tearr income permitting'

fhe fi¡ra]- income tæc calcu-l-ation is:

Fed.era]- tax: 36 x Taxable Income

h^ovi¡lcial tax: .L5 x Taxable Ïncome'

The fed.eral tax can be reduced by a tax credit proirision implemented

by the federal government in L975. Its purpose is to stimulate new invest-

ment. For the mining industry, ! percent of the cost of new nrining (which

includes processing), fuifai-ngs and maclinery would be the arnount of the

credit. The qualifying investment was to be made dr:ring the period June l-975

to July Lg77 ÏLLL the period is now exbended beyond 1980. ln any year the
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federal i¡come tax payable woul-d be reduced as follows:

(i) For income tax up to $15,000, the reduction is the l-esser of

the tax payable or the amount of the credit as yet unclaj¡ed.

or

(ii) For income tax in excess of $15r000r the reduction is the

lesserof$l5,OoOplusone_halfofthetaxinexcessof

$15,000, or the amount of the credit as yet r:nclaimed.

.Any unused tax credit can be carried. forward for up to five years' The

amount of the creùit used in any year also red.uces the r.:ndepreciated balance

of the buildings and machi¡rery for purposes of the capital cost allovIa¡ces'

4.? Mj¡-ing Rol¡al-ti/ and Tax Act as of 1969

The royalty/nrhing tax assessment of copper-zistc producers began

in Manitoba in December , L9t+7. Actual prod'uction of copper and zinc began

in 1930 but an agreement between the federal government and the two base metal

producers provided a 20 year royalty exempt period. Tltis was justified on

the gror:nds that the location of the deposits, being in an undeveloped part

of Manitoba and far from a marketr precluded any development without federal

and prorrincial- assistance.T The exemptions were granted' by fed'eral Orders-

i¡-Corrncil, number 2274, December 1/, 1927 for Hudson Bay M:ining and

Sme1ting, and number L656, October $, 1928 for Sheryitt Gordon Mines Ltd'

¡Ihe exemptions were to run from December 1, L927 Lo December 1, L9l+7' ltihen

the mi:reral rights were passed. from the Domj¡-ion to Manitoba in 1930t the

province agreed to honour all previous comrnltments to the comparr:ies'

The Mi-nine Royal-ty and Tax Act, s.M. 1948 assessed a royalty or

?ft""pt for the obvious fact that the properties were located in different
places, the a"uããption of the d.eposils,.the job creating potential' plus

the other .it"ur"i"trces presenteù to justify the 20 yeæ exception were

identical. Actually, the Sfrerritt C.oi¿on deposit was about one-eighth the

size of the HEMS dePosit
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mining tax on al1 Crovnr or Freehold. operators respecti-vely except for those

producing petroleum or natural gas. The assessment was determj¡ied as follows'

First, the gross profit for a company was determined by deducting from sales

revenue all prod.uction costs plus any e>çloration costs incurred in the

prouj-nce plus a d.epreciation allowance. The maximum allowance was IÚf" of

the cost of the asset urtil the asset was fu]-ly depreciated. Secondr pro-

cessing profit v¡as d.educted. since this was a 'rmanufacturirtg'r activity rather

than strictly a mining actiuity. ltie processing al-lowance was I percent of

the original cost of processing assets r,¡ith (i) a minimum of 2-0 percent of

total profit for coppet-zinc mines or /¡.0 percent for copper-ni-ckel minest

ana (ii) a maximum of 65 percent of total profit. The first 10 thousand

dollars of mining profit vfas exempt and the remaind'er was assessed at

I percent. For a new mine, the rate was 6 percent for the first 1r€arr and

f percent for the second Year.

fn L96l+ the royalty rates were amended to 6 percent on the first

one million dollars of profit, Ç percent on the nexb for':r nrillion dollarst

a¡1d 11 percent on profit in excess of one millj-on dollars' The next year

an amendment provided that these rates be halved' for the first three yearsr

profit from a new mi¡e. Another amendment exbended. the rrnew minesrr category

to mines established on or after Jarruary 1, 1962. Tn a 1966 amendment the

minjmum processing allowance roas reduced to 1! percent of total profit'

To summarize, Mining Profit as of 1969 was determined as follows'

from: Gross Revenue

deduct: OPerating Costs

ded.uct: E;<ptoration tr{itl:-in the Province

deduct: Depreciation Al-lowance (tfl" sl.;^a:ght Line)

gives: Gross Profit
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processing assets;

Gross Profit and a

Gross Profit)

deduct: Processi¡rg Allowance (4" of the cost of

mi.:rimum is L5/"

maximum is 65/"

gives: Mining Profit

The royaltY/mining tax comes to:

TLre RoyaItY Tax is:

.0ó x Mi¡re Profit
Tf Mi-ne h^ofit is:

0 - $1 m:illion

$1m:illion_$5millíon.o9x(MineProfit-$1million)+$60'000
g5 million and greater .11 x (U:-ne Profit-$5 million) + $420'000

During the first three years production from a mine, the above rates were

halved.

4.À Metallic Minerals Rovaltv Act as of 1977

TLre Mù:l:ing Royalty and Tax Act was replaced' by the Metallic Minerals

Royalty Act, effective January 1, 1975. The new act retained some aspects

of the previous act but also contained a major j¡u:ovation' Minins Profit

in the new act was deterrnined. in the same general mênner as the previous act

but with two minor changes i¡l the allowances. First, the depreciation

allowance was changed from lo percent straight line to 20 percent declining

bala]lCe. second., the upper Ljmit of the processing allowance was reduced

to 50 percent of total profit from 65 percent, and the lower Ljrnit (previously

15 percent) was removed'

The major iru:ovation in the new act is a procedure for distinguishing

abnorrnally high or tfwj-nd.falltt profits from normal profits and taxing these

above-normal profits at a significantly higher rate than normal- profits'

lnsofar as this Lr-igher than normal profit is economj-c rentt taxing away a

larger portion of it would. not, by d'efinition, have an adverse effect on the
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level of capital i¡ivestment i:r the province'

The procedure used to d.etermi¡re the norrnaf level of profit for a

firn is to multiply the undepreciated capital of the firm by the before-tax

rate of return. For example, if the und.epreciated bal-ance for a firm amor:nted

to $ó6.6? million and a reasonable before-tax rate of return is l8 percentt

then a normal level of profit for that firrn would be $12 million' This

basic procedure is further refined. j¡r the new royalty act by indexing the

undepreciated batance for inflation. Each fearr this i¡dexed r:ndepreciated

balance, called. the Investment ease (fe) is adjusted upward for inflation

and net new investment, æd d.ecreased by the depreciation clairned'

The Total Royalty for the year is calculated in the fotlowing steps'

(f) Cal-cuJ-ate mining Profit:

from: Gross Revenue

deduct: OPerating Costs

d.ed.uct: Þ<ploration lllithii'I the Pr^or¡ince

d.educt : Depreciation Allowance (2O/o declinj-ng balance)

gives: Total Profit

deduct: Processins Allowance (Ú" of the cost of processing

assets; maximum is 5Ø" of Total

fuofit; there is no mini:num)

gives: Mining Profit

(Z) Calculate the Investment Base as of the beeinn:ing of the year

(from the depreciation, inflation, ênd depreciation for the

previous year). Since processing profit is removed in

calculatingMiningProfit,onlYmin:inga¡dservicei¡tvest-

ment witl constitute the Investment Base. I/'lith c as the

r:nd.epreciated balance of the depreciable assets and cr as
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the Investment Base, the adjustments each year are as follows:

Undepreciated Tnvestment Base
Balance (at cost) (current $)

Opening bal.ance

Add inflation effect (rate r)

Add current i¡vestment

Gives

Ded.uct depreciation (rate d)

Closing balance

c2

C2xd

^lu1

ctxr
ï

c:)

^lv2

clxd

(1"l

ï

)

3) Cal-cuJ-ate the royalty payable:

(t) on profit up to .rS x cj, Base Royalty (e.n.) =

.15 x Mine Profit;

(ii) on profit in excess of .1S x C;r Tncremental Royal-ty (I.R.)

= .35(Pti¡e Profit- .18 x Cj);

(i:-:-) The lotal Royalty is the sum of that in (i) ano (ii).

(4) To compensate for fluctuations in profit an averaging feature

exists. The royalty in the th:ird year of each fixed three

year period is determined i:l the folIow-ing steps:

(i) sum the Investment Bases for the J years (calt this C);

(ii) sum the Mi:ring h'ofit for the 3 years (cal1 this P);

(i:.:.) on profit up to the amount .18 x C' Base Royalty =

.r5x P- (B.R.r+8.R.2);

(1") on profit in excess of .18 x C, Tncremental Royalty =

¡5e- .18 x c) - (r.n.t + r.n.r);

(") Total Royalty is the sum of that in (i:-i) anO (iv).
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The i¡rtent of the royalty system is to capture a larger percent of

the economic rent for the prorrince w'ithout sigr::ificantly altering the invest-

ment cli¡tate or affecti¡g decj-sions on the amor:¡t of ore' The procedure

used resul-ts i:r the system bei-ng relatively neutral between different sizes

of firm, unlike most multi-tiered tax or royalty systems in that the larger

the mining firm, the larger will be the Investment Base. However, as will

be shown, it is very inad.eqcrate in compensating for the effects of inflation

r¡rith the likely result that it would have a discernable adverse effect on

the i¡rvestment cli-rnate.
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Chapter J

Results of the AnalYsis

The results of the analysis are summarized in two sets of tables'

The first set, Tab1es 5.I Lo 5.6, show the effects of changes in the tax

legistation a¡d in relative prices from the point of view of a pri-vate firm'

The second set, Tables 5.7 Lo 5.L2, show the effects of changes j¡r the tax

legistation and relative prices from the point of view of the prouince'

Within each set of tabl-es, there are two tables per project for each of the

three projects. Ttre first table shows the actual project parameters deter-

mined by each e>çeriment, the second the percentage change in each of the

values from those initial-ly established- for :]969' The project characteristics

d.etenni-ned. by the progrên and compared. are producti-on rates, prirnary ore

available, the private value of the primary ore, the net surplus from the

primary ore, the economic rent from the primary ore, net taxes and royalties

from the primary ore a¡d gross investment for the project' As discussed

before, it is the private value of the primary ore or the net surplus from

the prÍmary ore which will- be maxi-rnized. in each experiment' Project charac-

teristics were also d.etermined. for total ore production and are shown in

Àppend,ix Ï to th:is chapter. I¡,Ihere the total ore production gives resul-ts

whi-ch are not consistent with the results from the primary ore productiont

this will be indicated'

5.L Results From the Point of View of a Min-ing Firm

Theprojectparametersofmostconcerntoaprivatefirmarethe

pri-vatevalue,theamountofprimar¡rore,andthegrossinvestmentnecessary.

Theprivatevalueofaprojectisthepresentva]-ueofthenetcashflow
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Pararneter

Production Rate

Primary Ore

Private Value

Ne! Surplus

Economic Rent

Net Taxes and
Royalties

Gross Investment

Note:

No.3 No.5 No.6 No.?
1969 prices 19ó9 Prices 19ó9 pr:.ces 1969 Prices
I9ó9 Taxes 19?? laxes l-969 Taxes 1977 Ta:<es

1969 Royal!.lgs 1969 Royatties 19?7 Royalties 197? Royalties

10?,561 85394 1O2,r85 53'088

28r.or5 276,853 272,539 275,63t+

6t3,ozo -359ßLt -zt+g $36 -907,967

'lo.o72 L67,tn5g 8rfi97 2O5t6U+

785&92 -237,367 995J5o -W,r79

-LJgl t63O r7,O75 426,91+5 &6,227

6,108,90? 5ß95,M2 6p57 '9o3 5t56Lt679

Table 5.1

Prolect, #f Cha¡ree i¡t Parameters

l¡lith Chances i¡ lecislation and Prices

I

2

3

Afl value is i¡ 1969 dollars.

Ttre production Rate 1s l¡r tons of ore processed per year; Prlmary ore is in tons.

Dçeriments other than No. 4 and No. Il exclude i¡¡flation.

No.9 lio.l-O
1977 Prices 19?? Prices
l-969 Taxes 1977 Taxes
1969 Royalties L977 Ro:¡afties

99 ,hl+3 lr9 rffiZ

265 $gl 2æ,032

-77 rr52 -Ltr57,557

-76LJ83 -630,907

52p2r -632Jo2

-Lt}9t+r656 7l+'J5O

6,031r?rg 5 t525tLyl

Ìtro . l+

19ó9 Infl-alion
1969 Prices
L969 Taxes
1969 Royalties

]r0,344

2ñr33t+

65o,359

83,006

8o4,349

-1,18g r 886

6,r35:o53

No.LI
I97? Inl'lation
1977 Prices
I9?7 Ta;'-es
I9?7 Ror'4ties

h9,l+72

253,550

-1, 515,060

-632,6n

-786r91+3

5IO,383

5152L'l+96

H
\JJ
__t



Ê<perir:rent

Paraneter

Production Rate

Primary Ore

Private Value

Net Surplus

Economic Rent

Net Taxes and
Royalties

Gross Investment

No.3
1969 Prices
1969 Taxes
1969 Royalties

It

l+

*

No.5
1969 Prices
197? Taxes
1969 Royalttes

-20.67

_ 1.48

-L55.96

+138.98

-L3O.23

Tablg 5.2

Proiect #1 Perce¡rt ChanAe i¡ Parameters

With Changes in T,e8islation and Prices

No.6 No.? No.9
1969 Prices 1969 Prices 19?7 Prices
1969 laxes 19?? Taxes L9ó9 Taxes
19J? Royalties I9?7 Royalties 19ó9 Royalties

- 5.oo -50.64 - 7.55

- 3.O2 - 1.91 - 5.38

-138.85 -?4L.2O -r 12.00

+ 1?.O2 +L93.1+3 -1186.57

+ 26.72 -118.23 - 93.38

-10r.43

- 3.1+9

- 89.40 -L5O.62

o.g) - 8.96

No.10
1977 Prices
f977 Ta-xes
19?7 Royalties

-53.70

-7.1+7

-280.02

-1000.37

_180.49

-106.2r

- 9.56

No.l+
1969 tnttation
1969 Prlces
19ó9 Taxes
1969 Royalties

tf

'l+

ì+

*

It

*- o.25

L.26

No.lf
19?7 l¡flaiion
1977 Prices
I97? Taxes
197? P.oi'alties

-55.!7

- 9.55

422.96

-862.23

-L97.8t+

_U],2.89

-10.o0

Hu)
@



Þcperiment

faraneter_

Production Rate

Primary Ore

Private Va1ue

Net Surplus

Econonic Rent

Net Tav.es and
Royalties

Gross Investment

Note:

No.3
1969 Prices
1969 Taxes
1969 Royalties

885,ogo

2,658$35

L8J?joJg6

2b.J3605L

19 flr+9Ã65

-875 r67t+

19 r82Orr35

No.5
1969 Prices
197? Taxes
1969 Royaltíes

785,750

2,933 t669

11,28r,8óO

25r6h4,1+69

121776rt+O8

9,536rL93

L8.3'gl r4L2

Tgt le 5.3

ProJect #2 Change i¡ Pa¿ameters

With Chanßes í¡r Le8islatlon a¡d Prices

No.6 No.?
1969 Prtces 1969 Prices
1969 Taxes 19?? Taxes
1977 Royalties 197? Roraltles

783,697 485,038

2J+69 3gl 2t98t+t2o9

ro377 trSO l+r291+,O72

2t+J6g JOz 27,0?1,111

2O.272J53 72,735,626

9,498,690 19 t452rl+O9

L8!276tl2t+ L3t708t35r

I
2

3

All value is in 1969 dollars.

The production Rate is l¡r tons of ore processed per year; Pri¡nar¡r Ore is j¡l tons.

Þrperirnents other than No. lr and No. 1I exclude l¡rflation'

No.9 No.10
t9?7 Prices L977 Prices
1969 Taxes 197? Taxes
1969 Royal-ties I97? Royal-ties

T3g rrog 414-,077

2 ,262 :258 2, 560 , 888

11,3?g,O2O 2J77,916

L5!26t+t}g4 L7,.47O,377

J2 J+39 J9O 8,355,L73

-gt+5 1968 l2tl+8217æ

t7 ,59),25t+ L2$O7 t667

No.l+
1969 t¡fration
1969 Prices
1969 Taxes
1969 RoyaLties

. 881+,105

2$5Ltg7g

16 ,202,121

2l+t1O5 r9l+O

19 þ78,635

-8t2J63

19,805 r 14?

Nc.11
1977 Inflalion
1977 Prices
1977 Ta-.<es

1977 Rc.r-al-ties

363,665

.2t22rr855

r,oI2rL52

t6ß55tO72

7 t3r2t5lg

L3t752rLO3

LLt827 t8g5

P
\l)
\o



Dcperiment

Paraneter

Production Rate

Primary Ore

Private Value

l{et Surplus

Economic Rent

ÌIet laxes and
Royalties

Gross llvestment

ìIo.3
1969 Prices
1969 Taxes
1969 Royalties

*

*

tf

No.5
19ó9 Pr:-ces
19?7 Taxes
1969 Royalties

-LL.22

* 6'59

-38.1+2

+ 6.25

-35.30

-1189.01

- 7.63

TabLe å.lr

Project #2 Percent Change i¡. Parameters

With Chanßes i¡ Legislation and Prices

No.6
1969 Prices
1969 Taxes
1977 Royalties

-11.46

- 7.r3

-t+3.9O

+ 0.96

+ 2.65

-1f84.73

- 7.79

No.7
1969 Prices
1977 Taxes
1977 Royalties

-l+5.2O

+12.24

-76.56

+12.16

-3|l-.50

-z)zL.t&

_30.8À

No.9
1977 Prices
1969 Taxes
19ó9 Royalties

-16.49

-1J+.92

-37.89

-36.',l6

-37.Or

+ 8.C

-IL.v

No.10
1977 Prices
1977 Ta--.es
19?7 Royalties

-53.22

- 3.68

_97.o2

-27.62

-57.69

-L525.5L

4639

No.l+
1969 ¡nttation
1969 Prices
1969 Taxes
19ó9 Royalties

*

tç

if

tt

*

No.l-l-
1977 lnflation
1977 Prices
1977 Tav-es
1977 Rc:,'alties

_58.87

-16.3r

-9r+.73

-30.08

-62.8t+

_y792.85

-Å,0.28

Hì*O



Ðrperincent

Parameter

Production Rate

Primary Ore

Private Value

Net Surplus

Economic Rent

Nel Taxes and
Royalties

Gross Investment

Note:

No.3
19ó9 Prices
L969 Taxes
1969 Royalties

5 J+53 P22

22fi58167t+

Lt2óo2$99

L96ó38p52

r23 ß6oJ83

29 J96pt+t

98rñ21957

No.5
1969 Prices
1977 Taxes
1969 Royaltles

t+p25,564

26tt+68r579

78r822r695

218,886,7O3

9rÀo3t628

93rl+@,378

78rl+67 r].82

Table 5.5

Project #3 Chanße i¡r Parameters

lJith ChanFes i¡ T,egislatlon and Prices

No.6
1969 Frices
1969 Ta-xes
197? Royal-ties

t+J85 tg87

23 1583 t51t+

71'l+81'l+34

zLOp66tg76

129 3Og,O38

96tæ5t571+

81,116,921

1.

2.

3.

Aff value is in 1969 dolLars.

The Productlon Rate is in tons of ore processed

Dcperiments other than No. I+ a¡¡d No. IL exclude

No.7
19ó9 Prices
1977 Ta.xes
1977 Royal-ties

3 1269,O21+

26r65rrgot+

35191+9,O1+3

22t+r37L¡gÐ

æ,096,o48

]r57,51+9,31+g

62r592r573

No.9
1977 Frices
1969 Taxes
1969 Royalties

l+,].87 .238

tg t832tr33

77 ,l+15 t85l+

7J+5 r25¡r3gg

86t599 $l+7

26:282,t74

77 ,gt3,Ot 6

No.10
1977 Prices
19?7 Taxes
1977 Roi'glties

2,7rrt0zb

22rL5Lr833

25,006,09O

L62tt+æ1363

6t+J27 J3L

LL3 r28Orl+65

53.359,852

No.l+
1969 lnttation
1969 Prices
1969 Taxes
1969 I'.o:¡alties

5,896,809

2t$3oJ76

ro9 r79t+r567

L83 t',l]g1833

120r788,5O1

2rJ+6t+.293

106,156r688

per year; Hmary Ore l"s in tons.

i¡¡flation.

No.ll
1977 hflatlon
1977 Prices
I9?7 Ta*-es
1977 Rolrltieg

l_, 869 , 88ó

17 ,653,2T2

t6, i*50,017

153 ,l17, 115

55,2r5 t603

IL8r0l+8,562

39,372,2n

H+
H



lxperinenü

)ararneter

?roduction Rate

Prirnary Ore

Private Value

Net Surplus

Econoni-c Rent

Net Taxes and
Royalties

Gross Investment

No.3
1969 Prices
1969 Taxes
1969 Royalties

'l(

ì+

,t

No.5
1969 Prices
19?? Taxes

r"!ls-åÉ

Proiect #3 Percent Chanåe i¡ Paramelers

l,lith Chan8es j¡r Legislation and Prlces

1969 Royalties 1977 Royalù1es

-22.5L

+L5.29

-29.91+

+LL.37

-26.20

+2L9.9L

-20.58

No.6
L969 Prices
1969 Taxes

No.7
1969 Prices
1977 Ta:ies
19?7 Royalties

-/+o.64

+16.09

-6s.05

+14. ró

-27.26

+t89.63

46.65

-r9.57

+ 2.72

-36.tr6

+ 6.88

+ 4.40

+228.8J

-u.90

No.9 No.10
t9?7 P:'ices 1977 Prlces
1969 Taxes 19?7 Te-res
1969 Ro:ralties 19?? Royalties

-23.2L

-r3.62

-3r.19

-26.o9

-30.o8

- g.g8

-2r.18

-5O.28

- 3.5r

-77.77

-L7.37

-48.23

+288.00

-l+5.99

No.l+
1969 mttation
1969 Prices
19ó9 Taxes
1969 Ro:¡e.lties

*

*

ìt

IC

*

*

No.lI
1977 Inflation
1977 Prices
L977 Ta-tes

L9?? Rol¡alties
-68.29

-16.06

_85.O2

_t6.65

-51+,29

+449.98

-62.9L

H
.F-
¿\)
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usj-ng the supply price of capital as a discount rate. It is the maxi¡rum price

the firm woul-d be prepared. to pay another firm for the rights to the resource.

The esti¡rated tonnage of primary ore in a property wilf delj:nit

the size a¡d li-fe of a possible project. It varies with the discount rate

used., the j-nccme tax and royalty legislation in ptace, and the costs and

prices assumed.

The gross investment d.etermined. for a project is the amou¡t of

capital which must be raised by the developer. It is assumed in this study

that capital will be raised by eqrrity capital although for Project numbers

l and 2 some capital w'ill be available by way of the tax sarring. Changes in

gross investment are hi-ghly comelated \^rith changes in production rates since

the production rate is a direct function of project size.

fnitial Conditions, 1969

Êqperiment number 3 for each of the projects establishes the

parameters that would be optimum given L969 +'axes' royalties' and rerative

prices. Generally, L¡e L969 projects are characterized by relatively high

private values¡ low amounts of primary Ore, and. high gross investments' An

exception to th-is is the relatively high level of primary ore for Project

number 1. This results because of the combined- effect of no taxes, smal1

royalties and a primary ore production period which is naturally close to

the three-year tax holiday. The high level of investment and associated high

production rates are directly attributable to what would be rational response

of the fj-rm to the three-year tax hotiday. The strategy of the firm is to

mine most of the primary ore within the tax free period so as to ma:cimize

the value of the deposit. The three-year period of reduced royalty rates

rej¡rforces this response, although the influence is obuiously weaker'
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For project numbers 1 and. 2, Llne net taxes and royalties are low

or negative. This occurs because of the combined effect of low gross taxes

and. royalties and the foregone taxes at the ti¡le of investment'

L977 Íncome Taxes

ftrperiment number ! replaces the 1969 íncome tax regime with that

in place as of Lg77, In the new income tax legislation the automatic deple-

tion allovüance i-s replaced by earned depletJ-on and the three-year tax holi-day

is replace¿ iuith accelerated. capital cost allouiances. The general effects

are that private values, gross i-nvestment and a¡nual production rates fall

while the amount of primary ore (witir one exception) increases' Project

number I primary ore i-s not increased because the amount of prlmary ore was

already relatively high since the three-year tax hou-day had tittle effect

on prod.uction rates. fhese effects and the resulting increase in project

life are the logical consequence of the eti¡rination of the three-year tax

holiday. The changes in production rates from those in Dcperiment number 3

varies from an ll percent reduction for project number 2 to about a 20 percent

reduction for the other Projects

The most important change for a private firrn is the reduction in

the private value of each project that occurs' For h^oject number 1t the

income taxes have increased to the erbent that the project is no longer

econondcally viable. The value for Project numbers 2 and J declined by

l8 percent and 30 percent respectively. Most of the change results from

elimi-nation of the tax hotiday. However, limj-ting the rate at which pre-

prod.uction d.evelopment costs coul-d- be recovered' from other income also has

asignificanteffect,especiallyforthesmallestproject'

1977 Rovalties

The introduction of the lÇlf royaLty system in Elçeriment number 6
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resufts j¡ similar changes to those produced by the L977 income taxes but

there are some signì-ficant d.ifferences as welI. îhe private value of the

projects are reduced by almost the sane erbent as they were in the previous

experiment. As with Þrperi¡tent number l, Project number 1is no longer

economically viable. The value of Project numbers 2 and 3 are reduced by

41,, percent an¿ )6 percerrt respectively, slightty more than occurred w'ith

the previ-ous elqperi¡tent.

The tor:nage of primary ore is affected relatively little by the

new royalty system even when the project size is significantly reduced as

iuith pr"oject number J. This can be attributed to the high incremental

royalty rate which woul-d tend to keep the primary ore cut-off grade high.

The gross investment in each project is reduced but not as much as

before. The new royalty system tend.s to have less effect on the smallert

less profitable projects than the larger, more profitable ones. Two off-

setti-ng factors produce this result. One is the three-year tax holiday which

encourages a higher rate of production and more investment; the other is the

two-tj-ered royalty system which encourages a lower production rate and

smaller i:rvestment.

19?7 fncome Taxes and RoYa1ties

tr{hen both Lhe 1969 income tax and L969 roya;-Ly systems are replaced

by the 1977 Leeislation (nçeriment number 7) there are substanti-al- changes

i-n al-l- the projects' As with Þcperiment numbers 5 and 6' Project number I

is not econornically viable for a private firm. The decbne in the private

value of each project amounted to nearly the sum of the declines which each

experienced in the previous two elçeriments. The reduction in private value

for Project numbers l, 2 and 3 amo¿nted, lo 24L percent t 77 percent and

ó8 percent respectivelY.
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The amount of primary ore, on the other hand, tends to increase

because of the new legislation. The increases for Project numbers 2 and 3

are not large, 12 percent and Ió percent respectively, but they more tha¡

offset the loss from h^oject number 1 because it is no longer economically

uiable. The increases are the result of lower production rates and lower

primary ore cut-off grad.es once the tax holiday is efi¡rinated.

As production rates decrease, so do the levels of gross investment.

The decline for h^oject numbers 2 and 3 amowrts to 31 percent arñ 37 percent

respectively.

1077 Frices

Ê<periment number 9 combine s l]77 costs and prices r,rrith 1969 income

taxes end royalties. In comparison w'ith the initia. 1769 results, the effect

on al-I three projects is a decU-ne in private valqes, a decline in the amount

of primary ore, and a d.ecli:re in gross investment. However, the magnitude of

the changes is generally much smaller than occured in the previous experiment

when the 1977 Legíslation was in effect.

TLre d.ecline in the private value of each of the projects from the

values deternj-ned. for Experiment number 3 amounts to 112 percentr 3T.Ç percentt

and 31.2 percent. These are just under one-hal-f the amor:nts which occuffed

j¡l the previous ex¡periment. Again note that h^oject number l is no longer

profitable for a private firm to undertake.

The j¡trod.uction of L977 costs and prices had a considerable adverse

effect on the amount of primary ore. The red.uction amor:nted to 1l percent and

þ percent for Project numbers 2 and J respectively. Similarly gross i:rvest-

ment and producti-on rates were also reduced. Project numbers 2 and I gross

investments were reduced by 2L percent each, just over one-half the decline

that occr:rred in the prerrious experiment.
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197? h^ices Plus 1977 Taxes and Rova].ties

T?re resu¡-ts from Ðçeriment number lO show the full e>ctent of the

changes in project parameters since L969. Fortunately the changes are less

than a single summation of the resul-ts from the previous two experjments

would produce. That is, a red.uction in private val-ue of a project byr sâfr

lo percent in each of the two previous experi:nents does not result in a

20 percent red.uction i-:: private value in this e>rperiment' This is because a

firrn ca¡ determine another variation of the project which will increase the

private val-ue over that which would result if the previous variations of the

project were used

The pri-vate value of Pr^oject number I is reduced by about 280 percent

fron L969. Natr:rally, as vüas the case rnrith each of the previous changes, this

project is not economically viable for a private firm. Project number 2 value

has decli-ned by 87 percent fron 1969 while Project number 3 value is down by

f8 percent. Project number 2, which would develop deposits in the one mil-lion

to 1O milllon ton range, is now Ï-ttle more than a margi-nal project' Tluis

Iikely neans that it would only be undertaken by a nearby mining fj-rm already

established. Although the private value of the projects j-s considerably

red.uced. i¡ this e:rperiment, the amount of primary ore j-s relatively r:naffected'

ït is reduced by I percent for Project number 2, and 3 percent for Project

number J. This is the net effect of the changed economic conditions (which

red.uces the amourrt of the ore) and the new legisl-ation (which tends to

i-ncrease it).

The opti-rnum level of investment that would be made in Project

numbers 2 and 3 is red.uced to nearly hal-f of what would take place in 1969'

The changes here parallel the changes in production rates with small devia-

tion because of d.ifferences j:: the tax and royalty legislation relating to
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capi-ta1 recoverY al-Io$Janc es.

I Q69 Conditions l^lith Inflation

Þçeriment number 4 is the sarne as Eiçerlment number 3 with the

exception that the L969 raLe of inflation is applied to anticipated future

costs and revenues, and. to the discount rates. The L969 taLe of inflation

was relatively low, about l¡.8 percent. A comparison of proiect parameters

determined in F;çeri:nent nu¡nbers 3 and 4 shows that the effects of the 19ó9

inflation are quite smal-l.

The general effects of the inflation are that private values

d.ecli¡re, the amount of primary ore d.eclines, Ðd the leve1 of investment

declines. The changes reflect the net effect of two offsetting factors'

First the use of a h:igher discount rate tend.s to accelerate the rate of

production since the value of later prod.uction in relation to the value of

cuffent production is reduced.. second. the existence of inflationary profit

meat:rs that, j¡r the absence of adequate ind.exing, taxes and royalties will

increase an¿ prod.uction rates will be red.uced.I However, these effects can

al_so be modified by the three-year tax holiday available in L969. The private

value of Project number 1 is actually increased slightly by inflation' This

occtlrs as infl-ationary profits are introd.uced. while income taxes remain at

zero (since in both cases prod.uction occurs r,rrithin the three-year tax free

period). On the other hand, Project number 3 taxes and royalties declined

because of infl-ation rather than increased. Thi-s occurred because more of

the production took place within the three-year tax free period so that more

lThe effects of a hi-gher disco*nt rate and increased costs is best demonstrated

in the seríes of e:rferiments undertaken from the þrovincet s point of view'

n*puti.errt number 2 differs from Experjment number I in that the discount

rate is h:igher. The effect is to iäcrease the rate of production and level
of investment. tr:çeriment number I d.iffers from Þçeriment-lumber 1 i-n that
1969 cost and prices are replaced by those for L977. The effect is to lower

the rate of production and level of investment'
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of both the inflationary and rea]- profits avoided taxation. However, the

private value of the project declined as would be er<pected.

1977 Conditions With Tnflation

Þçeriment number tl is the same as Erçeriment number l-0 except for

the additj-on of Li¡e L977 inflation. The rate was about 9'4 percent' The

effect of in-flation on project parameters is significantly greater in this

e:<periment than was the case with Þrperi¡ent number 4. For all projectst

there is a noticeable decline in private value and the quantity of primary

ore. The main reason is the significantly increased i¡rcome tax and royalty

assessments whi-ch canreot be avoided by way of the tax holiday'

An rrnexpected. result was the large increase i-n the royalty assess-

ments which occurred. Ilne L977 royalty system was designed so as to offset

much of the effects of inflation. In fact the increase in mining profit

(and therefore royalti-es) ""tt amount to from three to four ti-rnes the proper

inc""."".2 If this profit is assessed at the Lr-igh royalty rate, the percen-

tage increase in royalties j-s even greater'

As j¡r the previous exlperjment, investment and production rates

tend to be higher with the higher discor¡nt rate and be lower because of the

relative increase j¡r costs. The latter effect is generally more important'

For Project number I there is only a sma1l d.ecrease i¡r the opti.rnum production

rate. The effect is more important for Project numbers 2 arñ 3. Project

number 2 production rate declines by nearly l! percent while Project number l

produ.ction rate declines by 35 percent. The importance of the effects is

directly related. to the profitability of the projects. Project number I is

not economically viabl-e for a private firm while h^oject number J, on the

2Thi, is demonstrated. w'ith a simple example in Append:ix lI to this chapter'
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other hand, is significantly more profitable tha¡ is Project number 2' An

important factor tending to retard the production rates is the two-tiered

royalty system. Increasj¡rg costs alone have this effectr as discussed before'

since Line 35 percent incremental royalty rate is applied to the j¡-flationary

profits, the royalty assessments increase, leadjng to a further decline in

the rate of production. TLre strategy ís, in effect, to avoid or postpone

the high royalty payments by postponing production'

comparing the percentage change i.l1 project parameters from

Ê<periment number J to Ðcperiment number 10 (no inflation) r^¡:itn the percentage

change in project parameters from Ð<peri¡ent number 4 to Þçerjment number 1l

(r^ritir ir:-flation) progides the clearest indication of how a firm might be

affected by i¡flation. For the economically r¡iable projects, the e:çected

changes occur. A high rate of inflation results j-n more taxes and royalties,

reduced. private val-ue, reduced amounts of primary orer reduced rates of ore

exLraction, a¡d red.uced levels of investment' Note in particular that the

private value of Project number 2 declined by 95 percent ü¡:ith infration

compared to 8? percent r¡¡ithout inflation while Project number 3 value

declined by 85 percent rl¡ith i¡flation compared to 78 percent without

inflation.

5.2 Results From t@
The project parameters of most concern to the prouince are the

net surplus, the net taxes and royalties, and the economic rent' As

di-scussed. previously, the net sr:rplus represents the present value of social-

benefits which will accrue to the public sector in the form of taxes a¡d

royalties and to the private sector i¡r the form of net profits' As Þçeri-

ments number I through number I demonstrate, the social benefi-ts which a



Experi:nent

Pararneter

Production Rate

Primary ûre

Private Value

lÌet Surplus

Eccnomic Rent

Net Taxes and
Royalties

Gross Invesümenü

No. I No. 2
1969 Prlces I9ó9 Prices
1969 Surplus I96P Surplus
D.R. is SOC D.R. is SPC

6t*ro77 Ð,69tt

288J7t+ 276,925

2t+zpTt+ 536,39L

22t+J32 r7l+t653

)57 r83O 659,798

-76t+$98 -Lpt+5'¿62

5 þ79 J23 5,U18t679

All value is in 1969 dollars.

The Production Rate is in tons of

lnflation is excluded.

Table j.7

Proìect #f Chanee i¡ Parameters

irmrm Val-ues

Note:

No. 3
19ó9 Prices
1969 Taxes
1969 Royalties

10?,5ór

281r01-5

6t+3 pzo

70tO72

785 t292

-1,19?,ó30

6rlo8rgo?

1.

2.

3.

i¡ ihe Discount Rate an

No. 5

19ó9 Prices
19?7 Ta-xes
1969 Royalties

85.39t+

2761853

-3 59, 81r

L67 rlr5g

-47 '367

17 rA75

5t895rW

No. 6
Ì969 Prices
L969 Ta-xes
19?? F.cyalties

102,r85

272,539

-zt+g $36

81, gg7

995,L50

-1263t+5

6ro57 rgo3

ore processed per year; Primary Ore ls i¡¡ tons'

No. 7
19ó9 Prices
l-9?? Taxes
19?? Royalties

53 ,088

275,634

-9o7 $67

2O5r67l+

-w,L7g

&6,227

5t56r,679

No. I
197? Pri.ces
I9?7 Surplus
D.R. is SOC

59 161+9

273 rOO8

-393 J85

-6]_5ß26

-288t795

-8t+3 388

5$32J25

H\¡
H



Experiment

Paraneter

Productlon Rate

Prirnary Ore

Private Val-ue

i'iet Surplus

Eccno¡nic Rent

Nel Taxes and
Royalties

Gross lrvestmenü

No. I
1969 Prices
1969 Surptus
D.R. is_SOC

tf

.*

*

No. 2
L969 Prices
19ó9 Surplus
D.R. is SPC

+30.61

- 3.97

+121.40

-22.28

+81+.39

+t+6.69

+3.5r

Table-5. S

Pro.lect #1 Percent Change i¡r Pgrameters

i¡m¡m Values

No. 3
1969 Prices
1"969 taxes
1969 Rovatties

+67.e6

- 2.55

+165.41

+,8.82

+1I9.1+6

+56.61

+7.56

No.5
t969 Prices
I9?? Ta-tes
1969 Royalties

+33.27

- 4.00

-2t+8.5L

-25.1+9

-166.3t+

-LOz.23

+ 3.8O

No. 6
f969 Prices
19ó9 Ta-xes
19?7 Royalties

+59.1+7

- 5'l+9

_203.V

-63.st

+t78.I

-83.t*O

+6.66

No. ?
f969 Prices
I97? Taxes
19?? Royal"ties

-a7.L5

- l+.1+2

-t+74.77

_ 8.51

-14O.01

-r79.28

_ 2.O7

No. I
197? Prices
l-977 Surplus
D.R. is SOC

-6.9l

-5.33

-262.37

47t+.O3

-18o.71

+10.28

{.82

ts\^
P



Þ<periment No. I No. 2' I9ó9 Prices 1969 Prices
1969 SurPIus I96P SurPlus

Par-aneter D.R. is SOC D.R. is SPC

Production Rate 566 ót+S 6l+]-lg2

Primary Ore 3 3l+2 J67 2 r9l+9 J+61

Private value I5ór8J+65 ]:6J33$O2

Net Surplus 2J 126orz97 26$32fi23

Econornic Rent Ur038r18,+ l-8r280ró90

ìtret Taxes and
Royalties 4t6o8'222 3 3L8t59L

Gross Investment 1Jtfi58r964 Ió'1011065

: Noüe: 1. Value is in f969 dolfars'

2. Ttre Producùl-on Rate Ls ln tons

9. Inflation ls excluded'

Tab-Ie 5.9

Proiect #2 Cìranee i¡¡ Parameters

irmrm Values I'l

No. 3
1969 Prices
1969 Taxes
1969 Royalties

885,og0

2,658ß35

r8r32O1396

2t+J36 tg5r

L9 tIt+BJ+65

-{15,67tn

1g,820,135

i¡ the Discount Ral

No. 5

1969 Prices
19?? Ta-'ces
1969 Royalties

755,750

2,833,669

rL,28r,860

25t6LJ+tl+69

wJ76,4O8

9,536,I93

].SJOTtl+W

No. 6
1969 Prices
1969 Taxes
I9?7 RoYalties

783 þ97

2J+69 .287

ro'.277 tr30

a+J69Joz

20.272J53

g,498,ó90

]r81276t].?,l+

of oro processed per yeari Hnary Ore is

ìlo. ?
1969 Prices
]9?7 Taxes
19?7 Rol¡alties

l+85 
' 
O38

21981+r2O9

t+,294tO?2

27 tOTLtrLL

L2fi35,626

19 rl+52t1+O9

L3r7O8r35L

No. I
1977 Prices
19?? Surplus
D.R. is SCC

l+g8t5ot+

21826r'tlrt,

g,660,g8r

1?,ó8?,690

10¡818'[ll¡

2J681559

13,908,39O

l¡r tons.

P
\¡l
\Ð



Experíment

Paraneter

Production Rate

Prinary Ore

P¡'ivate Va1ue

Iiet Surplus

Economic Rent

Net Taxes and
Royalties

Gross Invesüment

No. I
1969 Prices
1969 Surplus
D.R. is SOC

*

*

l+

l+

*

Table 5.lO

ProJect #2 Percent Change i¡ Paraneters

From Social,Iy ûptinmrn VaLues With Changes j¡ the Discount Rate and LeEislation

No. 2
1969 Prices
1969 Surplus
D.R. is SPC

+13.u

- 9.03

+ 7.83

- r.57

+ 7.29

-30.16

+ 7.63

No. 3
1969 Prices
1969 Taxes
1969 Royalties

+56.23

-16.OO

+18.06

_1I.46

+15.9I

-rtg.0o

+)2.50

No.5
1969 Prices
1977 Ta-xes
1969 Royalties

+38.69

-L2.@

-27.30

- 5,93

-25.OL

+106.94

+22.38

No. ó
1969 Prices
1969 Taxes
19?? Royalties

+38.33

-23.8t+

-33.77

-10.60

+18.98

+106.12

+22.I8

No. ?
1969 Prices
19?? Taxes
1977 Royalties

-1]+.39

- 7.96

-72.33

- 0.69

-21+.o8

+322.I2

- 836

No.8
1Çff Prices
19?7 Surplus
D.R. is SOC

-12.01

-12.81+

-37.62

-3L.7L

-36.)9

-h2.r3

- 7"O2

ts\^
+-



Ex-periment

Parameter

Productlon Rate

Prirnary Ore

Private Value

IIet Surplus

Eccr¡onnic Rent

NeT Taxes and
Royalties

Gross Investment

No. 1
19ó9 Prices
1969 Surplus
D.R. is SOC

3 JLSú+21

3rt87g t6L9

97 $l+l+tL92

228P65ß75

110r130rO23

66Jt+9þt+L

63 ,362 J+5t+

No. 2
1969 Prices
1969 Surpl"us
D.R. is SPC

I+tro5 t522

27,l+90,008

Lo7 t989 J+99

22Lt65t+J&2

72O.9O2t512

53 1912 1692

76J+66t7æ

Table 5.ll

Pro.iect #3 Change i¡r Pargmeters

imrm Values Hith Changes Ð-Ûg-!

Note:

No. 3
1969 Prices
1969 Taxes
l-969 Rovaltles

5 J+53 $22

22 1958,67tr

L)2r5O21699

L96ó38p52

123t86Oþ83

29r196r0l+1

98tæ21957

1.

2.

3.

All value is i¡ 1969 dolIars.

the production Rate Ls i¡ tons of ore processed per year; himary ore Ls i¡r tons.

Inflatlon Ls excluded.

No.5
I9ó9 Prices
I97? Taxes
1969 Royafties

t+,225t561+

26tt+68t578

78r8?2$95

2L8,886JO3

9Lr4O3t628

q3r4æ1378

78tt+67 J82

No. 6
1969 Prices
1969 Taxes
l-9?? Roval"tles

t+J851987

23 1583 t5l4"

71,r+81r431+

2rop66,976

)29 JOg,O38

96roo5J7t+

81r116r921

No. ?
1969 Prices
I9?? Taxes
197? Ro.¡alties

3 '269 tozl+

26t65L,8O1+

35191+9,ol+3

2?J.r37rr983

go,096,o48

L57 r5l+9t31+9

62t592t573

No.8
19 ?? Prices
19?7 Su¡pl,us
D.R. is SOC

2$2Ot7ì+7

27 þ83p28

68rl+05,858

16ó,?t+8r8ó8

77 ,66tn1056

t+g J+o2 J+5O

55 tr83,O52

F
\rr
\¡r



Erperirnent

Parameter

Prcduction Rate

Primary ûre

Prlvate Value

Ilet Surplus

Economic Rent

Net Taxes and
Ro/alties

Gross Investrnent

No. 1
1969 Prices
1969 Surplus
D.R. is SOC

lÍ

{+

*

*

*

at

ociafl

No. 2
19ó9 Prices
1969 Surplus
D.I. is SPC

+23.83

-r-3.77

+to.3Z

- 2.go

+ 9.78

-18'70

+20.68

TaLlg å.1.1

Project 4 Pergent CliaEre i¡r-Pgrameters

Val-ues With Changes

No. 3
1969 Prices
1969 Taxes
1969 Royalties

+61+.1+'l

-27 '98

+14.98

-13.90

+]'2.1+7

-56.oo

+55.91

the Discount Ra

No. 5

I9ó9 Prices
197? Taxes
1969 Royatties

+27.1+5

-L6.97

-r9.À4

- 4.]r

-u.00

+40.77

+23.81+

No. 6
L969 Prices
1969 taxes
l-977 Royalties

+32.29

-26.O2

-26.9t+

- 7.97

+1?.41

+À4.70

+28.O2

islati

No. ?
1969 Prices
I9?7 Ta-tes
19?7 Royalties

- r.40

-16.40

-9.2þ

- 1.7r

-r8. rg

+L37.1+6

- I.22

No. I
1977 Pri-ces
1977 Su¡plus
D.R. iS SCC

-lJ+.92

-13.16

-30.09

-26.95

-29.t+8

-25.51+

-I2.91

ts
\JI
o.
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project i^ri1l yield vary with the di-scount rate used, the income tax and

royalty regimes in effectl and' of course, relative prices.

1.he net taxes and royalties are the gross taxes and royalties less

those foregone at the time of the initial- investment. The present value of

the net taxes and royalties represents the direct benefits the province

would anticipate from a Project.

The econonic rent is the maximum lump sum amount the provincer as

ot{ner of the resource, cou1d. ask the d.eveloper to pay for the rights to a

resource property in lieu of a¡nual royalty payments. Al-ternativelyt the

economic rent is the upper tinit of the present value of the anrural royalty

payments that could be obtained from the private developer and leave the

project just viable.

The Socially Optj:num Pro.iects jn 1969

&<periment number 1 d.eterm:ines the socia.Ily optimum size for each

of the projects. TLre model does this by ma:rimizi-:eg the present value of the

net surplus using the social opportunity cost as a discount rate. In addition

to a h:igh net surplus, the projects generally are characterized by a refa-

tively low prod.uction rate, high net taxes and royaltj-es, and high economic

rent. Net taxes and royalties for Project number 1 are negative because few

taxes and. royalties are ever paid wk:-ile consid.erable taxes are foregone at

the tjme of investment. However, the net surplus is positive meaning that

there are social- benefits to be derived from the project. That is, the value

of the profits generated plus the taxes and royalties paid will exceed the

taxes foregone at the time of i:rvestment'

Changing the Discount Rate

Dçeriment number 2 is sjmilar to Brperiment number 1 except that

the discount rate used is the supply price of capital. The parameters of
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the projects determi¡ed in this ercperi:nent can be compared to those in

F;çeriment number I in ord.er to measure the effects of using a discor:nt rate

hi-gher than the socially opti-mum rate. As later experi:nents show' the income

tax and royalty legislation in effect can either offset or contribute to the

effects wl:-ich occur as a resul-t of using a discount rate which is too high'

Ïncreasing the discount rate generally results in a higher rate of

ore production, h:igher levels of investment fOr increased mine and mill

capacity, less primary ore, a smaller net social surplus a¡d reduced taxes

and royalties. Tn other l^Iords, the use of a high discount rate imposes a

cost on the province. A high discount rate mqy result from the private firm

using a large risk prernium (reflecting i-nadequate risk pooling) or from the

firm operating in a monopolistic or oligopolistic market enabling it to

mai¡rtain an abnormally high opportunity cost'

Ân increase i.11 the d.iscou¡t rate has the greatest effect on the

net surplus generated by the smallest project. The d'ecrease amou¡ts Lo 22'3

percent for Project number l. For Project numbers 2 and' 3, the decrease is

relatively small, amoqntíng to 1.6 percent arñ 2'! percent respectively'

considering total possible ore production as opposed to only the primary ore

production, the results for h'oject numbers 2 and' J change slightly' That

is, as the d.iscount rate increases (so that the production rates increase

and operating costs d.ecrease), the net surpluses increase slightly' In these

instances, the decline in sr:rplus that occurs as the production rates move

away from the socially opti.nrum rates is more than offset by the lower average

mijl:ing and concentrati¡g costs which results in a lower final- cut-off grade'

The d.ecrease i¡r net taxes and royalties that occurs as production

rates j¡rcrease amounts Lo 36.f percent for Project number L, 3o'2 percent

for Project number 2, and 18.f percent for Project number l' This decrease
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is matched. by an increase in the private value. Also, the economic rent being

inversely related. to the income taxes payable, increases significantly for

each of the projects as more of the prod.uction occurs dr.lring the tax free

period.

1969r@
TLre introducti-on of the 1969 income tax and royalty tegislation in

Þçeriment number 3 results in a substantial loss of benefits for the

prorince. This occurs for both the prirnary ore production and total ore

prod.uction. The d.ecl-j¡le in primary surplus from the optimum values in

D<periment number 2|oy Project numbers 1, 2 and 3 amounts Lo 59'9 percentt

1O.O percent, and 11.3 percent respectively. Net taxes and royalties are at

a mj-rlirnum for all projects whi-le the economic rent is relatively large.

The decli:re in sr:rplus occurs in conjunction with the private firmt s

attempt to avoid income taxes and royalties by way of the tax holiday. This

rational response by a private firm results in a substantial loss of benefits

to the province. using Project number J as an example, from E<periment

number 2 to Þ<peri¡rent number 3 the loss in benefits amounts to more thart

$25 million.

L977 Income Taxes

B<periment number 5 introduces the 1977 Lnconre tax regi-r:re. Under

the new tax system the three-year tax holiday is replaced by accelerated

capital cost provisions, the automatic d'epletion is replaced by earned

depletion, and. development costs are no longer recoverable as quickly as

j¡come pennits.

T%e general effect for all projects is an increase in net surplus

and. net taxes and. royalties. This is largely the resul-t of a reducti-on in

the rates of prod.uction which are now closer to the socially optimum rates'
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An ¿ndesirable consequence of the new tax regime is that h'oject number 1 ís

no longer econornically viable for a private developer, although the ]oss in

benefits to the prov-ince, as indicated. by the net surplus, is small' If

these potential benefits are to be realized through private development

then further changes are need.ed i-n the income tax legislatj-on. The gain in

sr:rplus for project numbers 2 and3 amor:nts to $1.5 mill-ion and $22.3 million

respectively. The gain in total income taxes and royalties from these

projects is even greater, amor.mting to $10.4 million for Project number 2

and $ó4.2 milti-on for Project number l. Naturally most of this is at the

expense of profits which the developer would have received u¡der LLre 1969

tæc regime.

lrlhen total ore prod.uction is considered the increase i-n the net

surplus is even greater. fn fact for this experiment the total possible

surplus exceeds that Of Þ<periment number 1. Thís is a consequence of a

slightly lower final cut-off grade coupled with a higher grade of primary

ore (albeit, a smaller amount than j:r Þrperiment nurnber 1)' Île effect is

si¡rilar to high grading in that a smaller quantity of higher grade ore is

mj¡red first resulting in the higher present value of the surplus'

1977 Rovalties

Ï:ne L977 royalty regime provid.es for a profits assessment at two

d.ifferent rates. The first is a basic royalty rate to be assessed on normal

profits; the second is a¡ incremental royalty rate to be assessed on above-

normal profits. Normally a high i¡crementa.l- rate would result in a signifi-

carrt reduction in the optimum rate of production' However offsetting this

in Þrperiment number 6 is L;¡e 1969 income tax system.

Generally, the influence of the L969 income tax reglme dominates

that of Line L977 royalty system. The net surplus is increased for all
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projects but not nearly as much as occurred with the preirious experi.ment.

As in Experi-ment number !, h^oject number l is no longer economically uiable

for a private developerr even with the three-year tax holiday' Since the

project has potential social- benefits, the royalty system is al-so to be

faulted for making assessments even though there is no economic rent. Ïn

trr-is particular case there was even a royalty assessment made at lv]ne 35

percenl rate.

project numbers 2 ar6 I yield about the same net taxes and royalties

as r,r¡ere d.etermined. in the prerrj-ous experiment. In other words the increases

i¡ the royalty assessments were comparable in magnitude to the increases in

the income tax assessments of the previous experiment' Ïn each case there

is a correspond.ing d.ecline in the private value'

197? Income îæces and 1977 Rovalties

combining L:ne L977 income tax and royalty assessments has a

dramatic effect on the parameters of all the projects' In each case the

net sr:rplus is larger than for any experiment except the socially optimum

project (Brperiment number 1). Note that the production rates have decreased

from being wetl above the socially optimum rates to being a Li-ttle below

them. As discussed. before the high incremental royalty rate i¡r the royalty

system is a¡ important factor j¡ this rate reduction.

As was the case with the L977 income taxes arñ L977 royalties

separately, the increased income taxes and royalties have made Project

number I *neconomic. The total- tax and royalty increases for Project

numbers 2 and 3 are roughly the sum of the j¡rcreases determj-ned i¡l the

prerrious two exlPeri¡rents.



t62"

1O?7 Þ.i naeL/ I I

Þrperiment ngmber I differs from Þcperiment nr.mber I only i-n that

L969 reLalive prices are replaced. by those of L977 ' This e>çeriment shows

that the characteristics of lhe socially optimum proiects vrill also change

as economic conditions change. Pr^oject number I is affected the most by the

change in economic condj-tions. Under L977 teLative prices it is no longer

able to provide any social benefits in ad.dition to being economically un-

viable for a private firm. The net surpluses for Project numbers 2 a¡d 3

are reduced by 35 percent artd,27 percent respectively' This is almost exactly

the red.uction that occr:rred. from Þcperiment number J to Þrperiment number 9

when the private value of the project was being maximized.

The optimum rate of ore exbraction for Project numbers 1, 2 arfi 3

is reduced by 6.Ç percent, 12 percent, and 14.Ç percent respectively as a

result of the decline in relative prices

The more profitable projects are affected most by both the decline

j-n relative prices and the increase j¡r the rate of inflation, whereas the

less profitable projects were affected most by the legislative changes'

Generally, the legislative changes have been beneficial to the proiri¡ce'

The elimj¡ation of the three-year tæc holi-day from the income tax act

resulted in the greatest i:rcrease j¡l the net surplus' The two-tiered royalty

system further reduced. production rates to nearer the socially optimum valuest

thereby offsetting some of the effects of a high private discount rate'

Both the income tax legislation and the royalty legislation can be faulted

for discor:raging the development of marginal projects wh-ich would yield some

social- benefits.
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APPIT{DTX I

DETA]LÐ RESULTS OF EACH OF THE TXPM]MM'ffiS

Table 1

Table 2

Table 3

Table 4

Table J

lable 6

lable 7

Table I

Table !

Table 10

Table 11

Table 12

Table 13

Table 14

lable 1J

Table 16

Table U

Table 18

ProjecL #7

Primary Ore Productj-on

Total- Production

Primary Ore Profits a¡d Taxes

Fi¡ra1 Profits and Taxes

Gross Capital Costs

Operating Costs

Projeet, #2

Primary Ore Production

Total Production

Primary Ore Profits and Taxes

Final Profits and Taxes

Gross Capital Costs

Operating Costs

ProjecL #3

Primary Ore Production

Total Production

Primary Ore Profits and Taxes

Final Profits and Taxes

Gross Capital Costs

Operatj-ng Costs

Page No.

L6l+

L65

L66

L67

168

L69

r70

L7L

L72

L73

LTLl

L75

r76

L77

L78

]l79

180

181
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Erperiment

#t

#z

tr)

#l+

JtÉ7r)

#6

ft
#8

#9

#70

#fi

Rate (tons/yr)

64,O77

83,694

LO7,56L

Lro,33L+

85,39t+

LOz,L85

53 ,088

59,61+9

99 , hJ+3

t+g r go2

1+9 t l+72

Tabl-e 1

Iroj-"ct #L

Primary Ore Produc.tion

Ave. Grade (%l

3.992

l+.o85

4.048

4.O51+

4.086

l+.I25

l+.O97

l+.I21

/. 1êQ
À+ a ¿u9

l+.2M

/+.308

C:O Ê'ade (/) Ore (tons) Life (Yrs)

r.t+52

L.555

r.5t8

L.521+

L.5s6

L.595

r.567

L.591

L.658

L.7 u+

1.778

288,37t+

276 525

28t,OL5

28O,331+

2761853

272,539

275,634

273,OO8

265,887

260,O32

253,550

l+.50

).)r
2.6L

2.51+

)./.4

2.67

5.19

l+.58

2.67

5.22

l+.L3
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Table 2

Proiect #1

Total Productign

Expez-irnent

#t
Jla .

lf .-

JT.It)

Jlt|t+

#5

#6

ft
#
#9

#ro

#TL

G-O Grade (%l

I.2I7

l-.189

1.1ó8

- / -/r.o)o

1. 18?

I 1ñ^J.. I /U

L.23O

L.333

l-.280

- a' /

L.J4O

L'3hl+

Ore (tons'l

316,1+7O

319,983

322,6tQ.

322,967

32O,2r5

322,t+71

3u+t925

3O2,356

3O8,671

3OO,767

300,973

Lif e (¡¡rs )

)+.91+

^A^) 'Ó4

2.999

2.93

2 ntr).1)

^ ¿/J.to

5.93

5.O7

3.70

6.o4

ó.08

Proiect Life (vrsl

6.91*

5.82

ì+.999

L+.93

5.75

5.L6

7.93

7.o7

5.LO

8.04

8.08
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Table 3

Project #1

Primary Ore Prgfits and Taxes

Net
Surplus

$ zz4,73z

17h,653

70,o72

83, 006

167,t+59

81'997

2O5,6Lh

-L,\5O,3t+5
(-6ts,826)

-L,1-t22r2l+1-
?zat,383)

-L,t78,5t6
(-62o,9o7)

-1,181,859
(_92,697)

Econornic
Rent

Net Taxes
and Royalties

8 -76t+,698

-L rol+5 ,262

-r,197,630

-1, 189,88ó

L7,075

-236,9h5

606,227

-rt575,236
(4t3,288)

-2r23Lr582
(-t,t94,656)

I38t88l+
Qto,gso)

953,380
$ßJú)

Experiment

#t

#2

#3

#l+

#5

#6

f7

#8

+9

#LO

#LT

Value_

fi ztz.rz74

536,39t

6t+3,o2o

650,359

-359,3rL

-2t+9,936

-907,967

-734,837
(+ç1,3s5¡

-tl+l+rLL3
(-77,tsz)

-2rL62,282
(-t,t57 ,557)

-2r83O 1086
(-t,5r5,0óo)

$ 357,e30

6ig,79g

785,292

8Ol+13l+9

-237 367

gg5,t50

-Llß,L79

-539,460
(-288,795)

97,L7t+
(52,ozL)

-L rtto,7l+7
(-612, r-02)

-t,469 1986
çzee ,9'3)

Note: Figures i¡r brackets are i¡r t969 do[ars
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Table 4

Project #1

Final Profits and Taxes

Experiment

#t

#2

#3

#4

#5

#6

fi
#8

#9

#LO

#tt

Value

g 298,31"2

65tr,5luo

652,77 5

6113 rtuglo

436,76ì+

-225,370

-899,1+33

-63t,r29(-lll, só9)

-1-10,487
(-59,1t+8)

-2rLl+3,75t
(-r?u+7,Ø7)

-2,8L2t848
(-r,5o5,83t)

Net
Surplus

g 2tQ.,r57

225,g7t

L71,,852

102,088

22O tgg6

r49,562

2l+8,622

-1, 114, 908
(-sg6,sss)

-I, _"37 ,l+Ll+
(-1ts,972)

-L,Og5 r29L
Gseo.354)

-1,083 ,103
Gszç,s29)

Econornic
Rent

fi t+11+15O2

780,091

796, 163

798,256

-21,L,958

Lro28r891

-r2L,5t+8

-L+3b,7o5
(-z3z,7ts)

t32,252
(?o 

' 
soo¡

-1,J37,99L
(-609,zLi)

-L,4L7 t853
G7 se,q4l,

Net Taxes
a¡d Royalties

$ -833,818

-1",1,56,713

-tr795 r7 r+

-1,188,/+21

31,e65

-1,Lo 1260

629,t+til

-r,699,735
(-çoç,ggl)

-2r2281939
(-Lrtg3r2t+r)

18O,808
(ç6,lgtn)

r tors,763
$n,llg)

Note: Figures in brackets are i¡ 1969 do]_lars



Experiment Exploration

#t

llz

#3

#)+

#5

lFo

rft

lß

5 293 376

332,967

370,L57

373,930

335,91+7

362,557

265,t+89

528,L91

669,7t3

It78r?33

t+76,392

Table !
Proiect #1

Gross Capital Costs

Development

2,232,3u+

2tzgorl+63

2,361r2L1

2,369,1+3L

2,295,5O3

2,31r.5 r276

2,Lgg,7t+o

h,Il+5 1378

t+1365 t72:¿

l+rogo rg54

l+ro8g to27

#9

-//10

#tt

Mine MiI]

$ 922,978

g7g,37z

Ir)l+7,98L

L,O55 ,956

984,259

1to32,529

B%,388

1,700,318

1,914,01-O

1.,6ti/tMo

1,61+5 t668

$o.0

0.o

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.o

0.0

Note:

Sg'uice

sLrTLt+r531+

I t7l+L,l+5L

Lt77l+tzOO

1, ?78,004

r,7 t+3 ,78/.+

1",766,823

tr6JJ rlaJ6

3,1911350

3,293,3t+6

1-

)
FJ-gures in brackets

Preproduction only

l{orking Capit,a12 Total

5t6,32O

531+,h25

555,355

557,732

535,9t+9

55O,71,8

5O5,607

956,52t+

tro2h,279

g3B,26t+

%7 ,635

are in 1969 do]-lars

8 5,679,523

5,818,679

6, to8,9o7

6,ri5,o53

5,895,M2

6,05J,9o3

5,561,679

1O,52L176r
(5,632,725)

11.t267 .o71
(6,qt,7rg)

ro r32O r9O3
(5,525,197)

ro,3L3,988
(5 ,5Zt , t+96)

3,L66JL2

3,165,266

Ho.
@
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Table ó

Project #l

Operating Costs

Experiment

#t

#2

42tf)

#4

#5

#6

#t

#8

#9

#LO

#LL

Ir{ining

7.600

?.1+L6

7.21+3

7.225

7.1+O2

(.¿ló

7.730

ILþ.789

L3.630

L4. )¿¿

14.53L

ì4i11ing.

L.346

L.346

1.3t+6

l.:)44

1.31+6

L.3t+6

Lc J4o

2.5r5

2.5\5

z.)t>

2.5r5

Oi¡erhead

7.31+2

L.31"l+

1.288

1-.286

1-.312

7.291+

L.36L

2.521

ô rôô4c LçZ/-

2.555

2.557

Total

10.288

1o.076

9.877

9.857

l-0.060

g.gr8

10.438

rg r32t+

L8.567

ro qO9
t/a///t-

L9.602
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Experiment

#t

#z

tf)

#l+

#5

#6

ft
#8

#9

#to

#n

Rate (.tons ''r\

566,5Le

6l+r1182

885 ,090

884,105

785,750

783,697

485,O38

l+98 t5Ol+

73g,tog

Líl+,O77

3Ø,665

Table 7

ProiecL #

Primary Ore Production

Ave. Gra¿e (ø\

3.1o5

3.260

3.1+3O

1 lea) . +-)-)

3 326

¿ a^ )) . ) )-
2. )1,1
) 

' 
þLiL

3.330

3.695

3.1+92

3.725

c:? Grade (%)

1.465

L.620

r.7go

L.793

1.68ó

1 01 )L. /tÈ

L.60L

L.690

2-O55

7.952

2.085

Ory (tons)

3,242,367

2,ghg t46r

2t658,835

2r651u,979

2,833 1669

2,t+69 1287

21981+r209

21826,71+l+

21262,258

2,5601888

2r22L t855

Life (yrs)

). ('

l+.60

3.OOI+

3.OO3

tr.6L

3.L5

6.15

r Lrl
).v (

3.06

6,r9

6.tt
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Experiment C-O Grade (%\

L.305

L.267

1.190

l_.190

1.2L8

1-.zLL

L.3L+2

t.526

1.401

r.585

t.628

Table I

ProjecL #

Total Production

Ore (tons)

3 ,57 l+,536

3,657 ,368

3 r831+1983

3 r83ì+,650

3,768,677

3,781+1826

3 ,495,268

3 rr23 1265

3,37L,r95

3 p1'2,566

21935 rt+L6

tife (yr s)

/ 
^ao")!

5.70

ta24t ))

l+.3/.+

4.80

l+.93

7.2L

6.27

4.56

7.28

8.07

Proiect Life (yrsl

9.3r

8.70

11 12( .))

7.34

7.80

7.83

IO.2I

9.27

7.56

10.29

LL.O7

#t

#2

#3

#4

Jtr77)

#6

ft
#8

#9

#LO

#tL
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Table 9

JlayToJecL #¿

Primarv Ore Profits and Taxes

Experiment Value

#t

#2

#3

#4

#5

#6

fl
#8

+9

#LO

#LL

$ 15 r 5t8,1+65 fi27 ,260,097

1,6,733 ,602 26,832 523

L8,32o,396 21+J36,951,

L81202'rzl 24r1O5 r94O

1-1 ,281 ,8ó0 25 ,6U+,469

LO,277,I3O 2l+,369,5O2

t+,294,O72 27,O7L,rL]-

L8,O83,782 33,O1+O,O7 1+

(g, ó80, g81) (77 ,657 ,690)

2L,255,668 28t5L2,87O
(tt ,379 ,o2o ) ( L5 ,26h,ogt+)

4, 4t+1, E7 6 32, 631+,Lt+O
(2fi77 ,916)(t7 , t*7o .¡77)

1 , 890, 6?0 3L ,1+81+ J 69
(L, otz, L 52) (1,6, 85 5,o7 2)

Net
Surplus

Econonrlc
Rent

$17,038,184

L8,28O,690

19 ,71+8,1+65

Lg ,678,635

12r776,1+08

20,2721353

12t935,626

20r2l+5,9O7
(rc,e3s,L5h)

23 ,236,1+O7
(tz,lr3g,3go)

L5,607,2L2
(e3r5,L73)

L3,659,567
(7 ,3L2,5L9)

Net Taxes
and Royalties

s 4,6081222

3,2r8t59L

+75,67h

-9r2,363

9 ,536,I93

g rt+ggr6g0

19,l+52,4O9

5 ,771 ,585
(2,76s ,559)

-t,767,O39( -gur,96s)

23,3t7 ,458
(L2t t+82r 780)

25 ,68ê,5r5
(L3 J52,Lo3)

Note: Figures j¡r brackets are in t969 doll-ars
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Experiment

#t

#2

Jtaî)

#4

#5

#6

#l

#8

#9

#to

#tL

Tab1e 10

ProiecL #2

Final Profits and. Taxes

Value

t5 r6l+11956

t7 ,3L1+,599

rg,gg5,77t

Net
Surplus

Econonric
Rent

27,398,553 t7,L62,t7O

27,.5e,3,662 !8,87L,652

26,4O7, 5EE 21,4?.6,O97

Lg r88g,72t+ 26,t+O6,t+59 21,373t523

1L,875,3O2 26,99LJzO L3,393,679

12,,286,t+57 27,255)OL 22,697,736

t+,393,O7I 27 
' 461+JOL L3,tO7 ,632

r8,299 ,5O4 33 ,241+,L88 20,l+65,226
(g,7ge ,L66) (t7 ,196,96o¡ (to,955,S6tn)

21+,197,699 32,282,551+ 26,r93,7O9
(t2,95tr,008) ( 17 t282,r59) (u+,o22,232)

1+,æ2,Å48 ?3, 2L8,588 l.5,868,835
(2,t063,s77) G7 ,78 ,256) (e, u95,23o)

2,335,5hJ+ 33,OO|+,7O2 Ll+t278,tL9
(t , z5o JLL) (t7 , 66e ,7 5t+) (7 ,6t+3 ,655)

Net Taxes
and Royalties

L,5L6,739

3,O59 ,570

-879 ,1+7 t+

-807,888

9,979,526

g | 558,,920

19,668,337

l+,ggLr7o2
(2,666,9o7)

-2rol+9 r9)5
(-t,o97 ,l+1?)

23,6t3,20t
(tz,6l*t,103)

26,L61,6L5
(tu, 165,ggo)

Note: Figures j¡r brackets are ín L969 dollars



Experiment

#L

#z

Jl.)'tt)

lfl+

#5

ll6

#7

#8

Exploration

fi 616,t+t,6

63h,7go

682,577

6B2tbtz

664,93o

664,542

593,1+2o

trtt6ro75

1"t225 rI25

L,06l+,691+

!,o28t7h8

Development

fi 3r72r,760

3,Çt¡2,99t+

1rr665,997

l+,663,o77

b,37L,529

lrr365 rl+43

3,4ñ,!l+5

6,575,37L

7,9o7,630

6, 1_07,888

5,828,75t

Table fl

Grosg Capital Costsl

Mir," I4i11

s 2,367,t+59 fi t+,LBg,t+O7

2r582rotl+ lt.¡97L¡L42

3,283 tLgO 6,5tr5,t 79

3 ,28O J58 6,539 ,tZO

2,gg7,6Lr 5,9Oh,275

2,99t,7to 5 1891p21+

2,133 J38 3,963 ,Z9O

L,056,95L 7 r55t+,o27

5 ,31+B ,989 IO , h6I,l+58

3,603,582 61533,825

3,332,871 5,92L,655

#9

#1o

llTL

Irlote:

Serwice Working Capital2 Total

1

)

fi 2r)+O3,985

2,506,392

2rgt+L106l+

2,839,7t2

2 r7Ol+,7 57

2r7OLrg40

2r292,LM

t+r3L6tt72

t+fi32,862

l+ro99 r778

3fi70,568

Figures j-n brackets are in L969 dollars
Preproduction only

$ 7.359,906

!rt+6),733

1,801,830

1, BOO,468

r,664.3to

tr66t,466

t,2l+6,211+

L361.,t\6o

2,997,606

2rLl+O r977

2,ægt55g

$ 14,958,96h

1"6troLro65

Lg tBzO,r35

19 ,8O5 r147

16 '3O7 ,t+12

rBt276t124

13,7O8,351,

25 t98O 1455
G3,e63,67t)

32,863,67L
(r7,593,25t+)

23,550,7h1+
(t2,6o7,667)

22,091+rr53
.(n,e27,895)

H__l
+-
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-L( ).

Erperirnent

#t

#2

4a
17')

#l+

JJÊt)

#6

ft
#e

+9

#ro

#77

Table 12

ProjecL #2

Operati-ng CosLs

Milling_.

2.89o

2.750

¿.4>O

2.1+57

2.551+

¿.))ô

? no2

5.706

L+.873

6.229

6.655

Overhead

7.31+8

L.)L4

L.237

t-237

L.261+

I.26t+

1-.391+

2.589

^ 
ôalal

/-a )öö

2.703

2.792

l"lining

6.095

6.010

). (ó(

)o (ÖÖ

5.870

5.87L

6.2O3

tL.552

L1,.O41+

LL.79t

rL.95a

Total

]o.333

70.O7l+

9.h82

9.1+82

g.687

9.692

ro.690

rg.8t+6

L8.3O1+

20.72t

21.1+05
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Tab1e 13

Project #3

Primary Ore Production

Experiment

#t

#z

#3

#l+

4trîr)

#6

f7

#ß

+9

#ro

#1'1'

Rate (tons/yr\

3,3L511427

1+rLO5 r522

5,1+53,o22

5 ,896,8Og

t+r225 ,56t+

1+1385,987

3,269,Ozt+

2r82O t7l+7

l+rL87,238

2,7LLto2l+

L, g69 ,886

Ave. Grade (%)

2.27O

2.1+36

2.639

2.736

2.1+78

2.609

2.1+7L

2.1+28

2.802

2'678

c Q2)tu. /)u

C-o Grade (%)

r.75O

L.3L6

t.5I8

1.616

t.358

1.488

L.35L

1.308

1".682

L.558

!.812

Ore (tons) Life (yrs)

31,87g,619 9.62

27 rt+go,oo8 6.7o

221958,671+ l+.zL

2LtO3O t776 3.57

26, t+68,578 6.26

23 ,583 ,51,1+ 5 .38

26,651",åoL 8.75

27 ,6831228 g.81

t9,832t133 L+.71+

22tL5r 1833 8.17

t7,653,2L2 9.1+)+
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Experiment

#t

#z

421r)

J!'lt+

#5

#6

#7

#8

#9

#to

#LL

G-O Grade (r' I

o"979

O.9l+6

o.905

o.893

o'94o

o.93!

o.97L

7.L25

L.056

L.T2O

r.t6g

Table 1/o

Project #?

Tota1 Production

Ore (tons'l

37,L32,L3t+

39,266,644

39,659,603

Ì+oro87 tozo

38 rhJ',8 t l+93

381625,505

37 rl+81+r6L6

32,602,t}O

34,659,786

32,71+5,385

31,375 t92O

Life (yrs)

LL.2O

9.32

r7 tr7t.kI

6.90

9.10

8.84

L7.l+1+

r1.56

8.28

12.o8

16.78

Project l,lÍg-û¡"Ð

L5.2O

13.32

LL.27

10.80

t3.ro

12.8/,+

L5.l¿+

L5.8t

12.28

16.08

20.78
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Table 1!

n,,^ ¡^ ^l i,9.tr: \r.-lUU I

Prirnar'lr Ojr_c_jrofils anrì Taxes

nxperinent

-u1

Jta'lt-

1T)

JT'
/f4

J]!tt)

#o

JJ.N1rt

fró

Jl^lfY

#LO

#LI

Va.lue

g 97,81+t+,192

LO7,989,1+99

tLz,5O2,6gg

LO9,794,567

78,822,695

7L,l+8L I l+3h

35,9t+9,O/,+3

!271780'OgL
(6e, L05,858)

11+l+r610,1+93
(?T ,tnti,s54)

h6,7to,626
(25,oo6, o9o)

30,728J38
(t6 , 45O, 01?)

Net
Surplus

Econonúc
Rent

8 228,265,875 $110, t3O,O23

227 t65t+t 422 L2O,gO2, 5tQ.

tg6 ,538,O52 L23 ,860 ,383

L83,7O8,833 L2O,788t5O1,

2L8 ,886 ,7O3 9r I t+03 ,628

2ro,066,976 r2g,3og,o38

224,37L,983 90,096,048

371, h81",882 1t+5 ,O7 L,r26
(t66,7 48,868) (lZ,664,O56)

27L,33O,lt+O L61,,766 tLO3
(u*5,25t+,389 ) (86 ,5gg,gt+7)

3o3,359,006 1L9,787,557
(162, t+oo,363) (6t+,t27,L31)

28ó, 018 r 178 193 ,Ll¡L ,O89
(t53, LL7 Jt5) (55,2t5, 603)

Net Taxes
ancl Bol'alties

g 66,it+8,64L

53,91Q,692

29 ,796 to41"

21",1+641293

93 ,1+OO 1378

g6,oo5,57t+

t57 ,549 ,31+9

92,282,294
(lr9 ,4oz, t+5o)

l+9,O91+,313
(26 282,L7t+)

2LL,6O4t 5LO
(LL3 ,28O, h65)

22O,5tL tr73
(118, ot+}t562)

Note: Figures in brackets are in 1969 doll-ars
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Table 16

Proiect # 3

Fina1 Profits and Taxes

Value
Econonric

Rent

$ 98, 743,355 8230,613,759 gLLt,O55,922

It3,)+7t,506 232,957,5O1+ L26,1+36,3L6

13O,783,600 226,385,O29 11+2,L76,322

t3r , 529 ,932 222,796 ,7 6! 1L+3 , LÞ67 ,771+

83,907,66t 233,L39,063 96,738, 571+

82,71+3,584 23t+,L39 tt+99 142,758,552

38,79O t2O6 235, 592,809 93,929,!5L

L29 ,31+7 ,llt3 3L5 , 483 ,AOL+ L46 ,67 L,Ol+5
(69 ,2M,909) ( 1ó8,890 ,%7) (7e, 5re ,95t)

L69 ,23L,3L8 3t5 ,331+,9O5 186 ,597 ,295
(go ,5g6 379) ( r6s, sr1-,5t+7) (çç ,a%,090)

5L t853 ,rt+3 32t+,2r7 ,188 L26 J98,869
(27,7 59,088) ( rn, 566, 593) (67, 88O, 57O)

35 | 567 ,L83 32t | 503 ,971 tL3 ,054,905
( l-g,o4o, 554) (t72,114,09S) (60, 522,870)

Net
Surplus

Net Taxes
and Royalties

$ 66, 7 53 ,O93

55 , 458 ,688

3t,O75,!65

26,62t+,378

98,662,89:-

101 ,000,454

162,833,3t+t

93 to27 ,561
( 49 , 8o l- , t+zt)

52,9L7,2OO
(28,28o,5t+o)

22L 36L,1+8L
(1r9, 5$,767)

2t+3,798,977
( r3o, 5L5,467)

Experiment

#t

#2

Jl)î)

#l+

JLtr|t)

#6

JI''
lft

#8

#9

#LO

#7L

in brackets are in L969 do]-larsNote: Figures



Erperiment

#t

#z

It)

'/fl+

4Éft)

lfo

rft

tß

Erploration

$ 878,341

gLO,O25

952,O99

98,697

g]-l+,297

9t9,820

876,25r

L,595,973

L,7O5,357

t,581+1987

L,l+821135

Table 17

Project # 3

Gross Capital Costs

Development

$11,870,109

u+,21,2,u+3

18,206r1+62

L9,521,955

1l+,567 ,977

t5 t)h3,51O

1.1,732t559

19,433,9rO

27 ,OOO,335

l4ine l\ti1l Senrice

$10, 269,8L3 822,232, hO7 gLz,35L | 561

12,51+1"tll+3 27,332tI78 Il+,5L9,773

t6 t1+1_h,875 36tO29,79t+ L8,2r7,61+0

L7 t690,65t+ 38,89t+,275 L9,l+35,1+99

t2,886,23h 28,LO7,OO5 Ll+tgl+g,198

t3 ,31t7 , t+LI 29 , tl+2 , t+7 6 15 , 289 , t+37

lO r!36 rt+L6 2Lr932 t892 1.2, 22Ì+t22O

L6t527 t2g6 35t6L5 t63O 20t536t5L+L

tfJ

llLo

lltt

Note: 1

2

Figures in brackets are in 1969 dollars
Preproduction only

L8,825 360

1-4,1-68,878

Working Cjrpital2 Total

23,865,29h 52,128,O83 27, 5t+L,398 L3,221+,Ol+7

fi 5,760,223

6,9511526

I tggz,O87

g,650,608

7 tL32,h71'

7 r371+1266

5 | 690 t23l+

9,370,935

L5,g38t}ïg 34,289,756 L9,971+,083

L1,, hzl r21-l+ 2t+r125 r582 1,5, 6621272

g 63,362,h5t+

76,1+66,789

98t8O2fi57

Lo6,156,688

78,t+67 JBz

BLtLL61921,

62,592t573

103,08Q ,286
$5 , ß3,o52)

tL+5,46h,5u+
Q7,an,046)

gg ,671+,602
(fi,359,e52)

73 t5Ì+6tO89
(39,372' 2oo)

9,061 327

6, 686,008

H
æI
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Experiment

4'l
7TL

#2

Jl.)ût)

#Ì+

' JJT7r)

#6

fl
#8

+9

#70

#LL

Table 18

ProjecL # 3

Operating Costs

1.891

1.ö)1

1.81_0

1.801

1.8106

1.840

1.894

3.600

3.1+52

3.6t8

3.830

Overhead

t.oL5

n oQrTv. /v I

o.95L

o.gh2

0.993

o.978

L.ot7

t.937

7.839

t.9l+8

2.O5L

Total

$ 7.781

7.566

7.293

7.22O

7.537

7.50L

7.796

tl+.85h

14.098

Ll+.93/.+

15.728

Mining Milling 
.

l+.875

l+.728

l+.532

l+.1+78

1+.7O8

4.682

4.985

9.3L7

8.807

9.367

o Ql.r7/.t+t
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THE TNADEOUATE TNFLAT]ON ADJUST!,IENT IN THE METALIJC MINM,ALS ROYALTT ACT

(s * ro6¡

Royalty rates. 151" and 35/"
Norma1 rate of return: Lg"
Processing alJ-owance: Ú" of cost of processing assets
Cost of processing assets: $100
U.B. of al-l assets: $130
Investment Base: fi66.61
Depreciation Rate: 2V/"

Case 1 Case 2 Case J Case 4

Revenue: $2OO.OO (r.rx 200) $220.00 $220.00 $220.00

operating costs: $154.00 (r.rx154) $169.40 $169.40 $169.40

Gross Profit: $4ó.OO $50.60 $50.ó0 $50.60

Depreciation: (.2 x r3o) $26.00 $26.00 (r.r x zó) $28.ó0 $26.00

processing Allowance: (.oexroo) $8.00 $8.00 (r.rxg) $8.80 $8.00

Mining Frofit: $12.00 $16.60 $13.20 $1ó.60

Normat profit: (.18x 66.67) $12.oo $12.00 (r.rxrZ) $13.20 $13.20

Excess Profit: Nil- $4.ó0 Nil $3.40

Total- Royalty: (.r¡ xrz) $1.80 (.rl xrz) $3.41 (.r5 * B.2o) $1.98 (.r5 * L3.2o) $3.U

f.\(no r-ru'arr-on/ 9Y::f!311:î)( no r_ndexr_ng l

(.ls " tn.6) (.3s *3.40)

Case 1 i-s an example of how the royalty would be calculated if there v'Iere no inflation. Case 2 shows the
royalty cal-culation with 10 percent inflation and no indexing. Mining kofit is increased by l8 percent and
royalties are increased by 8Ç percent. Tn Case 3, !,úth 10 percent inflation and full- indexitg, both Mining
Profit and Royalties are increased by 10 percent. Case d shows the actual royalty indexing û¡ith 10 percent
inflati-on. As with no indexing, Mining Profj-t i-s increased by JB percent. Royalties are increased by
J6 percent from Case I or 60 percent frorn Case l.

(tv/" irttation) (tv/" inttation)
(rutt indexing) (actual indexinel

F
@
¡\)
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Chapter 6

Summarv and Conclr-tsions

ó.I Summary

The resul-ts of the analysis are graphically summarized in two sets
'ì

of diagrams.r Figures ó.t to ó.3 inclusive show the relative effects of the

legislative and pri-ce changes from the viewpoint of a private firm. The

figr:res show in turn changes to the private va1ue, the amou:rt of primary

ore, and level of gross investment for each of the projects. Fi-gures 6.4 to

6.2 inclusj-ve show the relatir¡e effects of the legislative and price changes

from the viewpoi-nt of the province. Shovm in tr:rn are changes to the net

s¡rplus, production rates, net taxes and royalties, and economic rent''

ó.I.1 The Point of View of a Mir@Fj¡m

Between 1969 an¿ L977 l.ine private valu.e of economically viable

copper-zinc mine projects in the prorrince have decljned from 80 to 90 percent.

The i:rcome tax and royalty changes have had. nearly equal i.mpact on the private

value whil-e their coinbined. effect is roughly tr^rice as great as lhe relative

decli¡re in rnetal prices. The iircreased. rate of inflation in L977 as comþared

to L969 has further reduced. the private vaiue from 5 to l-0 percent'

The smallest size of project (tess than one million total tons of

mineral) is made irneconomic to a mining firm by each of the legislative

changes and the relative price change. There are changes to both pieces of

legislation that could. be mad.e which woul-d make the project profitable under

1969 economic conditions. Such changes are desirable because the project

lThu=" d.iagrams use the information prorrided. in the tables of the previous
chapter. The vertical axis of eacTr-graph is,a ratio' For each experiment
the ratio is the parameter value o.rer tfte value d.etermined for the initial
experiment.



184"

ProjecL #I

T

)

o.5

Ðperiment No.

E:çeriment No.

ProiecL ft)

o.o 
å

5

Figure 6.I Changes in

Eaçeriment No.

the Private Value of the

--!- 
'. 

-t

10

Optimum Froject Since

79 t]-

L969.



L85.

Project #1

5

a.¿

67
F,lçeriment No.

7
E:çeriment No.

ProjecL #3

679
Ex¡periment No.

Changes in h'i:nary Ore Determined for the
Si:rce L969.

r-0

Opti:num Project

Projeel #2

o.o:

Figure



Project #1

r8ó.

0.5

0.0

7
E4periment No.

67
Erqperiment No.

Erçeriment No.

Figrrre 6.3 Changes in the Opti.tnum Gross

910

Investment Si-nce 1969.

Projecl #2

ProjecL ffj



L87 "

could yield social benefit if undertaken. They would not, however, offset the

effect of L977 economic conditions since, even from the prorrincer s point of

rriew, the project is no longer of value.

Although the value of min:ing projects has declined considerably

since L969, the amount of primary ore available from an economically viable

project has changed rel-atively Iittle. The increased tax and royalty

assessments would be e>çected to reduce the amount of pri:nêry ore because of

the i¡rcreased costs but this has been more than offset by the elimination of

the three-year tax holi-day. i^äth the tax holiday no longer in effect, the

incentive to mi-ne most of the ore within the three year exempt period is

removed. This, in turn, reduces the mining production rate along w'ith the

1evel of initial investment required. The result is a lower primary ore

cut-off grade and more primary ore. 0n the other hand, lower metal prices

have significantly reduced the amount of prÍmary ore as have h:J-gher inflation

rates.

the tax and royalty changes by themselves could make some marginal

projects r:nprofitable for a private finn. However, this is only a loss to

the province only if the prorri-::ce caru:ot undertake development itself or

the tax and royalty legislation cannot be reuised so that private development

can be encouraged wh-iIe there are soci-al benefits to be reallzed.

Fjna11y, gross investment, and the corresponding producti-on ratest

for the optimum projects are reduced by Llne L977 tax and royalty legislation

to nearly one-half the 1969 val-ues. The removal of the three-year income

tax hotidqy is the most important factor in thi-s reduction. The nerb most

significant factor is the introduction of the two-tiered royalty system.

Its influence is particularly noticeable when inflation is i¡rtroduced. The

increased profits as a result of the greater inflation leads to a further
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red.uction in prod.uction rates and investment in order to avoid or postpone

the high assessment on the increased profits'

T?re relative d.ec]_lne in metal prices has had a much smaller lmpact

on the optimum level of investment for a project. For the two larger projects

the price changes have had just over one-half the effect of the legislative

changes. The red.uced investment is in response to the reduced level of

gross profit in conjrrnction with the tax and royalty legislatj-on in place'

6.1.2 The Point of VieI^I of the Frovince

The potential benefits from investment in mining projects as

measured. by the social surplus is sensitive to the discount rate used in

the evaluation and the tax and royalty legislation in place. Because the

supply price of capital for mining investment is well in excess of the private

opportr:nity cost, the province incurs a loss of benefits as measured by the

decline in the net surplus. The high value for the suppty price of capital

refl_ects a situation where risk is not effectively pooled or the firm, in

the ma¡rer of a monopoly, can sustain an abOve average opportunity cost'

Í¡,'e L969 tax and royalty legislation resul-ts in a relatively large

cost to the proirince because the rate of ore production is accelerated wel-l

above the socially optimum rate in response to the three-year tax holiday'

Th-is si-tuation is largely reversed when the tax holiday is eli¡rinated' t¡'ihen

the two-tiered royalty system is i-ntroduced production rates decli¡te even

further.

The largest loss j¡r benefits occurs w:ren L977 relative prices are

introduced. The smallest of the three sizes of project is no longer abl-e to

generate any potential net benefits in addition to being economically unviable

for a private firrn.
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Experlment No.
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The social surplus is inversely related to production rates for the

values above the socially opti-r:rum rate. As production rates ircrease, the

surplus d.eclines; as prod.uction rates decrease, the surplus increases. The

¡969 legislation raises rates well above the social-ly optimum val-ues whil-e

the combineð, L977 tax and royalty legislation reduces it below the optimum

rate. TLre d.ecline in relative prices also results in lower producti-on rates.

Net taxes and. royalties from each of the projects was low or

negative when the L969 Legislation was in effect. The negative value for

the taxes and royalties from the two smaller projects meant that taxes fore-

gone at the ti¡re of investrnent exceeded. the present value of revenues recei-ved

1ater. TLre L977 l.ax and. royalty regimes greatly increased the potential

revenue to the prorrince. However the smaller proiect was no longer economi-

ca1ly viable to a private firm and so would not generate any direct revenue

(nor, of course, would it incur a net loss).

The relative decline in metal prices in L977 had a relatively sma1l

effect on net taxes and. royalties. They were reduced by more than the reduc-

tion in the net surplus reflecting some progressiveness in the systems.

The potential economic rent for each project varies with the

income tax regime in effect and relative prices. Since the 1969 income tax

assessments were quite 1ow, the value of the resource to the owner (tfre

economic rent) was relatively high. The rent decl-ined when the income tax

assessments j¡tcreased. but rose when only the royalty assessments i¡creased.

The increase occurred because the surplus increased r,rrith the decline in

production rates. Fi-::ally, a substantial drop in the potenti-al- rent occurred

when ]1977 costs and prices r^rere introduced, as would be ex¡pected.
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6.2 Conclusions

The computer model in th-1s study was used to measure the changing

characteristics of copper-zinc projects in the province because of changes

in income tax and royalty legislation and changes in relative prices. The

study did not si-rnply substitute one piece of legislation for a¡other or one

set of prices for another in a project of fixed size and life. Ratherr in

each case the model determined the optimum size of project needed to develop

a mineral d.eposit. The optimum was either from the point of view of a

private firm or from the point of view of the prorrince.

The study showed that the characteristics of the optimum proiect

for a private firm differ considerably from those of the optimum project for

the prorrince. There are differences in aru:ual- prod.uction rates (and level

of investment), the amou¡t of ore which can ultimately be mined, and the

leve1 of total benefits which can be derived. The differences result because

the private firm uses a different discount rate than the province would and

because changes to the income tax and royalty legislation imposed elicit a

change in the investment d.ecisions of a private firm. TLrat a firm v,¡ill- have

a higher d.iscount rate than the prouince could be a resul-t of inadequate

risk-pooling by the firm or an opportunity cost above the risk-free opportunity

cost of capital. However, it was shown that the taxes and royalties Ímposed

can partially offset the effects produced by the discoi:nt rate. 0f courset

legislation can also aggravate a problem as was shown when the 1969 income

taxes an¿ royalties were in effect. The three-year tax holidayr in particular,

had considerable effect.

The analysis al-so showed that from L969 to f977 L]ne private value

of copper-zinc projects decl-i¡red by an averê€e of 8O to 90 percent' Nearly

two-third.s of this decl-ine can be attributed to the increased tax and
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royalty assessments t^rhile the remainder is attributabl-e to the relative

declj¡re in metal prices and a Lr-igher rate of inflation. 0n the other hand,

the potential social benefits from copper-zinc projects have generally been

increased by the changes to both Llne L977 income tax and royalty legislation.

Thi-s occuned when the parameter values for the privately optimum project

vrere moved closer to the socially optimum values. These potential benefitst

however, are not always realizabl-e so long as development is r:ndertaken by

a private fi-rrn. Ttris reflects defj-ciencies in both the income tax and

royalty legislation in that assessments are made even when the private value

of the project is negative.

The tax and royalty legislation ca¡::ot completely offset the

adverse effects of a fi-rm using a discount rate above the socially optimum

rate. However the legislatj-on cên ensure that a project is not made uneconomic

for a private firm while potential social benefits exi-st. This can be

accomplished by not assessing taxes or royalties until- such tirne as the

initial- capital i¡vested plus the min-imum acceptable retr:rn to that invest-

ment has been recovered. The income tax regime of 1977 nearly does this but

in an ind.irect way. AJ-l capital invested except preproduction development

costs can be recovered as quickly as new income permits. Preproduction

development cost rec.overy is lirnited to 30 percent of the unclai:ned balancet

but this plus J0 percent of the r:nclaimed balance of the other investment

can be clajmed against existi:rg income. For a compê¡y operring a mine for

the first time, the 30 percent allowance for i-nvestment other than elçlora-

tion and d.evelopment can be clai¡ed wj-thout earning income. Tt becomes a

ta:cable loss which can be carried. forward for five years. The effect is that

deductions equal to the capital cost alloïüance can be obtained once production

commences but with a significant increase in the size of the resource
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all-owance (which is 25 percent of profit after capital cost allowærces).

Most of the tax exemption for the basic return to the j:rvested

capital is achieved. by w4y of the earned depletion deduction. One-third of

the capital invested (except for social capital assets) forms an earned

depletion ba¡k wh:ich can be used for an earned depletion allowance up to an

aru:ual amo¿nt of 25 percent of profi-t before the deduction. Also importa¡t

is the resource allowance which usually exceeds the royalty deduction it

replaces. By this means add.itional j:rcome is exempt frorn taxation.

The royalty assessments are generally more sigrrificant than the

income tax assessments where marginal projects are concerned. In any year

the d.epreciation allowance Li:nit, is 20 percent of the unclai¡ned balance (ttrus

the income from a project could be assessed a royalty even though the invested

capital may never be recoverable). Also, losses cannot be carried forward as

is possible wrder the jncome tax act. An approximation of a deduction which

woul-d represent a return to the invested capital is achieved by way of the

processing allowance. The allowance purports to separate 'fminingrt profit

from the rfmarrufact¿ring'r profit so that a royalty would be assessed on the

profit from ore prod.uction alone. In reality, firms usually do not sel-l ore'

Both for income tax pqrposes and statistical purposes, rrmini-ngrr includes all

processing up to and including the refined metal stage. Although the distinc-

tion between minj-ng and processing profit may have been relevant at a ti¡te

when processing was taxed in the sane manner as manufacturingt this is no

longer the case

Given the desirability of exempting a return to capital from the

royalty assessment, the processing allowance i-s d.eficient because it is not

neutral between firms of different size and age' Because it is a percentage

of the original cost of processi-ng assets it proirides the same allowance to
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assets of a¡y age so long as they are i¡ use. There is no consideration for

the possibility that the investment in an o1d asset may have been recovered

from income. Tt is not neutral between different sizes of firm because

investment for the mine assets and for preprod.uction development is excluded.

A company which has a large percentage of its investment in mines receives a

proportionally much smaller all-owance than a fuIly integrated company that

processes to the refined metal stage. The study al-so showed that where mining

investment alone is being considered. the lack of an allowance can mean that

the investment could not be privately undertaken even though there may be

potential social benefits. One possible change would be to replace the

processing allowance with an j.:rvestment allovüance. This allowance would be

some percentage of the u:rdepreciated. balance of all- investment. This would

correct the neutrality problems (since it would only be on the r:ndepreciated

balance and all investments would be j¡rcluded); it would not discourage

investment in marginal mines, and; it would be consistent with income tax act

i:r recognizing that 'rmi-ning'r is the total activity necessary j¡r the production

of a marketable mineral commod-ity (which is frequently refined metal).

Two other changes to the royalty system whi-ch would prevent assess-

ments of projects that coul-d be sub-marginal for a private firm would be to

(i) a11ow losses to be carried forward, ênd (ii) increase the upper li¡it on

the deprecj-ation rate. TLrese changes would not be too signi-ficant for a firm

operating a number of mines because, at present, if arry mine incurs a losst

the income from the other more profitable mines is reduced accordingly. Alsot

the investment in an unprofitable mine can be recovered from the income of

the other mines since all investments are pooled. However, the suggested

changes would be important for a si:rgIe mine project' If imptemented, they

woul-d also make the royalty system more equitable between large and small firms'
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An unexpected deficiency in the 1977 royalty system v\ias identified

by the j¡rtroduction of inflation into the analysis. It was expected that the

royalty system would adjust for inflation in such a marner as to maintajn a

reasonably constant effective royalty rate over time. Tn practice all- infla-

tionary profits are assessed by the system. The reason for this is that two

of the d.eductions used in arriving at 'rrn-ining profittt are not indexed for

i:rflation. These d.eductions are the depreciation allowance and the processing

aflowa¡ce. The only indexi.:rg occurs with the Investment Base which is used

to d.eterm:i¡re therrnoïtnalrr leve1 of profit. Recall that the Investment Base

is the r:ndepreciated. balance of the minj.::g arìd seruice assets ex¡gressed in

curyent dol-l-ars. It is increased. each year because of ínflation and new

investment (which is in current dollars). All the existing indexing t'É11

accompJ-l-sn l-s t,o prevent a small portion of the i-nflationary profit being

assessed. at the j¡rcremental rate should profit levels be normal or higher.2

To completely offset the effects of inflation, all deductions would need to

be erçressed. i¡r cqryent dollars. On the other hand, if the two royalty rates

are replaced. by a single rate the need for i-::d'exi-ng is much less and would

not be desirable any more than the fuII indexj-:ag of the income tax system'

As of L977 tohal taxes and royalties actual-ly paid by the mining

sector d.o not appear to be out of ü¡re with the average level of taxation in

Canada.3 Furthermore the current corporate income ta:c structure is much

211ti, was d.emonstrated by the example contai:red in Appendix II to Chapter 5'

a/Joirrt Report by Fed.eral and Provi¡rciat Officials to Fi:rance Mi-rristers and
ôô ^-source r p. 29 and

Resource Ministersr F

l;""';" iil;";";; pãi,iãã'rrå^-úi\ Lo Le77 aïeraged.auo[t.r¡.ryi::* !:î:"fä*
il'i"t;#;;;"';;.åã"ã ¡y fut" Department of Finance). Thís is comparable wi-th

ô^.^ ^ *-: -.: -;;"-'i";;i';iï";;i-y-;";"";;"t" ":r' most other provinces. However, for a mining
!^L^l ^ *^--^T*<r

firm contenrplating-io,t"tt.o"nt i¡r " "u* 
base metä1 pi.?i"'tl Y==i:!*::-":ltttv

Cã=îr-iilll tn h:ighest ln .can3$a. 
(Min::¡re f'"îi:lion of

Canada, MAC T Force Mode , Torõntor 19?8). A

"li"äü" 
lv change tlr-is, if desired'
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improved over what it was in 1969. If

royalty reforms, it is that they were

economic cond-itions vrere worsening. The combined effect of increased taxes

and lower profits probably resulted in a more severe turn-dou¡e in the j¡vest-

ment c]-imate than would have occured i-f the tax reforrns had been in effect

some time before the relative decline in metal prices occurred. Contributing

to the severe turn-d.onn r¡¡ould be the over expansion that took place in the

industry j¡l the late 1960f s when metal- prices were high and taxes low'

Since the tax strrrcture is now relatively sound and the base metals

industry i-s being taxed at rate comparable to the rate i:l other sectors of

the economy, it is hoped that any further tax and royalty reforms will- not

go beyond the minor changes suggested i:l this study. It would not promote

good resource management to revise the systems in a major way with the

intent of offsetting the reduced rates of return brought on by depressed

metal prices and a Lr:J-gh rate of inflation'

fault can be foi:nd with the tax and

introd.uced. at a ti¡le when general
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