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ABSTRACT 

Th~ primary function of the computer model presented here 

is to calculate the optimum level ot investment necessary 

tor the development ot a particular mineral deposit. How-

ever, ,the most important applications of the model would be 

to help answer a variety ot more generLl economic questions. 

For example, an important application would be to compare the 

etfect ot different tax and royalty policies on a PrOvince's 

stock ot ore reserves. Another application would be to compare 

different mintng and processing methodS tor a particular mineral 

deposit. These applications, plus others, suggest that a model 

of this kind would be of value to both industry and governments. 

A most signiticant consequence ot pllnners using a model such as 

this is that in the process ot optimizing the use ot capital 

and human resources, they will also be maximizing the possible 

mineral resources that can be utilized. 
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CHAPrER 1 

1.1 Purpose at the Model 

This cOIIIplter !IOdel calculates the optimum size and life ot a project 
needed to develop an ore bodJ. The optimizing process is one ot adjust

inc the size and productive lite ot the project until either (i) the 
_x1nJm rate at retum is achieved, or (il) the marginal rate ot return 

is at least equal to a pre-deterndned m1n1mum rate. The evaluator 

wUl select one ot these alternatives. It should be noted that the 
latter process gives a soluticm identical to the solution that would 
be obtained by using the pre-determined minimum rate as the discount 

rate and maximizing the present value ot the project. 

!he model would nol'lll8llr optimize a project tram the point ot view ot 
a private investor, meaning that lIIOI'ley costs and values would be used 
throughout. However, tor JW'POses ot evaluating public policy, pro

vis ian should be made tor the incluslan of all costs and benefits 
tram a project. That is, the evaluatian could be done trom a social 
rather thin a private point at view. 

The IIIOSt important appl1catlC1lS ot a model ot this kind are in the 
BMlJais ot ecanomic problems relating to the mining industry. Qle 
use would be to evaluate the eftects on mining tirms ot difterent 
tax and ro,alty systems •. Areas aftected would be calculated ore 

reserves, the rate ot extraction, and overall project profitability. 

Another use would be to estillBte the level of mining activity needed 

to support the development of new town sites. These and other possible 
applicatiOlUl are discussed in more detail in the tinal chapter. 

The descr1ptian at the model that tallows 1s done in two main parts. 

Chapter 2 is entireq devoted to a technical description ot the 
cOllJlUter program. It describes in detail what the program does md 

how it cloes it. Chapter 3 provides an example at an evaluatian of a 

II1neral deposit us1!Ja t.he DIOdel. The emphasis here is on the pre-
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paration ot the data to be used in the analfsis. 

1.2 Overview' ot the Model 

'!'wo contrasting types ot data are used by the program in evaluating 
a mining project. The tirst consists ot geological data relat1Dg to 

the mineral deposit being evaluated. Sutticient :1ntormaticm IIIWIt be 

provided to enable the program to calculate two gracle-tomase flmcticms: 
ene t\mctiCD Will express the relationship at tOllDl8e to average grade, 
the other will express the relatiCll8hip ot tonnace to cut-ott grade. 

The second Idnd ot information which must be provided. is or a tiDIDcial 

nature. For purposes ot calculating income tax U1d ·rO)'alty l1ab1litiel, 
tive catetanes at capital costs are used. Theee Inu (i) pr .. procSuct
ion exploration costs; (U) pre-production developllll!lllt costs; (iii) 

~ investment; (iv) processing investment; and (v) social capital 

1nvestment. For purposes· at calculating annual profits, intormat1C1'l 

is needed (11 mining costs, processing costs II1c:l value Per UDit or ~ 
duction. As with the geological data, sufticient ,1ntol'laticm IlUSt be 

provided to enable the program to calculate functions ot COlt ap1Dlt 
annual capacity. There are tive capital cost· functions and two 
operating cost t\mctions. 
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CIlce the pl'Osraa he been provided with the above data, the tollow

iDa sequence at operaticme occurs. Initiall.¥, the program calculates 

the cost-sise and adDeral srede-size tunctions; each function will be 

either linear, los-linear or hJperbolic. This is done once tor each 

III1Deral deposit beiDI evaluated. Then initial values tor the size and 

production lite at the project are assigned. 

FollowiDg th18, the program beg1ns an iterative process designed to 
calculate the optiaum size and lite of a mining operation which would 

develop the mineral deposit. The steps in this process are as tollows: 
(1) assip the project a pre-production period (baaed on the size ot 
the project being evaluated) and a total lite (this being the SUID ot 
the pre-production period end the productive lite being tested); (2) 

calculate the amual revenue the as8Ullled. project could expect trom 
the mineral deposit; (3) calculate worldng capital, distribute the 
capital inveStllSlt over the pre-production period, and calculate the 
UIIlUAl gross protit; (4) calculate the total rO)'Blt;y the proposed pro
ject could anticipate; (5) calculate the capital taxes and income taxes 
the project could anticipate; (6) calculate tour cash flows, each assum

ma dittereat tu liabilities; (7) calculate the intemal rate ot retum 
tor each ot the cash flows; and (8) compare the internal rate of retum 
tor the .. lUlled project to the internal rate of return tor a project 

either at difterent size or ot difterent productive lite. 

Depading. on the results of the compariSon, the lite or size ot the 

project will be incremented up or down. The process will then be 

repeated 1Dltil the MXiIllWll IRR is determined. At the discretion ot 
the evaluator, once the size of project ;yieldiq the IIIIJd.mum return is 
dete1'lll1ned, the project can be gradual~ increased in size to test it 
an additicmal increment ot investment is able to eam the minillllllll accept
able mum. This incrementing would continue so lang as each increment 
ot investment earns the minimum retum. 

Atter the optiJuD project is determined, a sensitivit)' analJsis and 

probabilistic IDAlpis can be carried (JIlt. Sensiti nt;y analpis in

volees V8l71nI up to 11 para.ters attect1q protitabUit;y trom ~ to 
~ to note the etrect OIl the anticipated rate ot retum. Probabilistic 
lD&lpis involves Wliq MCIlte carlo techniques to generate a rate ot 
return distribution. 
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CHAPTER 2 

DEaCRIPTION OF THE CClfPUTER PROORAM 

This Chapter will be entire~ devoted to a technlcal descrlption ot, 
the cauputer model. Section 2.1 ot this Chapter will 'describe the 

activities that take place in the main part ot the program while 

sections 2.2 to 2.7 vlll describe the various subroutines used. 

2.1 The CompleteMbdel 

The program is written in standard Fortran. As such it shaud be can

patible with all canputers having a Fortran compiler and. a memo1'11n 

excess ot 140 K. It is written in double precision tormax:l..'m possible 
accuracy although it could readil¥ be cOllV'erted to single precision. 

with reduced accuracy where memo1'1 core mq be s constraint. In situations 
where reduced capability is quite acceptable III8lV ot the subroutines 

can be simplified, and in one instance, even removed v1th nd.D:1Dum COlD

pl1cations. 

A simplitied now chart ot the cauplete program is shown in Figure 2.1. 

The MAIN canpUer listing is provided in the AppezJd1x at the end ot the 
.chapter. 

2.1.1 MAIN Variables 

The REAL variables in the main part ot the program are defined alpha
betically' as tollows: 

A - 7 element arr~ contains the first canetant tor each ot 
the two mineral reserve equations. 

- 7 element arr~ contains the first constant tor each ot 
the 7 cost equations. 

B - 7 element arr~ contains the second constant tor each ot 
the two mineral reserve equations. 

BB - 7 element arr~ contains the seccmd constant tor each ot 
the 7 cost equatiane. 
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ft&uN 2.1 IllIIpl1tlld flow Chart ot 
U. Gc.paWI' Pro.-
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BORCAP - 50 element array which contains th~ aSlNllled borrowed 
capital by year. 

BCBROi( - total. amOWlt of pre-production cap! tal' which is assumed 

to be borrowed. 
CAPCOO - 10 by 8 matrix stores the input capital and operating cost 

CAPTAX 

CASFLO 

CASH 

COST 

EXPLOR 

FEDTAX 

G 

GRADE 

GROPRO 

data. Each input card will contain the relevant cost data 
tor a particulu si.ze of project. The first 7 entries on a 

card will contain capital and operatiDg cost data and the 
eighth entry will specify the annual capacity in tons tor 
that project. Up to 10 cards can be read in. 

- 50 element array contains the capital. tax calculated in 

the INCTAX subroutine. 

- 5 by SO matrix contains the 4 cash nows generated. 

- 50 element array contains the cash now for the current 
size ot project before the investment is lDcremented. 

- 7 element array contains the 5 capital cost and a operat1l1g 
cost values calculated tor each size ot project. 

- the assumed equity capital tor the project. 

- 50 element array conta:1nin8 the annual exploration costs. 
- 50 element array containing the annual federal income tax' 

liability. This is not being printed by the model in its 
present torm. 

- this is the value tor the size increments. 

- 50 element array contains the averqe srede values calculated 
tor the project. 

- 50 element array contains the calculated gross annual profit. 

- 50 element array contains the calculated annual interest 
charges tor the pqback period. 

MAX - maximum tonnqe tor the ore b~ as iDd1cated an the options 
card. 

- the maximum tonnage tor the ore b~ al calculated trom the 
cut-ott srede function. 

- 50 element arrq contains the calculated marginal calh now 
tor the incremental. iuvestment. 



IIDIRV - so element arr8¥ contains the calculated annual. 

nd.ri1ng investment. 
MURAL - 10 b;y 8 matrix stores input mineral resel"'le data. 

(II 

Bach input card w:Ul contain :3 entries. The first 
w1ll be an average grade figure, the second a cut-ott 
grade figure, and the third the tonnage ot mineral above 

the assumed cut,-ott grade. Again, up to 10 sets ot data 
can be stored. 

- overhead operating costs, presentq at ~ of production 
operating costs. 

- rate ot retum tor previous assumed project. 
- rate or retum on the incremental investment tor 

the previous assumed project. 
- the optimum rate ot retum value beillg passed to the 

ABAtIS subrOl.ltine. 
mID - the size ot the project that yeilds the max:iDIlm rate 

of re'blm. 

PRIPIK) - SO element arrq conta1n:f.ng the 8MUal pre-production 
values tor the project. 

PRII ..;, SO. element arrq containing the annual amount ot principal 
being paid on the assumed debt. 

PROIW - SO element arrq containing the ammal proceseing inves~ 
mente 

a - 5 element arrq containing the rates ot return tor the 
tour cash nows. 

- asswned value tor the concentrator recover;v rate. 
- assumed value tor the m:l.ninI.un acceptable rate of retum 

OIl incremental investment. 
__ . - SO element arrq containing the armual revenue the p~ 

jact could expect. 
R1,B2 
S 

SID 
SlZZ 

- cautate tor the cancentrator reccwer;y rate function. 
- iDt8re,t rate tor borrowed capital. 
- the IDIIlal capacivof the project in tone or ore. 
- 50 element errq contain1ng the IDI1Ual production in 

tau ot ore. This U'r., 1, pas,eel to the ARALYS sub

routine tor the sensitivity and probab1l.1stic aneqa1e. 
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800m 

T 

TAP~ 

TAX 

TL 
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_ salvage values fOr the mining and concentrating assets. 
_ 50 element arra:y containing the annual investment in 

social capital. 
_ discount rate tor the project; used in the BD'fALT subrOl1tine. 

_ total capital invested durins the pre-production period. 

_ 50 element arra:y containing the anticipated annual income 

tax tor the project. 
_ tons ot ore processed in the final year ot operation and 

traction ot tinalyear during which production occurs. 
_ total capital investment (excluding working capital). 

_ 50 element arr8:f containing total annual capital investment. 
_ 50 element arra:y containing the anticipated annual royaltT 

tor the project. 
VALUE - net smelter return tram all recoverable metals expressed 

as value per pound ot the principal recoverable mineral. 

WORCAP - 50 element arr8:f containing the aseumed working capital 

used tor the project. 
IX - stores the value tor the project size where a'tonnage 

constraint occurs. 
yy _ stores the value tor the project size dur1nc normal opUm1-

zation. 

The interger variables listed in alphabetical order are as tollows: 

BET - used in the SIZE adjustment part of the program to irJdi-

cate when the size is optimum. 

o - first year ot production tor the project. 

CBL - book lite ot concentrator assets. 
D - last year ot the pre-production period tor the project. 

E - second year or production for the project. 
F - set at a period ot 1 year; used in the part ot the pro-

gram which optimizes the lite or the project. 

H - 7 element arr8:f containing the information as to the ldJJd 

ot equation which best represents each ot the 7 VariOl1S 

cost functions. 
HG - instruction to the program as to how the ore bCX\Y is to be 

mined (high-graded or ndned at the average grade of the 

resel"V'es). 
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HH - 7 e1aamt arrq conta:l.rling the information as to'the 

ldnd ot equation 1IIh1ch best represents each o£ the 2 
.. ad.Deral grade functions. 

Ie -. instruction to the IRR subroutine that tour cash tlaws 
id.ll be passed tran the MAIN. 

m - instruction to the IRR subroutine that one cash flow 
will be passed fran the MAIN. 

1m - used to 1nd:1.cate that once the maxi ",1m rate or return has 
been calCUlated, the investment will be incremented (it 
the average rate ot retum is auttic1entq large). 

- instruction to the program as to haw secol'ldar;y ore reserves 
are to be included in the evaluation. 

- 1natruction to the program as to whether a senaitivitf 
anal¥a1s IZIIJ/or a probabUistic anal.ysis is to be done. 

lY - fears ot additional possible production once the primary 

ore reserves have been mined. 

- used in the part ot the prosram where project Ute is 
opt:1m1zed to indicate when this hu been done. 

- this is the period ot production tor the primary ore 
reserves. 

LDI - sipal to the program irxlicat:l.ng that a tonnage constraint 
il in ettect. 

LL - stores value at Pr:l.rna17 ore reserves Ute is an ore tcmnage 
CClllStrl1nt exists. 

MIL - book value ot mine assets. 

N - this 11 the lite ot the complete project. 

P - this indicates to the !QUATN subroutine that 7 equations 
'are to be calculated. 

PG - instruction to the program that will1nd1cate whether or 
DOt the equations are to be printed. 

PP - this indicates to the !Q1ATN subroutine that two equations 
are to be calCUlated. 

- used in the investment increment section ot the prosram 

to 1Dd1cate it the marglnal cuh flow is to be calCUlated 
01' it the alse is to be incremented first. 

- . ueecl to sipal that the project bas been opt:1ml.sed. All 

t1nucial data can be printed aI'Xl the an&qsis ot the pro
ject can begln. 
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WW - second last year at operation tor the project. 

2.1.2 InPUt Data 

Data is provided to the MAIN routine by statements 0003 through 

0008. The first two cards read are a data card and an options card. 
The anticipated net smelter retum (VALUE), debt. equity ratio (_>, 
interest rate (5), the discount rate (T), the IIIIIJd.mwI si.ze tor the are 
~ (MAX), and the minimum acceptable rate at retum (RMIB), are pr0-

ject parameters. L and M indicate the number at cost data cards and 

mineral reserve data cards respectively. HG is the m:ln1ng sequence 
option. 00 is instruction to mine the primary are at average grade 
at the pr1ma1'1 reserves; 01 means mine the primal7 are tak1ng the 

. highest grade material tirst. IS is the analyeis option. 00 means do 

not do any anaJ.ysis; 01 means do a probabilistic analysis; 02 meuus do 
a sensitivity and probabilistic analysiS, and 03 meuus do a sensitivity 

analysis. IOP is the secondar;y ore reserve option. 00 means exclude 

the seconda17 ore reserves trom all calculations till the very 1Ild, 

01 means include the seccndary reserves in all calculations; 02 IIIAI18 

do not include the secondarf ore reserves till the IIII.Ximum rate ot 
retum tor the project has been calculated. PG is the sraph option. 
00 means do not print graphs; 01 means print graphs. These w1ll be tor 

the 7 cost equations and 2 mineral reserve equations. 

Statements 0005 and 0006 read in the capital and operations cost 
data. Each card will contain data tor 5 clasles at capital, mine 
operat1n8 costs, processing operations costs, and the size or oper
ation these costs apply to. There is one card per project si8e. 

Because this cost data is used to calculate continuous tunctiClll, a 
minimum ot 3 sets ot data should be provided. 

Statements 00J7 and 0008 reacl in the mineral reserve data. Bach 

card will COlltain an average grade tigure, a cut ott grade tisure, 
and the total mineral tonnage to which these tigures applJ. As 
With the cost data, a III1n1lIIum ot three sets ot data Ihould be pro-
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vtded. It one data card. is provided, the prosram asaumes that 

the tonnage figure is tor the whole deposit 80 that the average 

srade figure wUl be that tor the whole deposit. A logalinear 

Nlatiaaah1p between tons ot mineral and average grade is asaumed. 

2.1.3 calculate 19uationa 

b f1ret t1me the JgJATN subroutine is called -(statement 0015) the 

HYeIl cost equatiClll are calculated using the data in CAPCa3. L is 

the JaIber at sete of data, AA a1'Jd BB will. contain the e~ation con

at&te that are calculated, H will indicate which ot three kinds ot 
equatiClll is to be used tor each t'unction, P will indicate how mq 

ecpatiClll are to be calculated, and PG v1ll instruct the IUbrOlltine 

u to whether or not graphs ot the equations are to be printed. 

MAX ie the ad-,m tCllUl&8e ot mineral tor the deposit. 

At stateMnt 0016 this subroutine is called again to calculate 

the ad.neral reserve equations. The subroutine parameters have 

the ume 1118an:lrJ8 as betore. In this case, howflV'er, only-·two 
equtionaare beirJ8 calculated rather than seven. 

Statements 0019 to 0025 calculate a maximum tonnage tor the 

llineral deposit. Bf.ther this or the value MAX will be the 

total tannase constraint, depending which is the smaller. 

Statements 0026 to 0028 initialize SIZE and LIFE tor the project 
betore the iterative process bep. 

2.1.4 Calculate Capital. Lite. and Preproduction Period 

StateMnt 0031 ie the st.art1ng point tor that part ot the program 

which will be cCllltinu.ousq used in the iterative process that will 

optild.se the project. 
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Statements 0032 to 0040 determine 1£ a tonnage constraint is 

in effect. If so, this will alter the optimizing sequence for the 
program. 

Statements 0041 to 0048 calculate the total capital costs in the 

five categories that have been established plus the mine operat:1ng 
costs and the processing operating costs. Note that in each case 

the cost is a function of SIZE, the annual rated capacity for the 

project. From statements 0049 to OOS4 the appropriate pre-production 
period is-determined. This is a function of the total project size 

as measured by' the total capital investment. Statements OOSS to 
0057 identity specific points of time during the complete lite ot 
the project. D is the end of the pre-production period; -I· is the 

second year ot production; N is the sum ot the pre-prociuction period 
and the life of the primary ore resel"V'es. 

2.1.5 Calculate Annual Revenue 

In statement 0060 the annual revenue subroutine (ARNRBV) is called. 

Parameters ted to the subroutine are: LIFE, the productiCll period 

tor the primary ore reserve; 51Zl, the annual capacity ot the pro

ject in tons ot ore; VALUE, the net smelter return; A, B, and HII, 

the mineral reserve equations; 0, C,N; R1, R2, the recovel")' rate 

constants tor the principal mineral; TOPCOO, the total operating 

costs per ton ot ore, and; ~, the size ot the orebodJ. IntOrll

at10n returned trom the subroutine is as tolions RBV!WB, the umual. 

revenue the project could anticipate; GRADE, the average srade or ore 

mined each year; II, the number ot years ot seconclary ore production, 
and; Tt, the tons of ore mined in the assumed tinal year of operation. 
Options to the subroutine are: MG, instruction as to whether the 

deposit is to be high-graded or not, and; lOP, instruction as to how 
the secondary ore reserves are to be included in the evaluation ot 
the project. 

2.1.6 Distribute Costs and Protit Over the Lite 

In statements 0061 to 0097 costs and revenues are allocated to each 
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1ear o£ the project in preparation tor the incane tax and royalty 
. calculations. The capital costs are distributed equl11l1 over the 
. pre-produ.ction period in statements 0065 to 0069. The equal! ty 

ulUq)tion can be chan8ed without much ditficulty although ~ 

lION statements 1fCl1l.d be necessary_ Doing this would alter the. 
rate ot retmn calculation ~ sl1ghtq. 

lorking capital. is assigned to the project in statements 0070 to 
0081. Included in the MOrIclng capital recovered in the 1'inal 

1ear is 8I\J' salvage value for the m:Ln:lng and processing assets. 
Statements 0082 to OOW are used to assign cm-gaing investment 
to the project U well as calculate the amual gross prot! t. 

2.1.7 Calculate Royalties 

Statement 0098 calls the ROrAtT subroutine. This subroutine cal

culates the royalties that the project could anticipate UDder the 
Metal.l1c Mlnerals Royalty Act. Through proper depreciation claims 

it also calculates the min1D11D1 ro,al ty the project could antic:i.pate. 

IDtOl'llatian ted to the subroutine is: GlO'RO, the gross profit; 

IIIIIRV, PROINV, DPLOR, SOOINV, and PRBPRO, the five categories of 
capltal. investment, and; N, C, and T, the latter being the discount 
rate. Intormation returned is 'l'O'l'BOr, the total annual royaltT the 
project could anticipate. 

2.1.8 Calculate Capital and Incane Taxes 

Statement 0099 calls the INCTAI subroutine. This subroutine calculates 
project income taxes, capital. taxes, and the interest and prinCipal. per 
,ear tar the pq back period on any borrowed capital. Information to 
the IUbrcuttne includes: GBJPRO, the gross prOfit; five kinds ot 
clpital cost; A, C, and S, the latter be1ne interest rate; VORCAP, 

worIc:Ins capital.; DIR, the debt:,..equity ratior II, number ot years 
ot eecaadU'J ore production, and; SM and SC, the assumed salvage 
value ot nd.1I'lna and processing assets. Information returned is: 

TAI, the incame tax, INTRST, annual interest pa,ments; pm, 
Am'al. .,.,...ts OIl the prinCipal, and; CAPT AI, the capital tax. 
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2.1.9 Calculate Cash Flows 

The cuh tlow are calculated in statements 0100 to 0106. Four 

cuh tlow are calculated although onl.y three are printed. bf the 

pr08l'8lll u it is at present. The tirst cash tlow is tor the over

all project u it would be evaluated by a private investor. The 

seccmd cuh tlow is that trom the point ot view at an :Investor pr0-

viding equity capital (add borrowed capital and deduct debt rep&Jmalt 

and interest). The third cash tlow is the result at adding back 

roplty and tax payments. Thus it is the cash flov a publicly O1II'1ed 
project could anticipate (assum:f.ng that the project would. not have 

been otherwise undertaken by a private tirm so that taxelll and royalties 
are not a cost to the project either as a direct cost o~ as torgone 
revenue to the government tram a private tirm). The tourth cuh 

tlow assUIMs that the project would be undertaken privately it not 

dane by the g0V81'DmCt, thus the only gain to the province bf doiDg 
it would be the tederal income tax payable. 

2.1.10 Call the IRR Subroutine 

Statement 0108 calls the intemal. rate of return subroutine which 

calculates the rates of return for the four cash novs. Besides 

the cash novs, the subroutine is given the total length ot the 

project, N, and it is told the number of cash fiows to evaluate, 

IC. The rates of return are retumed in vector R. Statement 01].4 

terminates the analysis it on the first trial, the rate of retum 

is less than zero. Statement 011~ terminates the ana:qsis it SIZE 

or LIFE are reduced to 10,000 ton/year or 1 year respectiveq. In 

either case, transfer is made to the em of the program where an 
appropriate statement is printed. 

2.1.11 Ad.1ust Life or Size of Pro.lect 

Statements 0119 to 0158 are used to incremat the size or lite ot the 
project depending on the result of the IRa calculation. 
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\'he secpence ot events in the optimizing process is best understood 

traI P.I.gure 2.2. SIZE and LIFE tor the project are initialized at 

lcae reasonable value at the beg1nrd.ng of the program (see statements 

0026 to 0028). Also OLDR, the previous rate ot return, is set at a 

'Very low value. AsIIWIIing a positive rate ot return is generated, then 

with nc.o aDd LB'l'-O, the progr_ increases the lite ot the project by 

r which is set at +1 year. OLDR is assigned to the value ot R(l). 

Control passes to labe1 (statement 0187) 30 and trom there to label 

09 (see P1gure 2.1). A new rate ot retum is calculated and. compared 

to the previous rate. If the new rate is larger, the lite is again 

increased by 1 year. '1'h:l.s continues till the new rate ot retum is 

aaller than the previous one. The lite ot the project is reduced by" 

1 78ar IDd F is changed to -1. LET is incremented by 1. The lite ot 
the project is further reduced by 1 year (since LET.l and R(l)<;OLDR). 

In -tbis oase" the ,n81fl ,tate' of return will etill ... be 'less "t8Iin otIIl,., 80.:' 

a year is added back to the lite and F made equal to +1 again. LET 

11 apin incremented by 1 (to a total of 2). The size ot the project 

11 now increaled by G (equal to 10000 tons per year) and a new evaluation 

clClfte. Since LIT is now eq.lal to 2, the size ot the project will. be 
iDcreasecl or decreased in the same manner as was the 11te. When a 

siBe adjustment no 10l'lger results in an increase in the rate ot retum, 

the lite ot the project is again adjusted up or clown. When this is 

optiauD, the siBe is once more adjusted. If no further increase in the 

rate ot return is possible, then 00 is set equal to 1 so that the in

cremental rate of return to a small increase in the size ot the project 
can be cleterm1necl. 

It at this time I(I'.a, meanins that marg1nal ore down to the operatil'lg 

COlt cut,.ott grade has not been included in the"evaluation, 1(11 11 now 

set equal to 1. In the incremental anal.7sis it v:Ul. now be included. 

It a tc:aJaae l1nd.t was specitied tor the deposit, then it this should be 

exceecled at &I\Y t1me in the procesl of III&ld.miziDg the rate ot retum, a 
chaale in the procedure takes place. A year is deducted tran the life 
ot the project 8IXl anlJ SID optiad.z1ng takes place. When the rate of 

retum hal been IIU:lm'hed, the results ot the calculation are printed 

and. lensitivity ad probabilistic anal¥sis takes place. No increment 
il ..se to the inYestment. 
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Calculate the Retum to the Incremental Investment 

'l'he investment in the project is incremented by small steps and 

the marginal rate ot return determined in statements 0159 to 0186., 

'l'he alsor1thm tor dalng this is shown in P1gure 2.3. 

Aa8Ulll1ng that the maxilllllD rate ot return exceeds a specified mini

_, the incremental investment anaJ.ysis occurs 811tanaticl1l.q. 

Initialq SIT will equal 1 so that the size of the project will 

be increased by G while the cash now yielding the max:i.Jmlm rate· 
of retum will be stored in CASH. The cash now tor the project 
at its new sille is now calculated. The previous cash now (in CASH) 

is deducted tran this to arrive at the marginal cash now. So long 
as the rate of retum to the marginal cash now exceeds the speci
fied nd.niIauI, the size of the project continues to. be· increased 

in small steps. 

Iben the optilun project is determined the relUlta are printed. 

Print Details ot Optinllm Project 

StateMnta 0190 to 0238 print the details of the optiaun size ot 
ad.ne and processing tacility. 

Statement 0192 calls PRNPRO which is in the RI!lVBRU subroutine. This 
prints the production data tor the last calculation. It will show 
the arumal tons ot ore nd.lled, the &verase grade ot ore, the mine 
cut,.ott grade, the pOW1ds ot principal mineral in the cCllcentrate, 

and the total value of the concentrate. The value will retlect the 

aslUMd by-product content. 

Statements 0194 to 0203 SWIIIIarize the financial data. The averase 
and marginal rates ot retum are printed, the various capital and 

operating cost totals are printed, and the as8Ullled borrowed capital 
and equity capital totals are printed. 

Statalenta 0204 to 0211 p$t the various aaunts ot capital invest
IIfIIlt as they are distributed wer the lite ot the project. This 

will show the aaunt ot investment by year tor the 5 classes at 
capital plus the amount of worlcins capital as8Ullled. 

StataDent 0212 calls PRNROf. This will print the· details ot the 
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last ro,alv calculation in the ROYALT subroutine. The first page 
ot the printout detdl.s the rqralty calculation; the second page 

records the investment made 8IId the undepreciated balance tor the 
- two classes or capital asset. 

Statement 0213 calls PRR'1'AI in the !NOTAl subroutine. The first 
page ot this printout wlll detail the annual capital tax calculation. 
This is assessed on the ~ paid up capital which includes borrowed 

and ecpiv capital plus aD.Y surpluses. The second page at this 
printCNt shan the annual allowable deductions tran gross proti t in 

order to arrive at the taxable income. The third pace shows the 

annual tax calculation and the undepreciated balances tor the various 
Clas88S ot capital. 

Statements OU; to 0238 print the three cash now calculations. The 

tirst page ot the printollt details the cash now calculation tor 

the overall project. Deducted tran gross proti t are aU taxes, 
ro,alties, and capital expenditures. 'l'he second page details the 
cash now calculat:l.an it taxes and royalties are not a cost to the 
project as 1fCI1l.d be the case it the project would onl¥ be undertaken 

by the Crown. The third page details the cash now to equ1 ty calcul
ation. 'l'b:ls separates the debt capital fran the equity capital and 

deducts interest and debt repayment tran the project cash now. 

2.1.14 Call AfW,YS Subroutine 

Statement 0241 calls the subroutine which V1ll undertake the 
sensitivity and probabal1.stic anaJ.ysis. Parameters ted to the sub
routine are all those attecting the econom1c worth ot the project. 
'l'hese are in order: net smelter retum (VALUE); tons ot ore mUled 
per Jear (SIZI); the total capital and operat1ng costs (COST); the 
recfNf1i7 rate COl'l8tiDUi-(~. the working capital (WCIlCAP); the 
annual exploration costs (mtal); the annual pre-production costs 
PRil'RO); the annual. nd..ning investment (MINIHV); the ammal processing 

inYestmct (P1IJINV); the annual. 10l1al capital investment (SOOINV); 

the annual ore srade (GRADI), the project lite (N); the first year 

ot production (e); the Jear preceed.1rJs production (D); the interest 
rate (S), the debt-equ.1tJ ratio (DBa); instruction as which analtsis: 
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Generate-3· -sets 
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tor 1 ot 3 possible 
equations which best 

tits the data 

Figure 2.4 Simplified Algorithm tor the ~UA'l!l Subroutine. 
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is to be dc:ae' (ISS', the optimum project rate ot retum (OPTR); 

the IUlber of Jear8 of secCl1dar,r ore producticm (lY), the discount 
rate to be used (T); the salvqe values (SM end SO), and; the 

traction of the tiJJal ,ear during which production occurs (TL). 

2.2. The _ationa &lbroutine (gA'l'N) 

This is the first subroutine called from the main part of the program. 

It is called anl.¥ twice, first to calculate the five capital cost 
and t., operating cost functions, and second, to calculate the two 
adneral reserve functions. A simplified algorithm for tbis sub

routine is shOlll1 in P1gure 2.4. The campiler listing is at the end 

or the Ohapter. 

2.2.1 !QUATI Variables 

The RIAL variables in tbis subrOl1tine are defined alphabetic~ 
as tollows: 

A - 3 by 7 matrix containing the tirst constant tor 

each ot three pOleible equations, up to seven equations. 

-- 7 element err. containing the appropriate firlt constants 
from A tor transter -to the main part ot the program. 

-B-3 by 7 matrix conta:1nirlg the second constant for each 

ot three possible .atiOl'l8, up to seven equations. 

BB - 7 element I1r1"q containing the appropriate seccmd 
constant tram B tor transfer to the main part ot the 
program. 

CAPCQ9 - S8M 8S in subsection 2.1.1. 

CPAOTr - 20 by 3 matrix will contain the 1nclependent variable 
in linear, hlPerbolic, and natural log t01'lll tor up to 
20 lets of data. . 

LABIL - used in the graph1ns part ot the II.lbroutine; this wU.l. 

be asll1ped the Holler! ttl string used to label the 
vertical axis. 

MAl - same as in sublectian 2.1.1. 

IIAl'ftIf - same as in subsection 2.1.1. 
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- if only one data card for the mineral" reserve is pro

vided (thereby asswning an exponential grade-tonnage 

relationship), this will be assigned the average grade 

figure for use in calculating the 3 sets of mineral 

reserve data. 

R - 3 by 7 matrix which will contain the correlatiOn 

coefficient for each possible kind Oftunction, up 

to seven e~ations. 

SIZE - in the graphing part of the subroutine this will 

be assigned the value for the independent variable 

while the dependent variable is calculated; it is 

used for all equations. 

SUM - 10 by 3 by 7 matrix, used to store the summations 

VALUES 

necessary in the least squares method of deriving the 

best equation fran the raw data. 

- see MnI}RA above. This variable will be assigned the 

total tormage figure for the deposit. 

- 50 element array; in the graphing part of the sub

routine this will contain the values of the dependent 

variable for the e~ation being graphed. 

y',IY,M - these three variables store the Hollerith strinSs tor 

the labeling of the vertical axis. 

Z,ZZ,ZZZ - in the ~ation part of the subroutine, these variables 

are assigned the numerator and deDCCinator values tor 

the equations that determine the correlation coefficients 

and equation constants. 

The integer variables in alphabetical order are: 

AST - assigned' *' for the graphing of the various functions. 

BLANK - ass1gned a space for the graphing. 

H - 7 element arrq that is used to pass information to the 

L 

LINE 

MAIN as to the ldnd of equation that best expresses the 

raw data provided in CAPC<m. 

- number of sets of data being provided. 

- 100 element arrq stores the 

each line of the graph. 

characters tor 



P' 

PIRIOD 

PG 

PODl1'S 

Q 
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- number of equations to be derived. 
_ assigned t. t for the graphing. 

- same as in sUbsection 2.1.1. 
- the 100 possible real values in VALVE are converted to 

50 possible integer values for the graphing. 

- the last value on each data card (which is the abscissa 
value for each set ot data). 

YLABBL - assigned the vertical axLs value for the graphs. 

Preparation of the Data for Least,.Sg,uares AnalYsis 

Statements 0004 to· 0021 prepare the data passed trom the MAIN for use 

in the determination of the appropriate equations. 

In the case of the mineral reserve data, it onl..7 one card is provided, 

then an 8Xpcnential. grad&-tonnage relationship is assumed. Statements 
0010 to 0015 v1ll then generate 3 sets of data based on this assumption 
which 1d.ll then be used to generate the two constants for the average 
and cu1;-ott grade functions. 

The exponential grade-tcmage relat.ionship produces two separate 

equations as follows: 

Ql.ven a ad.neral depoait of sille D tona with average grade b, for a 

cut-otf grlde c, the amount of ore I will be: 
E-De -c/b 

tis is rewritten so that c-b r.n(D/E) as in statement 0014. Aallllllillg 

we choose a cut-off grade greater than zero, the average grade g of 
the ore vJ.ll be: 

s-b+c 
These two functions are then used to generate the 3 sets ot data. The 
equations that will be generated by least squares techniques fran the 

data are: 

s-~. + b ln E 

and c~ + b ln I 

For both the cost and reserve relationships, three kinds ot function 

are titteci to the raw data. The first will be a simple linear function, 
the secand will be a bJperbolic function, and the third wUl. be a log

linear function. The ec:pation chosen will be the one 111 th the highest 
correlaticn coeftic1ent. 

'nIe correlation coefficients and constants for each kil'Id ot function 
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can be calculated in exactly the same manner 1£ each is expressed in a 

linear form. The linear form tor the hyperbolic and log-·linear functions 

are: , , 
Y - a + bX where X • 1 

i 
z - c + dX" where X" .. LnX 

The subroutine does this by converting the abscissa for each set ot data 

to the 8pp:'opriate torm in statements 0020 and 0021. 

2.2.3 Calculating the Appropriate Equations 

Statements 0022 to 0071 calcul.ate the two constants and the correlation 

co-efticient for the three functions that are ti tted to each set of data. 
With the exception of the mineral reserve cut-oft grade fwiction, all 

equations are calculated the same way. The constants are determ:l.ning 
• by solving the normal equations for the least square line Y - a + bX • 

Thus: 

where Xi. can be ~ , 1 , or ~ 
~ 

Theetore. b • _ni_x-.iY_-_( _L..:Xl ... )_( r_Y,.:i:-) 

nL~2 - (1X1)2 

and a • LYi - b L Xl 
n 

The correlation coefficient R is: 

nLX1~ - (LXi) (LYi ) R • __ ~~~ ____ ~~~ __ ~ ______ ~~ 

«n!Xi2 - (LX1)2) (n Lyi
2 - (2:Yi)2»t 

Statements oo.s to 0CIl1 choose the constants for the equation which 

best fits the raw data, i.e.: the equation with the correlation co

efficient closest to 1. These constants are fed back to the MAIN in 

the AA and BB arrqs while the kind of equation is 1Z1dicated by the H 

arrq. It the constants are for a linear 1\mction, H(K)-l; it tor a 

~erbolic function, H(lt).2, and; if tor a log-Unear tunction, H(K)-3. 



The procedure tor calculating the mineral reserve cut-ott grade f'Unction 
variell tl'Cllll. the procedure tor the other equations. 'ftlis is because the 
1118thocl ot calculating both the cut-ott grade fUnction and average grade 

trQlll geologLcal data that is otten not too reliable can lead to equations 

tdd.ch are log1call¥ inconsistent. In the extreme case, one equation could 
be l1near vh1le another could be logarithmic. In a more practical situation, 
the two linear equations or two logarithmic equations can be inconsistent. 

In th1s prosram, the equation that is calculated in the normal manner is 
the averlle· pede ·tunction. The asSWlleci cut-ott grades are entered on the 

lIIlienl reSerTe data carel "but are not nOl'lll8l.l1' used. The cut,-ott grade 

function wbich v1ll then be consistent with the average grade function is 

derJ,ved as toll0W8: 
Assume an averlle grade tunction Y • a + bX. Y is the average grade 

and I is the total tOIlS of' mineral. The metal M in this depoai t is the 
averlle grade Y timell the tannage X. 

'!'hat is: M. XI 

• aX+~ 
. 'ftle cu.t-ott grade C, can be expressed as a small chqe in the quaiLtity of' 

_tal divided bf a .all change in the tons of ore contain1ng the metal or, 

C.dM-a+2bX 
di 

In other worels, both the average grade and cut-ott grade 1W1ctiOlls loglcall¥ 

have the same intercept "a" but the latter has twic,\ the absolute value of 
IIlope (tlhich is 2b). In the program, the cut,-ott grade function is autG-, 

III&tic~ assigned a first constant "a" ·equal. to that calcu.lated tor the 
average grade tunction, and a seccnd. constant "b" equal to 2 times that 
calcu.lated tor the average grade tunction. 

'ftle Sllle procedure appUes it the first equation is log-linear. 

Assume Y - a + bLnX 
M - n • aX + bX.LnX 

dM • a + b(X.l + LnX) • a + b(l + LnI) - C 
(II ! 
i.e. C. (a + b) + b~ 

In the prosram, the first canstant tor the cu.1I-ott grade 1'w1ctiOll is the 
IIWI ot the two constants tor the average grade tunction and the second 
COllStillt is the 111M &II that tor the average grade tunction. 
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This procedure applied to a hyperbolic tunction ~ds a cut-ott 
function C • a. That 1s, the cut-ott grade function consistent w.l.th· • 

hyperbolic i'unction is a constant to which the averase sracte function' 11-

asymptotic. This is not realistic, but in the unliIce~ event the belt 

average grade tlmction should be h1Perbolic, the U'IUIIl. geololical 
cut-ott grade data w:l.ll be used to calculate the cut,.ott grade tunct.iOD.· 

2.2.4 Graphing Each !\mction 

It a graph is to be printed tor each function, this will be done by 

statements 0Cf/2 to OUJ6. 

The tonnage constraint tor the mineral reserve is determined b,y state

ments 0099 to 0106. This constraint will be printed as a vertical line 

on the two mineral reserve graphs. 

Statements 0114 to 0123 print the equation for each function atter the 

title on the graph. 

Statements 0124 to 0141 determine the intergsr ordinate values for 100 

real abscissa values. Because a vertical space 115 about twice the w.l.dth 

of a horizontal space, ~ 50 lines are printed tor the 100 possible 

abscissa values. This is accCXllplisheci in statements 0136, 0138, and 0140 

where the POINTS value (between 1 and 10 or 1 and. 1(0) is further cl1vided 

by 2. 

From statements 0143 to 0186 the actual printing of the graphs takes place. 

There are three basic kinds of graph each with different lab~s a¢ size ot 
axis. These are for the capital cost functions, the operating cost i'unctians, 
and the mineral reserve functions. 

2.3 The Annual Revenue fllbroutine (ANNREV) 

This subroutine is called from the main program every time a chqe is 

made in the size or production life ot a project. Its main purpose is to 

calculate the annual gross revenue a project of liven s1ze and lite could 

anticipate. Figure 2.5 is a simplified algorithm tor thie subroutine. '!be 

compUer listing is at the end ot the Cbapte,. 
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2.3.1 .. Vmables 

!he real variables in alphabetical order are as tollon: 

A - lame as in subsection 2.1.1. 

AVGRAD - thil variable w1ll be asligned the average grade ot the primary 
ore reserves. Thil value will be used in the part ot the sub
routine that 11 calculating the production ot the marg:lnal ore 

relervel atter the pr:l.mar.r ore resel'V'es have been depleted. 
B - lame as in subsection 2.1.1. 

CCGIW) - 50 element arr. conta1n:1ng the value tor the ore cuti-ott grade 

tor each 1ear. 
COOJW) - operat1Dg cost cut-ott grade. 

GRAD - 2 element err. v1ll be alsigned the averase and cut-ott grades 
tor the ore resel'V'e it it 11 to be m:l.necl at those grades tor each 
1ear or production (rather than high-graded). 

GIWJB - same as in subsection 2.1.1. 

MAl'l'OI. - same as in subsection 2.1.1. 

MlTAI. - 50 el-.ent arl'IJ COllta:ins amount or recoverable metal per 1ear in 

the cancentrate. 

PAVGRA - aver. grade at total production at are tor previous Jears. 
PCGIW) - cut-ott grade at total production ot are tor previOUS Jears. 

PlmTAL - metal content at total production ot ore tor previous Jears. 
PROD - 50 elanent arl'IJ, Containl lI1l1Ual amount at ore nd.lled. 
PTONS - total prodLLction ot ore tor previous 1earl. 

11, R2 - 11M as in sublection 2.1.1. 

RCr - 50 elllDellt arrq, conta:lns recovery rate tor each 1ear. 
RIVINlJ::- lillie as in sublection 2.1.1. 

SID - lillie as in subsection 2.1.1. 

TAVGRA - average grade ot total ore mineable to operating cost cut,..ott 
grade. 

T.L - same as in subsection 2.1.1. 

TaIS - total tannap ot pr.l.mar;y ore. 
'ftIIl'AI. - _tal COlltent ot total ore m:Uled. 
'ftJICQJ - 11M as in subsectian 2.1.1. 

ftOIS - total ore ndlled. 
VALUI - 1_ as in subsectian 2.1.1. 

UVORA - &'Ierqe lI'ade ot lecOlldar,y ore. 

l'1UIS - tans or HCClIIdarT are. 
UIAIS ~ 1ea1's ot secCl'ldar.r are production. 
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DIe integer variables are: 

C - same as in subsection 2.1.1 

D .. .. .. .. " 
KG .. .. II " " 
lUI .. II II II " 
II .. II II .. " 
LIPI - .. II " " " 
• " " " " " 

2.3.2 ProdIICtiOl1 Grade is at 'verMe Grade ot Primm Res8l"1feS 

U·'''", that the optioaa card baa indicatee! that the m:l.neral depolit 
ia to be adAecl eo that the average grade at production ia at the 

aver. srlde at the primary reael"lfes, the Ca1culatiOll8 will be done 

b,y atatalenta 0013 to 0028. The averase and cut-ott grades are cal
CDlatecl b,y atatalenta 0013 to OOal. Statement" 0021 to 002rJ place 
tile procIIlctiCll1 tJ.aurea on the appropl"iate arrqa tor transter back 

to the En part at the program ml tor later prJ.nt.1ng. 

2.3.3 DIe lIlDeral _lSi t ia to be Hiah-Graded 

. 
It the nd.neral depoei t il to be hi&b-sradeci the production tJ.sures 

vlll. be calculated b,y statementa 0030 to 0072. The averqe aDd 

cut-ott Sftdea tor total production prior to the current ,ear are 

calculated b,y atataaenta 0033 to 0046. Previoua metal product1an 
ia calculated by statement ()()4f. The average _ aut-ott grades 

tor total product1cm including the current rear are determned b;y 

atat8lll8llta 0053 to 0066. Total _tal 1s calc:uJ.atecl by atatelleDt 
006rI. Statellllllta 006e to 0CIl2 place the prodllct1on tisures in the 

appropriate a.rzoqa tor tl'anIter back to the Min part at the pl'08l'1ID 
and tor later pr1nUna. 
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2.3.4 Calculate Production of SecOl'ldary Reserves 

. The operating cost cut-off grade is calculated at statement 0080. 

Assuming this is less than the cut-off grade of the primary reserves 

and assuming that the options card or the main part of the program 

has indicated that the production figure. for the secondary ore 

reserves are to be calculated, this wlll be undertaken by statements 

0082 to 0130. 

Since the cut-ofr grade is a function of .the recovert rate (which tor 
the secondary reserves is initially unknown) the value applicable to 
the primary reserves cut-ort grade is used (see statement an?). The 
average grade or the secondary reserves is ~en ~alcul __ tecl and the 

-recove17 rate re-calculated. It this value ditters fran the initial 

aSSWllption by more than .001, then a new recO'le17 rate is used, a 

new cut-off grade is calculated, and the second817·reserves are re

calculated. This process is repeated 3 or 4 times till the cut-otf 

grade assumption tor the cut-off grade is compatable with that tor 

the secondary reserves. 

Total tonnage of ore for the depoBit is determined by statemente 0082 
to 0088. The average grade of this ore is determined bf statements 

0089 to 0095. The secondary ore tonnage, averase srade, am yearl ot 
additional production are determined by statements 0091 to 0109. 

Statement 0110 converts the year(s) of additional production trom a 

real to an integer variable. Statement 0111 increases the total lite 

or the project by the years of additional production. Statementl 0112 

to 0130 place the second817 ore production figurel at the end ot the 
primary reserve production figures in the appropriate ~. 

2.3.5 Print the Final Production Figures 

Statements 0136 to 0144 will print the final production fisures tor 

the optinum sizecl project. This will be printed tItlen called trom 

the main part of the program after the optillum project has been 

determined. 



til I!II1brolltiDe is alIa celled every time a chanae is made in the 

project die and lite. The ra,alt1 is calculated. according to M125, 

'1'he lletall1c Mlnerale Ro,valty Act. This subroutine iot;,ca1.lr ea11. 

OUlau. r til" -,nne'a] ~t.7 but atteDlPtlt.t,o'lid.IAnd..e °ther·total "J 

ro,valty alsellllellt b7 malc:lng the appropriate annual depreciation 

chime. Since the real rate at return is being calculated tor the 

project, the intlation rate ls assumed to be zero. The algorithm 

tor thil IUbrou.t1ne ls 1h0lll1 in t1gures 2.6(A), (B), and (e). The 

cClllpiler l1st.1ng il at the end ot the (Jhapter • 

2.4.1 DAtT Variables 

The real var:l.ablee in this subroutine are defined alphabetic~ 

as tollOlf8: 

D 

DBPRIC 
DISIm 

MIJDV 

MIIVB 

- 50 elaaent &l'l'q contain.1ng the annual basic royal t1 

parable bT the project. 

- 50 element arr. containing the CWII1lative processing 

inveltMnt tor each 1ear. 

- the IIIIOWlt b7 which a depreciation rate is to be varied 

up or dOlll1. 

- 50 element arrq conta1n:l.ng the annual depreciation claim. 

- 50 element arrq conta1ning the annual total royalty P&1able 

atter being discounted bY' the real opportunity COlt ot 
capital, S. 

- 8WIl ot annual depreCiation ratel. 

- lame al in sublection 2.1.1. 
- lame 88 in sublection 2.1.1. 
- 50 elell*lt arrq contain:!.n8 the annual incremental 1'01alt1 

pqeble bY' the project. 
- __ 88 in sublection 2.1.1. 

- 50 ela.nt arr. conta1n.1.ng the annual. undepreclated 

balance tor the IId.n:l.D8 and service investments. 

- 50 element err. containing the annual IIIizWlg plul social 

capital inveltMnt (in the p~production period it td.ll 

allO include pre-productian plul pPloration investment). 



MSINV 

NE'l'PRO 
OLDROY. 

PALLCM 

PREPRO 

PROBAS 

PROFIT 

PROINV 

R 

ROYPRO 

5 

SOCINV 

SUMROY 
TBASRO 

TINCRO 

'l'OTROY 

'l'OTUB 

'lPROBA 

TPROF 

_ -: -.32 -

- same as in subsection 2.1.1. 
- 50 element arr8¥ conta:1.n1ng the annual undepreciated 

balance tor the nd.ning and service inV'estments. 
- 50 element arr8¥ containing the armual mining plus 

social capital investment (in the pre-production period 
it will also include pre-production plus exploration 
investment) :. 

- gross profit minus the depreciation allowance. 
- stores value ot minimum total discOWlted royalty. 
- 50 element arrq contain1ng the annual processing allowance. 
- same as in subsection 2.1.1. 
- the annual profit base; :Lnd:icates the III8.X'1DIDn amountot 

profit which will be assessed at the low royalty rate. 
- 50 element arrq conta:in1ng the profit atter the exploration 

deduction. 
- same as in subsection 2.1.1 
- 50 element arrq containing the amual depreciation rates. 

50 element arrq containing the annual amount ot proti t 
subject to a royalty assessment. 

- discount rate; same as T in subsection 2.1.1. 
- same as in subsection 2.1.1. 
- total discounted royalt,y tor the project. 
- total base royalty tor ~ three year averag1ng period. 
- total incremental royalty tor any three year averas1n8 

period. 
- 50 element array conta:ln:lng total annual cap! tal inveetment 

in a project. 
- same as in subsection 2.1.1. 
- 50 element array conta:ln:lng the annual undepreciated 

balance ot total capital invested in the project. 
- sum ot prof:l t bases tor anf three year averaging period. 
- sum ot taxable profit tor 8l'l¥' three year averag:l.nc period. 

The integer variables in alphabetical order are: 

c - same as in subsection 2.1.1. 
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R - 11_ all D in subsectiQl'1 2.1.1. 

I - in the depreciation rate adjustment part ot the program 
this v:lll indicate the year in which the rate is being 
~gecl. 

L - 111 the depreciation rate adjustment part ot the program, 
tld.s w1ll iDlicate the IIWIIber ot years since a depre
ciation rate change vas able to reduce the total royalty 

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

in total d:1scountecl royalty is pOllsible, given the size 
of the adjustmel1t increment. 

P - recordll how otten the depreciation rate adjustment incranent 
hall been halved. 

Q - tb:1s w1llUndt the number ot timell the depreciation rate 
adjustment increment w1ll be halved. 

- when At equal. to 1, I this will indicate that the depre
ciation rate RCIt) is to be incremented by ± D. 

- _en set equal. to 1, indicates total royalty is at a 
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1 2 :3 4 5 

Mine and Cumulative Mine and 
Year Service Processing Total Service Total 

Imrestlnent Investment Investment U.B. U.B. 

1 1,500,000 0.0 1,500,000 1,500,000 1,500,000 

2 500,000 500,000 1,000,000 2,eoo,000 2,500,000 

3 0.0 500,000 0.0 1,600,000 2,000,000 

4 0.0 500,000 0.0 1,2a>,000 1,600,000 

5 0.0 500,000 0.0 1,024,000 1,280,000 

6 0.0 500,000 0.0 819,200 1,024,000 
I 

6 7 8 9 10 11 12 

Depreciation Profit Base 
Gross <Xl Processing Net 1_ of Base Incrementa: 
Profit Total Assets Allowance Profit M a: S Asset Royalty Ro;yalty 

0.0 0.0 0.0 0.0 0.0 0.0 0.0 

0.0 0.0 0.0 0.0 $270,000 0.0 0.0 

500,000 500,000 0.0 0.0 $360,000 0.0 0.0 

500,000 IPJ,OOO 40,000 60,000 $288,000 $9,000 0.0 

500,000 320,000 40,000 ~40,OOO 1230,400 S21,OOQ 0.0 

500,000 256,000 W,OOO ~4,OOO $184,320 $21,648 $6,888 

·Table 2.1 Irample of Royalty CalculaUon Assum1ng no Inflation 



2.4.2 Ihi tialization and Preproduction Period 

. Statements 0004 to 0048 prepare the subroutine for the royalty mini

mization procedure. Statements 0004 to 0008, 0020, and 0045 to 0048 

apply specifically to that part of the subroutine which will be adjuat.1zl& 

the annual depreciation rates. Statements 0010 to 0019, and 0027 to 
0036 set the preproduction values for the various arrays to zero. State

ments 0021 to 0025, and 0037 to 0042 establish the yearly amounts for 

the mine and serY.ice asset undepreciated balance, and determine the 
cumulative processing investment. 

Statements 0043 and 0044 are particularly significant in that they set 

all depreciation rates at the upper limit of 2af, (allowed by the royalty 

legislation, Ml25). From this upper limit, they will be systematicaJ4r 

reduced to determine if the total royalty pqable by the project can be 
reduced. 

2.4.3 Calculating the Annual Royalty 

Statements 0049 to 0096 will calculate the annual total r01alty a project 
might anticipate. The algorithm tor this is shown in figure 2.6(8). 'l'be 

Metallic Minerals Royalty Act also provides for adjustments in the r07alty 
assessed because of inflation. Since the project is being evaluated 1n 

constant dollars, no inflation adjustments are necessary. A s~:Cal
culation is shown in Table 2.1. 

Jhring years 1 and 2 investment is made in: (1) min:1.ng and service assets, 

and, (2) processing assets. The m1n1ns and service assets include invest
ment in pre-production exploration and pre-production development. 

Columns 1 through 5 record the investments made, and the undepreciated 
balances for the two categories of assets. From years :3 thraush 6, the 

project is assumed to earn a gross profit ot $500,000 per year (colWll'1 6). 
The assumed ammal depreciation rate is '2t$ (maxinum normally allowed) 

which is applied to the total undepl'ec1ated balance for the year (_ 

inoludes 8Z\Y new investment). The amount of depreCiation is shown in 
column 7. The processing allowance (colunm 8) is _ of the CWII1l.ative 
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processing investment. Deducting the depreciation and processing 

allowance from gross profit leaves the profit subject to a royalty 

assessment (column 9). The profit base (column 10) is defined as 

1~ of the mine and service asset undepreciated balance, as ot the 

end of the previous year (or beginning of the current year). Net 

profit equal to or less than this amount is assessed at a rate of 

1_ (column 11)' while 8I\Y net profit in excess of the profit base 

is assessed at the rate of 3~ (column 12) .• 

'lbree other features ot the royalty system shoold be noted: 

(1) The processing allowance is either Sf, ot the cumulative 

processiJJg assets (as above) or SCJ1, ot the proti t after 

deducting the depreciation, whichever is the lesser. 

(2) There is a three year averaglng feature which moderates the 

ettects of nuctuations in annual gro"s profit. It is not a 

IIIOVing average however. It functions as follows: In the 

third year of a three year period: Ca) sum the net profit tor 

the 3years; (b) sum the profit bases tor the 3 years; (c) 

c!etcrad.no total royalty tor the three years by multiplying the 

total net profit up to the amount ot the total profit bases 

by .15 and by IIIll.ti~ an.y profit in excess ot the total . 

profit bases by .3S. The base royalty in the third year ia 

the total base royalty less that paid in the first two years. . . 
The incremental l'01alty in the third year is the total incremental 
royalty less that paid tor the first two years. The total 1'07alty 

is the sum ot the base and incremental royalty (and can be negative). 

(3) The nd.n1mwn depreciation rate is 1~. This rate must be used 

so long as there 18 sufficient gross profit. It there i8 in

sufficient gross proti t, then the depreciation deduction wUl. 

be the amount ot gross profit in excess ot zero. 

2.4.4 V!l'7i¥ the Annual Depreciation Rates 

'lbe depreciation rates are adjusted end. the best rt.tes chosen by 

statements OO~ to 01S1. The algorithm tor this is shown in figure 
2.6(0). 
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The depreciation rates used in the total ro:ral ty calculation are 
particularly important because of the two different royalty rates 
in effect: a low rate for the annual profit which would represent a 
reasonable before-tax rate of retum to the mine and. service capital 
investment, and; a high rate for e:n:r profit which would exceed this 
amount. The amount of profit in a year which mq be subject to 
assessment at the high royalty rate is a function of (1) the gross 
profit, (ii) the profit base (.18 times the undepreciated balance 
of nd.n:l.ng and service capital assets), and, (iii) the depreciation 
claim for the current year. However, the size of the profit base, 
as well as the amount of depreciation which can be claimed in .the 
current year is also a f'Unction of' ·the depreciation claims in prior 
years. If in prior years the maxiDllm depreciation has alwqs been 
claimed, the undepreciated balance of the total assets will be relatively 
small. This means that (1) the maximum possible amount of the depreciation 
claim in the current year (.2 times the undepreciated balance of total 
assets) will be relatively small, and, (11) the protit base for the 
current year will be relatively small. If profit in the current year 
is relatively high, then a large portion of this profit is going to be 
assessed at the high ro:ralty rate. If in prior years, in particular 
those years when profit was low, less depreciation had been elaimed, the 
current profit base would have been larger, and a larger depreciation 
claim could have been made. 

There are three factors which moderate the effect of a relatively small 
undepreciated balance of total assets in the latter years of a project. 
The first, and most Obvious, is that gross profit can be expected to 
decline as the average grade of ore mined declines. This occurs in 
the model in two situations: (i) when the assumption is made that the 
ore b~ is to be high graded and, (ii) when the margLnal ore is bein8 
mined. 

The second moderating tactor is the :3 year aver88ins teature. An:! unused 
profi t base fran the first two years of 81V period can be used in the 
:3rd. year to reduce the possible effects of the high ro:ralty rate being 
assessed in that year. The third moderating factor is the cost of 
capital over time. A dollar of royalty payable in year 1 ot a project 
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is a greater burden than that dollar being pqable during the last 
year of the project. This means that there is an incentive to claim 
a large amount ot depreciation during the ear4r years ot the project 
even it it means that more incremental ro;yalty mq be pQ'able later. 
'Dle subroutine takes this into account by discount.iDg the armual royalty_ 
What is ndn:1mized in the subroutine is the total discounted royalty. 
The minimization procedure begins with all the depreciation rates set at 
'/lJ:$ (statements 0043 to (044) and the total discounted royalty at these 
ratel determined. The depreciation rates are then reduced in tum by 
D beglrJning at the first year ot production. It 8ZI¥ depreciation rate 
reductiOl1 results in a reduction or the total discounted royalty, that 
rate is retained, otherwise the rate is restored to its previous value. 
Each rate is reduced in tum by D till a complete pass can be made tor 
all years ot production without resulting in a further reduction in the 
total discounted r01alty. Then the sign ot D is changed and each rate 
is increased in turn by D (where possible) again checking tor a reduction 
in the total discounted royalty. U a complete pass can be made without 
a chaJlge in &n¥ ot the royalty rates, then D is halved and the sign 
changed. The cycle begina again with each depreciation rate reduced 
by D in turn, so long as the total discounted royalty can be fUrther 
redu.ced. D continues to be halved till such time as it is reduced to 
a predetermined size, at which time the calculation stops and the !a!!: 
discounted total annual royaltyil returned to the main part at the 
program. 

D will normally be halved 19 times cluring a complete m1n1m1zation pro
cedure. Since D is in1ti~ set at 0.01, it will be at 1.91 x 10-8 
at the end ot the calculations. The two exceptions to this are when the 
maxilllJJll depreciation rates (~) are the applicable rate or there is no 
royalty ~ble at all. In the tormer case, the -calculation .t.ll -stop 
a.tter ~ 4 passes, and, in the latter case, anl.7 eme calculation is 
necessary. 

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

asset. 
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2.5 The Ihcane Tax SlbrClltine (DCTAI) 

As is the case with the r01alt.y subrClltine, this subroutine is 

called every time a change is made in the project. size and/or lite. 

Two taxes are calculatech the f'irat is the capit.al tax, assessed 

accordiDg to 'ftle Corporation Capital Tax Act, C226; the second is 

the corporate income tax assessed according to the Federal IhcOlie 

Tax Act, as ot January 1, 1 '1l6. These two taxes are calcul.*ted in 

the one subrout1ne since the cap! tal tax is an allowable deduction 

tor purposes ot the corporate income tax calculation. The INCTAX 

alIorithm is ahom in figure 2.7(A) and (B). The compiler l1stiD8 

is at the end ot the Chapter. 

2.5.1 !NOTAl Variables· 

'ftle REAL variables in this aubrout1ne are defined alphabetica.l.l¥ as 

tollows: 

ACCA - 50 element &rra" contains amount ot accelerated capital 
cost allowance. 

ACCVOR - acCUlllllated work:ing capital, used in the annual capital 

tax calculation. 

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

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

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

CMXPLR - 50 element array, contains the CWIRll.aUve exploration costs 
tor the project. 

DIPW. - 50 element 8lTIJ, cantains the annual depletion allowance. 

mPum - 50 element array, contains the unclaimed balance of the 
depletian allowance pool. 

DIll - as8Wllld debt-equ1 t;y ratio. 

_1ft - 50 el.ant arn, conta1n1ns the assumed llllaunt ot capital 

subject to the capital. tax, and which was not borrowed. 
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F!~re. 2.7(B) Algorithm tor Calculat.ing the Ineane Tax and 
capital Tax tor Years C to N 
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lIP - 1.33 times the value of deductions allowable following 
the resource allowance. This will indicate whether or 
not &I\Y capital cost allowances are to be cWmed. 

BXPtm - SO· element arrq containing the annual exploration 

expenditure. 
FIXCAP - SO element arrq, contains the year-end total borrowed 

capital plus accumulated interest. 

FIXINV - SO element arrq contains the total mining, processing and 

NCCA 

social capital investment. 

- SO element arrq, contains the undepreciated balance of 
total capital plus int.erest for the assets which cab be 

Vl~tten off on an accelerated rate. 

- same as in subsection 2.1.1. 
- same as in subsection 2.1.1. 

- same as in subsection 2.1.1 
- SO element arrq, contains the annual capital cost allowance 

for class 10 assets. 
- SO element arrq, contains the annual total investment in 

1IIinin8. processing, and social capital assets made e.!ter 

the beg1nning of production (class 10). 

- SO element arrq, contains the undepreciated balance each 

year tor the class 10 asaets. 

PRIALO - SO element arrq, contains the annual pre-production 
allowance claim. 

PRECAP - SO element arrq, contains the annual acCWll1lated amount 
ot borrowed capital plus interest. 

PRBPRO - same as in subsection 2.1.1. 
PRIUB - SO element arrq, contains the undepreciated balance by 

year tor the pre-production development inveatment. 

PHD - SO element arrq,. cont.81ns the portion ot debt servicing 
which is applied against the principal. 

PHOPl - throughout the annual tax calcu:t,ation this is valued at the 
amount ot proti t lett after each deduction. 

PROIIV - a_ a .. in subsection 2.1.1. 

RALUII - SO element arrq, contains the annual resource allowance 
tor the project. 
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S - same as in subsection 2.1.1. 

SC - same as in subsection 2.1.1. 
SOCINV - same as in subsection 2.1.1. 

SV - net salvage value ot m1n1ng 81'Id processiDg assets. 

TAPROF - 50 element arr~, contains azmual taxable income tor the 

project. 

TAX - 50 element arr~, contains the annual income tax payable. 
TAXCAR - 50 element arr~, contains the losses tor tax purposes 

which will be carried torward. 

'roBR - 50 element arr~, contains the annual gross prot! t after 
deduc~ . the' capitil. tax -:sand pii.orUesaea. 

TTPROF - value ot total taxable prot! t tor the current and previous 

WORCAP 
XPLCAP 

XPLDED 

year where a carryback ot losses is contemplated. 
- same as in subsection 2.1.1. 

- 50 element arr~, contains the cumulative exploration 
capital that is assumed to be borrowed, plus interest. 

- 50 element arr~, contains the annual amount ot exploratian 
deduction. 

The integer variables in alphabetical order are: 

C I - same as in subsection 2.1.1. 

D - same as in subsection 2.1.1. 
IY - same as in subsection 2.1.1. 

2.5.2 The Pre-production Period 

Statements 0004 to 0046 deterndne the values tor the various asset 
categories and tor the various allowances that ..., be cla1mecl. Smce 

no production will have occurred in thelle 7881'8, the allOWlDces alema 
with the tax payable will be lIero 

The asset banlm which are established 1n the pre-prod.uctiCl1 period. tor 
later write-ott m calculating the inco. taxes are u tollowl 

(1) Accelerated Capital Cost Bank 

This includes class 28 capital investment plus IIJ¥ interest on 
capital borrowed tor these assets. In the program tbis tlank will 
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contain the sum ot mining, processing, and social capital 

investment, plus interest. lid te-ott is at up to 1~ ot the 

unclaimed balance. 

(2) Pre-production Development Cost Bank 

Pre-productian dwelopment costs are accumulated in this bank tor 

later write-ott at a rate ot up to 3~ ot the unclaimed balance. 
Included here w:Ul be interest costs an any capital borrowed. 

0) Pre-production Exploration Cost Bank 

~tace and underground preproduction exploration costs which 

have not been expensed elsewhere will be accumulated in the 
exploration cost bank tor later wri te-ott at up to 1~ ot the 
uncla:l.mecl balance. As in the previous cases, interest on 

borrowed capital is included. 

(4) cgoing Investment Cost Bank 

After the start ot production investments made in mining, processing, 
and social capital assets are accumulated in the ongoing imestment bank 
tor write-ott at up to ~ ot the undeprec1ated balance. 

(5) Depletion Bank 

The depletion bank dur.I.ng the pre-production period amounts to one
third ot all investments except that tor· working capital. Atter 
production begins, one-third ot exploration expendi mre is added 

to the bank. This can be written ott at 8rJf rate so Ions as the 
amount does Dot exceecl 2~ ot profit rema1D:1ng prior to this deduction. 

In statement 0019 FImV is defined. This is the sum ot the m1 ni ng, 

processing, and social capital imrestment. In the preproduction 
period, this 1d.ll be the basis tor an asset bank. 

Stat.en1; 0020 establishes the total borrowed capital assumed tor 
the year. This w1ll be the total capital imrested times the 
debt;..equ1ty ratio. The total borrowed capital, CAPUB, at the end ot 
the year is the amount borrowed plus the interest pqable. This is 

calculated by statement 0022. The total borrowed capi1;al tor the 

fixed inves~t, including interest tor the year, 1s calculated in 
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stat-ement 0023. 

statements 0024 and 0025 determine the year-endvalues tor the 
. pre-~uction borrond capital and the exploration: borr.owect 
capital. In statement 0026 the asset bank:.tor :.asaets ,which'can 
be depreciated at up to 1~ is established. Thill :is-.the:.t:1xed 
inve8tment, .detined above, plus the interest .. em·.theborroweci capital 
tor those assets. Statements 0027 and 0028 establish the asset 
baDka tor the pre-production investment anc:l the explorati<m '1nvest
II8Jlt. Statement 0029 establishes the depletiem" bank. 

Statements 00.30 to 0032 determine the capital tax tor the first 
year. The capital tax in an, year is .002 t1lles the taxable capital 

as at the end at the year. The taxable c,pital is determined in 
two steps; tirat, determine the.SUIII ot: (a},paid up aapitr.l stock, 

(b). surpluses, (c) loans &lid adVlDces, (d) NSel'YeS, and (e) ind.ebted

ness. Prom this total deduct: (a) the goodwill allowance, (t.) the 
investment allowance, and (c) deductions allowed. in comput1ng taxable 

income in excess at the 8DlO\U1ts recorded on the books. The taxable 
capital as d.etel'lllined by statements 00.30 and 0031 is the equity capital 
invested in the year and the working capitU. The capital tax is .002 
times the I!IUIII at the equity capital, the -working capital and the 

borrowed. capital (includ1n8 interest). 

Because the capital tax is a taxable loss before producti<m begins, 
this taxable loss will be carried forward (and can be done 80 tor up 
to 5 years). This i8 deme in statement 00.32. 

StatenMmts 0034 to 0046 update the various asset bInlce and. let the 
allowance values to zero tor pre-productian 7Ul'I 2 to D. Stat~tl 

0035 dete1'lllines the total unamortized balarlce of borrowed. capital tor 
the year. This is I the sus. at the borrowed capital tor the year IDd. 

the acCWllUlated borrowed capital tor the previCNI YIV, both time. 
1 plus the interelt rate S. State~tl 0036, 0037, and. 0038 deter

llline the total borrond. capital for the t1xed inft.tmmt, the pre
productiOl1 invelt~t, and. the CUIIUlative ezploratiCl'l relpectivelJ. 
Statell8llt 00.39 upcl&tes the tixed. mvelt.ct bIak. Thil il the lUll 
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at the current tixed investment, the current interest on borrowed 
capital used to purchase it, the current interest em prertouslf 

borrowed tapital, mel the tixed investment bank at the end ot the 

previous year. Statements 0040 and 0041 update the pre-production 

:investlalt bank and the exploraticm investment bulk respectivelf. 

Stat8llB1ts 0042 to 0044 dete1'lll1ne the capital tax as betore. 
P1Mlq, statement 0046 updates the depletion bank. This is simplJ 

the SWI at the depletion bank tor the previous year and one-third ot 
c:urrmt investlllfllt (exclud1Dg working capital). 

A t1Dal step before the calculaticm ot taxes payable during the pro

duction phase is to calculate the amual interest and principle 
paJable it there is _ debt to recover. This is dClle by statement 

0047 which calls the DIBl' subroutine. This subroutine calculates a 
capital recovery tact or which is then used to detel'll1ne the annual 
~t •• 

2.S.J OOculatiM the Annual Taxes 

StateMDts 0048 to OJ. 73 will calculate the 1earlf income tax alii 

capital taxes paJable by the project. Statements 0056 to 0062 11~ 
date the capital cost benlas prior to the tax calculatiCll. 

Statelll8llts 0063 to 0067 calculate the capital tax. Because paid up 

capital. stock, surpluses and reserves are not specified BD1Where in 
the prosru, and because the _jor capital items are quickly written 

ott by way of the capital coat allowances, it was decided to approx1-

ate the taxable capital in &D¥ year by -1 ot a tol'lllUla. The toraula 
ill 

TC-CB(I) + B(D) - (I-D) * I(D)/(8-D) + 0(1) + W 

TO - taxable capital 
OB(I) - unamortized debt 

I(D) - equity capital at the begl.nnins ot production 
I - current year 

D - pre-production period 
N' - total project lite 

O(I) - undeprec1ated balance of ongoing investment 

W - cunul.ative work1ns cap! tal 
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The capital tax is equal to .002 t1mes Te. tis tax is P81ab1e within 

six months 1'ran the end 01' the 'lear it is assessed. nui.ng the pre

prociucticm period. the tax mq be paid tran loan capt tal or equity 

capital. The progrim assumes it is alw8¥s paid tram equity capital. 

AssUlldng there is protit remairung atter deducting the capital ta, 

statement 0083 will connence the actual tax calculatiCll tor the current 
year. From there to statement 01)8 the taxable income will be calculated. 
The taxable income is calculated as tollowsa 

1 From: Gross Profit (atter capital tax) . 

2 Deduct: Accelerated Capital Cost Allowance 

3 Deduct: Normal CaP! tal Cost Allowance 

4 Leaves: Net Profits 1 

. 5 Deduct: Resource Allowance 

6 Deduct: Irl~rest' Costs . 

7 Deduct: Pre-productiOl'l Development Costs 

8 Deduct: ExploraticSnCoats 

9 Leaves: Net Prot! ta 2 
10 Deduct: Depletion Allowance 

Taxable Inccme ................................. 
The accelerated capital cost allowance can be ~ amount up to the 

unclaimed balance in the accelerated capital cost allowance·bdJc~ The 

normal cap! tal cost allowance is any amount up to ~ ot the uncla1med 

balance 01' the normal capital cost allowance bank. The profit remeirJiJJs 

after these two deductions, net profit 1, is the basis tor the resource 

allowance. This allowance is 2~ ot net protit 1. From the remain:1ng 

protit is deducted: 8n¥ exploration costs (preproduction or current); 

the pre-producticn development allowance (up to )~ at the uncla1med 

balance); and, the interest charges CIl lana term debt. This gl.ves net 
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profit 2. From this is deducted the depletion allowance which is 

the lesser of 2~ of net profit 2 or the amount unclaimed in the 

depletion bank. The profit remaining is the taxable income. 

The subroutine does not derive the taxable income by simply making 

the allowable deductions in order as above. It m:l.nim1.zes the total 

tax asses8IIIent tor the project by posponirJg any assessment as long 

as possible. This process begins at statement 0084 where EXP is 

defined as being the sum of the interest deduction, the pre-production 

investment allowance, and the cumulative exploration which is then 

divided by .75. The difference between EXP and gross profit is avail

able tor the accelerated capital cost allowance and the normal capital 

cost allowance. If the difference between EXP and gross profit is 

claimed by the capital cost allowances, the profit remaining before 

the deplp.tion allowance (Net Profits 2) will be zero. If the difference 

between EXP and gross profit cannot be entirelf claimed, then Net 

Profits 2 will be greater than zero and a depletion allowance can be claimed. 

This w:U1 stUlleave profit which can be taxeti. 

M ~tr,~~ teature ot this procedure tor calculating the tax is that 

it maximizes the benefits fran the resource allowance. With margl.naJ.1y 

prot1table projects, it is often possible to reduce taxable incane to 

zero without making ~ claim from the accelerated capital cost allowance 

bank. The larger the interest deduction, the more likely this is to 

occur. Natur~, some marginal projects will never pq ineane taxes. 

It it should happen that the current taxable incane is less than zero 

and the taxable income in the previous year was positive, then a one year 

c81'1'J-back ot losses is allowed. This is done by statements 0139 to 0160. 

The taxable income for the two years wUl be SWIIIled. It it is negative, 

the tax pqable for the previous year will be reduced to zero and the 

net loss will appear tor the current year and. be subject to carry torward. 

It the net taxable incane is positive, the previous year' 21 tax will only' 

be on that positive amount and the current year's taxable incane w1ll be 
zero. 

Statela1ts 0152-0168 deduct an, loss carry torward fro", cWTent taxable in

come. As noted betore losses can be carried torward tor up to 5 years. 

The actual tax pa,ab1e 1s calculated by statement 0169. The tederal tax 
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rate 1s 3&% and the provincIal rate is 1~ for a total of 51~ 

The detailed tax calculations will be printed by statements 0176. to 

0189 if requested from the main part of the program. 

2.6 . The Anal,ysis Subroutine CANALYS) 

Following the determination of the optimum SIZE of project, the AN,ALYS 

subroutine is called. This will undertake two ld.rlds of analysis on 
the optimum project. The first is a sensItivity· analysis. In this 

~sis, one of 11 factors affecting project profitabilit,y is in

creased or decreased by some percentage in order to measure the eftect 

on the rate of retum to the project. This a.nalysis is d~e three 
times, each time the factors affecting profitabilit,y are v8r1.ed by a 

different amount. 

The second. analysis is a probabilistic analysis in which probabilities 

are assigned to each of the factors affecting profitabillt,y. By Will 

of Monte Carlo techniques a probabUi ty distribution is generated tor 
the rate of return. 

The canpiler listing for this subroutine is at the end at the Chapt..r. 

ANALYS Variables 

The real variables for this subroutine are as follows: 

A 50 element arrlll, contains first constant tor function at 
average mine cost versus production. 

AA 50 element arr8¥, contains first constant tor !\mction at 
average processing cost versus production 

B 

BB 
BORCAP 

CAPTAX 
CASFLO 

COS 

DATA 

second constant for equation of mine cost versus product:1on. 

second constant for equation of processing cost versus production. 
same as in subsection 2.1.1. 
same as in subsection 2.1.1. 
same as in subsection 2.1.1. 

3 by 50 matrix contains random normal. values tor the ad.Ding 

and processing operating costs. 

11 by 2 matrix containing the evaluator's estimates tor the 
upper and lower ranges (at the 9f1I, confidence level) at the 

factors arfecting the projects rate of return. 



------~-....... ----------~.~.~" ...• ".-~ 
- 57 - . 

DIR - same as in subsection 2.1.1. 

DIV - value by vh:1ch a cost or revenue factor will be changed in 

the sensitivity ~sis. 

BXPUIt - same as in subsection 2.1.1. 

GRADE - s8IIe 88 in subsection 2.1.1. 

GD'JI) - same 88 in subsection 2.1.1. 

IR'1'BST - same as in subsection 2.1.1. 

MATRIX - 11 by 3 by SO matrix used in the MCIlte Carlo ~sis to 
contain the vilues for each of the 11 project parameters 
tor each year at the project. 

IIIBIRV - same as in subsection 2.1.1. 

(If - same as in subsection 2.1.1. 

(11ft - same as in subsection 2.1.1. 

PCTCHA. - in the sensitivity anal¥sis this value is the percentage 
change in the rate of return. 

PCTDIV' - in the sensitivity analysis this value is the percentage 

chqa in the variable attect:lng prot1tability. 

PRBPRO - same as in subsection 2.1.1. 

PRII - same as in subsection 2.1.1. 

PBOIRV - same as in subsection 2.1.1. 

PT - 1000 element errq used to record the number at times a rate 

at retum occurs at each whole percent between CJ1, and loCJ1,. 
Rt, R2 - same as in subsection 2.1.1. 

R - same 8S in subsection 2.1.1. 

RCV - SO element arrqs; in the anal¥ses, this will contain the 
annual recO'Ierr rates. 

RCVRAT - same 8S in subsection 2.1.1. 

S - same as in subsection 2.1.1. 

SO - same 8S in subsection 2.1.1. 

SIZ - SO element arrq; in the probabilistic anal¥sis this 1dll 

contain the values tor ammal are production. 
8M - same as in subsection 2.1.1. 

SOODV - same as in subsection 2.1.1. 

T - aame as in subsection 2.1.1. 

TAX - SlIDe as in subsecticn 2.1.1. 

TL - alll8 as :in sublectiell 2.1.1. 

TOTDV - aIM u in sub.action 2.1.1. 

'1'O'1W)r - Slllle U :in sub.action 2.1.1. 
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VAL - 50 element arr~i in the probabilistic anBl1sis this will 
contain the annual values tor the net smelter return. 

VALUE - same as in subsection 2.1.1. 

WORCAP same as in subsection 2.1.1. 

XX - during the probabilistic anBl1si8 this is assigrleci the value 

at the standard normal deviate • 

. IRAN value ot the randon number, between 0 and 1. 

Z - during the probabilistic ~si8 this. is the sum ot 12 

random variables. 

ZN - sum ot rates ot return tor all silllllations and then the 

mean rate at return. 

The integer variables are: 

ASTER - assigned the character 1.1. 

C - same as subsection 2.1.1. 

D. - same as subsection 2.1.1. 

ID - same as subsection 2.1.1. 

IS - random number seed. 

!SEN - same as subsection 2.1.1. 

JI - label value tor graph at probability distribution. 

JS - integer value ot the rate ot return plus onei later it is 

assigned the integer value ot the proportion ot rates ot 
return at each value between 0 and. 100. 

L - in probabiliatic ~aia this indicates which standard 

deviation (upper or lower) is to be uaed in der1vins 

the new value tor a parameter. 
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2.6.2 Ihitial COnditions 

Stat8ll8l1ts 0004. to 0045 establish the initial conditions tor the 

anal.J8is to be undertaken. Statements 0004 and 0005 read a data 

card which will iDstruct the probabilistic part ot the subroutine as 

to how IaD7 silllulaticms to carry out. Statements 0006 and 0007 will 

read the data cards cemtairrlng the evaluators estimates ot the upper 

and lower limits tor the various tactors aftecting project protitability. 

statements 0013, ClO14 and ClO1S are used to generate an odd nUlllber 
between 0 and 100 tor use as a seed tor the random number generator. 

Since the seed will be a random number initiated extema! to the pro

gru, the sequence ot random numbers rill be difterent each time the 

pro81'Ul is l'\D1. 

Statements 0017 to OO4S place the optimum values tor 11 variables 
aftecting profitability into a matrix. This matrix will be used in 

both the-sensitivity analysis and probabilistic analysis. At statement 

0046, a decisiem is .. de a8 to which analysis is to be done. Both l118y 

be undertaken (it ISSS equals 2); either ane may be done (it ISE equals 

1 or 3), or; neither laY be deme (it ISIIlS equals 0). 

The sensitivity analysis is undertaken by statements 0048 to 0173. 

The subroutine alters each variable in turn by DBV and measures the 

eftect or this change em the rate at return. The variables are 
changed in a manner that will reduce the calculated rate ot return. 

That is, a variable such as VALUB is reduced while variables such as 

carr( 6) or carr( 7) are increased. The complete an&J.f81s is dOlle three 

tilDes. The t1ret tiM DEV 1s initiallJ set at -.OS, the secCl1d tilDe at 

-.1 and the third at -.2. 

The percentase change in the rate at return 1s calculated and printed 

alcag with the actual rate at retum. 

The probabWstic analJais 11 UDdertaken by Stattlll8Dtl 0176 to 0256. 
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Statements 0176 to 01S! use the estimates for the upper and lower 

lind.ts of each variable to determine the values that represent :t 1 

standaI-d deviation. Since split-normaJ. distributions are likely to 

occur most often, the upper and lower values for each variable w:Lll 

usually be different. (If a point value is to be used for 8lf:/ variable, 

the upper and lower estimates will be the same as the initial value; 

it a normaJ. distribution is assumed, the upper and lower estimates 

will be equaJ.). 

Statements 0186 to 0190 will use the randan number generator to derive 

random-normaJ. deviates. These will be mul.tiplied by the standard 

. deviation tor each variable and the result added to (or subtracted from) 

the initiaJ. value to arrive at the new value. For each simulation, this 

is done for each of the 11 variables for each year ot the project. The 

rate or return which is determined tor each simulation is rounded ott 
to the nearest percent and its occurrence recorded tor late~ presentation 

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

The graph is obtained by statements 0229, 0200, 8Di O~l ~ the 

sinulations, and by statements 0233 to 02.5!> following the siDUlations. 

Statement 0229 will round the rate of return value plus 1~ by means ot 
integer addition. The occurrence ot a rate of retum at this v~ue is 

recorded by statement 0230. Statement 0231 accumulates the rates ot 
return for later determination of the mean. This is calculated at 

statement 0234. 

Statements 0237 to 02~9 actually print the bar graph. At statement 0238 

the number of rates or retum at each percent is divided by the total to 

arrive at the probability (times 100) or a rate ot return tor that value. 

This is converted to an integer value at statement 0240. The probabilities 

(in percentage) are accumulated by statement 02~. A check is made later 

to see it all the rates of return have been taken into account. If so, 

the graphing stops. The .U±.8 valae fOr: tta> percent~ t. tletel"llit1ec1':-ml ~;.,,; 

at statement 021i2. It is the count value I minus CIle. This sets the 
label value at the correct rate of return value which was previously 

recorded at one more than the actual return (statement O~). Statement 

0243 then prints: JI, the label; PT(I), the portion ot the total retume 

at this value, and; ASTER l,JS, the whole number ot asterisks tor PT(I). 
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P1nal.l¥, at the bottcm of the graph, statement 0252 will print the mean 

rate ot return. 

2.6.5 The Interdependence of Variables 

Ole of the probl.a alwq. encountered whenever sensitivity aM probab

i11attc ~ses are undertaken 1. the interdependence ot oDe or more 

ot the variables. There are a number ot possible ways of dealing with 

it. It the interdependence is weak, 1t can be safel¥ ignored (in moat 

caaes). Where the interdependence produces eftects which tend to cance1 

CRlt, the relevant tactors can be excluded trom variation in the ~.1s. 

Where the ettecta ot interdependence are cumulative, the variables can be 

aureaated and treated as one. Whichever manner 1s used to deal with 
the interdependence, the evaluator should alwqs be conscious ot it and 

should adjust his cCllclus10na accordingl.y. 

In this subroutine, 5 ot the 11 variables are 88sumed to interact tor a 

sipiticant extent. The most important interaction is between the 

averase grade at ore nd.ned and the cCllcentrator recwery rate. The 

ecpatiOll which expreaaea this interaction is: 

RCV • Rl/G + (R2-G)eG 

where RCV. the t"eccwer;y rate 

R1 • a constant ot value - .00125 

R2 • a conatant ot value • rT 
G • the averase grade of mill teed 

It the averase grade ot mill teed is J$ copper, the reccwer;y rate 1s 

.9367, if the average grade 1s 1~ copper, the recover;y rate is .8446. 
'l'be .zw. recovery rate is about 9~. Variables R1 and R2 can be 

c'-led to reaect the IdDd of ore be1n& proceaaed.. 

!he other :lnteracticm 1a between the quantity of ore proceaaed and 

the averqe ublg coat and the average IIIillJDg coat. The 1Dclepen

dDt ftl'1able tor the two llDear equatiCllB used. is quantity of ore 

(SIZ). The alopee tor the two equatiCll8, Bald BB are tixed. but 

the intercepts are cl1tteNDt tor each opt1lua ai.e of project. In 

general, as SIZ decreuea trca ita opt;1aua, the averase m:lnu-s and 

wnHns coata increase. At prea.t B 8Dd. IB are aet at .6 and .7 
reapectivelJ. VheD better 1Dt~tiCll ia available, they can be 

rev1Ied.. 
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2.7 . other &lbroutines 

2.7.1 The Debt Amortization Subroutine 

2.7.2 

This subroutine is called from the meTa subroutine prior to the 

calculation of the annual income taxes. Inrormation supplied to the 
. . 

subroutine includes: ' the life of the project, N; the year production 

commences, e; the interest rate, S; the number of years of secondary 

ore production, IY; and the total borrowed capital (including acC\llll1-

lated interest) as of the beginning of production, CAPUB. The sub

routine then calculates: a pay back period; a capital recovery f'actor; 

,and the total p~ent. The annual p~ents are separated ~to the 

interest and principal constituent parts bef'ore being returned to the 

INCTAX subroutine. 

'The Internal Rate of Return &lbroutine 

After the calculation of the cash flows in the MAIN rOtltine or ANALYS 

subroutine, the internal rate of' retum is calculated. Up to fOlR cash 

flows are passed to this subroutine along with the value f'or the lite ot 
the project, and the value indicating the number of c~sh nows. 

The internal rate of' return is that rate of' interest Nhich ~ e~ate 
the discounted negative .:aDd:lloeiti"le 'cash fiawa. _'J'h4,ti~:' 

~ r I ri L-- eFi a(e - 1) re • 0 
1.1 

As the equation indicates, continuous discounting is used. This pltOduces 

a little more realistic result, particularly for the early (and most 

important) years of the project where capital is not utilized for a 

whole period but rather is continually invested throughout the year. 

An example of the effect of this method is as follows. AS8Wlle a sin&le 

investment of $100 discounted tor 1 year using a rate of' 1~. Usin8 

the continuous method of discOWlting the present value is 195.16. 
Using the period method of discOtlnting the present value is $90.91. 
If' i.l0 years, them the present value by the continuous method is 

$38.69 and by the period methQCl ia .38.55. The overall etfect of 
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the Galt1nuaue method then is to produce a slightly lower internal 

rate or retum tor the project. 

~e ot the probl_ encountered 1fh1le developing thi8 subroutine was 

the occurrence ot aultiple roots. This can becCllle serious, particularly 
with urgl.nal. cash fiows where the final tw values ot a stream mq 

be a larse poaitive value tollOlied by a large negative value. In an 

actual case ot Ws Idnd, two positive root8 were tound, a first at 

just over fI1, 8IId a secODd root at nearq 1~. Both are realistic 80 the 

problem tor the subroutine was to select the correct one. The solution 

was augeateel by an article OIl project evaluatiOil vb1ch stated that the 

rate or retum "is the first poa1tive root R or the (d:l.scOWlted cuh 

now) pol,vnaalel" (see bibliosrapi\Y I/MJ - .ruq 1974). This information 

bec_ the basis tor a method ot selection 1n the subroutine. In order 

to find the correct root, the subroutine starts at an interest rate 

just OYer ~, calculates the present value, and then increments the 

rate b7 1~ The present value at each rate 11 calculated and stom. 

tis process C\Xlt.1mles tUl such t1me as the present value IIWi tches 

traD a positive vllue to a nee-tin value or v1sa-veraa. When this 

occurs, the exact root 18 deterlllnec:l using the Bolzano-Ve1rerstraues 

methoel. It no II1dtch ewer occurs, the increment..:1na cCbtinues till 
the d:i.scount rate equals 1. The calculation is then 8topped and it 

the present value is negative the IRR is set equal to ~ it the 

present value is positive the IRa 1s set equal to 1~ 

2.7.3 The Random tbDber fbbroutine 

This subroutine 18 called traa the ANALYS subroutine. Its purpose 18 to 
provide rlDdoal values between 0 m:l 1, which are the basis tor der1viD& 

the DOl'III8l.q distributed values tor the various tactors aftecting pro

ject proti tab111 V. Tbe value ot the randCII llllllber 18 ted to dALY! 

b7 V8¥ ot n. II 1s the randaa DWlber seed end • 1. the cCllltinuation 
1nd1cator. IR can be ... value between 0 _ 2"29. .1 meana restart 

and W .. ana cCIIlt.1Jue. !he IlUIIbers are generated by the 'l'ranaworthe 

... thod. ti. subroutine .. obta1ned d1rectq trell BenI1ett, J. et. ale 

"MDciel InluatiClll ot MlDeral _OAts Usins Sens1tivity JD4 ProbabU

lIItic Ilethoell,_U.S .. · Bureau of lI1De., IntOl'llllltiCil C1.rcul.Ar 8495. 
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APPIIDIX 
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06 

100 

03 

303 

01 

~EAL-8 CAPCOSllo.al,GROPHOISO). aOHCAPI~O).DFLOAT. VALUE.AA(7), 
-SllE,XR.YX,OPTR.COSTI7),PROINVCSo),TOTROYI50).TOPCOS.BB(7).DLOG. 
-TAXCSOI'INTRSTI~Ol'MAXTON. PRIHC~ui'DEXP'"AX.CA~fLOIOS,SO),SM'SC, 
-S,CAPTAXISO).SllZISOI,OLDHM,OER.flOTAXISOI.RHIN.BORRO~.R(S).T,OH, 
-TOTCOS.EQUIT. yy,MCAFLOCS,50)/lSU-O.DO/.TOTINVI50).DLDH/O.OOIDU/, 
-G/ 10000.DOI,CASH(~Ol,RM(Sl/5.0.DO/,TONS,REVENU(SO),EXPLDRISO),TL, 
·MINJNVC5U),WORCAP(~UI,SOCINVC50l,TAPCOS.PRfPROcSO).AC71/7-0.DO/, 
·BI7)/7-0.DO/,HINRAL(lO,81/80-0.DO/.G~ADEI~O),OSIZE, ' 
-Rl/-.001lSDO/,RlIO.~7DO/ 

INTlGEA ~I71,C.HBL/S/,D.SET/1/.LET/O/.8ET/OI,f/1,."H(7)'1-0/,E. 
-STOP/0/.IC/4/.INC/O/,CBL/IO/, •• ,P/7/,PP/2/,HG,PG,IO/1"LIM/O/,LIF~ 

READ O •• VALUE.DEA.S,T.MAX,RMIN.L.M.HG.ISEN.IOP.PG 
FOAMATI6F12.4.1.61J2.JX,) 
READ 0~.'CCAPCOSCI.J'.J.l.8J.I.1.L' 
FUAMATISF12.0.2F5.Z.FIO.O) 
READ 06.IIMINAALII,J).J-I.1).I-I.M' 
FONHATC3Fl~.5' 
P~INT 300 
FOR~ATI'l •• II •• OX"INPUT OATA •• I •••• ' 39X,10('_'" 
PAINT 01.VALUE.DER.S,T.NAX.RNIN.L,M,nG.lsEH.IDP.P6. 

-C'CAPCOS'I.J,.J-l.8,.1=1.L' 
FORNATIII,40X.,,_O OPTIONS CAROS·,/1,2UX •• CF1 •• ,IX',F9.0.1X,f5.2, 

-".ZSa.61IZ.JX1.",.40 •• 'COST CAR~~·.",CCSF12.0.2F5.2.FIO.O"" 
PAINT303.CC"INAALII.~t.~·1.3t.I-1.M' 
FOMMATC/.40a. I MINEMAL RESERVE OATA,.",3C20a,3F15.5."., 
CALL EQUAT"'CAPCOS,L.lA,BB.H.P,PG,MAX' 
CALL EQUATNI"IHHAL.M.A.B.HH.PP.PG.MAa, 
PAI~TOI 

FORMATc'11.".61a. IPROJECT ITERATIONS,.,.·.,.60a.III·_·"'" 
·21~,'PREPRDDUCTIONI.03X"PRI"ARY',~6X"SECONOARYI,OlX,'TOTAL',OIX, 
-IPHOJECT,.SX.'INTENNALI,6X"MAA6INAL',1.2.X"PERIOO,.6A.'OAE LIfE' 
-,7X.'ONE ~1'E •• 7X"LIFE •• IX"CAPACI"',2x"AATE OF RETUAN',IX, 
-'RATE OF RETURN" 

IFCHHI2.-2,210.Z20.230 
210 "AXTON--AC2'/8CZ' 

GO TO 240 
220 MAXTONa-jCZ'/A(2, 

60 TO 2_0 
210 MAxTONaDEXPC-ACZ'/8CZ" 
240 CONTINUE 

ISIZE-MAX'ON/200000.00 
SllEcDFLOATCISIZE'-Z5000.DO 
LIFE-CISIZE·."2 
IFCMAX.LT.MAXTON.ANO.MAX.8T.0.DO'MAXTON-MAX 
XR-O.OOIOO 

.9 CONTINUE 
TONS-LlfE-SIZE 
IFIrONS.LE.MAXTON'GO TO 250 
LIFE-LIFE-l 
LET-2 
BET-O 
RMIN-100.DO 
OLOR-O.OOIOO 
LIM-I 

250 CONTINUE 
DO 10 K-I.l 
1""CK'-Z'II,12.ll 

II CDSTCK'-AACK,.aaCK.-SIZE 

• 
• 
• 
• 
• 
• 
• 
• 
• 
• '" '" I • 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 



TAAN IV 8 LEVEL Z. MAIN DATI. n05' a41OZ,., ~A'E 0011 • 
U 50 TO 10 • .5 12 COST,K.-AA'K •• 88'K.'SIZE •• 80 TO Itt 

• 041 a3 COSTCK •• AACK.· •• CK.·OL06CsIZI. 
041 a. CON11r.UE 
04' TOTCOSaCOsTCI'.COsTC".COSTC3,.eOSTC ••• COsTC., 

• 05. IF,f01COS.LI.I.50·.7.C·1 
• 5a I'CTOTCOs •• T.I.;O .0'.ANO.ToTeoS.LI.5 •• 0 .01.e •• 
'5' 1"TOTCOs.8T.,.,0 •• 1.ANO.TOTCOS.LE.'.'0 .o •• e .. 

• • 53 1"TOTC05.8T.2.50 •••• AND.ToTeoS.LE.5 •• 0 •••• e .. "4 .,eToTcol •• T.5.'0 .'.'C.l 
055 D·C-l 

• ... E·C·l 
057 N·O·LI'E 05. OM· ••• SO.·CCOSTC •• ·COSTC1 •• 

• 05. TOPCOS.COSTC •• ·COSTC1.·OH 16. CALL A~fVCL"f.51'f.VALUE.A.'."".0.C.N.RlVINU.TOPCOI.MI. 
·Al •• 2. "ADE.IY.fL.IO~.MA.TCJN' 

• .,' 00 15 '.1.0 .. , .OMCA~ CI' .'.0. '.3 •• 0' .. 0 CI'.' .0. 

• '.4 5IlZ.U.'.00 
0.5 raPLORel.·COSTC1.,D ••• ~.£~ROCI'.COsTcZ"O 

• •• 1 MININVCI •• COsTC3./0 ••• ~AOINVCI'·COSTC •• /O •• IS SOCINVII'·COSTCS./O 

• JI .DRCA~CO'.'.I'O'·TOTCOs 

~ 
.71 .OMC.PCC.· •• a'DO·TolCOS 

12 .... N-l 

• • U DO •• I.E ..... 
14 .. .. ORC.~ C U .'.0' 

"' SM-OFLOATCMBL-N.0./0'LOATIMBL.·COSTC3,/2.0. 

• 01. l'IS~.LT.O.DO'5M.O.OO • n sC-DfLOATCCBL-N·O./DFLOATCCIL.·COSTI •• 'Z.D • ." I'CsC.LT ••• DO.5C.'.00 

• 0" 5 .. • •• 00 ... SC-'.O. 
"1 ~ORCAPCN •• -eWDRCA~cO'·.OReA~ce'.SM.se' 

• 082 DO 1. I.C.N 
0.3 .ORCAP CI. -'.0' 
0 •• sIZZel'.SIZE 

• 0.5 "CI.IO.N.SIZZCI,·TL .. , [IPLORII'.O.DO ." PAEP.OII.· •• OO 

• 0 •• 1"1.8E.CN-IY.,8O TO 161 
089. IFCII-0.,.· •• £0.el-0 •• 60 TO I •• '9' 1'1 "ININY,U-O.oo 
.91 PAOl"Y e u-•• oo • '92 SOCINYII.· •• O. 
093 GO TO 16 

• 09. I •• MININVCI.-COSTC3'·'.IODO 
095 PAOINY'I.·COS1 ••• • •• 060. 
.96 SOCINVCI'-COSTC5,·0.0.DO 
091 I' 5ROPROC I t.REVENUCI'-TOPCOS.SIZZCI' • ... CALL ROYALTCGROPAO.MININV.PAOINV.ElPLOR.SOCINV.PRIPRO • 

• ... C."T01AO\" . ..; . . 
• 99 CALL INCTAXCGAOPAO.MININY.PAOINY.~XPLOR.SOCINV.PR£PAO.BORCAP • • 
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OlGO 
Olol 
0102 

0103 
010. 
OIOS 
0106 
0101 
010b 
0109 
0110 
0111 
0112 
0113 
011. 
OllS 
0116 
U17 
0118 
0119 
0120 
0121 
0122 
0123 
Oil. 
012S 
0116 
0121 
,,128 
0129 
0110 
Olll 
0132 
0133 
Oil. 
OilS 
0136 
0111 
0138 
OIl9 
OHO 
01.1 
OIU 
01.3 
01 •• 
01.5 
01.6 
01U 
01 •• 
01.9 
0150 
0151 
0152 
0153 
015. 
0155 

·~.C.~.lA~.IN1PST.~HtN.MO~CAP.CAprAA.ot~.I'.~~.SCI 

110 l' J: I ... 
TOT1NVC11:H1N1NVell'PH01NVCII.t~PLOH,rl'~OCJNVell'~RF~koell 
CAS~lOel.II=GHOPPOCII-TA~(II-CAP'A~(II-TOIMO'eII-TUTINvel'-

-.OHCAP, t I 
CA~fln,~.JI=CASFLII'l.tl-JNlwST'JI-PHIN'II·"OHCAPIII 
CA~~LUC~.JI=CA~~LOel.II.TA~ell·TOT"U,ell"APTAA'11 . 
F£OtAACII.0.3bDO/O.~lDU-TA.ell 

11 CASfLOe •• II-CASFLOel.J"FEOTAACII 
TL=Tl/StU; 
CALL INN'CASFLO.R.N.IC.TLI 
IFCRC1'.LT.XA'GO TO 60 
U=SliE 
LL=LIFE 
JlRaNCI I 

60 CO"" INUE 
IFCOLOA.EO.0.00100.ANO.Ael,.EO.0.UO'iO T~ ~131 
IFCLIFE.EU.I.OH.SIlE.EU.10000.00)60 TO ~1~J 
IFCINC.EU.I'GO TO 16 
PRINT OZ.O.LIFE.ly.N.SIZE.AC1J.RMC1' 

02 fOkMA'CI~A •• C6A.12.6X~.f12.2.2X.2'F'0.~ •• AII 
IFCLtT.EU.2IGO TO 19 
IFCkCl'-ULDA.LT.O.DO,6D TO 20 
LIFE-LIFE'f 
OLOJtdCl, 
AO To 301 

20 LlfEaLlfE-f 
F--f 
LET-LET.l 
BU-O 

301 CONliNUE 
".SIlt:: 
lIM-O 
IfCLET.EQ.I.ANO.~CII.LT.OLOA'LIFE-LlfE.f 
IfCLt.T.EQ.2'SIZE-SIZE·G 
60 TO 30 

19 CONTINUE 
IFCHCI'-OLDA.LT.0.DO,60 TO 21 
SllE-SIZE.S . 
OLUA=ACI' 
60 TO 22 

21 Sll[-SIZE-G 
6"-6· 
BET-BET.I 

22 CONliNUE 
IfC8ET.EQ.l.ANO.AII,.LT.0L0A'SIZE-~IZE.& 
IFCBET.EQ.2.AND.SIZE.EO.YY'60 TO II 
IfCBET.EO.2.AND.LIM.EQ.l,60 TO 50 
GO TO l4 

50 CO"'INUE 
LIFE-LL 
SIZEan 

23 INC-I 
IFCIOP.EO.2'IOP-I 
JfIIOP.ED.O.AND.AC1'.LE.AMIN,JOP-' 
OSIZE-SIZE 
60 '0 30 

2. CONTINUE 

lS/OUOIt PAC;E 0003 



fORTRAN I, & Lf.VEL II MAIN UAn - noal 15/0110. 
Ob6 
OISf 
Olo:.fJ 
01§9 
U60 
0", 
0162 
0lft3 
016. 
Ol.~ 
.166 
• I.f 
01 •• 
0169 
ono 
.111 
ouz 
• 1 r.J 
011. 
0115 
.116 

'''f ona 
0119 
01.0 
01.1 
0111 
.1.l .1 .. 
0185 
0186 
0111 
II •• 
Ollt 
• 190 
.191 

01'1Z 
0193 
119. 
• 19S 
• 196 

0191 
019. 
01 •• 

OlOO 
Ol81 
O.lOZ 
UOl 

IFC.lT.EW.2.ANO.I~.EU.OJLlft_Llf~.f 
IfC"IT.F.w.l'lrT.O 
I,U '0 .tQ 

III CONTINUE 
IFChCI'.l£.AMiN.OA.STOP.£U.I'60 Tu ~, 
IFC~tT.Eu.I'GO TO 15 
IFCI~-N'.O •• l •• ~ 

•• c.'"eN.I,aO.DO 
"u 10 ... 

.2 N.N'1 
C.SFLO.I.NJ_'.D • 

63 CONJlNU£ 
00 Z. I.I.N 

26 .CAflDC1.1'.CASfLOII,I'-C.SHtl' 
CALL IHRIMCAfLO,RM,N.ID.TL' 

" CONJlNUf; 
PMIN' Of.O.llfE.ly.N.Sll£ •• CI •• AMCI • 

.f 'UM •• 'CI¥A •• C.A'I~ •• a •• FIz.Z.Z •• ZCfI8 •• '.A" 
IFINCI •• lE.RMIN.OR,S'~.EQ.IJaD TO II 
IfCAMII,.eT.AMINJaD TO ZS 
Sllt.Sllt.-e 
..... I.·DLDAR 
StuP-1 
IF C 1 •• E8.OJ lOP-I 
80 '0 30 

Z5 SIZE-SIZE'. 
IfII-N 
PO I. '-I.N 

Z. CA~"CI.acAS'LoC •• I' 
OLO .......... . 
Sfh. 

3. liD TO 09 
II CONTINUE 

If.~IIJ.LE.A .. lfII.OA.SIZE.EQ.OSIZE •• " ••• _All • 
PRINUI 

3Z fOHNA'C'I •• 39., 'DET.llED DATA fOM OPTIMUM RETURN •• I, 
• •••• l9 •• 32C·_·"'I •• 5 ••• PAOOUCTION O.TA"""' •••• ,IS •• _.,."J 

CALL PHIIIPRO 
PMINUl 

33 fO~MATC""'I' ••• "fIN.NCI.l D.T ••• ' •••••• ~ •• I ••• _ ••• 
PMINT3 •• HII •• AHII • 

36 FOMM.Tc·-•• 3Z.".VEAA6£ .ATE Of "ETUMN ••• fl •• S ••••• ·".J2., 'MARGINAL NATE Of A£TUHN ••• fIO.§ •••• , 
'APCOS.'OTCOS'.OACAPCO, 
PAJNT3§.ICOST.IJ.I-1.SJ •• OACAPCDJ,T.PC05.COSTI6J.COSTC'I.OH.TOPeOS 

3S fONNATc·-·.3e."[.PLOAATION C05T~ •• fl~.~.,.Z5l"PA£PROUUCTION UEVE 
·L~MEN' COSTS •• FI~.!i.,. 
-19A"MINING INVESTMENT',fI5.5."l~A"PMOC£5SJN6 INVEST~ENT" 
·,IS.S.'.Jla"SOCIAl CAPI'Al .NVE5'M~Nl •• 'I~.~.' .Zl •• 
·'PHfPRUDUCTION .0RKIN6 C'PITAL"fl~.S"""'~~.'1~C'_"".51A • 
• 'TOfAL •• fIS.S.".36."MININ& C05T5 PEN TON •• fIS'~".3S •• 
• 'PROCESS COSTS PER fQN •• fI5.5",Z •• ".OMINISTRATIVE COSTS PEN TON
·.FIS.S.,.·.·.5S •• 1Si·_·""51 ••• TO'.L •• Fl~.5J 

80AAow.TAPCOS-OER 
(GUIT·T,peOS-BOHROW 
PRINT36.0ER,[QUIT.80RRO. 

l6 FOH ... Tf",l9X"DEBT-EIUITY AATlO', f&~.5,', 
-.2.,·rQUITY CAPJ'.L·.'IS.S., •• Oa"80NMOwED CAPI'.L •• Fl~.s. 

I 

PA" 010. 

$ 
I 
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ozn 
I<tOS 
G~UfJ 

Oll!01 

O~U~ 

OlD9 
O.eIG 
Olll 
OZIZ 
Olll 
Oil. 
O<tIS 
o.eao 

Ol11 
O.o!l8 

Oll9 

OllO 
OZZI 
Oi!ZZ 

Olll 
02Z4 
OlZS 
0216 

Ol27 

OlZI 
Ol29 
OdO 

0211 
0.el2 
Ol33 
Il34 

0215 

0236 
Ol37 
0218 

19'1 

lOO 

201 

l02 

5117 

5118 

5119 

5120 

5125 

5126 

Sill 

512. 

5121 

5122 

5123 

51'. 

00 1q9 1-1.N 
TOTJ~VlllcTOTINVCII'~ORCAPCll 
~~I~'~uu 

fOM"AJI'I',II,5JX.·ANNUAL CAPITAL INVt~T~l~T'I ••••• ~7X.i~C,_".II. 
·lSA"PHE~HUOUC'lON·.1X.·PAEPHOOUCT1U~·.~A.·"'NING·.6X"P~OCES~I~6' 
·,3X,'SOCIAL CAPITAL',ZX"~Ok~I~G CAP •••• X •• TOTAL •• I.lbA •• (APLUHATI 
.O~·.la •• OEVELOPMENT·,.x.·INVESTM~~T· •• x.·INVEST"t~T.,~A'.INVf~'MEN 
·'· •• A"ANn ~ALVAG£ VAL'. ~ ••• CA~lTA' '.1/1 
~"JN'II!Ol.CI.tXPLOHCII.PHlPHOII'.Ml~lNVCI,.~ROINV'I'. 
·~O~INV(I' •• ORCAPCI'.TOTINVCI"lal'N' 
FOHNATCC1X.12.11x.7CFll.Z.Z."" 
00 lOZ r-I.N 
TOTINVII,aTOTINVCI'-WOHCAPII, 
CALL P~NHOY 
CALL PRN'AX 
SaS·IOO.OOO 
PHINT Sill 
tO~MATI·l'.II.~JA"I~TERNAL RATE OF "ETuHN •• I ••••• ~Za.~3'._.,.,I. 

·S6X"PROJECT CASH FLOW •• I J . 
'AI~T SI18 
FOH-A"lSX.·QPEHATING·.9 •• ·CAPITAL·.IIA"INCO~E •• 11 •• ·MINING •• llx, 

·'TOTAL·.8A.·WOAKING CAPITAL •• 7."CA~"'.,.aOA"PHOFIT"IIA"TAA'.16 
• •• ·TA.·.ll.,·ROYALTy·.1 •• ·INVESTMENT •• OoA"AN~ SALVAGE VALUE'.6A. 
··FLO.·./J . . 
PRINT511~.CI.GROPROIIJ.CAPTA.CI'. TAACI'.TOTROY'II.'O'l~V'IJ • 

• WOHCAPfll.CASFLOfl'I'.,_l.N' 
fOHHATCCIX.IZ,01 •• 1FI1.S'" 
PAINT51Z0.AC1' 
FOHMATIII.OSSA,·IRR IS •• FI2.6 ••••• ".~ ••• NOTEI 1 THE CALCULATION I 

·S ~TOPPEO IF THE IRR IS LESS THAN lE~O OR GREATER THAN 100 •• " 
PRINT51lS 
FOR"AT'·I·.'~.~6 •• ·PUBLIC CASH FLO.I" 
PAINT51l. 
fOR~ATC ~.3IA"PROJECT'.~.32A"CASH •• IIA"CAPITAL'.12A"INCO"E" 

.IIA"NINING·.IZA"CASH •• ~.llA'·fLO.·'I.A,·rAA"l.A"TAA'. 
·ll."ROYALT,·.ll •• ·FLO."~' 

PRINT5IlJ.fl.CASFLOC1.I,.CAPTAXCIJ.TAACIJ.TOTROY(IJ.CASfLOC1.I', 
·.-I.N' . 
fON~ATC(IA.12.21 •• SfI7.5'" 
PRI~T5Il8,R(3' 
FOkMATf,;.OSSA,·IRA IS·.F.Z.6 ••••• ".~A •• NOTEI I THE CALCULATION I 

·5 STOPPfD If THE IRR IS LESS THA~ ~~kO O~ bAfATEM THAN IOO •••• ,~. 
·IIA,·2 PUBLIC CASH fLOWI AS5UMtS THAT T"E PROJECT WOULD NOT HAVE 8 
·fEN-UNDERTAKEN B'~'~'.13.,'a PNIVAT~ CO"PA~' SO THAT TAlES AND ROY 
-ALTIES AHE.NOT A COST TO THE PROJECT.', 

PAINTSI21 -
FORMA"·l'.".SJA,'fQUITY CASH fLO~'J 
PRINT512l 
FOHNATf "3lA"PROJECT •• ~.13A.tCASHt.1ZA"~OANOWED •• IOAt'DE8T" 

-10 •• tIN'EAEST·.11A,·CASH·.,.13l"fLU.·.llA"CAPITAL"9A, 
·'R[PA'~ENT·.8 •• ·ON DEBT'.lll"fLO ••• 'J 

PRINTSIZ1.(I.CASfLOC1.1 •• 80RCAPCIJ,PHINCIJ.INTRSTCI., 
·CA~FLOI2.IJ.lal.N' 

FOR"ATC(IA.12.23 •• ~fI7.S'" 
P~INTS1Z •• RCZ',S 
F~MAT(".056X.·IRR IS·.FI2.6 ••••• ".SA •• NOTEI I THE CALCULATION I 

·S STOPPED If THE IRR 15 LESS TNAN lENO Ok ~REATEA THAN 100S."'" . 
-IIA"2 EUUJTY CASH FLO. IS THAT AfTEA ADDING BOAAOwED CAPITAL AND 

PAGE OOOS 

Cj 



FO~TRAN I. 8 LEVEL 21 "AIN DATE. • 11011 • !t'OJl'. 
.suMTNaCTING •• ".l'."OEBT REPAY_ENT ANO INTEHEST ••• "., •••• , T"f I 
.NTENfST MATE IS •• ' •• 2...... . 

I.e.... UPhf;NIU 
It.. IfCOPTM.L£.$ ".U •• GO Tn ~13' 
ot.. f.ALL ~NALY5(YALUE.Slll,COST,M.'Ml •• UNtA~.t.PLOR.PMfPMO.~ININV' 

.PROI~v.SOCI~V.6M.O(.N'C.D'S.D£A.I~~N.OPTN.I'.T,~.5".S'"LI 
O~.2 ~o TO blJO 
'~.J ~.'1 PAI~T ~1~,.~ll[.n.Llf( 
I~.. ~IIZ FUk"."'I •• "".ZO.,.A POSITIvi "A'~ Of ~~rUMN •• ~ NO' ~NIM"~U B 

I.e .. .1 •• SUI "., 1 .. 1 • 

oz •• su. .it •• .ie.' 

., '"t INItiAL VALUES StT 'ON tHf PMOJ€Ct. I~~E wtHil,.".J •• , 

.'A~NUAL CAPACII' .AS •• 'lO.I.ll.'TON~ Of GMt PER '1 ... ".".30 •• 

.'PMEP.oouetION PERIOD WAS',12, •• ,I"AN5. AND".".Jftl, 

.'P"I~'"' RESERVES .ERE [IPEeTtD TO LAST f~'.II,ll."['.S'" 
60 '0 SUO 
PNI.TS1J •• SIZE.LI'E 
'ONM,T".'.II.2'1.'CM£CK eOST OR 8MAU£ 'u""IONS,IOP,"-•• ".I~., 

• 'PNOJ£CT Sill IS •• 'I •• 1' •••• 'ONS·."'Z~., 
.'LI'~ Of PMIMARY RlSER'lS IS,.II.l •• ·'f'~'" 

CONTIIIIU£ 
STOP 

£-

i 
PAGE .... 

"j 
.j 

IB 
',: 

tl 
~t 

k' 
I' 
I~ 

·Il ., 

~ 

\; 
~ 'iI .... , 
I 

.;; 
~ .' 

\i .. 
'-
'I 
I 

II 

• 
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'ORTRAfill IV G LEVEL 21 EQUATN DATE • n053 14/59/17 PAGE 0001 

0001 
00.-2 

000l 

000. 
0005 
OOOf, 
OOOf 
•••• .... tI,. 
tin 
1012 
•• 13 
.0 •• 
1015 
.01. 
1011 
.018 
0019 
oozO 
OOZI 
0022 
00Z3 
OOZ. 
DOZS 
0026 
00Z7 
0021 
0029 
0030 
OOll 
0032 
0033 
003. 
OilS 
0036 
0037 
DOl. 
0039 
00.0 
o04i 
00.2 
0043 
04144 
.0.5 
• 0.6 
0047 
004' 
0049 
0050 
0051 
0052 
0053 
0054 

'5 

25 

2' 

01 

O. 

13 
12 

11 
03 

200 

05 
06 
09 

300 

SU~ROUTI~E EQUATNlCAPCOS.L.AA.BB.H.P.PG.MAX, 
REAL·. CAPCOS(IO.8'.CPACTY'20.3).A,J.7,.d'3.7).R(3.7).OABS. 

-SUMC10.3.7)."INGRA. OL06.0SQRT.AAC7'.8B(7).Z.ZZ.ZZZ.TOT~IN.SIZE. 
-VALUES,lOO,. Y/'CAPITAl'/' YY/'COSTCI"/,l'Y/'6RADEC."" 
·DFLOAT.LABEL.MAX.MAXTON/O.DO/.OEAP 

INTEGER LINECIOOJ,VLABEL.POINTSCIOO,.PERIOO/",I.AST/'.'" 
·BLA~K/· .,.H(7,.P.Q.PQ . 
g.P·1 
0" 15 K.1t7 
00 15 .... 1.3 
00 15 l.hlO 
5UMCI ..... ,U.0.D. 
IFIL •• T.I.GO TO 2. 
"INiMa.CaPCOSCI." 
TO'MIN.CA~COS".3' 
DO 25 ".,.3 
capcosc ... ,] •• TDTMIN/C5-", 
C.PCOS' .... 2 •• MINGRA·DLO. C'0'"INlCA~COSC".3" 
CAPCOSCJ.I'·CAPCOSCJ.2'.MINGRA 
Lal 
CONTINUE 
DO 01 I-I.L 
CPACT'II.l •• capCOSII,Q, 
CpaCTYII.2,a-1.ODO/CAPCOSII.O' 
CP.CTYCI.3'-OLOGICaPCOSCI.O •• 
DO 02 lIal.p 
DO 03 ",a •• 3 
00 o. I-I.L 
SUM(I ..... K'.SUMII .... K'·CPACTyCI ..... 
SUM(Z.",.K,-SUM(Z.",.K'·C.PCOSCI.K' 
SUM(3 ..... K'.SU~(3 .... 'K'.CPACTYCI ..... ··Z 
SUMI4 ..... K'.SU~14,"',K'·CPAC'YCI ..... ·CAPCOSII.K' 
SUM(S ..... K'.SUM(S, ... 'K'.C.PCOSII ..... Z 
SUMI6 ..... K'.SUMI1,J'K'··Z 
SUMI7."'.K'.SUM(I .... ,K'·SUMIZ ..... K' 
SUM(e ..... K'.SUM'Z • .J.K'··2 
Z·L·SUM'S'.J.K'-SUMI8 ..... K' 
ZZ-L·SUMll .... K'-SUM(6 .... K' 
ZlZ. L.SUMC •• J.K'-SUMI7 ..... K. 
B 1.1"0 dZZlZZ 
., .... K.·'SU~'2 ..... K'-8C.J.K.·SUMC' ..... K •• 'L 
IFI.J.fQ.Z'BC .... K).-8C .... K' 
IF Cl tl3.12.13 
If CZZJlhlz.1I 
RI.I,,,'al.DO 
&0 TO 03 
RC .... K'.ZZZ/DSQRTCZ·ZZ. 
CONTlMlE 
IFCP.NE.2.0R.K.NE.2'&O TO 2 •• 
IF'"IK-l'-2.300.200,301 
CONTINUE 
IFCO.BSCRC1.K"-OABSCRIZ.K •••• S •••••• 
IfCD.BSCRC2.K'.-DABSCRCl.K •••• , •••••• 
IFCD.BSCR'I.K'.-DABSCRI3 •• '.'.T ••••• ' 
A.'I(.-.ChK' 
8811l'·BlleK' 
CONTINUE 
HIK'·I 

" .' • i 1 .j 
i 

.1 
J 

i -I i .! 
• 
• 
• 

~ • I 

• 
•• 
• 
• .: 
• • 

, .1 
l 

~j .: 
1 .i .i 



" . .;.,~~ .:" 
FORTRIN IV • LEVEL II ECIUIT" OAT' • nl53 "' .. ,n 'AlE ... 1 .ns I'.P.NE.Z.OR.K.NE.I,GQ TO .1 

" .P5. IIUC'.I.CK-It 
015' IICK'.'.D'·I.eK-I' 

I 
"~;., '.58 GO TO .Z 

II" II .. CIU -I Cl.,n .... .8CK' ••• Z.,,;" 

j 10 •• "U".z 
"'1 60 TO 01 
... 3 " •• CIC' ••• ~.". 

"~ 
II •• ..e",-,u •• , 
106' 311 CONTlNU( .... "''''.3 

I "., IF".NE.Z.OR.K.NE.Z'80 TO '2 •••• • •••• • ••• IC-I.· ... "-I' 106. ". uca ••• U,-It 

~ "" II CDNTlIIIUE .. n IF" •• fO •• ,eo TO .3 .072 DO 35 ".a., 
~ 

1013 'II'''T 2. 'OJ' It ro,"'.T."" 
'OJ5 1"'.11.2, 10 TO ,. 'I .Il. eo TO ••••• Z •• 3 ••••• 5 ••••• ' •• " ., .n., •• "'NT" • n. .1 FOHM.T.50."PREPRODUCTION E.PLOR.TIDN •• ' ••••••••• ,. •• _ ••• 

~" 
.07. GO TO Jl 

~" 
.., .. II PRU.T.Z 
• 01. 'Z Fa. ... T.5 •• ,·'REPROOUCTION DEVELOPME.T •• ' ••••••••• zs •• _ ••• 

~ 
'''Z .0 TO Jl 

~ 
"83 13 'It'NT • .1 •••• .3 'OM~.T.5 ••• • .. INI .. I.VESTME.T" , .....•••.• , .. _ ... 

I , ... 5 GO TO n IDa. •• ,,, .. ,, .. 
0118., .. 'ONN.T •• oa,·PROCESSING '.VESTME.T" ,.··· ••••• 21 •• _ ••• 

~ 
.... 80 TO Jl -
10 •• .5 PMI.T'S 
00 •• .5 'OA ... T.5'.,·SOCIAL"I.V£STH£"T" ,.··· •• ' •• 17 •• _." t', 00'1 60 TO 11 

~ II.Z •• PRINTII 
00.3 66 'ORM.T.50 •• • .. I.' .. COSTS'PER TON.'. ,.··· ••••• 1' •• _.', 

~. 
.... GO TO n .... Il 'RU.T.' 
"'6 ., 'OMM.T.soa,·PROCESS, .. COSTS.PER TON ••• ' •••••• 'a.zs •• _ •• , 

~ 
00." GO TO n 
0':;" 10 CONT'NUE 
•• 99 IF'Hel'-I.I".I'I.l., 

j lUI 100 MllTONa-••• I"II.Z. 0101 60 TO 103 
'.OZ III lI.aTONa-88CI., ••• 2' 

'i4 
0103 GO TO 103 
• 10. 112 lI.aTONaO£"'-••• 2".8'Z' • 
OlDS 103 CONTINUE 

'it 
• 116 IF''' ••• LT.N.lTON •• ND.N.I.NE ••• D •• MA.TONaMA • .IO? 60 TO ' .... ".IC 0101 •• PRJNT l2 

I" 
0109 12 '~".'e50l.·.V£R.6£ ORE ••• DE •• , •••••• 91.1' •• _.', 

,4 0110 60 TO n 
01U 19 PRINT 7~ 

:t 
.1IZ 13 'OR"AT'5.l,·CUTOff ORE .. AO£ •• ' •••••• 9X.l"._.') 
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OATAAN IV & LEVEL 21 EQUATN DATE a 77.53 14/59/17 PA&E 0.03 

0113 
O1H 
.0115 
·Oll~ 
0111 
Oil. 
0119 
0120 
0121 
0122 
012~ 
012" 
0125 
0126 
0127 
012. 
0129 
OUO 
IU, 
0132 
.133 
1134 
.135 
0136 
OU, 
013a 
0139 
0140 
0141 
0142 
0143 
0144 
0145 
0146 
0141 
0148 
0149 
0150 
0151 
0152 
0153 
0154 
0155 
0156 
0157 
0158 
0159 
0160 
0161 
0162 
0163 
016. 
0165 
0166 
0167 
0168 
.169 
In. 

71 

91 
93 

91 
94. 

92 
95 
99 

3. 
31 

32 
33 

4' 
.7 
34 

11 

38 

•• 
55 
56 

39 

4. 

• 6 

CONTINUE. 
JF'HCK'-l'90.91.9l 
PRlh19l.AACKJ.88(KJ 
FOH~ATCI .43X •• y ••• FI5.S. "C •• FI6.12 •• , ••• / 
&0 TO 99 
PRINT9 •• AACKJ.B8CK' 
FOM~ATCI .43A •• y- •• FI5.S. "C •• Fl~.5,"/."'. 
GO TO 99 
PRINT95.AACK •• 8aCK, 
FO~MAT" •• 3 ••• , ••• FI5.S. "I','IS.5"'~NI."./' 
CONTINUE 
DO '4 l-hUO 
SIZE-DfLOATCI'-IO.DO-·. 
If CP.EU.2'SIZE-OfLOATCI.-.'.OO.-S 
If'N,K,-Z'30.31.32 
VALUESII,aAACK.·18CK.·SIZE 
60 TO 3~ 
VALU£SCI'·AAIK.·88CKJ/SIZ£ 
GO To 33 , 
VALUESci'-AACK'oSBCK'-DLoeISIZE' 
CONflNUE 
I'CP.EO.Z'60 TO ., 
IfCK.6T.5.GO TO •• 
POINTSCI'-CVALUESCI"IO.OI-·5'/Z.00".500 
60 TO 3. 
POINTSCI,-VALUESCI./Z.DO·O.50. 
60 TO 3. 
POINTSCIJ-VALUESCIJ -IOIO.0./2.01'0.5D. 
CONTINUE 
LIMIT-NA.TON/100000.00.0.500 
00 36 .. -loU 
00 36 L-a.S 
I-SI-C5-C.I-1) 0L' 
DO 37 "-hlOO 
LJ NE ,", -bUNK 
0038 M-hlOO 
JFCPOINTSCNJ.EQ.I'LINEc .. ,-aST 
IFCP.EQ~l.A~D.I.LE.l5JLINECLIMIT.-AST 
IfCL.EQ.I.GO TO 39 
IfCI.EO.l~.ANO.P.NE.2.AND.K.LE.S'&O TO 55 
PAlM' 40 .LlNE 
fOR".T'19 •• ·.·.IOOA1' 
60 TO 36 
PAINT 56.LlNE 
fOHMATC6 ••• MILLIONSS •• 4l.· ••• I.OA1J 
GO TO 36 
CONTINUE 
IfCP.EO.2'60 TO 46 
IfCA.Gl.5'60 TO •• 
LABEL-SLANK 
I'CI.EQ.Z5'LA8E~·Y 
YLABEL-Z-lllO 
&0 TO 45 
LABEL-BLANK 
I'CI.EO.2S'LABEL-YY 
YLABEL-2-1 
60 TO .5 
LAllfL-BLA • 

• • • .. .. 
t6 
.& 

• 
4 
4 

-..J 
.J:-

4 I 

• • 
4 
4 
4 

• a 
; 
~ 
~ 
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P~'~AN IV • LEVIL I. IGUATN DATI. "051 
'171 ,.,,, 

.. '173 
'!" on. 

on, 
on. 
'171 
lUI 
0179 
o.li "I. 'III . 
l.eJ ,.1. 
0.15 
Oil. 
Olll 
"1' Ill. 
I ••• 

45 
4' 
J6 

4Z 

.3 

52 

5. 
r.1 
JS 

51 

1"I.EQ.Z5'LABEL_'" 
YUBfL-2·1I1O 
P~I"'.I.L'8EL"LA.£L.LI~ 
'~.'TC4A"11.13.· ••• I"al. 
CONJJNUE; . 
00 42 l-hUI 
Llfiff ClI-ilfRIOO 
P~INT43'L'~"I'I_I •• O' 
'ON •• Tell ••• , ••• looal.".19."0 •• 10" •• II'.", 
"IP.E;Q.Z'&O TO 5. 
~RINT5Z 

'OHMA'.SOI"ANNUAL CAPACITY .TONS 10 •• 5", 
&0 TO 35 
PR,,,, 51 
PORM.Tesoa"MINERAL RESlNVfS .TONS 10 ..... ' 
CONTI"'" 
P.II" 2. 
C .... "NUE .tf""" END 

~AII .... 't 
~ 

11""'17 

• , 
II 

• t 

• t 

•• f 

• • :. 
I 

'. ~ 

e i 
f. 

• ~ 
I • ~ t \It 

• • fl 

• I' I 

• 1: 

• U 

• I 

• , l 

• t 

• , 

• 
• 



OATAAH IV 6 LEVEL Zl ANNREV DATE a 11053 14/59/n 
OOU 

OOO~ 

000l 
OOO~ 
0005 
0006 
0001 
oooa 
0009 
0010 
0011 
0012 
0013 
0014 
0015 
0016 
0011 
OOUI 
0019 
0020 
0021 
0022 
0023 
OP2. 
0025 
0026 
0027 
ooza 
0029 
0030 
0031 
0032 
0033 
0014 
0035 
0036 
0037 
003a 
0039 
00.0 
00.1 
00.2 
00.3 
00 •• 
0045 
0046 
0047 
004a 
0049 
0050 
0051 
0052 
0053 
0054 

SU6ROUTINE ANNREVCLIFE,SllE.VALUE.A,B,HH.0.C.N.REVENU,TOPCOS.H6. 
eRI.AZ. GNADE,ly.TL.IOP,MAXTON) 

REAL -8 METALCSOI,PROOCSO"DABS,SlZE,VALUE,TL. 
eAEVENUCSO,.GRAOECSO,.CCGRAOCSO',TONS,ACVCSO,.DLOG.MAATON.AI.Rl. 
epTU~S'PCGkAO'PAVGAA'P"ETAL.TTONS.AVGHAO.T"ETAL.COGMAO.TAVGAA. . 
eTOPcos.ATONS, AAVGRA.AYEARS.OE.P,GRADCOl,.AC1,.BC7' 

INTEGER C.O,N.LIFE.HH'7,.H6 
TONS-LIFE-SIZE 
TLaSIZE 
DO 10 1-1.0 
... ETAL CI,aO.oO 
PROD II' aO.OO 
ARADE II' aO.oO 
REVENUe .,-0.00 

10 CC6RAOel,aO.OO 
IFfhG.fQ.l'GO TO O~ 
DO 100 ".h2 
IFI""I"'-2'110.120,130 

110 GRADe.l,aAe.l"BC.I,eTON5 
GO 10 100 

liD GAADeJ,aACJ'.BCJ"TONS 
GO TO 100 

130 6AAOC.I,aAC.I'.8C.I,eOL06CTONS, 
100 CONTI .... UE 

DO 09 I-C,N 
6RADECI,aGMADCI, 
CCGRAOll,aGRAOel, 
PROD 1 I' aSIZE 
RCVCI'-Al/GRAO~CI,.eA2-GAAO[CI"eOEAPCGAADECI'J 
... ETALel,cSIIE-HCVCI,eSNADECI,e2DOO.oO 

09 AEVEHU CI'-METALClleVALUE 
AV6RAO-GRAO,I, 
GO TO 07 

oa CONTINUE 
00 II I-C,N 
IFCI.EO.CIGO TO 102 
PTONS -SIZE*'I-C' 
IFCHH'I'-2'1~7,108,109 

101 PAVGRA-ACI"BII,ePTONS 
GO TO 106 

108 PAV6RA-.Cl"SCI'/PTONS 
60 TO 106 

109 PAV6AAaACI,.S,I,eOL06CPTONSJ 
106 CONTINUE 

IFIHhIZ'-2'III,121.1l1 
III PC6AAO&AI2"8Cl,epTONS 

GO TO 101 
121 PCGRAO=AIZ'.BCll/PTONS 

GO TO 101 
III PCGRAD-ACZ'.8IZ'*DL08CPTONS, 
101 PMETAL-PTONSePAV6AA 

GO TO 103 
102 PTO~S.O.DO 

PC6RAOaO.00 
PAVaR"aO.OO 
PMETALaO.OO 

103 TTONSaSllEeCI-D' 
IFCHHCZ'-2'140'ISO'16~ 

-.. • .. PA&£ DOli 

• • • • • • • • • • • • • • • (l 

• • t • ~ • • CI 

• _. 

• • .. 
G 

• G • ." • (j 

• 'i 
• • (I ., 

.II 



DR'RAN IV • LEVEL ZI ANNAEV DATE • n053 1.'591n 
'AlE '". 

;4 
~ 

• 
~ 

• 
'* • t 

• I' • • • J 

• 

1055 1.0 CCGA.DCJ'-.ll'·SCZ'·"ON5 1.56 GO 10 135 
1.51 15. CCGR.oer'.Ael'.BeZ"TToNS 1051 GO TO 135 
.'59 16. CCGR.DCI'-.CZ'.8CZ'·DL06eT'ONS, 106a US CO"TlfltUf 
1061 I'C""el'-1'17',180,190 1061 n. AVGRAO.ACI'.BCI'."ONS 
1.63 GO TO 136 
.06. lao A~&AAD.&el'·8el""ONS 
1065 &0 '0 U6 
•• 66 19. AV&A.O-.CI'.BCI'-DLOII'TONS' 
106' 1M T~T.L-T'ONS-AV.AAO 
106. .M.DrIJ'-CT~ETAL-P"ETAL"SIZ£ 
1 •• 9 ACVCI'-Al/&A.D£CI'.CA2-~.DE.I"-D£.p.eR.DlCI" .. " MET.LCI'.C,MET.L-PNET.L'-RCVCI.·,OO •• D • 
1"1 PRODe It .SIZE 
.171 II REVfNUCI.-METALeJ,.v.LUE 
Ion " CONTlNU£ .07. 1'-0 

t, 

• t, 

• l! 
I • ::j ) 

• 

1875 "OIllS·'ONS 
."6 IFelOP .NE.I,&O '0 ZOZ 
Ion .CVCN'-AI/CC&RADCN'.CA.-CCIAADCN".DE.'ICCIRADIN,1 .". 311 CONTINUE 
'''9 ftC V CN .... "cv eN' , .. ~ CO&A.D.TOPCOS/CV.LU£·.CVIN.·Z ••••• O., 
' •• 1 . JFCCoaaAO.6E.ccaa.OCN"80 TO Z.2 ,oa. I'C""IZ.-2,1.1.151.16' 
'0.1 1.1 'TONs-ccoaa.o-.CZ •• /BC2' .08. 80 TO 50 
1085 151 "ONS-.CI.'ICOIR.D-AC2', .. 8. GO TO ~o 

t 

• 1 

• I 

• ~ • i • , 
• ! • 

'017 16. TTOIIIS.OElPCCCOGR.O-.CZ •• ,.cz,. 
'0.8 50 CO"TlHUE 
... 9 IFC"ONS.G'.M •• TON'TTONS_~A.'DN t.9. IFC""Cl'-I,111.181.i91 .091 nl T.~GR •• Ael'.8C"·TTONS 
1092 GO TO 51 
Ion 181 TAVGAA-.CI,.all'/TTON5 , ... GO TO 51 
'0.5 191 TAV6ftA-ACI'.ICI'·DLoa.'TONS, 
'0.6 51 CONTINUE 
'09' .TON5. TTOWS-TONS '09' IFIXTONS.L£.O.DO '60 TO ZOZ 
'099 aAVGRA. eTTONS.T.VGA.-TONS •• VGA.D.,.TONS 
1100 IFCXAV6M •• LE.COGA.DJ&O TO 10l n01 ACVCN'.Al'a.VG" •• c~z-a.Vaa.J·OE.PC •• VGA •• n.z IFIDlaScRCV.N'-RCVIN.I".LE.O.0.1DO,eO TO 301 ,10l IFCRCVI .. '-RCVIN.I"lOZ,lOI,lOl 
lIO. 10Z ACVCN'.RCVCN.l'-CACVCN.I'-ACV.N.'/I.O. 
UOS GO TO 100 
llO6 303 ACVCN'.ACV.N •• ' ••• CV.N'-RCV .... I"/Z.OO 1107 GO TO 300 
110B 311 CONTINUE 

I • 1109 .'EARS •• TONS/SIZe 
111~ IY.X'E.RS·0.99DO 
lUI N-N·n 

• 11IZ IF'IY.EG.I,GO TO 201 .. 



fOATRAN IV G LEVEL 21 ANNREV DATE - 71053 1./59/11 

0113 
0114 
0115 
0116 
0111 
0118 
0119 
0120 
nZI 
0122 
0123 
0124 
0125 
0126 
0127 
012. 
0129 
0130 
OUI 
0112 
0133 
.134 
.IlS 
0116 
0137 

OUI 
01~9 
014' 
0.4. 
OlU 
0143 
01.4 

.145 
0146 

200 

201 

203 
ZOZ 

.2 

•• 
13 

.5 

N"i"'''-IY·l 
"Hr."'N-I 
DO 200 I"''''I",N"N 
GRADE ( I , aU VGRA 
PROD C II aSIZE; 
CCGAaOCI'-COGAAO 
RCVCI'.Al'GAAD£CI'·CMl-GRAOECI"-OEXPCGRADECI" 
METIIL II' .SIZE-RCV Cl , -6~ADE II' -ZOOO .00 ~ 
REVENUcl'-VALUE-MfTALel' 
'L.'TONS-CN-C'·5Il~ 
CONTJNOE 
Ifll,.EG.I,TL-TTONS-TONS 
PRO!UN' JlTL ' 
GAADElfIt'-XAVGRA 
CCG".Olflt'-COGAAO 
ACVeN'-AI'6AAD~eN"CA2-GMADEeN"-DEAPeGRADECN" 
METAL CN'·TL-ACV CN'-&AAOEIN'-ZOOO.DO 
AEVENUCN'-VALUE-METALeN, 
60 TO 202 
TTONS.TONS 
CONTINUE 
RETURN 
ENTH' PNNPRO 
PNINTIZ 
FONN_TIIO.,·TONS' .lZ •••• VEAAGE •• Oa ••• CUTOFf •• 07 ••• RECOVERA.LE •• 

-05.,·CONCENTAATE·.1.19X,·OF OAE',llX,'6NAOE',09X.'GRADEf,IOX, 
.'METALIL.S,·.ObX,·VALUEIS""" 

0014 I-C.N 
6NADEII'-GRADECI,-lOO.OO 
CCGRAOe.'·CC6RADC.'-.OO.DO 
PRI~Tll'II'PROOCI'.6RAOECI'.CC6AADCI,."ETALCI'. HEVENUel'.I_I.N, 
FONM.TIIIA.12.0~ •• FI6.S.2IFI6.5,·." .2fI6.5", 
PAINT 45.TONS,TTONS 
fOHNATe"".leA.'PRI"AR' OAE PRODUCTION •• fll.I"TONS""'.O •• 

··TOTAL ONE PRODUCTION'.'IZ.I,'TONSI, 
RETuRN 
ENO 

• It 
PAGE 00.3 

• .. 
• • • , 
e 
• • • • • .' ,. 
• • • .i , I .1 

1 

~ -I I 
.j 
.'l .' , l 
tl, 
el ,,! 
.1 
.! .! 
,,: 
.j 
1-\1 

-I t-
e j 

to:: I 
.1 
f:\ j .; 
,:. l 



~ t~ 

I .... _ .... ;16 

'ORTRAN IV • LEVEL 21 ROULT OATE - 17.53 14'5"17 PA .... 1 

"'1 SUBROUTINE AOYALTCGHOPRO,MININV,PAOINY,£aPLOR,SOCINV,PMEPAO,N,C,S. , 
.~ -TOTROYt ;· .. oe AEAL-. "51NYe501, PHOINY'501."INI~V'50 •• RC50I,5,DEPRECCSOI, 

·f 
•• r 

-6AoPAoe5~I.TPRO'.TP"OaA,TBA5AD.T'NCHO, OLDROY,SU"ROY, 
-DI5_0'CSO),8A5ROYC50I'INCROYCIO,.~ALLOWC.OI,ROYPAO'50"TOTAOY.IO., 

• PRO~ASIIOI,TOTINYIIOI,TOTUB'~OI'"INU.CI'.'E.PLORI50I, 
.CMPROCISO.,SOC1NYI~D.,PAE'RO(SD,.'RDFITC50,.DII,.D.NlTPRO.DIUMI , 

1103 INTEGER C,",P.O ••• I • LET.SET.STOP .... "-I , .111 LET-O 
0006 P-, .. " Q-.O 

I 00 •• SET-O .... I-I 
'011 R'"-'.DO , .. U DEfOAlCCII-O.DO 
0012 PALLOW C IJ -0 .00 
OGl3 AOY',.O c U -0.00 

~ 1114 T01 .. 0YII'-0,0' 
.015 INeROYI"-O.OO 
1016 8ASltOY n, -0 .0' 

ft •• n OISROYClI-O.OO 
Ooal PA08ASln-0.ODO 
Oil. PROFIT ell-'.DO • .02. IUN·,,_I 
1021 MSINvel'-MININVCI.·PAEPROCII.EIPLORCII.IOCINVCII tl, 1022 TOlIN'II'- MSINvell'PROINYCI' 

" .023 'O'U~CII-TOTINVCII 
102. ~INU"ell- "SINyell ~ II 1025 CMPAOCIII-PROINVII' ..0 
.026 N-C-l I • 1027 DO .001 1-2." ") 0021 PROFIT( U -0.00 • •• Z, INCAOYCU-O.OO 
.Oll ,,"S"OYIII-O.OO t\1 
0031 OISROYe 11-0.00 • 0032 TO,,.OYIII-O.OO 
0'33 "OYP .. OIII-O.OO .~~ 
0034 PAU,OW IU-" DO • .035 DEPRECIII-O.DO 
.036 MU .-0.00 til 
0031 NSINV III-MININvel"PR£PAOCI'.EIPLORII,.SOCINVCI' • 0031 TOTIN'III- "5INvell'PROINVII. 
.039 TOTUBCII-TOTUBCI-I"TOTINVCI' r: ' .... MINUBCI'-MINUBCI-I"MSINVCI, • 00 •• CMPhoeCII-CMPROCCI-I.·'''OINVCI. 
0042 91.1 PROB"SCII-O.IIOD-MINUBCI-I. l··' 
0043 DO 9002 I-C,N • .0 •• 9 •• 2 RCI)-0.200 
1045 0.0.01100 
004' OLDROY-I.OD·12 
004' 5TOP--I • 00.1 II· .. -C.l 
0049 9003 CONTINUE 
0050 IFCSTOP.~£.-II&O TO 900. • .051 DO 9005 I-C.N 
005Z PROFITCII-GROPROCI'-EaPLORclt • 0013 IFCPROFITCI).LT.O.OOIPROfITCII ••• DO 
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fORTRAN IV 6 LEVEL 21 ROULT DATE - 77053 
aOS4 
OOS5 

. aaS6 
""0051 

0051 
0059 
0060 
0061· 
0062 
0063 
006~ 

0065 
a066 
0061 
0068 
0069 
1010 
0011 
0012 
0013 
0074 
1015 
0116 
to.,., 
0071 
0019 
0060 
.081 
0082 
'083 
0084 
0085 
0086 
0087 
1081 
0089 
0090 
0091 
0392 
0093 
to94 
1095 
0~96 

a091 
01i98' 
1199 
0101 
0111 
0102 
0103 
0104 
oal5 
0106 
oa07 
0101 
0109 
0110 
0111 

9041 

9006 

9007 

9008 

9225 

9010 

9011 

9009 

9013 

9012 

9005 

911. 

9015 

9011 

MSI~VCI'-MiNINVlI'+SOCINvrl' 
TOTINV,I,= HSINVlI'+PAOIhVCl, 
TOTU8'J,aTOTUBCI-l'.TOTINVCI, 
MIN~BrJ'a"lNUBCl-l'+MSlNvrl' 
CMP~OC'IJ.CMPAOCCI-l'.PAO'NVCI' 
IfCAClt.LT.O.IOO'GO TO 9041 
DEPRECII'-ACI'-TOTU8CI, 
'F'OEPNECCI'-PROfJTCI"9006.90.1.9~41 
DEPA[CCI'·PROfITCIJ 
RCI'.DEPAECCI'/TOTUHCIJ 
NETPRO.PAOF IT, I' -Dt-PAEe C I " 
PALLO.CI'.CMPAOCCI,eO.OIOO 
If'~ETPMO.LE.Z.DoepALLOWCI"60 TO 9007 
ROYPHO".-NETPRO-PALLOWCI, 
60 TO 9008 . 
ROYPROCJ.-NETPRO/2.UO 
PALLOMCI.-ROYPROCI' 
PA08ASCI,-o.a8DoeMINUB'I-I' 
IfCI.6T.C.AND.CI.I-C'/lel.EQ.CI.I-C"&0 TO 9225 
60 TO '1009 
TPROF-ROTPROCI.+AOYPROCI-I'+AOTPAOCI-Z, 
TPROBA-PNOBASCI.+PAOBASCI-I,_PAOBASCI_Z' 
IfCTPAOF.6T.TPA08A'GO TO 9010 
T8ASRO-0.ISDoeTPROf 
TJNCRO-O.DD 
GO TO 9011 
T8ASAO.O.IsooeTPAOaA 
TINCAOaO.lSDoeCTPAOf-TPAOBA' 
BASAOYCI'-TBASRO-BASNOYCI-I'-BASROYCI-2' 
'NCAOTC"-TINCAO-INCROYCI-l'-INC~OYCI-Z' 
60 TO 9012 
CONTINUE 
.FCAOYPROCJ,.GT.PROBASC •• 'GO TO 9013 
8ASAOYI"-0.1500-ROYPAOC" 
INCAOYII'-O.DO 
60 TO 9012 
BASAOYII'·D.1500epRO~ASC" 
I~CAOYC"-O.35DO·CROYPAOC"-PROBASCI" 
TOTAOYCI'-8ASAOYCI'-INCROYCI' 
DISROYCI'.TOTROYCI,eCDEXPCS'-I.OOO./lseOEXPCS_I.' 
NIMUBCIJ-NINUBCI'-CMINU8CI'/TOTuaCI,eDEPAECCI" 
TOTU8CI,.TOTuaCI,-DEPRECII' 
CONTINUE 
SUMitOTcD.OO 
00 901_ ",.ttN 
SUMAOY.SUMROY-DISROYC.I' 
IFCSUMAOY.6T.0.00'GO TO 9015 
STOP._. 
&0 TO 9016 
CONTINUE 
IFCLET.NE.0'60 TO 90a1 
IfCOLDROY-SUNAOY.LE.O.DO'&O TO 90le 
ULDAOY-SUMROY 
L-' 
GO TO 9019 
CONTINUE 
IFCSET.NE.IJGO TO 9019 
Aun-Ron-D 
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'OMT.AN IV • LEVEL 21 ROYALT 
DATI. '"'' '.'59/11 

0112 
01,13 

" 0114 
>"'0115 

0116 
OIU 
Oil, 
0119 
012. 
0121 
01ZZ 
012) 
OIZ. 
0125 
0126 
0121 
O.ze 
0129 
OUO 
.UI 
OU2 
0133 
OU. 
OU5 
0136 
0137 
• ua 
0139 
•••• 01.1 
1142 
0&43 
014. ".5 
01.6 
0161 
014a 
01.9 
0150 
0&5. 
0.52 
1153 
015. 
01~S 
0156 
015' 

015B 

0.59 
0160 
0161 

t019 "aK.l 
L-L-I 
SEhO 
IFIL.LT.N'&O TO 9010 
Ln-a 
GO TO 90U, 

9.2. CONTINUE 
IFCCAC"'-D.LT ••• IDO.0A.RCK'-D.GT ••• 200J.AND.K.LE.N'1O TO 9222 
GO TO 9011 

9222 LaL-a 
"aKel 
&0 TO 902. 

9021 CONTINUE 
IFIK.LE~N'IO TO 9012 
KaC 

tlI2 CONTINUE 
IFIRCK'~D.G[.0.aD •• AND.R'K'-0.LE.'.2DO.AND.IR'K'-D'.CTOTUIIK-I,. 

.TOTINVCK'J.LE.PRD~ITCKJJ'O TO 9223 
60 TO 9116 

9123 AIK,aACK'-O 
SEha 
60 TO 9016 

.017 CONUNUE 
IFcp.eE.QJ&O TO 9023 
pap-a 
IFCP/Z-Z.NE.P',O TO 9'Z • 
Da-D/2.DO 
60 TO 9025 

902. Da-O 
.oa LElaO 

Ka C-l 
OLDAoha.OD.12 
DSUNa-o.o. 
DO 11000 ,,-C.N 

a... D~UMl-PSU"I.ACJJ 
JSU~laOSU"1·1000000.00 
ISU~2-11-•• 200-IOOOOOO.DO 
rFCISU~1.EQ.ISU"2.ANO.P.EQ.5'STCJPal 
GO TO 9016 

9023 5TOP .. & 
9016 CONTINUE 

60 TO 9003 
• ... COIilf!NUE 

AnUrtN 
ENTAY PANAOY 
PAIIIIT9030 

9030 FONMAT.·l·.S •••• AOYALTY "INI"IZAT.ON •• I •• _ •• 54.,ZOC'_"'" 
··-·.9.,'PROFIT ••• OA,'ANNUAL·, aX"PMOCESSING •• 1X,'HOYALTY',,9 .. , 
-'PNOFIT"l~"8ASIC"8""INCREMENTAL" •• "TO'AL"" 
-6., 'AFTEA EXPLOA •• 4."DEPREC.ATION".""ALLOWANCE',O'."PAOfIT" 
- •• "&ASE Ca8~J"~X"ROYALTY"9A"HUYALTY"08."ROYALT""I' . 

PAINT9011.CI.PAOFITCI,.DEPAECCI',PALLOWCI"AOYPROCI,.PM08ASCI', 
eaASROYCII,INCROYCI',TOTRO'CI"I_I,N, 

9031 fIJRMlTCClX,12.aX,.C'16.5J'/' 
PAIIiIT9Ol~ 

9032 FONMATC·1·.,11.9 •• 'YEARLY','A"MININ& lND'.6X.'CUMULATIVE'.IIX. 
e'ANNUAL'.07A"lNNUAL',IOA,·TOTAL',9",'MININ6',10X"DISCOUNTED·,I, 
e. ·,.A"TOTAL INVEST',2A.'SEAVIC£ INVE~T',aA.'PAOC£SS INVEST',5A, 

'AlE .. " 
, , 
:1 

1 

1 

'1 ,i ,i 
~ , , 

l! • , 
,. 
! , 
~ , 
• 
• 
e; 

• 
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~ORTR.N IV 8 LEVEL 21 ROULT DATE • 17053 1'''59111 

.r 

'" 0162 :t.;; . 

0163 
016~ 
0165 

··DEPREC RATEt,lX,tDEPRECIATIONt,2X"UNOEPREC BALANCE" 
-lX"UNDEPNEC BALANCE',.X"ROYALTY"'" 
PRINT9033.CJ.TOTINV(I'. "SINV(I'.C~PROC(I,.RCI,.DEPREC(I,.TOTU8(r' 
-.MJ~BCJ,.DJSROYCI'.I.I.N' 

9033 'O~MAT«1~.r2.1X.3"16.5,.'16.12'.'F16.5"" 
AETUHN 
END 

PAlE 0004 
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FOATAAN IV G LEVEL 21 INC'" DATE a 17234 11/24/05 
000. 

0002 

0003 
• 00. 
0005 
0006 
0007 
0001 
0009 
0010 
1011 
0.12 
001l 
10 •• 
0015 
1016 
IOU 
OOUI 
0019 
0020 
0021 
0022 
oon 
OOl. 
0025 
0016 
OOlf 
002. 
'019 
OOlO 
·on. 
0012 
IOn 
'034 
.035 
0016 
OOll 
0031 
0019 
10.0 
00 •• 
00.2 
10.3 
00 •• 
0045 
"46 
004' 
0 .... 
00.9 
0050 
0051 

nil 

.... 

II •• 

SUHROUTI~E l"CTAX(GHOPAO.~I~INV.PHUI~V.~.PLOA.SOCI"V.PAEPAO.BOMCAP 
e.N.c.S'TA~.INTRST.PHIN •• O~CAP.C.PTAA.OE~.I'.SM.SCJ 

kEAl·S GAOPAOC~u,.£.PLOAC50',.OAC.~C~O,.PAfPAOC50,.ROACAPC50'. 
eO~GINYC~DJ.fl.U~'~O,.PREURC50'.Ot~lUd'50'.C.PU8C50"1NTASTCSOJ. 
·nNGU"C50'.R.LLO.cso,.Tap~OFc50"TAat~o,.PRINC50"S".SC.sv. 
eDE~.NCCAC~O,.ACC.CSOJ.DEPLAl'SO)'ACC.ORCSO). PAOfl.EXP.TTPRDf.S. 
eOldS.PAE.LOCSO,.TAAC.AC50'.EUUITYCSO"CAPT.lCSO,.T&ROPACSOJ • 
• FJaCAPCSO •• PAECAPCSO,. C".PLR'50,.l~CAP'50 •• lPLDEO'50 • ., 
.".NINVC50,.PAOIHVC~OJ.SOCINVC50,.fl.INVCSO' 

INT£6ER C.O . 
O·C-I 
00 1100 l.leD 
TUcr,·o.oo 
UPAClfCIJaO.OO 
".LLOWCI.·O.OO 
ON6INYCHaO.OO 
PRE.LO C It aO .00 
'GMOPRCI,aO.OO 
aPLO£DCI '.0.00 
O[PULC".O.dO 
.CC. CI'.O .00 
Ncea cu-o.OO 
UN6UA C., .0.00 
PRJ"C .. -0.00 
IHUST C U aO.DO 
FllINVCI'.MININVCI •• PAOINVCI,.SOCINVC •• 
RONC.PCI'-Cf.aINVCI,. PAEPROCIJ •• ORCAPCI •• EXPLORCI ••• OEA 
J-I 
C.PUN CI'.BnAC.PCJ'.CI.OO.S. 
'1ICAPCI'·'llINVCI,eO[AeCI.OO.S. 
PAfC.PCI'·PAEPHOCI'·OER· ••• OO.s. 
.PLC.PCI'.E.PlO~CI'·DEH·CI.OO.S • 
'laU" CI'.fl.IN_CI.eC •• OO.OEMeS, 
PAEUR CI'.PAEPROCI,eCl.OO.OEReS. 
CMlPlR'I,aEXPlORCI'-C •• O~.OEAes, 
OEPLU8CII.CFllINVCI'.PREPROCI'.EAPLORCI."~.00 
.CC-OACII.WOkCAPCII 
EQUITYCI •• C •• OOO-OEMJ·.'IlINVCI'.PREPROCIJ.ElPLORCI" 
CA~1 •• II.-O.OOluoeCCAPU8CI •• EQUIT'II'.ACC.OACI'J 
' •• CAACI,a-CAPTA •• IJ 
00 100. I.Z.O 
C.PU8 CI.-CRORC.PCIJ.CAPU8 CI-.".Cl.OO.S. 
FIACAPCI'-'llINVCI'-OEA-C •• OO.SJ.'IACIPCI-.'·CI.OO.SJ 
PkECAPCI'.PREPROCI,eOE~.C •• OO.~J.PRECAPCI-I'_C •• OO.S' 
APLCAPIIJaEAPLORCIJ·OEHeCI.OO.S •• XPLCAPCI-I.eCI.DO.S' 
fllUH CIJ·'IXINVCI.eCI.OO.OEAeS •• 'IACAPCI-I'.S.fIXU8 CI-I. 
PREUR CIJ.PAEPROCI.·Cl.DO.OEReSJ.PHECAPCI-1.-S.PREU8 CI-I' 
CMAPlRCJ'.ElPLOACI'·C •• OO.OE"-s).APLC.~CI-I,.s.CMXPLRC1_.' 
ACC_OACI'·ACC~ORCI-IJ._ORC.PCIJ 
EQUITYCI'·EQUITYCI-.,. C •• IOO-OEH'-CfllINYCI'.PAEPROCI •• EXPLOACI •• 
CAP1AX'I •• 0.00200.CCAPU8CI'.EGUI"CI'.ACC_OACI.' 
T •• CARIIJ--CA'T •• CI. . 
OEPLUB'IJ-'FllINV'I'.PREPAOCIJ.E.PL~'I'.'~.OO.DEPLU8CI-II 
C.LL OEBTCN.C.s.CAPUB.IN'As,.PRIN.IY' 
DO 100. I.C.N 
ACeACU-O.OO 
NCe.CI)-o.OO 
lPLOEO II' -0 .00 

PAGE 0001 
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C05~ 
Q()S3 
005'
!lOSS 
oos~ 

0057 
GC,!'8 
00!)9. 
0060 
0061 
0062 
0063 
0064 
0065 
0066 
0067 
o ':.HI 
DO!>'> 
OCi70 
0071 
Oil72 
007~ 
0074 
0075 
()07b 
0077 
0078 
0679 
ooao 
001\1 
OOb~ 
0083 
0064 
ooas 
flcab 
O\l!'7 
o or.. a 
OOt!9 
0090 
0691 
1)092 
8\)93 
0094 
0095 
0096 
00'77 
0098 
009~ 

0100 
0101 
0102 
0103 
0104 
0105 
0106 
0107 
0108 
0109 

r.E:~LAi.. (: J;O .00 
TAXCt.~ I 1';0 .N! 
P;>fAt.OIJI=O.[lG 
PALLO"'II=O.DO 
C~~i~V'II=~ININV'II.~RO!NV'II.SOCINV(ll 
O~GUb(ll=ONGUB'J-IJ·ONGI~v(IJ 
PREUS(II=PREu~II-11.PREP~OCIJ 
F1XI~VIII=~.OO . 
F!Xv&(JI;FIXuBC!-lJ-FIXINVCII 
OEPLUaCJI=DEPLU~(1-11.EA?LORcll/j.OO 
CMX?LRC!)=CMX?LA(I-').ElPLO~'II 
.CC.ORCI);.cc.o"iI-'J·WO~CAPCJ) 
IF(I.EQ.N.ANO.ACC_O~(II.NE.O.DOIACC~O~CIJaO.DQ 
EOUITYCII=E~UITY'OI-'I-OI-EOUITYCDI/CN-C-II-0NGu~CII 
IF(l.EO.NJEQUITY(II=O.u~ 
CA~lAX'II=0.0020~·,cAPUalII·EQuITYCIJ·ACC.ORCIJ' 
Tr.wOPPCII=GROPHO'II-CA~TAXIII 
!FII.NE.N'60 TO lOb~ 
sv;sw.sc-F!xua(~J-ONGU~CN' 
IFCSV.LE.O.OOIGO TO lObI 
TS~OPRcNI=TGP.OP~INI·SV 

ONGUB't.I';O.DG 
FIXlJBCNJ=O.OO 
GO TO lObO 

10"1 5'1=0.00 
1 ObC COr~T l·JUE 

f>~orl;TGROPR(I) 

IFIT6ROPkCI).LT.0.OOJTGRCP~(I'=0.00 
JFIPROFl.GT~O.DOIGO TO 1224 
PAOFl=PROF1-INTRS1CI' 
100 TO 1002 

1224 PR£ALO(IJ=0.3DO-PREu~CI) 
~XP=(INTRSTIII.PREALOCI'·CMXPLR(I))/0.75DO 

IF(EXP.LT.f>ROF1'GO TO 1003 
~ALLOW(I)=O.25DU·PROfl 
P~OF1=?AOFI-RALLO.III-INTRSTCI) 
IFCPP.Ofl.GT.O.DOIGO TO 1225 
PREAlocn=O.DO 
XPLDEDC 11=0.00 
60 TO 1002 

1225 CONTINUE 
IFCPROF1.GT.CMAPLRCI)'GO TO 1051 
CNXPLRCI)=CMXPL~CI)-PROFI 
XPLOEOCII=PROFl 
PROF1=O.OO 
PREALOCH=O.OO 
GO TO 1002 

10S1 PROFl~PROFl-CNXPLAII' 
XPLOEDIII=CHXPLRCII 
CNXPLRII)=O.OO 
PREUBII'=PREUBII,-PROFI 
PRE AL 0 C1 , =PROFl 
PROFl=O.CO 
GO TO 1002 

1003 PROF1=PHOFI-EXP 
NCC.C!'=0.300-0NGUdC!, 
IFtPROFl.GT.NCCACliJGO TO 100l 
ONGUBCI'=ONGUBII'-PROF. 

11/50/03 Pt.GE 0002 
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0110 
0111 
01 !~ 
0113 
(lll~ 
0115 
U16 
OIlT 
011~ 
0119 
Oln 
0121 
0)22 
6123 
r.1Z~ 

0125 
0126 
0127 
Olza 
01Z9 
0130 
C131 
l)13l 
0133 
Cll4 
0135 
0136 
0137 
O!38 
0119 
0l~0 

0141 
0142 
01~3 
0144 
0145 
0146 
0141 
0148 
0149 
'0150 
0151 
015l 
0153 
0154 
0155 
0156 
0157 
0158 
0159 
OJ60 
0161 
0162 
0163 
0164 
C165 
01~6 

0161 

NCC'CI)cPROFl 
PRCn =0. L:C 
GO TO 100~ 

1008 PRO;~cPROF1-~CC£Cl' 
O~GU~(I)cO~SUBCl)-NCCAC!' 

1009 CONTIN~£ 
'F(p~orl.GT.FIXUB'I')GO TO !Ol~ 
FI.u~cI'.FIXU8CJ'-PkOFI 
ACC~CIJcPROFI . 
PR(iFl=O.OO 
GO TO 1011 

1010 PADF1=PROFI-FIAUBCI, 
.CC"CI,eFtXUBCI' 
FIlC.J~ f! ~'=O.DO 

lOll ~ROF1=pwOFl.EXP 

R~LlO.CI'.0.l5DO·PHOFl 
PROFl.PROFI-RAllO.CI'-INT"STII)-P~EALOCI'-CNAPLAII' 
lCPLDED'I,aCNlCPLR'I' 
CI4A~lRCI'=O.OO 
PREUBCI,aPREU&CI,-PR£ALo,r, 
rr'~EPlUb'I'.lE.O.OO.OA.PAOFl.lE.O.DO'GO TO 1002 
DE~LAL'r,aO.Z~oo·p~Ofl 
IFIDEPlaL'I'.GE.O[PL~B(I"GO TO 1006 
OEPLUBCIJaD£PLUdIIJ-OEPLALCI' 
GO To 1-067 

1006 CEP~aLC"=OEPLUS'J' 
DEPLuaCU=O.DO 

1007 PROFl=PPOFI-DEPLAlII, 
1002 TAP~Cr(I'3PAOFl 

JFITAPAOF'I'.LT.O.DO.ANO.TAPRDFCI-l'.GT.O.OO'GO TO 1223 
GO TO 1012 

1223 TTP~OFa'APAOF'I'.TAPROFCI-I' 
tF(TTPROF.LE.O.OO)GO TO 1013 
TAXlr-l,cO.5IDO-TTPHOF 
TAPROFlt-I,-TTPHOF 
UPqOF CI' cO.OO 
GO TO 1012 

1013 TAXlr-l,aO.DO 
TAPROF'J-l,aO.DO 
TAPROFCI)aTTPAOF 

1012 CONTINUE 
JFITAPRorCI'.LT.O.OO'GO TO 10lS 
P~OFlaTAPAOFII' 
Lal-S 
rFIL.LE.U'Lal 

ll29 CONTINUE 
IFCL.G:.I'GO '0 122~ 
IFCTAAcaA'L'.LT.O.DO'GO TO ll30 
LaL·l 
GO TO 1229 

Il30 CONTINUE 
rFCPROF1.LT.OASSCTAXCAACL"'GO TO 1231 
PROF1=P~OFI.TAXCARIL' 
TUCAA'l'=O.DO 
L=L·l 
GO TO 1229 

IZ31 TAXCAACL,aTAXCARIL'.PROFI 
PRonaO.Do 

·A 
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FCRTRAN IV G LEYEL 21 INCT All DATt: = 78023 11/5(,/03 

iilea 
ClH:Q 
(l17Q 
·n 11 
,)112 
0113, 
o 11 A. 

0175 
O17~ 

0177 
0178 
Oli9 

(;1&0 
oH'o1 
DIal! 
0183 

0184 

0185 
0186 
0181 

0188 

0189 
0190 
0191 

lZ26 

1015 

1001 

202 

203 

ZOA. 

1024 

TAP~OFCJI=PROFI 
TAX'I)=U.5!DOOTAP~Of'II 
GO TO 1001 
TA~III=O.OO 

TAAC~~'!)=TAPROf(II 
CO~T!NU~ 

PETuAt.: 
tNT~Y P~NT~~ 
PRJ~T 202 
fO~~ATI'1.,'11'41A"CAPITAL TAX CALCULATION"""',46X,Z3,'_'" 
PkI~1203 

FO~~.TIIII,25X"UNAMORTIZEO',12X"lQUITY'.12X"ACCU~ULATEO',llX, 
.'CA~!TAl •• ,.2hX"DtbT •• 16X"CAPtTA~'.09X".OR~ING CAPITAL·.IIX. 
··TAX·) 
PRl~T204,(1.CAPUb(I),~UUITY(I)'ACC~O"'I).CAPTAXIII'I=1,~! 
FOk~ATCI .SX.IZ.10X.4F20.Si . 
PRI~r1024 
FO~~ATI'1'o53X"INCO~E TAX CALCULATION·'I.···.53X.Z21·_·,.I. 

•• -,.5X"GAOSS PROFIT'oG6X"ACCELE~ATED',~X"hOR"Al',',9X"AFTER', 
• 9X"CAPITAL COSTr,4Xo'CA?IT~L COSTo.6X,oRESOURCE'. 
-SXoIINTE~EST ON.,6X,·EXPlO~ATIO~·.3A'·PREP~OC-DEYELOP •• 4A' .. 
• 'OfP~£!ION,.I,6X"CAPITAL TAX'. lX'·ALLO~ANCE·.lX.·ALLO~ANCE" 
.lX"AlLO~ANCE"4K"LONG TERM OERT·,5~,'DEuuCTION·.1K, 
-'ALLO_A~CE" lX,'ALLOwANCE·.II) 
PRINT1025.'I.TGHO?~'II.ACCA(!I,NCC~'I).~ALLO~'11.INT"STIl), 
.X~LOEO(IJ'PRlALO'I,.OEPL~L'I)'I=l'N' 

1025 fOR~~T'IIX,I2.1A.8(f16.5JJ/I 
PRI~TI026 

1026 FOR~.T"l •• 111.4X"T~XAdLE PROFIT'o7x.·INCOME·.7X,·U~DEP-BALANCE'. 
.4X"UNOEP-eALANCE •• 4X"~NA"ORTIZEO •• 4X"CUMUlATIVE',5X • 
• 'UNOEP-BAlANCE',4X"UNDEP-BALAhC£ •• 1.3X"(AFTER PRIOR LOSSES)·.4X • 
• 'rAX',O~X"ACCE~-CCA',8X"NOHMAL CCA'.9l, 'DEaT', 
-8l.'EXPLORATION" 4X,IPHEFRO-DEVELOPI,4X,'DEPLETtOH',II, 
PRINTI021,(I,TAPROF(1),TAXiI),FIAU~'It,O~GUB'I),CAPU8'It.C 

.MXPlRCIJ,PREUaCII.DEPLUBIII.l=l,NI 
1027 fOK~AT"lX.I2.1X.8(F16.5))/1 

AETU~N 

END 

PAGE OOO~ 

.~ 



. 
FORTRAN IV • LEVEL ZI DEBT DATE - 17053 

0001 
OOO~ 

.. 0003 
:r .. 000. 

ODDS 
0001! 
OOOl 
0001 
0009 
oliO 
0011 
0012 
OOU 
001. 
0015 
0 .. 6 
Ion 
lOll 
OOlt 
0021 
1021 
1022 

II 

13 

SU8~OUTINE DE8TIN.C.S.CAPUI.INTRST.PRIN.I" 
REAL.I S.DETREP.INTRSTI5~,.CAPU'ISO,.PRIN'SO' 
INTE6ER C .U.V 
U-N-IY-C.l 
.FIU.6f.ZO".ZO 
IFCU.GE.15.AND.U.LT.20"-IS 
I'CU.6E.10.AND.U.LT.15,,-lO 
IF IU.U .10 tv-u .-e 
OETMEP-eAPUICI-I'·IS-CI.DO,S'··"'II •• D"S'··V-I, 
L-C.'-I 
DO 02 i-e.L. 
l~lASlII,-s·eAPUIII-I' 
PAI~II'-DETAEP-INTMSTII' 
CAPU8CI'-CAPUIII-l'-PRINII' 
L.L-L.l 
00 03 I-L.L.N 
INlRS' II' -0.00 
PRINU'-O.DO 
CA .. u8cr'-0.D. 
RET""N 
ENG 

1""9IIY 'A.E 1t01 

, 
• 
• 
• 
• 
• 
• 
• 
• 
• 

~ • 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 



fOHTRAN IV 6 LfVEL 21 IRR oATt • nOll3 Ift/OUO. 
0001 
0002 

0003 
000. 
OOO~ 

OUO," 
0001 
ouo. 
0009 
0010 
0011 
OOIZ 
0011 
0014 
Ou15 
0016 
0011 
00111 
Ou19 
ooZO 
OOll 
OOll 
OOZl 
00Z4 
OO~5 
0016 
01127 
OOZ. 
00Z9 
0030 
0031 
0032 
0031 
0014 
ons 
0116 
0031 
0018 
0039 
00.0 
00.1 
OO.Z 
00.3 
00 .. 
01145 
00.6 
0047 
Ou •• 
0049 
0050 
0051 

SU~MOUTI~E IRRICASfLOeReNeICe'Y, 
~£Al·~ CAS'LOIS.50'.OISS'IOl'.AC~'.6'1.~-0~'.".B.OISSU".O.8S.ot_P. 

·A I.UfLUA'.f" 
00 lO I(=I.IC 
R II" -1.D-Oi 
OISSU"'-I.OOO 
OI~S U, -O.OOC! 
00 10 '=1.", 
A!-OFLUA" It 
JfCI.EU.NJAlaDFLOATCI-11.'Y 

10 O!SS,1,aOI5S I1'.CA5'LOCKell.COElPCRCK •• -l.UO'/CRCKJ.OEAPCRCK'.AI" 
WI"'.O.OIOOOOOIOO 
00 I ... -Z.101 
0155'..1'-0.000 
00 11 J-l.~ 
.I-O'LO"T, •• 
IF'I.EG.N.AlaOFLOATII-I'.FY 

II 0.s5e .... O.sS, ... '.C.SfLO'K.I'.'OE~Pl"'K.'-1.00./IRIK •• OEAPIRC"'.A!,, 
IF'OIS51..1-I'.GT.O.OO.ANO.OISS' ... '.Lt.O.00,GO TO IS 
IFCOI5SC ... -l •• lT.0.oO.ANo.OIS51 ... '.UE.0.00'6U TO I~ 
",,,,aMeK,-o.oIOO 

I. CON"NUE 
l'IOISseI01 •• lE.0.00'60 TO 12 
IFIOI551101 •• 6T.0.00.60 TO 13 

IS CONf fNUE 
H-W'K' 
"'"'"(10-0.0100 
GO TO O. 

16 CONTINUE 
.-RC", 
e-wIR'-O.OloO 

O. CONTINUE 
IFIOA8S'A-8. .lE.6J60 TO 02 
A("'.I.-8'/Z.00 
OISSUN_O.OOO 
DO 01 I-leN 
A I-OFlOA Tc II 
IFII.EG.N'AI-OFLOATCI-1J.FY 

01 OISSUN -OISSUN -C'SFLOIK.I •• 'OE.PIRIK.J-I.~OJ/CRCKJ.OEAPCRCKJ.AIJJ 
I'CDISSUM'OS.02.06 . 

OS 8-MI"J 
60 TO 04 

06 •• MCtO 
GO TO 04 

IZ "CK'-O.OO 
60 TO 02 

13 "'1('-1.00 
02 CONTINUE 

AI"J.RIK'·100.DO 
20 CONTINUE 

RETURN 
END 

PACiE 0001 • 
• 
• 
e 

• 
• 
• 
(J 

~'I 

Q 
I. 

~ 'i 

• 
fI 

41 

• 
~ 

• 

1 



'OATRAN Iv & LEVEL 21 ANALVS DATl - noesl .~1071O' .... 
'.I~ 

,.U 
'.1. 
•• 05 
.0.6 
0007 
000. 
'UO. 

0011 
,ull 
.012 
IOU 
'U.4 
01»15 
011.6 
0017 
lOll 
IU. 
IU20 
OOll 
0022 
1023 
002. 
OU2S 
OUZ6 
OU27 
OuZ' 
Ion 
0030 
1031 
OOll 
OOll 
OUJ4 
0035 
003eo 
OOJ7 
OUle 
0019 
0040 
00 •• 
0042 
00.3 
10 •• 
1045 
0046 
IIU 
00 •• 
0049 
OOSO 

SUbMUUTINE ANALVSCVALUE.Sll .COST.H,.Ml •• ~RCAP,£APLOM.PMEPMO, 
.MIHIHV.PNOIHV.SOCIHV.6W.OF.N.C.D.S.OEN.I~~~.UP'k.IY.T.~~.S~.SC.TLI 
N~.L·~ VALut.VALC~OI.OH' ~llC~O'.~U~l""'~~Cl.~O' •• U"'AP'~I/" 

·tAPLOA'SQ •• PAfPHO'~U •• "ININV'51'.P~UIHVC~U'.SOCINV'~O'.6~.bE'~O" 
·"A'Af.C.l.l.SO •• D'TA,ll,l •• l.YAAN.AA.OEAP. ACVC~O'.TO'ROYC~o, • 
• r.POP~OC~O,.TAXCSO,.INTASTc50 •• P.INC~U,.CAP'A.C501.dOACAPI50,.lN. 
·OE~.S.C.SFLO'S.~OI'Z50·0.00,.TOTIHVI~OI.,. PTIIOOO"IOOO.O.uo, • 
• fJPTN.PCTC~A.PCTDEV.DtV/-O.O~UO/.H'~"~.O.UO/.SM.SC.Al."~.TL. 
·Ae~o,.AAes.,.B/O •• DI/,8./0.'OOI 

INIEttEN C.D.ASTER/I.".IO/I, 
"fAD '9'.~5 .9. FON~ATCI •• I.' 
P£AD~00.CIOATAII'~'.~_1,2,.I_ •• II' 

50. 'ON.ATe2flO,5. 
PRINT501.N5'IIOATAII.~,.~_1.2'.I_I.II' 

SOl fOP~Atl'I·.'II.'0."VARIA8ILI'Y OA" •• I ••••• 39 •••• I._ ••• ,I ••••• I •• 
·,'.C~~ •• ~C~IO.~.lA".,I' 
5-5,101.0' 
00 •• 0 I-C.N 

••• 6RADEII'-SRAD£II".IO,DO 
CALL ICLOCK,II.ll.ll, 
IS -IA6SC"00CI3.100" 
1,,15/Z-2.E8.15'IS-15 •• 
HRAH_. 
~O eooo 1-1.0 
MA'.IA,I.3.1,_O,oO 
MA'Mlacz.l.I'_I,OO 
MATRIAI~.l.I'_O,DO 
MAT~IA("l.I'-O.OO 
MAT~laC5,l.I'-EAPLONCI' 
MA'AI.'6.1.I'-PNEPAOCI. 
MATMllI7.1.1'-MININVCI. 
MATRll'8,3.I'_PROIHV,I, 
MAT"I.C9.3.I'-SOCINVCI' 
MATAIACIO.~.I'.O,OO 

600 MA1AII,11.3.1._O,DO 
00 '01 J-C,~ 
"ATNIAII.3.1'-GRADE CI. 
Mcvel.-AI/GRAOE'I'·'RZ-GRADfCI"·U~.PCuRAUEII" 
MA'AII,2.3.I,akCVCI, 
MATAIIC3.3.1'-VALUE 
MATAI.c •• l.I'_Sll II' 
MATAIlCS.l.I'-EAPLOM,I, 
MATAllC6.3.I'.PREPAOCI, 
MAtNIIC7.3.I'-MININVCI. 
MATNJ.C8.3.1'.PNOINVII' 
MAT~IACV.l'I'-SOCINVCI' 
MATRJICI0.3.I'_COSTc6' 
MATAllell.l.I'-C05TI7, 
cosel.I,-cosTe6' . 
COSC~.I •• COSTc7' 
ACI'-~ATNI., •• l.I'·CMATRIIC.0.l.I'_8' 

601 AAII'-"AT~IXC'.3.I'.IMAT~IICI1.3.1'-M.' 
IF'ISEN-l'2511.3000.Z5IZ 

2512 CONTINU£ 
DO 3998 ~-1.3 
PRINT 3999.~ 

3999 FOAMATC •• 1 .,11.51X"S£NSITIVITY ANALYSIS ••• 12., ••••• 50 •• 201._.'. 

PAGE 0101 .. 
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HTRAN IV 8 LEVEL 21 ANALYS DATE - 77052 14102102 

0051 
OSZ 

0053 
005. 4Z01 
0055 
0056 
0057 4001 
005. 
1059 
006. 41 .. 
0061 
OU6Z 4.0Z 
0063 
0064 4012 
0065 
0066 4001 
0.6., 
006. 4"4 
0069 
OOYI 
.. n 
.. .,2 4106 
10.,:1 
on4 4005 
OOYS 
OOY6 4101 
oon 
8011 4006 
10.,. .... 411Z 
OOU 
OOIZ .007 
0013 
1014 411l 
0015 
00.6 400. 
1D17 
Ofl8. .104 
00119 
0098 4'" 
0091 
... 2 4105 
0093 
009. 40lD 
0095 
0096 4013 
0091 
1091 4011 
0199 
0100 4014 
0101 300Z 
0102 
0103 4Z" 

0104 

0105 

·,II,16X,'PARAMETER CHANGE',lX,'IRR CHANGE'.6I,tAATE 0' RETURN"'" 
DO 4Z01 I-ltD 
COSChl)-O.OO 
COSCZ,It-O.DO 
6110PROII,-0.00 
DO 1001 K-IeH 
60 TOC4001,400Z.4003,4004,4005,4006,4007.4001,4009.4010,4OII'.K 
CONTINUE 
DO 4100 I-C.N 
&AAOECI'-6RAOEel,-CI.DO.DEV' 
RCVCI,aRI/GRIOECI,·eR2-BRADECI"-DEXPCGRADECI" 
GO TO 100Z 
CONTINUE 
DO 401Z laC,N 
RCVCI'-ACVCI'-CI.OO·DEV, 
60 TO 1002 
VALUE-VILUE-Cl.DO.OEV' 
60 TO 300Z 
CONTINUE 
DO 4106 I-C,N 
Sil el,-SIZ CI,-CI.DO'DEY' 
COSCI,I,-eACI"I-SIZCI"/SIZCI' 
coseZ,I'-CIACI"le-SIZCI"/SI!CI' 
60 TO 300Z 
D£V--DEV 
DO 4101 I-I,N 
EIPLORCI'-ElPLORCI'-CI.OO.DEV' 
60 TO 100Z 
CONTINUE 
DO 41.Z I-a. .. 
PREPROCI'-PREPROCI'-Cl.DO.DEY' 
GO 10 3002 
CONTINUE 
DO 4103 l-l,N 
MININYCI'-MININVCI'-CI.DO.DEV' 
GO TO 10D2 
CONTINUE 
DO 4104 1-a.N 
PROINVCI'-PROINVCI'-CI.DO'D£V' 
GO TO 1002 
CONTINUE 
DO 4105 I-leN 
SOCINYCI,-SOCINYCI'·CI.DD.DEV' 
60 TO 3002 
CONTINUE 
00 4013 I-C,N 
COSCI,I'-COSCI.I'-CI.DO.DEY' 
GO TO 30D2 
CONTINUE 
DO .014 I-C.N 
COSC~'I'-COSC2.1'-cl.DO.DEV' 
CONTINUE 
00 4200 I-C ... 
GROPAOCI'-YALUE-RCVCI'-SIZ CI'-ZOOO.DO-GRADECI'-SIZ CI'-CCOSCI.I" 

-COSCZ,I"-OH·MATAIXC4,3.1' 
CALL AOYALTC6ROPAO,MININY,PAOINV.EXPLOA,SOCINY,PREPAO,N,C.T. 

-TOT Ron 
CALL INCTAlCGROPAO,MININY,PMOINY,[lPLOA,SOCINY,PREPRO,IORCAP,N,C, 

, 

PAGE 0002 -I .1 
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'ONTAAN Iv • LEVEL 11 AN.L'S DATE - n0l3 1!t/0"0' PAfil 0003 

·S.T ••• INTRST.PMIN •• ORCAP.CAPTAl.O&H.I,.SM.SC' 
0 ... no _300 '.leN .. ." fUfIN".I.="ININ".I .... HUIN".II·~JI .. LUN.I •• :.U&;INVIII ... Ht. .. "Uli. 
Oaol UOO C.~fLO.I.I'=GAOPAO.I'-TA •• I'-CAPTA.'I'-TOI~O"I'_ 

·TO'INVCI'-WOMCAP,I' 
01'9 C.LL IRR.caSFLo.R.N.ID.TL, on, pCTc~a·CNCI'-oPT~"OPTR·IOO.DO 
Cll1l ~C'O~V·P£_·IOO.UO 
011Z 60 '0 '5001.50Ul'500l.500'.5005.~0' •• ~"'.~0'I"109.50".501a',~ 
IIU S .. I PMIN' ~IUI.PCTU£Y.PCTC"A.R'I' 
Ill' 5101 FONMATII91"AVERAG£ ORE GRAO£', ~1~F5.'.·.·.91.F'.2 ••• •• 

•• a.'I •• 5.· ••• '" 
.115 PO :t20' l-hN 
0116 NC_CI'-MaTRI.".3.1' 
0117 5201 GA.OE '1'-M.TAIICI.~.I' 
0111 GO TO 3001 
0119 .OOZ PHINT ~102.PCTPEV.PCTCH •• RCI' 
OIZO 5102 FOH.AT.23a,·RECOVE"' R.TE" ~A.f~.,.·.·.9 •• ".2.·.·. 

• ••• FIO.~.·.·.II' 
0121 DO 5012 I.C.N 
0122 5.12 .CVCI'.M.THlaC2.3.I' 
IllJ 60 TO lOOI 
OIZ. 500l PAINT !tIOl,PCTOEV.PCTCHAeRCI' 
.US 510J FOMMAT.211"NET V.LUE', ••• f •• I.·.· •••• f1.1.·.·. 

·" ••• 10.5.·.·.'" 
0126 Y.LU£.~.TRI •• ~.~.C. 
01Z? 60 '0 3001 
0121 5 ... PAINT SIO,.PCTO£V.PCTCHA.RCI. 
0129 51" fONM.TC25."ORE TONNAG£" ~ •• FS.l.·.·.91.f'.Z.·.·. 

·d •• F10.5.·.·.II' ~ 
IU' 00 5210 1.1tN .... 
.UI CO~CI.I'-M.TRIICIO.l.I' 
OU2 COSCZ.I.·MATRII,II.3.1' 
Oln 52lO Sli CI'-MATRllC •• l.I, 
Oll. GO TO 3001 
0'35 !t005 PRINT S10S.PCTDEW.PCTC"A •• C1' 
0136 5105 FOHMAT.IIX,·PREPAOOUCTION E.PLOR.TION •• 51.FS.I ••••• 9l.F?I ••••• 

·" •• F10.S.·.·.". 
OU1 DO 5205 I-I.N 
Dill 5205 EaPLORCI'-MATAlaes.l.I, 
OU9 GO 10 lOOI 
014' 5006 PRlhT 5106.PCTDEV.PCTCH •• RC1' 
0"1 5106 FOMMATCI1."PAEPRODUCTIDN DEV£L~NT.,~A.F5.1".'.9l.f1.2 ••••• 

·8 •• F10.S.· ••• ,,; 
0"2 CO 5106 '.I.N 
01.3 5206 PAEPHOCI.-MATAlac •• 3.1. 
01 •• GO 10 1001 
01'5 5001 PRINT SIOl.PCTDEW.PCT'"A.ACI. 
••• 6 5101 FOHNAT.ZI."MINE INVESTMENT', 

·~ •• F10.5.·.·.'" 
~ •• f~.I.·.·.9X.f1.Z.·.·, 

01., DO SO!O, l.hN 
U •• 5201 MININWel'-MATRIX".l." ",. 60 10 lOll 
0150 500. PMINT 5108.PCTDEV.P'TC" •• Aell 
0151 510e fOM"ATCl51. 'PROCESSING INVESTMENT'. ~A.F5.1.·.·.9a.F'.l ••• •• 

·e •• Flo.5.·.·.'" 
1152 00 52 •• l-l.N 
0151 52011 PAOINYCI'-MATAIAC •• l.l. 



'ORTRAN IV I LEVEL 21 ANAL'tS DATE • 1'7059 15/31/51 
0154 
OISS 
0156 

0lS7 
0lS8 
OIS9, 
0160 
0161 

0162 
0163 
0164 
016S 
0166 

1167 
016. 
0169 
0110 
0111 
1112 
on3 
oln 
0175 
0116 
0117 
on. 
011. 
0180 
0181 
018Z 
0113 
01 •• 
0185 
0186 
0187 
018' 
0189 
0190 
0191 
1192 
0193 
019. 
0195 
0196 
0!97 
019. 
0199 
O~OO 

0201 
0202 
0203 
OlO. 
Ol05 
Ol06 
OZ07 
OlOI 

GO TO .1001 
5009 PRJ"T 5109.PCTDEV,PCTC"A.RCl. 
5109 FORM.TIllX,·SOCIAL CAPITAL" 5I'f5.1".',9l,f7.l,'.', 

·IX.FIO.5.·.·.,I. 
DO Sl09 I-I." 

5Z09 SOCINVIJ'-MATAIXI9.3.1, 
GO TO 3001 

5010 PAI~T SllG.PCTOEV.PCTCHA.Al1' 
5110 FOAM.TeI6X"MINE OPERATING COSTS', 5X.F5.1 •••••• l.f7.2 ••••• 

·8X.F10.5.·.·.,I' 
DO 5013 I-C'N 

5013 cosel.I'-MATRlleI0.3.1, 
GO TO 3001 

SOil PAINT 5111.PCTDEV.PCTC~A.RC1' 
5111 fOR"ATI13l. 'PROCESS OPERATI"I COSTS', 5a.'5.1 •••• '9a"7.2, ••• , 

·IX.FIO'~'·.·""I' 
00 5eu. I-C.N 

5014 coseZ,I,aMATAIX.II.3,1' 
PRINT6000tOPTR 

6000 FOA"ATe5IX"OPTIMUM RETURN •• fIO.S ••••• 
3001 CONTINUE 

DEV--D£V·Z.OO 
3991 CONTINUE 
300t CONTINUE 

IFeISEN.£Q.3,80 TO 2511 
00 700 I-"N 
DO TOO .. -lell 
MATRllC ... I.I._OATAC ... I, .MATRIAC ... 3.1' 
MATAlle".Z.I'-OATAC .. ,2, .MATAIIC ... 3.1' 
MATRIXC ... I,I'-CMATRIIC .. ,3,I'-MATRIXC .. ,I,I •• /1.6.DO 

700 MATAI.C ... 2.1'.CMATAI.C~.2.1'-MATRI.C".3.1 •• /I'''DI 
ZN-O.OO 
00 800 M."NS 
DO 9Z5 I-leN 
DO 9l ...... 11 
Z·'.OO 
DO 9S0 ".1,12 
CALL AANOCIS.NRAN,YRAN, 

.50 Z-Z.YRAN 
l •• Z-6.00 
L-I 
IFCll.aT.0.DO'L_2 . 
GO TOC901.90Z.903.90 •• 905 •• 06.9.,.9 ••• 909,910.911' ... 

.01 GRADE CI'.ll.MATRIIC ... L.I"MATAIXC ... 3.1' 
60 TO 92. . 

902 CONTINUE 
IFCI.lE.D,eo TO 92. 
ACVCI,aAI/GRADECI"CR2-GAADECI"eO£IPCIRADE.I •• 
ACVCI'aRCVCI"XX.MATAIIc ... L.I' 
aD TO 92. 

.03 VAL CI'.XXeNATAI.C .. ,L,I"MATRIIC .. ,3,1' 
aD TO 92. 

9.. SIZ CU .... MATAI.C .. 'L.IJ.MATRI" ... 'l,1J 
I'CI.LE,O'GO TO 92. 
COSCI.IJ-CACI' ••• SIZCI'./SIZCI. 
COSC2,1'.CAACI •• BB.SIZCI •• /SIZ.IJ 
GO TO 92. 

.05 EIPlOACI).x.eMATRIIC ... L.I)'MATRI.C"'~'I) 

PAlE 000. 

-.0 
.~ 

I 

.... 



'ONTRAN I, 6 LEVEL Z. ANALYS DAft • nOll 1!t'81IO. 
n09 
O.ell ..... 
Oitl. 
Ot.~ 
OZI. 
0215 
• .ta. 
ozn 
Ilil 
Oll9 
1220 
0211 
IZZZ 

Oin 

Oitit. 

0125 
Oll. 
OZ2f 

Oi2. 
OitZ, 
Oitll 
0231 
Ol12 
Ol3:1 
02:1. 
Ol:lS 
Ol:l. 

Olll 
Ol:l8 
Ol19 
li.O 
02.1 
OZ.2 
Ol.l 
OZ •• 
02.S 
Ol •• 
Ol.7 
Ol •• 
Ol.9 
uz!.o 
0251 
0252 
OlS] 
OlS. 
0255 
025. 
0257 
025. 

90~ 

..or 

90., 

.,0 .. 
910 

.11 .2_ 
'25 

lOOO 

110 

2000 

2502 

lSOl 

2SOl 
l50. 
2505 
l500 
ZS06 
lSOI 

2507 

2510 
2511 

6(1 TO 92. 
PRE~~nCII •••• MATRI.C~.L.II.MATRI.C~.J'11 
,.11 'CI "". 
MININVCII ••• ·MA'NI.CJ.L.II·"ATkl.C~.J.11 
6U TO ~i. 
P~OINVCII •••• MATRI.e~.L.II."ATMI.C~.J.I. 
GO 10 914 
SOCINV.I.· •• ·M.TAI.I~.L.II·".TAI.CJ.~." 
ltD '0 '12. . 
COS CI.I ••••• M"RI.CJ.L.I •• COSII.I. 
GO TO 9Z. 
cos CZ.II •••• MATRI.IJ.L.I •• COSI2.1. 
CONTINUE 
6MOPMOII.·VALCI.·AC'CII·SIZCI.·OMADtCI.-cUOO.DO-SI1CI •• ICOSCI.I •• 

-CD5Il.I.'-OH-M"AIAI •• 1.,. 
CALL ROYALTCGROPRO.MININV.PMOINV.~.PLOR.SUCINV.PRfPRO.N.C.T. 

·T,UtfOYJ 
C.LL INCTA.CGROPRO."JNINV.PROINV.k.~LO".~UCINV.P"fPRO •• O"CAP.N.C. 

·:h T".INTRST .PR1N •• ORCAP.CAP''' •• UlM,''f.S ... 5C. 
DO 1000 l.leN 
T01INVCII·~ININVCI •• PROINVCI'.f.PLORCII.~OCINVCI •• PAfPMOCII 
CA5FLOCI.I'.6ROPROCI'-TAACI.-CAPTAAel'-TO'MOYCI.-
-TuTINVII'-W~ACAPCI. 

CALL !NReCASFLO.A.N.ID.TL. 
~5-'UU·I.500 
prC~51.PTC~S"1.DO 
ZN·lN·RC1, 
(O",TIHUE 
l·O.DO 
IN·ZN/NS 
PAINT lOOO.NS 
FORMATe·l·." •• O.,·EAPECTED AATE OF "ETUkN DISTRIBUTION'.I. 

··.·.19 •• 1.C·_·'.", •• 5A •• NUMBEA OF SIMULATIONS'.15."" 
DO l500 1.1.101 . 
PTel'·PT'I./NS·100.DO 
IfCPTCI'12501.2501.2502 
.. S.PTel •• O.~DO 
I·Z·PTnl 
.n·I-1 
PAINT l501.JI.PTCIJ.IASTER.K-I.JS. 
FO~"ATelOl.12. • ••• 2 ••• 0CCURS •• 1A.fb.2 ••••• t ••• ' •• 100AI. 
GO TO 2500 
IFeZ-99.¥¥9'DO.Z50 •• 250 •• 2S0. 
PAINT lS05 
FOHN.Tt51 •• ·C·.· ., 
CONTINUE 
PIUN, ZS08 
FOAMATeSeS1X.,.,., •• 
PM.NT l507.ZN 
FDNMATc", •• Sl.·MEAN RATE OF AETUMN •• fl •• ~.'." 
PRU.U510.IS 
fOHMATCII,.S.,·AANDOM NUMBER SEEO •• I~' 
CONTINUE 
RETURN 
END 
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'O~TRAN IV 8 LEVEL 21. RAfoiO DAT£ - 77053 14/S'/l1 PAH 0011 • 0001 SU8~OUTINE RAND(IR,N,Yl. 
00,2 AtAL-a Yl,POWI30, .. oon INTEGER IA1(30),IA2'30.,IA3'30' ''''000,. I'd-n • • 
OOO~ YI-O.DO 
0006 ... X-21i-He 
0001 IF(N-2, 10,40.40 
0008 10 00 20 1-1,29,2 
0009 .Azn,-o 
0010 IA2(1-U-1 
1011 PO.CI'-O.SOO--, 
OOlZ ZO PO.(I.l'-0.500--II.l. 0013 IA2eZ9)-1 
lOa. 31 Hl-NI.29 
0015 H2-NI-.. A. 
0016 40 DO 110 1-1.29 
0011 IF CI-2'So."O,70 0018 50 HEMP-U&! CZ8, 
0019 60 TO 1)0 
0020 60 ITEMP-UZC29, 
OOll GO TO .,0 
OOlZ 70 nE"p-U3 CI-2. 
OOll 80 IAlel'-ITEMP.IAZII) 
OUZ, IFIIA311.-2'100.90.90 0015 90 IAllI )-0 
0016 110 UleU-lAlCU 
0027 110 IA2 CI. -U3 e U 
OOl. l'IN-2.IZO,170,170 0029 IZO IF.H2'30,170,110 
0030 130 td-29-NZ 
lOll H2-Nl·1 
1032 N-2 
OOll n-o 
0014 00 140 I-N2.29 
0035 n-Il-I 0036 140 IAZlll,-UI II' 0037 I'CNI.150.170.150 
0018 150 00 160 l-leNI 
'Ol9 U-Il·I 0040 160 IAllIl.-lAllI' 
'''41 no 00 180 1-1,29 
0042 IZ-30-1 0043 ITE"P-IAZ liZ. 
0044 18. YI-'I·po.el.-.'£NP 1045 RETURN 
OOU ENO 
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USIm THE CXIIPU'l'l!lR PIUXlRAM 'ro EVALUATE A mmn PROJECT 

3.1 Introdllction 

This Chapter w::Ul describe in detail the procedures to tollow in order 

to carry out an ecCllcmic evaluation of a mineral deposit using the com

plter program. The mineral reserve data and the capital cost data were 

derived trom two consultants' teasibUity studies that were carried out 

on a 8III8l.l. mineral deposit in the Province, however, the evaluation 
undertaken here should not be considered as arJ¥th1.ng more than a 
deIIlonIItratiCll ot haw to use the caaputer program. 

The description that tollows will be done in three parts. The first 

part wUl outline the ld.nds ot data that must be obtained; the second 
part. w.Ul discuss the results ot a success1\ll opt1m:l.zation, and; the 

t1nal. part wUl discuss the analJses uD1ertaken by the program. 

3.2 Input Data 

Two basic kinds or data are necessary tor an evaluation. The first 

kind of information needed 1s mineral reserve data. This should in

dicate the tonnages and grade ot material avaUable. The seccnd kind 

ot :lntormation needed is the capital and operating costs that would 

be incurred in order to mine aDd process the mineral into a saleable 
product. 

In addition to this basic information, the evaluator w1ll be required to 
instruct the prosrllll on such thiDgs as the amount or information being 

pl'Oricled, the IIIIOUIlt ot information to print out, the CCllstr~t8 in 

ettect, IDd so on. This information i8 provided on options cards. 

The first t., cards in the data deck are options cards. An example ot 
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each is shown :1D P1&ure .3.1. The 6 entries on the tirst. card dccupy 

fielde ot width 12. A decimal paint tor each number shou1cl be pro

vided. The six entries on' the secoM occuPJ fields ot width 2 tollowed. 
bJ.3 spaces. The dig1t :1D each field is right justified. 

The t1rst entry em the firSt data card is the anticipated revenue per 
pOUDd or principal metal. It takes into account the value at all by_ 

,products which l1l8I' be recovered from the ore. An example will UlUl

vata how ,it is to be derived. Table .3.1 conta1Ds the grades, recove17 
rates, ' arid. values ot -the metals 1n the concentrate produced tram a 

tCil at ore~ 

Metal Ore Grade Concentrator N.S.R. Value/tcm 
, , Recover,y Rate 

Copper 2.($ • S 0.59/lb $21.712 
Zinc 2.~ 7"" S O.,22/lb $ 6.600 
Silver 0.60 oz/ton ')IJf. S S.52/oz $ 1.8SS 
Gold 0.04 oz/tem ')(J/, 11.38.00/oz S 2.7fiJ 

Table .3.1 Value or a Ton of Ore in CODcentrate 

The net smelter retum (N.S.R.) takes into account the coats at smeltins 
and ret1n:l.ng each metal as well as the associated loe.es while do1n& 
this. The value at the concentrate produced from a ton at ore -is' -,~ 

'32.927. This is converted back to the value tor the pr1ncipd metal, 
copper. Thus:, 

N.S.R.* • $32.927/(.02x2000x.92) • '.89475 
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The value at the utal in the cCilcentrate, express"ed. in terms ot 
the principal. metal, is uBique to the ~eral. deposit being evaluated.. 
An :lmpl1cit (and sometimes dubious) assumption in this method of 

cCllcentrate valuatiCil is that When a Maher grade at principal .. tal 

is adned, the grades of the other metals are assumed to be correspond.

iDllJ hisher. However, this method does provide silllplicity while 
taId.Ds into account the Values and recovery rates tor b;r-products. 

The seca entry em the optiClls card is the assumed portiCil of the 
investlBlt Which w1l1 be t1nanced by debt capital. It will be SOlIe 

value between 0 IIJd 1. Asa1n, a decilllal point should be used. This 
value is CIlly used dur1Dg the pre-productiem developaent stase of 

the project and will be the s ... tor each year. 

'!'he third entry is the assumed rate of interest CIl borrowed capital. 
In the pre-productiem phase ot the project it will be used to calculate 
the interest em ., borrowed capital. '1'his w1ll. be· acCUlllllatid tor 

later recovery when the debt i8 to be repaid and it wUl aleo become 
part ot the capital asset banlaI tor mco .. tax pu.rpoaes. Atter pro
ductiem cClllllellces, interest will be plJ&ble em the unamortiled part 

at the debt. 

The tourth entry is the discount rate to be usecl in the ROtALT subroutine., 
It m1ght represent the opportunity cost at capital tor III investor in 
the project. As such it coula·be set equal. to the value in entry three, 
but it could also be difterent. It will be a value between 0 and 1, 
apin with a deciJal point. 

The tifth entry is the tarmase canetra1nt tor the adnera! deposit. 
There trequentq w1l1 be ale where the lllineral exists in sharplT de

tined lenses or pockets. In this kind ot deposit, the averlle ore 

srw will re_in relativelT h1Jh riaht to the boundary with the hoat 
rock and then drop sbarpl.¥. U there is DO tOlUlAle CODltra1nt except 
that specified by the cut-ott grade tunctiCll, then the constraint 
should be set equal to O. 

The sixth entry Oft the opticaa card il the adn1IIwa rate ot retum 
which would be desirable 011 &DT incremental inftStllllDt in the project. 
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RonaJ.q, it VOll.d be more than the rate at which capital could be 
bouuowd at. lote that the value here is expressed as a percent 
rather than a value between 0 8JId 1. As betore, a decimal. should 

be used. 

'ftle tirstent17 CI'1 the second opt.1.ona card is the number at data 
cll"cls COllta:ln:l.ns capital cost data £or ditterent Bizes at project. 
03 means there are 3 cards £or 3 d1££erent possible size at project. 

The second 8J1try is the nwaber at data cards conta:iniDa nd.neral. 

reserve data. 

The th1rd ent17 is 1nstl'uct.1on to the program as to the m1n:1Dg. 

sequ.ence to use. 00 lIelDS that nrIn1 DB i8 to take place in a DI8I1Iler 
that the average grade at ore III1ned each year v.LJ.l equal. the average 
grade or the total pr1.mar,r are reserves. 01 melDS that mini ng 1d.ll 

ca.ence w1th the h:1&hest srac1e material tirat. The averase grade 
at material nd.nec11d.ll decline year by year. The t01'lll8r sequence 

is DO~ used. It will provide a more cODllerY'ative rate o£ retum 
est1lllate thaD the ~ usumption. 

The £ourtb entry is instruct:1an to the MULYS subrout1ne as to the 

kind of anaqlis to undertake. 00 l118ana do no enal1sis, 01 I118I1l11 do 
onlJ a probabU1stic anaqs1s, 02 means do both, a sensitivity analpis 
and a probabil1st1c anal¥sis; and, 03 meana do onl.T a sensitivity 
anaqais. Norul.lI, neither ld.ncl o£ anal¥IIes 1ftNld be WJdertaken the 
tirst t1me a new project is evaluated. It could be undertaken arter 
the evaluator is satisfied that the "opt1num" project reflects the 
best intormat1011 that is reasonabq obtainable and that the possible 
protitaM'1 ty is 1Utt1c1ent to warrant further ~s. 

The tifth entry instructs .the program as to how secondl17 ore reserves 
are to be treated in the evaluation. Secandu7 ore reserY'es will be 
.. ore r8lll1Jd.ng after the pr.l.llarf ore reserves are depleted. The 
aecCll'ldar,y reserns cut-ot£ 8I'lde is deteZ'lld.ned by the operat.1na costs 

~ whUe the pr.I.aaary ore cut-ott Iftde will also allow tor a prot1t. 
00 here _ana that HCoadary are reserves will not be included in the 
opt.1Jlldng step of the evaluatl.cn. 01 means that the second.ary ore 
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reserves will be included throughout the evaluation while 02 means 

that the secondary reseI"V'es will ~ be included if and when the 

investment would be incremented. 

The sixth entry will instruct the ~ATN subroutine as to whether 

or not a graph of each function is to be printed. Nol'lll8l.l¥, graphs 

would be printed the first time ar two that an evaluation is made 

since they provide the evaluator with the ec:pation for each tunction 

as well as a graph of the function. This Wormation will usually 

tell the evaluator if the derived functions are realistic and'there

fore if the solution is realistic. Upon, examination ot the tunctions, 

it may be the case that the evaluator will went to obtain more data 

. or improve OD the accuracy of available data. 00 means do not print 

, graphs while 01 means that graphs are to be printed. 

3.2.2 The Capital Cost Cards 

Following the options card will be a seI-ies ot capital cost 

cards. An example is shown in F.1gure 3.2. The first five entries 

occupy fields of width 12; the next two entries occupy fields ot 
width 5, and; the last entry occupies a field of width 10. Each 

card will contain the capital cost and Qperating cost data for one 

size ot mine and concentrator project that could be used to develop 

the mineral deposit being evaluated. This data will be used by the 

program to derive 7 functions of size verms cost. A nd.ninIun ot 
three cards will be needed to derive non-linear functions. It these 

tew are used, however, the costs needed to be determined to a high 

degree of accuracy it the function that will be derived is to be 

reliable. 

The first entry on each card will be the coat of the pre-production 

exploration needed to cutline sufficient ~e tor a project ot the 

size indicated (entry 8). An important point here is that this 

entry will contain onq estimated future expenditure necess8l7. 

Expenditures al.re~ made do not enter the evaluation except to 
the extent that they mq be included in capital asset banks tor 

purposes ot calculating the taxes 8I1d r07alties pqable by a future 
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capital Cost Data Card. 
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possible' project. At present, th~ program is not able to include 

such sunk costs in the anal¥sis. 

The second entry on the carel is the estimated pre-production develop

ment costs necessar,y tor a project of the size indicated. The largest 

part at this entry will be the labor costs necess8l7 tor mine shatt 
and stope development, the installation ot machine17 and equipment, 
and concentrator construction. 

The third entry on the card is the mine equipment costs. This would 

include undergrcnmd crushers, UDierground transport systems &rid the 
head trame and hoist. 

The tourth entry is the processing capital coats. This will be the 

concentrator and contained equipment. 

The ruth entry is the social capital investment. This will include 

a Mide varie~ ot investment necessar,y to the operation ot the project 
and not included in other categor.l.elh Included here ccul.cl be a power 

plant, roads, living quarters tor employees, and 80 on • 

. The sixth and seventh entries are the estimated m:1niDg and proceseinB 

.costs tor this size ot project. M1n1ng costs Mill usu~ be the most 
ditficult to estimate since they will var,y wideq with the min:I.ris 
method used and the scale at operation. Also more uncertainty exists 
here than in the processing part ot the operation. For example, 

unexpected poor ground condi tio."18 could require changes in min:I.ris 
methods which trequent1¥ tend to be more costq. 

The tiM1 entry is the mill (and mine) capacity tor this size ot 
project. The mill capaci~ will be in tons ot ore per year. 

3.2.3 Mineral Resene Cards 

FollowJ.ng the capital cost cards are the mineral reserve cards. An 

example is shown in Figure 3.3. The three entries OCCl.lpy fields ot 
width 15. Again, note that a decimal point is required. As with the 
cost cards, a m1nimum ot three should be provided in order that the 
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Mlneral Reserve Data Card 
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program can derive non-linear functions where applicable. An 

exception to this would be if the ndneral reserve average grade 

is estimated to vary directly as the log ot the tons ot material. 

included in the grade calculation. In this instance, one data card 

is suf'ficient showing the total. tons ot ore in the mineral deposit 

and the average grade ot the deposit. The cut-ott grade in this 

case is 0.0 

The first entry on the data card is the average grade ot the tons 

ot material in entry three. 

The second entr:r is the assumed cut-otf grade. This figure wlll 

be the first chosen (arbitr~) atter which the total toanace ancl 

average grade figures will be calculated using geolosLst' s estimates 

ot the amount of ndneral at each assq value. 

The tinal. entry is the total amount or material in tons abO'le the 

specified cut-ott grade. 

It is important that the tonnage and grade figures estimated retlect 

the ml.neable material in the deposit. Estimates ot mineable material 

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

and it w.Lll take into account possible pillars and support structures' 

which cannot be remO'led even though they mq be ot a mineable Il'acle. 

3.2.4 Data tor the Probabilistic Analysis 

Following the mineral reserve cards is a third. OPf.ions .card ... Tb:1s .has·;; 

one entry occupying a field of width 4. It will indicate the number 

ot simulations to carry out in the probabilistic ~sis. An example 

is shown in Figure 3.4. No decimal point is re~red but the entry must 
be right justified. 

The evaluator"s estimates ot the variability ot arv or the factors 

aftecting profitability is provided on the final series ot cards. 

Since the program in its present form will mod:1fy 11 tactors, 11 data 

cards must be provided. A sample is shown in Figure 3.'l. '!here are 

two entries on the card, each occupying a field ot width 10. A decimal 
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point should be used. 

A nomal probability distribution is 88Sumed tor the values ot all 

tactore in this 8.I'JAl1Iis. To represent a skawed distribution (the 

most llkel¥), a spllt-nol'lJlal distributiCll is used. An example of 

the spllt-aor.! distribution is sham by the est_tes in ripe 

3 .. S. 

The evaluator is' required to obtain estimates tor the upper and. lower 

l1mi.ts tor values at a tactor at the ~ contidence level. It a point 

value tor, aay, cCllcentratins costs is $3.00, and the evaluator 18 
9CJI, cClltident that the cost will not be less than 12. 8S or IIIOl'8 tbll1 
$3.30, then the two valuea:.to be entered CIl the data aard. arel S2.8S/ 
$3.00 • .95 and, 3.30/3.00 • 1.1 respectivel¥. 

'!'he 11 carda in order are: Average Grade of Ore; Concentrator RecOYe1'J;: 

Rate, Net Smelter Retum; TOIlS ot Ore Mined/year, Pre-procluctiCil 
BltploratiCll Coste, Pre-production Developaent costs, M:lne IDveltlllellt, 

Processing InvestlieDt, Social capital Investment, M:lne Operat:lDa costs, 
and, Concentrator Operating Costs. 

3.3 The Evaluation ot a M1neral Deposit 

The data for 'this evaluation W1dertaken here is based on information 

from two feasibility studies on a proposed project in Northwestern 

Manitoba. The studies are somewhat out-of-date; alao, they contain 
different estimates ot probable ore reserves and project costs. 
However, they were usetulin that they indicated what the relative 
capital and operating costs would be. The estimates ot probable 
mineable ore were the most uncertain. The ore reserve data used in 

this evaluation onl¥ approximates that contained in the studies. The 

information was summarized and re-arranged in order to il'ldicate the 
probable grad~tonnage relationship in the deposit. Where the studies 
made ver,y conservative estimates ot ore grades and tannages, these 
estimates were relaxed somewhat. 
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3.3.1 Mineral Reserve Data 

For this evaluation, the ore reserve data was ~rized to 3 cards, 

plus a tonn&&e constraint entered on the first options card. Thil il 
shown in the, £ollowing table. The estimates include dilution by 

waste rock and exclude high grade material which mq be unm:l.neable 

because of location or possible use as a pillar. 

:verue Grad e Cut-ott Grad e 'l1 tal or 0' ons 

.:card: 1 0.0525 0.05 44899.0 
.Card. 2 0.047 0.04 270000.0 

'Cuct ) 0.0419 0.03 485591.0 
COIl!traint 7.S x lOS 

Table 3.2 Mineral Relerve Data 

The grade-tonnage functions calculated by the program are shown in 

Figure )~. (also see Appendix I to this chapter). Kote that the 

functions are linear aver the range of possible quantities ot ore and. at 

the constraint tonnage the cut oft grade drops ~o zero. The extensions 

ot the linear functions beyond the constraint are ot no sisn:U'1cll1ce. 

).).2 Capital and OperatinB Cost Data 

Card 1 
Cvcl2 

Card 3 

Cost data is estimated tor ) possible size ot projects. This is ShONn 
in Table ).) 

ilxDlorat.1an DevelODment M1niM froceas1Jur Social. M1ne Ckl. Procea._~. C&,ltlciI 

186,500 11,000,000 I7CJO,OOO 11,100,000 11,400,000 123.00 '15.00 87,500 
1170,000 11,900,000 11,100,000 ~,ooo,ooo 11,9CO,000 '18.00 • 8.00 175,000 
1340,000 13,300,000 l1,axl,OOO $3,600,000 l2,axl,ooo '15.00 • 3.00 350,000 

.. _-;." -
Table 3.) Capital and Operating Cost Data 
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M1ne~al Reserves (tons x 106) 

Figure 3.6 Average Grade and Cht,..ott 'Grade ~ctiana 

1. ,Average Grade Y •• 0535S - .000000024056 X 

2. Cut-ott Grade Y •• OS.)65 - .00000004811i X 
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The 7 equations derived by the program from this data are shown in 

Figure 3.7 and 3.8. Note that the capital cost functions are linear 
with total costs directly proportioned to annual capacity while the 
operating cost tunctions are ~erbolic with coste per ton of capacity 

decreasing as capacity is increased. 

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

of this work had been done by a previous owner. The social capital 

costs reflected the tact that Manitoba ~o could SUPPlY power tor 
the project relative~ cheaply. If more generalized use is to be macle 
of the model, COdt data will have to be accumulated which pertains to a 
wide variety of possible mining situatiOns. Geographic location, deposit 
size, deposit type, and mining method~ are all tac~~s which. ha"{e . 

significant effects em capital and operating costs. 

3.3.3 First Options Data Card 

The options cards tor the tirst evaluation of the meral deposit 

is shown in Figure 3.1. The principal metal value was detemiDed to 

be 80'89475 per pcnmd of copper in concentrate torm. The procedure 
tor arriving at this value is shown in Table 3.1 IJlCl the acc~ 
text. 

For the tirst evaluation, it was assumed that equity capital val 

the only source of tinancing. This general.lf produces a lower lRR 
thin when we assume capital il borrowed. 

The real interest rate, the third entry, was aSlumed to be _. 'rh1I 

was also the value assumed for the opportunity cost ot the capital, 
the tourth entry. 

The tifth entry is the tonnage ccmstraint tor the deposit. Such a 
constraint will normally occur tor massive sulphide deposits in 
Manitoba. The constraint should express the evaluator's estiJlate 
ot the ndneable aterial. 
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Annual. Capac1ty(tons • 10') 

P.l.gure 3., Capital Cost ~ct1ons 

1. Exploration Y • 1500'+ .9665.'X 
2. Developaent Y • 300,000 + 8.6531 I 
3. M:l.ne Y • 350,000 + 4.1633 X 
4. PrOC81ilinB Y • 300,000 + 9.4694 I 
5~ Social Y • 950,000 + 5.3061 X 
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Figure 3.8 
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Annual Capacity (tone x '10') 

Operating Cost ~ctions 

6. Mining Costs Y • 12.5 + 925000 
X 

7. Processing Costs y. .5 + 1.375,000 
. X 
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The nd.nirJIlm acceptable rate ot retum was assumed to be 2f11,. This 

happens to be hisher than the maxiDilDl retum trail this project so the 

inYestment is not incremented. (Because a constraint is in eftect tor 

this meral deposit, incremental im·estment would not occur qwq). 

Baled on put reported c~ behavior, a rate ot return ot about 

twice the prime interelt rate would be typical. A real rate at retum 

this high can mean that the risk element is large and/or that the ex

pected retum in alternate projects is high. 

·lI1tries one and two on the lecond options card il'ldicate the number at 
COlt 8Dd m1ileralreserve data cards respectiveq. The IIIinimwn number 

at 3 each was provided. 

II1try t.hree is zero. indicat.1ng that the ore is to be mined at the average 

grade ot the primar:f ore relerves. 

Entl'7 tour is two indicatin8 that both sensitivitf 8I'Id probabilistic 

analysel are to be umertaken. 

Entry five is zero indicating that seccmdBl')' ore reserves wlll not be 

included in the optind.zirIg stage of the evaluation but wlll be included 

in the t1nal calculation wh1ch w1ll aubsequentq be printed. 01 should 

not nol'lll8l.lT be used here. It it were to be used, the program would 

proceed to reduce the lite ot the P1"imar7 reserves (m:! total primary 

toanage) so that the highest grade material would be mined tirst with 

the lower grade material being relegated to the later fears at lecondBl')' 

ore production. In eftect, the resulting solution is one of b:l.gb-grading 

the ore bod¥. Since this would not likeq be practical, or at most, onl¥ 

possible to a limited extent, the use ot 01 al a code should. be avalded. 

It can be used (but not in all. cases) it the alaumption is made that the 

ore boct¥ is to be high-graded in the firlt place (entry three). 01 can 

also be Uled when the aSlWllption is made that the project 11 to be 

t1nanced b7 a large praport1C1l at debt capital. Since debt capital is 

oaq recovered over the lite of the Pl'ilnar7 relervel, the FosrllD wUl, 

. in ettect, calculate the opt:l.nmt pq back period. 

II1try I1x is 01 1rId1cating that we want to print grapha ot all the 

tunctiona. When we are latist.1ed that we have the best data available 

and a plausible optl.aun soluticm exists, then this entr,v waW.d be changed 

to 00 vb1l.e turther anal,ya1s is UDdertaken. 
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3.3.4 Data tor the Probabilistic ~s1s 

The .third. options card will head the part ot the data deck concerned 
with the probabilistic anallsis-•. This card will indicate the number 

ot eimulations to undertake. The number is ~ a function of the 
number ot variables subject to variation.:, A project with 11 variables 

subject to variation, will reqlire more simulations in order to pro

vide a reliable probabilistic distribution tor the rate ot return than 

would a project with ~ 3 or 4 variables subject to variation. SOO 
ainW.ations were done tor this evaluation. Because ot the unevenesa 

ot the rate ot return distribution senerated tor this project, th:1s 

number would appear to be a nd..n:iDIml. 

The proportional variability estimated tor each ot the 11 tactors 

attect:1ns profitability are shown ,in the tollow1ns table. 

Factor Lower!an,ge Umler -RaruEe 

Average srade 0.90 1.10 
Recovery rate 0.90 1.05 
Net smelter return .0.80 1.20 
Annual tone processed O.so 1.05 
EXploration costs 0.95 1.20 
Development costs 0.95 1.20 
Mine equipment costs 0.95 1.20 
Process equipment costs 0.95 1.20 
Social capital costs 0.95 1.30 
Mine operating costs 0.95 1.10 
Process operating costs 0.95 1.10 

Table 3.4 1actor Variab1lity 

These estimates are at the '!JI, confidence level. That is, the evaluator 

is 9($ certain that the probable value ot a tactor, F,·in 1fr11ear will 

be within the ranse, sq, .95F~ F<:1.1 F •. 
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3.3.5 Reeulte ot the Bvaluat:lOll 

The series ot 1teraUCIl8 lead:l.ng to the optimum solUtion tor this 

evaluaUOIl are mom in Table 3.5 below, aDd in Appendix 1 to this 
Chapter. 

Pr1mal7 Ore Lite Project Oapacity Average Retum (~) 

4 125,000 18.73.4-
5 125,000 17.956 
3 125,000 17.125 
4 135,000 19.101 
4 145,000 19.327 
4 155,000 19.415 
4 165,000 19.385 
4· 145,000 19.327 
4 155,000 19.415 
4 165,000 19.385 
4 145,000 19.327 
4 155,000 19.71.3 

Table 3.5 ~t1m:l1ins lteratiCll8 

The pl'Osrn autoaat1caJ.q alsiped a pn.ry ore Ute ot 4 ,.aN 

to the project and Ul 1D1t1al 11ae ot 125,000 tau/year. 'ftl8D it 
proceeclecl to increase the Ute 1 ,ear at a tiM, IDCl woul4 cCllt1nue 
to do 10 U leas u a h1cher rate ot ret\1l'll could be real1aed.. POI' .. 
thil in1tlal. 11M ot project, the optilul We provecl to be 4 Jears 

71eld1aa a rat. ot ret\1l'll ot 18.71~. With the We ot 4 ,ea'II, the 
Ii. ot the project we increued in 11ae by inCn.mtl ot 10,000 

taaa/.,.ar. The -rtlUll Nte of ret\1l'll ... obta1Ded with a 11a. ot. 
155,000 tOlJ8/,". The tD'I ... increased to S Jean but thaD the 
tonnap cOlJ8tra1Dt of 750,000 tana WI aceedecl. The priarJ ore 
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lite was reduced by 1 :year and the sille mcre.mtiDI continued. At. 

a lite ot 4 ;years tor the priar;y ore reserves, mel a -SID of 15.5.,QOO 

ttZl/;Ye&r, the nuiBIwD rate ot return which could- be· achieved "r. 
19.~. This solution required a total. ot- 11 iteratione. 

- The detailed production data is provided iD Table 3.6. 'lh1I 11 hom 

the actual computer printout. Note that in addition to the p~ 

ore ot 620,000 tons, there is 80M secCllClarJ ore uountiDg to U9,QJ!l . 
tCIDB. Thecut-ott grade tor the secOl'1Cil.r;y ore was 1. 7~ while t~ 

_ cut-ott srad:e tor the priJIIarJ ore ws 2.J?'. 

The financial data SWIIII817 is shown in table 3.7. This shows the 
total capital and operating costs tor the project, the assumed debt 

and e~ty capital, and the average and marginal rate of return. 
Since the averase rate ot return is at maxilllllD, the marg1nal rate ot 
retum will also be this value. 

Table 3.8 shows the detailed calculation tor Il'1"1vinS at the cuh tlow~ 

tor the project. Note that the internal rate ot re1w'n here 11 19.* 

whereas the max:inIuD rate ot return was 1n1 ti~ determined to be 19.~ 

This d:U'terence results tram incluciing secondary ore in the final cal

culation whereas it was excluded in previous calculations. The inclu

sion ot extra revenue (and net profit) has increased the rate ot retum. 

Table 3.9 shows the cash now tor the project it taxes and ro,rll.ties 

are added back as misht be the case tor a Crown corporation. An iD

portant assumption here is that the project would not have been WIler

taken by a private tirm in the absence ot the Crown. In this cue, 

taxes and ro,:yalties are not a cost to the project. Note that the rate 

ot return to the project approx1mat~ doubles •. 

App8!1d1x n to this Chapter contains a detailed printout tor the pr~ 

ject under ccnpleteq d:U'terent aseumptions. P.lrl~, the tonnase

grade tunction tor the deposit is aSllUllled to be loSIrithnd.c. Sec~, 

5r$ ot the project would be financed by debt capital. ~,incre
mental investment occurs so long the marginal rate ot return exceeds 

•• 
The project yieldinB the maxilllUII rate ot retum ill one of SIZE 120,000 

tms/year with LIFE equal to 3 ;years. Ths size is then incremented to 

a aize ot 160,000 tons ot ore per year where the IIIIl'glnll. rate ot 



TellS AVBRAGE CUM't RID:JVBRABLE CXllCBI1RA'l'B 
f1lI ~ GftADB GItADB MBTAL (LBS) vAWl(') 0 •• , 

1 0.0 0.0 ~ 0.0 ~ 0.0 0.0 
2 0.0 . 0.0 ~ 0.0 _ 0.0 0.0 
J 15SOOO.0 J •• 2.3~ 11207472.85 10027886.J3 
4 15SOOO.0 J •• 2.J~ 11207472.85 10027886.J.3 
5 15SOOO.0 3 •• 2.Ytf. 11207472~85 10027886.JJ 
6 155000.0 J •• 2.3~ 11207472.85 10027886.JJ 
7 lJOOOC).O 2.~ 1.7)1, ""719~4J 4352:/07.71 

~ 
~ 
~ 

PRIMAKr <lIB PRmUCTICIf 620000.0 'J.'CIfS , 
Tal'AL (JIB PR<DJC!'I(Jf 750000.0 'IOfS 

fable 3.6 ProductiOD Data ~or Opt.iDum Project 
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P"lNANCIAL DATA 

mLORATIcm COSTS 151312.24490 

PRBPRODUCTICIf DBVELOPMJItT COSTS 1641224.48980 
MIRING INVBSTM!RT 995306.12245 

PROCBSSmG IRVBSTMIRT 1767755.10204 

SOCIAL CAPITAL INVBSTMIRT 1772448.97959 
PRBPRODUCTI(W WORmG CAPITAL 6~2g.62~88 

TOTAL 6960851.63265 

MINING COSTS PIR Tell 18.46774 
PROCISS COOTS PER 'l'CIl 8.37~7 

AOOBISTRATIVB COOTS PBR Tel{ 1·~~2~ 
TOTAL 28.18065 

DBBT-lQJm RATIO 0.0 

JQJITY CAPITAL 6960851.63265 
BORR<lfED CAPITAL 0.0 

AVERAGE RATE OF RB'l'UBN: 19.7433"'" 
MARGINAL RATE OF R!TUlIN: 19.7i33~ 

Table 3.7 Fmaneial Data SUIIIIJIIrf 



CPIRATDG CAPrl'AL DJOCIm MDDfG TO'l'AL 
PIU'IT TAX TAX RorALT!' DVI8'ftIIIn' 

1 0.0 6J28.05 0.0 
. 

0.0 316402J.47 
2 0.0 1.3921.70 0.0 0.0 316402J.47 
.3 5659886.3.3 1.3288.90 62208.33 1.324329.28 0.0 
4 5659886.33 10757.68 1488762.43 1445756.04 0.0 
5 5659886.3J 8226.46 1529037.98 1542897.45 0.0 
6 5659886.33 5695.24 2030942.33 1620610.57 0.0 
7 . 689223.at. 0.00 203337.25 12812.2 0.0 

DR IS 19.743374" 

Table 3.8 Project Cash Flow 

IfCIUOBG CAPITAL 
AID SALVAGE VAWI 

0.0 
632804.69 

94920'7.04 
0.0 
0.0 
0.0 

-1582011.73 

CASH 
PLOW 

-J170351.52 
-J810749·87 
3310852.78 
2714610.19 
2579724.45 
2002638.19 
2055086.06 

~ 
~ 
..0 

I 



PROJJI:T 
CASH CAPITAL . IN<XIm . MIRING CASH 
PL<JI TAX TAX ROrALTY FUM 

1 -31'70351.52 6.328.05 0.0 0.0 -.316402.3.47 
2 -381C1149.tY1 1.3921.70 0.0 0.0 -.3796828.~6 

J .3310852.78 13288.90 62208 • .3.3 1324329.28 4710679.29 

4 2714610.19 10'157.68 1488762.43 1445756.04 5659886.33 
5 2579724.45 8226.46 15290.37.98 1542897.45 5659886 • .3.3 
6 200i!6.38.19 5695.24 2030942 • .3.3 1620610.57 5659886 • .33 
7 2055086.06 0.00 20.3.3.37.25 12812.27 22712.35.58 ... 

IRR IS 41.504660.' 8 

NO'1'B: This cash nov assumes that the project would. not have 

beem undertaken by a private CCIIIIpIUW so that taxes and 

ro;yalties are not a cost to the project. 

Table 3.9 CUh Flow Atter Adding Back Taxes 
and BoJa1ties .' 
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retum is 8.?:do 8Dd the aver88e is 16.?,C. 

lote that although there are 1.2 adllion tons at material in the 
deposit, ~ srn ,641 tons at it are ore. Had the project been 
t1nanced ent1req by equity capital, the calculated ore reserV'es 

M:IUlcl have been even less. 

Table 3.10 shOlf8 the project cuh now aDd equity cash fio. under 
the usumption ot 'JOf, borrowed capital. The rates of return are 

16:1 and 21.1$ respect1vel¥. This illustrates the leverage eftect 
at b01'1'Old.llg capital which coats less than the project can y.l.eld. 

3.4 '!'he Sensitivity and Probab1l1stic ~ses 

Anaqses were carried Cllt on the project sham in Appendix I to 
"this Chapter. This project USWlled that financing was by equity 

capital alcae 8I'Il that the grade-tonnage relaticmah1p wu linear. 

Tables 3.11, 3.12 8Dd 3.13 contain the results ot 3 separate len
I1tivity telts done on each ot the 11 tactors attecting project pro

titab1l1ty. In the first test, each parlllJleter 11 chansed by ~ As 

the table shan, profit.ab1l1ty 11 least sens1t1ve to chaD8es in the 
capital investment. Operating cost changes result in larger chuges 

in the rate at return, nth the largest chaDcee occur1ns when tactors 
attecting gross revenue are varied. 

Doubling the IIIIOWlt at change in the capital coat parlllleters u in 

Table 3.12 and 88a1n in Table 3.13, results in ~ a doublins at 
the change in the rate at retum. Doubling the Change in tactors 
attect:lns gross profit such as aver88e ore grade or tcmase at ore 
processed more than doubles the change in the rate at retum. 'rh:I.s 
11 beclWle at the interaction between SOllIe at the parlllleteri. 'l'tds 
interaction aftects S at the 11 variables. P1ret,. chaDp in the 

anticipated srce at concentrator teed leci to • d.gn:l.ficll1t chqe 
in the recovery rate. Second, a shortage at are reeul.ts in hisher 
thin noma! averaae IIIl.n1nc and procesling COltS. 



1 
2 
J 
4 
5 
6 

1 
2 
:3 

4 
5 
6 

IIO'lZI 

OPIRATDG CAPITAL DffXIIS IIINDfQ TO'l'AL IIORIDfG CAPITAL PJi(JPlt TAX TAl lKJrALTY IRV&SDIBNT AND SALVAGB VAWI 
0.0 6729.67 O.Q 0.0 .32.35419.39 0.0 0.0 i57.3~.90 0.0 0.0 3235419.39 64'1083.88 58.34213.76 U601.}7 0.0 1370586.72 0.0 970625.82 58.34213.76 93.33.27 IJW144.9I; 1494699.71 0.0 0.0 S8.34213.76 4853.13 ~~~95J.60 159.3990.21 0.0 0.0 24227.8.3 0.0 0.0 0.0 0.0 -1617709.69 

lBR IS 16. 6SaS63~ 
PJlOJJI:T 

CASH BOIUDBD IBB'1' Df'l'JIRBST CASH PLOW CAPITAL RlPADBfT (If 11m'!' FUJI 
-3242l49.06 1617709.69 0.0 0.0 -1624439.:n 
-3897588.08 1941251.63 0.0 0.0 -1956336.45 
3479399.85 0.0 1227035.59 318675.87 193,3688.39 
lO2.9435.78 0.0 1325198.44 220513.02 1483724.32 
2707416.82 0.0 1431214.32 114497.15 1163. '705.36 
1641937.53 0.0 0.0 0.0 1641937.53 

lRIl IS 21 •. ~cnC 

1 .,.IH CASH PLOW IS 'l'IIAT APBR ADDDm IQDQfJa) ClPITAL ARD SUB'mAcnm 
DBB1' RBPAYJBft' AIID DtBHBST. 

2 !lIB DfiRiST RAft IS 8.00J' 

'fable .3.10 Project Cuh Plow and Bqu:it, Cuh Plow U8U11dJJc 
Borrowd Capita1 

CASH 
FLOW 

-.3242149.06 
-J8982J5.17 
3479399.85 
302.9435.78 
2707416.82 
16419J7.53 

~ 

~ 
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The mapitude' ot the charJge in the rate ot return can be used to 
indicate these tactors which require special care .men values are 
determined. As these tables suggest, ore grade, concentrator re
cOV'e1'7 rates, and the net smelter return are the moat important 
parameters. 

3.4.2 The Probabilistic Anal.Jsis 

The resu1ts at the probabilistic anaqsis are shown in Figure 3.9. 
SOC siDW.aticms were carried out using the parameter variabU1ties 
contained in Table 3.4. Moat ot the tactors vere assumed to have a 
value distribution that vas skewed. As the rate ot return distribution 
shovs, the mean rate ot retum ot 16.7~ is veU below the paint es
timate. The mean or expected return is the prq»er one to use in p~ 
jact evaluation. Note that the point value (or ereatar) tor the rate 
ot return ot 19 .. '14. could be. expected to occur oalJ 1_ ot the time. 

In other vorda, it is IDOst probable that the project 1fa1ld not achieve 
the opt1auD rate ot retum that was or1gl.nal.q calculated. An iq)ort
ant cansequence ot uaiDa the expected rate of retum deternd.ned here 
ia that the rille tactor in the nd.niIIum acceptable re1um tor the pr~ 
jact can be reduced. This has important implications tor total cal
culated ore reserves aDd the opt.:1Dl.un size at project. 

As vas the case with the sens1tivitJ ~sis, there is inte~eperJdence 
between (i) the concentrator recOV'e17 rate end averase ore grade, and 

(ii) the cpantitJ at material processed per Jear aDd averase IId.n:1nc 
and processing costs. The ettect ot this interdependence his been 
to increase the difterence between the calculated point value tor the 
rate ot return and the expected value. In CI18 series ot tr:I.als, the 
wreue IIIklUnted to a little ewer CI18 halt ot ane percent. 
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PAJWB1'BR CIWfGB IRR CHANGE' RAD at' RI'l'UIIN 

AVIRAGB ORB GRADE -5.~ -iO.3~ 17.6910 
D::ovm RATE -5.~ -10.~ 17.7~ 

NIT VALUB -5.~ -10.~ 17.7~ . 
I 

c:u TamAGI -5.~ -9.7fJ1, 17.8I~ 
-

PRBPROOOCTICIf IXPIWTICJJ 5.~ -0.0_ . 19.~ 
PRIPRODJCTICIf D!lVILIPMIBr . 5.~ -1.~ , . 19.5~ 

MID IRVISTMIIn' 5.~ -O.6~ 19.61~ . 
PROCISSlHG IRVISTMIIn' 5.~ -1.11~ 19.5~ 

SOCIAL CAPITAL 5.~ -1.11~ 19.5~ 
MDlOPIRATING COS'l'S 5.~ -3.~ 19.1l$ 

PROC!SS OPIRATDG COS'l'S 5.~ -1.3~ 19.4~ 

OPTIMUM R!TURB 19.1. 

Table 3.11 Sensitivity AnalJIis #1 
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PWIII'l'IR CHAIGI IRR CHAD RAft ar H&!URI 

AVEAOI' CB GIWJI -10.~ -21.4_ 1S.~ 

RiCOVEi RA'l'I -10.~ -20.661' 1S.~ 

D'1' VAWI -10.~ -20.661' 1S.661' 

am TCIIIAGI -10.~ -20.1" 1S.7'" 

PRIPImJcrtaI IIPLCItATICli 10.~ -o.1~ 19.?OJ' 

PIIPIlOIXJCftCli ~ 10.~ -4.1_ 19.3_ 

M1II~'l 10.~ -1.21$ 19.4_ 

PROCIISSlIG DVEtMm' 10.~ -4.1_ 19.~ 
. 

SOCIAL CAPrl'AL 10.~ -4.~ 19._ 

lUll OPEAmIG COS'l'S 10.~ -6.1_ 18.S1_ 

PROCISS ·0PIRA1'IIG calTS 10.~ -4.74f, 19.1_ 
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PWMITBR CHANGB .. IRR.-:CHAlGB RATS or R!'l'URR 

AVlRAG! <1m GRAD! -20.o,C -49.79f, 9.91~ 

RlECJIIBRr RA'l'B -20.o,C -47.71$ 10.31~ 

Dr VALUB -20.o,C -47.71$ 10.J1~ 

am TalHAGB -20.o,C -46.~ 10.S~ 

PRIPROOOCTICIf IXPLCIlATIaI 20.o,C .-o.J~ . 19.6~ 

PRIPROOOCTICIf IJIVI[,OpQft' 20.o,C . -4.1~ 18.91~ 

MID DVlS1'I8'r 20.o,C -2.4~ 19.2~ 

PROCESIIG DVIS'l'B'l' 2O.o,C -4.41~ 18._ 

SOCIAL CAPITAL 20.o,C .-4.~ 18._ 

MINI OPIRAmG casTS 20.o,C -12.91~ 17.1~ 

PROCBSS OPIRAmG COSTS 2O.o,C -S.S~ 18.6~ 

OPTIMUM RITUJIf 19.7'4 

Table J.13 Sensitivity ADalJsis #J 
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.",. OCCURS o.~ * -OCCUBS 0 •• * -ocaJRS 1.~ * 
1~ OCCUBS 1.~ .. 
11~ OCCUIS 2.JI1(. ** 
1_ ocaJRS S.~ ...... 
~ OCCUIS S.~ ***** 
14f. OCCURS S.~ ***** 
.1_ OCCUIS 9.~ ......... 
1_ OCCDRS 12.~ ............ 
1"" OCCUIS 12.~ ............ 
1_ OCCURS 14.~ .............. 
1_ OCCUIS 10 •• ........... 
~ OCCURS 7.~ ....... 
21~ ocaJRS S.~ ***** 
~ OCCUltS J.OOJ' *** 

~ OCCURS 1.4OjC * 
24~ ocaJRS 0 •• * 

·2_ ocaJRS O.~ * 2_ 
OCCIJIS O.~ * 

.... ~ SIIIJLA'l'ICliS SOC 

IIIAI lAB ~ .". 16.74111_ 

P1pre J.9 llpected Rat. of Mum D1atl'ibutlC1l 
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APPDmIX· I 

. Grapha ot 1w1ct:1ana - Yes 

Probalrl l1 et:1c Anaql1s - Yee 

InCrtlllelltal Inveetment - No 

; 
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e.!U1JtcT tTfRI'lmlS t 
PREPRODUCTION PRIMARY SECOIloDatlY TOTAL PAO.;ECT INTEMHI.L MAQGINAL 

PERIOD ORE LIFE OAE LifE LIFE CAPAcn, MATE OF R£TURN RATE OF RETURN 
~ 4 0 6 ll!»OOCl.OO 18.71351 0.0 
l S 0 1 Il5000.00 11.~5553 0.0 
2 3 0 5 125000.00 11.14~;" 0.0 
l ~ 0 6 135000.00 19.1IJ077 11.0 

, 
2 • 0 6 145000.00 1~.32bo8 0.0 
2 ~ 0 6 155000.00 19.41S_S 0.0 • 2 • 0 6 165000.00 19.3b5J4 0.0 
2 • 0 6 14S01l0.00 19. 32ta66 0.0 
2 4 0 6 155000.00 101.415.5 0.0 
l • 0 6 165000.00 19.185:;. o.~ 
2 4 Q 6 ldOOO.OO 19.326t.8 0.0 
2 • I 7 15!iOOO.00 19.7Ull 0.0 

~ 
..0 

• 
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£l!Ia:ot.l&i....D&U 

AVERAGE RATE OF RETURN: 

~AR6INAL RATE OF AETUaNI 

19.h331. 

19.140.1:17'1 

.~: ...... 

EXPLORATION COSTS 15131l.Z ••• 0 
PREPRODUCTION DEVELOPMfNT COSTS 16.1lZ •••• 9.0 

MINING INVESTMENT •• 5306.12245 
PROCES~ING INVESTMENT 17&"S~.10Z0. 

SOCIAL CA~ITAL INVESTMENT 177~.4d.97959 
PREPRODUCTION .ORKI~G CAPITAL 61Zloi.691ee 

TOTA~ .960.~1.63Z6~ 

MINING COSTS PEA TON 18.467,. 
PROCESS COSTS PER TON •• 3?09? 

ADMINISTRATIVE COSTS PER TON 1.J"!' 
TOTAL 2 •• 1a065 

DEeT-EQUITY RATIO 0.0 
EQUITY CAPITAL ."0.~1 •• J265 

BOAAO_EO CA~ITA~ 0.0 

.... 
~. 



".,...,YM c'elf"·~I.nTNfNJ 

PREPRODUCTION PREPRODUCTION MINING PROCESSING SOCIAL CAPITAL .ORtel... CAP. TOTAL EXPLORATION DEVELOPMENT INVESTMENT INVESTMENT INVEST":NT AND SALVA8£ VAL CAPITAL 
/; 

I 75656.12 '20612.24 497653.06 .a3a17.55 "6224 •• 9 0.0 3164023._7 
2 75656.12 '20612.24 497653.0. • •• 77.55 ".224.4. 632.04.69 3796.21.16 
3 0.0 0.0 0.1 0.0 1.1 949117.14 949217.0. 
4 0.0 0.0 0.0 1.1 1.1 '.0 0.1 
5 0.0 0.1 1.0 1.1 1.0 I.t 0., 
6 0.0 0.1 ••• I •• '.0 '.i '.0 
y 0.0 0.0 0.0 0.1 •• 0 -15'2'~I.n -15"0I1.'~ 

..... 
t 

~ 
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PROfIJ ANNUAL PROCESSING ROYALTY PROfIT IASIC INCREMEHTAL TOTAL AftER UPLOA DEPRECIATION ALLOIIANC£ PROfiT lASE un. ROYALTY ROY .. LTY ROYALTY 

• 0.0 0.0 0.0 0.0 0.0 0.0 il.O 0.0 
~ t •• 0.0 0.0 0.0 4.0426.2653~ ••• '.0 0.0 
3 565.1.6.3341' 126560 •• 31776 .4 •• 20 •• 0116 42S2156.~31t5 .20UI.53061 12:11'''.1795' 120120\.40292 1324329.2.251 
• 5659 .... 33 •• ' 1012.87.51020 141.20.40816 • ~OS'''8.41650 6566U •• Z .. 9 9I5.Z.30367 U."253.7372. 1445156.'4,,, • 
5 56591".33481 1099.0.00116 141.20.40116 47~ •• '5."1154 5253.5.61959 7 ••• 1.14294 1464.95.6'463 15421".4.n., 
6 56598I6.Jl.17 647992.00653 141.20 .... 16 ."'04n.9,on 420276 •• 956" 630.1 •• 7''15 1557569.09851 1620610.572'13 ., .89223.'.22. 5183'3.60522 1~.a5.11853 85.15.11153 336221.1965. 1211Z.26", • •• 12IU.267'. 

~ 

t:; 
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• YEARLY M.N.NG AND CUMULATIVE: ANNUAL A .... UAL TOTAL "INING DISCOUNTED TOTAL .N'EST SERVICE IN'EST PROCESS I .. VEST DEPREC RATE D£PREC I ATI ON UNDEP~EC BALANCE UNDEPREC 'ALANCE ROYALTY 
• 

1 3164023.46.3' Z210145 •• 1137 113171.55102 0.0 0.0 JI64023.4'93' 2210145.91In 0.0 
Z 31640~3.46'3' ZZI0145.'1137 1161155.10204 0.0 0.0 .32804'.93111 4560Z'I.136U 0 •• 
3 1.1 0.0 1161155.112.4 O.ZOO'OO'OOOO' 12656.'.38116 5062437.55lO2 3648233.4693' 1184558.27235 
4 0.0 0.0 1161155.10204 O.ZOOOOOO~OOOO 1012487.5102, 4'4.'5!.040IZ 2'111516.77551 11.2'10.31416 
5 0.0 0.0 11617!t5.102.4 0.200000000000 109990.00116 3239960.03~65 23341'9.42'41 1076730.''1116 
6 1.1 1.1 1161755.10204 O.Z~OOOOO!OOOO 641992.00653 2591968.'2612 116719S.53633 1044010.51422 , 1.0 0.0 1161755.10204 0.2.00.00,000. 511393.605Z2 2173574.4Z0" 1494316.42906 7619.18'1, 
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UNA"OMTIZED 
DEttT 

• 0.0 

~ 0.0 

3 0.0 

• 0.0 
5 0.0 

6 0.0 

1 0.0 '. 

CA21t.a' '" ULCw..AItO, 

[OUtTy ACCU""UTEO 
CAPITAL -ORKING CAPITAL 

3164023.4'9.19 0.0 

6328046.93171 632104 •• 931. 

506Z417.55102 a5.2011.734.9 

3196.ZI.163Zf 15120 lI. nut 
253121 •• 11551 "IZOll.UUI.) 

1265609.l8n6 IS82n 1 .13469 

0.0 0.0 

CAPITAL 
ra. 

6328.04694 

13921.70327 

132 •••• 9.51 

10151.679.0 

.226.46102 

56.5.2.22. 

0.0 
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~E tAI-CA'eY' tt'Q~ 

GROSS PROFIT A::CElEAUED NOII~.l 
.fTC;R C"PHAL COST cAPHALeOST RESoUACE INTEREST ON 

CAPITAL TAJl ALLO .. AhCE ALLOdl'4CE ALLO.ANCE LONG TEfcM DEBT 

1 0.0 0.0 0.0 0.0 0.0 

Z 0.0 0.0 O.Q 0.0 0.0 

1 56465'117.41630 .5]5510.20401 0.0 271711.801105 0.0 

• 56491d.65507 0.0 0.0 1412282.16311 0.0 

5 56516S9.87385 0.0 0.0 1412914.961146 0.0 

6 56541"".09262 0.0 0.0 '413547.7.,316 0.0 

7 •• 9223 .... 228 0.0 0.0 '72305.90057 0.0 

'. 

r· 

EXPLO~ATrO" "AEPROD-DEVELOP 
DEDUCTION ALLOWANCE 

0.0 0.0 

0.0 0.0 

15U12.Z4490 492367.34694 

0.0 3446S1.1U86 

0.0 . 2.1260.00000 

0.0 16888Z.00000 

0.0 118217.40000 

# 

!i1 

DEPLETION f': 
ALLO ....... CE 

'f. 
0.0 

0.0 

4h08.95808 I 

"13041.33111 

999J71.22635 ' 

89521.45805 

0.0 

. ' .... 
f;; 

.. 

.. 
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T .. AflLE PROFn INCOME UNDEP-8.LA~CE 
(AFTEA P~10~ LOSSES) TU ACCEL-CC& 

1 0.0 0.0 21.7755.10l04 

2 0.0 0.0 4535510 .20..08 

3 121977.12404 6Z208.333l6 0.0 

4 2919142.01134 14 •• 762.42578 0.0 
Ii 2.9IU3.67'0. 1529037 •• 7631 0.0 

• 3.82239.86142 2030942.32932 0.0 

'7 398700 •• 8171 203337.2.567 0.0 

UND£P-it~LANC£ UN ... ORTIZEO C"I4U:'U IVE 
NO~".L CCA DEIlT UPLCftATtON 

0.0 0.0 7S.56.1ll4S 

0.0 0.0 151312.24.90 

0 •• 0.0 0.0 

0.0 0.0 0.0 

0.0 0.0 0.0 

0.0 0.0 0.0 

0.0 0.0 0.0 

.. 

Ur.Of'-8AUIIICE 
PR£PnO-OEVELOP 

il06l2.1.490 

UI.1224.~8980 

11411851.1428. 

80.200.00000 

56i940.00000 

394058.000011 

275840.6000Q 

u~DE;a .. aAt..A"'CE 
OEPLETION 

lii54614 •• 89t10 

21GCjl;;~d.97959 

2061940.0l1S1 

1018892.61.40 

69521 •• 5845 

0.0 

O.Q 

.... 
~ 
~ 



J'M'lE.R.M&L---RllLll£_II~U!t!ll 

PROJECT CASH FLO. 

OPERATING CAPITAL I NCOMt: "ININ~ TOTAL _OAICING CAPITAL CASH 
PROFIT TA~ Ta. ROVaLTY INv£sr"ENT AND SALVAGE vaLUE FLOW 

• 0.0 6321.0.69" 0.0 0.0 lI6.013 •• 6939 0.0 -3170;'5:.51633 

~ 0.0 139Z1.10321 o.et e.o 316.023.46939 632104.69388 -381Iln9.8665l 

3 565'886.334., 131 •••• 9.51 61206.33316 13Z412'.281:il 0.0 •• 9207.040.1 3310152. ".71 

• 565'.'6.33487 10757.679.0 14 •• 162.42578 1.45756.0.0 •• O.Q 0.0 271."10.118.1 

5 565'''.6.33.'' .2Z6 •• 6102 1529037.9'631 15.2191 ••• 151 0.0 0.0 25791Z •• 4.'91 

6 5659886.33 •• , 56.5.2.22. 20309.2.32932 1620610.5121)3 0.0 0.0 2ODlta38.19038 , "'223.8.12. 0.0 203337.Z4567 11811.26"8 0.0 -IS820U.1346' 205~08".063S1 

I ... IS 19.".337 •• 

NOTEI I '",'CALCULATION IS STOPPED I' THE 1.R IS'LESS THANZERD DR tREATER 'HAN 100 •• 

£ 
~ 

,- :'.' ., 



1 

~ 

3 

... 
5 

6 

7 

PUBLIC CASH FLO~l 

PROJECT 
cas~ caPITaL I"'COME MINI"IG 
FLOW TU Ta. ROYaLTY 

-3170351.51633 6328.04694 0.0 0.0 

-38101.9.fl66S1 139l1.103l1 0.0 0.0 

3310852.17911 13288.8'11857 62208.33326 132d~9.21251 

Z11461O.188" 10757.679'0 14.aJ62 •• ZS18 1 •• 5156.04018 

257912 •••• 997 8226 •• 6102 1529037.97631 15.2M97.44151 

2002638.19038 5695.24Z24 Z03094Z.32932 16206.0.57293 

20S5086.063S2 G.O 203311.2.S67 12812.26718 

JRR IS 41.504660. 

NOTE I 1 T~E CaLCULATION JS STOPPED IF TtlE JRR IS LESS T~AN ZERO OR GREATE~ THaN 100 •• 

2 PUBLIC CASH 'LOWI ASSUMES THaT THE PROJECT ,~OULD NOT "AVE BEE'" UNDERTaKEN BY 

A PRIVATE COMPANY 50 THAT TAAES AND ROYALTJtS ARE NOT A COST TO THE PROJECT. 

caStI 
FLOII 

-31640C!3.~6939 

-:;19682.-.16321 

.n0679.29.0S 

5659886.13.81' 

!t6598i6.1J487 

5659886.33481 

Zl712~5.S"691 

$ , 



• 
2 

3 

• 
5 

• 
I' , 

I. 
I 

! 

EGUITY CASH fLO. 

PAO.lECT 
~AS" &ORR""EO OEBT INTEREST 
FLOW CAPITAL REPAY~EN' 0.. DEaT 

-3170351.51633 O.Q 0 •• 0.0 

-38107 .... 86653 0.' ••• 0.0 

33 lO8S2. 17911 '.Q 0.0 0.' 

Z" .. 1O.11141 0.0 0.0 0.0 

2579724 •• 4997 ••• '.Q 0.0 

2002631.191131 '.0 0.0 0.0 

2.55016.063S2 0.0 0.' 0.' 

JRR IS 19.'.337., 

NOT'I I T", CALCULATION IS STOPP'D If THE IRR IS LESS THAN ZERO OR &REITfR THAN 1001. 

2 EOUITY CA~ 'LOM IS T"AT AfTER ADOINa BORRo.£O CAPITAL AND SUBTRACTING 

DE.T N£.AY~N' AND INTER£ST. 

~ TME INTEREST RATE IS •••••• 

. \' 

CAS ... 
FLOW 

-3170351.51633 

-38107 .... 86653 

331.8.2.77971 

2714610.11841 

Z5797i4 •• 4997 

ZOO~6;'1.1903' 

2055086.06352 

... 
~ 
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5t~II'MIII ""Xi'i. 1 

~ARA~f'tH C~A~6E .".. C .. AI\i\it: "ATE uf ofHUHN 

'Vf~A~E ~£ 6RaDE -S.O. -10 • .1'" I'.oe'llto 

Ikcnn .. , RaIE -5.0. -1'.00. l'.' .. ~OO .. 

NfY VALUE -S.O. -It.Oua 1'J.'"i!OO. 

OPf 'ONN'I( -5.0. -'.'e. I '.IIU86I .. 

PtIE-..ucnOll llPLOetA TrOll !t.OI -1.0.,- 19.nlt'8* 

PN[HaDUCnON O£Vf'LOPfI'£NT 5.0a -I.u'. 1'.~2.tlfl. 

-I. INVEstMENt !t.Oa -0.6.j. It.olll ... ... 
PWOCfSSI.. INVEStMENT 5.0a -1.11. 1".~16Zb'll 

\'; 
I 

SOCIAL CAPn'L 5.0. -l.lla 19.51;'o. 

"I~ OP(~ATI~ COSTS 5.0. -J.Ol. 19.U18''6 

fllleUSS a.ERATlIIG COS1S -5.'. -1.:1'. 1' ••• 5Z ... 

GPtl~ Rf'~ 19.7] 



~1)lJlKl11 4NAII~lS • ~ 

P'A'''~TE~ C".~GE 114M r ... hobt: ".'t: UF ...... 'U"., 

AVE~'GE "HE GAaOE -10.06 -~l._!». Ht.!»Ol101lo 

ttUuVEAY NAtE -10.0 .. -lI!O •••• 1!I •• :ttlO. 

NET V'LUE -10.0 ... -lO ...... 1!t.e!tUt). 

OrtE TOIilNAGF -10.0" -itO.l'~ I!». I~.nV. 

PMEPROOUCTIOIII EXPLONATION 10.0'6 -0.1 •• 19. lUll •• I 
1 

PHEPHOOUCTIQN OEVELOPMENT 10.OS -Z.litA 1 ... .tlS9S. 1 
I 
j 

NINE INVEST"ENT 10.0'6 -I.Z •• 19.4.,90 ... 
~ 1 
~ 1 

j PROCESSIN6 INVESTMENT 10.OS -Z.I.; .. 19.30ll!09. 1 
SOCUL CAPITAL 10.06 -Z.lO. 19.JOOQlw. ! 

NINE OPEN.TING COSTS 10.0. -6.1¥'I 18.!»lZl' ... I 
PROCESS OPEHATING COSTS 10.0 .. -Z.7.'6 19.1 .. 403. 

OPT."" .. NETuN" 19.7~ " 



it,S'I"'11 ANAIISIS • J 

P_AAMtTEw CHA~GE 1M" C"_lIIbt. "-'E UF "FlU"'" 

AVERA6E 0.£ OM_DE -20.0. - ••• 1 .... 9.'iIt'Jl!t. 

R£COVE .. , RA JE -20.0. -.'.7." 10 ... 123 .. _ 

NfT VALUf -20.0. -U.l •• 10.1123 •• 

ORE JOHNAV -20.0 .. - .... ~O .... 10.~S.'". 

PREPRODUCTION EXPLORATION 20.0S -O.ll. 19.6UI6. 

~fPRODUC"" DEVELOPMENT Z •••• - •• 1"" l •• 'IUO"" 

• M,": INVE~'MENT 2 •••• -Z •••• 19.2.e66. t-A .... 
f;-

PlGC£SSIMI I~VE5'MEN' 2'.OS I --._1_ le •••• OJ .. 

soc I AL CAP IT AL 20.0. --._2. • •••••••• 
"IME OPEH.'INe COSTS Z •••• -IZ •• I. 1'.1 .. ' .. 5. 

PttCICESS OPERATI. COSTS 2 •••• -S.Sl. lB.6l_6B. 

OPTIMUM REfUteN 19.'~ 



,. 
et'll 
9. 

lU'6 
11'1 
lZ_ 
13. 
I .... 
1!tt. 
1.,,. 
n. 
Iftl 
19_ 
20 .. 
ll16 
22. 
23. 
24. 
25. 
26 .. 

aeEUlIU!AI£..Jit 8.t.lidsllI.Jl1 SIH I r1Ul.1Q~ 

OCCURS 
OCCURS 
OCCURS 
OCCUJlS 
occurcs 
OCCUWS 
OCCURS 
OCCURS 
OCCURS 
OCCURS 
occurcs 
OCCURS 
OCCUICS 
OCCURS 
OCCUltS 
OCCURS 
OCCURS 
OCCUNS 
OCCURS 
OCCURS 

NU~HEN OF ~lMULATIO~S !tOO 

U.l"" 
O.lfot, 
1.20. 
l.bO.,. 
~.40. 

!!t.60W. 
!».lO'" 
~.4C1'" 
9.20. 

12.40. 
12.20 .. 
14.40'" 
10.d06 
1.406 
!t.40'l 
3.00'A 
1.40'1 
O.tsO. 
0.40" 
0.206 

, , 
I 

• , , , ,. ,. ,. , .. , .. , ..... . , .... . , .... . , ........ . , ........... . , ........... . , ............. . 
•••••••••••• , ...... . , .... . , .. . ,. ,. ,. 
•• 
• , , , , 

MEAN RATE OF HfTuH~ 16.14111. 

RANOO~ NU".~R SE~~ 11 

~ 
~ 

I 

.. 
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. ' • .' 0 0 0 
0 0 0 
oft 0 0 
"- III 0 • "- III ... fit 

0 0 0 
0 0 0 • • • 0 III • fit 

0 ... • 0 0 0 • • • 0 0 • • • • • fit • III • • N ... ... • 0 • • • C • 0 0 0 "- • 0 0 0 C o· III 0 0 0 0 0 Q 0 0 0 • III: 0 0 0 ... 0 C • 0- eD > N U ... ... N at ... 
'" 0 III III 0 III 

! 
z 0 VI III 0 eD Q at ... 0 at • • • ~ • 0 C 0 0 0 .I IL 0 U 0 0 0 C 0 Q 0 0 0 011: • t- o 0 0 III 0 

~ 
0 0 VI 0 0 0 Z • CI ... a ... 0 4 ... ... .a u .. N .., E 0 

• 0 
0 

• • • 0 0 0 0 0 0 0 0 0 o. o. 0 0 0 • III ... 0 0 CI N • 0 0 0 0 0 ... ... CD • ... .. 0 

• ... • 0-
eD . . • • 0 0 • • 0 0 • • 0 • 0 0 • 0 0 ,. 

0 0- fit .. ... .., 

• • • 0 0 0 
0 0 0 
III 0 0 ... 0 • ., ... • ... '" 
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14,. .... 

IIOdfC' 'III'T'ONS 
~REPRODUCTION PRIMA'" SECONDARY TOTaL PROJECT IHTEMNAL MARIIHAL 

PEAIOO ORr LIFE ORE LifE LIFE capaClTl RaTE OF METURN RATE OF RETUHN 
~ 5 0 1 150000.;)0 lZ.10505 0.0 
2 • It I 150000.00 1.823l" 0.0 
2 " 

, 6 150000.:»0 15.35150 0.0 
I :I 0 5 150000.00 11.011'Z4 0.0 
2 2 0 • 150000.00 15.68197 0.' 
2 3 It S 160000.00 16.73913 ••• Z 3 0 5 140000.0. 11.351'18 0.0 
I J .. S 130010.00 17.5311.2 0.0 
I 3 0 " 120000.00 11.5831'(1 0.0 
I :I 0 Ii 11000'.00 17 ••• 3'6 0.0 
Z " u 6 120000.00 16.40091 0.0 
2 Z 0 " 120000.00 15.53~~3 0., 
z :I 0 5 130000.00 11'.5:1082 v.o 
Z J 0 Ii Iloon.oo ll.41116 0.0 
Z 3 • Ii UOlGO.OO ll.53012 16.536'3 
2 3 0 Ii 1.0010.00 11.3571a u ... "aoo 
Z J 0 Ii 150000.00 11.08U4 11.24.92 
Z J 0 Ii 160000.00 16.7191'3 I.?ZUS 
Z :I • Ii noooo.oo 16.32922 6.2598. 
I 3 1. 6 160000.00 16.65256 8.72105 

... 
~ 

.. 



TONS 
OF' OAE 

1 0.0 

2 0.0 

3 160000.00000 

" 160000.00100 

5 160'01.01000 

• Z7640.725U 

J!81l1WCI.1~'" 

AVERAGE CUTOff 
GRADE; GRaDE 

0.0 - 0.0 '6 

'.0 .. 0.0 • 
l.ll2S'. 1.8l2S •• 

3.1325"'6 1._3Ilit •• 

3.13251 .. 1 •• l2:t •• 

1.7160" 1.7l061. 

PRIMARY ORE PRODUCTION 

TOTAL ORE PRODUCTION 

MECOVERAaLf 
METALeLaS) 

0.0 

0.0 

11.72717.25255 

" • .,Z"7.25255 

11.72717.15255 

..259' •• 5110 

••• O.'.OTONS 

107,.o.nONS 

CONCENTRATE 
VALUErS) 

0.0 

0.0 

lOZ6!t2U.76172 

102.5213."6171 

1016!tIU. 761 72 

719703.17.'2 

.... 
~ .... 



£.iM.NC'11. PUA 

AVERAGE RATE OF RETUR~I 16 •• 5256_ 

MARGINAL RATE OF ~fTURNI 1.12105. 

f.PLORATIO~ COSTS .5 •••••• '1.6 
'RE'RODUCTION OEVELOP~£N' COSTS 16' •• '9.1'5'2 

MINING INVEST~ENT 1016.22 •••• '. 
PROCfSSIN6 INVE5TM[NT 1115102.0.082 

SOCIAL CAPITAL INVESTMENT Il'.91V.5'.,. 
,.r~CTION WOAKINI caPITAL "'1&1.,1755 

TOTAL '11"22.65306 

MINING COSTS PER TON 1 •• 2.125 
PROCESS COSTS PER TON •• 0"15 

ADMINISTRATIVE COSTS PEa TON laJ1Il5 
TOTaL 2'.69315 

OlI,-rOUI" R&TIO 0.51000 
EOUITY CA'ITAL 355.'61.32653 

IORROWED CA'ITAL 355'''1.32653 

~ 

~ 

" 



.INI\IU.l.L1&1111~lJIiIV£S TIIEIIIl 

PREPRODUCTION PREPRODUCTION MINING PiCOCESSING SOCIAL CAPITAL 
EXPLORATIOI\I DEVELOP,.£NT INVESTMENT '",VEST .. !,-T ,NVESTMENT 

l 18012.4$ 8422"".90 508061.22 907~!)1.02 899"89.80 

2 18072.45 8422"".90 508061.22 901551.02 .9.".9.80 

1 0.0 0.0 0.0 0.0 0.0 

" 0.0 0.0 0.0 0.0 0.0 

5 0.0 0.0 0.0 0.0 0.0 

6 0.0 0.0 0.0 0.0 0.0 

WORKING CAP. TOTAL 
AND SALVAGE VAL CAPn.L 

0.0 3235419.19 

'''1083.88 3882503.21 

97062S.12 97062S.12 

0.0 0.0 

0.0 0.0 

-1611109.69 -1611109.69 

H 
0-. 
~ 

• 



'OYA'IIIIII"l'IIQI 

PAW IT ANNUAL PROCESS I ... ROYAUY PROFIT eASIC INCREMEN'A1. lOtAL ",nR UPLOIt OEPRECIATION ALLOMANCE PROFit eASE 11 ••• ROYAL" ROY •. L" lOYAL" 

1 0.0 0.0 0.0 0.0 1.0 1.0 , .0 1.0 
2 I •• 0.' 0.' 0.0 ••• 1.6.306.2 1.1 1.1 0.0 , 51,.2 u. '6172 .29.'6'.'55 •• '.52".'.32' .39"37."'35 e3.U2.6U2. • 2571 ••• 911. 12 •••• : •• 3 ••• 131.5 ••• 12"_ 

• 563UU.'."2 1'353~.2'.0I 1 •• 201.1632' ••• 36n.3v.3' ., •• z ••••••• 111563.'1".' 1'''''135 •• 5 ••• I ....... " .. , 
5 5.,.'1:1.' •• " .2.Z.'.363" 16520'.16321 6.6073 •• U519 53636 ••• n •• ,,,51.13'" 1513539."71' 159399 •• 2"'. 

• 2.2Z' •• 36'. • •• 2'.'36'. • •• • •• .29111 ••• '., ~ .. • •• ••• 

... 
t: 
I 



YUJcL'I MINING AND CUMULATIVE ANNUAL 
TOTAL I~VEST SERVICE INVEST PROCESS INVEST DiPREC RATE 

1 3235.19.38776 2327868.36735 907S51.0Z0.1 0.0 

Z 3235.19.38776 23Z7868.36735 181SlOl.h082 0.0 

3 0.0 0.0 1815102.0.082 0.2011000000000 

• 0.0 0.0 1815102.0 .. 082 0.200000000000 

5 0.0 0.0 ltU5102.0.082 0.200000000000 

• 0.0 0.0 1«115102.0.082 0.00131280.169 

ANNUAL TOTAL MINING 
DEPRECIATION UNDEPREC BALANCE UNDEPR£C IALANCE 

0.0 3235.19.38116 Z32?86j.36735 

0.0 6.7083".71551 .655736.7JU9 

lZ96167.7551O 5116671.02041 372.589.38716 

103533_.20_08 -1-133 •• 81.33 2979611.51020 

828267.36327 3313069 •• 5306 ll83737.20816 

2U27.83.n 32888.1.61833 2366305.40000 

DISCOUNTED 
ROYALTY 

0.0 

O.~ 

1122 •• 0.761:13 

l1Z9971 .05395 

1112315.81293 

0.0 

~ 
~ 
V1 



UNA"ON'IZI:D 
01:8' 

I n.nZ .... 6.3. 

2 , .. ,. ••• 3502. 

J 2J§ •• 12.J56IJ 

4 14'121 •• '16" 

• - ..... H 

• .., 

CAP'!" I •• c"CW"'QI 

£OUlff ACCUMULATEO 
CAPlfaL _OIlKI ... CapnAL 

161" ••••• 3 •• I •• 

3235.19.3'''. """.'''55 
2.26564.54.i2 1.1''' •••• , .. 

1.1" ..... 311 1.1" .... 93 .. . 
.... 5 ....... 1.1" .... 93 .. 

1.1 I.' 

CAPITAL 
'A. 

.72 ••• 7231 

15JJI."UI 

IMII.'lltl 

'IJI.I.14& 

...'.119 •• ,., 

• ... 
~ 

.~ 



GROSS PROF IT ACCELERATED NORMAL AFTER CAPITAL COST CAPITAL COST CAPITAL TAX ALLO"ANCE A~LOWANCE 

• 0.0 0.0 O.Q 
2 0.0 0.0 0.0 
3 5820012.38773 "59391.58521 0.0 

4 58248110.49431 456033.06185 0.0 

5 5829300.63264 0.0 0.0 
6 24221.83414 0.0 0.0 

fCESOUOlCf INTEREST O~ EJlPLOkATION ALLOlf/.I\CE LOt.l(j TE'''4 DEBT DF.DUCTION 

0.0 0.0 0.0 

0.0 0.0 0.0 

340305.20063 318615.8680l 16516l.42l61 

1342211.1l5t161 220513.02055 0.0 

1451340.15816 1144'>17.14529 0.0 

6056.9:»868 0.0 0.0 

PRfP~OO-OEVELOP 
ALLO"":-';CE 

0.0 

0.0 

530416.31020 

315533.41114 

26281::'.39200 

llU 70 .81605 

DEPLETiON 
ALLOWANCE 

0.0 

0.0 

0.0 

aS1b47.28304 

991i662.4843Q 

0.0 

.... 
~ 
~ , 



T .... u: .. ItO, IT I NCONE UNDEP-BALANCE UIIIDEP-8a.LANCE U.""MORTIZEO CUMULATIVE UNDEP-S.L"NCE UND£P-IJALAII:CE CAFTER PRIOtI LOSSES' 'AX "CCfL-CCa IIIO~".L ee. DEBT [XPLOMATJON PRE PRO-DEVELOP O£PLETION 
1 0.0 0.0 2407706.12245 0.0 174nZ .... 69l9 11195.34694 .1:i914.69118 lG7847l.129.!& z 1.0 0.0 4915.2 •• 6530' 0.0 39.3 •••• 35020 165163.42367 17118254.36U5 l156C;.6.Z5650 ) -0.'000. 0.0 .5.033.067., 0.0 2756412.75'1' 0.0 125177 •• 05n. 4tIS.h6.25850 • 850 •• 0.IUS6 uOO, •••• )"l 0.0 '.0 IUlZI •• 1l607 '.0 '''2 ••• 6.000 129.29 •• 9754, 5 ItM •• , • .sz .. 15ZJ953.60091 '.0 '.0 -'.00001 '.0 613371.2 ••• 0 300U .... 911' 6 ••• 0.0 0.0 0.0 1.0 0.0 59UII.3n.s lOO636 •• 9117 

~ 

~ 
I 

• 



UlI£JlN&l -'luLG£..J!ElUSIi « 
PRO~ECT CASH fLOW 

• OPERATI"'~ CAPITAL INCOME "ININIi TOTAl. -OR!(IIIfG '.PITAI. CASrI PROFIT U. TAX ROYALTV INlfESTM['.T ~ND SALVAGE VALUE fLaW 
1 0.0 6729.67133 0.0 0.0 ll3S419.36716 0.0 -324Z149.0600cl 
2 0.0 15731.90323 G.O 0.0 3235419.36176 647083.87755 -389823S.16854 
3 5834213.76172 13601.31396 0.0 1370586.72272 0.0 970625.81633 3479.$99.848bcl .. 5834213.76172 9333.26741 1300744 .... 3951 1494699.77007 0.11 0.0 3029~3~.78473 

5 S834'13.76172 4853.U908 1521953.60098 1593990.20195 O.Q 11.0 270·/41b.til371 
6 2.227.83U4 0.0 0.0 0.0 0.0 -1617709.69388 Ib41931.52861 

JRR IS 16.652563f. 

NOTEI 1 THE CALCULATION IS STOPPED If THE JRR IS LESS THAN ZERO OR GREATER THAN lOOSe 
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PUBLIC CAS" 'lOW' 
PROJECT 

CASH CAPUAl INCOME "'''''N6 fLOII! TAl TAX ROYAL.TY 
-32'21".'6001 672'.67213 0.0 0.0 
-3198235.1615. .5U ••• 032) 0.0 0.0 
~7'3"."161 13601.~n91 0.1 U?O!tIl •• 72zn 
J02MJ5.71.U .333.267., lJOO7' ••• l.51 1 ..... 9.n.01 
2,..,.1 •• 12371 "53.'2'0' ISZ7.5J •••••• 159~9.0.207.5 

1 .... 37.52 •• 1 '.0 •• 0 0.0 

IMR IS 3'.0325". 

NO',. 1 '"' CALCULaTION IS STOPPED I' THE IR. IS LESS '"AN ZERO OR "EaTER T".~ 100_. 

2 PUBLIC caIN 'lOl, ASSUMES 'HaT TME p~o~e' -OULD NOT "AVE IEEN UNGERTA.EN 8' 

'A PatvaTE co.PANY Ie fHAT 'AaES aND ~YILTIES ARE .aT a COST TO THE "OJECT. 

CASH 
flO • 

-Jl3S'.'.J.n6 

-3"'2SOl.Z6!t]l 

' •• 3517.9.53 • 

5.3.213.761 '2 

5.3.213.76172 

1"1937.52161 
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EQUITV CAS" FLOW 

PAOJECT 
CASH AORROIIEO DEaT I'IITEREST FLO. CAPITAL REPAV.,ENT ON DEBT 

-32.2149.0&008 1611709.6'311 0.0 0.0 
-3198235.1.854 1941251.63265 0.0 0.0 

3419399.8486. 0.0 1221035.5933. 311675.86802 
3029435.78473 0.0 1325198 •• 4080 220513.02055 
2707416.82371 0.0 1431214.31607 114497.14529 
16.1937.52861 0.0 0.0 0.0 

IRR 15 21.432497. 

NOTE: 1 '"E CALCULATION IS S'OPPED If '"E IRA IS LESS '"Atol IE,AO OR GREATER 'HAN 10011. 

2 EOUITV CASH FLOW IS THAT AFTEA ADDINS a~RO.EO CAPITAL AND SUBTRACTING 

DEBT REPAVMENT AND INTEREST. 

3 THE INTEREST RATE 15 8.00 •• 

CASH 
FLO • 

-1624439.36620 

-19569"3.535&8 

19336111.3'1733 

1.83724.32331 

1161705.36236 

1641937.52861 
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pi P' -JCIIS 

4.1 Introdl1cticm 

A CCIIIIpIlter IIOdel c~. of detenln1 1'18 th. apt1Iua 11.. ot a PI'OJect 
needecl to clwe1ap a IIlDenl depodt I1so bu app11cat1aDl 111 the 
aalIIdl ot a YU'1 •• at related 8CCIDt&C Pftbl-. 'Itd.._ .. 
tdll augeR .CIM probl_ tbe IIOClel cCNl.cl au 111 .olv1Dl. 11Dc. 
IIC!d1f1caUau to til. IIOdel .asld be MC'UU7 tor .oat taka, DO 
attllllpt wJll be IIIde bere to ac~ u.autnte .. ot the .... Itecl 
. ..quI. 'Itd.I 11 lett· tor otber IIGftOII'IPbI .. perb8pa other 
ecClftCalate. 

The II08t ilportUlt iDt01'lll.tilcm needed tor t.be ___ .1 pl'OpOHCl 
ben 11 the cep1t1l aDd operat.tac coats data epp.Ucable to both 
the "pcm .ad tile Ir:1nd of IIlMnl Upoa1t WDa waluated. ti. 
1Dt~t.1C11 cClUld be ob~ trc. two aaurc... 'DIe tint .CIUe. 
WCI1ld be pradIlcen &l.reIdr 1D the reeleD or 1A dId.llZ' NIlau ., 
are IIln1nI the delS.Ncl ldMral. aach iDtcnat.1c.a 1IaUlcl haft to be up
elated lid lIOd1t1ed to nnect CUI'tIlt coata ad poaa1bl. cbIDpcl po
srapb1c locaUCDe (tile u •• euac ot tb1a mm-tlCD 11 a Mpaftte 
atudJ 111 1tael.t). 

til. IlCancl ICIVCe ot 1nt~t1ea 1IOQl4 be traI a 0CIaIUl.t.Ua t1l'tI 
which apec1al1... ill the eYaluatlea of IdAin& projectsr.of tbe Id.Id 
uader ccu14eratlCl1. • tim waalcl be Mke4 to UIdertIIce t.dM 11 V 
ltudi .. ot a NnP of project d ... tbat tIIIIlcl ..... lid procen tba 
tarpt Id.Deral 111 the clednd nllea. til. iAtOlllatt.ea IIlabt be COI~ 
1Dlt1a1lir bIlt ccu1d aern u tbe balla tor a ftI'1e'r of .""0 
.1aad:le1 OIl a "Ilea tor a oaaat.clenbl. pertod of tiM. 

'lbe prClbl_ ... dS. ..... iD order of iDonlsdlI cIltt1aalt7 tor tbI 
1IOdel. AI P"..ted b .... tbe ..t cIUt1ou1t pnbl._ II'e thoI. 
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requiring the most modifications to the model. 1&t kinds of pr~ 

blem are discussed. 

4.2.1 Target Grade and Tonnage of a Deposit for a Region 

The model is no~ provided with data on a ndneral deposit to 

be evaluated. Given the capital and operating costs which would be 

applicable for a deposit in that region, the optimum rate of production 

is then calculated. This procedure can be reserved in that if WOI'

mation exists on the costs of nd.ning and processing in a region, it is 

possible to ~othesize a mineral deposit of some size and grade and 

then determine if that ~othetical mine is profitable or not. Grade 

and tonnage can both be adjusted until a profitable deposit is outlined. 

This procedure can be continued so that a fam:Uy of profitable deposits 

is detennined, each of different size and grade. The target deposits 

are those that are most likel1 to occur in a regLon based on experience 

in that region and in regions of a simUar ld.nd. 

A variation of this analysis MOUld be to determine the lize and grade 

of deposit needed to support investment in a new townsite in a potential 

nd.ning region. In this instance, a number ot deposits could be evaluated 

together (see 4.2.4 below). 

4.2.2 . Compare Different Mining and Processing Methods for a Given Project 

Projects of different size can frequent~ employ significan~ 

different mining and processing methods. A possible implication to 

the moclel of this is a discontinuity in one or more of the capital 

and operating cost tunctions. That is, after a project would reach 

a glven size, there could result a sudden drop in, sq, mining costs 

with the possible introduction of a much more etficient mining method. 

For the moclel to handle this proper~, the evaluation would have to be 

undertaken repeatedly using data applicable to the different ldnd 01 

process or method being evaluated. 
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, dIdlar Idnd ot ~a to th1. 1IG1ld be applicable 1n the eval.uat1an; 

ot d:1tterent ld.nd. ot lI1t1pallutiOl1 dmcea. SeIDe device. caulcl .taU 

a larae capitllinYeatment but ...u operat1Dl co.te 1dd.l.e other. 
IIlcht _tail the re~e. It .. wll be that .eparate evaluat4<aa tor 
tile t., poaable methode 1IGUld be the c:mq __ ot detend.niD& tIb:lch 1a 
preterable 1n terIu ot ecClllClld.c ett1cilllC7. 

0' CCIIIpleteq d:ltterent ina ot ..q~a ~or the IIOdel. ccmctl'lll 

Gow .. st pol1c, v1th reprd to 1DcQlt taxa. and r~tie.. lor till. 
Id.Dl ot ~.. d:ltttreDt tax at rqralv QIIt.e Mulcl be Uled 111 
tile _aluatiCft ot a liveD l1.e ot 1I1neral. depomt. Dltteret rate. 
ot ta, dUterent allowable decluctlonl, ml dUterent rate a tor the 
cap1t1l. COlt allOlflDCel could be .. cW to Nat ill dUterent . 
opt.iJuI aolut1ou tor the evaluat.ian. 'clUtel'Ctopt.t.lul lolutl.CD would 

__ eme or lION ot the tollOldJl&I a d1tterst l1.e ot project (1Ih1ch 

.... a d:l.ttel'lllt rate ot eRract.iClll aad a d:ltttreDt 1_11 ot 1Dn.t.nt). 
dUtermt ..aunte ot pn.r, a aecC11dar7 ON, d1ttel'lllt ..amt. of tax 
a l"OJalv renaue, a clUterct total. We tor- tile project. a, of 

cauree, a clU'tereDt Nturn to the meated capltll.. Por a III1"IlDal 
project, the lc:lDda ot tax lid l'OJalV .,ate. 111 ettect are cr1t1cll 
l1Dce a IIIIIll chInp :In, • ." a tax rate cm __ the ctt.ttertGCe bet ... 

a viable project ad 1ft UIlViable c.e (ore or DO ore). 

In order that the lIOdel coulcl \IDlertake mob an aaaqe11, a_etelJ 
11ft tax and ro,alv IUbrautinea DIld have to be proridecl and IIUb

ltimtecl tor the old lUbl'out1ne.. 'l'b1. VQIlcl be relativeq ... to 
do hOlWer. 

The 8Y1luat1C1l ot 1nd1ftdua1 dapoAte 111 • reslClll
o 

1lIIY not prcn tl'Uitt\ll. 
bat the _duat1C1l ot a IftIUP ot clepoe1te taptber could le. to further 
cleYel.-t. '!he proc .... here IIIOalcl be to bJpothe ..... a c_tral 
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c"oncentrato!:' doing custan processing for the potential mines being 

evaluated. As before, a range of concentrator sizes would be used 

to derive a processing capacity - processing cost !Unction. Each 

deposit would be evaluated in tum at an assumed processing change. 

(Mi.n:i.ng costs here would include transportation to the concentrator). 
If total. optinaJm production was different from concentrator capacity, 

the concentrator size would be changed and all deposits re-evaluated. 

This procedure would continue till concentrator size matched the total 

optimum production. Note that deposits not eaming the minimum desired 

rate of return would not be contributing to the total production while 

the investment in prOfitable mineral deposits would be incremented till 

the last increment of investment earned the minimum rate of retum. 

By this means ill m:l.niJ1g investment would be earrdng at least the 

assumed opportunity cost of capital, yet the maximum possible amount 

of ore wcW.d be determined. 

An important aS8Ulllption here is that all concentrate produced could be 

further processed at the prevail.ing processing costs (and then sold). 

4.2.5 Social Cost - Benefit Analysis 

The evaluation undertaken in the previous Chapter and the evaluations 

proposed above assumed that 8I\Y divergence between money costs and 

social costs were of little conse~ence. This assumption is !re~entJ.y 

incorrect. Proper resQlrce management fran the Province' s point ot 
view should not exclude any significant level ot extemal ettects which 

may result fran mining activity. 

The determination at social costs and benefits is usual.l¥ much easier 

to propose than to c&rl7 Qlt, particular4r tor large projects. For a 

small project, the divergence between private and social costs m~ not 

be significant but tor a large project, there is almost certain to be 

a divergence. This is because ot the large amounts ot capital, human, 

and natural resources involved. Since a large project would natur~ 

e~loy a large number at people, w.l.thin this number are people who are 

likely to be otherwise unemployed. Also, such a project would import 
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I1pfticant UIOUJ1ts ot labor. Thesl canaec:pences c8l11ead to a 
ei&n1t1cant 1ncreue :in the 81'08a provincial 1nccme and tax revenuea, 
71t an evaluatiOD tl'Clll a private po1nt at view wuld not :include 
theae benetits. 

A large project can alao lenerate I1sniticant cOlta aDd. benefi ta 
which do not appear in either a pubU.c or private accaunt:l.rla pro
cedure. The coats can be in the tal'll at pollutiOD and ~relone ua. 
at reaourcea in other actbitiea (1nclud:1n8 recreation). AdditianaJ. 
benetita nd.sht include iq)roved health, achool, ml tranaportatiOD 
tacil1tiea, particularq 111 leaa cle'Ieloped parta ot the Prov1nce. 

For the model to handle u.rv at these coata aDd benefits at ita 
present level at developnent, shadow prices (coata) would have to 
be determ:1ned and the actual coeta &rJd revenues adjuated accord:S.nlly. 
In other caaea, proxiea could be used tor the external ettectl and 

the capital and operat.:lral coate aa.1tabq adjulted. ., other Govern

IIIftt objectives ad.sht be included by the lU1tab1e 1fe1cb1DI of ... 

aoate and beneti ts. 

4.2.6 Dete1'llllne the Market Price at a MlDeral. Depoa1t 

Another application tar this IIIOdel VCIIlld be to detel'lld.ne the .rket 
price tor a nd.neral depoa1t. In order tor the IIIOdel. to do thia, it 
vouJ.d have to be lIIOd1t1ecl ao that it vould lIIu·""'.e the preaent value 
ot a pose1ble project rather than 1IIIX1nd.lle the interDal rate ot retum. 
'!'he cash now 1«JUld be calculated in the a.. lllUDer but a t1xed die

caunt rate .ould be usc, u ul1Fed by the evaluator. The discount 
rate 1D1ld be the real opportuD1tT cost at capital tor the potent.'1al 
buyer(s) (and vaulc:l 1nclude a risk element). Aa-!"na that the OPPOI'
tun1tT cost ot capital 1KIUld be the a .. tor the aeller IIMl the buprl, 
the seller 1IOUld be 1nd1tterent between developlna the m:lDer1l d8p0At 
h1uelt or lel11", it tor the calculated value. lote that the preHDt 
value (it positive) is the ecancm.c 1'IIlt- that cGIIlc1 be antlc1paW tor 
the depoa1t be1na evaluated. U the prav1nce 0WDed the II1nerll. depoeit, 
it could calculate a sell1na price that woulcl be • substitute tor a 
ro,altr on productiCl'l. In this ca .. the present value 1IOUlcl be cal-
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culated exclusive of 8DJ other royalty deduction. Alternateq, it 

could assume. a production royalty and sell the deposit for 8DJ 

econanic rent calculated with the royalty included. 

4.3 Conclusion' 

The six auggested areas of anaqsis for which the model. ~ be of use 
are by no means exhaustive. For one thing, the use of a model such 

'as this is not l1Dd.ted to mineral deposits. Also, other 8Il8l¥sts 
will find applications in their own area of interest that have not 

been hinted at here. 

It is hoped that this model will prove to be as valuable an anal1tical 
tool for other econanists as the experience in developing it proved 
to be for the author. 
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APPIRDII 

CCIIaIInts by Prot_lIor B.1f. Maclll1lie 

Professor MiacleDZie's COIIIII8Ilts are presented in the order they 
'.re made UJ4 are tollowcl by the author's d1sCWIsian. 

1. Protusor Macltelllsiea 

It appears that the estiates used 111 the lIIOdel are 1n cODltat 
IICIDsy tv. ad that the etreets of 1ntl.atiCll are not cauid8recl. 
Th18 ., result 111 si&Diticlllt errore tor the rate ot retum ad 

net present 'IIlue criteria evaluated. '!'ax ccuid.eratiau 0'V81"

valUe and. debt t1unc1Dg under-values the criteria evaluated it 
mtlatiOll 18 prulllt but Dot CCIlI1dered. IIcalaticz (dittel'tllt1a1 
mtlatiCll) amana the cost IIlCl price ~tere it it exists also 
introduces an 1aportant source ot error. Por a cOlllpl.'e descriptiCll 
of these etreet. lee: 

"TreatllllDt at IDtlaticz in M1De lvIluaticm" 
K.e.G. Heath, G.D. Iralcoy ADd G.S. IJme 

DIf '1'rIIlIacticU, Jauary 1974. 

The est_tee are in ccutant 1IOft87 tel'lll8 u noted. The authors 
of the article referred to above recolllll8lll that "111 the earlT atlle 
at evaluatiaa - at a prospect tor a tarset evaluaticm, in a tvPo
thetical model prepared tor pl um1ng pu'p08es - the paruet.el'l lholald 
not no~ be Wlated, i.e. the evaluator shoWd work in CClll

Itmt IIICDe7 tll'lll8", (P.A 30). The reuCll tor thil is that looci 
eat_tea at 1ntlatiCll are coetlllDCl t1llle cau181ns to obtain, 
whUe poor eatiatee art likell to live reault. that are 1 ... 
rel1able thin thoee obtained bJ USml UD1ntlatecl plnMtel'l. The 

authore wo pomt out the ettlCtl at two poa.ible saurc.. at 
error - in tuaticz ud project tmanc1Dc - t_ to cillcel aae 
another (P., 24). rn the cue of tuatian, accelerated ret .. of 
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capital recovery (as are applicable here) tend to reduce the 

effects of in!.lation since the capital from a profitable pro

ject is recovered in the first couple of years of operation. 

The adverse effects of inflation on borrowed capital can be 

reduced by using an interest rate that includes an inflationary 

element. Of course the principal will still be repaid in current 

dollars. 

The model in its present form cannot take into account the effects 

of differential inflation a1thOUSh it could do so with a relatively 

l!Iinor modification. The problem is to reliably estimate what the 

amc:nmt of th, differential would be for a number of years. Of the 

three areas of concem, the latter would appear to be the most 

signiticant. 

2. Professor MacKenzie: 

The optimization of capacity and cut-off grade variables in the model 

is based on single point estimates. It is not clear whether these 

are expected or most-likelT estimates. Risk ~is is carried out 

only atter the opt1mum project has been determined. In lIlY experience, 

\Dlcertainity has an important effect on the optimization of mining 

project specifications. Therefore, it is suaested that consideratiCll 

be given to incorporating risk analysis in the optimization stage of 

the evaluation process. 

Discussion: 

The final values for the parameters could be called "most likely" 

estiDBtes. To incorporate risk into the optimizing part of the 

model in its present form would require the inclusion of a risk 

factor in the discount rate and the rate selected as the minimum 

acceptable (if the latter is different from the discount rate). 

Doing this would lead to a different optimum solution. The amount 

of risk to include in the rate( s) is suggested by determining the 

optimum project without a risk element and doing a probabilistic 

anal.fais on that project. 

Another possible solution is to do a probabilistic analye1s on each 
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project tested duriDI the optimisation phlse. However, this would 

be Yf1f'T costlT 111 terlllS ot cOlllpUter time. It woW.cl certainlT 
result 111 a ditterent opt1aum (so long II SOlll8 ot the parueters 
have possible valuel whose diltribltiCll il skewed) than vauld the 
Wle of point estimates and a real discount rate. Also, it would 

11kel, result 111 a slilhtlr ditterent opt1Jul than would be the 
case by Wlins an inflated discount rate. cml¥ testing would deter
aWle it the 1I1ereased. accuracy could be justified.. 111 light of the 
1I1creased coats 1nvolved. 

J. Protessor Maclasiet 

The tormase-gade tunctiona are ulumecl to be cCll'tinuoul. This il 

realistic where there are sradual. md cCllt1nUOWl sracle trendl thrOUlh 
a deposit. However, otten the gradee within a depolit are sblrplJ 

ICIled. AlIO, extraction cm CIllI be carried out 1n tel'lll of dil
crete lllineable units ot the cleposit. ThentON, aD 1nvento17 of 

the tarmaae available &lid the average grade of such tarmqe above 
part,icular levele ot cut-ott grade is more real.ilticallJ In agH

ptiC1l of discrete IIIiniq blOCD. 

DisCWlsiCll: 

Protellor MaclCeDlie'l cOIIIIIeIlt 11 correct. It iIIIplies that the 
IIIOdel woulcl have limited. use 111 a t1nal feuibilit7 study. However, 
I believe that the lIIOclel is useful for the Jdncla of ualyIie elilcuasecl 
111 chapter 4 ot thil report. It will alao provicle a SUide to eva
luators on the likel, lile md eost ot a project needed to develop. 
particular mineral deposit. 

4. Profellor MaclreDlie I 

In the lIIOcIel, capital and operatma Coati are exprelSed U tunctiCllS 
ot lnIItalled capacity. Theae coats are alIo a tunctiCll ot cut-ott 
grade Which elictatel the depoee of selectivity required 111 the 

IlliDma operatiCll. The shape of these COlt tunctiaaa should retlect 
both eeClload.es of Icale and, be7C11cl 10lIl8 point, diII1nish1ng retUl'U 

u the blild-up of capital and illnpower begin to torce the fixed 

deposit l1IIits. 
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Discussion: 

The mine operating cost functions referred to would be "typical" 

for a range of deposit sizes and a particular mining method. The 

average mining cost declines as the size of mine increases reflect

ing the usual economies of scale. Diudnishing retums can be ex

pected in any- mine as rate of mining is increased beyond some 

normal amount. However, this effect defines an entirely different 

function than is provided in the model. That is, the function in 

the model could be considered similar to a long run average cost 

curve. A short run average cost curve for that size of mine would be 

needed to show the effect of diminishing returns. At present, the 

model does have a short run average cost curve of sorlis but it onl¥. 
reflects economies of scale. In the ANALts subroutine, as the 

optimum value for the mining and concentrating rate is increased 

or decreased, the average mining and concentrating costs decreale 

or increase respectively. 

5. Professor MacKenzie: 

Two factors should be considered in optimizing rate ot extraction. 

The most important (considered in the model) is obvi0U8ly the over

all capacity of extraction and processing equipment which is to be 
installed. Within an installed system of a specified capacity some 

degree of over and under capacity operation is polsible with a pre

mium cost being incurred with respect to the variable component of 

operating costs. Thus, the second factor is the degree to which the 

installed capacity will be utilized over time. While this factor is 

ot lesser importance, it becomes a Significant optimization element 

once the uncertainity dimension is considered. 

Discussion: 

This point is somewhat related to the previOUS one. As was pointed 

out, average operating costs do change as the optimum sile i8 changed 

in the !NALYS subroutine. 



-182 -

6. ProtesIOl'MI'CIfms1e: 

It Ie .. to .. that the delcript1cm of the 1ICIde1 UDderelt:t..tel the 
1IIpartance of w.r:tat1cm :In the CNde lIIiJled O'IV adne ille. .This u
pect at the opt1Dr1utiCll _hOUl4 elllbod¥ two deciliCll variablel -
the lequence at extracticm and the cut-oft poade. b _equece ot 
extract1cm ot the variOl1l lIdneable unitl of the depolit (l.e. the 
Ol'Cler in which the, are adDed) 11 uauall¥ trail h1&helt to lowelt crme lIubject to the t.cblical cCllltramtl iIIIpoIed by the clepolit 
aIlCl the mniDS· IJRe.. The lequII1CiDa variable often hal D :I.JIpori
ant ettect CIl opt1ad.aat1C1l &lid a h1&h to low 8Z'Ide lequcce doel DOt 
cCllltltute ~". The cut-ott 8ftd.e var1Ible detet'll1D'l 
how mch ot the aterial withiD each at the adneable unitl will be 
extracted. An iIIproved. optiJlwl can be achieved it the cut-ott poade 
11 allOlNCl to 'IVJ over the lite ot the deposit. POI' exupl.e, it 
IdDval price and operat1Ds coat are cOMtant an illproveJllDt :In the 
optiJl1satiCll criteria wiU be achieved U cut-ott srad' 11 1D1t1al.lr 
let 10000vhat above the t1xecl cut-ott poade opt1lul II1C1 thea. decreased 
OYer the apl.o1tat1Cft We dcnID to the point where ~ revIIlU8 
pel" unit eztractecl il equal to ~ operatm, COlt per UD1t ex
tracted. 

DiI"CUII1cml 

The lIOdelil able to opt1ll11e a project ue1DC eUbel' two adn1q 
lequeDC". The depoIit CD be med with the avenae arme ot 
anDUIl procluct1aa at the awrqe poade ot the clepoait or it caD be 
lIdDed hoe h18helt sracte to 10"R srade. I used the tel'lll "h1ch-
8H4iJJg" 111 thil "POrt. to reter to the latter c.... Thil tez'lll 
lboQld Dot. be interpreted :In &DT derosatolT leDI •• 
I did not iDclude an lXIIIIple :In the report. ot the ~ ... a. 
liIIp,q' to keep the report trOll becClldq _ larPl' thin it al.readr 
11. Prot.llor Maclllllie 11 quite correct 111 pomt1DC out that a 
h1&her rat. of zretum CAll be achieved by adD1DI the hiahelt lNde 
ore t1.rIt where th1l is pnctical. 
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7. Protessor MacKenzie: 

The taxation routine appears to assume that taxation is on an 

individual project basis. This will under-value the decision criteria 

in cases where integrated companies with existing sources of income 

may take their tax allowances earlier and more tullY' than the time 

stream ot project income. 

Discussion: 

This conment is cOlTect but it was outside the scope ot the study to 

build any particular kind ot corporate model prior to the project -

evaluation model. Each tirm evaluating a project would likelY' have 

a unique income tax situation which could affect the optimum size 

and profitability ot the project trom their point ot view. The 

model would have to be moditied to reflect ~ d1tferent tax situation 

than that assumed. 

s. Professor MacKenzie: 

The types of probabilitY' distribution assumed where three point 

. estimates have been made for an uncertain parameter does not appear 

to be discussed. 

Discussion: 

The probabUity distribution is referred to (perhaps too brieflY') 

in Chapter 2 in the description of the ANALYS subroutine. The 

distributions are assumed to be normal with a split normal distri

bu.tion used to represent a skewed distribution. Chapter) has 

been amended to clarifY' this point. 
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