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ABSTRACT 

Raising capital to develop a mineral property depends largely upon good economic 

evaluations. The program outlined here is designed to help promoters take advantage of 

computer science in analyzing potential mineral areas. The New Mexico State Bureau of 

Mines and Mineral Resources provides computer time for running the program, and assist-

ance in adapting the program to individual needs. Results of the economic evaluation, 

however, are only as good as the data provided for the evaluation. The importance of this 

aspect of the evaluation, therefore, is emphasized. 

INTRODUCTION 

Before any business venture can attract risk capital the promoter must demonstrate that this 

venture will yield a return on investment commensurate with the risk involved. The usual procedure 

has been to prepare an estimated cash flow statement for the business venture listing all incomes and 

expenditures for the life of the venture, and to calculate a return on investment (ROI) for the venture.  

In addition to an estimated cash flow statement a sensitivity analysis is usually included in the 

report. The sensitivity analysis shows the changes in ROI to be expected if input estimates are wrong, that 

is, how sensitive the ROI is to each input item. 

During the past 10 years a third dimension has been added to financial analysis: probability. 

Monte Carlo simulation sets forth in quantitative terms the elements of uncertainty in estimating the 

various cash flow items. Monte Carlo simulation differs from the sensitivity analysis. In Monte Carlo 

simulation, the evaluator recognizes and defines the uncertainty in the estimated deposit size, feed 

grade, recovery and every other input variable; and these uncertainties are transformed into 

uncertainties in the ROI calculated. 

The purpose of this circular is to present a versatile computer program which uses data supplied by 

the promoter to calculate the expected ROI, make a sensitivity analysis and do a Monte Carlo simulation 

on the venture. The techniques of financial evaluation are not discussed, but several good references on 

this topic are listed in the bibliography. 

Punched decks can be ordered from the Bureau at $10 each. 

PROGRAM DESCRIPTION 

The program (see Appendix 1) involves the following steps: 

1) Reading in data describing the probability distribution of 14 variables important to the cash 

flow statement 

2) Picking discrete values for each of the 14 variables from the distribution of each; performing 

the necessary calculations to obtain an ROI 

3) Developing a probability distribution of the ROI by repeating step 2 the desired number of 

times 

4) Determining the probability of the venture attaining any ROI 

5) Printing the results of the above calculations 

6) Performing a sensitivity analysis on the ROI by incriminating each of the variables independ-

ently, (+) and (-) 10% and calculating the resulting ROI by repeating steps 2-5. 



TABLE 1 — Information on first data card 

Input Columns Format 

Number of repetitive 1 —10 I10 

calculations for ROI 

Depreciation method to 20 

be used: 1 = straight line 

2 = double declining 

balance 

3 = sum of year digits 

Depletion allowance 21 —30 F10.3 

Key for sensitivity analysis 31-40 110 

TABLE 2 — List of variables used to determine ROI 

Variable Number Variable 

1 Tons of ore in deposit 

2 Ore grade—metal A 

3 Ore grade—metal B 

4 Recovery—metal A 

5 Recovery—metal B 

6 Price—metal A 

7 Price—metal B 

8 Mining cost 

9 Milling cost 

10 Royalty 

11 Mine—capital cost 

12 Mill—capital cost 

13 Exploration & development costs 

14 Mining rate 

2 
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Reading in Data 

Input is of two types: 1) data particular to the calculation such as depreciation method selected, and 

2) data particular to the deposit as tonnage and grade. The first data card contains the information listed in 

table 1. 

For most normal work the number of repetitive calculations for ROI can be left at 1,000.  

The sensitivity key indicates if the user wants a sensitivity analysis run. If a sensitivity analysis is 

not wanted, any negative integer is punched in columns 31-40; if a sensitivity analysis is desired, zero is 

punched in column 40. 

The next 14 data cards contain data on the values of 14 variables (see table 2) which can enter into 

the ROI calculation. 

Fig. 1 shows the data used in the example problem. The data on each variable are listed on a 

separate data card using a 4E13.7 format. The first entry represents the type of distribution followed 

by that variable. Rectangular-1.0E+00, Normal-2.0E+00, Skewed-3.0E+00, and Constant-4.0E+00. 

The next 3 entries are for the distribution characteristics A, B, and C. For a rectangular distribution A 

and B represent the lower and upper limits of the variable, respectively. The characteristic C is not 

used. In a rectangular distribution, a variable can assume any value between A and B with equal 

probability. 

For a normal distribution, B represents the mean of the distribution and A represents the standard 

deviation. Again the characteristic C is not used. 

For a skewed distribution, A, B, and C represent the lowest probable value of the variable, the 

most probable value and the highest probable value, respectively. 

In addition to the three types of distribution described above, the program also accepts constants for 

any of the 14 variables for cases in which the values of the variable are known with certainty. Fig. 2 shows 

examples of rectangular, normal, skewed and constant distributions. Provision has been made for a two-

metal ore. If the ore contains only one metal, dummy data cards must be used. A dummy data card must 

contain a valid distribution index and zero for the value of the variable. 

Some thought must be given to the selection of a distribution for each variable. The norma l dis-

tribution should not be used if an irrational value can be randomly picked from the defined distribution. 

Irrational values can be selected when a variable has fixed limits (such as 0 to 100 percent for recovery) 

and when the standard deviation selected for that distribution is large. A normal distribution can be used 

for variables such as grade and tons of ore in the deposit; however, the standard deviation used should 

insure little probability of picking an irrational value. The skewed distribution does not present this 

problem and can conveniently be used to replace the normal distribution should a problem arise. The A 

and C characteristics of the skewed distribution are the absolute minimum and maximum values 

respectively that the variable can obtain. 

Picking Discrete Values 

After the program receives the input data, a single value for each variable is selected from 

probability distribution of the variables by using a random number generator called 

RANDOM and the ROI determined in the standard manner. The mine life in years is calculated by 

dividing the total deposit tonnage by the operating rates (tons per year). If the mine life is over 25 years 

the calculations are limited to 25 years, and the working capital is not recovered at the end of this time. 

If the mine life is less than 25 years the working capital is recovered and counted as income for the last 

year of mine life. 

The computer program rounds off the operating life of the mine to the nearest whole number of 

years. Beyond this stage in the program, the mine life overrides the deposit size. The program will in -

dicate a slight discrepancy between the tons of ore in the deposit and the total tons of ore mined. This 

discrepancy is less for mines with longer lives. Therefore, attempts should be made by the user to insure 

that the mine life determined after randomly picking a deposit size and mining rate from their given 

distributions is never less than 5 years. This minimum mine life does not limit the use of the program 



 

Figure 1 — Data card for problem presented in Appendix I. 
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because optimum economics exist for mine lives between 10 to 20 years generally. Any mine -mill 

operation having less than a 5-year life will probably be more economic if the life were increased to 

10 to 20 years, and the mining rate proportionally decreased. From values of grade, recovery and 

market price of the concentrate, the annual income is calculated. Annual costs are determined by 

adding mining cost, milling costs, royalty and miscellaneous costs. Miscellaneous costs are taken as 

20 percent of annual sales. Working capital requirements are assumed to be 15 percent of sales. 

Depreciation is calculated on a 15-year life, or mine life, whichever is lower. Exploration and 

development costs are pre-operational expenses. They are added to the capital expense and 

recovered by the same depreciation method selected for depreciating capital costs. Depletion is 

taken at the rate read from card 1 on the gross income minus royalty, or 50 percent of net income for 

depletions, whichever is less. No allowance was made for calculating book depletion. Taxes are 

calculated as 50 percent of net income for taxes. In the function FTAX, in addition to net income for 

taxes, the capital investment and gross sales are also past; therefore, property taxes, severance taxes, 

and gross receipts taxes can be calculated. The user must re-write statement 0002 of function FTAX 

if these other taxes are to be included. 

Developing Probability Distribution 

To develop a probability distribution for the ROI, the procedure outlined for picking discrete 

values for each variable and calculating the ROI is repeated 1,000 times. The 1,000 ROI's calculated 

have a distribution as a result of the probability distributions of the individual variables. The ROI's 

calculated are ordered in ascending sequence to facilitate the printing of the results. 



Printing the Results 

The program output has 4 sections. Appendix II is a partial output for the data listed in fig. 1. The 

first section lists the input data used. The type of distribution and distribution characteristics are listed, 

together with the average value of the variable found by taking the arithmetic average of the 1,000 

randomly picked values for that variable. 

Second, the results of the Monte Carlo simulation are printed giving the probability of attaining 

any ROI. The results of the Monte Carlo simulation are printed in three forms. The first page lists, in 5-

percent increments, the probability of exceeding a specified ROI. On the second page is plotted a 

frequency distribution of the ROI taken in increments of 2 percentage points. The third page shows 

the cumulative probability distribution: the probability of obtaining an ROI equal to or greater than any 

specified ROI. 

Third, the estimated cash flow statement is printed based on the average value of the variables. 

Fourth, miscellaneous notes on the economic evaluation are printed after the last sensitivity analysis 

is completed. 

Performing the Sensitivity Analysis 

The sensitivity analysis is performed on each variable by both increasing and decreasing the 

constants for the variable's distribution 10 percent. If the variable follows a normal distribution, 

only the mean is adjusted; the standard deviation remains the same. If the variable follows a rec -

tangular distribution both limits are increased and decreased 10 percent. However, for the skewed 

distribution in which the variable has the units of percent, the mode is increased and decreased 10 

percent. The upper limit is shifted the lesser of 10 percent of 100 - C, or 10 percent of C. The 

lower limit is shifted the lesser of 10 percent of A, or, 10 percent of 100 - A. If the units of a 

variable assigned a skewed distribution are other than percent the A, B, and C characteristics are 

increased and decreased 10 percent. Once the variable's distribution has been adjusted, steps 2 

through 5 are repeated. 

Program Modifications 

Recognizing that each deposit represents a unique situation, and that each company has its own 

modification to the standard ROI calculation, the program has been carefully documented and 

subdivided into subroutines and function subprograms to facilitate modifications. 

BIBLIOGRAPHY 

Michelson, R. W. and Polta, H. J., 1969, A discounted cash flow model for 

evaluating the cost of producing iron ore pellets from magnetic tac-

onites: A. I. M. E., A decade of digital computing in the mineral in-

dustry, p. 211-240. 

O'Brian, D. T., 1969, Financial analysis application in mineral exploration 

and development: A. I. M. E., A decade of digital computing in the 

mineral industry, p. 47-62. 

Strauss, R., 1968, The sensitivity chart: Chemical Engineering, March 25, 

1968, p. 112-116. 

Trafton, B. 0. and Sheinkin, M., 1969, Computer applications in financial 

analysis: A. I. M. E., A decade of digital computing in the mineral 

industry, p. 241-253. 

Verner, W. J. & Shurtz, R. F., 1966, For mine evaluation—a fresh model: 

Mining engineering, Nov., 1966, p. 65-71. 

6 



Appendix I-Listing of computer program.  
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NOTES 

DEPRECIATION -- METHOD USED -- STRAIGHT LINE 

DEPLETION ALLOWANCE -- 15% OF THE GROSS PRODUCT VALUE 

WORKING CAPITAL -- 15% OF THE GROSS PRODUCT VALUE 

MISCELLANEOUS COSTS -- 20% OF THE GROSS PRODUCT VALUE 

JOB USED 07A00 TO 11520 = 039K 

CPU TIME 00:39:49 

595 CARDS READ 9,674 LINES PRINTED 
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