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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-—-10 110
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

Tons of ore in deposit
Ore grade—metal A
Ore grade—metal B
Recovery—metal A
Recovery—metal B
Price—metal A
Price—metal B
Mining cost

Milling cost

Royalty
Mine—capital cost
Mill—capital cost
Exploration & development costs
Mining rate
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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 normal 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
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Tomats |5 FORTRAN STATEMENT R
|
DIIISTRIBUTIQN A B c VARIABLE CARD TI.D.
1000 [ 15 0 DATA CARD | |
| 2-0E[+00 1| 0E+0[7 | - 0E+08 TINDEP DATA| CARD 2
2-0E[+00 _ 6/-0E-0[4 5-5[E-03 GIRDA DATA| CARD 3
2-0E[+00 2| 0E-0[5 3-0[E-04 GRDB DATA| CARD 4
3-0E[+00 7| 0E-0|l 8-5[E-01I 9-3E-01 RECOVA DATA| CARD 5 |
3. 0E/+00 5[ 0E-0[I 7 0E-0I B SE-joI RECOVB| DATAl CARD 6
2 0EH00 7|- OE - 0[2 5-5[E-0| PRCA DATA| CARD 7
2-0E[400 I|- SE-0]l | -6lIE+00 PRCB DATA CARD B8
2 0EH00 I|-0E-0[l 7-5[E-01 CMINE | DATA[ CARD 9 |
2 0E[+00 2| 0E-0l | - 7E400 CMILL DATA CARD 10
| - 0EH+00 2| SE-O|I 5 0[E-0I ROYAL DATA CARD |1
2-0E[+00 5 0E+0[5 3-0[E+06 CCMINE DATA CARD |2
2 0E[H+00 2|-0E+0[6 | -0E+07 CCMILL DATA| CARD 13
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4-0E[+00 5/ 0E+0(3 ] INE DATA| CARD |5

Figure 1 — Data card for problem presented in Appendix I.
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Figure 2 — Types of variable distribution.

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 Il 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.
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Appendix 1-Listing of computer progranm.
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FORTRAN IV MODEL 44 PS VERSION 3, LEVEL 3 DATE 72126
0001 SUBROUT INE SOEPRC ( Ny NUMYRS y CAPC o DEPREC ¢ ADPREC )
c CALC DEPRECIATIONJN = 1| ST LINEs 2 O D BALANCE, 3 SUM (r YEARS ($)
0002 REAL®4 DEPREC(1b)sADPRECT25)
0003 COMMON ITERRITER
0604 [F(NUMYRS.LE.15) GO TU 8O
0005 K=15
0006 RK=15.
0007 50 10 90
0003 50 k=NUMYRS
0009 RK=FLOATIK)
0010 90 GO TO (100,200,3001,N
0011 100 DO 119 I=1,4K
0012 DEPREC L 1)=CAPC /RK
9013 ADPREC( [)«ADPREC (1) #DEPREC(I)/RITER
014 110 CONTINUE
0015 RETURN
0016 200. SUM=0.0
0017 DG 210 I=1,K
0018 DEPREC(1)=1CAPC-SUM) #2 . /RK
0019 ADPREC(1)=A0PREC (1) +DEPKECH L)/RITER
0020 SUM=SUMADEBREC(T)
0021 210 CONTINUE
0022 KETURN
0023 300 SUM=K=(K+1)/2.
0024 DO 310 I=1,K
0025 JeK=1+1
0026 DEBREC(1)=CAPCH /suM
0027 ADPREC (1)=ADPREC (1) +DEPREC(1)/RITER
0028 310 CONTINUE
0029 RETURN
0030 FND

TOTAL MEMORY REQUIREMENTS C00434 BYTES

0col1 FUNCTION RECTLA,84K)
c SAMPLES FROM A RECT DIST GIVEN A RANDOM NUMBE=
0002 RECT=8-Re(B-A)
0002 RETURN
0004 END

TOTAL MEMORY REQUIREMENTS 0CO1C3 BYTES

0001 REAL FUNCTION NORMIS,U,R)
c SAMPLES FRCM A NCRMAL DIST GIVEN A KANDCM NUMBEK
0002 T=SOQRT(ALOG(R**(-2))) )
0003 I=T—=(2.515517+.802853¢T+.010328%Tow2)/{1.+1.432733%T+.1892064%T%%2
1+.001308%[*%3)
0004 NOEM=S*Z+U
0005 RETURN
0006 ENG

N A RANDUM NUMBER

=m

TOTAL MEMORY REQUIREMENTS 00C260 JYTES
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YEAR 0 1
FIXED CAPITAL

EXP £ DEV -1000.

MINE -3025.

MILL -10061.
WORKING CAPITAL -1569.
PROCUCT VALUE

A 252.

B 1210.

TOTAL 10462,
PRODUCTION COSTS

MINE 1382.

MILL 3210.

MISC 2092.

ROYALTY 690.

TOTAL 7375.
OPERATING INCCME 3087.
DEPRECIATION 939.
CEPLETION 1016.
INCOME BEFORE TAXES 1132.
TAX 566.
NET INCOME AFTER TAXES 566.
CASH FLOW 2521.
YEAR 13 14
FIXED CAPITAL

EXP & DEV

MIN

MILL
WORKING CAPITAL
PRODUCT VALUE

A 9252. 9252.

B 1210. 1210,

TOTAL 10462. 10462,
PRODUCT ION COSTS

MINE 1382. 1382,

MILL 3210. 3210.

MISC 2092. 2092.

ROYALTY 690. 690.

TOTAL 7375. 7375,
OPERATING INCOME 3087. 3cC87.
DEPRECIATICON 939. 939.
DEPLETION 1016. 1016.
INCOME BEFORE TAXES 1132. 1132,
TAX 566. 566.
NET INCOME AFTER TAX 566. 566.
CASH FLOW 2521. 2521.
AFTER TAX ROT = (BASED ON

ESTIMATED

2

2521.

ESTIMATED CASH FLOW (THIOUSANUD DULLARS)

15

AVE VALUES OF

3

16

1320.
1767.
883.
8813.
2203.

CASH FLOW (THOUSAND DOLLAKS)

4 5
9252. 9252.
1210. 1210.

10462. 10462,

17 18
9252. 9252.
1210. 1210.

10462. 10462,
1382. 1382,
3210. 3216G.
2092. 20%92.

690. 690.
7375. 7375,
3087. 3ca7.

0. o.

VARTABLES)

]

19

7

20

21

22

10

23

11

O L
SN
NON

- Nwer-
wONW
~No L@
noNnNON
[ S BN 1 N )

3087.
$39.
1G16.
1132.
Sbb.
5

b4
2921,

P

o9
Shong
o=
NON
P

T
LI ON W
T D
wmwoNnchy

DR

3087.
0.
1320.
1767.
E83.
583,
220G3.

12

25



VARTABLE

TONS IN DEPOSIT (TONS)
GRADE 0OF A (FRACT)

GRADE OF B (FRACT)
RECOVERY OUF A (FRACT)
RECOVERY OF © (FRACT)
PRICE FOR A (8/LH)

PRICE FOR B (8/18)

COST OF MINING (S/TCN)
COST OF MILLING (3/TON)
ROYALTY ($/TON}

CAPITAL COST OF MINE (€)
CAPITAL COST OF MILL (%)
EXPLOR AND DEVELOP COST
MINING RATE (TUNS/CAY)

(3}

DIST

NORMaL
NORMAL
NORMAL
SKEWED
SKEWED
MORMAL
NORMAL
NORMAL
NORMAL
HECT
NORMAL
NORMAL
CONST
CONST

L.7000G
0. 50000

———

DATA UstEL
MOUVE

89999954, 00000
0.00550
O.ulo30
0.35000
U. 70000
25000
1.60000
0.75000
L. 75000

30U0000.GO000
10CCLO0VU. 0DAUGO
1000UAY . 00000

5000« 030490

HIGH

0.93000
0.85000

——— e s . i

U.50000

———

STD DEV

10000000.00000
0.00060
0,00002

0. 07000
¢.15000
0.10000
0.2G000
500000. 00000
2000600.C0000

AFTER TAX ROI BASED ON MUNTE CARLO METHOD
PROBABILITY OF ROI BEING GREATEK THAN

PRUBI

.
o
o

[=l=loletelalalololSlalelolalalelale T
D I
O NN WS POV N~ E YO
LoUnmoOvonmonouUGnocunounowm

LITY

ROI
0.0

i
..
o

N L e e e

~NPEN = LDDNPND WN - OO NN
L L R Y
NS XOO O~ WWR O §rred

AVERAGE

90327216.00000
0.00549
©.00030
0.82630
0.68030
0.54B49
1.59940
DeT4726
1.73857
D.37277
301T440.00000
§959325.00000
1000000. 00000
5000.00000
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FSTIMATED CASH FLOW (THOUSANL DOLLARS)

YEAR G 1 2 3 4 5 6 7 8 9 10 11
FIXED CAPITAL
FXP £ DEV =1000.
MINE -3017.
MILL -4959.,
WORKING CAPITAL =1539.

PRODUCT VALLE
A

90T 4. T4, S0T4e 90T4. 9074, 9074, 9074, 90T4. G07a. 0T4.  H90DT4, ?“7*.

B 6[83. 11H8. 1188. ll38. 1588- 1189, 11R2. llegd. 113c¢. 1138. 11x3. 11°¢

Torac 10263, 10263, 10263, 102063 10263, 10063, 10263, 10203, 10263. 10263, 10203, lU?U«n
PRODUCTION CLNSTS

MINE 1364, 13€4. 1364. 13b64. 1364, 1354. 1364, 1364, 1364, 1364, b4, 1:ub.

“ILL 3173, 3173. 23173. 3173, 3173. 3173. 3173, 3173, 3172, 231734, 32173, 4175,

“1SC 2053, 2053, 2053. 2C53. 2053. 2053. 2053. 2053. 2053, J05%4. 20%3, /2043,

ROYALTY 680, 680, 680, 680. 650, 08J. 6B0. ak(. 6H0, 670, Eane (2RI

TOTAL 7269, 7269. 7T269. 7T269. 7269, 7269, T269. 726%. 7269, 7269, 7T2&9. 7269,
NPERATING INCOMF 2993, 29%93%. 2993, 2993. 2993. 2993. 2993. 29%93. 2993, 29932, 2%%%. 2u.3,
DEPRECTATIUAN 932. 932. 932. 932, 932. 932. 932. 932. 932. G93z. 93/. Nad.
DEPLETION 977 977. G77. 977. 977 917. 77 917, 917, G77. 517, “T7.
INCOME 3EFNNE TAXES 1084, 1084. 1084, 1084, 1084. 1084, 1UB4. 1084. 1UB4H. 10A4. 1084, 10E4.
TAX 542. 542. 542. 542. 542. 5424 542, 542. 42, 562, Snze ba?.
NET INCOMF AFTER TAXES 542, 542. 542. 542. Y42 bal. 542. H42. 542. 542, 542. 547,
CASH FLOA 2451. 2451. 2451. 2451, 2451. 2451. 2451. 2451. 2451. 245). 24%1. 2451,

ESTIMATED CASH FLOW (THOUSAND DIULLARS)

YEAR 13 14 15 16 17 18 19 £0 21 22 23 Zh 23
FIXED CAPITAL

EXP & JEV

MINE

MILL
WORKING CAEITAL
PRODUCT VALUE

A GUT%. 9974, 9074. S0T4. SC74. 5074, YU74. 9UT4. G0T4e  J0T4s 4SUTHe 3074,

8 11cd., 1188, 1188. 1188, 1188. 1188. 1188, 1i180. 1198. 1li6be 1idBe 1182, <Ll1dY,.

TOTAL 10263, 102563. 10263, 10263, 10263. 10263. 10263. 10263. 10263, 10263, 10263, 1uZh3. 12203,
PRODUCTION COSTS

MINE 136%« 13€4%, 13€4. 1364, 1364. 136%. 1364%. 1364, 1364, 1264, 12¢4. 1364. Ll3za.

MILL A173. 2173, 3173, Al73. 3173. 3173. 2173. 3173. 3173. 3173, 3173, 3A173. 4172,

MISC 2053. 2053. ?2C€%3. 2053. 2053, 2053, 2053. 2C53. 2053. 2053. /20%3. 2059, 2055,

RUYALTY 610 . HAa0. 680. 680, 68C. 680, 680. 580, 580, CH3C. GED . 065 ) ¢,

TGTAL 7269, T26%. 7T263. 7T26%. 7T269. T269. 71209. 7T269. 71269. 7T269. T26%. T269. (240,
OPERAT ING [NCCAE 2993, 2993, 2993. 2993, 2993. 2993. 2993. 2993. 2993, 2993, 2993. 2993, /2992,
DEPRECEATION 932. G32. 932, 0. 0. C. ag. G Ue O. Ce Te e
DEPLETION ST7. 77 Q77. 1287 1237. 12287« levite 1287, 1287. 12587. L12b67. 12E7. 17287,
INCOME PMEFORE TAXES 1084. 1084, 1084. 1706. 17U6. L706. 170Le L1T7%Hhe 1TCH, LT06. 1706, L1106 L7036,
TAX 547 . 542 5474 K55. 553, §93. a%3, a5, A54., A43, 453, b53. Foi.
NET INCCMF AFTER TAX b42. 542. 547. H53. £53. 852, o5 %, 353, 853, K93, 652, B3, ¥53,
CASH FLCwW 2451e 2451. 2451, 214C. 2140, 2140. 214ve 2140, 2140. 2140. 2140. 2)4n. 2140,

AFTER TAX ROT = 15.4 {EASEN 0N AVE VALUES OF VARIABLES)



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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