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The computer program ‘“EXIST" optimizes the mineral exploration invest-
ments according to the criteria :

1. A sufficient capitalized reserve must be always accessible
Strong variations in exploration activities are not desirable
- The expenditures must be minimal while respecting the other conditions

Future adaptations of the definition of an exploitable deposit, imposed by
the digestion of available reserves have to be incorporated.
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The computer program “EXIST” optimizes the mineral exploration invest-
ments according to the criteria :

1. A sufficient capitalized reserve must be always accessible

2. Strong variations in exploration activities are not desirable

3. The expenditures must be minimal while respecting the other conditions
4

- Future adaptations of the definition of an exploitable deposit, imposed by
the digestion of available reserves have to be incorporated.



The program “EXIST” is strongly related to the already published program
“EXILE". Large parts of both programs are identical.
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ABSTRACT

The computer program “EXIST’ optimizes the mineral exploration invest-

ments according to the criteria :

1.

A sufficient capitalized reserve must be always accessible

2. Strong variations in exploration activities are not desirable
3.
4. Future adaptations of the definition of an exploitable deposit, imposed by

The expenditures must be minimal while respecting the other conditions

the digestion of available reserves have to be incorporated.

The program “EXIST” is strongly related to the already published program

“EXILE". Large parts of both programs are identical.
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INTRODUCTION )

The program 'EXIST' is strongly related to the exploration investment
optimization program 'EXILE'. Large parts of the both programs are
identical and this paper refers accordingly many times to the already
published 'EXILE' report.

The computer program 'EXIST' optimizes the mineral exploration investments
according to the criterions:
1. A sufficient capitalized reserve must be always accessible
2. Strong variations in exploration activities must be avoided
3. The expenditures have to be minimal, respecting the other conditions
4. Future adaptions of the economic definition of an exploitable ore
deposit, imposed by the digestion of available reserves, have to be

forecasted and incorporated.

The major difference between 'EXILE' and 'EXIST' is given by the fourth
criterion: 'EXIST' constructs a forecast on the development of the definition
of an exploitable ore deposit. The name of the program ﬁas been derived
accordingly from: Exploiration Investments by Size of Target. Large lower
grade deposits will become exploitable in future as more and more metal
is required and the present reserves are digested.'EXIST' recognizes a
size increase factor and a grade decrease factor which together define a
development trend of the quality of the reserves. The time at which these
larger lower grade deposits will be economicly exploitable depends on the
consumption of the reserves. 'EXIST' calculates for each considered year
a target deposit defined by a size and a grade. A secondary effect is the
reduction of the unit exploration costs as larger deposits are easier to

detect. This consequence is also quantitatively represented in 'EXIST'.

The next items are identical for 'EXILE' and fEXIST':
1. The calculation of the stocktables
2. The capitalization scheme

3. The leveling procedure
4. The calculation of the probability of occurence of deposits of

certain size and grade.

*) Manuscript received on October 249, 1970
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A brief description only of these items will be given in this paper since
they have been described in full in the 'EXILE' report.

THE ANNUAL STOCKTABLE

The annual stocktable is calculated on the specified annual requirements, Di’
and the requested size of the capitalized reserves expressed as a multiple
c on the annual requirements. The capitalized reserves Mi can be calculated

by a recurrent relation starting from the capitalized reserve at time zero,

M:

[o]
M, =M, , - D, if M, , - D.»coDy [1]
M, = c.D, if M, ; =D, < c.Dy 2]

in which i is the year index of the considered pericd.
The annual capitalized quantities Vi are:

Vi M- M+ D [3]

The annual non-capitalized reserves Mi and the annual discovery rates Mg

are calculated according to:

1t = MU - n o
Mi=Mia ~ VY *Min i
iF oM V. ) V. y
MM = MM, i-1 1~ jzit+l 3j []
i min
i+ip
or: M{ = 2: Vj i+ip
=il iFM_ -V, < )V, Is]
i-1 1 imi41 I
MU = M! - M! o+ V, I=1+
i i i-1 1

in which M;in is a specified minimum discovery rate and i_ is the
minimun time in years between the discovery of a deposit and its
capitalization.

More details on the stocktable are given in the 'EXILE' report.
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THE PROGNOSIS ON THE ORE QUALITY TREND

The definition of an exploitable ore deposit is related to the grade and

to the total amount of metal in the deposit. Suppose that the total pre-
sently exploitable world reserves of a metal is r tons, occuring in deposits
with an average grade of x PPM and an average size of z tons metal per deposit.
Due to the digestion of the present reserves, in future lower grade deposits
will become exploitable with a preference for the larger ones. The pattern
of the definition development of the average ore deposit can be defined by
two factors: a grade decrease factor Fx and a size increase factor Fz. So one
may state that for uranium a potential reserve with a grade of 2/3 times the
present median ore-grade should contain at least 2.5 times the amount of
uranium. The time at which these potential reserves become available depends
on the digestion of the present reserves. The characteristics of the target

deposit for each year i are given by:

i
x, = x.F.t PPMM |
i X
i
z; =z, th tons of metal per deposit [7]

in which:x, z are the characteristics of present exploitable deposits

Fx, Fz are the specified grade decrease, respectively size increase
factor
t is a factor with the dimension of years, depending on the

digestion of the available reserves

The total reserves in the year i plus the already consumed metal until

the year i are:
i
= ! -M -M! . 1 8
r,o=d, +uy o+ Lol N ] jgl D, tons of meta [¢]

in which:
M. is the capitalized reserve
M? is the non-capitalized reserve
[r-Mo-Mé] is the cumulative consumption before time zero
r is the originally present quantity of metal of quality [x,é]

Dj are the annual requirements.
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if now r, &L r, the target deposit specifications for the year i become:

X. = x . PPM

N
n

: i ’ , 9
;52 tons of metal per deposit []
otherwise Xs and z; must be calculated.
The appropriate X and z; for a requested reserve r, can be calculated by an

iterative procedure. First a guess is made for X; Then the corresponding size

z; is given by:

Log Fz X,
z; = EXP EEET?:-. Log s + Log z| tons of metal [id]

this expression ié derived from the relations [?] and [f].

The following expressions are taken out of the theory on the Log-normal
distributions of minerals as described in the 'EXILE' report. The linear
equivalent of the deposit X;» 2, can be expressed in the linear equivalent
of the present average exploitable deposit x, z by:

3/ x.z.

- 1 .
7 o d Ki [11]

Sequentially the next values are calculated:

i - - 12
d: EXP[0.0lS. % .Log g—] G2]
i

o = |2 ey " = [13)
¥i Log
Og —_—
P. = 0.5 - 0.5 ERF 4 ' [_1u]
1 2.0 ' :
1
r, = Pi.R.xi.lo"6 tons of metal [_15]

in which the next items are constant* for a given metal:

x the average world grade in PPM

D  the linear equivalent of the earth's crust = 24400 VM

R the total weight of the crust = lO18 tons



d the dispersion coefficient

The variables are:

Z,

s . 6
5& the median grade of the collection of all samples of size it 10" toms

.

[

(0§
P the probability of occurence of deposits of quality [xi, zi]

the standard deviation of the same collection

e

r. the total probable world reserves of quality [xi, zi]

The procedure given by the expressions I}O] through [}5] has to be repeated
until a r, is found equal to the requested reserves. The correspondong values

of Xs and z, are the specifications of the target deposit for the year i.

This approach can be justified by:

1. The development observed of mineral reserves with a long mining history;

2. The fact that the grade of the reserves on which the calculations are
made is an average of substantially higher and lower grade ore deposits;

3. The systematic underestimation of the exploitable resources.

However, alternative solutions can be calculated by the program by specifying

the target deposits for the consecutive years.

This alternative procedure should always be applied if programs of individual

groups are studied (Community, company, etc.).

THE UNIT EXPLORATION COSTS

Supposing the considered metal presently has a market price of Q $/ton of metal,
A fraction a of this price may be spend on the exploration. Thus the present

unit costs are:

- 6 . .
1 =
Lo a.Q.x.10 g/ton of ore [lSJ

in which x is the average grade of the present reserves. The unit costs for
larger, lower grade deposits will be less as they are easier to detect. They
are inversely proportional to their total number and their sizes. Once again

the linear equivalent di is used to express the sizes. The unit costs become:

-

_ d.n -6
Ui = di’ni .a .Q.x .10 ° g/ton of ore [17]
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in which d; is the linear equivalent of the target deposit in year i
n. is the total number of deposits in the earth's crust of the
target deposit type
d and n are respectively the same constants for the present

reserves

The calculation of di and n. by means of the theory on the LOG-normal
distributions, has been described in the 'EXILE' report. The unit explo-
ration costs per ton of metal are:

T, = d.n . a.Q g/ton of metal : [18]

i d..n.
i1

THE EXPLORATION INVESTMENTS

It is assumed that each year an equal amount of Bi % net will be invested
during the exploration period of ie years. These investments lead ultimately
to the discovery of M; tons of metal in the year i. The gross investments in

relation to Mg, increase during ie years according to:

year: gross cumulative investment:
1 wi, = B, [14]
2
Wi, = By [1+k] + Bi[1+k]

* e i
i wiie = B, j:zl [1+k]3 [19]

N
i

in which k is the interest rate.

The intrinsic value is estimated as Wes ¢ on the moment of discovery of
the Mg tons of metal. Afterwards the grgss investments increase only with
the interests until the year of capitalization ié with ié ;;ip :

] ié | | ig ;
cHg [1+k] B, j§1 £ [20]

in which ié is counted from the year of discovery.

However it may happen that not the whole quantity M; will be capitalized in
the same year: Mg might be capitalized fractionally. A capitalization scheme
may be calculated based on the principle "first in - first out".

The relations for the capitalization scheme are:



i-1
- ' -
Vio T Vi if Mo £ vj;] ELVl
. ]-]_
i-1
v, = M' - if otherwise [?i]
io L. o
]-l
2: i
v.. =V, - vy :'LfM'.'-ZV >0
H * k—O L kj
- L} . L] L]
vi:.| = Mj g{l v, if otherwise [?2]

in which: Vi is the annual capitalized quantity in tons of metal
Vio is the part of the original non capitalized reserve
Mé which will be capitalized in the year i
vi:.| is the part of the quantity Mg which is discovered in the
year j and capitalized in the year 1i.

More details on the capitalization scheme and a numerical example are given

in the 'EXILE' report.

The allowed gross investments per ton of metal on v, i3 are Ti 8/ton as given

in expression [?SJ Thus:

N i 2 [14]" 23]

1 Eﬂar' %3
The annual net investments equal parts are thus:

) 1 N 4 T
=h fe 1 = 1 [:1+15]1 ] 4]
1+k
2 [

thus each year an amount of Bj g net may be invested to discover Mg tons of

metal in the year j.

With the previous expressions one may calculate the investments at time zero

which are of two types:
1. Investments in relation to the non-capitalized reserves at time zero: Mé
2. Investments performed before the year zero which will yield the annual

discoveries in the years 1, 2, ..., ie-l.

The gross investments on Mé at capitalization time is:



-12 -

N
C,, = v
Mo i=1

io® Ti d [?5]
reduced to the time zero:

N v, .T, .
1, = io"71i . [2@]»
M K i
o 1i=1 t}+ﬁ]
The investments made before time zero on the doscoveries of the first
ie-l years are based on the assumption that the net investments for a
certain annual discovery are divided in ie annual equal parts, B. As has been

derived in the 'EXILE' report, the total investments on this type amount to:

ie-l ie—n
1
I'. = B 1+k 27
My nZ=1 n 1§1 [ ] []
Combining the expressions [?6] and [?f] the gross investments at time zero
become:
N vio'Ti ge-l ize_—n 1 ‘ |
I' = —_— t B 1+k 28
° i§1 [#)t w1 "im I &)
The total net investments in the year i are:
i+ie-1
I; = ; B [}
j=i

The annual gross proceeds are:

. |
C; = j§1 Vis Ty ‘ [z9)

The new investments are defined as the total net investments in the year

i minus the value of the produced metal in the previous year:
1 = -
If =1, -D,_, .Y, [31]

In which Yi is the unit exploration cost of the capitalized reserve from

which Di is taken. However the capitalized reserve is composed of different
types of ore which have been produced a: different prices depending on the
target deposit specifications. To calculate the unit costs of the capitalized
reserve one nust know the average grade of the reserve. Then one may calculate
Yi in &/ton of metal by interpolation in the target grade versus unit costs
table, according to the expressions [}d] through [ii] and lé}.
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At the end of the year i, the capitalized quantity of ore is: - -

Mi_l-Di N v.. 6 o , : -
5t z —L [. 10° tons of ore RPN S E"Q]
. . X : ‘ S

i-1 =0 :

in which: Gi is the average grade of the capitalized reserve in the year i
vij is the quantity of metal discovered in the year j in deposits
of average grade xj PPM and capitalized in year i.

Thus the average grade Gi can be calculated by a recurrent relation as Go

is known:
My
G, = PPM [33]
M1-1-D1 N vi' .6
5 + Yy —=L]. 10
. 4 X.
i-1 j=0 73

The unit costs of the capitalized reserves are then:

X, = .
Y, =T, ¢ xi;fxl—_i- . [Ti-Ti_lj g/ton of metal D

the new investments become:

SRR B

and the cumulative investments are:

?i =8, +1 i}[_uk]- c, . [36)

in which I° = Ié, the gross zero time investments.
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not used

0 the target deposits are specified by
their grades

1 the target deposits will be calculated
[only permitted in relation with world
requirements]

Significant only if I2 =1

0 the target deposits will be calculated
once

1 the target deposits will be redefined
with each leveling request

1 perform also the levelling

1 graphical output required according to
the next specifications

The numbers of the requested curves:
= 1 annual requirements

annual discovery rates
non capitalized reserves
capitalized reserves
annual capitalization
annual net investments
annual gross proceeds

cunulative investments

1
W O 3 OO » F W B

new investments
= 14 cumulative requirements

= 15 total reserves

Tons of metal total presently exploitable

world reserves plus already consumed metal
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Tons of metal average ore deposit

PPM average grade of the world reserves
Size increase factor

Grade decrease factor

PPM average grade of the earth's crust
Specific gravity of the ore

Dimension ratios of the average
Deposit with a2 b c #0

Number of years of the considered period

Average number of years between the start

of an exploration and the evidence of a
deposit

Minimum number of years between the discovery
of a deposit and its capitalization

Initial capitalized reserves in tons of
metal

Initial non-capitalized reserves
Minimum annual discovery rate
Market price in $/ton of metal

Required ratio capitalized reserves/annual
requirements

Allowed exploration costs as a fraction on
the market price

Interest rate as a fraction on 1
Only if 12 = 0, grades of the target deposits

Annual requirements in tons of metal
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Only if Iu >0

= 0 only an automatic leveling is performed
> 0 L preference direction coefficients
follow; each of them gives raise to an

independent leveling

Only if L » O : preference direction
coefficients for the first interval after
the initial period of ie years
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