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ABSTRACT

rfhe optimal dapLe t i'on of a mjnera 1 J.eJ;::~',)s$:t invol ves the

optimis<ll,tion of all the processes invol,rled in the mining
\',
\\.

oper-at Lcrt, Major par amet.ar s in the processes: i~re t:,he scale of the
\

P~Oductiot\ and' ~,tat<··off qrade:i;. But" where~s ~tJ>ptimisatiJn of th~~
\\t ' .

pzcduc tLont lever Ls v ry well d~~vele)pedi\~\I1d t:,eceives much

att:ention i)~the"dE.sign of a mine, there SEi'~t\~~~to t# no defir!ed
II n h I'

cut-off grad\S P<1Il:tcy during the design. 'l:'bi!~j l'ro5f;'P't. studies
\\ \', . ':: \. ....

three (::ut-off\poli~ciel'3: conat.arrt (ccmventicma'l.)i" incneasing and
'~

deGlining (dec~\ea~~il1g). Ely sUbjectin'g thE~se:poi.:L;cies t~':I the same

/' econcmd c condit)\p~lSI the declining cut-off gI~adt~ POlic;ihas bes:n
. \:, ',,'. \ ". :
foulad to be a be~tter stl:ategy when "ompiilre,;\~to \the' wida.;Ly used

\ . ,'" \ : \

consrcant; or ponv~~\ti,onal pol Lcy and t~~ ~~pggeat,ed inc:t:easing

po l Lcy , The decliln::~ng pl~,licy was also .;fo\md t.Ci provide '.marl;! \11

op'ti.meL return ~)1 \,Nes'tm<lnt under r"llsoriablY \, ..rYinq Ptic" !"
\ ~

trendf; t.han the o;~het"Woliciei:~. !I \
" 'f' ,!
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To Him who has prCli~ised me: "For :t alone know the
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I have for' you, 'plans for good and nat evil,

to my
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I'~, ClIAPTER 1

!'~~~~1TRODUCTION

1.1 statement of the Problem
(i

\"v,
A mining pzoj ect; is, bas LcaLl y , an investment venture with an

objective to ~aximise returns. This objective cari be realised

when the exploitation prqcess and all parameters leading to it

are optimised to maxim:i.:,';~4~the financial results. The cllt-off

d . h t . h hi h' d . d)1gra e ~s t e mos baS1C of sue parameters, W ~C 1S eterm1ne!

in part by the level of 'il~oductipJl cost: and what material can be
·1 ' ,\ "

')

is t}erefore an important

Three !:ain cut-off grade

'_., 'J

min~d at a prdfit. The cut~off grade

factor in defining lhe ore reserve.
'i • ,

policies :.,av~ heen sugg~~''red:

i.) inc.p:!dsing cut-off (Berry') I

~i.) constant or conventional cut-off (very widely

(\

practised) and

iii.) dec!ining cut-off (Henryjincl,Lane3).
/f

The puzpos e of this proj act ;15 to investigate these three

policies and determine which gives the optimal depletion piifi(s)

to maximise the present value of profits.

Factors other than the cut-off grade play an important· part in

making a mining ~:)t:ojec:tprofitable. The size of the ore h.'lSerVe
l '.','<' '

~
is an Lmpor t.ant; \variable in determining the optimum mine size.

II
li

Thd mine size, in turn, affects fixed and capital COS~S, as
i' \\

economies of scale are possible with larger production rates.

Also the level 0-: production cost and the price of the metal

1



I

I

~letermine the cut-off (the material thfi'!t can be mined at a
~ ,

J'r~fit) and, therefore, determine the .;;1ze of i::he ora reserve. I

it is realised that each tiree any u.r: these va):"iCl.t=.'.!s changes, it
I it

ilnpacts on the other variablc-!s and thus on the financial resu.lts. _

H~,weverfor the purpose of this study only the impact of various
~It

cJt-off grade policies will b4 invest:igated, and for the various
"

I ,'. fsC'i7fiar~osor
\//

of\the ot.her

cut·off grades chosen for particula~ analyses, all

variables ar~ assumed to be con~tant, which may not

be necessarily so. Also the deposit used for the analyses is

aasumed to be well sampled so there is no possibility for new
1

, I
\te~;erves :using located in ..the U.rea, to necassitate fu,rther
• I I
eX1~enditure and possibly the revision of mining plans.

r
I

l.~ urganisation of the R.pqrt

Chc~pter one begins with statemef\.t. of the Problem, where the

jUistification and the importance of the problem is established

together with some limitations of the undertaking. This is

followed by a statement on the sources of data, procedures

applied and the t:r.eatment of all findings. Then a discussion on

the theory of optimal depletj,on, the main subject of the project,

is dor.e , The int.roductory chapter ends wi.th a literature survey

car::if:~d out on the history and present status of the problem. from

pione~r work and present authorities in the field of practice.

2



I

\
\

I
\

The celhtral theme iit addressed in Chapter TwoHith an estimatioli;'

of the reserve to jibe used in the analysis by geostatistical
II

II "IImethods. Structural \\analyses ar~) done t.o produce a model semi-·

variogram for, .hej deposit, fOl",lowed by kriging and block

estimation to Geter rne the l'IIineaple reserves.

Chapt.er Three disc~~f;es the strategic m:"ning patbs for the
\\

deposit, ~ealing with important considerations like the mining
~ ~

method f mi4,ing cost~1 and revenues, production rates and ..:.het;"
I

factors that relate ~o mining costs and revenues.
I,

. II
The core of th~~'repo1it is in Chapter Four where the various types'

of cut-off grades arlr: dLacus sed, and the pay limit (the economic
I'
II

break-ever grade) o~, the deposit under study is derived. After
\1

obtaining the tonnag~~ and average grade above the pay limit., the
II

three cut-off pol ici\~s are applied to the reserve under study.

(/

Ii
Ii
I,'
:

After the discussidh of the outcome of the analysis of the

var Lous pe l icLas, Chi~pt~r Five continues with the effect of other
> 'Ii, '.

f~~tors that af~e~t the policies such as costs, grade

distribution and pri~e of gold.
\\

o

\
\,

Cha:ter Six is a disc~ssion of the procedure on how the optimum
\

cut-off poli~){ may be \mplemented in practice and application of

the procedure tv the model under study.

conc LusLons of the study are outlined in Chapter Seven and some

recommendations are discussed to end the report.

3
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1.3 Data sources and prooedures

The dat.a use.a to evaluate the ore reserve is simulated chip
samples at 2 metres intervals over the entire area, nearly
900 000 samples in total. Due to limitations of the availabl.e
comput ex facility to handle this amount ,pf

0;
data in'te:rvals,

intervals of 20 metres were chosen, thcre':.yreducing the dat.a to
a manageable 7 920 samples.

cost data were obtained from publications, company report!;land
discussions with technical ~~atf in industry.

()

The cut-off policies were each analysed under the same economic

conditions. Various factors which impact on" the pOl~fies are
determined and analysed for their effects.

All computer facilities warp provided"by the Mining Engineering
D~partment, university' of the Witwatersrand, ,',and all software
ufeo have been licensed to the same.

C:

1.. The theory of optimal deplotion ot exhaustible resources

1.4.1 Introduction

Concern for the perceived dwindl.ing of the world ',S rlatural
resources has called for optimal depletion of exhaustible

D resources. In his 1931 paper, Hotelling4 had this to say about

4
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\

'\

\" 'I'hewor Ld I s disappearing suppLies :\f minerals, forest:~and
other exhaustible assets have Lee to the demands f;_or
regulation of their exploitation. The feeling that'~hese

Iproducts are now too cheap for the good of :future
genera1:ions, that they are being :exploited at too rapid
a rate, and that in consequence oe their exhaustion they
are being produced and consumed wa~~tefully, has given rise
to the conservation movement." .

the optima 1 rate of exploi tath .:

:;:.

It is a strongly held view, otherwise, t~at as a consequerice of
efforts of producing nations and large cprporations to restrict
output and thus raise prices, some resources are being depleted
too slovJly.S

The theorY of optimal depletion of an exhaustible resource is an
enquiry into the question of whether out exha~stible resources €

are being depleted too rapidly or too sl<!lWly.The origin of this
field, natural resource economics, ,\\is; widely recognised as

\\ HoteJ.ling'!;paper in April, 1;.;31.6 He gb,l'esa list of "intriguing
\)

problems" clssociated with exhaustible resources: How much of the
revenue of a mine shou Ld be recoq.ri sed as re ir'n on oap i c...-L, "that
is how high should the discount rate bel since it deter!llimasa
large part of the operator's depletion strategy? What is the
value of a mine when its content is supposed to be fully known,
and what is the eifect of uncertainty on estimates? If a mine
operator produces too rapidly, he may depress the price, if h~
produces too slowly his profits, though larger, may be postponed

()

further Lnt;othe future han the rate of interest w?rrants. Where
then is his optimum? And how does this p;afitable rate of
production vary as exhauat.Lon approaches? IS(;..t more profitable
to complete the extraction within a finite time, to extend it
indetinicely in such a way that the amount remaining in the mine



approaches zero as a limit, or to exploit so slowly that mining

operations will not on].y continue at a di~1:.ishing rate forever

but leave an amount. in the 9~ound which does not approach zero.
\,

How should exploitation take pI)s;ce to maximise benefits to the

cocmunity, and will this compare with the action of the profit-

seeking entrepreneur'? How can the state., by regulation or

taxation, induce the mine-owner to adopt a schedule of production

more in harmony with the public good? ~or all these dynamic

systems what becomes of the classical economic theorieD of

monopoly, duopoly and free competition? Further questions can be

raised about market failures peculiar to these resources,

invol ving things such as the uncertainty thc!t surround their

discovery, the varied characteristics of different deposits, the
~\\

risks that surround their exploitation, the high capItal

investment invol v~a - especialiy in mining I and the lasting

effect of current decisions about their use and about the

environmental disruption that often accompanies the extraction

and use of exhaustible resources.
CJ

confl.f9t about how the community (or a government of a nation)

and a private exhaustible-resource exploiting firm (trans-

national mining corporation) will define tloptim~l depletionll is

inevitable .. cevar nment;will prefer to maintain employment for as

long as possible for the community, even if it will mean

subsidising firms, whereas private firms are motivated by profits

and will want to deplete a r eaour-ce as quickly!; as 1;.h8technology
II

and market permit.

6



~n the )[fram~workof this project the optimal! ty w.illbe seen trom
1.\

the viewpoint of a privately owned mine owner. The question he
seeks to answer is: "How should the cut-off grades of the mine
be determined so that the highes~ possible net present value is
obtained?"

1.4.2 Key results in the theory of optimal depletion

There are two conditions that must be satisfied i~ any optimal
deplet n regime. The difference between an exhaustible resource
and an ordinary good or any other resource is simply that it is
limited in quantity and is not reproducible. This means that the
extraction and consumption of a unit involves an opportunity
cost, def ined in terms of economic rent as "the value of a
factor to its user, measured by the value of the best alternative
use. The opportunity cost is the factor's marginal value proquct
in the alternative use".' The opportunity cost, i:hen, must be

taken into account in determining how to alloc~te the resource
Ii

ov$r time. In particular, instead of the usual efficiency
;1

cd";'ldition,
I '
') i

I price = marginal (production) cost
we have

price = marginal (production) cost + opportunity cost.
This is the first oondLt.Lon of optimal dep Let Lon ,"Given a stable

j}
demahd pattern~for a resource the planner, seeking to allocate
extraction ef f i.cierrt.Lyover time, will extract more of the

'-I ,-;:.'

resource now if the resource was reproducible, because he does
.not worry about exhaustion and thus the opportunity cost of

7



deplet,ing'')the resource now. He will extract a certain quantity

now in order to have a positive d:i.fference bel reen the price of

the resource and the marginal cost. of production or extraction.

Howmuch will be extracted or how much will be the profit will
I:

be determined by the owner's perception of. the value of the

resource or the opportunity cost forgone in extracting the

resource.

The second condi tion of optimal depletion describes the behaviour

of tht:! l~;?t .toppur un~ y cost over time. oppor-tam ity costl the

difference between price and margiryal exiraction cost, is known
r~"\ . I, <:;

by diffe~_~ft names in resource tlbonomics literature i user cost,

royalty, rent, net p~ice l).ndmar-ginal profit. The term royaltyI, " II
\"

will be used in ,i~his discussion. A fa.irly general and simplistic

, result for the second condition is the case where the cOfi)ts do

not rise with cumulative extraction. It shows that the, present

value or the royalty must be the same in all periods, or
\~,

equivalently the undiscounted royalty must ris~ at the rate of

interest. This conclusion was arrived at also by Hotelling in

1931, in what has become the famous "Hotelling Rule", which

states th~t the price ~f un exhaustible resource must grow at a

rate' equal t~i the rate of irtert:!st, both along an efficient

extract.ion path, and in a competitive resource industry

equilibrium. He showed that the competitive resou:r;ce owner would

deplete at a socially optimal rate assuming that he di.scounts at

the same rate as the community WOUld, that is, there is no

difference between the private and aoc LaL discount rates. The
o "

Hotelling Rule is just the simplest caseD because, apart from

8



heglecting ex"t7raction costs lit is the libyal ty not the price that

should grow at the rate of interest.

Hert Lndah I" consi.dered the optimal extraction profile of a
'\
II

competitive firm!) with several deposits of an exhau~tible

resource, for each of which the average and marginal cost of

extraction is constant but costs of extractiori differed. This is

li.kened to a group of mines mining deposits of varied

characteristics and thus costs structures. He showed that if' the

" firm seeks to maximise its present value then it must begin

working on the lowest· cost portion in the mining sequence. This

general finding was re-ex'amined by, Kemp and LonglO on his

assumptions about costs and revenue I -and came to the conc.LusLon

that if the rate of prige increasle is less than the rate of

interest then the deposit must be extracted in strict sequence,
1\1

beginnin~ with the low~r cost deposit.

In terms of cut-off grade pol(]cy the implication, established

simply by interchatlging the roles of cost and revenue I is that

if the rate of ris~ of price is less than the interest rate, then

optimal depletion must mean beginning with the higher revenue or

the lower cost deposit. '1'heconverse will also hold, for the case

where the rate of rise in the price is higher thart:the rate of

interest, resul'ting in policy that extracts the lower revenue or

higher cost at the beginning. These issl.l'2s are some of th$.
'II _

subjects the second condition will address as it follows the path

of the royalty over time.

9
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A very important aspect of optimal dapletion is the issue~of

efficiency. Inefficient depletion or wastage in any way cannot

be accepted in an optimum depletion model. Effi6iency, in this

context f requ?!es that there ahouLd be no gain in shifting

extraction from one period to anot.her. which in turn implies that

the returns must be the same for all periods.

.,' ~ L.

In identifying an efficient pattern of exh~:>'~~tible
'\. '.

allocation within a market-determined or competitive equilibrium

(when there is no gain in shifting <~xtraction in tl~e) I some

difficulties are identified. Firstly there exist some

externalities or Inarket failures that can make an equilibrium

ineffic1ent . Two particular kinds of externalitifls are
..~

spillovers, associated with exploitation of a ccmmonpool by
< \

several different producers, and environm.a:ntal disruption. The

commonpool problem is brought about when, say, information is

obtained cheaply by observing other operators' actions, for

axampLe results of drilling, and thereby depleting adjacent

resource without incurring all the accompanying exploration

costs. The environment has now becoMea vital issuel but before

it has been cheaply used to ths extent that it has been depleted

ineff iciently. r.['hese two externalities lead to inefficient

resource depletion.

The second source of divergence between competitive equilibrium

and efficient rates of depLs.tLon is the disparity between private

and social rates of discount. The effect of discounting on

depletion, the issue of private versus social or community

10



discount rates and the questions related to the welfare. of future
generations are disct;p:sedlater.

Before 10ing further into the discussion, one more point must be
made. B}' optimal depletion is meant efficiency f as discussed
alrea3y, and is also meant the pattern of depletion that
maximises the present value of net benefits from the resource.
However, the. concept of optimality, i.e efficiency and

maximisation of net benefits, will not addrass the distributional
concern of specifying to whom the ~enefits accrue.

1.4.3 A model of Optimal Depletion

The difference between the initial discussion and the model to
be developed here lies in the emphasis on the resource stock.
Whereas it has previously been assumed that extraction costs are
not affected by the size of the remaining stock, it will now be
assumed they are affected. Also production was assumed to have
come from a single deposit and no separate producers were
dLst Lnqu ished . In what follows I the analysis is first done to
determine how .nuch resource may be' produced by each of many
identical firms under the control of a planner. The planner may
be some form of regional or global resource overs~er. After this,
it is assumed that the firms are local types or specific mines,
independently managed, and competitive, seeking to maximise the
present value of profits. If the resulting depletion paths turn
out to be the same as tlle planner's I t.hen it shall have been

1.1



shovn that a compet.Lt i.veequilibrium is efficient, subject, of
course, to the qualifications concerning potential market
failures or externalities )'l':"t~d earlier.

Let the extraction costs for each cf n identical resource firms
be a function of theijfirmsfs output and the stock it holds. In

:/

J}
c = C (Ytt Xt)

wher~ c is total cost of extraction 0

~ is output in period t
~ is the resource stock in period t.

Then cost can be positively (dc/ax> O), negatively
(ac/aX < 0) br riotrelated to the stock. (ac/~x = 0).
The normal case is the negative relation, that is the smaller the
remaining stock the larger the c~'st of extraction. Thus, by
letting cost Dhe a function of stock size, a simple way of
capturing the effect on stock and cosrt; for the model has been
derived.

competitive Depletion - Resource Planner
The measure of benefit from a resource or revenue is measured by
the willingness to pay for the rasour ce , and given by the
integral of the demand for the resource. In symbols, this is

where nYt is the total consumption in period t

p(n~) is the demand in peri~d t

12



and ~ is variable of integrntion.
The net benefit is the difference between the benefit and cost:

nyc
J p(~)d~-nc(YtIXe)
o

The essence of the depletion problem is that which is E!xtracted
" and consumed in one period and is not available in another. In

making a decision about what to extract in anyone periodl the
planner must look to the effects on benefits and costs in other
periods as well. Thus his problem is to maximise the presen,!;:
value of the sum of benefits minus costs over the relevant
period. In symbols, this is

nYt
T f p(~) d~ -nc(ycIXt)

maximisey~ .. ,Yt' •Yrl: _.,:...O---------
eaO (1+~.) t

subject to the constraint on the cumulative '7)'traction;

where Xo and Xt are known numbers, and the amount e¥tracted from
\0

the stock in any period is the difference between the amount of
stock at the beginning and end of the period. The constraint can
be re-written as

(from t=O to t=T-l for each firm).
(,

Applying the Lagrange maximisation technique, the Lagrangean is

where /.LIt a and fl are Lagrangean multipliers. Solving, the
necessary conditions for the output in peric~ t ~ and the stock

13



~ are respectively,

OC
p(nye) -a-
_ Yc_\.!. ""0

(1+r) t: .. t
(a)

(t = 0 to t T-l)
and

(b)

(t = 0 to t = T-l).
Equation (a) is the first condition of optimal depletion. It says

\1.,.- .•

that along the opt.lrf).lpath, the price p (nYt) is just equal to
the marginal cost of extraction Be] aYI plus thet und Lscourrced

royalty i-'t(l+r)t.The Lagrangean multiplier, ~~tl is interpreted as )!

the royalty i the value of a unit of ~he resource IIin the ground" 1

in terms of the discounted objective function. Equation (b) is
the second condition of optimal depletion that describes::;-the
behaviour of the royalty over time. Re-writing it in terms of
continuous time instead of disqrete, equation (b) becomes

dAt " oc--=r""t+-dt ax!;
(c)

I

There is a variety of results from the i;econd cond.it.Lcn depending
on the effect of extraction cost on the size of the remaining
stock of the resource.

Supposing that the extraction cost is not affected by the size
of the remaining stock I that is ac/oYt = O. Then equation (c)

14
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confirms that the rate of change in the royalty, (d\/dt)/\, is
equal to the rate of interest, r. If, in addition, t.hemarginal
cost of extraction is nee, '~giblel then from equaition (a) the

I,) ')

royalty is equal to the price and from equation (c) the rate of
(-\

price change (dp/dt)/p is equal to the rate of interest. Whereas
this result has been found al.z-eadyto be fundamental- in economics
of exhau~tible resources, this analysis shows it to be rather a
special case. Production of oil in the Gul~ states provides a
remarkable approximation, being extracted at a cost of 10 to 20
cents per barrel, certainly a negligible fraction of the selling
price ($30 to $40 in 1981). In the larger oilfields cumulative
extraction will not affect the c~st of extraction. It is no~ed
that the oil price does not rise smoothly at the rate of interest
because OPEC decisions do not necessarily coincide with those of
a planner seeking to m,~ximise consumer su~pluses, or those that
would result from a cO\i,petitivemarket.

If the extraction t;;ost:.is affected by the size of the remaining
:(

stock, in particular ~!sdepletion proceeds from better and more
./

accessible deposits or porti ")nsto the poorer an'a.less accessible
ones, that is oc/oXt < 0, then equation (c) shows that the rate
of change in royalty is Jess than the rate of interest. The
return on investment generally includes both capital gain and a
dividend, but there is no dividend on investment in resources in
the grOttila.Therefore the entire return must come from the
cap i.t.a: gain, i.e thi:l,risein the royalty. But when a reduction
in the stock has the effect of increasing subsequent extraqtion
costs, then, without considering other factors, holding the

15



resource in the ground and not m:Lningl:~rovides a dividend in,the

form of cost saving.

The ini:ermediate case is that in which: the extraction cost is riot

affect,ad by stock size over a per Lod corresponding to, say,
;

production from a deposit of constant '~uality, but rises when the

deposit i~ ~xhausted and production shifts to a poorer rleposit.

In this case the royalty will rise at:tlle rate of interest along
,

the intensi ve ~n"'lrgin, that is t as t.he richer deposit is heing

depleted (Jc/axl = 0 approa?heS d~/dt : r~ > 0) and then fall &t

the extensive margin, that is as ptoduction shift~ to poorer

depos;Lts.

Thus far oonditions have been derived for optimal depletion of

an exhaustible resource. By using the Hamiltonian technique, more
r

general opt; i.maI control cond i tions ar e derived, which a:re more

gene:t::al and usable in the rest of the analysis and are summarised

in Ta~ble L 4•1.

comp~!titive Depletion - A Firm

Now~ie apply the general control conditions (Table 1.4.1) to the

problem of an .individual competitive firm. The difference bet.ween

this and the problem of the planner, is that instead of the

hypot.he't ice L regional or global resource planner £Ieeking to

maximise the net sociai benefits, the decision maker here is i

firm seeking to maximise profits. In the framework of the of

prec:eding problem the focus is on one of the n identical firms,

now acting independently and in a ~ompetitive, ~rice-taking

16



Table 1.4.1 A comparison of optimal depletion and optimal

control conditions.

The depletion problem:

T nYe

MaximisejYtl!( ~p(~) d~-nc(yc'Xc) ] e-rtdt
" '0

subjnct to

Hamiltonian

nYt

H= f p(~) de-nc(_vc'Xc) -(a)cYt
o

, Optimal Depletion conditions optimal Control Conditions

acp(nY')--a -=0
Yc

ck» t: aH-- =rw --. -dt e ax,!,

dX
___!;.:-y
dt c

ax; aH--=--dt ow e

(where WI = rt..1)
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(p=p{ny}) position.

'The firm's problem is

T

maximiselYrl! [PYC-C\YCI XI)] e-rtd:;
o

subject to

dX t_ yCf[-- e»

the ID iltonian is

These necessary

»:H=pyc-C(yc'Xt) -p eYe /-<"/

,,;;7
conditions are exactly the s~e as the results

in Table 1.4.1. Thus it has been shown that the conditions that
describe the profit-maximising depletion for a competitive
producer are identical to the conditions that describe the
socially optimal path, gi.ven a number"of assumptions of varying
plausibility.

The next part of the discussion will focus on what happens when
the assumptions do not hold. M0nopoly and other externalities,
such as uncertainty about ru+uie demand and supply of the
resource and the importance of the discount rate in determining
the depletion profile, are discussed.

Monopoly
The monopolist's problem, analytically, is exactly the same as
the competitive firm. The only difference is in the first

18



condition, beoause the monopolist will take into account the
influence of his own output decision on price. Analyse~ show
that generally the monopolist depletes t.ner~source more slowly.
Mo:.:-eso if the quantity of the conmod Lt.y produced (supply) is
inelastic, causir.g big price changes to produce li~tle changes
.inquantity .of the commodity supplied. However depletion may be
accel~rated if price rise~ at a r~te greater than the interest

"

rate. It can be added that the tendency to deplete slowly would
be strengtheneo, "/here costs rLse with cumuLat.Ive depletion.

l~s far as a cut-off policy is concerned the monop~list will
"

choo-se one that will offer him the chance to depl~te slowly I

except when the .mentioned eXGf.eptionalsituation about increasing
price does occur:

Uncertaint.y

Uncertainty can arise frr.)l7.IdiJfferentsources t LncIudinq,resource
demand and supply or from bot.h, The fear about uncertainty is in
its ability to disrupt revenues e~pected from depletion. It is
typically reflected in economic models as a higher discount rate.
Some key uncertainties in the resource market are now discussed.

r..r

Wh@n the uncertainty is about de~and for the resource, then it
may be reasonably assumed that the further into the future any
extraction decision is, the more uncertain will the demand be.
The resource owner:4s will likely be more certain about present

• 'J.'hiswas Hotelling 1s view and it is supported by the
results of more recent studies by weinstein and Zeckhauser,
Ray and Mirrleesn.
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<J demand than the future. If he wants to avoid future damand risks"
he will shift .depletion to the presant just as it woul? be if trte
discount rate were increased. If the demand for the commodity,
and thus the revenue from its explo'itation, is determinE!d largely
by how much is produced, then the resource owner will tend to
reduce the risk of Jow demand by cutting back now to produce more
later. That way he can stifle the present demand for his fut'~~
advantage.

Another kind of uncertainty related to the demand for the
resource can tilt depletion to the present. t~ere the reso4rce

\1 {j
is subject to the threat of exprc~..iriationor there is the r;t~k
that the market may be Lost; becaus'eof 'che appear-ance of a lower-
cost substitute at some future date.

On the supply side, uncertainty may be largel)'due to the outcome
of exploratory activity (treated le,ter)or }<,nowledgeof the exact
size of the resource stock.

The impact of uncertainty about future demand on cut-off grade
policies will be determined largely by the na~ure of uncertainty
and also by the risk aversion of the owner. But definitely any
uncertainty may adversely aff/act future revenues and will be
avoided by taking to a cut-off grade policy that will promote
present exhaustion. Uncertainty future supply may be incorporated
in the cut-off grade policy by depleting slowly or postponing
eXhaustion - the Ueating a cake of unknown size" syndrome.

{~J

The different kinds of uncer-t.aInt.Les and their effects are

20
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summarised in ~~ble 1.4.2.

uncertainty.
Effect on depletion of different kinds ofTable 1.4.2

i
" '.
dt==:===

Kind of uncertainty
uncertain demand for the resource,
with degree of uncertainty related
to distance in time from the
deplgtion decision'

Uncertain demand for the resource,
with variation in..expected returns
related to the ~uantity of output

uncertainty regarding date of event
that will destroy the value of the
reSQurce to the owner (expropria-
tion, dLacovecy of a cheaper
substi,~ute)

U~certain size of resource stock

Effect on depletion
Shifts deple~ion to thepresent \,

Shifts depletion to the
future

Shifts depletion to the
present

Shifts depletion to the
future

=-

,-'ouree: Fischer5)

Discounting
A high discount rate for exhaustible resource projects generally
indicates high risk and a low return on Lnv stment. It will

,l II "

I !reduce investment genero:J.lyand the explolf in and development
of new deposits specifically. Increase in discount rate will also

,\.fleanthat:more v;i11 have to be e::tracted in a short time in order
21
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to meet. the high discount rate, and will lead to more rapid
depletion initially I followed }:ii' a reduced rate as a consequence
of restricted investment in exploration and development in the
initial period. Depletion from known, producing mines will be
accelerated but little effort will go into finding and developing

o

new ones. Th~ implication for a cut-off grade policy is that
higher discount rate will necessitate a forroof "high-grading",
by exhausting the profitable portion of the deposit in order to
meet the expected high return on the investment.

Insta.bili ty :Ml the resource markets

uncertainty of any nature may lead to instability ih the resource
market, with the consequence that depletion may proceed either
rapidly or slowly, being inefficlent.

'.)

Because the p~ccont futures matkets are of limited time periods,
(~ I:,

and do not '~pap th~\ inf ipite future to enable resource owners
ff 0

sell of their commodity at a determinad price over the period of
production, resource owners must form expectations about future
prices and then act on them to make decisions about how much of
the resource to extract in any given time. A plausible way is
studying the behaviour of current prices, perhaps from a trend
of current and past prices. If a rise in the current price leads
to a rise in the expected future price, this will lead to further
.:rise in the current price as resource owners decide to cut back
on production to take advantage of the higher price expected in
the fu·ture. If I in turn, t'hesecond-round rise in current pric:e
irnpl:i.esa further rise in the future price tl1ere may be the

22



o

possibility of an explosive cycle. The poss:i.J:;lilitydepends on thp.
, ! /

elasticity of expectations, defined as t~e percentage change in
the expected future p~ice divided by the percentage changeD in
current price. The existence of an equilibrium will depend od.'the
behaviour of the elasticity of expectation, where the expected
future price' is either too high or too low. Elasticity of
expectations greater than one will lead to the explosive cycle,
whereas a value of one or less will be consistent with
equilibrium of the price path.

Knowledge of'cost developments and the trend in the technology
for producing the resource and the likely demand for it will set
bounds on expected future prices. A cut-off grade policy will be
effected to a great extent by the mine owner's perception about
future price and his expectation about the present, trend on the
future. If he anticipates a rise in future price h~ will' choose

\' a policy that will allow him to postpone extraction to, the
I

"

future. If he perceives a lower future price he will deplete now.

Exploration
",it has be~~
price have ,~~

already suggested that changes in expected future
feedback effect on the current price of a resource.

A rise in expected future price, for example, will lead suppliers
to cut back on current production, implying a rise in current
price. The effect of discovery of new deposits of the resource
can be understood t>as an exanp re of the working of the same
feedback mechanism. If new deposits are discovered the price
expected in the future will fall. This will, Ln turn, lead

23



suppliers to expand current produc~ion, resulting in a fall in
current price.

Discovery or exploration can be defined generally as an activity
that increases the stock of and thereby lowers extraction costs.
Obviously I the discovery of a new deposit ytill do this, but so
can research and development of a new process that makes
profitable production of the resource material formerly
considered too poor in quality. Purposeful exploration can be
built into the model by assuming a function that relates cost to
discoveries, just as another function relates cost to extractive
output. The outcome of including this in the model is that
royalty is equal to the cost of finding another to replace it,
in a competitive equilibrium. Previously royalty W,lS interpreted
as the benefit of having an additiohal unit in stock. Where a
unit can be added, the benefits just balanced by the cost of.: ,~~

adding to it.

So bec~use of exploration efforts, the effect of depletion on the
stock is countered, as least in part. The change in stock is

iii

equal to the number of units foJhd less the number extracted. If
change in stock is positive, the effect is that price rises more
slowly or may even fall.

The outcome Qf an exploratory programme, whether positi.ve or
otherwise, may be seen as a reduction of uncertainty about the
future supply of the resource. While new discoveri~s may not
necessarily mean quLck depletion of existing stocks, it may
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indicata to resource owners that prices are not going to rise
,(quickly) in the foreseeabl'e future. A negative outcome will be
a clear signal of the possibility of higher price brought about
by !ij,carcity.Any cut-off grade policy to be chosen should see the
outcome of exploration in this light.

Equity and exhaustible resources
So far the criterion for judging rates of depletion has been that
of social efficiency, by means of instrumen.ts including taxation.
This criterion, however does not address the question of equity,
bo t.h in the preaerrt and later generations. This subject is the
main body of welfare economics and will only be briefly
discussed.

In the present generation benefits from depletion of a resource
may be re-distributed by government instrument and a deliberate
policy. But given a positive discount rate~ it is possible that
a depletion programme that is effir.ientfrom the viewpoint of the
present generation may leave nothing for the future generations.
This raises ethical and welfare considerations which economists
are still addressing. The issue is conveniently broken into two
parts; social discounting and welfare criteria. with social
discounting the debate concerns how to discount (and 11hcther or
not to discount) utilities, b~nefits or otherwise t.hat are
projected to accrue to the future generations, and the differlZlnce
between the social and private discounts. On welfare criteria
various schools of thought have emerged, a prominent qne being
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the "maxi.m+n" criterion by :Rawlsb Lrrt.ertdad to apply only within

a generation, but which has been extended to evaluate inter-

gene~ational programmes.

Much as it is noted that these distributional issues will

underscore the optimal depletion mode or t.he choice of a cut-off

grade policy to a very large degree, the complex issues they

raise in welfar~ economics cannot be easily addressed in this

project.

1.4..4 summary

The issue of optimal depletion is becoming an
':.fl

important c,Jfidern. It is complex and involves many, hitherto

unaddr ;Bsed areas like Irrt.r-a cemporaI equity. Nonetheless the

issm~ must be faced. All cpt.Lma L depletion models must take into

account~

a) the opportunity cost or royalty determined by the value placed

on the resource or asset, and

b) the behaviour (."Ifthe opportunity cost along the depletion path

with respect to factors such as chanyes in cost Of extraction and

prices.

b Rawls, in 1971, suggested that social welfare is
determined by the welfare of the least well"':off member of society
and so ~o~ial welfare is maximised by maximising the welf~re of
the least well-off individual. Analytically this is symbolis~d
into

max W = max [ min ( UII UZ1•••••• UII ) )

where W is social welfare
l.l, is individual its utility.



1.5 Lit~rature Survey

The issue of cut-o~f grades has long standing controversies and
thus demands precise terminology. In particular, a clear
distinction is needed between "cut-off grade" - an operating
control - and t~e terms "pay limit" and "break-even grade" which.
are, grade equivalents of p(irti~ular specifications. (Taylorl!).

\

He defines cut-off grade as any grade that for any spec.ried
reason is used to separate two courses of action e.g. to mine or
to leave, to mill or to dump; also any of a series of grades used
to truncate a frequency distribution or to separate mineralised
materials into graded f~.act~ons. In the same paper1'2,he describes

= optimum cut-off grade for each pair of three main exploitation
stages (ore availability, ore handling or treatment and product
treatment) as the balancing grade subject to upper and lower
limits defined by the ,two .break-even grades. From the three

r grades so selected, the middle value gives the overall optimum
1/\j cut-off that will maximise the total undiscounted profit of the

i\,mineralinventory.
t

Dowdl3 applied dynamic and stochastic progra.ffitt'':'ngto optimise cut-
off grades and production r.ates,allowing for the forecasting of
future market conditions in terms of probability. and used the
maximum present value as the optimising criteria. His work serves
as the foundation on which a general theory of cut-off grades
under real market conditions can be established.



/

Pasieka and Sotirow14 outlined a computerised net cash flow
(','

approach for practical cut-off grade determinations and observed

that in a constantly changing technical and economic environment I

the d~ecision to maintain a mining operation at its best economic

potential requires an appropriate cut-off graqe strategy

consistent with short and long term operational an4 corporate
-_ ~~'-_" -.,

objectives, and based on realistic narketing and metal} price

forecasts.

Muchearlier work related to cut-off grades was done by gentlemen

like Berry, Carlisle and Mortimer. BerrylJ appl ied 'the' present

value theory to justify the permanent raising of cut-off grades

well above the break-even point. Carlisle16 in three papers of

1953/54, makes a brave effort to move away from strict orthodoxy

but a cost classification introduced serious errors by divorcing

mine expendLt.urea from activities requU-ing them. In a paper on

Witwatersrand grade control, Mc"rt'imerI7gave a definition of cut-

off grade which cannot be bettered: lithe average grade of rock

must provide a cet:tain minimumprofi't per ton milled ...• the

lowest grade of rock must pay for itsalf".

Kriq:elll, in two papers published in 1962, proposed cer-ce i,n

downward adjustments on the officia.l South African pay 'limit

policy based on statistical regressiop theory; in later papers
i

he investigated the effect of taxation systems on break-even

grades. He is credited with the statement of two important

issues, the first being the highly necessary concept of a

"minimumselectable unit" which he determined for particular gold

26
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t,

mining conditions. Secondly, he demonstrated that anyotax code

which permitte~ deduction of part of revenue frr'.i taxable income
. il

lowered the break-even grade provided that the average profit of'
o

the mine is above some critical value.

Hermi.nq!", in a short concentrated paper~\ di.sp l ayed a lot of
\ ,
\ '

1egic. He assumed that are parcels conform\~d to an exponential

law (imposing thereby a constant difference between cut-off and

average grades), that unmined ore b,eq)omesurrreoovez abLe and t:tt~t
IIJI

costs could be wholly defined as.,variable, fixed or capital and

other sunk categories,~ He derived a formula for cut-off grade

that among other things Ii) showed sunk costs to be without,

\\,I

direct relevance and, il) for the fJrst time showed that true

maximisatl.on of present value demanded a declining cut-,jff grade.

Lane20 must be the pioneer of serious cut-off grade the~)ry. His

signif1c(,mt contributions ,,{ere to distinguish between the three

mail ; ta~es of mining activity with their dLati inc't.Lva costs - ore

CJ;: 'Jation, ore treatment and product treatment - to note that cut-

off grad~s affected the quantitative balance between these

stages; and that cap~ci ty constraints in each case imp.::sed

different break-even r.~quirements. These break-even points served

as markers between which the best cut-off grade might float

according to particular com...itions. In addition he confirmed the

need for a declining cut-off if present value were to be

maximised.
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Wells21 must als~ be noted for his paper on optimising mine design

in mineral evalUationl in which he obuerved that in theory it is

assumed that cut.-off grade of a mine zemaLns constant throughout
I

the lif(~ of .oj' mine, but in practice early revenue may be
'~

increased (at t.he expense of r educ Irrq cash f low in the lat~r.

years of the mine I s life) I by selectively -mining to produce

3i11ing grade higher than the average tenor of the reserves. He

remarked that this same pnLfoaophy will continue to be attractive

throughout t.hs. life of the mine, leadinq to a progressive

deterioration ~n the mill head grade. In his analy~is, he prove~

that the progressive deterioration in the reserve grade and in

the average mining grade over t~e life of the mine incr eed the
/ \ )

present value ratio, his chosen optihlisation crite.r In. He

observed that In practice it is likely that addition o~ blocks

above thl~ ecoriomic cut-off grade in the late.r stages of the

mine's :!. ife w()uld further increase ~;he prese~t value ratio. He

als showed in his analysis how cohtrolled build up to full

production capac Ity, more practicable .t.han assuming full capacity
\,
,\

at the start, ca\n favourably affect the return on the investment

under ce:rtain circumstances because it delays early cap i t.al

outlays .

.still on the t r.eory of declining opt inum cut+o r r grades, Border22

has recor-ded tbat ....:le use of de 1inin.g cut-o::f grades, which has

been thought to cause hLqh+qr-adinq, is in fact true if an

artificially high discount rate is used in the calculation. He

ohserved that the theory of declining cut-off grade is more than

25 years old, but for a numbqr of reasons it is still not widely
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used in industry. He also nates that the lack of faith in the
veraci~y of estimated grades is not a good reason to abandon any"
attempt to optimise cut-off grades. In his paper he suggested
snme optimisation equations and showed how they can be
practically : tegrated into the various stages of converting a
prospect into an underground mine. He conc Luden that perfect
application of an opt.Lmum cut-off grade policy muat,ensure that
only ore generating more than a minimum net revenue is mined.



CHAPTER 2
ORE RESERVE ESTIMATION

The ore reserve investigated is a typical \Vi twatersrand low
grade, flat, thin reef. The mine hilsbeen in operation for the
'i1c.st"20 years. Most ,.)f the cLai.m area has been developed and
there are few remaining places where the grades are not tE':sted.
Fully developed reserves for which detailed grade-tonnage
comp i lab ion is to be done for the analysis amount to some 8
million tonnes.

Ft'cm the statistics accumulated over the years, a "rf::!gression"
effect has been establish~d between the predicted grades and the
actual grades, based on comparisons between the sample results
taken during develop~~nt and ~anel sample results taken during
aubsequent; mining. The relationship indicates that the lower
grades are under-estimated and the higher grades over-estimated.
It: is generally li1lear on the logarithm. '.rhisregreRsion effect
is integrated into the grade-tonnage data by adjusting the grade
estimate for each selective mining unit.

The geostatistical method was used for the estimation of the
rE\serve.The software employed was the Geostt.1tos PC Toolkit". The

I

analysis was simplified because estimation of the reserve is not
the main objective of the project.

C This software was developed by Dr. Isobel Clark of the
Mining Engineering Department, University of t.he
Witwatersrand.
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2.1 spaltia:-:,Statistics

The data points used were simulated using "conditional
simulation,,23on the Kimberley reef (Winkelhaak Mine) for chip
samples 20 m x 20 m over the study area. The statistics for raw
data of the minerallsation are:

Number o~ sample points
Mean: 2.92 gft
Median : -,1.5 gft

7920

standard deviation 3.8893 gft
variance 15.1267 (gft) 2

Maximum 61.3 gft 2

Minimum 0.0 gft
Range 61.3 gft
rnterquartile range 3.00 gft
Skewness
Kurtosis

2.66

9.56

2.2 Modelling

Semivariograrns of the raw data gave better structures than log
t.ransformed data. This could be due to the fact tha"!;the
underlying ore value distribution is not log normal. The log
transformation gave ve~y different statist~cs, such as:
mean ~ 0.3568 log gft, variance: 1.7966 (log g/t)2,
skewness:::: -0.:2171, kurtosis ...= -0.7884. The coefficient of
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correlition being a hi9p\Of 3.7569, as compared to only 1.3320

for the raw data. ]

The semivariogram model chosen for the mineralisation is shown
in Figure 2.2.1 and had the f~JJb~?9 description:

Model : spherical
Nugget effect: 6 (gjt)2
No. of components 2
Range of influence of 1 80 m

sill of 1: 8 (g/t)2 sill of 2

Range of influence of 2

Anisotropy factor major aX1S

Ani~otropy factor mino~ axis 0.5455

Angle 0f rotation 450

Cross validation statistics
-mean error: - O. 001

standard error of mea~ 1.0174
\.J

2.3 Kriging - Block Estimation

Kriging over the area on 60 m x 45 m panels generated 1102

blocks. The kriged panels were found to have a distributidn with
mean = 3.03 and log variance 0.2721. Histogram and Probability
plot of the distribution. are shown in Figure 2.1.1 and Figure
2.3.2.
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2.~.Grade tonnage curves
\\
,I

The~total reserve tonnage is 8,123,000 tonnes with mean grade of
\'

3.ci' gft and a 10 percent chance of falling to 2.93 gft.

Grade tonnage curves are constructed of piots of cut-off gra4e

against recoverable tonnage, and average grade above cut-off pay

value is shown in Figure 2.4.1~

The "regression" effect has been observed over the paat; in mining

in the area, i.e. high value panels tend to be overestimated

whilst low value panels tend to be underestimated. The result is

that planned high values tend to be lower grade, whilst

supposedly unpay panels are not mined. This leads to over-mining,

producing high tonnages at lower grades. To correct this, a Least

Squares correction is combined with the kriging system to produce

a simple robust estimator to improve the prediction g1ven by
I')

kriging. This "georegression" approach24 is acoount.ed tot- in the

Geostokos Toolkit by flagging a sub-routine which demands a

global mean of the area (2.9 gft) and its associated standard

error (0.05024) t;:> adjust the kriged estimate for each block. The

n other I general, approach is that, because the kriging system is
:!

the best linea1~ unbiaaed etimator,
C)

the~regression effect i~

already assumed to be well accounted for by kriging.

Tl-teresulting distribution of the "corrected" blocks is shown on

a probability plot in Figure 2.4.3 and a histogram in Figure
\)

The grade-tonnage curve of the "regression-effect"

corrected blocks is shown in Figure 2.,,.1.4.
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A comparison between the "corrected" and "uncorrected" b~ock

grades showed that because of the correction the lower values
!_)

were adjusted upwards while the hi Jh values decreased. The

overall average was barely changed (uncorrected = 3.035 gft

versus corrected = 3.034 gft',. The log. variance
o

increased

(0.2721 versus 0.2777)

The cut-off grade policy analysis, which follows in the

subsequent chapterst will use the corrected block grades.

Features of the grade ~istribution are also conveniently

expressed by an ogival plot of cumulat.ive tonnage accoupan Ied

by its resulting average grade against cut-off grade (Figure

2.4.5). Also informative is the corresponding plot of cumUlative

valuable metal content (Figure 2.4.6). These plots are a valuable

analytical tool and the starting point of any serious cut-off

grade stUdy. Since the grades are in terms of blocks that are

lil~ely to be separable by the chosen mining method, these graphs

indicate what can be obtained from the deposit, together with the

range of flexibility of cut-off choice and the papameters
)

affected thereby. In terms iof a policy on cut-off grades, ~t aids

ira the choice' of various ranges of values that can be reasonably

achieved in th;;lt particular grade distribution, defining the

limits of ~Aoice and what is ultimately achievable.

But, despite its usefulness as a basic tool, the plot is ~.b:i".ed

in use f or production schedu Ling because it ignores :i}:;" '..;ial

relation between the block grades. The higher the cut-o~f, the

smaller the proportion taken and the more spatially spread the
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blocks may be, to the point that ...the generation of economic

mining zcne s"may be impaired unless evid~nce exists of pronounced

and continuous grade zoning.

I.
( .
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3.2 Model outline

T~O dimension working area: 1 740 m on dip and
1 880 m on strike

Raise spacing: 180 m (10 raise lines on strike)
Level spacing: 240 m (7 levels on dip)
stoping width: 1.3 m
Selective mining unit: 60 m by 45 m
Mining rate: 300 000 tonnes in first yea~

400 000 tonnes subsequently
Pre-production development: 2 years

There is no stockpiling of ore and all ore broken within any year
will be processed within that year.

3.3 Mining Costs and related parameters

Expansion of the existing mine is to augment th~ depleted
operating unit by increased deve Lopment; to define ore, and
provide increaaed tonnage. This is going to cost R 30 mill~on in
the first year and R 20 million in each of the next two years.
Financ~pg is by equity so there will be no interest paid. Also
being part of an existing'unit tax ring-fencing is not applicable
and all capital expenditure will Le tax deductible. Use is going
to be made of available facilities such as the existing shaft
system. The capital expenditure will mainly be used on new
equipment and the expansion related devel~pment in the new area
in order to deliver ore to the existing mill facility which has
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(.\'.

\\.Taxatlon:_ y ~ 61 - 305jx

where y is the tax rate
x is the ratio of taxable to gross income

( )

y = 15 - gO/x plus 1.25t surcharge.
where y is the percentage of profits payable .

.x is ratio of pro:Cit less capital redemption
..It

allowance to mining revenue. i(It must noted that lease payments
are no longer ap~~licable after March, 1992).

cost of capital: Defines the minimum annual profit
requirement and depends on the mine's capital structure; is
7 percent real after tax.

"Inflatj,.QIli.(Over previous yed:r~
Year (end)
Rate (% p.a.)

1 2 3 4 5 to end
15 14 12 10 8

Cost Esgalati..Qn_;_Escalation of capLt.aL cost is to be 5
percent over and above the ongoing inflation rate while the
escalation of the working cost is 2 percent till it levels with
inflation aftpr year 4.

3.3.1 cost Related Parameters

DilutiQn..i.Is related directly to ..he ore-mining conditions and
mining method. The average grade of the in situ blocks should
reflect the waste dilution factor associated with the selected
mining method and estimated condLt.Lon,F~r the" chosen mining
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CHAPTER 3

THE MINING MODEL

The mining model is simplified by avoiding the complexities
involved in a detailed model, so that the overall objective of
the project can receive full attention.

3.1 Mining Method

The method of ~}ning is Scattered Mining Open stoping with stope
support because of the low grade, flat, thi~, and low dipping

"

nature of the reef. Ore hand~rig is essentiall:/bY conventional
scrapers, drawing the broken \re into cars th~ough a series of
gulleys and boxholes.

Generally any ore left unmined may be mined in future, but ~his
can be very difficult when the drives and other underg~ound
inst4,11ations are destroyed because of _blasting. More so if a
caving method is usad. Also in deep underground mines, common in

J\

thE¥Witwatersrand, any oze blocks left ,bei'lindare lost for all
"_~~. '

"\practical purposes. It is assumed, for the purpose of this
pltOject, that any are left behind is not retrievable when the
. .."~

grade c~fthe block are higher than the prevailing cut-of~.

-.
v.

!!

( \

1: '
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'J exces s capac tty.

.::::;:::::=,:-:

Apart from the capital expenditure, other miriing related costs
to be incurred are outlined as follows:

(\

Variable Mining (Operati.ng).Costs: These costs include all
direct and indirect cos~s that are incurred proportionately per

-<'~
'~...:,':!'~\_,.\",\

tonne of ore or of concentrate selected, haridLed and--treated.
:reining 50 Elt

()

milling 35 R/t
Total 85 R/t

1'his figure (85 R/t) is much lower than the industry I s average
of 136 R/t, but compares well with that of the low working cost
producers.

Fixed CQsts; Are incurred per unit time irre~t:pective of the
level of production. Estimation of fixed cost ~egu~res great
caution because large increases of output inev~tably increase
some elements;of the S6:pposed fixed cost. For the purpose of the
project, increased output after the first year of the project
will be assumed not to have an effect on the initial fixed cost.
Fixed costs to be incurred are as follows:

ventilation, pumping, amenities, services, administration,
maintenance, sundries = 4 000 oon R/year,

by a rough comparison with an operation of simila:t·scale.

49



t,system, 10% dilution is acceptable and mining grade, g, will be:
g = gh / (1.10)

where gh = in situ grade.

Min,g__QJ.osure:On cloe:ing down a mine after its 1ife certain
costs, like retrenchment allowances which can be very
substantial, are made. In this project it is assumed that no
costs will be incurre~ upon the closure of the mine.

3.4 Mlni~g Revenue and related paramllters

Metal frics: Within the world's current high economic and
pol.itical uncertainties" it is very difficult to predict metal
prices reliably in the long term. But instead of doing nothing
about if, some idea of the trend of the metal price could be
formed. Different approaches to forecasting exist and must
reflect the available technology I business climate and political
intelligence of demand and supply related parameters. In this
project the pre~ent price of gold is taken as R 35/g and the
trend is for the price to,grow annually at the same rate as the

,')

escalation rate of capital ~ost, and no price cyclicity is r ~t
into the model.

By-products: Itlsome cases the main metal of a mineralisation is
associated with one or more aQditional metals. For example, gold
is known to be associated with silver, copper, cobalt and even
uranium. If it exists, then allowan~e for revenue generated by
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."
any by-product must be made' in the main metal cut-6ff grade

\' .
• , .)ice LouLet Lona, The average by-product pr ace as a percentage of the

main metal price, ba::;ed mostly on the assumption of constant

price relationship, is simply the price of the ratio of the by-

pr-oduct; to main product price. No by- pr-oduct; is obtalned in the

deposit under study.

§alvage Value: As a mine comes to the end of it.s life, some of

the capital equipment may not be necessarily old and us~less but

can be sold. The revenue from such sale,
'{
),

which can attract

taxation i~ it has been capitalised, has a considerable effect

on the proj ect economics and must be addressed in a cut-off grade

study. For simplicity this will not be considered , i.e, each

equipment comes to the end of its useful l~~fe at the ~ame time

as the mine.

3.4.1 Revsnue Related Parameters

Metallurgical Recovem It is well known in practical expert,encra,"I'r"

that a varying head grade has a significant impact or£./mill

reco~e~y of some deposits such as copper. Cut-off grade

ce LcuLat.Lorrs, usually deeLi.nqwith a wide spectrum of ore grades,

should therefore reflec,'t. this. However, in the case of gold t.his

variation is not very significant {96-97 %} and 'W'i{;oithus be

taken as 96 %.
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CHAPTER 4
CUT-OFF GRADE POLICIES

4.1 Types of cut-off grades
, \

"

cut-off grade is determined for the purpose of classi ying
mineral reserves as economic or unec~omic in a apecified period.
It is usually based on unit costs, constant metal ~ices and,

,;'

fixed capacity. Many def initions exist for various purposes, some
of which are discussed below.

Geological cut-off grage
Is used to truncate a frequency distribution of grades into
graded fractions. Its main function is to separate mineralised
material from waste and to assess mineral reserves as a starting

\)

basis for determining ore reserves. From the grade and tonnage
relationships derived from the geological cut-off grade, economic
and technical criteria are imposed to detel.mine the planning cut-
off grade and, Ultimately, the mineable reserves.

Planning cut-oft grade_
Is the lowest grade of are for which the mining operation's net
present value is equal to ze!,o.The cut-off grade is calculated
on the premise that each tonne of are with this grade must
generate revenus equal on a c~sh basis to all allocated capital,
opexat.Lnq and financial cost, including all taxes and royalty
payments during the mine's life.
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/;The purpose of planning cut-off grade is two-told:
to define the minimum mineable grade used for estimation of

(,
,)

the reserves, which in turn serves as one criterion for
select;on of an appropriate mine/plant capacity;

- to quantify the'operation's ore grade safety margin or
spread between the estimated average ore reserve grade and
the calculated plannirg cut-off grade.

once established, the overall are re$erves and planning cut'~off
grades are suppos~d to be reviewed annually in order to reflect
any substantial technological and/or economic changes.

BudgettCL:r:Gyt'-otfgrade
is the 1 :.!q:uiredannual head grade for a mine at which it should
operate throughout the year in order to generate a budgeted net
cash flow for a specified capacity. The purpose of this cut-off
grade is to convey the operation's corporate net ..cash flow
objectives for the bUdgeted year.

Accounting cut-off grad~
Is the annual head grade which is sufficient, fer a specified
capacity, to generate revenue equal to all oflerating costs plus

"both annual d'3preciaticn aLlocatied to fixed asset and minimum
profit requirements. The purpose of this grade is to satisfy the
accounting requirements for profitability as net of revenue and

(,

operating costs, including taxes and depreciation. This
appli..::ationof cut-off grade is limited in scope. Its proper use
is to monitor the economic utilisation of a company from a purely

I)

account-ing poLnt; of view.
"
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Br••k-§v«Q gut-otf grad.
Is a grade that will generate an annual revenue equal to all out-

"of-pocket cash ~xpenses, including fixed and variable operating
costs, corporate and mining taxes, and all allocated capital
expenditure throughout the operating year. If the mine operates
at;this head grade, the annual cash flow will bc'aequal to zero.
The purpose of this grade is t'o:

- separate ore from waste in underground min~ng
A '

opera-tions; and
- delineate orebody Limi~s in the case'of assay walls.

Is toe same as the abovemeptioned gr~da except that allocated
administrative and other fixed operating and capital "costa arid
not included in the cash flow calculation, Le. this cut-off
grade meets only the variable operating costs. This grade is used
to d~fine the lowest'grade which could be mined without losses,

'~

provided there is no mineralisEad material availabl~ which can
generate a positive cash flow,. It is the absolute lowest limit
and is used as an operating cut-off if the mill is starving due
to, say, lack of develop~ent or stoping capacity.

"~I

op.rational cut-ott gr~
Is used. to define, on a short range basis, what parcels :may

,)

contribute to unmined ore reserves, needed when production
(\

starts.
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LaneD describes other cut-off grades according to his definition
of various stages in mining as:

~imiting Economio cut~off grade
Is the cut-off according to the capacity which is limiting
the output. The three stag~s of mining : development, mining
and treatment are related to the throughput with which the
stage is concerned, giving rise to three cut-off grades
known as limiting cut-off.

Balanoip9;.futt-otf grade
In a mine, no single ~~':9r component may be necessar'ilY
limi ting, the l:>alancing cut~ grade i~ supposed to be the

".....,y.intermediate value at which the capacities are fully
utilised in pairs.

oth.rl.
other types of cut-off grades are Lmpoaed mainly for quality
control. Thsse affect ores of physically high grade e.g. iron,
dolomite, magnesite etc. and are set so that the minimum
acceptable average "grades are achieved. The inverse cut-off
grades (maxima .insteadof minima) used for impurity cont.rc t , are
essentially similar.

4.2 Determination of break-eveli out-off grade or pay limit c

(')

In the souch African context, the average-cost break-ev,~n grade
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I "

or pay limit in its simplest form requires, conceptually, that
()

all ore '~shows a prcfLt;" by, determining a grade from which
revenue is equal to total working cost. Thereafter, a}J superior

(( -!)

grades are described as payable and those inferior as unpayable.

The four basic tenets of Witwatersrand valuation, as often set
out in examd nat.Lone for certificates of competency" are:

(i) that <,.11 ore mined must be ~ ,e to ,.bearits
proportionate share of working costs, i~cluding
overhead and (sometimes) development expenses;

(ii) the'itverage break-even or pay limit grade so
determlred is the only legitimate cut-off grade,
whereby any better ore automatically b~t.~omespart 'c:i?

the of\ficial are reserve;
(iii) overall stoping must be almost exactly at the average

.-- ;

9rade of the whole ore reserve; and
(iv) in these matters time and capital expendi1::ureare

not wholly relevant.

It may be clearly recognised here, and must be emphasised that
cut-off grades and break-even grades are inherently different 0

quantities that may coincide only as a reflection of some
particular operative condition.

A generally accepted principle underlying the bbjective of any
mining investment is that over the life of the mine it will be
necessary to recover the capital cost of providlnq the mine
fC'l.cilities,the working cost of,sustaining the operations and
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sufficient surplus to make the venture worthwhile. The average
grade of ore mined over the life of the mine must, therefore, at
least p~ovide sufficient revenue to satisfy these requirements.

assuming that these minilU,'}lmrequirements can be
1/

$"~tif\'( led, any additional 1';onneof ore that can be mined at an
additional (marginal) cost, less than the revenue accruing from
it will make a positive contribution towards the gross mining
profit. The lowest grade that will just cover the direct cost of
mining and treating it is the pay limit, and the g~oss profit
over the lifa of the mine will be maximised by all ore above this
gradE".

'.'At the pay limit, gp' the revenue from one tonne of are m~st
\)

equal the direct cost of mining, transporting, treating it etc.,
therefore simply;

unit variable cost == gp x reccver-yix metal price26

where Vc == unit variable costs (mining + treatm~nt)
== R 85/&:

€ =- metallurgical recovery == 0.96
Pm = metal price = R 35/g
gp -= (V,) / {(e) (Pm)}

== 85/{(0.96) (35H g/t

= 2.53 gft

Reference to Figure 2.5.4 indicates that the following tonnage
and grade will correspond to the pay lim5.t of 2.5 g/t



D

Payable tonnage = 4,300,000 tonnes
Average grade of payable ore = 4.32 gft

It has been determined by TaylorV that if the distribution is
slightly skewed and the cut-off grade is well down the lower
tail, very little tonnage or grade is affected, operations are
insensitive to cut-off variations and precise optimisation of the
cut-off grade is neJ.ther possible nor critical. But m9re often
{not necessarj,.lyLn this project} I pay limit (2.53 gft) is at or
above the median (2.64 l\gft) ,where the tonnage affected is
proportionally higher, (}.e~, the pay reserve i$ less than the
unpay).1 thus affecting selectivity. A not~d feat1lre of the
lognormal distribution is an almost perfectly linear relation
between avorigeugrade above pay limit and the pay limit for all

\1'cut-offs above the geometric mean or median.

;, )
.:','

4.3 The out-off grade polil...ie$

An investment in a mining project aims to increase the worth of
all involved. Governments seek to benefit from increased foreign
exchange earnings, guarantee employment for citizens, etc~)1while

,\:,

a private investor seeks to recoup all his investment plus a
return for his time and risks taken. There is an apparent
conflict here between the interests of the contributing parties,
but from a strictly economic point of view it is not an
inevitable conflict. If the mine is planned in such a way that
its net present value is maximised, then, in theory, there is
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mere wealth ~o share between the particip3nts. Everyone be
better off.

An essential preliminary to an analysis of cu~'.-offgrade stratJgy
is, thereforej an examination ot present val~e maximisation for
the operation.

Df.!notingthe present valu~ of the operat.ion and the future cash
flows year by year as CFI1 CF~/"" tCFn and r the ccsz of capital,
then "

NPV = CFt/ (1 + r) + CF2/ (1 + r)2.+ .•••+ CFn/(1 + \~~'11 The
-, :.

cash f10vTS r CFII CF2, •••• CFu are dependent on the prices and costs
prevailing at the time.

V and, for that matter, CF1, CF2, •••• , CFn must depend on many more
factors whi~h desc::ibe 1rhe way in which the operation is to be
conducted. Denote this by fi. In the case of cut-off strategies ('.
foi a mine; n will consist of the variable cut-off, 9, which can

I,! ,

take on differen~ values gil g2' .... ,gn for the remaining years
/Jf the mine I slife. Such a sequence of values can be called a
pol icy and therefore gil 921 .~...,gn defina a cut-off .policy. The
purpose of this study is to investigate three suggested cut-off
grade policies:

- constant (conventional or traditional)
- decreasing and
- increasing

and determine which provides the maximum net present value under
the same base economic conditions. II
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4.3.1 Constant out-off policy

The conventionally accepted approach, in prepal:."-ation of a

production &chedule for feasibility study purposes; is to plan

extraction at a constant average grade over the life of the mine.

~he average is-determined from a consideration-of actual values

within the or ebody and a pay limit or ec6"Aomicbreak-even and the

actual production average grade hardly differs from Ilhis.

A stu.dy of yi~ld graues (dire.ctly proportional. to the average

mine grade Qetermirted' after pay llmit}",fp:r; some 30 'gold mines in
,,-_"

South Africa over a period of 10 yea.rs, is shown in Table 4.3.

It·· indicates that a third of! the mines have had an increase in

their yield grades over the period under study I and of these only

half of them showed any s.trong trend in the rate of Lncireaae of

more than 5 percent per year. The remaining two-thirds, which

showed a declining yield, had only 20 percent showing. any c
J/
it

consistent and strong rates of decline. Overall there is no
Q ~

definite pattern of a cut-ofl policy. The de~lin'f'\ in )i'i~ld grades II
o I . . 0

in the majority qf the min~b could be aue more to the depletion
\~I

of richer grades than a delibertAte policy. The absence of a
/ \ ..definite increasing or',_.,ecllnlng tl;~nd of the yield grades (the

'. '-
yearly cut-off) is suggestive" of the traditional constant policy

under dynamic economic (e.g. rising working costs, unstable

revenues, atc) and technical (e.g. erratic grades) influences.
()

By applying a constant cut-off policy to our data, the results

are shown in Table 4.3.1. The policy is $hown in Figure 4.3.1.
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~,OF_MI~~~---' ---1~80 1981 1982 Hl83 1984 1985Y~~r---'61987T-= ~!~. 1990 'i991
Barberton .io~03 7.31 7.42 8.23 8.10 7~~ _. 6.50 6:7Jt= 5.88 __ 5.!~ _G.02 6.20
~_9_qruitzjct'!t___ 8.73 8.85 8.85 ~7.79 678 6.32 5.94 5.25 _4.56 _.~. 3.96 3.92
Bracken. 3.96 ~~f_- 3.37- 3.60 3..~~~ __ ~ _ 2,91f-. 2.9~ 3.41 4.12 5.35
Buffelsfonlu].!1 . a.04'r--~.!~I-' 8.57:--. 9.09 8.59 8.38 _ 7.87 6.18 5.9~~_ 6'f~ 5.90 5.82
~!.~~ ._~~,! 4.41 4.9§J 4.47 5.05 4.79 5.06 5.45 6.~ -_6.9-Z. _;,. 5.82 . 5.88

1goornfontein . B.47 8.22 ,..1'.!-'!..O__ 6.7,9 6.69H6.51f--. 5.92 ' 5.51 . 5.1S 5.08 ___2§.1.~_..1~j
~~ D~ ,__ 3.40 3.67 3.S!> 3.31 3.18 _.3.0R 3.14 3.14 3.09_~~. 2.25 ?~
.§~t p...!fefont~t, 1511 ta.17, 12.511-' 12'~1--.12.~ 10.1)8 9.80 11.70 11.37~J?~ 8.22 .~'
~fl.P.M. . 4.95 4.43 4.03 f-?95 3.7~f- 3.64 ~~ 3.61 3.65 2.58 2.:.~ ~
~~r:!~r~nd 5.33 4.28 5'~1--' 5.74 5.59 5.87 6.25 6.54 6.12 6.67 6.41 6.54
~~.atEl Geduld . 10.68 9.27 7.~~ __§.79 r-' 6.091--' 5.l}~ 5.02 4.85 4.59 ____!.~~ -::J.J-~!-~~
~.§tat~Sal?i..R!aas 2.59 - - - _.'--=-. - 4.53 3.90 _ 4'~f-~ v 3.95, 3.89
~rQ.<?t_yl~! . __ r-___!_61 3.75 4.10 3.81 3.85 3.47 3.22 3.11 3.291-_?.!..~' 4.27 !!~Q.
HartebeestonteLf!. . !--_j~_z. ..__ ~ 10.20 9.86~~9f---~~~_ 9.80 9.45 6.91r- __§:_~ _ ...E!~,-._8!~
Kinross 5.70 5.85 5.88 6.25 6.30 6.58 6.06 5.96 S.70r- 5.£_Q . 6.16 6.30
!_<logt .___ 14.51 14.63 14.95 15.20 15.5~ 14.42 13.501 13.96 13.45 12.24 11.83 13.24
).:~5Iie __ . 3.00 3.23 3.421-' 3.42 3.73 2.77 2.49 2.38 2,39 3.30 4!ZJ,-~44
~_t.!~'1g!!__~_. ._ -'"_§,_~f--6.q~ _ 6.35 6.08 5.28 5.~1 ._5.13 4.89 4.23f-- 4.~ 4.45 4.51
'=2.!.ai!"l~_. .1.:?6 4.02 5.0~ 5.34 5.36 5.56 5.59 5.33 5.36 4.99 5.06 5:~
~~f:!!f!Y~!L. --.l~-----I~f_-----?d2 3.34 3.35 3.20 2.88 2.58 2.38 2.19 3.93 3.57
~~,!E!._I'!!.fl!~d_____ 8.93 8.04 7.25 6.79 6--:42 6.16 - - - - - -
_eresid!!nt S!~YI'l._~___ __ 6.78 13.46 6.~0 6.581 6.52 5.95 - - - - -,'77
~~(;mt~!!_------r_-~.1O 5.e::l 5.00 5.00 5.42 5.28 ''412 Ii 3.17 3.34 3.06 __ 3_'11~~
~: Helena _ .__ r-_.1.74,---7-28 6.80 6.09 ~~ __gtl-' -4'.41f-·-4.00 4.82 __~ 6.18 5~:!
~tei!L_ 8.76 .__ I?9 7.28 _ 6.89 6.03 ~__ 5.05 4.64 3.60 2.54 2.26 _1.?g
~[l~~1 . ____§,~ ... _ 6.~ __zgO 7.15 6.81 __~~~ 6.88 6.15 5.41r-..2:.~ .__ ~~,-._§_:~~
IVaal Reef§jNo!.ll:! & So~~ 8.27 8.~~._ .. 8.56 8.45 8.60 7.74' 7.40 6.90 7.08 ~~ __ 6.5~_.6.~
'~R __e_ e_~Afrikande!L_1___-0.~4 0.2.£} J..2~f-- 2.Q5 2.47. 1.71 1.67 1.36 3.72[- 3.69 - -
~~~f!2S_L_______ __ 4.42 .3.99 '_____!~~r--_____iQ~ . 1·29f--~.77 3.78 4.03 > ''_- 3.67 .~98

~[)~efontei!1 ----~. 1~~'-~24 ~o I ·;iI.? ;;.38 -12:50 -- 11.16 ;;.38 S.Jj. .~ --,-;.19 11:38
~~ern Areas -1'-"7'4.531 4.13 4.49 4.80 4.68 4.35 ---4.10 3.48 3.4OL 3.55 4.74 ...._~
~!~IiiDeep Lavels-=r=~)o 12.3Sf- 11.28 11-20 10:~;8 9.19 6.73 5.89 5.961 6.16 5.63 6.21
~E1st~I!!__t!cldinm1. 8.51' 5.31 4.83 _~ __ 4.2f! 4.39 - - - r-:--·· - -
Weste.~_Ra!1d Co~!._.+ __=-=-._ - 1.80 1.79 2.05 2.05. 1.90 2.02 2.0~+:---W 2.58 2.~_3
~nk~lhaak ~._' __ I-' 6.53 6.53 S.30 6.24 6.04 5.72 5.81 5.48 5.6t?-_ 5.66i--~11 !-----2.94
Wit Nigel 3.49 3.65 3.23 3.02 3.27 - - - - ~ - -
[AVERAGE 7.73 7.321 7.00 6.76 6.40 6.28 581 5.49 5.3~~ 5.05 5.20

Table 4.3 Trend of yeat1y production yield grade* of some major South Afifcan gold minoa from i980 to 1S91
(Source: Minerals Bureau)

* (yield'grade = 1 000 tonnes of ora milled I K1logrammes fine gdd)
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0'1
N

----------.-----.-------! YEAR
INAMEOF MINE ~or 19§IC~ 1983 1984 _ 1985 1986 1987 1~_I- ....1?8il_ 1990 1~1IBarberton -+- 10.03 7.31 7.42 8.23 8.10 7.44 6.50 6.75 5.88 . om 6.02 5.~
Blyvooruitzicht _+-~~~ __ ~ _~~ _ 7.79 6.78 6.32 5.94 __ 5.25 4.56 __ 4.24 3.96 3.92
Bracken =EJ!:...~-- 3.50 337 3.65 3.49 3.80 3.26 2.91 2.95 ~.41 4.12 535
1titfeiSfonteln 8.04 8.41 8.57 9.09 8.59 8.~,-~:87 6.18 5.98 _gs ~~~~
Deelkraal ~=---?~-1--1:.!' 1-: "(~9 4.47 - 5.05 4.79 5.06 5.45 6.08 6.G7 5.82 5.88
~.mfonteln 8.47 8.22 7.40 6.79 6.69 6.51 5.92 5.51 5.18.2:..08 5.19' 4.94
~rpanQ!l!!I!_ 340 3.67 3.56 1~. 3.18 3.08 3.14 3.14 3.00 2.45' 2.25 2.46
~~t Ddefonteln __ .-,-"-_.~11 13.17 12.51 1205. 1~.25 10.08 9.80 11.70 11.37__:____~~ 8.22 8.01'
E.R.P.M. 4.95 4.43 4.03 r-_t95 3.79 3,64 __ 3.40 3,61 3.65 2.58 2.46 2.80
Elandsrand 5.33 4.28 5.32 5.74 5.59 5.87 6.25 6.54 6.12 6.67 ~41~~Free S,ate Gaduld 10'~r--_ 9.27 7.9.~ _ 6.79r--. 6.09 5.86 5.02 4.85 4.59 __ 4.~ 4.87 4.68
reee Si';ife' Saaipiaas 2.59 - - - - - .'.1-_ ,i,53 ~&Q~:03 3.96 ~,~ - ..m
~~ ._-'- a.67 3.75 4.10 3.81 3.85 3.47 3.22 3.11 3.29 3.63 4.27 S.10
~rtebeesfontein __'.'_ ~~~ _~ 10.20 9.86 9.99 ~~ ~_9.80r--.9.45 6.91 _ 6'li--6.~:-~!JJ
~~nroaa 5.70 5.85 5.88 6.25 6.30 6.58 ,,6.06 ,5~~ 5.70r_ ;.70 6.16 6.30
~fiOOf ~_J4.51 j__1_~ '---- 14.95 15.20 15.52 14.42 13.50 ,5.35 13.45~g.-~4- 11.83 13.24
t.9$lIe 3.00 3.23 3.42 3.42 3,73 2.n 2.49 2.38 2.39 3.30 .4,71 5.14
¥-~on 6.43 §.03 6.35 6.08 5.28, 5.11 5.13 ii 4.89 4.23 4.19 4~~_-M1-
~r..alne 3.26 4.02 5.05 5.34 5.38 5.56 5.59 5.33 5.36 4.99 5.06 5.05
Marlevale 1.43 1.49 2.32 3.34 3.35 3.20 2.88 2.56 2.38 2.19 3.93 3.57
Presld9nt Brand 8.93 8.04 7.25 6.79 8.42 6.16 - - - - -
President St!Y!! 6.78 6.46 6.30 6.58 6.52 5.&5 - - - - - :: l
~~dfontain 5.10 5.23 5.00 5.00 5.42 5.28 4.~ 3.17 3.34 3.06 3.14 3.34
St. Helena 7.74 7.28 6.80 6.09 5.37 5:17 4.41" 4.00 4.82 -5:23 S.18 5.97
Stllfontein _ ._!-.~ _ 7'I~ 7.28 6.89 6.03 5.61 5.05 4'~f--;3.60 2.54 2.26 '{76
Unlsel '.• . 6.23 _ 6.84 7.20 7.15 6.81 6.7.? 6.88 6.15 5.41~_5.~ G.vs 6.09
VaalReefs (North .f·~',..iUib 827 8.67 8.56 8.45 8.60 7.74 7.40 6.90 7.00 c--~ ~~ ,...-----2,§~
VaalReefsJAfrU; :.gL~__ 0.44 0.26 1.83 2.05 2.47 1.71 1.67 U!6 - - - -f~me~-~_ ...~_j\ 4.42 3.99 4.35 _ 4.06 4.29 3.n 3.78 -- 4.03 3.72t-· ~_?.9 3.67 3.se)
~kom _j,_, _, 4.n - - - -:-=-r-.;-d - - ._ - - ~
~r1efof'ltaln J~,--L__;6~~I-' 14.24 14.40 13.72 1,j.38 12.50· 11.16 11.38 9.90 10.12 10.19 11.381
Western Areas ---:J\_5:4..';2-_!~.", 4.13 4.49 4.80 4.68 4.35 4.10 3.48 3.40 3.55 4.74 5.25
~~!!lD&ePLe"ets.-~.·;:;,13.7b;.--1i.36 11.28 11.20 10.08 9.19- 6.73 5.89 5.96 6.16 5i-63 6.21
Western Holdings _ 8.51 - 5.31 4.83 4.38 4.28 4.39 - - - ---=--r-- - -
il~e:~:r~!:"dCons. ~.53 ~.53 ~:: ~:~: ~:~ ~~ ~::; ~~i_ _~:~W~r-~:~~_~~{

llli@ 3.49 3.~ 3.23 3.02 3.27 - - - 1. - - -
VERAGE _. , 7.13 7.32 7.00 6.76 6.40 6.28 5.81 5.49 5.33 4.99 5.05 5.20

------------------ --------

Table 4.3 Trend of yeady production yield grade* of some major South AMeen gad mines from 1980 to 1991
(Source: Minerals Bureau)

* (yield'grade:::; 1 OOOtonnes of ora milled IKilogrammes line gdd) \\\\
)
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r-----

Year

4.y----.-~-.--
5
6---- ...~
.7------·11--
a--------
~. ---- ..;0--

11-----
12

L_. ~~ __

o

3

I-~ - I
""_,,

I Retd 1b Capital
Grade Expenditure WorkfngCost Rewnue Net Pro$ TmcabJo P rofft Tax + LeaM Net Cash Flow.

I (tonnes)' (gmAuft) (R MRlIon) (R Mmloo) (t=IMilIlon) (R MMon) (R Mlflfon) '\RWlforI) (RMHfion) \

-- 30 0 J 0 (30) 0 0 @?l_ __-- '--._- -- -", 24 0 0 (24) 0 0 (20.87).. ---
300000 4.3 28.32 40.04 61.40 6.99 21.33 12.17 (14~ ___._-- ._

;-' --. -
400000 ~.3 0 58.79 94.9 35.13 35.13 20.92 tnas--400000 4.3 0 64.67 ,106.00 41.64 41.64 24.22 10.19---- ,_. .._-- 1"'--
400000 4.3 0 69.85 '15.00 44.97 44.97 2e.16 10,79

:( ,

400000 4.3 0 75.3 '}\24.oo 48.57 48.57 '.' 26.25 10.79..
400 000 4.3 0 81.47 134.0:) 52.415 52.46 30.51 .. ~_10.79._- .---.
400 000 4.3 0 87.99 "145.00 56.65 56.65 32.95 10.79-- --.---- --

---. 400000 4.3 0 95.03 156.00 61.18 --.!!.: 18 35.59 10.79- _. ----
400000 4.3 0 .102.60._ 169.00 66.08 &8.08 38.44 la'~:3400000 4.J 0 110.aO W2.00 71.37 71.31 41.51 r 10.79_.__ .

400000 4.3 0 119.70 197.00 77.07 77.01 44.83 . 10.79' ,___ J

11

NetPreoohtyalue @ 7 percent - R 3.31 Million
DCFROR .,. 7.95801 % p.a.
(Tax + Lease ., n.6685 x profit - 0.03401 x revenue)
(All estimates are as at hIend of each year)

Table 4.3.1 Flesults of economic dflalysls basad on constant cut-off polley

/



4.3.2 Increasing cut-off grade policy

This policy vas suggested quite long ago by Berry28, and it
applies the present 8value theory to justify permanent raising

(I

",t cut-C)ff gradas well above the break-even poi'ht. This approach
has been supported by Hotchlais and Douglass~ and ~alls et al.~

The approach to be applied in this analysis is to choose the cut-
off grade lower than the ~verage during the first half of the
mine I s life and great{r than the average dun i.nqthe latter half,

IIthe grade increasing in proqr-essLveLy relatively small steps from
'1\start to finiSh.

~ II
Results J\fcalculations on the declining cut-off grade policy are
presented in Table 4.3.2.

4.3.3 Dearea~inq cut-oft policy

Lane3
! 1 and Tay lor32

I among_manY' others I propose this policy to be
\~:,

th~ best i~,net present value is to be maximised by optimisin~
the cut-off grade.

The approach is simply reversing the increasing cut-off strategy.
During the first part of the min~'s lifet ore is mined above the
average grade. There is a progressive deterioration in the cut-
off to the end I ,Figure 4.3.1. Results are in Table 4.3.3.
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Reva.,UIt

(RMllIlon)

0

0 ~.
35.70

83.10

79.&0

95.&0

114.00

134.00
____'_'

157.00

182.00

'"Net Pr ... nt Value @ 7 perc,nl .. - R 5.21 1I.1Uilon

DCFROR .. 5.8514 parcent. p .a,

(Tax I- Lllaae - 0.6585 x profit - 0.03401.'( I.venue)

(All aslimat .. ora aa tit the .nd of uch year)

))

Table 4.3.2 Rnurta of economic .nalYlla b •• ed on Incre.alng cui-off poricy

I
10.7!1----
12.80-.--
14.62_'-
16.83

18.85

=j-- ..~
20.80-_



Year

6-~---
7

1Q____ o _

11---~.----
'12

r'"">
{ \
~, ~'" "

8

T;nn:go I Capftal -r::;:r: - ~I R8Si-l.,

Grade Expenditure Working Cost Aevanue Net Profit Taxable Profit Tax + Lease lIet Cash Flow
(tomes) (gmAu/t) (R Million) (A Million) (R Minion) (R Miliion) (R MiUion) (R Million) (R MiNion)

- - - 30 c 0 (30} 0 0 (30)
I" (21)

.'
(20.87)- - 24 0 0 0 0_1__ 300000

._-
6.10

I
28.32 40.04 81.10 " 18.71 1703 28.48 (?45)----..._ -- --!i~ 5.74 a 58.79 127.00 67.93 f'1.93 41.10 18.27 ','

, -- .. -e ooo 5~38 0 64.67 133.00 88.35 68.35 41.17 16.83--~. --400000 5.02 0 69.67 134.00 64.20 64.20 38.36 14.82
.---i'''_ -

400000 4.se 0 75.43 134.00 58.96 58.00 34.84 12.M',.-_._ _ .._- --r--:.--1400000 4.30 a 81047. 134.00 ,52.46 52046 30.51 10.79
;,"'_' -_,-~.

400000 3.94 0 87.99 133.00 44.54 44.54 26.27 e.rr
._ _ '. 400000 3.58 0 95.03

I
130.00 35.05 35.05 19.00 6.76

400000 3.22 0 102.60 126.00 23.72 23.72 , 11.58 4.74'1',- r-400000 2.86 0 110.80 I 121.00 10.36 10.36_jl 2.80 j) ~.73- f----
._ ---- ,,-- .

400000 2.50 0 119.70 114.00 {5.30} 0 0 (1.77) __-------

9

13

0'1.....,

Net Present Value @ 7 percant = R 8.65 Million
DCFROR (Real) ., 10.5215 percent
(Tax + Lease "" 0.6685 x profit ~ 0.03401 x revenue)
(All estimates are as at the end of oach year)

Table 4.3.3 Results of economic analysis based on dGcreasing cut··oH policy



4.4 Discussion of Results

~; summary of the results of the three policies investigated is

shown in Table 4.4. Fromthe table, the decreasing cut-off policy

was rated the best I even though alone it registered a loss in the

last year of operation, with all the criteria showing it to be

the superior strategy. 'l'his outcome underpins two fundamental

ways ot achieving an improveme~t in the net present value of an

investment opportunity:

- decrease or defer expenditure

- increase revenue or bring it closer in time.

!n the decreasing cut-off policy, revenue has been increased at
,:'

the e~pense of reducing the cash flow in later years by

progressively deteriorating the average grade of the reserve over

the life of the mine. The decreasing cut-off policy has been

referx'ed to as, "h.LqhqradLnq" by Thom~'s33,and "overmining" by

Wel1s3<I,but this fact is only true if an artificially highC! ,.

dl s count; rate is used in the calculation (Border3s), so t;,hat only

the higher grades can be mined economically.

From this analysis lit is evident l'y convincing that under the

same economic conditions a declining cut-off over the life of the

operation will be the mosvt; attractive policy over :.,,~heothers
I)

inves1:igated. It is noted, howeverI that the decliJing policy

will necessitate higher initial development costs to define high

grade ores than the other policies. But the effect will be over-

shadowed by the resulting higher initial revenues. Variations

which can be made in the pdlicy to achieve the optimum (which

68



.:

CUT-OFF POLICY

,;

Ave. grade (g/t~i 4_'_3_'__ 4- 4._3_---! 4._3_--I

Life (years)_j_ 11

NPV,.(R Million) 1-3,·3-1---t--(S-.2-1-) -+---.~--8.-13-5--.~-

_ @ 7% real+---+-----+--------1
Real

DCFROR (% pal 7.9580 10.5215

1i

Discounted 2
Payback (years) I -

Rating I 2

2

1

Table 4.4 Summary 8f analysis of cut-off policies.

'J)
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considers reasonable cutting of grades) to give the
present value, is the subject of Chapter Six.
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CHAPTER 5
FACTORS AFFECTING POLICIES

cut-off grades are dependent upon many factors including prices,
cd~t,s, grade distribution and, to a lesser extent, the mine
pLarm inq which i()the cumulative of the other three factors.
! ,~, '__,.~----

\\'I,hilsta'llthese factors affect cut-off grades differently, there
is one element which is common to them: uncertainty related
directly to the unknown or future.

S.1 j"'costs /I
'I

\)

The effect 9f increasing costs of equipment, labour, energy and
capital needed to undertake a mining operatio~, means higher
expenses incurred and thus the need to mine higher g~ades before
any return on investment can be obtained.

The general trend in costs seems to point in only one direction;
a coritinual increase due to inflation and escalation effects.
However, advances in technology have countered this general trend

i~ in some areas, where costs have risen to unsustainable levels and
~'.

have thus attracted research efforts to" pring <'l~,i~utcheape;
sUbstitutes or methods.

To incorporate the effect of the trend in cost in the policy
analysis inflati":'hand escalation were \'ouiltinto the model.
since the general trend points to growing costs, the inflation
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and escalation effects, accurately and reasonably est;)i:mated,may
be adequate for cut-off grade policy analysis.

5.2 Grade distribution

In this analysis a simplistic view has been t,~ken of the grade
distl!ibution of the mining blocks. The spatial relationship
between the block grades has been ignored as f'aras production

. . ()schedul~ng lS concerned. Because of this, all the blocks have
been assumed to bear the same development cost, which may not

I, .
nece'ssarily be the case. The high grades may nob (loem'lnedwithout
mining the lower grades first; or they may be spaced such that
mining of\the high grades alone can not support the necessary
development.. Nonetheless, if the spatial relationship is taken

','j

into account the effect on the corr.parisonof policies may cancel
,out, because ultimately all those blocks marked above a
particular cut-off will be mined, whatever the policy.

Lan~3(i acknowledges that cut-off grade is calculated with
reference solely to costs, pric~s and capacities regard1esi of

"the way grades actually vary wit;~inthe mineralised body to be
mined. H~notes that this dharacteristic is intuitively unlikely
even though it is well accepted in industry. However, he is of
the opinion that in "':.heparticular situation where only one
component of the mining system limits the throughput, the actual
grade distribut.ionis not directly relevant.
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There has been c w idespr-ead belief that most mineral assays fit
lognormal distributions. However, each depcsitis unique and the
lognormal fit may be an adequate approximation for orebodies
other than those which are rich.

5.3 Prices

It is the '.ik.h of eVery supplier of a commodity that the price
of that commodity'''l5",\high enough to enable him to cover his costs
·'a' k \, th .~ t b' t h' h tam (;rnae some prof1\" ~r,(. e aame r i.me no ei.nq 00 19 ,0

attract uncomfortable competition. But for metal pr6ducers, the
past decades have seen very depressed prices. The situation for
metal prices has been exacerbated by rising costs. Historical
studies have indicated that metal prices have actually dropped
in real terms over the past decades. Nordhausi\ in"a at.udy onc> I.

c·o
•

resource scarcity of several minerals covering the .per Lod of
o

1900-1970, found a general marked decline in price in all cases
except co~per. In recent times many operations have been
mothballed to await better prices. Recent events in the South
African gold industry on cutting down on some operations (e.g.

c..r
:~ ilHarmony) provide instances. All miniJ~ghouses have indicated that

jobs are under serious threat if the gold price remains at
current levels. However, it is being envisaged in many circles
of opinion that the downturn in prices have actually bottomed and
that 1t is about to pick up again in the near future.d

d In a study commissioned by stockbroker Malcolm stewart of
Kaplan & stewart, the scenario for gold is that if the global
investment scene that prevailed through the 1980s - high positive
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In the analysis in Chapter Four I the trend in gold price was
otaken to{JJ~:)eat par with the cost escalation. This trend can be

taken as constant neither rising nor falling, i.e. not
differential to cost. The three cut-off policies will now ~,,:,e
subjected to tyrogold price scenarios to determine which will be
favourable under the various price regimes.

S~3.1 scenario 1 - Rising Gold Price

It ••••• It seems very likely indeed that over the next
couple or years a recovery in industrial demand for
gold and a flat supply profile at best, could see a
fairly steadY~ise in the bullion_price ...•.. This

1 ... i /\ hhea thy trend wl.Il };~emaLnt.a,ned \,,,,,hroughoutt e next
economic upturn ...,,31t

commerrts such as the above have become very prevalent in articles
s~ekiDg to forecast the trend of gold priGe. Jewel12ry has been

I I.
ider,tified(~S a potential gr~l,th area with increasing demand in
the Far East.

With this optimistic outlook in mind; the policies have been
,)-'-\"_"-'""

analysed for '"theeffect of various price rises and i:.heresult :ts'"
shown in Table 5.3.1..The results Lndi.oa't;ethat over a small rise

\)

in price of between 2 to 8 percent over the life of the minet

returns from shares, property and cash - cannot be sustained tn
this decade, the "glitter" might return to gOld. (Sunday Times,
Business, May 3, 1992)
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[: .. -=t:=,=r=I=" -=C=U=T=0 F F POL! C Y -~11
II,hercen;R-is-eJ-c-ri~-erjOn I Oon..tant Increasing I Decreasing I!
lLMeY!LP~ L I __

i - 0 II-------N.;._pv ~3'_.;..3_1_+-1 _~(5.:......:....21;;...(..)_+--__ 8;;...;..~65_--i'
_---ir--_I..;....;R.;,..;.RR 7.9580 5.8740 10.52"15

2 NPV 21.92 .L, 16.24 II 26.6~~
IRRi~ -12.5625 I 10.H;;6 -I 16.0~30--

-- 5 --+--NPV--- I 54.60 I - 52.43-r-·-------5..;....;5.-8~f· --
_______ \'1 ----M=l----r---18.6602 15.7422 22.7246,:__~,

~v 90.43 97.03 87.0t:;
i IRRR 23.621 20.9082 28.03'71Ii:" 10 -~I 124.87 132.49 117.1..;._.7---III

L -+~R 27.6465 24.2676 32,93:26
'--1-5- I. NPV 221.19 243:7"3- 198.7;';""O-..':-i~'

j I 'IRRR 35.8469 31.9626 41 13'8 --I

1'----2-0--~-- NP'L--r_ 353. '17 ------3-9·---'9-.0-5--t----3;...;...0-·7--.~4I
I,~== .L.__lBJlR _43.6035 I -39.2481 I 49.3§!2f -J

I'
I'

1,'

8

Table 5.3.1
J1 ))

Effect of ~~isingMetal Price Trend on"Cut-off Policies.

-(The NPV is dicountsd a17 percent real per annum,
Figures in miliion Hands)
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the declining cut-off policy gives the best outcome. The

increasing cut-off policy becomes the best strategy ov~r higher

rabas of increase ("'"gl;"eater than 10 percent. The constant cut-

off policy is better than the increasing policy but worse than

the declining cut-off policy for the lower price increases. At

the higher rates of increase, it swltches to become better than

the declining cut-off policy but worse than the increasing cut-

off policy. The important questLcn is wl'L.ch price trend is

realistic !d achievable.

The outcome of this price trend stt~y can be highly influenced

by the cut-off policy it~elf, eS_t,;ecially hy the two sliding
I

policies (increasing or declining). ~ policy in whicn the growth,

or otherwise, of the cut-off grade~ is steep with respect to

tirr,e, will be affected differerltly J:;y the same price rise or fall

t.ha.n a flatter cut-off grade regime,! For modest growth in price,
i n

which is a realistic assumption fot'l any forecast, the dE-clining
I

policy surpas'ssf\ the other policies.1 It is able to take advantage

of high initial revenues because ofi the mining of higher grades
i

and also reaps still high, cr ati le,3.st conetierrt , .Leve I s of
I

~/I I

revenue because of the opposite ~ovement of the grades and

prices. A case may be made for t~I!~ increasing cu-e-off policy I

that by deferring mining of .....gher 'rrradj,eshigher revenues can be

received in the latter years when t~e price is high. While this

is true it must also be appreciated that the further the positive

caah flow is from the base year the smaller it becomes on

discounting 1 and thus the smaller the net present value. Actually

thE~ Lncr eas Lnq policy is very attractive in the light of
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of fantastically increasing pric~ trends.

5.3.2 ScenL .~2 - Declining Gold Price

Much as it has been anticipated that the price ~f gold would

rise, the performance in the last few year s nes been very

disappointing. The expected trend for 1992 was C'~'PfidentlY
\>':"

forecast to be U5$480per ounce B. Meanwhile for most part of the

first half of this year (1992) t.he price has act uaLfy fallen. The

price has 7"'seen the U5$_,SOmark very often and at times

threate®t( to fall below US$330. In short th~re is t,he
....::/
'/

possibility for the gold price to fall, even in th~ medium term~

with the subdued economic ]~ecovery and decline in price

generating additional sales by holders of goldu/-c:hus continuing
/;/

the period of market weakness for some time~"to come40• Gold is

alsa perceived to be increasingly losing its monetary valuee•

The cut-off grade policies have been briefly subjected to the

declining gold price scenario in Table 5.3.2. The results snow

e In a feature on gold; "'rhe magic is qone "; the Financial
Mai:L (April 24, 1992) quotes a Bank of Lisbon Economic Focus on
the limited role of gold as a medium of settlement between
cet~~:ral banks because of the presance of such international
agencies such as the I .M.F. and Bank of I"pternational Settlements
(B.::c.s.). This means that countries facing exte:r:,nal financial
difficulties can apply for short- term assistance f~om them and
need not fallon their gold reserves. AlsQ the metal has lost
much of its investment attraction due to the emergence of
sophisticated hedging instruments on the financial markets in the
eighties.

77



r - "::.

CUT-OFF POLICY

I
Increasing I DecreasingPercent Fall in I Criterion ..ItConstant

Meta! Price i,- 0 NPV
----.

~.31 X (5.21 ) B.65.z;

--
IRRR 7.9580 5.8740 10.5215

2 NPV (13.11 } (23.13) (10.60)
t , I IRRR 2.5752 r.--- (1 .2627) 0.0439

" NPY . I (20.59) -
..-

3 . _@2.12} (20.49)
IRRR \O.620~} (1.5195) I 22.7246

5 NPV (36.2.Q) (4R.25) (40.44)

t IRRR _~ (4.00QQLr.--.'< (4.0000) < (4.0000)._f--.

_j§O.56)6 NPV (46.50) . (56.23)
IRRR <_(4.0000} I < _(4.0000) < (4.0000)

I. I

i...,
. I.' "j

:
: ),

Table 5.3.2 E'~ectof Falling Metal Price Trend on Cut-off
Policies

( The NPV is dicounted at 7 percent real per annum.
Figures in million Rands)

'i
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that at decl ining trends comparable to present day short-term
figures (2 to 5 percent), the declining cut-off policy is the
best strategy. With gold set to pullout from what has proved to
be a long 11-year bear market41 the reflected decline in the price
trend this scenario does not seem to be a threatening issue.

\\...From the foregoing, the declining cut-off policy has proved a
versatile strategy as far as meeting the objective of a mining
enterprif!;-eis concerried, under the tested scenarios and bound by
reasonably ~onservative limits. Figure 5.3.1 is a summary plot

\\of the tested scenarios indicating the assumed limits (-4 to 8
percent change). This I~esult, however, does not pfay down the
p~rceptian of future gold ptice as, if there is going to be a
fantastic increaseC',all operators will definitely resort to the
increasing cut-off policy.

In the next section the project will address the issue C,
implementing the policy by optimising the cut-off grades in t~~.

-,

.~.,

/)
;/

([ \.
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CHAPTER 6

IMPLEMENTATION OF OPTIMAL CU$;::'OFF GRADE POLICY

\i

.:J

This is essentially the determination pf a seq~ence of optimum
cut-off grades' over an ext.ended period, 'over the life of the
mine. It constitutes what has been defined already as a cut-off

('-',

\, \policy. Every cut--off grade in the sequence ~ust be an\S>ptimum
consistently calculated to give the maximum present v~lue
throughout the whole period of the mine's life. So an optimum
cut-off_policy is a complete exploitational strategy for the
mineralised body. The whole issue is to find a track of c~t-off
grades in the periods (mostly years) along which a consistent
sequence of present values of a given terminal value, (zero if
the mineral is depleted at the end of its life, otherwise some
value if there is still some mineable reserves left)" can be
achieved. On this opt.Lma I track the present values at every stage
along it are maxima~

Perfect application of an optimum cut-off grade policy should
ensure that only ore ~enerating more than a minimum return is
mined, and that as much are capabl~ of generating that return
as possible is mined. The following is a generalised procedure
on how to integrate optimisation of cut-off'> grades with
conventional project evaluation (e.g. feasibility or mine design)

It is a~ iterative process using" the theory of
dynamic programming and is applicable to the majority of mines
where cut-off grades have a significant effect on reserves.
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6.1 outline of the procedure

step 1: Geological Model a.nd oze ReseX'ves

Cross sections, long sections and contour plans should be
Ii

constructed. The orebody outlin~ is shown using a feasible cut-

off grade C, and this will be used to estimate. the initial

reser"ies. This initial cut-off maybe chosen from experience with

mines using the same mining system. Then, in most cases, a

geosta'tistical study will be per rormed, and this may include a

grade-·tonnage curve which is corrected to a block s Lze

approximating that of the smallest anticipated ~cope.

step 2: Choose probable miniug method(s)

Orebody geometry and rock strength generally limit the choice of

mining method. Massive orebodies will call for bulk mining
<0::.'

methods whilst veins may be mined more selectively. The gralle-
ij

tonnage curve will indicate whether the geometry is likely to

change significantly at different cut-offs. If so geological

sections must be constructed for both high and low cut-off cases.

step 3: Choose probable mining rate

A number of empirical formulae have been proposed for the

estimation of optimum mine output, one of t.he most commonlyused
,-,

being the Taylor's rUleo, stated as;

Annual capacity I Q == 5Ro,7S
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where R is the exp~cted mineable reserve.

Taylor states that the error associated with the use of this
formula should not exceed 20 ~ercent. However, caution may be
needed where a mine's reserves are high, as the formule. may
preclict a rate wn icn will not be achievable in the short.t~rm dt{~

" (j ,,~--_,

to geometric limitations on the number of operating stope faces.

step 4: Mining costs

Inaccuracies associated with estimating mining costs are very
easy to make. Over-estimation leads to the project being too
costly to be not profitable whilst under-estimation gives a false
signal which is always detected too late. Updating of costs
figures used in the pre-feasibility or feasibility stage will
make the final mine design cost more accurate. Mining costs are
directly related to the planned mining method and mining iate.
Estimates of minin~ recovery and dilution must be made.

of mining equipment requirements wi~il lead to worki~Assessment
estimates of cd'pital and operating costs for the mine.

step 5: Plant and mill cost

Metallurgical and testwork will have indicated the most suitable
treatment methods and will have determined the expected recovery.

'::\\j
Preli:rninarymil,ldesign will allow reasonable estimates of both

II" -r, ,.? •

capital and oP'k~~-ingcosts. Any other non-mine factors ffecting
(i

capital or operatii'ngcosts, such as commitment with anv ironmerrcaI
regulations or administration, costs should also be :\ssessed.
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step 6: Find the initial optimum cut ..·off grade

,,;:,

Lane44 has shown that wher~ milling or hoisting capacity is

limiting a mine's output, the optimum reserve cut-off grade Co is

given by:

(l+d) (V+ (f+F] /A}
NSRxe

where f = annual fixed costs

F = opportunity cost

A = annual production
-;;:. (-I

V """variable cost PC'l:'tonne

d = mining dilution

NSR= sale price ~er tonne of product after all
//

transport, insurance, marketing and

smelter costs have been deducted.
if

E = mill recovery_

~ .j

F, the opportunity eost, is the change .in the value of the mine
,~i'~;:

over the time period being considered (uJ~uallY one year). If the
/

economic conditions (prices and cost~:~ over this period are
:-.1

assumed to be constant, th1n F = discount rate x mine value

(NPV). Obviously F W~ll dec~\ne over the mine's life, The net

present value I as estimate&~t the pr'il-fec1sibili ty stagl~, is '-'

norw~J.,Jy used to give an initial estimate of the opportunity

/'~c~:t, F. T;'(eu~derlying philosophy about the opportunity cost is
',,:~

that every deposit has a given pre:sent value associated with ~t

at any given point in timet and that every t.cnne" of material
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mined and processed during a given year should pay for the cost
no~receiving that future cash-flow.

()

step 7: ~stimate cut-off grade at the end of mine's life Ce

At the, and of the mLne t s life will approach zero, so the equation
becomes:

c = (l+d) (V+f/A)
e NSRxe

Unless there is a major price Lncr eas.nforecast, Ce will be lower

than Co'

step B: Estimate mineable reserves using Co and C~

Sections and plans showing the distribution of reserves at th~se
cut-offs should be prepared and used in conjunction with the
grade tonnage plots

\)

step 9: Estimate mina ~ife

The mine life
','

.\, /;;.

is the reserve tonnagl€ divided by the annual
production. The most accurate estimate of mine life will be
produced by preparing a mine planning schedule for the whole
reserve. However, this requires a complete schedule of planned
cut-off grades to be used each year and these in turn depend on
the estimated life. An estimate may be made by taking the average
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.'-:'\of the '\fivesdetermined from the reserves at cut-off Co and Ceo

Border4s describes a reasonably estimate using a

prescribed procedure.

step 10: Check mining parameters

An examination must be (~t~deto check whether the chs, i 1,'/1 cut-
off grades makes any significant difference to the development

\\required, and hence the mlning costs, \1 Any major change in
-, \)

expected mine life m~y necessitate the r~vision of the planned
/mining rate. Where changes are made, the optimisation must start

from s·tep 4.

step 11: Estimate the net present value

A complete cut-off policy requires product price forecasts over
the life of the mine. As estimates of likely cut-off grades muat;

be made before future cash flows are madel a linear decrease of
F over the life of the mine is assumed in order to derive an
optimum cut-off grade for each year of the expected mine life.

Istep 12: Recalculate F ~or computed net present value in 11

If F has changed significantly, the optimisation must be repeated
from step 7. Because the initial levels of the present values are

D

unknown an assumption is made, the )policy calculated
1/
\\_is b,~mpared with the

1/ \\

and the
present value on termination aasumed
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t
c,

opportunity cost. Depending on the difference, the initial l*"'.els

are modified and a new policy calculated. \fhe:j')l a point is reacl1ed

where there is no signif,icant differf>.nce, the optimum policy has

been reached.
\)

occasionally the optimisation procedure described will not end,

succesBiv~ iteratIons .Pl!1()vidip51~,y~ry"different:' estimat~s of:;the

NPV and Co' This can be caused by a deposit. in which mining costs

are ':very dependent o'i the cut-off grade I due to different

reqUiTements at different CJ.l,t-off gr~des. An e.Laborat;e technique

is ther.tore, requ1.:,ed for predicting how development:'~~6scs will

v.1:'y:.• ~1:b cut...-t)tf qrade by us~ of a graph of development metres

{or ~t.} :tl~t.d. iaqainst ,cut-off grade.
I

"

section the procedur,~ will be applied t.o the model.
('

~ '.2 AppliQat.ion of the procedure to the model
~ \\ ))~.

For the modal, we assume that all the necessary steps from 1 to

5 have been t~ken already. Wh~t is left to be done, is to
/"j"
.j

calculate the complete cut-off pOlicy for thlf' ,deposit under. study

o under the defined economic conditions and forecast costs and

pricE'~.

To find Co the following terms are defined:
<,

I ',

d, dilution is not considered- /1 fduse grade is diluted
" ,/

V, variable costs = R 8-5 per tonne of are
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A, annual pr0duction = 400 000 tonnes
f, the annual fixed costs = R 4 Million
r, the discount rate = 7 percent p.a.

NPV t the present value of the mine, l=romsay pre-feasibility
study, in this model the NPV from the constant policy a~alysis

= R 1.11 Million
P, opportunity cost = NPV x r:= 0 •o· '{ 3. 11

= R 217 700

NSR, the received price of gold = Gold price x percentage net
smelter return for mine (0.98 in gold mines)

= R 35 000 x 0.98

= R 34 JOO It (R 34.3 Igm)

£, mill recovery == 0.96

Because we eIreusing diluted grades the initial optimum cut-off
\'

(85+[4+0.2177] x106/400000)
Co:; ---------,---

34.3xO.96

.., 2.90 g/t.

By the same argument, the estim1'ltedr,ut-off grade at the end of
the mine' life, C., is given by:

C = 85 +4000 000/400000
~ 34.3xO.96

= 2.89 gft

At these optimum cut-off grades the following is the outcome:

2.89 gft 4.70 g/t

Payability
42.70 t

Tonnage Minta LifeC"lt-off Pay Value
3.458 M 8.6 years

.:
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Fo k Lowinq from Step 10 these results show that the mine will
come to its end so~e 3 years before its designed life of 11. This
will necessitate the revision of the designed or planned mining
rate, so in keeping with the pr'ccedure one must start at step 4
or 5 by revising the ccscs associated with this diff~rent mining
requirement. This wil::,also affect the net present. value of the
mine. The main reason beh ind this state of affairs is t.he fact
that the costing and ':hedesign was done on the mar'q LnaI break-
even cut-off, which made no provision for any other costs apart
from the tonnage depe,ldemt varLable cost. The lesson here is the
danger in assuming that once the pay limit has been defined all
other parcels of are ~f higher grade could be mined to cover all
r.he other costs. Thi:;;may not necessarily be so, especially in
a low grade deposit s.uch as the one in the model.

II,.
In this case, since ~oth the initial a~d end of life cut-off
grades are almost the same, it points to the use of the constant
policy if the chosen present value of the mine is to be achieved
under the existing economic conditions. A calculation" summarised
in Table 6.2.1 gave a net present value of only R 0.043 million.
But from the previous analysis, if there is a possibility of
applying a declining policy it may give a better net present
value. But in this case it is not possible. Also because the Cel

being the lowest cU1;-off grade to be mined in the cteclining
policy, gave mine life of nearly 9 years, and the life given by
th~ Co will definitely'~ive some lower, value it means that the
mine. may have to be re-dc'signed to exploit the are at a reduced
~ife if an improvement is to made in the n.t present value. Of
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..pita I
nditur.e WorkIng Cost Revenue
illlon) (R Million) (R Mlliion)

--30 0 0.----24 0 0
!B.32 40.04 67.1
0 58.79 1()4

0 64.57 116
0 6965 126
0, 75'~ 1'!6__ ~
0 _..!:!:~7 __ 1~ -i-0 87.00 158----1------- ---
0 95.03 171

- -------

-

.L _

/;
Net Pre~nt Value@7p6rcent"Ro_.043MllIlon
DCFROR .., 7.01563 % p.a,
(Tax + Lease ... 0.6685 X profit - 0.03401 x rovem.~)
(All estimates ari:! as at the end of Bach year)

Table 6.2.1
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Ycar

\0
o

Tonnage
(tonfles)

30
24

28.32
0
0
0 -
0
0
0
0

Capital -l-------r-----T
1

' T----j Real -l
I Grade Expenditure VVorkingCost ! Revenu(.; Net P lOft! ITaxable Profit 1 Tax + lease INet Cash Flow I

___ '!__~ 400000 4.70.r-- 58.79 _ , "lO,tE4, _ ,4';096 36.13 26:..53 12.55

--!-' ---r-:OO-OO-:----+!----:-:;-~--~ :::~ -+--_ -:: - ::"l 4,~::~--t-.----}~~~~--+~~ci}-"l
L
J-7----.---400 000 _4.70 i I 75.3 136 50._!!. 48.5?_, _ 35.57 1~.02

_____,....-s----t 400000 4.70 --tl 81.47 146 64.92 52.46 38.4g ~ __+-_____'@:02

2~=-190 --t-4004QO'000
000

4.70 -.,- 87.99 I 158 70~1_1_. 56.65 -- 41.~11 13.02 I__ ~ :t...____ 4_.7_0_ 95.03 _ 171 75.72 I 61.18 44.81. 13.02

300000

Net P resent Value @ 7 percent = R 0 £.'43 Million
DCFROR ::= 7.01563 % p.a.
(fax + Lease = 0.6685 x proitl - Q~03401x revenue)
(AUestimate~ are as at the end of ereh year)

Table 6_2.1 Results of economic analysis on implementation of procedure with the same costs but mine life 8 years.



--------r Tonnage

(tonr16s)
Grade'
(gmAuIl)

C8Pttal--r"EXpendtture Working Cost
(R Million) (A Million)

----,------.---'--'1-- 1--'Real 1
Revenue Net Profit TaxabJe PlOflt Tax + Leas'a Net Cash Flow
(Ft MIIUon) (Ft MlfJlon) -: (R Mtl1lon) {R MUHon} (R Million)

'-

(25) a 0 (25)
(2_1.S) 0 0 (1S.78)
84.12 21.33 20.24 ~.O~

0' 53.36 36.13 31.96 14.61 --
59,64 41.84 35.76 14.79-.
63.05 44.97 :~, 37.76 14.50
66.97 48.57 40.06 14.28. ... r-14

.
00370.76 '

,
52.46 t 42.27-- _,.._._

74.14 ~L __ 44.59 ' 13.72

Year

~=__'~31., --·----·=--·-+--------+-~~_~~_,;~;-·._1-_-_-_:+--_-.._-_-~===__".~_.___;_~ +_-..>:;;:~= _ ~ 000 ?!:~_ ..__ ._4-'-O...;;c.0_,;4_-+-_._7...;_1.=2_-+_ ___:......;.;,'-,.;...._
4 400000 0 58.79 109

-,,--,-j------.-t-------t------t--
5 400000 0 84.67 121--------- -,-'"--I--.---+---
6 -100 000 0 69.85 129

_. _7___ 400000 4.80 0 75.3_-+- 1_38__ +
_______8 '-_ 400_000 4.75_t 0 81.47 148

.. I .. -- .._. t-_.;:_.:.;;:.::_,_~-_158-, - ..L ~ __ ._~ooo 4.70._ _ _Q___ 87.99 L.__ -'-- -'-_

Net Present Value @ 7 percent == R8.70 Million
UCFROR .. '11.04688% p.a,
(Tax + Lease :: 0.6685 x profit - 0.03401 x revenUEl)
(All estimates ars'as at the end of each year)

Table 6.2.2 Results of ace-nomic analysis on implementation of procedure wfth modlfled costs and mine fife 7 years.
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1
course, the shorter the life of the mine the higher will the net
present value be, and this brings in the subject of high-grading
the mine.

;)

The model needs to be modified in order to mine the deposit in
a shorter time. So the costs will have to be re-defined to cat~r
for the shorter life. Assume that the capital expenditures will
now be R 25 million in year 1 and R 18 million the next two and
the required ~ix8d costs to support the logistics to be R 2
million a year. All inflation and escalation levels"remain the
same. Say, a particular value of R 120 million has been placed
on the mine giving it an opportunity cost of R 8.4 million. This
gives a Co of 3.84 gjt, mineable tonnage of 2.04 million at 5.5
gft pay grade. At the selected mining rate the life of the mine
is 6.6 years. On averaging with the life give by c., the combined
avsrage is 7 years. A summary of the analysis is given in Table
6.2.2 in which the net present value of the project is R 8.7
million, €omparing very well with the opportunity cost of R 8.4
million. Because of the closeness of the two figures, it can be
reas~'::b1y assumed that the cut-off policy as calcula1ted 'inTable
6. 2 •2 is the opt imum. One tiling that proponents of t~\e declining

policy do not clarify is the
ef
question of how s:;ignificantly

different the two values must be for them to be rejected.
According to Lane46

I the question of the most su;cable convergence
formula is a complex one, depending on the behaviour of the
underlying model and the relative importanceof speed and

_.

rObtlstness (insensit~~vity to assumptions and small errors).
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CHAPTER 7
CONCLUSION

The foregoing project has been on the important subject of cut-
off grades. Since the main objective of a mining enterprise is
to deplete a mineral reserve of its good grades in order to
recover costs and reap a return, the question of optimising the
cut-off grades by a well founded policy cannot be under-
est~mated. Yet this vital aspect of the mining operation does not
receive due attention because of the use of traditional or
conventional approaches which~ witfiouta doubt, has worked quite
well. Some workers in the area of mine design (mining engineers,
fJeologists, financial analysts) have proposed other cut-off
schemes which have been analysed in this report.

With th~.constant cut-off policy or the traditional a(~proach,the
mine's annual head grade is usually estimated on the basis of a
oaLcuLat.edbreak-even, and is constant unless the metal price and
costs change significantly during the life of the mine. It has
been known also that cut-off grades have been set by comparison
with .~xisting mines of similar type, without regard to
differences in geology and cost stru'6ture.47

The increasing cut-off policy will be preferable if the mine is
to be opened up slowly, with low initial development increasing
with time. The low initial revenue will be matched by the lower
costs. It will also be the best policy, in this analysis, if the
metal price is anticipated to increase at a rate greater than S
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percent each year, differential to costs, over the life of the
mine.

The declining cut-off policy was shown to be the best of the
three policies under the same economic conditions. It is the
outstanding policy as far as optimisation of cut-off grades are

~
concerned. 'Highrates of positive cash-flows are desirable in the
early years of a mine's life, for such objectives as liquidation
of debts, early recovery of capital and consequent reduction of

",iresidual risks, early dividends to stockholders, or other
purposes. The discounting rate must reflect these legitimate
objectives, as well as more broader social ones, if depletion is
to be optimal in total.

In keeping with the first condition of optimal depletion of an
exhaustible resource, that the extraction and consumption must
involve an opportunity cost, the declining cut-off policy is able
to incorporate the opportunity cost to give a continuous maximum
present value. The opportunity cost is simply the discount rate
multiplied by the present value of the mine remaining at the
start of each new year. 'I'hisis added to the annual fixed cost.
Because the present.valua of the mine decreases as the mine ages,
so must the cut-off grade.

One apparent drawback of the declining cut-off grade policy is
in the fact that the lower ql '.'dematerial left during the early
years. In open casts this mat~rial can be stockpiled and milled
later I but in deep underground mines it is practically lost. Thi1,::i"
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is seen .by some as waste of resources. However, the overall
objective in optimising cut-off grades - maximum economic benefit
- may not be achieved by mining every part of the mineralised
body. Thus the declining cut-off policy may appear as "high-
grading", but if cut-off grades are to be optimised to achieve
a maxi~~m present value, logic and mathematics can lead to no
other recommendation.

The various cut-off policies were examined under. certain
important factors namely; grade distribution, costs and prices.
B~cause of the varied nature of characteristics of deposits such
as location, size, 6hemistry, disposition, genesis and depth of
burial, ?(lfferentdeposits have different grade distribution of
the mineralisation. Grades may be uniformly distributed, with
respect to value and position (e.g porphyry copper and alluvial
go ld,,\,'. may be graded, or may be localised, with high grades

c-.

occupying areas different from the lower grades (most
hydrothermal gold deposits). Different grade distributions will
affect cut-off grades differentl,y; uniformly distributed grades
will be more amendab Le to the constant cut-off grade policy,
Whilst graded values will be easily handled by either the
increasing or declining cut-off pelicy. Localised mineralisation
may do with a c9{<lbinationof any of the policies. To determine

c·\
how'" d.ifferent grade distributions affect cut-off grade policy
will be an area for further study.

As richer and more accessible deposits are depleted, and as mines

become deeper I the remaining leaner and l~ss acc~ssible ones
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°become more expensive to deplete. The Mfect of increasing costs
c:.associatedwith mining are not necessarily reflected by the ,rice
of the commodity, because mine operators are essentially price-
takers. In the analysis, no study was done on the effect of cost
trends on the cut-off grade policies. The effect will be the
reverse of the effect of prices. Costs are geherally on the
increase, and a reasonable estimate of inflation and cost
escalation built into the model captures the effect of
increasing cost. Rapidly increasing costs, seen by some as a sign

,;, of scerci t.v I rr.a'jreduce depletion with time, when future high
costs make it prohibitive to deplete. Uncertainty about future
costs will also bring depletion near in tim~. A slow increase in

\:;-.1

cost, differential to commodity price, will faV01)rdepletion in
later years. Shifting depletion to the present is comparable to
the declining policy, and to the future, the,increasing policy.
So in the event of high inflation and escal~tion or uncertainty
about fu'turecosts, the declining cut-off policy will provide the
optimal depletion, and the reverse is true for the increasing

i) policy. All other things remaining the same, the constant cut-off
grade po l.i.cy wn1-~e the favourable strategy if there is no
difference in cost and prLce, but the fact Of discounting must ;)
be borne in mind.

Under the various prLce scenarios ~~t~udied,the declining cut-off
policy was the best if the metal price is to change between -4
and 8 percent per year. But the increasing cut-off policy crosses
over quickly to be the best policy when the future metal price
increase is greater than 8 percent, followed by the constant cut-
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off policy. It stands to reason, that if pigher future prices are
anticipated then the policy that will be able to post.pone
depletion to reap higher future revenue will be the optimum, with
the discount rate playing an im~~rtant part. So cut-off grade
policies will be affected by perception of future prices.

In conclusion, the declining cut-off policy seems to have
greatest potential as far as optimising cut-off grades is
concerned, even though it involves a lot more work and time.
However, with the advances in the handling of massive amounts of
data in a relatively short time by mea,r"~of ccmputiers, it is

\_
possible to do many iterations to arrive at the best choice.
Though the analyses in this stUdy have not involved all the fine
details involved in an actual mine/design, the model has proved
the pptential of the declining cut-off policy in _~@ieving a
bettet result than the conventional approach.

~,
" \-\\

It i~~ therefore recomme~\db~ th:at,mining concerns acquaint
\\

themselves with this policy and make further research into the
underlying theory to determine its suitabiJity to particular

\;:)
mining models (e.g. mining meEhodsl geological environment, gradE!
distribution, modes of financing, etc), in ~hese times when the
best outcome should be sought from any investment.
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APPEND~X H: INCREASING POLICY AN)'~YS!S; 5% METAL PRICE RISE
Per~od of capital redemption: 1 ye.ar
Cap1tal Allowance % rates for tax' lease: 0 & 0
Inflation and Escalat;i,nrrrates over previous year: % p.a.
1.G.t:
1
2
3
4
5
6
7
8
9
10
11
12
13

~ o
15
14
1210
S
8
8
8
S
8
8
8

~~ o
17
16
14
10
8

" 8
8
8
8
8
8
8

~apital Expeml.L
o
20
18
16
12
8
8
8
8
8
8
8
8

25
23
21
17
13
13
13
1,',..
13
13
13
13

Tax + Lease ... 0.6685 x profit - 0.3401 x revenue

~ ~~ HS2tking ~Q§:t~ ~~u2;i,t~l~~Pfmg. l!§:t Et:Q;Cit
1 0.00 0.00 30.CO (30.00)
2 0.00 0.00 24.00 (24.00)
3 38.70 40.04 28.32 (29.61)
4 71.50 ,;;8.79 0.00 12.72
5 94.20 64.67 0.00 29.53
6 118.00 69.85 0.00 48.51
7 147.00 75.43 0.00 71. 73,
8 181. 00 81.47 0.00 100.00
9 222.00 87.99 0.00 134.30
10 271. 00 95.03 0.00 175.50
11 328.00 102.60 0.00 225.10
12 395.00 110.80 0.00 284.20
13 474.00 119.70 0.00 354.70

~1
2
3
4
5
6
7
8
910
11
12
13

!l'~xablePtofit
0.00
0.00
0.00

11.43
29.53
48.51
71. 73

100.00
134.30
175.50
225.10
284 ..20
354.70

T~x + leage
0.00
0.00
0.00
5.21

16.54
28.40
42.95
60.70
82.21

108.20
139.30
176.60
221. 00

Net ~ash flow"real (l

(30.00)
(20.87)
(22.59)

5.12
8.05

11. 5315.89
19.33
23.7028.40
33.46
38.89
44.72

Internal Real Rate of Return: 15.74219 p.a.
Net Present Value @ 7 percent: R 52.4316 million.
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APPENDXX J: CONSTANT POLICY ANALYSIS; S% METAL P~ICE RISE
Period of capital redemption: 1 year
capital Allowance % rates for tax & lease: 0 & 0

\)

Inflation and Escalation rates over previous year: % p.a.

~ In;tlSl.:tis;m ~ WQ1:king C2~ ~sU~i:t~l J::K~mn£h
1 0 0 0 0
2 15 28 J.7 20
3 14 26 16 18
4. 12 22 14 16
5 10 20 10 12
6 8 16 8 S
7 8 16 8 8
8 8 16 8 8
9 8 16 8 8
10 8 16 8 8
11 8 16 81 8
12 8 16 8 8
13 8 16 ,,8 8

Tax. + Lffi'ase== 0.6685 x profit - 0.3401 x revenue
It i/

~ B~l~§n:u.il WQ.:kins CQ~t§ S;;5.\12i:tlilJ. Exoend. N§:t I:t:Q;(!j.t
1 0.00 0.00 30.00 (30.00)
2 0.00 0.00 24.00 (24.00)
3 69.90 40.04 28.32 ( 1.54)
4. 114.00 58 .•79 0.00 54.91
5 136.00 64.67 0.00 71.78
6 158.00 69.85 0.00 88.44
7 124.00 75.43 0.00 108.20
8 213.00 81.47 0.00 131. 50
9 247.00 87.99 0.00 1'59.10
10 287.00 95.03 0.00 191.6D
11 332.00 102.60 0.00 229.80
12 386.00 110.80 0.00 274.80
13 447.00 119.70 0.00 327.60

~ ~~~IJi2J.e prQif Ii\~ + J.§I§§ N~t !;HUilh fJ.ow_..ml.
1 0.00 0.00 (30.~O}

/-\ 2 0.00 0.00 (20.87)"/

3 29.86 17.59 (12.24)
.~l 4 54.91 32.84 15.03

5 71. 78 43.34- 17.60
6 88.44 53.74 19.89
7 108.20 66.07 22.35
8 131. 50 80.67 24.99
9 159.10 97.94 27.82
10 191. 60 118.30 30.87
11 229.80 142.30 34.14
12 274.80 170.60 34.14
13 327.60 203.80 41.42
Internal Real Rate of Return: 23.66211 p.a.
'Net Present Value @ 7 percent: R 90.4275 million
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APPENDIX L: DECLINING POL:rCY~)ANALYSIS; B% METAL PRICE RISE

Period of capital redemption: 1 year
Capital Allowance % rates for tax & lease: 0 & 0

Infl.ation and Escalation rates over. previous year: % p.a. ;/I)

~.: l:Dtl~t·iQn F&_vgnu_e_ ~ ~~:;!it~l.E;K12ens};:::' II
\!1 0 0 0 0 II2 15 28 17 20
\\3 14 26 16 18

4 12 22 14 16 \!5 ],0 20 10 12 \,\6 8 16 8 8
7 8 :"'6 8 8 \;\

I'
S 8 16 S 8 \,
9 8 16 8 8
10 8 16 8 8
11 8 Hi 8 8
12 8 16 8 8
1~ 8 16 8 8
Tax + Lease = 0.6685 x profit - 0.3401 X revenue

1~
1
2
:3
4
5
6
7
e
9
10
11
12
13

ro.:
1
2
3
4
5
6
7
8
9
10
11
12
13

Rev'DU§.
C.OO
0.00

99.20
152.00
171. 00
185.00
199.00
213.00
226.00
239.00
249.00
257.00
260.00

TAxable
0.00
0.00

59.13
93.01

106.10
114.90
123.50
131.50
138.40
143.60
146.30
145.70
140.40

HQrkiDq
0.00
0.00

40.04
58.79
64.67
69.85
75.43
81.47
87.99
95.03

102.60
110.80
119.70

Pro Kit
"

J
1,\

costs ~apital EJ{pen!L.
30.00
24.00
21:3.32
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

Tax + lease
0.00
0.00

36.16
57.01
65.09
70.56
75.83
80.67
84.81
87.89
89.37
88.66
85.00

Net

Net PrQ;fit
po.ao)
(:24.00)
30.81
93.01

106.10
114.90
123.50
131. 50

~"_ 138.40~"?"'\ 143.60
(~ \\",J,,4~.~..~'O~ 145. ~

) 14~~~

cash fl~. -
(30.oo~
(20.£17)
(40.::1)
24.51
25.36
25.45
25.33
24.99
24.38
2:).48
22.23
20.60
18.53

Internal Real Rate of Return: 28.03711 p.a.
Net Present Value @ 7 perc&nt: R 87.0606 -million.

'. )
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APPENDIX A: CONSTANT POLICY ANAI,YSIS

Period of capital redemption: 1 y~arCapital Allowance % rates for tax & lease: 0 & 0
Inflation and Es~alatian rates over previous year: \ p.a.
Yeaz: Intlgti20 ~~ Wo~kingCos:t§. Cali2i:t~ll:;~I2§lng.,

0 0 0 0...
2 1..5 20 17 20
3 14 18 16 18
4 12 16 14 16
5 10 12 10 12
6 8 8 8 8
7 8 8 8 8
B 8 S 8 8
9 8 8 8 8
10 8 8 8 8
11 8 8 8 8
12 8 a 8 8
13 8 8 8 8

Tax + Leas"'! = 0.6685 :x ~rofit - 0.3401 X revenue

Y&M: ~d\.illi ~sts C!il:Qlt~lE:1S:gen2.1 ~t Et:Qfit
1 0.00 0 00 30.00 (30.00)
2 0.00 c 0.00 24.00 (24~OO)
3 61.40 40.04. 28.32 ( 6.99)
4 94.90 58.7'3 0.00 36.13
5 106.00 64.67 0.00 41.64
6 115.00 69.85 0.00 44.97
"'1'. 124.00 75.43 0.00 48.57I

8 134.00 81..47 0.00 52.46
9 145.00 87.99 0.00 56.65
10 156.00 95.03 0.00 61.18
11 169.00 102.60 0.00 66.08
12 182.0(1 110.80 0.00 71.37
1:\ 197.00 119.70 0.00 77.07

~ ~ble El;'~~it Xa~ + liAle tL~Ml'l n.Qw t:lli1 o.uo O.OC (30.00)
2 0.00 0.00 (20.87)
3 21. 33 12.17 I_i (14.62)
4 36.13. 20.92 10.36

\\ 5 41. 64 24.22 10.79
6 44.97 26.16 10.79
7 48.57 28.25 10.79
8 52.46 30.51 10.79
9 56.65 32.95 10.79
10 61.18 35.59 10.79
11 66.08 38.44 10.79
12 71.37 41. 51 10.79
1.3 7';.07 44.83 10.79
Internal Real Rate of Return: 7.958008 p.a.
Net Present Value @ 7 percent: R 3.31102 million
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APPENDIX S: INCREASING POLICY ANALYSIS
Period of capital red~mption: 1 year
capital Allowance % rates for tax & lease: 0 & 0
Inflation and Escalation rates over previous"year: % p.a.

~ IDfl~tiQD Bev~ri\6i wQ.:)S.ing~~Q§:t§ ~Sf,12itilJ. &;~iU'lg~
1 0 0 0 0
,,2 15 1/ 20 17 20
:3 14- 18 16 18
4 12 16 14 16
5 10 12 10 12
6 8 8 8 8
7 8 8 8 8
8 8 8 8 8
9 8 8 8 8
10 8 8 8 8
11 ';r~ 8 8 8
12 S 8 8 B
13 ij 8 8 8
Tax + Lease ... 0.6685 x profit - 0.3401 x revenue

XUl: B~v'iny.§ liQt:Jsing ~Q§1;!ii ~a12it§.l ~~engl ~1; fI;:Qfi:tc
1 0.00 0.00 :30.00 pO.OO}
2 0.00 0.00 24.00 (24.00)
3 35.70 40.04 28.32 (32.67)
4 6.3.10 58.79 0.00 4.35
5 7~.60 64.67 0.00 14.95
6 95.60 69.85 0.00 25.76
7 114.JO 75.43 0.00 38.18
8 134.0(1, 81.47 0.00 c -: 52.46
9 157.00 87.99 0.00 68.77
10 182.00 95.03 ;:; 0.00 87.35
11 211. 00 102.60 0.00 108.50
12 243.00 110.80 0.00 132.40
13 2.19.00 119.70 0.00 159.40

" ',:,~~)

~
1
2
3
4
5
6
7
8
9
10
11
12
13

Ta.XAble profit
0.00
Q.OOd.oo
0.00

14.49
25.76
38.18
52.46
68.77
87.35

10S.50
132.40
159.40

Tax + J,eAse
0.00
0.00
0.00
0.00
7.28

13.97
21.'9
30.51
40.64
52.19
65.33
80.24
97.09

Net casb flow teal
(30.00)
(20.87)
.(24.92)
l.' .2.96

4.75
6.76
8.77

10.79
12.80
14.82
16.83
18.85
20.86

Inu:arnal Real Rate of Return: 5.857422 p. a.
Net Present "lalue @ 7 percent: - R 5.21273 million
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APPENDIX c: DECL~NING POLICY ANALYSIS

~ ;tDt:l~:t1QD ~'I£.smue Wo[l$;ins ~Qitl!
1 " 0 0 0
2 15 20 17
3 14 18 16
4 12 16 14
5 10 12 10
6 8 8 8
7 8 8 8
8 8 8 8
9 8 8 8
10 8 8 8
11 8 8 8
12 8 8 8

() 13 9 8 ,8
\\

Period of capital redemption: 1 yearcapital Allowance % rates for tax & lease: 0 & 0
Inflation and Escalation rates over previous year' % p.a.

~..it.ctl::..Axpend •
o
20
18
16
12
8
8
8
a
8
8
8
8

Tax + Lease - 0.6685 x profit - 0.3401 x revenue

Itilr. RIY:~D!.l~ li2r.king ~Qitl c~b1itQl J.;;Xl2~ng: N~t ft:Qfi:t
1 0.00 0.00 30.00 (30.00)
'2 0.00 0.00 24.00 (24.00)
:3 " 87.10 40.04 28.32 (18.71)
4 12.1•00 ,58.79 o.no 67.93
5 133.00 64.67 0.00 68.35
6 134.00 69.85 0.00 64.20
7 134.00 75.43 0.00 58.96
8 134.00 81. 47" 0.00 52.46
9 133.00 87.99 0.00 44.54
10 130.00 95.03 0.00 35.05
11 1'J6.0~ 102.60 0.00 23.72
12 121.~ ~.10.80 o.ool 10.36
13 114. /0 , 119.70 0.00 ( 5.30)

JI

1til: l~~X~Ql~ ErQfit ~ + '~Is\i§ Net c~§t, 1~lowr~il,
1 0.00 0.00 (30.aO)
2 0.00 0.00 (20.£17)
3 47.''03 28.43 ( 7.45)
4 67.93 41.10 18.27
5 68.35 41.17 16.83
6 64.20 38.36 14.82
7 58.96 34.B4 12.80
S 52.46 30.51 10.79
9 44.54 25.27 8.77
10 35.05 19.00 6.76
11 23.72" 11.56 4.74
12 10.36 2.80 rr 2.73
13 0.00 0.00 ;'( 1.77)..
Internal Real Rate of Return: 10.52149 p.~.
Net present Value @-!;)7percent: R 8.64955 It'. ;.lion.

\~,~
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APPENDiX D: CONSTANT POLICY ANALYSIR; 2% METAL P~~3 RISE
Pet"iad of capital redemption: 1 yei~r
capital Allowance % rate~ for tax , lease: 0' & 0'
Inflation and Escalation rates ovez previous year: % p. i;t.

ca.pi+:41. Expertd.
0'
20'
1816 (.:;:.
12
8
8
8
8
8
8
8 .'
8

~x: Infla.:tion Biv~Dlf.e H2.t:ki.nQ ~Qlit~
1 0' C 0'
2 15 22 17
3 "14 20' 16
4 12 18 14
5 10 14 10'
6 S 10" 8
7 Ii 8 10' 8
8 8 10' 8
9 8 10 8
10' S 10 8
11 8 10' 8
12 8 10' 8
13 8 10' 8 (I

Tax + Lease * 0'.6685 x profit - 0'.340'1x revenue

l§n:
1
2
3
4
5
6
7
8
9
10'
11
12
13

~
1
2
3
4
5
6
7
8
9
10'
11
12
13

Reyenu~
0.00

<, O. CO
63.40
99.80

114.0'0'
125.0'0'
138.0'0'
15LcD
167.0'0'
183.0'0'.,
20'2.0'0'
222.0'0'
244.0'0'

ilprking C9st§
0'.0'0'
0'.00

40'.0'4
58.79
64.67
69.85
75.43
8] ,.47
87.99
95.0'3

102.60'
110'.80
119.70'

~apital Expend.
30'.0'0'
2.4.0'0'
28.32
0.00'
0'.00
0'.00
0.0'0'
0'.00c.oc
0.0'0
0.00
0.00
0.00

Taxab1.1 Et:ofi 1;.
0'.00
0'.0'0'

23.41
41.0'4
49.14
55.34
62.28
70.0'1
78.64
88.27
98.99

110.97
124~3D

Tax + lease
0.00
0.00

13.49
24.0'4
28.98
.32.74
36.95
41.65
46.91
52.77
59.32
66.62
74.77

N§t Prpfit
(30.0D)
(2,1,. 00)
( 4.91)
·U.04
49.14
55.34
62.28
70.01
78.64
88.27
98.99

110.90
124.30'

I,.,

Internal Real Rate of Return: 12.5624: p.a.
Net Present Value. @ 7 pe:t:"cent:R 21. 9200 million.
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Net RAih flow r~al(30.0'0)
(20.87)
(14.04)
11.58
12.48
1~.96
13.44
13.94
14.44
14.96
15.48
1(.01
16.55



APPENDIX E: INCREASING POLICY ~YSIS; 2% METAL PRI~~ RIsm
Period of capital redemption: 1 year
capital Allowance % rates for tax & leasE: 0 & 0
Inflation and Escalation rates over previ,Pus year: % p.a.

~ ~Jm E~v~mue HQUing costti ~aJ2it§.l. I::Kl2§ruL..
1- 0 0 0 0

\\2 15 2:2 17 20 '~

3, 14 20 16 1S
4 12 18 14 )'6
5 10 14 10 12
6 8 10 8 8
7 8 10 8 8
8 8 10 8 8
9 8 10 8 8
10 8 10 8 8
11 8 10 8 8
12 8 10 8 8
13 8 10 8 8

Tax + Lease == 0.6685 x profit - 0.3401 x revenue

~ B§Y~Dl.li~ liQJ;Is.ing ~Q§:t§ ~tal ~endl ~:t ilt:Qf.it
1 O.OQ 0.00

(I
30.00 (30.00)

2 O.Od' 0.00 24.00 (24.00)
3 36.90 40.04 28.32 (31.46)
4 €.G.40 58.79 0.00 7.61
5 85.20 64.67 0.00 20.56
6 104.00 69.85 0.00 34,42
7 126.00 75.43 0.00 50h
8 151. 00 81.47 0_0(1, 70.01
9 181. 00 87.99 0.00 92.60
10 '.14.00 95.03 ('.00 119.00
11 252.00 102.60 0.00 149.70
12 296.00 110.80 0.00 185.20
13 346.00 119.70 0.00 226.40

b.a:c
1
2
3
4
5
6
7
8
9
10
11
12
13

laxaal...fL Prof it
0.00
0.00
0.00
4.47

20.56
34.40
50.74
70.01
92.60

119.00
149.78
185.27
226.,~O

Tax + lease
0.00
0.00
0.00
0.73

10.85
:1.9.45
19.45
29.63
41.65
55.76
72.25
91.46

113.80

Net casn flow rIAl
<,30.00)
(20.87)
~24.00)

4.69
6.02
8.57
11. 21
13.94
16.76
19.68
22.70
25.82
29.04

Internal Real Rate of Return: 10.18164 p.a.
Net Present Value @ 7 percent: R 16.2365 million.
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APl?ENnIX.:,:,Jrs DECLINING POLICY ANALYSIS; 2% METAL pale!: :RIalS

Period of capital redemption': 1 year
Capital AllQwanc~ % rates for tax & lease: 0 & 0
Inflation and Escalation rates over p:t;evio~;syear: % p.a.

\\

~ Int:J.S!:tiQD ~ WQ;t;kin9: co~t§ f""'''''''''''' ',1], ~~1i2§ng,
1 0 0 0 I 0
2 15 22 17 20
3 14 20 16 18
4 12 18 14 16
5 10 14 10 12
6 B 10 8 8
7 8 10 8 8
8 8 10 8 8
9 8 10 8 8
10 8 10 8 8
11 8 10 8 8
12 8 10 8 8
13 8 10 8 8

Tax + Lea"e .. 0.6685 x profit - 0.3401 x rev"enue

x.~ RS!YJ~DJ.U' l'lQJ;:king ~o§:!;!! Qsu2itSll ~i$p'en9..t. Hfi'" :fJ;:Q;t1:t.i
1 0.00 0.'00 30.00 (30.00)
2 0.00 0.00 24.00 (24.00)
3 90.00 40.04 28.32 21. 66
4 133.00 58.79 o~oo 74.48
5 142.00 64.67 0.00 77.73
6 146.00 69.85 0.00 76.31
7 149.00 75.43 0.00 73.81
8 151. 00 81.47 0.00 70.01
9 153.00 q .. 99 0.00 64.69
10 153.00 S......'03 0.00 57.S0
11 151. 00 102.60 0.00 48.37
12 148.00 110.80 0.00 36.68
13 142.00 119.70 0.00 22.14

~ l'r.l.~IaQl~ Pr2.:ili I~~+.l§~lii H~:t cw ;flQJi J;:iu;.1
1 0.00 0.00 (:30.CO)
2 0.00 0.00 (20.S7)
:3 49.98 30.35 ( 6.63)
4 74.48 45.'.Z6 .1..9.90
5 77.73 4.7.12 18.95
6 76.:31, 46.04 17.35
7 73.31 44.27 15.68
a 70.01 41. 65 13.94
9 64.69 :8.05 12.12
10 57.60 33.31 ',0.23
11 48.37 27.20 8.26
l.2 36.68 19.51 6.21
13 22.14 9.98 4.07
Internal Real Rate of Rllt1.lrn: 16.04297 p.a..Net Present Value @ 7 percent: R 26.6254 mll1ion
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IibAPPENDIX G: CON!~ POLICY ANALYSIS; 5% METAL PRICE RISE
Period'>of capital rede~ption: 1 YrAar
capital Allowance % rates for tax & lease: 0 & 0

Inflation and E'scalation rates cvar previous year: , p.a.

~
1
2
3
4:
5
6,
7"
8
'9
10
11
12
13

;tntlation
o
15
14
12
10
8
8It
~
~\'\
8:

\\

Revenue
o
25'
23
21
17
13
13
13
13
13
13
13
13

'.'Tax + LiQaGe ':,-

\~ R6Y§!IJ\ j,iQrking
1 0.00 ! 0.00
2 '\.00 0.00
3 btl.50 40.04
4: 108.00 " 58.79
5 12.6.00 " 64.67
6 142.01.):i 69.85
7 161.0tl 75.43
8 181.00 81.47
9 205.00' 87.99
10 232.00 95.03
11 262.00 102.60
12 296.0Q· 110.80
13 (!34.00 119.70

~, ~ P.:gti:t
1 0.00
2 0.00
3 26.60
4 48.72
5 61.11
6 7?.2Y
7 8S.1S
8 100.00
9 171.10
10 136.70
11 159.30
12 185.10
13 214.70

Working ~9Sts
o
17
16
14
10
a
8
8
S
8
8
8
8

J;:apj. t;UJ;.x-gend !

, 0
20
18
16
12
8
B
8
B
8
a
~3
s

0.6685 x prClfit- 0.3401 x revenut)

9apital Expend.30.00
24.00
28.32
.0.00
0.000.00
0.00
0000
0.00
0.00
0.000.000.00

Met Profit(30.00)
(24.00)
( 1.72)
48.72
61.11
72.29
85'.18

100.00
171.iO
136.70
159.30
1&5.10
214.70

cost§.

Xax + lease
0.00
0.00

15.51
23.91:J6.~8
43.49
51. 48
60.70
71.31
83.52
97.56

113.70
132.20

real
(30.00)
(20.87)
(13.1S)
l:L49
15.19
16.51
17.89
19.33
20.84
22.42
24.07
25.80
27.61

Internal Real Rate of Return: 18.66016 p.a.
Net Present Value @ 7 percent: R 54.6015 million.

105



APPENDIX r: D]!:CLIllINGPOLICY ANALYSIS; 5% METAL PR.ICE RISE
Period of capital redemption: 1 yearcapital Allowance .!~rates f.ortax {:lease: 0 & 0

Inflation and
:~)

previous %Escalation rates over year: p.e.
1.U.t: IntlAtiQD B~V~Dll~ }iQ;r:king~Q~t~ ~s\\l2i:tlli~~Dg·1 0 ,0 0 0
2 15 25 17 20 II3 14 23 16 18
4 12 21 14 16 f5 10 17 10 12 J
6 8 13 8 8
7 8 13 8 8
8 8 13 8 8
9 a 13 8 8
10 8 13 8 8
11 8 13 8 8
J.2 8 13 8 8
13 8 13 8 8
Tax + Lease ... 0.6685 x profit - 0.3401 x revenue

xnr. B.YBD11.~ iiQtking ~o§:ts !;~l2i:tS\\l ;g;~end. Hg,rt f:t:Qfit
1 0.00 0.00 30.00 (30.00)
2 0.00 O.CO 24.00 (24.00)
3 94.50 40.04 28.,32/( 26.18
4 144.00 58.79 O. 00 ,,~.~ 84.73
5 157.00 64 'i~67 0.00 92.72
6 166.00 69.85 0.00 96.10
7 174.00 75.43 0.00 98.64
8 181. 00 81.47 0.00 100.00
9 188.00 87.99 0.00 99.93
10 193.00 95.03 0.00 97.95
11 196.00 102.60 0.00 93.50
12 197.00 II 110.80 0.00 86.00
13 194.00 119.70 0.00 74.72

~ Xra~Aali f;r.:Qfit Ig~ + leo.ll§ H~t CAin flQW t:~!U1 0.00 0.00 (30.00)
2 », 0 ,;00 0.00 (20.87)
3 ~,s4 ~~O 0 )33.22 ( 5.37)
4 84.73 51.76 22.45
5 92..72 56.63 22.34
6 96.10 58.60 21.50
7 98.64 60.02 20.50
8 100.00 60.70 19.33
9 99.93 60.41 17.99
10 97~95 58.92 16.45
11 93.50 55.84 14.70
12 86.00 50.80 12.72
13 74.72 43.34 10.50

/'._
>:. (Internal Real Ra~)of Return: 7.958008 p.a.

Net Present Value @ 7 percent: R 3.31102 million
r:
-i/

(-)
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APPENDIX K: INCREASING POLICY ANALYSIS; 8% XETAL PRICE RISE
Period of dapital redemption: 1 yearCapital Allowance % rates for tax & lease: 0 & 0
Inflation and Escalation rates over previous year: % p.a.
1...euu:: InflstJ,2D B!il~~nY~ wQt:Js.ing c.QJija ~a~i:t~l ~~~~ng.
1 0 0 0 0
2 15 28 17 20
3 14 26 16 18
4 l2 22 14 16
5 10 20 10 12
6,. 8 16 8 8
7 8 16 8 8
8 8 16 8 8
9 8 16 8 8
10 8 16 8 8
11 8 16 S a
12 8 16 8 8
13 8 16 a 8

Tax + Lease = 0.6685 x profit - 0.3401 x revenue
1_,

~ Bgv~my.~ l'lQrking: ~QIiii:t§ CgJ:2its\l. ~Kg~ng! H~t ~t:Q;t:it
1 0.00 0.00 30.00 (30.00)
2 0.00 0.00 24.00 (24.00)
3 40.60 40.04 28.32 (27.71)
4 76.90 58.79 0.00 18.08
5 104.00 64.67 0.00 39.19
6 134.00 69.85 0.00 64.11
7 171.00 75.43 0.00 95.55
8 216.00 81.47 0.00 135.00
9 272.0'0 I:) 87.99 0.00 184.20
10 340.00 95.03 0.00 245.10
11 423.00 102.60 0.00 32{).20
12 523.00 110.80 0.00 412.40
13 645.90 119.70 0.00 525.30

X!is.t:
1
2
3
4
5
6
7
8
9
10
11
12
13

Taxable Profit
0.00
0.00
0.61

18.08
39.19
64.11
95.55

135.00
184.20
245.10
320.20
412.40
525~30

:.t9.x ~, lease
0.00
0.00
0.00
9.47

22.67
38.30
58.06
82.89

113.90
15.309
199.70
257.90
329.20

Net cash flow r~
(30.00)
(20.87)
(21.14 )

5.86
10.23
14.80
19.90
25.62
31.99
39.10
47.02
55.82
65.59

, J

Internal Real Rate of Return: 20.9082 p.a.
Net Present Value @ 7 percent: R 97.0257 million.
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APPENDIX M: CONSTANT POLICY ANALYSIS 10% METAL FRICE RISE
Period of capital redemption: 1 year
Capital Allowance % rates for tax & lease: 0 & 0
Inflation and Escalat.ion rates over previous year: % p.a.
~ Intlation Riv~n:!,~e Wox:k.i.ng~Qfit§
1 0 a 0
2 15 30 17
:'1 14 28 16
4 12 26 14
5 10 22 10
6 ,p, 18 8
7 8 18 8
8 8 18 a
9 8 18 8
10 8 18 8
11 8 18 8
12 8 18 8 \_i

0 13 8 18 8

~tal Exp~a
20
18
16
12
8
8
8

" 8
8
8
8
8

\-::..::.

Tax + Lease ... 0.6685 >:' profit 0.3401 x revenue

~ ~Y[inue fiO;[ls;ingCQst§ Cg12;i.tgl~~li2[iDgl He!;;}t;[ofit
1 0.00 0.00 30.00 (30.00)
2 0.00 0.00 24.00 (24. oo)
3 72.10 40.04 28.32 3.76
4 121.00 58.79 0.(')0 62.37
5 148.00 64.67 0.00 83.15
6 174.00 69.85 0.00 104.60
7 206.00 75.43 0.00 130.40
B 243.00 81.47 0.00 161.40
9 287.00 . 87.99 0.00 198.60
10 338.00 95.03 0.00 243.20
11 399.00 102.60 0.00 296.40
12 471. 00 110.80 O.OC 360.00
13 556.00 119.70 0.00 435.90

XglU:
1
2
3
4
5
6
7
8
9
10
11
12
13

l'axgble Prn.tl;t
0.00
0.00

32~ 18
62. :3i'83.11_

104.60
130.40
161.40
198.60
243.20
296.40
360.00
435.90

l'ax + leaf!~
0.00
0.00

18.99
37.75
50.56
63.98
80.17
99.64

123.00
151.00
184.60
224.70
272.50

~:caib flow 1:la1.
(30.00) .
(20.S?) ,
(11.62)
16.89
20.18
23.28
26.66
30.36
34.40
38.81
43.63
48.90
54,.•66

Internal Real Rate of Return: 27.64649 p.a.
Net Present Value @ 7 percent: R 124.866 million

,"_i
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APPENDIX N: INCREASING POLICY ANALYSIS; l.O% METAL PltICE
Period of capital redemption: 1 yearcapital Allowance % rates for tax & lease: 0 & 0~
Inflation and Escalation rates over previous year: % p.a.
xnr:
1

3
4
5
6
7
8
9
10
11
12
13

:.-,

Inflation
o
15
14
12
10
8
8
8
8
8
8
8
8

Tax + Lease

~
( 1.. "
\ '
1,~,1

3
4,
5
6
7
8
-s
10
11
if,
13

Bev:enyg\
0.00
0.00

41.90
80.60

11;1.00
1~9.00
243.00
311. 00 (,
395.00
499.00
629.00
788.00
197.00

Revenue
o
30
28
26
22
18
18
18
18
18
18
18
18

:Working Costs
o
17
16
14
10
8
8
8
8
8
8
8
8

~ta;l.
\ 0
I, " 20

18
3.6
12
8
8
8
8
8
8
8
8

J
J
!

Wsn;king Capital "E.xpeng.
30.00
24.00
28.32c.oo
0.00
0.00
0.00 c

0.00
0.00
0.00
0.00
0.00
0.00

Net fro
(30.00(1
(24.00t,(26.42121.80,
46.03 !
75.39,/

113.2°1161. 40;1

222.601299.Sq
396.7(. " P'

517.BG c-

668.5(:

\.Internal Real Rate of Return: 24.2675& p.a.
Net Pre~entValue @ 7 percent: R 132.494 million

i I

... 0.6685oX profit - 0.3461 x revenue

CQ#iits
0.00
0.00

40.04
58.79
64.67
69.85
75.43
81.47
87.99
95.03

102.60
110.80
119.70

~ lil~AQl@ ;e[Qtit " :ru....+ 1.§1'~ N~t ~I§h f J,Q:!L..l:l1 it.
1 0.00 0.00 (30.00) 1

I

2 0.00 0.00 (20.87)
3 1.90 0.00 (20.16)
4 21.80 11.83 /-' 6.79
5 46.02 27.01/' 11. 78
6 75.39 45. 4~/ 17.16
7 113.20 69.~3 23.12
8 161.40 99.64 30.36

I9 222.60 138.20 38.39
[\10 (1)~.80 187.00 47.54

11 J". 6.70 2,48.20 57.93
12 511.80 324.8'" 69.73
13 668.50 420.10 &~.10
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~ IntJ.S!J.tj,QD Revenue Working cost.§.
1 0 0 il 0
2 15 "1) 30 17
3 14 28 ,J.6
4 12 26 14
5 10 22 10
6 8 18 8
7 8 18 8

:-/ 8 8 10 S
9 8 18 8
10 8 18 8

",,11 8 18 8
12 8 18 8
13 8 18 8

"APP!lNDl:X o_,,' D,ECLl:NING POLICY ANALYSI':; 10% METAL PRICE RI$E

Period of capital redemption: 1 yearCapital Allowance % rates for tax & lease: a & 0
Inflation and Escalation ratas over previous year: % p.a.

capital Expend.
o
20
18
16
12
8
8
8
8
8
8
8
8

Tax + Lease 0.6685 X ~ 0.3401=" prof~t - x rf::venue
\.
'\"

(i

~ B§:l"!my.i) Wg:r.:ting ~gf.i:t~. \ S::~Ri t;;tJ. ;r.;":Qlng· Hit f;!;:Qi!it
1 0.00 0.00 30.00 (30.00)
2 0.00 0.00 24.00 (24.00)
3 102.00 40.04 28 32 33.96)
4 162.00 58.79 0.00 103.0(J
5 185.00 64.67 0.00 120.30

\\6 204.00 69.85 0.00 133.80
7 223.00 75.43 0.00 147.60
8 24::S.00 81.47 0.00 161.40
9 263.00 87.99 0.00 174.60
10 282.00 95.03 0.00 186.60
11 299.00 102.60 0.00 195.201.... 3'13.00 110.80 0.00 202.40:~
~\3 3.::3.00 119.70 0.00 .,203.40

.1~ ls~lt!ll~:r.:Q!i.t ~5l.~ + 11111 H&-s=A!5b llg~ real
l. 0.00 0.00 po.OO) ,:2 0.00 0.00 (20.87)
3 62.28 38.16 ( 3.20) \4 103.00 63.33 26.99 \~5 120.30 74.12 28.58 \'\\
6 13:3.80 82.52 29.4J '\ -,',

7 147.60 91.10 30.00
8 161.40 99.64 30.3G
9 ~74.60 107.80 30.40
10 186.60 115.10 30.10
11 196.20 121. 00 29.35
12 202.40 124.60 28.08
13 203.40 125.00 26.22... Internal Real Rate of Return: 32.39258% p.a.
Net Present Value @ 7 percent: R l.17.~68 million.

... "
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APPElmIX P: CONSTANT POLICY ANALYSIS; 15% METAL PRICE RISE

Period of capital redemption: 1 yea~capital Allowance % rates for tax & lease: 0 & 0
Inflation and Escalation rates over previous year: ~ p.a.
ken:
1
2
3
4
5
6
7
89
10
11
12
13

InflatiQl1
o
15
14
12
10
8
8
8
8
8 i\

8
8
8

Tax + Lease =

~
1
2
:3
4
5
6
7

v.' 8
9
10
11
12
13

~
1
2
3
4
5
6
7
3
9
10
11
12
13

Beyenui,
0.00
0.00

77.,..s0
136!~00
173.00
212.00
261. 00
321. 00
395.00
486.00
598.00
735.00
904.00

Revenue
o
35
33
31
27
23
23
23
23
23
23.
.23
23

working Costs
o
17
16

': 14
10
8
S
8
8
8
8
8
8

Capital Exp~ruL..
o
20
18
16
12
8
8
8
8
8
8
8
8

0.6685 x prl:>fit- 0.3401 x revenue
/s;~

.;:/ \'- \\
,\
'~

Net l?roti;t
(30.00) .
(24.00) .

9.46
77.13

108.00
142.50
185.70
239.80
307.10
391. 00
495.20
624.40
784.70

Y1Qtl)ing .CQ:ru
0.00
0.00

40.04
58.79
64.67
69.85
75.43
81.4787.99
95.03

102.60
110.80
.l19.70

Qapital ~xpend.
30.00
24.00
28.32
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

l'a,xableprofi:t
0.00
0.00

37.78
77.13

108.00
142.50
185.70
239.80
307.10
391.00
495.20
624.40
784.70

lAX + leSlse
0.00
0.00

22.61
46.94
66.30
88.03

:i..15.30
149.40
191. 90
244.80
310.70
392.40
493.80

N,s1t CA@b, :tlowregt,l
(30.00)(20.87)
(10.03)
20.56
25.79
31.22
37.40
44.44
52.45
61.58
71.97
83.81
97.30

Internal Real Rate of RetUrn: 35.84961 p.a.Net Present Value @ 7 percent: R 221.194 million.
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APPENDIX Q: INCREASING'~OLICY ANAL?'1ISi 15% METAL PRICE RISE
\\
,\,

Period of capital redemp~ion: 1 year.
capital Allowance -\rates"'t~ tax &: lease: 0 &: 0"'-
Inflation and Escalation rates over previous year: % p.a.

~apital Expend,
o
20
18
16
12
8
8
8
8
8
8
8
8

~ l.nfl",tigD ~~~ Wo[king Co§:ts
1 0 0 0
2 15 35 17
3 14 33 16
4. 12 31 14
5 10 27 10
6 8 23 8
7 8 23 8
8 8 23 8
9 8 23 8
10 8 23 8
11 8 23 8
12 8 23 8
13 8 23 a
Tax + Lease ::: o. 66~%) x profit - 0.3401 x revenue

\I.~

~ B.~.D1HI ~king ~~Uiti ~IP1:1cAJ. J:;~§mjs N~t :fl:Q;l:1t
1 0.0.0 0.00 30.00 (30.00)

;f 2 0.00 0',00 24.00 (24.00)
3 45.20 40.04 ~8.32 (23.11)
4 90.40 58.79 0.00 31. 62
5 129. ()O 64.67 0.00 64.61
6 177.00 69.85 0.00 107.00
7 R39.00 75.43 0.00 163.90
8 3\jl' 00 81.47 0.00 239.80
9 4..8.0C 87.99 0.00 340.20
10 567.00 95.03 0.00 472.40
11 748.00 102.60 0.00 645.40
12 982.00 1:!-0.80 0.00 870.80
13 1280.00 119.70 0.00 1163.00

~
1
.2
3
4
5
G
7
8
9
10
11
12
13

"T'aX~QlePrgfij;
0.00
0.00
5.21

31.62
64.61

107.00
163.90
239.80
340.2(1
472.40

"645.40
870.80

1163.00

x~x + l~ase
0.00
0.00
1.94

18.06
38.80
6'5.49

101. 40
149.40
212.90
296.50
406.00
548.70
734.01)

cash flow %Zeal
/(30. ~C)

~: (20.87)
(19.11)
.9.23
15.98
23.77
33.15
44.44
57.95
74.12
93.39116.30

143.60
Internal Real Rate of Return: 31.96289 p.a. .
Net Present Value @ 7 ~ercen~: R 243.733 million
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APPENDIX R: P.ECLIHING POLICY ANALYSIS; 15% METAL PRICE RISEiA,~;"'~~-::.

Period of capital redempticm: 1 yearcapital Allowance % rates for tax & lease: 0 & 0
Inflation and Escalation rates over previous year: % p.a.
~
1
2
3
4
5
6
7
8
9
10
11
12
13'

Inflation Revenue
o 0
15 35
14 33
12 31
10 27
8 2~
S 23
S 23
8 23
8 23
8 23
8 23
8 23

working cost§!
o
17
16
14
10
8
8
8
8
8
8
8
8

Capital Expend.
o
20
18
16
12
8
8
8
8
8
8
8
8

Tax + Lease == 0.6685 x profit - f).,3401x revenue
/
J

~ 'B~IDY,~ i'lQ;r;:k.ing ~Qli!a. (~g~;i,j;Al SK.Q~ng! M§t E;t:Q;tit
1 0.00 0.00 30.00 (30.00)
2 0.00 0.00 24.00 (24.00)
3 110.00 40.04 28.32 42.05
4 181.00 5EL79 0.00 i:i 122.70
5 216.00 64.67 0.00 151.30
6 248.00 69.85 0.00 178.10
7 ., 283.00 75.43 0.00 207.60,
8 i 321.00 81.47 0.00 239.80
9 362.00 87.99 0.00 274.00
10 405.00 95.03 O~OO 309.70
11 448.00 102.60 0.00 345.10
12 489.00 110.80 0.00 378.20
13 526.00 119.70 0.00 406.10

'\
._~.7'

f'.--"'/

X!!1U:. l"'~SlI.1i2le f.:~,;i,:t ~x + ..l.~~~~ H~:t; ~;;a~~irt:1Qw ;r;:~Al1 0.00 0.00 (30.00)
2 0.00 0.00 (20.87)
3 70.37 ..f3.29 (00.94)
4 122.70 75.83 31.90
5 '.~", ;151.30 93.82 35.61
6 178.10 110.60 38.67
7 207.60 129.:W 41.64 '0

a 239.80 149.40 44.44
9 274.00 170.90 46.95
10 309.70 193.20 49.05
11 345.10 215.40 50.57
12 378.20 236.20 51.31
13 406.10 253.60 51.02
Internal Real Rate of Return: 41.13281 p.a.
Net Present Value @ 7 percent: R 198.695 million

Ii
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APPENDIX S,:CONSTANT POLICY ANALYSIS; 20% METAL PRICE alSE
Period of capital redemption: 1 year
Capital Allowance % rates for tax & lease.: 0 & 0
Inflation and Escalation rates over previous year: % p.a.
~ ID1!l~:t1Qn B~v~D:y'e :r!Q.:king: Qo§:ts ~~:Qi:tsJ.E~:Q~Dgl
1 0 0 0 0
2 15 40 17 20
3 14' 38 16 18
4 12 36 14 16
5 10 32 10 12
6 8 28 8 8
7 8 28 8 8
8 8 28 8 8
9 8 28 8 ~
10 8 28 8 8
11 8 28 8 8
12 8 28 8 8
13 8 28 8 8
Tax + Lease a 0.6685 X profit - 0.3401 X revenue

xu.: BI31.0Y!! HQ;cking: ~Qi:trf CI~i:tAl l.iXl2~Dg! Hit ~;CQlli
1 0.00 0.00 30.00 (30.00)
2 0.00 0.00 :4.00 (24.00)
3 83.70 40.04 28.32 15.38
4 152.00 58.79 0.00 93.05
5 ~OO.OO 64.67 0.00 135;.80
6 257.00 69.85 0.00 186.70
7 328.00 75.43 Ii 0.00 {( 253.00,\
8 420.00 81.47 0.00 \\ 338.9°119 538.00 87.99 0.00 450.10:
10 689.00 95.03 0.00 593.70
11 882.00 102.60 0.00 77a.SO
12 1130.00 110.80 O~OO 1018.00
13 1440.00 119.70 O~OO 1325.00

~ ~A~g12l~ f':Qfit;, lu + li='ID ~t 'cil,tb,tloll ;r;;:egl
1 0.00 0.00 (30.00)
2 0.00 0.00 (20.87)
:3 43.70 26.36 ( R. 3,8)
4 93.05 57.04 24.52
5 135.80 S3.94 32.08
6 186.70 116.10 40.48
7 253.00 157.90 50.44
e 338. s0 212.20", 62.24:
9· 45('.10 282.60 76.22
it; 59:;' ..70 373.40 92.80
11 778.90 490. '70 112.40
12 1018.00 641.80 135.70
13 1325.00 83f).40 163.30

:;\

Internal Real Rate of
Net Present Value @ i

Return: 43.60352 p.a.
percent: R 353.168 +:

((
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APPENDIX '1': INCREASI!lG POL:r.cy ANALYSIS; 20% METAL PRICE RISE

Period af capital redemption: 1 year
Capital Allowance % rates far tax & lease: 0 & 0
Inflation and Escalation rates over p't'eviousyear: % p.a.
~
1
2
3
4:
5
6
7
8
9
10
11

,12
13

Inflallin
o1514
12
10
8
8
8
8
8
8
.8
.!8
"

Revenue
o
3Q
38
36
32
28
28
28
28
28
7.828
28

Working ;'/CQiit&
o
17
16
14
10
8
a
8
8
8
8
8
8

C£pita1
o
20
18
16
12
8
8
8
9
8
8
8
a

Ex~end.

,
Tax -I- Leas·'il

.'\
=

\.

\\
0.:\5685X profit - O.3<!I)1x revenue

':~

xu..
1
2
3
4
5
6
7
8

'\,~ 9

(, i~
12
13

1§W:
1
2
3
4
5
6
7
8
9
10
11
12
13

BAyet;:wa0.00\\
0.00 \

48.10 \
101.00
15(';.00
214.00'
301\;tQO
420.00
583.00
804.00

1100.00
1510.00
2050.00

WQrking ~~
0.00 Ii
0.00

40.04
58.79
64.67
69.85
75.43
81.47
87.99
95.03

102.60
110.80
119.70

CapitAl Expend.
30.00
24.00
28.32
0.00
O.Ou
0.00
0.00
0.000,,,,00
0.00
0.00
0.00
0.00

Net Profit
(30.00)
(24.00)
(19.67)
42.21
85.44

143.80225.50
3~8.90495.10
709.001000.00

1396.00
1929.00

Taxable Profit0.00
0.00
8.65

42.21
85.44

143.80
225.50
338.90
495.10
709.00

1000.00
1396.00
1929.00

Tax -I- le~
0,00
0.00
4.13

24.78
52.01
88.85

140.50
212.20
311.20
446.60
631. 20
881.70

1220.00

Net cash tlQW real
(30.00)
(20.87)
(18.15)
!ill.87
li20.70
[131..49
45.10
62.24
83.72110.60

144.00
185.60
237.20

Internal Real Rate of Return: 39.24805 p.a.
Net Present Value @ 7 perc~nt: R 339.049 million.
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APPENDIX U: DECLInNG POLICY ANAJ)~aIs;20% NETAL PRICE RISE
Periodoof capital redemption: 1 year
Capital Allowan~e % ~ates for tax & lease: 0 & 0

I"

1/
t\

\\.'

Inflation and Escalation rates over previous year: % p.a.
X~ .Inflill9n ~enl.le Wo;rk~D!.lCosts CsU:2i t~l £;~12eDg·1 0 o .' 0 0
2 15 30 17 20
3 14 38 16 18
4 12 36 14 16
5 10 32 10 12
6 8 28 13 8
7 8 28 8 8
8 8 28 81/ 8
9 8 28 ~' 8".10 8 28 S 8
11 8 28 :3 8
12 8 28 8 8
13 8 28 ,_:: 8 8
Tax + Lease ... 0.6685 x profit - 0.3401 X revenue

,. .,

~ B~veD~ !1~g ~Q!ts ~Sl];!i~s.l Etmend. 1i~j; f;t;:2fi:t
1 0.00 0.00 30.00 (30.00)
2 0.00 0.00 24.00 (24.00)
3 119.00 40.04 28.32 50.~4
4: 203.00 58.79 0.00 143. '0
5 251.00 64.67 0.00 18-5.10
6 300.00 69.85 0.00 229.70
7 356.00 75.43 0.00 280.50
8 420.00- 81.47 0.00 338.90
9 493.00 87.99 0.00 405.00
10 573.00 95.03 0.00 478.40
11 660.00 102.60 0.00 557.60.
12 751. 00 110.80 0.00 639,,/70
13 840.00 119.70 o. Q':i 720.00

~ Is.\~Slbl.~ fl;:Qfi:t I~~+ lis§§ H!tl'.i ~g§b flQ!l };:§al
1 0.00 0.00 (30.00)
2 d.oO 0.00 (20.87)
a 78.715 48.61 1.40)
4 143.90 89.32 37.19
5 186.10 115.90 43.48
6 229.70 143.40 49.49
7 280.50 175.40 55.78
8 :338.90 212.20 62.24
9 405.00 254.00 68.73
10 47'9.40 300.30 75.05
11 557.60 350.30 aO.87
12 639.70 402.10 85.83
1:3 720.00 452.80 89.39
Internal Real Rate of RetUrn: 49.36521 p.a.
Net Present Value @ 7 percent: R 307.340 million

J.19
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APPENDIX V: CONS1ANT POLICY ANALYSIS;·' 2% METAL PRICE FALL

Period of capital redemption: 1 year "
Capital Allowance % rates for tax & lease: 0 & 0
Inflation and Escalation rates oVlE\rprevious year: %~.
~1
2
3
4
5
6
"}

8
9
10
11
12
13

lnfla'l:ion
o
15
14
12
10
8
8
8
8

,,8
8
8
8

)Kevenue
o
18
16
14
10
6
6
6
6
6
6
6
6 ,.

" :~.1

working Costs!'
o
17
16
14
10
8,)
8
8
B
8
8
B
8

Capital Expend.
o
20
18
16
12
8
8
8
8
8
8
B
8

Tax ~ Lease ~ 0.66E5 x profit - 0.3401 x revenue

~
1
2
3
4
5
6
7
8
9
10
11
12
1.3

~
1
2
3
-4
5
6
7
3
9
10
11
12
1.3

i~,'QitalExgend.
30.00
24.00
28.320.00
0.00
0.000.00
0.00
0.00
0.00
0.00
0.00
0.00

WQ:t'king CQsts
0.00
0.00

40.0458.79
64.67
69.85
75.43
81.4787.99
95.03

102.60
110.80
11~~7.9="~JI// --

~b
/.:=;: ~::'.~." 0 ..00 /~~

'\ 0 OQ ~/
~~>" --~- ..... "19~29
31.38
34.52
35.30
36.02
36.67
37.24
37.72
38.08
38.31
38.40

~nue0.00
0.00

59.30
90.20
99.20

105.00
111.00
118.00
125.00
133.00
141. 00
149.00
158.0D

~ 0.00
0.00

10.88
17.91
19.70
20.02
20.29
20.50
20.64
20.70
20.67
20.54
20.29

Net P~c'ill
(30.00)'
(24.(10)
( 9.03)
31.38
34.52
35.30
:36.02
36.'67
37.24
37.72
38.08
38.31
38.40

Net
'\

ca§h flot[ real
(30,00)
(20.S?)
(15.19)

9.179.17
8.76
8.35
7.95
7.56
7.17
6.79
6.42
6.06

I,)

Internal Real Rate of Return: 2.575195 p.a.Net Present Value @ 7 percent: -R 13.1117 million
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APPENDIX W: INCREASING potlCY ANALYSIS; 2% Mlii'AL PRICE FALL

Period of capital reclemptiCtiO 1 ))year
Capital Allowance % rates for tax & lea:!.ie: 0 & 0
Inflation and Escalation rates ove~ previous year: % p.a.

I!llU:
1
2
3

,A-
S
6
7
8
9
10
11
12
13

Inflation
o
15
14
12
1.0
8
S
8
8
8
8
a
g

Ta¥ ir+ Lease ..

~
1
2
3
4
5
6

'00 7
8
9
10
11
12
13

Reveny,e
0.00
0.00

34.50
60.00
74.30
87.60

102.00
118.00
136.00
155.00
176.00
199.00
224.00

Reyenue worl)ing Cosu ~.::t,,=a..l_E&itxp-=en&.:.d::a......
o d ~7 0i: ! ;;)\ 16 fg

:I \"1 A 1614 ((,_-"S
10 <, 10 c; l~:
15 " 8 S3
15 8 8
6 8 8
6 8 8
6 II 8 8
6 u 8 8
6 \, 8 8

'" 6 \C->_' ", 8 J=!.~:I
,;1 //;'

O.668(p x profit - 0.3401 x re~nue

, WQl:kin9 Costs.
0.00
0.00

40.04
58.79
64.67
69.85
75.43
81.47
87.99
95.03

102.60
110.80'
119.70

~ 30~OO
24.00
~8.32
0.00
0.00
0.00
0.00
0.00
0.00

V 0.00(Ii 0.00
0.00
0.00

"tftat Prof i.:t
(30.00)
(24.00)
(33.8,6)

<,,'" ",1.19
9.62

1.1.71
;~6.69
36.67
47.7'3
59.95
73.44
88.28

104'l.60
, i

~~f.ib
~1

~ ~stXIQ:L§l f .t" lSi\X + J.il;UU'! Het tlQ!tl ~ft:Q_J. ...i
1 0.00 ! 0.00 (30.00)
2 0.00 0.00 (20.S7)
3 0.00, 0.00 (25.83)
4 0.00 0.00 0.81
5 5.26 0.91 5.34
6 17.71 8.8~ 5.07 1'-\

7 26.69 14.37 7.95 I \,
8 36.67 20.50 7.95
~ 47.73 27.29 9.30
10 59.95,,,"0<"" 34.18 10.60
11 73.44 43.10 11.83
12 88.28 52.24 13.02
, 13 104.60 62.20 14.15

"'\.I

Internal Real Rate of Return: 1.262695 p.a. '..'
Net Present Value @ 7 percent: -'R 23.1'274 million.

()
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APPENDIX X: ; ,~NING l?OLICY ANALYSIS; 2% METAL PRICE li'ALL
• rL\. / 4

Perl-od of capl-tal rede.mptJ.on: 1 year "
Capital Allowance t rates for"otax & lease: 0 & 0
Inflation and Escala1tion rates ever pr~~fiousyeal: \\;~.a.

,Yea;r;:
1
2
3
4
5
6
7
8
9 Ii

~
12
13

Inflation
o
15
14
12
~O" Ii ."
8 II,
a, !'
·s' '.'.a
g
a
8

Ta~oI: + 14ease ""
8

o~u
1
2
3
4
c5
.6
7
8
9
10
11
12
13

Xear,
3.
2·
'3
4<
5
6
7
8
9
1.0.1\
11"
12
13

n
'Beyenu~ .,
/10. 00
Q.OO

84.20 '
120.00
124.00

+ 123.00
:1,.21. 00
118.00
115.0C
111.00
105,00
99.20
91. ..90 "

,~-~,,-

Revenue
o
IS
16
'14
10
.E
'~";:;

,16
~;:::O:-b
6
6
5
.,;6

world!19 co§t~.o ".
17
16
14
10
8
~
8
a
8
8
8
,8

capital
,; 0

20
18
16
12
8
8
·8'g::
8
8
8
8

(I

J);.3491 x revenue

122

worti;tW
0.00
0.00

40.04
58.79
64.67
69.85
75.4J_
81°11*1
87 •.i99

'/ Sl5.03
:' 102.60

110.80
11.9.70

Ca,pita;t t?4itend..t..30.00 '
,24.00
28.32
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00-
0.00
0.00

'~

(430.00)
'i i,{24.00)

if 15.81
"", 61.59

590"45
52.91
,45.36,
36.67
26.76
15.51
2.75

(11.63)
(27.78) c

Net "
ca,sh_:flow real

costs

I'\\

(I l:a,xabl.!fLf1.:2.lli. ~ax' + lease
, O. 00 ,0/ 0.00

0.0.0 I"O.PC}
'4.1~ 26At4
61. 59 37"'.08
59.45 35.52
52.91 31.20
45.3!; 26.21

\.1 36.67 20.50
26.76 /I 13~98,

ii 15 •.51 :; ~, 6',61p
;\1 27'. S 2 '! 0 • 0'0

0.00 0.00
0.00 o.bb

('/

(30.00)
(20.87)
( 8.26)
16.69
14.81
12.45
~0.16
7.95
5.81
3.75
1.07

{ 4.20)
( 9.29)

:7

Internal Real Rate of :Return: 4.,394532 p.a. \1.1"
Ne~,Present Va.lue @ 7 percept~ It -R 10..60~8 million. \

~\
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A'PPJt.Nl)IX y~ CONSTANT POLICY MJALYS,IS; 3% METAL PRICE i,RISE:

Pe:r:iOIllof capital redemption: 1 yearcapital Allowan~e % rates for tax & lease: 0 & 0
Inflation and Escalation rates over p:ce.j~'2usyear: % p.a.

',\

:t:e-rr.lll:fl~tion Revenue worKing costS'~L,ca:gi"t~l~~!and.
1 0 0 0 ,lrr '0 .0
2 15 17 17 ,) 20
3 14 15 1(J 18
4 12 13 14 16
5 10 9 10 12
6 8 5 S 8
T 8 5 8 8
8 8 5 8 8
9 8 5 8 8
10 S 5 8 8
11 S 5 8 a
12 s' IS ~ 8

.\ 13 8 5 8 8 -"~I

Tax + Lease = 0.6685" profit - O.3!\401x revenue

~
1
2
3
4
5
6

,.,;".:7
g,
9
10
11
12
13

j.~
1
2
3

5
6
7
8
9"
10
11
12
13

,Reve®e."
0.00 ..

.-;:' -o~oo
58.30
87.90
95.80101. 00 ,,'

106.0.0
111. 00
116.00
122 ;1(:)0

.'.;1.28.00
135.00
141.00 '

,~0.00 '.
0.0.0

40.04
58.79
64.67
69.85
"75.43
81.47
87.99
95.03

(, 102.60
, 110.'80

119.7l;l

l'axal¢J,e

..«

~Jt'\ql cExpMSL., so. 00
24.'00
,,~8.32
':0.00,.o.ool!
0.00
0.00
0.0,0
0.00
0.00
0.00
0.00
C).OO

Net pr~'lt
, (30. 0(ill. ,..
(~4. OOlo,c. 04)
29.07
31. H)
;30.71

'~;.'30.15
29.40
28.42
27.21
25.72
2,3.92

0.00
0.00

18.28
29.07
31.10
30.71
3{).15
29.40
28.42
27.21
25'y-';]2
23.92
21. 79

~x + le$ts~
0.00
0.00

10.23,
16.45
17.53
17.11
16.57
15.88
15.04
14.03
12.83
11.41
9.76

21". 7'~l" "\i;
cash f;towNet
(40.00)
(20.87)
(15.,,;17 j
a:fjo
8~40
7.80
7.21
6.64

.,~.09
!5.55
5.03
4.52
4.03

Internal Real Ra.te of Return: -0 ..6210.938, p.a.Net PJ:esent Value @ 7 percent; -R 20.5874 mil'lion..
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APPEND.:IX ~ INCfU~ASI.NG ,~OLICY ANALYSIS~ 3% }~ii..r~L PR,ICE FALL
\r . If ~~. ,\

... , . ,I,' . " :~' ~,'.per~od 'of ~C'!,pj,,-~alredempti.on: 1 ye~~ . "II ,/1., ,(- 'i-
Cap~ tal ~llowancE!i',~ rat.es fpr tax Sc le<l&e! 0 &. 0,., ': <cJ~~;~':\~3
Inflation and Escalation l:'afa~ 'over .pr~viou~ ,ye~r: %' p.a. \\

)"
Exoehd:C ,

'c , tlg~klp_g.co~ts
.

~..st: Infl9.t.i2Il Re"'(a!lue Capital
J~ 0 'Q., .t, \' '0" 0
:2 15 17 17 20
3 14 ,,15 16 18
4 ',:-: 1~" '-'13 14 16~.
5 10 s 10 12
6 8 ,~? 5 8 (~~ ~7 8 0" a 8
8 1.1 8 5 8 ,S
9 8 5 8 8
10 '-)~ s 8 8
11 if; ~, '5 8 8
12 8 5 8 8
13 8 5 8 8

r ,

Ta~-± Lease == 0.6685 X profit - 0.3401 x revenue

~t:. BeY~n:IJ~ WQ~ls.iDg ~Q§tli! t:!apital ExBsm~ ID=1Lfl;:~
1 0.00 0,00 ';'. 30.00 (3D.00)
:2 G.OO 0.00 ,24.00 (24.00)
3 33.90 40.04 \;\ 28.32 (34.45)
4 58.40 58.79 0100 (34.92)
5 71. 70 64.;67 O~O(j 7.05
6 83.70 69'.85 0.00 13.89
7 96.70 75.43 0.00 21.3-1
8 111.00 81.47 0.00 29.40
9 1,146.00 8~.99 0.00 38 •.17JO 143.00 95.03 0.00 47.68
ell 161. 00 102.60 0.00 '/ 57.96
12 180.00 110.80 O. OO:~; II 69.07
13 201.00 119.70 0.00 h_, 81.02:::;-f\

:r

~
1
2
3.,
4:
5
6",7
~~
§-''"
10
11
1'2
13

Taxa};)),§.. Prof it
0.00
0.00
0.00
0.00
o. sr-

13.89
21.31
29.40
38.1.7
47.68
57.96
69.07
81.02

~ax + le§s~
0.00
0.00
0.00
0.00
0.00
6.44

10.96
15.88
21.23
27.02
~3 .1[29
40.05
47.34

N~t ca§D flow reQl
(30.00)
(20.87)
(26.28)
(23.78)

4.37
4.27
5.50
6.64
7.71
8.71
9.63

10.48
1'1.27

Int~:rnal Real Rate of Rat':lrn: -1.519531 p.o..' I,

Ne:t'l?resent ValUe @ 7 percent: -R 32.1249 million
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,APPEl,'PIX 1.\.A: DBCLINING POLICY ANALYSIS; 5% METAL PRICE l'ALL

Period ot: capital redemption: 1 year
Capital Allowance % rates for tax & lease: '0 & 0
Inflation and Escalation rates over pz evLous

o .. h

~ ;tntlation I~e~e Working CQi~:tS
1 0 C 0 J
2 15 <-17'''' 17
3 14 15 16
~' i~ ~3 i6
6 8 5 'I 87 85\ a
8 a 5 8
9 B 5 8
10 8 5 a
11. 8 5~---~~~-"", 8
12 8 5 8
13 8 "5 8

year: , p.a.

Cap:lcal Expenq.
o
20
18
16
12
8
8
a
s-
a
8
8-
S

== 0.6685 x profit - 0.3401 x revenue-:I;'_~~ + Lease_,'Jy
\~ .,.;::::'
"'::~
1
2
3
4
5
6
7
8
9
10
011
12
13

x.~
1
2
3
4.
5
6
7
8
9
10
11
12
13

Rfienu~
0.00
0.00

82.70
1:17.00
:120.00
1l.7.00
114.00
111.00
:107.00
102.00
36.10

____,89.60
v 8'2"'.30

Working coacs
0.00
1).00

40.04
58.79
64.67
6..~. 85
7$.43
81.47
87.99
95.03

1.02.60
110.80
119.70

Ca:gita 1 Exoerlg.
30.00
24.00
28.32
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

"Met Protit
(30.00)
(24.00)
14.38
58.51
55.16
47.56
39.00
2,9.40
18.58
G.75

( 6.51)
(21.20)
(37.44)

TaxabJ,§ Profit:
0.00
0.00

42.70
58.51
55.16
47.56
-39.00
29.40
18.68
6.75
0.00
0.00
0.00

Tax + aa!i~
0.00
0.00

25.73
35.12
32.80
27.80
22.18
15.88
8..86
1.05
0.00
0.00
0.00 c

~ ~a~h ;low reel
(30.00)
(2'O.87}

,(429.40)
(141.00)

3.38
20.62
19.45
18. :32'
17.23
16.12

,12.18
7.95
1.87

Internal Real Rate of Return: < -4.00 p.a.
Net Present;. ValUe. @ 7 percent: -R 20.490010 million
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Inflation and Escalation rates over previous year: \ p.a.
l.Dll~tion

0-
u;;
JJk;
12
1iJ
a
8
8
a
a,
8
8
8

Revenue
o
15
13
"11
7
3
3
3

.",3
3
3
3
3

Working cost§
o
17
16

.' 14
10
8
8
8
8
8
8
8
8

cap italJ:rnend.
o
20
18
16
12
8
8
8
8
8
8
8
8

Ta~~+ Lease .,- 0.6685 x profit - O. 340L;x revenue
,~,Y'''::::. '.J

1..~
1
2
3
4
5
6
7
S
9
10
11
12
13

~
1
2
(~

4
5
6
7
8
9
10
11\
12
~3

~llue
0.00
O ...i.H)

56. ~t: .
83.40;;
89o!;20
91.1~0

94 'fa097 ~ .0
100';00
103JOO
107.00
110.00
113.00

Costs.
. 0.00

0.00
40.04
58.19
64.iii?
6918s
75/438~:.47
~/.99~5.03 .

102.60
110.80
11~~ 70(? -.~'

~alSabl~~~~
o,.OOll T6.oo~·, )

16.28
24.S7
24.52
22.02
19 ~'19
15. 9~=·=<.
12.40 '
8.37
3.87
0.00
o. 00'

Capital Expend.
30.00
24..•00
28.32
0.00

(\O. 00
0.00
0.00
0.00
0.00"
O"PO
0.00

1) 0.00
0.00

N§t Ft2:e~t
(30.09)
(24.00)
(12.04)
24.51
2'4.52
22.02
19.:\:9
15.99
12.40
8.37
3.87

( L 4:t)
( 6.72)

i:·

<,

: 'IiTag +) .;-~..au
0<,,00.
0.00
8.97

13.59
13.36:,

,. 11. 60'
9.61
7.38
4 ~''S8
2.08
o , qp
0.00
0.00

~., caiiV,;.. ....f....l,...,Q'-lJw,_.,.r....e"..,A.....l
pO"'.QO) .
{20. $i7}
(,.16.02 )

7 •.4.8
6,~91S.98
5•.09
4.24
3.43
2..65
1.51

( 0.41)::::
( 2.25).

Internal Real Rate. of Return: < -4. 00 p.~.. .
Net Present Value @ 7 perc~nt: -R 36.2869 .~ll~on.
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APPENDIX At:::INCREASING POLICY ANALYSIS; 5% METAL PRICE FALL
Period of capital redemption: 1 yearcapital Allo~ance % rates for tax & lease: 0 & 0
Inflation and Escalation rates over previous year: % p.a.

Capital Expeng.
o
20
18
16

I! 12
8
8
8
8
8
8
8
8

~ lnflgtiQn ~venue WQt:killg~Q=ts
1 a 0 0
2 15 15 17
3 14 13 16
4 12 11 14
5 10 7 10
6 8 3 8
7 8 3 8
8 8 3 II 8
9 8 3 8
10 8 3 8
11 8 3 8
12 8 3 8
13 8 3 8

Tax + Lease - 0.6685 x profit 0.3401 x ravenU$

I.ul:. Rovet:l.Ui Hg.::king: ~Qitl Cg:git!:l.l ;E;~12~ml•. N§t f~Qfi:t
1 0.00 0.00 30.00 (30.00)
2 O.CO 0.00 24.00 (24.00)
3 32) .0 40.04 28.32 (35.61)
4: 55 •.f) 58.79 0.00 (33.46)
5 66. 8~ . 64.67 0.00 2.13
6 76. Sf.)' 69.85 0.00 6.65
7 86,70 75.43 0.00 11.27
8 97.50 81.47 0.00 15.99
9 109.00 87 ..99 0,00 20.81
10 121.00 95.03 0.00 25.69
11 133.00 102.60 0.00 30.&3
12 146.00 1.10.80 0.00 35.61
13 160.00 119.70 0.00 40.5b

I;:

~ lS\~i&1:2l~ft2fit l~~ + li~Ui§' H§t g",=b flQw ;:i~l
1 0.00 0.00 (30.00)
2 0.00 0.00 (20.87)
3 0.00 0.00 (27.16)
4 0.00 0.00 (22.19)
5 0.00 0.00 1.32
6 0.00 0.00 3.81
7 9.41 3.34 4.21
S 15.99 7.38 4.24
9 20.81 lO.21 4.82
10 25.69 13.07 5.32
11 30.63 15.95 5.73
12 35.61 18.82 6.06
13 40.58 21.67 6.32
Internal Real Rate of Return: < - 4.00 p.a.Net Present Va~ue @ 7 percent: - R 48.2470 million.
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Al?PDtDIX 1J.): DECLINING POLICY AN~YSISi 5\ METl\L PRICE FALL ('
Period of capital redemption: 1 year
Capital Allowance .% rates for tax & lease: 0 &. 0
Inflation and Escalation rates over previous year: % p.a.
Year
1
2
3
4
5
6
7
8
9
10
U.
12
13

Inflation
o
15
14
12
10
8
8
S
8
8
8
8
8

Reven1:!§,
o
15
13
11
7
3
3
3
3
3
3
3
3

!larkingcosts
o
17
16
14
10
8
8
8
8
8
8
8
8

~itgl Expend.
o
20
18
16
12
8
8
8
8
8
8
8
8

Tax + Lease = 0.6685 x profit - 0.3401 x revenue '.\
II

XUJ;.: R~v!iD~.1i H~a.:1d,llg ~Q~t{i ~12i:t§.l ~~iUlg· lI§!t i;[Q'it1 0.00 0.00 3'1.00 pO.OO)
2 0.00 O~OO 24.00 (24.00)
3 79.90 40.04 28.32 11.55
4 111.00 58.79 0.00 52.49
5 112.00 64.67 O.()O 46.93
6 107.00 69.85 0.00 37.41
7 103.00 75.43 0.00 27.12
8 97.50 81.47 ~J\g 15.99
9 9,2.00 87.99 3.99
10 86.10 95.03 O. ~\I) ( 8.93)
1\ 7'9.80 102.60 0.'00 ( 2.29)
12 73.00 110.80 0.00 ( 3.79)
13 65.70 119.70 0.00 ( 5.40)

0

~ l:ilx~bl.~ fl:2fit l:iiJ.X + li\I:U H~t £A§ll ;CJ.Qll ;k:~~l
1 0•.00 0.00 (30.00)
2 0.00 0.00 (20.87)
3 39.87 23.93 ( 9.45)
4 52.49 31.31 14.43
5 46.93 27.58 11.98
6 37.41 21.36 9.20
7 27.12 14.64 6.62
8 15.99 7.38 4.24-
9 3.99 0.00 1.82
10 0.00 0.00 ( 3.76)
11 0.00 0.00 ( 8.92)
12 0.00 0.00 (13.68)
13 Cf.oo 0.00 (18.07)
Internal Real Rate of Retut'n: < - 4.00 p.a.
Net Present Value @ 7 perc~nt: - R 40.4415 million

(

\
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APPENDIX All::. CONSTANT POLICY ANALYSIS; 6% ME'.t'AL PRICE FALL

Period of capital redemption: 1 year
Capital Allowance % rates for tax & l.::!ase:0 & 0
Xnflation and Escalation l1'a'.cesover previous year: % p.a.
~ InUation Revenue wor!<in~osts Ca12ij;al~~)2~J1g_,_1 0 0 0 0
2 15 14 17 20
3 14 12 16 18
4 12 10 14 16
5 ,10 6 10 12
6 8 2 8 8
7 8 2 8 8
8 8 2 8 8
9 8 2 8 8
10 8 2 8 S
11 8 2 8 8
12 8 2 8 8
13 8 2 B 8

Tax + Lease = 0.6685 x profit - 0.3401 x revenue

~ BIYJinY~ !:l.QUing ~(jits ~.i.tal ;C;~:e~nd. Hit EX:2tJ.:t:
1 0.00 0.00 30.00 (30.00)
2 0.00 0.00 24.00 (24.00)
3 55.30 40.04 28.32 (13. O~n
4 81.20 58.79 0.00 22.37
5 86.00 64.67 0.00 21.36
6 87.80 69.85 0.00 17.91
7 89.50 75.43 0.00 14.08
8 91.30 81.47 0.00 9.83
9 93.10 87.99 0.00 " 5.14
10 95. .o 95.03 0.00 ( 0.04)
11 ~ 96.90 102.60 0.00 ( 5.74)
12 98.'80 110.80 0.00 (12.01)
13 101. 00 119.70 0.00 (18.90)

xruu:
1
2
3
4-
5
6
7
8
9
10
11
12
13

laxQple 'Pro'f it;.
0.00
0.00

15.30
22:37
21. 36
17.91 ,.
14.08
3.83
5.14
0.00
0.00
0.00
O,pOO

l'ax ...lease
0.00
0.00
8.l5
12.19
11. 35
8.99
6,.37
3.47
.0.27
0.00
0.00
0.00
0.00

~ca§h tLl2.LnU.(30. (0) i"

(20.87)
(16.30)

6.93
6.20
5.11
4.09
3.13
2.22

( 0.O.2)
( 2.24)
( 4.34)
( 6.32)

Internal Real Rate of Returnt < - 4.00 p.a.Net Present ValUe @ 7 percent: - R 46.5039 :million
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APPENDIX AF: INCRSASlNG POLICY ANALYSIS; 6% METAL PRICE FALL
Period of capital redemption: 1 year
Capital Allowance % J:i'ates for tax & lease: 0 & 0
Inflation and Escalation rates over pr'evious year: % p.a.

X!i!Y:
1
2
3
l!,
5
6.,
8
S
10
11
12
13

lnt:lation
o
15
14
12
10
8
8
8
8
8
8
8
8

fu~venue
()
:L4
:L2
:LO
15
:a:,
:2
:2
:2
2
2
2

Working costs
o
17
16
14
10
8
8
8
8
8
8
8
3

Capital Expend.
o
20
18
16
12
8
8
8
8
8
8
8
8

Tax + Lease '"" 0.6685 x profit - 0.3401 x revemie

l£ru:.
1
2
3
4
5
6
7
8
9
10
11
12
13

Reyeuu§
0.00
0.00

32.20
54.00
64.41'
73.1
82.00
91.30
101. 00
Ill. 00
1~1.00
132.00
143.00

.H~oreuk~i...n~g~C::.;;9<.11s~t:-=:,S .Qruli.:t..(}.lExpend.0.00 30.00
0.00 24.00
40.04 28.32
58.79 0.00
64.67 0.00
69.85 0.00
75.43 0.00
81.47 0.00
8~.99 0.00
~5.03 0.00
102.60 u.QO
110.80 0 JO
119:70 O.JOG

Net Profit
(30.00)
(24.00)
(36.18)
( 4.81)
(\(0.24)
/) 3.22

6.58
9.83

12.94
15.87
18.60
~.1.10
~3.29
"

Taxaple
0.00
0.00
0.00
0.00
0.00
0.00
0.00
6.73

12.94
15.87
18.60
21.10
23.29

P:r;ofi;t Tax + lease
0.00
0,00
0.00
0.00
0.00,..,
0.00
0.00
1.39
5.22
6.84
8.3,1
9,J2

10.71

N!t CA§h fl9.w real
(30.00)
(20.S7)
(27.(50)
( 3.27)
( 0.15)
1.85
3.49
4.15
3.51
3.81
4.0~
4.15
4..21

Internal Real Rate of Return; < - 4.00 p.a.
Net Present Value @ 7 percen't.: - R 56.23l~5 million.
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APPENDIX AG: DECLINING POLICY ANALYSIS; 6% METAL PRICE FALLPeriod of capital redemption: 1 year
capital Allowance % rates for tax & lease: 0 & 0
Inflation and Escalation rate& over previous year: % -p.a.
x...~ .In~ J.iJ.:t i!2ll Eevemae WQrkin9: Cos:t~ Q~J2ital EXPEID.SL..1 0 0 0 0
2 15., 14 17 20
3 14 12 16 18
4 12 10 14 16
5 10 6 10 12
6 8 2 8 8
7 8 :2 8 8.:)
8 8 2 8 8
9 8 2 8 8 .,
10 8 2 8 8
11 8 2 8 8
1? 8 .'2 8 8
13 8 2 8 8

Tax -t .Lease =
ZJtW;.
1
2
3
4
5
6
7
8
9
10
11
12
13

Rtyenu.1
0.00
0.00

78.50
108.00
108.00
102.00
97.00
91.30
85.30
79.10
72.60
65.70
58.60

0.6685 x prOfit - 0.3401 x revenue

working 'Costs
0.00
0.00

40.04
58.79
64.EP
69.85
75.43
81.47
87.99
95.03

102.60
110.80
119470

CapitaJ, i&tend.
30.00
24. O-~\
28.3~
0.00 oJ

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

H§:t PJ;:ofi:t
(30.00)
(24.00)
10~15
49.56
42.98
32.61
21 ..57
9.83

,,(2.66)
(15.93)
(30.07)
(45.10)
(61~lO)

~ liJ.~fAble ft:Qfit IiJ.~ + l§~§~ Net cash flow
1 0.00 0.00 (30.00)
2 0.00 0.00 (20.87)
3 38.47 '.3.05 ( 9.84)
4: 49.56 29.45 13.70
5 42.98 25.07 11.09
6 32.61 18.31 8.19
7 21.57' 11.12 5.55"
8 9.83 3.47 3.13
9 0,00 0.00 ( 1.21)
10 0.00 0.00 ( 6.71)
11 0.00 0.00 (11.73)
12 0.00 0.00 (Hi.:)9)
13 0.00 0.00 (20.44)
Internal Real Rate of Return: < -. 4.00 p.a.
Net Present Value' 7 percent: - R 50.5631 million.
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APPENDJ:X Alh OECLJ:NING POLICY IMPLEMENTATION & )ofIN!: LXFE - 8
YEARS, SJME COSTS.

J?eriod of capital redemption: 1 year
Capital Allowance. % rates for tax & lease: 0

if~~~lation and Escalation rates over previous
xJ~ InflAtiOn 2eyenye working cOlts
1'\ 0 0 0
:2)) 15 20 17
:3 14 ra 16
4 12 '~6 14
5 10 i~~ 10
6 8 8" ": 8
7 8 8 8
8 a 8 8
9 B a a
10 8 8 8

Tax "'"Lease
~1
2
:3
4
5
6
7 if
8 ii

9
10

~
1
2
3
4
5
6
7
8
9
10

Riyenue.
i\ 0.00
0.00

67.10
104.00
116.00
126.00
136.00
146.00
158.00
171.00

& 0

year: % p.a.
CAPital EXp§vd.

o
20
18
16
12
8
8
8
8
8

(\

... "\\6686 'X profit - 0.3401 X reve~ue

!tQrking ~9§ts' ~l1pit"l Eixpend..0.00, 30.00
Of 00 24.00

40.04 18.32
58.79 \0.00
64.~7 0.00
69.85 0.00
'75.43 0.00
81.47 0.00
87.99 0.00
'95~03 0.00

NIt frofH;
(30.00)
(24.00)
( 1.27)
44.96
51.53
55.66
60.11
64.92
70.11
70.72

Iaxab~ PrQfj,t
0·/2 ,'"~Yoo .:

2~05 '
44.96
51,,53
5,5.66
60.11
6 .92
70.11
75.72

.'l'SlX + lease,0.00
0.00is.BO
26.53"
30.50
32.94
35.57
38.42
41.49
44.81

Net eARb ~lQW rcal
(ac .co)
(20.S7)
(13.02)
12.55
13.02
13.02'0,
13.02
13.02

:1 13.02
13~02

Internal Real Rate of':iReturn: \\7.015625p.a.
Net Present Value @ 7 percent: R 0.427017 .iIlian

II
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l\PPENDIX AI: DECLIllING POLICY IMPLEMEN'l'ATIOll, MINE &11'1: - 7
YEARS, MODIP'IED COSTS~ I ,', (}

Period of 8apital redemption: 1 year
,capital Allowance % rates for tax & lease: 0 «0 c

Inflation and Escalation rates over previous year: % p.a.
~
1
2
3
4
5
6
7
8
9

Infl.~tiQn
o
15\~~
14
1,2
10
8
B
8
8

Reyem,te
o
20
18
16
12
8
8
8
8

Working Cos:t§
o
17
16
14
10
8
8
8
8.

cap,itaJ,~xpend.
o
20
18
16
12
8
~
8
8

Tax + Lease ~ 0.6685 x profit - 0.3401 x revenue

xm
1
2
3
4
5
6
7
8
9

Eevenue
0.00
0.00

71.20
109.00
121..00
129.00
138. QOr:
148.00'
158.00

working Costs
0.,00
O'~00

37.32
55.70
61.27
66.17
71.46
77.18
83.36

capital ~xpend,
25.00
21.60
25.49
e: 00
0,,00
0...,,00
O~OO
O.O.Q
0.00

N~t Profit
(25.00)
(21.60)

8.41
53.36
59.64
63.05
66.97
70.76
74.74

XDl: l·~~~[,ll.e;eI;:2;t;L1;: l:AX + l~~§i Wit r;:Aih fl.Q:il I;:~_i\.l
1 0.00

//
0.00 po.OO)

2 0.00 ·-"1 0.00 (20.87)
3 33.90 20.2-4 ( 9,,02)
4 5~.36 31.96 14.57
5 59.64 35.76 14.79
6 63.05 37.76 14.50
7\\ 66.97 140.06 14.28
8 70.76 42.27 14 .co
9 74.74 44.59 13.72

Internal Real Rate of Return: 11.04688 p s a ,Net Present Value @ 7 percent: R 8.69725 million
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