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ABSTRACT

In this preject report, economic evaluation techniques and investment
decision methods are studied. Their application to the gold mine
residue reclamation projects of East Rand Gold and Urarium Company
(Exgo), an associate ¢f Anglo American Corpuration (AAC), is

considered.

AAC has been active in dump reclamation since 1953 and by 1982 it was
operating three plants on the Rand, namelv Ergo, Simmergo and Sallies.
The development, by AAC and Ergo's metallurgists, of the
carbon~-in~leach process created additional investment opportunities.
These opportunities were ecoromically evaluated using rate of return
analysis and other methods to determine their relative merits. The
economic evaluation exercises indicated which investments ought to be

undertaken to maximise the profits arising from the amounts invested.

Legal and other aspects influencing the decision-making process are

studied, as well as the financing of the capital expenditure,.
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i. INTRODUCTLON

The charter of the East Tand Region of the Gold Division of Angle
American Corporation of South Africa Limited (AAC) is:
- to profitably extract gold, uranium and sulphuric acid from the

residues of mining operations cn the Witwatersrand;

- to develop improved technology to increase the profitability of

this extraction process; and

- to acquire additional reserves to extend the lives of AAC's

companies that are active in the residue retreatment business.

As the Divisional Manager of the Transvaal Section >f the AAC Gold
Division, I have worked since 1982 on the evaluation of technological
developments and of potential reserves in an endeavour to expand the

business opportunities of AAC's residue re-treatnent companies.
PP

Evaluation exercises are done because they are essential in the mining
industry. As each mineral deposit is unique, not only in its location
but also in its chemical and physical properties, it requires detailed
technical and economic evaluation. Tech :logical developments require

similar evaluation.

The mining industry is more concerned than most industries with new
project valuation as mineral deposits are a non-renewable, exhaustible
resource. Mining companies regularly seek to re-invest part of the

proceeds from existing mining ventures ir "+ wining projects.

Project evaluation techniques are thus t use in an endeavour
to replace existing business and to alternatives
available.

An evaluation report is important because it provides the basis for
judging the value of a mineral deposit and the viability of a project.
Not only is an evaluation report important to the management and board
of a company, but it can be important in dealings with vendors of

mineral deposits, shareholders, lenders, customers and goveriments.
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Because an evaluation exercise is necessary and important, it must be
done correctly. In this repert, it i1s my aim to show that the
evaluation exercises carried out with a view to expanding the
activities of East Rand Cold and Uranium Company (Ergo) were executed
correctly and that they lead to the appropriate investment decisions
being wade.

In project evaluation, the basic criterion for the investment decision
is that the benefits must be greater than the costs. Although it is
not possible to determine t!« estimated costs and anticipated benefits
with certainty, it is possible to derive an understanding of the
cost-benefit relationship and the potential effect of events on this
relationship. A number of elements must be addressed in project
evaluation: technical, economic, financial and legal fact~ 's.

Information on all of these aspects is gathered and then analysed.

Data gathering for a mining project begius with an assessmert of the
ore body as it {s the unique characteristic oa which one is
endeavouring to build a business opporrunity. Geologists determine
the shape and quality of the ore bedy in order to prove that
sufficient ore in excess of an economic grade is present. They also
define other characteristics of th _re boly as these influence the
wining method to be used. This in t . determines the capital and

cperating costs of extracting the c...

The capital cost of the project is calc lated by the mining and
construction engineers. The accuracy or che capital cost estimate is
affected by the amount ot det.iled design ti~:t has been done., If
limitea detailed design has been done, the estima.e should have a

substantial contingency added to it,

Working costs are incurred in mining, treatment and transportation.
Surface mining is considerably cheaper rhan underground mining and so
one is able to mine to a much lower cut-off grade on surface, In
evaluation exercises it must be remembered that the cost of mining at
increisingly distant work places rises. Thus unit costs of production

rice independently of iaflation,




An important point to consider is that the technical methods to be
employed are at times new, and expsrienced engineers cannot predict
with certainty the degree of operating efticiency, the cperating costs
or the capital cost of the project. Ir some of the projects
considered in chis report, new nevallurgical technology was introduced
on an unprecedented scale,

s
Having calculaitea the cepital and operating costs of a project, one
considers the ravenue arising from the sale of the project's output.
There are two distinct features concerning the cale of minerals,
Firstly, capital «xpenditure on many mine:c does not commence
unti) agreement has been reached on the sale of the proposed ocutput
for a number of years. The second feature is that it is uncommon for
a mine to establish a pricing pelicy. Prices are set on commodity
exchanges and the mining company has to accept fluctuating prices. In
South Africa, the Reserve Bank arranges the sale of the gold
production but the mines have to accept a varying price. Uranium on
the other hand is sold mainly at fixed contract prices; however, not

all of the uranium that i{s produced can be sold at present,

At AAC, we use »imulation approach in our project evaluation
exercises. A c. : flow model of the project s d-veloped to detarmine
which combination of inputs maximises the rat. of return from the
project. The economic evaluation is done u ing the data obtained
through the procegses outlined above. Sever 'l runs of the model are
usually required before the return i{s opti. ¢4 and before a decision
can be made on those factors over whiuch or: s control These factors
include the production level, the metbod « - nduction and the nature

of the products produced.

Thetre are other factors, however, over w! +» does not have control
and they are subject to errors of estima: - These factors include
ore grades and tonnages, prices, capital an. cperating costs,

escalation rates, the production commence 1. date and plant recovery
factors. To cater [~ these risk factors, one carries out a
sensitivity analysis which takes into account the range of values

which each risk factor could adopt.
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Of the risk factors listed, only the ore grades ind tonnagers can be _
estimated with limits of error which can be calculated. The
uncertainties associated with the other factors cannot pe definea in 2
completely objective way. Judgement plavs the major part in assessing
these uncertainties and the quality o the final answer obtained

therefor: depends on the quality of these judgements.

The evaluaiion of mining projects is no differeat to the evaluation of
any other kind of investment. The tax treatment of mining project
costs and profits differs in several respects, however, to the tax
tveatment of non-mining costs and profits. The depletion allowance is
a Iistinguishing feature that sets mining project evaluations apart
from general investment evaluations. There are, in addition several
other important tax considerations which must be dealt with correctly

in the evaluation of mining projects.

In the Souch African geld mining industry, the cost of mineral rights
and lind is recovered through the depletion allowance Capital
expenditure can be expensed, however, ip the year in which it is
incurred As a result, no costs are depreciable in the determination
of gold mining taxation., The capital spent on new projects of a
company can, in certaln instances, be expensed against the current

earnings of the existing operations of that rompany.

Changing prices of commodities aund technological developments have
resulted in the e-aluations uf the residue deposits changing over the
three decades In which AAC companies have bzen active in the residue
reclamation business. In this report, the changes over time in
evaluations of various residue depoeits are discussed. This
highlights how evaluations can change markedly with changes in

circumstances.

The history of AAC's reclamation operations is recounted in chapter 2.
The development of the carbon-in-leach process, which had a major
imract on the economics of dump reclamation, is described in chapter
2. The impact of this development on relations between AAC and East
Daggafontein Mines Limited (East Dagga) is the subject matter of
chapter 4.




Wherz on¢ has a range ¢ potential projects which could be undertakzy
independently of each other, it is pecessary to rank the projects to
learn in which order the projects should Le undertaken., Such
non-mutually exclusive projects should ove undertaken in the orde:
which maximises the profitability of the companics inveolved. In this
project report, 1 show in chapter B that the management of Evgo had
four projects to consi'er in mid-1983 and how 1t v 8 decided to which
order the projects should be undertaken. Th: rour proj:cts were the
construction of a carben-in-leach ; lant at the Ergo Division, the
extensior of the Simmergo Division plary, the establishment of the

Daggafontel: Division and the reclomation of the slimes dam at Withok.

£ particular reserve msy not be economical if it is treated in a

particular way but it iay be wortbwhile to treat it in an alternative
way. Alternative solutions vere generated for the reclamation of the
Withok and Drggafontein Division slimes dams, It was important that
these mutually exclusive alternatives were correctly analysed so that
the economically most attractive alternative was chosen in each case.

This analysis is presented in chapter 9.

Each of tne above-meatfoned non-mutuallv enclusive project< and the
mutuallv exclusive alternatives Is a re.enue producing project which
requires a certain method of analysis, Within these grojects and
alternatives, there are different ways in which services can pe
provided. FEach service producing alternative requies economic

evaluation using the correcc methodology.

For the purposes of economic evaluation it is useful to evaluate
projects in a number of ways., Rate of ruturn, net present value,
pavback and hreak-even analysis were u=ed in the economic evaluations.
Because of uncertainty, sensitivity analyses were done t> show the
impact of varying gold prices, operating costs and capital costs on
projects. The sensitivity analysis for the combined Daggafontein

Division and Withok slimes dam project 1s presented in chapter 10.

Different assumptions with respect to escalation can have a major
impact on the economic ¢valuation of a project. One assumption that
can be made is that prices and costs escalate in s .ch a way that

profits remain unchanged throughout the life of a project. This is




Figure 1.1 The Frgo Division plant in Mav 1984 with the

carbon-in-leach plant being built in the foreground. The flotaticn
plant stands between the thickeners ni:1 the gold, uranfum and acid

plants in the background.
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often referred to as an unescalated exercise. These profits can be
regarded in two different ways. Firstly, the profits can be regarded
as being in current money terms. If this assumption is made, then the
discount rate used should include an element both for inflation and
for a real return. For example, if inflation is taken at 15 per cent
and investors require a real return of 10.per cent, then the discount
rate used to obtain the net present vaz..e of a2 project should be
((1,15)(1,10)-1)100=26,5 per cent. This a very conservative
assumption and many reasonable projects are likely to be abandoned if

it is used in decision making.

On the other hand, the profits can be regarded zs being in constant
money terme. The discount rate to be used in these circumstances is
the rate of return required by investors, namely the 10 per cent used
above. This is the assumption ured in chapters 5, 6 and 7 where the
economic evaluation of the Simmergo Division plant extension, the Ergo
Division carbon~in~-leach plant and the combined Daggafontein Division
and Withok slimes dam reclamation proiect are presented respectively.
Although no hard and fast rule exists, a real rate of 10 per cent is

the hurdle rate generally accepted at AAC.

An alternative way of dealing with escalation is to escalatc prices,
operating costs and capital expenditure at the same or at different
rates and to arrive at profits in escalated terms. The discount rate
used in this instance should include an element for escalation.

Unless all prices and costs are escalated at the same rate every year,
it 1s not possible to determine the real rate of return from a
project. If one wants tc escalate prices and costs at different rates
and to vary the rates from year to year, one should deflate the
profits from current money to constant money each year. From these
constant money profits one is able to determine the real rate of
return. This method of dealing with escalation {s used in chapter 9,
where mutually exclusive alternatives for the Daggafontein Division
and Withok slimes dam project are considered. It {s also used in

chapter 11, where the sensitivity analysis of this project is




- 8 -

tresented. In chapter 12, however, where the finencing of the -
projects is considered, the evaluation exercis.s were doue in
escalated terms as borrvowings de not escalate but are repaid in

inflated money.

In chapter 13, legal aspects of the establishment of the Erg. and

Daggafontein Divisions are discussed. f

The methods used in the evaluation exsrcises which follow have been
outlined in this introductory chapter. Alternative methods can be
used in many aspects of an evaluation exrercise, for example in dealing
with escalation. Alternative methods have been used in this report to

illustrate their use.




2. THE HISTORY UF AAC'S RFCLAMATION OPERATIONS

Companies administered by AAC began reclaiming mine residue dumpn over
30 years agce at the time of the first uranium boom. This followed the
di covery of a variety of uraninite in gold bearing ore on the
Witwatersrand in 1922 and the British and, American gcvernments'
encouragement from 1945 onwards that the Union's gold mines beccome one
of the world's major sources of fissionable material. Thus in the
early 1950s seven companies in the Anglo American Group agreed with
the Minister of Mines to produce uranium as A by-product of gold using

a leaching process.

This process required large quantities of suiphuric acid and so, in

order to produce the acid, slimes dams we ‘imed and a pyrite
concentrate war produced by flotation. . .on process had the
valuable side effect of concentrating the , ntained in the

reclaimed slimes to a level where it was ecouomically recoverable and
the roasting process improved the recovery of g-1d by liberating the

small amount normally locked in the pyrite.

The second such operation to be established was at Daggafontein Mines
Limited on the East Rand. From :953 the ¢l Main Reef Leader slimes
dam, known today by the Chamber of Mines Code ar 7L!, was reclaimed
and cowbined with the current Main Reef Leader residue in the South
flotation plant. These flotation residues were deposited on a new
slimes dam, now referred to as 7L2. Daggafontein also started
recovering the old Kimberley reef slimes dam, now known as 6L19, for
its uranium content. A plan showing the location of these slimes dams

appears on page 21.

Daggafontein ceased production and the company was de~registered in
the late 1960s. East Daggafontein, a neighbouring mine administered
by AAC, zcquired Daggafontein's North plant in 1967 and with it slimes
dams 6L18 and 6L19., East Dagga thus owned slimes dams 6L18, 6L19 and
its own 6L20 by the time it ceased underground production in the
mid-1970s.
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T Figure 2.1 The uranium plant bullt at Daugafontein Mines Limited in '
the 1950s.
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By the early 1970s ownership of manv dumps besides 7L2 had been
abardoned, Section 161 of the Mining Kict.cs Act of 1967 enabled one,
however, to acquire the right to treat these dumps. In 1972 the price
of gold was unpegged and it began the first of its cyclical up-swings.
This was followed in 1974 by a very rapid rise in the price of uranium
which in turn increased the demand for sulphuric acid. So by the
mid~1970s, it was opportune for AAC to esgablish « major independent

slimes reclamation operation.

Initially about 1000 test holes were drilled by AAC in several slimes
dams on the Witwatersrand and the results justified a full-scale
testing programme. In the meantime, metallurgists at the Anglo
American Research Laboratories developed a flotation technique to
produce a concentrate which contained suffi~ient gold and uranium to

allov a2 conventional extraction process to be applied.

A pilot flotation plant, with a capacity of one ton av hour, was
erected {n 197¢ and results confirmed the findings of the laboratory
test work. Feasibility studies indicated, however, that [lotation
would have to be conducted on & very large scale zo be viable. The
plant would need to treat a minimum of one million tons of slime a
month - four times the amount treated by the Gouth flotation plant at

Daggafontein.

This posed a cruclal question as to what would be the best method of
transporting the materfal. Also, should there be a very larges singie
flotation plant or three sepesrate flotation plants established closer
to the slimes dams destined for treatment? It was eventually
concluded that the mest economic method was to pump the slimes in

slurry form by pipeline to a central processing plant.

The decision was taken to locate this plant south of Brakpan where the
AAC administered company, South African Land & Estates (Sallies),
owned property which was centrally located between many of the slimes

dams and an 1100 hectare tailings dam site.




This minimised the distance from the high grade slimes dams but it _
left the plant remote from the slimes dams Ergo had acquired from

Grootvlei and Marievale mines and those belonging to East Dagga.

The go-ahead to build the pl.it was given in January 1976 and
commissioning began in Qctober 1977. For the Ergo share offer made to
the public in July 1977, applications totalling R286 million were
received which was a record for a South African share issue. The
shares offered to the public were subscribed for eighteen-and-a-half
times. In November 1977 Ergo received the Rand Daily Mail's Business
Achievement Award in recognition o. its pioneering technical
accomplishments and its outstanding contribution to the development of

the South African economy.

While the Ergo plant was under construction, the gold price peaked and
then declined steadily until the end of 1976. As a result, the
underground operations of Sallies were curtailed. Towards the end of
1976 arrangements were made for Sallies to start treating material
from the old Sub-Nigel mine's waste rock dump. The early results
encouraged AAC to contlnue the arrangements and thus before the Ergo
plant was commissioned, AAC again entered the waste re-treatment

business by treating sand and rock at Sallies.

Contracts with additional suppliers were negotiated by Sallies and by
early 1980, the plant throughput had been increased from 80 000 tons
per month (tpm) to 111 OCO tpm. This enabled 5allies to reduce its
unit oparating costs and to treat lower grade material. 1In the same
year it was decided to extend the plant and by the end of 1981, the
Sallies plant was treacing 180 000 tpm.

While the Salllies plant wes regularly exceeding its rated capacity,
AAC struggled to get the Ergo plant to meet its production forecasts.
The Financial Mail reported on September 28 1976 that 'Ergc has been

plagued w'th any number of technical bothers, not to mention labour

e




problems, and production on all fronts, but particularly gold, has _
been well down on forecast - though uranium output has been up to the
mark for some time now. The principal problem on the technical side
would seem to have been a series of nutwardly unrelated faflures that
cumulatively have seriously interrupted the flow of slurry from the
slimes dams through to the various plants. As Ergo’'s MD puts it, the
problem has been the stop-start nature of. operations. You can't

achieve planned recoveries in these circumstances'.

The article stater, however, that the year's targets could be met and
the penultimate paragraph read 'So, all in all, it looks as i{ Ergo is
finally on its way. Even if it never hits the original prospectus
target on gold, few would argue that, n current prices and

production, it is not a worthwhile venture and a leader in the new

field of dump re-treatment’,

The concluding paragraph has proven to be prescient for it stated that

‘there is every possibility that new projects may be instituted - for

example, Ergo may decide to install additional plant and equipment to

boost gold recoveries to originally anticipated levels'.

It was no secret that Frgo was consideving additional methods of
recovery. The General Manager stated in the 1379 annual report,
published in May of that year, that ' further pilot tests were

carried out to investigate the possihlzs rzcovery of soluble gold
from incoming feed by the addition of activated carbon and small
quantities of cyanide to pulp followed by normal flotation. The

results are being evaluated'.

By the time the following annual report was published in May 1980,
Ergo was finally on its way. The gold and uranium production targets
for the 1980 financlal year had been met and the targets for the
following year were increased 'to figures which are closer co the
production levels which can be achleved with existing technology ard

plant capacity'. But the optimism abounding about future production




was nev matcher 1. *he section of *he annual veport on research anu _
development for it was -tated that 'tests on the recovery of soluble
gold by the addition of fine activated carbon indicated possible
adverse side-effects on the main flotation process., Further testwork

is necessary before a decision on tle use ¢i carbon can be made'.

Ergo's struggle to get its plant operating smcothly neverthelese did
not deter it from evaluating potential additional reserves. In April
1979 Ergo acquired a right of first refusal over East Dagga's three
siimes dams and an 18 wonth period in which to assess them. Ergo
reported its findings in June .980 but concluded that it was not in

its interest to acquire the rights to ireat East Dagga's slimes dams.

It was reported by the Generzl Manager that '"the proposed treatment of
the East Dagga dams was conceived at a time when uranium prices were
reasonable, i.e. some four years ago. Since that date, both capital
and working costs have increased dramatically whereas the selling
price of uranium has decreased not only in real terms but also in

actual terms',

‘The exercise assnmed that Ergo would process the ore in a new plant
ueing a leach-counter current decantation-solvent extraction route for
uranium followed by flotation of the leach residue and subsequent
cyanidation of the pyrite concentrate. Capital of R142 million would
be required and, at a gold price of US$500/0z and maximum overall
recovery of 35%, this would give a DCF of only 9%. A selling price of
US$1000/0z would increase the DCF but {t was still not acceptable at
14%. Therefore, at this stage, even using the most optimistic selling
prices, the treatment of any of the East Dagga dams would not give

reasonable returns'.

The report cautioned, however, that 'should the resin-in-pulp pilot
plant currently in operation at Ergo prove successful this could well

supercede the proposed leach~CCD-SX circuit’.
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The view of the General Manager of Ergo that 'at this stage the

tre. tment of the East Dagga dams would not give reasonable returns'
w:s indicative that he believed that the R & D being conducted at Frgo
would ultimately make the re~treatment of the cams viable, It would,
however, prove not to be the research aimed at improving uranium
recoveries but the research aimed at gold recoveries that would

ultimately provide the break-through.

Ergo's annual report for the vear-ending March 1981, published in June
of that year, recorded that the plant had come close cto producing the
7 000 kg. of gold that were forecast for it in the prosnpectus.
Furthermore, uranium production was well above the initial target but
sulphuric acid output was down because of poor grades, Thus the plant
could be sald to be operating efficiently. A brief note on R & D
stated that various methods for improving the overall recovery of gold
vere under active consideration and the more promising approaches were

being evaluated.

In mid~1981, AAC acquired the right to mine the leasse area and
residues belonging to Simmer and Jack Mines Limited, situated on the
Ceutral Rand adjacent to the eastern boundary of Johannesburg. As the
nature of the operations to be undertaken consisted, in large part, of
the extraction of gold from the existing surface materials, it was
considered appropriate for Ergo to exploit the surface and shallow

underground rights.

Ergo undertook to establish an 150 000 tpm plant employing the
flotation process, with which it was familiar, and the carbon-in-pulp
process on which it had been doing test work for a number of years.

Construction of the Simmergo Division plant began in late 1981.

Sometime between September 1980 and November 1981, control of the
major shareholding in East Dagga was acquired by Mr A.H. Lundin, a
Geneva-based Swedish entreprener. with a strong bent for mineral

resources, particularly petroleum.

Yy
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In the latter half of 198!, Mr Lundin recommended to AAC, the .
technical advisers to Ee agga, that East Dagga join other
companies, in which Mr Luiwin had an interest, in two oil
concersions in the Gulf of suez. AAC was reluctant to make such

a recommendation. Mr Lundin responded by suggesting that AAC
relinquish control of the company to i'low the group represented by
himself to assume responsibility. AAC agreed to this and the
reccastitution of the board of directors of East Dagga was publicly

anrounced on 28 April 1982,

In this chapter 1 have recounted AAC's dump reclamation activities ‘or
the three decades prior to 1982, AAC achieved considerable success
with its reclamation projects but it was twice thwarted by collapses
in the demand for uranium. These sudden changes in fortune
highlighted the marginal nature of reclamation operations. This
encouraged AAC to reduce its dependence on external factors such as
demand and price by improving recoveries. Resear~h and development
projects were initiated to improve both gold and uranium recoveries.
Before the results of this research could be used to establish another
Ergo operation on the Far East Rand, the control of East Dagga was
relinquished by AAC.

i



3. CARBON-IN-LFACH - A NEW METALLURGICAL PROCESS FOR ERGO

When 1 jolned the AAC Gold Division in April 1982, AAC was operating
two reclamation operations on the East Rand, namely Ergo and Sallies,
and work was in rogress on Ergo's Simmergo Division plant. AAC had,
however, relinquished control of Fast Dagga and thus it seemed tha“
the once-mooted p'ans to establish an operation on the Far East Rand
to treat the East Dagga, Grootvlel and Marievale slimes dams would not

materialise.

This likelihocd appeared more certain when East Dagga acquired slimes
dams 7L2 and 5L26. Finance Week stated on September 9 1982 that East
Dagga planned to pay R1,2 million in cash and one million new East
Dagga shares, worth about R1,4 million, to Egoli Consolidated Mines
Ltd. AAC had consideved treating slimes dam 7LZ by means of a
cyanidation leach and carbon-in-pulp extracti-n but the expenditure on
the operating and capital costs was not justified in the light of the

ruling gold price.

East Dagga on the other hand had an economy of scale advantage as it
already had three slimes “ams adjacent to 7L2. East Dagga's technical
adviger stated in a report dated June 1982 that 'the close proximity
of the Egoli Dagga dam (7L2) to East Dagga's existing dams makes a
reserve in one location which could justify the erection of a plant.

A direct leach and carbon-in-pulp process treating large tonnages
could be a visble enterprise. Substantial metallurgical test work and
a feasibility study will have to be undertaken to detcrmine the
optimal metallurgical process. The purchase price of 4 cents par ton
for the slimer is in my opinion justified. “he Modder B dam (5L26)
must be considered a marginal propostion - a calculated business risk

based on the future gold price'.

This view was cunveyed by East Dagga to AAC in the week that Ergo
hegan tist work which would reward East Dagga's venture of faith in
acquiring slimes dams 7L2 and 5L26. On 9 August 1982, the General

Marager of Ergo reported that 'results from the recent pilot plant
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test work have indicated that the operacion of a carbon-in-leach
process, as opposed to the orthodox carbon-in-pulp plant, i.e. cyanide
leach followed by carbon adsorption, is technically feasible and
results in lower capital and operating costs than that previously
estimated for the carbon-in-pulp circuit. Frem 3 June 1982,
carbon-in-leach was run in parallel with carbon-in-pulp. With the
subsequent lowering of the cyanide addition, recoveries equivalent tu
the carbon~in-pulfp process are now being obtained. S$ince the
reduction of the cyanide addition has such a large influence on the
overall operating costs, 4 re-evaluation of the process is being
undertaken, If the project were to proceed it would be desirable to
build a new tailings dam so that the existing dam would not be diluted

by the lower gold content tailings to be produced'.

Thus on that day, the idea was put forward of erecting a
carbon-in-leach plant at Ergo to treat the flotation tailings and alsc
of re-treating the Ergo tailings dam. The carbon-in~-leach process
would in time be adopted for th: treatment of East Dagga's slimes

dams .

During the latter half of 1982, Ergo continued its test work to lower
the cyanide addition in the carbon-in-leach process as it had critical
cost and pollution implicatjons. It was recognised, however, that all
the work had been done on current tailings and 'test work is therefore
still required on all dams so that the estimated recoveries cf each
individual dam can be used in the detailed analysis'. Actual
laboratorv leach recoveries were obtained from drill core samples by

24 January 1983,

On the same day it was agreed that the detailed design of the
carbon-in~leach plant at the Frgo Division should proceed and that the

project should be considered by the Ergo board at its next meeting.

It can be seen from tle events described in this chapter that 1982 was
an important year for both Ergo and East Dagga. Years of research

finally paid off for Ergo with the development of the carbon-in-leach
process. East Dagga, on the other hand, consolidated its position on

the Far East Rand by acquiring slimes dam 7L2.

|40
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4, THE ORICIN'S OF ERGO'S DACGAFONTEIN DIVISION

In December 1982 East Dagga proposed to Ergo that its slimes dams be
treated through the same plart as those belonging to Ergo on the Far
East Rand, Ergo undertock to consider the proposal and to reply by
the end of February 1383. B

1t was clear that East Dagga's shareholders were keen to continue
benefiting from AAC's technical expertise. They let it be known,
however, that they were willing tc raise new capital to finance the

proposed project.

For Ergo the proposal made sense, as the slimes dams on the Far East
Rand to which it had the rights were of low grade and it was thus
unable to justify the erection of a plant. With the higher grelde East
Dagga dams covering the construction cost »f a plant, however, these

low grade dams could be economically treated.

Ergo wos well placed to respond to East Dagga's proposal as the
tonnages and grades of all the dams on the Far East Rand were known.
Consideration was given to treating the slimes dams Ergo had the right
to acquire from Grootvlei (6L16 and 6L17) and from Marievale (7L5, 7Lé
and 7L7), the slimes dam it had acquired from East Gednld (6L14) and
the slimes dam Ergo had created from its tailings - the Withok slimes
dam. Also considered was the East Geduld slimes dam (6L13) which Ergoe
had endeavoured to acquire many years earlfier. It had been prevented
from doing so as Impala Platinum deposited its refinery effluent on
this slimes dam. All of these slimes dams, except for Withok, were

created by mines administered by Union Corporation.

In the prelininary evaluarion, two alternative metallurgical processes
were compared, namely carbon-in-leach to recover gold only (Case A)

and flotation for uranium, acid and gold recovery follcwed by




Table 4.1 A schedule of Frgo's reserves
showing the estimated tonnages and grades

as at March 31 1985
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carbon-in-leach to recover a small quaitity of additional gold (Case_
B). For each case the treatment rate was set at 800 000 tons a month
as this was the size of one module cf the proposed carbon-in-Jeach
plant at the Ergo Division. The financial evaluation indicated that
the higher grade dams were more profitable when treated solely by
carbon-in-leach while the lower grade dams were better when treated by

flotation and carben-in-leach. s

Because the material in slimes dam 7L2 and the Withok slimes dam had
already been treated by flotation, consideration was =2lso given to
erecting a carbon-in~leach plant it the Withok slimes dam to treat
both of these dams (Case C). This alternative entailed the pumping of
slimes dam 7L2 over a considerable d’stance and thus thought was also
given to treating solely the Withok slimes dam through this plant
(Case D). If Case C were chosen, the plan would then be to install an
800 000 tpm flotation plant at Daggafontein to treat the .emaining
slimes dams, producing a flotaticn concentrate for treawment at Ergo

{Case E).

On February 21 1983, the Consulting Metallurgist to Ergo reported that
treatment of previously floated residues {n a single carbon-in-leach
plant and flotation of the remaining residues had the advantages of
increasing the net present value of the project. As a result
exercises A & B should be disregarded and only cases C, D & E

investigated further.

He cautioned, however, that although Case E was significantly more
attractive than cases A & B, the Ergo plant would have to be expanded
to accept the additional pyrite concentrate. A large proportion of

the profitability depended on revenue from acid and uranium.

A report by the Senior Divisional Metallurgist for the East Rand also
cautioned that in view of the limited information relating to the
metallurgical characteristice of the materials in question, 1t was
advisable that a programme of test work be scheduied to confirm the

provisional estimates for gold recovery and reagent requirements.
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The report continued to state that although there was a strong -
indication that the most attractive route for treatment of dumps other
than 7L2, was by flotation, there was a need to confirm flotation and
carbon-in-leach recoveries of these materials, and it was recommended
that representative samples be collected from the dumps for laboratory
test work. further consideration affecting the project, would be
the timing of a plant to treat these materials, since for many of the
dvmps, combined revenue from uranium and acid production exceeded that
for gold. In view of the depressed condition of the uranium market,
it appeared prudent to postpone a decision on these dumps until better

information on their treatment characteristics was available.

In spite of its caution, this report expressed an important philosophy

which was to endure. The report stated:

'Although a number of treatment alternatives have been considered,

the preferred approach takes cognisance of the following:

- The historical origin of aslimes dam 7L2 renders it
metallurgically different from the other sources of slimes. The
dump has a relatively high gold content, and a low sulphur and
uraniuym content. The preferred method of treatment entails direct

recovery of gold by the carbon-in-leach process.

- Uranium and sulphur recoveries make a significant contribution to
the revenue potential of all dumps other than 7L2. Although the
grades of the different slimes dams vary considerably and
although uranium recoveries are generally low, it is clear that a
flotation treatment route producing a pyrite concentrate for
treatment at Ergo considerably enhances the profitability of dump
materials, due to the fact that this route provides low cost
uranium, revenue from acid and enhanced gold production from

calcine.’




- 24 -

These findings were presented to representatives of East Dagga and
this led to a follow-up report by the Consulting Metallurgist or
February 23 1984 which discussed the results of three additional cases
{Cases F, G & H).

The three cases examined were as follows:
- construction of a carbon-in-leach plant at the Withok slimes dam

to treat all payable slimes sources (Case F);

- the same plant to treat slimes dams 7LZ and Withok (Case G); and

- construction of a flotation plant at Daggafontein to treat all
slimes sources other than slimes dams 7L2 and Withok (Case H).

These three cases constituted what were considered to be the three
possible ways in which Ergo and East Dagga could collaborate to

recover gold and other values from slimes dam materials.

The results of the follow-up report were presented to East Dagga
representatives on February 28 1983. These results were compared with
those obtained by East Dagga and it was evident that East Dagga would
be better off treating its slimes dams through the same plants as
Ergo's, as both companies required two separate processes for

materials of different nature.

Ergo and East Dagga entered into an agreement on March 4 1983 which

was announced in the press by Frgo on March 9 1983 as follows:

'Part of the original programme for treatment of Ergo's slimes dams
envisaged the erection of a separate plant cn the Far East Rand to
treat the dams in that area, none of which were scheduled to be
treated in Ergo's main treatment plant. As these dams are relatively
rich in uranium and sulphur, Ergo deferred their exploitation until

the uranium market improved.




- 25 -

Recently, East Daggafontein Mines Limited (East Dagga®) have informed._
Ergo that they are considering the erection of a 500 000 tons a month
plant to treat their slimes reserves for the recovery of gold. East
Dagga's reserves on the Far East Rand are three slimes da. . deposited
hy them and Daggafontein Mines Limited and one they acquired from
Egoli Consclidated Mines Limited in mid-1982, The latter slimes dam,
which has a relatively high gold content but low uranium and sulphur

content, would play an important part in any slimes treatment project.

It has been suggested that a joint undertaking, involving the pooling
of certain slimes reserves, might be of benefit to both companies.
Because the Ergo dams being considered for the pocling arrangement
were not scheduled to be treated through the existing Ergo plant, the

proposed scheme will not shorten the life of the current operation.

The result of the pooling arrangement would be the establishment of a
combined reserve of approximately 450 million tons of slimes initially
which would support the erection of a carbon-in-leach plant and at a
later date a flotation plant, both for the joint undertaking. Each of
these plants would have a capacity of approximately 800 000 tons of
slime a month. The carbon-in-leach plant would only recover gold
whereas the flotation plant would involve the production of gold,
uranium and sulphuric acid, The viability and the timing of the
erection of the flotaticn plant would depend upon the ability to

market the uranium and acid at acceptable prices.

It has been agreed that Ergo will coniduct test work over the next four
months on its own and Fast Dagga's slimes dams, in order to assess the
overall viability of the scheme, Preliminary theoretical exercises
have indicated that .liis company's participation in the proposed
project would be approximately 50 per cent. However, the extent of
each company's participation will be finally determined when the

studies have been completed and the viability established’.




Brendan Ryan of the Daily Mail commented that 'this was a developmeng
which would benefit a number of companies. The life of the Ergc
operation would be considerably extended and Fast Dagga would turn te
account slimes reserves at a fraction of the cost if they had to go
aliead with the scheme themselves., The company which would actually
treat the dumps was the one best able to do so as Ergo pioneered the

concept'. .

The investigations of Frgo's metallurgists described in this chapter
indicated that it would be beneficial for Ergo and kast Dagga to
co-operate in treating their slimes rescrves as each company requlred
both the carbon-in-leach and the flotation process to treat its
reserves. An economic evaluation confirmed that both parties would be

better off 1f their slimes were treated through the same plant.
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5. THE ECOMOMIC EVALUATION OF THE SIMMERCu NIVISION PLANT EXTENSION

During the latter half of 1982 und the first half of 1983, Ergo gave
consideration not only to carbon-in-leach plants at its Ergo and
Daggafontein Divisions but it alsc considered the extension of its
Simmergo Divisicn plant and ore reserves., In terms of the agreement
with Simmer and Jack, Ergo was entitled to extend its Siwmmergo
Division plant to treat material other than that emanating from the

Simmer and Jack lease area.

In 1981, AAC acquired certain rights to two sand dumps on the Central
Rand., Further material was needed, however, to justify the extension
of the plant and thus from mid-1982 I worked on acquiring further sand

dumps on the Central Rand.

The two sand dumps to which AAC had already acquired certain rights
were the Ferreira Deep sand dump (3A13A), on which the Top Star
drive-in currently stands, and the Driefontein sand dump (4A6), The
first dump had been accurately sampled and assayed and thus its
tonnage and grade were known. The latter dump had not been surveyed
and sampled and so it was necessary to undertake this exercise. Eight
other sand dumps were identified as potentlal sources of material and

surveys of them were also ordered.

While this geological and surveying work was being doie, I initiated
negotiations to acquire the sand dumps which were potential sources of
waterial for the Simmergo Division plant extension. I discovered,
however, that the right to remcve and treat sand dumps on the Central
Rand was a hotly contested issue with mfning compenies both big and

small involved.

The Wolhuter sand dump (3A16) was offered to AAC by a party claiming
to have acquired the rights from Wolhuter Estates, which was the
successor-in-title of the company which had created the dump. By
virtue of the fact that certain claims originally owned by the creator
of the dump were still in its possession, Wolhuter Estates claimed the
right to remove and treat the dump in terms of Section 161 (4) of the
Mining Rights Act of 1967, This claim was disputed, however, by
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Village Main gc.d mine which operates a dump reclamation plant nearby
on the Central Rand. A number of years earlier, Village Main had
apparently been advised by the Mining Commi ‘oner that title to the
Wolhuter sand dump belonged to it and it had exterded its plant as a
result. The title offered to AAC was inadequate and thus AAC
withdrew. Village Main and Wolhuter Estates subsequently reached
agreemeut on the treasment of the dump and Village Main began

reclaiming it early in 1985,

The rights o the Glencatrn sand dump (4Al6) were also offwred to AAC
but it too was iegally encumbered. The Glencairn company acquired the
right to mine the dump by way of tribute from Waverley Gold Mine but a
dispute arose and the matter was argued before tvhe Supreme Court. The
court ruled in . avour of (lencairn but counsel was of the opinion that
the tribu.ur, Glencairn, could not remove the material from the site
and treat it elsewhere. AAC negotiated to pay a lump sum to Waverl
for the royalty and the right to remove the dump but the offer to sell
was withdrawn by the vendors of the Glencairn tribute, In ear'y 1984,
Waverley bought the Glercairn company and i: now treats the dump by

sending 1t ro Sallies and by heap leaching it.

Tenders for the removal and treatment of the Croesus sand dump (3A2)
were called for by the Johaunesburg City Council in late 1982. AAC's
assay results showed that the dump had a very low grade which made
treatment uneconomical at the Simmergo Divisior plant. The dump
stands not far frov "and Mines Properties (RMP) sand reclamation plant
at Crown Mines and RMP bid successfully to treat the dump in exchange

for a royalty.

Despite these setbacks, interest in exteuding cne Simmergo Division
plant rrmained high. Negotiations for the Pr.mrose (4Al5), Benrose
(~), Piletfontein (-), Nourse (3Al9) and Wemmer (3L27) dumps were in
progress and it appeared that together with the dumps which AAC had
already acquired, a 100 000 tpm extension could be justified. The
extension had been set at this size as an additional mill would add
this capacity and the rewmainder of the plant could be easily modified

to accommodate the additional throughput.

- u T N
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On the basis of the survey and assay results and a preliminary desigp
of the plant extension, the following economic evaluation was done in
January 1983, The expected return on the project to Ergo was

calculated from the following estimates and assumptions:

Life of Operation: 23,3 million tons at 100 000 tpm giving
an 18,6 year life from 1986 to 2005.

Recovered Grade: 0,74 grams per ton declining to 0,45
grame per ton with the average being

0,51 grams per ton.

Operating Cost: R4,35 per ton in April 1983 money terms
for tveatment plus rransport averaging

R1,90 per ton.

Gold Price: Ri5 182 pe- kilogram.

Capital: R19,62 million in April 1983 money
terms.

Royalty: 50% royalty payable to dump owners.

The results of the economic evaluation exercise, which was carried out

on an unescaluted basis, are shown below in Table 5.1

Table 5.1. The expected return to Ergo from an extension to the

Simmergo Division plant in constant April 1983 money terms.

Initial Investment in April 1983 money R19,6 wnillion
After-tax cost of initial investment R 6,1 million
Net cash flow R 9,2 million
NPV 10% R 1,2 million
DCF vield {(real te.ms) 14,0 per cent
Bre 2n gold price R12,5 por gram
Payt +om April 1983 7,0 years
Start construction 1983

End reclamation 2005




The economic evaluation showed that the project satisfied the _
criterion of a DCF yield (real terms) in excess of 10 per cent. For
an investment of R6,! million, it was expected that the Ergo
shareholders would receive a net cash flew of R9,2 million in constant

April 1983 money terms.

Thus, early in 1983, Ergo's management had the extension of the
Simmergo plant to consider along with the proposed Ergo Division

carbon-in-leach plant and Daggafontein Division plants.

.
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6. THE ECONOMIC EVALUATION OF THE ERGO DIV1SION CARBON-IN-LEACH
PLANT

Detailed design work on the proposed carbon-in-leach at the Ergo
Division was completed in mid-1983. The design showed that it would
be feasible to erect a 1,85 million tpm carbon-in-1l ach plant,
adjacent to the flotation plant, to rreat'the flotation plant

tailings.

The technical advisers report by A*C dated February 22 1984, which
was circulated to Ergo shaieholders, explained that the thickened
flotation tailings would be pumped to de-sanding screens. The screen
undersize would be pumped to the first stage of carbon-in-lieach, where
lime and cvanide would be added. The carbon-in-leach adsorption would
take place in two parallel streams., each comprising four
mechanically-agitated adsorpotion tanks., Gold would be leached from
the solids in these tanks and adsorbed on the activated carbon present
in the pulp. fvanide destruction would take place in a further seven
stages of adsorption tanks. The adsorbed gold would be subsequently
stripped from the loaded carbon, using a high-temperature elution
sequence, aid the eluate would be pumped into the existing gold plant

for gold recovery.

In the quarterly press announcement made by Ergo in July 1983, it was
revealed that the estimated cost of the plant was R52 million in April
1983 money terms. It was subsequently stated in the abovementioned
technical advisers report that the operating cost was anticipated to
be R1,00 a ton in April 1984 money terms (escalated from R(,%0 in
April 1983 money terms)., This operating cost was relatively low as
the carbon-in-leach plant was to be an addition to an existing plant
and hence no additional reclamation, deposition or administration
costs were to be incurred. The average recovered grade over the life
of the project was given as 0,10 grams per ton and hence the
break-even gold price required to cover capital and operating costs

was calculated to be akout R10 000/kg.
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Figure 6.1 The Ergo Division carboen-in-leach plant in February 1985, The
leaching and carbon contact tanks are shown in the upper and lower Jeft
pictures. The carbon eluzion building is on the left in the uppe: pictuvre

and the carbon~handling plant is reatured at lower right.
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These inputs, which are summarised below, were used to calculate the_

return on the project

Life of operation: 412,9 million tons at 1,85 million tons
per month gives an 18,6 year life from
1984 to 2002,

Recovered grade: 0,12 grams per ton declining to 0,08
grams per ton gives an average recovered

grade of 0,10 grams per ton.

Operating costs: RO,90 per ton in April 1983 money terms.
Gold price: R15 000 per kilogram.
Capital: RS2 million in April 1983 money terms.

Calculating the return on the project on an unescalated basis, the

following return to Ergo was obtained.

Table 6.1 The expected return to Ergo from the Ergo Division

carbon-in-leach plant in constant April 1983 money terms.

Initial investment in April 1983 money ®52,0 million
After-tax cost of the inittal investment R16,1 million
Net cash flow R78,2 million
NPV 10% k28,0 million
DCF yiceld (real terma® 32,4 rer cent
Break-even gold price R10,0 per gram
Payrack from April 1983 3,9 years
Start construction 1984

End reclamatior 2001

The cash fl>w projection from which these regults are drawn is
attached as Appendix A. A graphical depiction of the return is shown

overleaf.




ERGO DIVISION CARBON—IN-LEACH PLANT

80000 U
FO000 4 — e o o et e e

|
BO0O0 1= = == v o e i o L el i e o e
50000 = e o e = e e o e

RANDS THOUSANDS

YEARS
NPY 10% AN LA Des 0w

CUMULATIVE CAGH FLOW

Figure 6.2 The cash flow diagram in April 1983 money terms
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The economic evaluation of the Ergo Division carbon-in-leach plant
showed that this was ap attractive investment. For an unescalated
initial outlay of R16,! million, the Ergo shareholders would receive a
net cash flow of R78,2 million in April 1983 money terms. The DCF
yield was well in excess of thae 10 per cent hurdle rate required in a
constant money exercise. The break-even gold price was calculated to
be R10 000/kg. which was well below the prevailing price of

R15 000/kg. The project offered a very short pay back period which
meant that the iuicial investment would be repaid to shareholders or
be available for re-investment very quickly. It therefore appeared
that the research efforts into carbon-in-leach technology were to be

richly rewarded.
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7. THE ECONOMIC EVALUATION OF THE DAGGAFONTEIN AND WITHOK PROJECTS

The period of four months up to the end =f June 1983 which Ergo had
requested from East Dagga to conduct test work on the slimes dams and
to assess the overall viability of the East Dagga proposal culminated
in the presentation of a feasibility study to the AAC Executive

Committee on June 28 1983,

In the feasibility study the Consulting Metallurgist reported that a
six week campaign on the Ergo pilot plant, and an Intensive programme
of laboratory test work carried out by the Anglo American Research
Laboratory (AARL), had provided information on the cyanide leaching

and flotation characteristics of the varfous slimes dams,

The test wvork programme had three main thrusts:

- Cyanidation and carbon-ir-pulp test work was carried out on a
bulk sample of material from slimes dam 7L2. The metallurgical
test results were consistent and it was possible to predict a
mean residue equal to 0,26 g/t. The change from a 4-hour
carbon-in~leach operation to an B-hour cyanidation and
carbon-in-pulp operation appeared to have little intluence on
gold recovery. The increase in cyanide addition had a
s.gnificant effect on recovery but the trade-off between
increased cyanide addition and improved recovery would need to be

quantified during actu.l operations.

- Cyanidation and carbon-in~pulp test work was also carried out on
blended samples of material collected from boreholes in the
slimes dams. Care was taken to prepare composites approximating
to the survey grades of the dumps. The results gave no clear
indication regarding the merits of carbon-in-leach versus direct
cyanidation, and {t appeared that either route would be

appropriate. 1t was shown, as expecied, that recoveries were

|
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strongly influenced by head grade and it ,as established that a.

significant correlation ex.sted between head grade and recovery.

The laboratory results for the slimes dam 7L2 material showed

that a residue of approximately 0,23 g/t was obtained. This was
similar to the residue of 0,24 g/t achieved on the pilot plant

when operating at a similar level of: cyanidation. This agreement
indicated that the laboratory work provided an acceptable measure

of the performance achievable on a continuous plant.

- Flotation test work was carried out at AARL on the same composite
samples. The test work indicated flotation recoveries which wrre
significantly lower than those used in the preliminary study,
which were taken from the test werk done for the original frgo
plant, The reason for the difference was largely due to the fact
that, in the earlier work, unrealistically high concentrate
masses were recovered, resulting in an unacceptable debasement of
the sulphur grade. The recoveries ovbtained in the later -est
work, which were constrained by the need to produce a rouster
grade sulphide concentrate, presenied a more realistic estimate

2f likely flotation behaviour on a plant scale. The small sample

size nevertheless warranted further test work.

The following section of the Consulting Metallurgist's report was on
process selection and he opened by stating that the preliminary study
demonstrated that a two-stage metallurglical treatment process could
not cover associated operating costs. For this reason, the epproach
followed was to identify for each slimes source lts likely

contribution when treated either by carbon-in-leach or flotation.
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The results showed that should a single treatment rou“e be selected,._
then carbon-in-leach should be that route. This wouid exclude,
however, some of the slimes sources. Slimes dam 7L2 and the Withok . 4
slimes dam could be treated only by carbon-in-leach as they had
previously been floated. Slimes dams 6L18 and 6L20 would be best
treated by carbon-in-leach, while 6L13 could be treated by either
route with little efrect on overall profitability. The rewaining
slimes dams would have to rely on flotation to provide a viable

treatment route.

It was logical to group the dams into the preferred treatment routes.
In treating dams by their preferred recovery route, it was possible to
increase the overall contribution by 28 per cent compared with any
single treatment option. Furthermore, as the higher gold grade dams
were of jarticular attraction during the earlier years of the project,
consideration could be given to the introduction of improved recovery

methods {f the vranium market improved in the future,

Having established the advigability of separate carbon-in-leach and
flotation treatment, consideration was then given tc accommodating
these requirements in an overall project plan. The geographical
location of the slimes dams, the potential plant and tailings dam
sites, production constraints such as pyrite treatment capacity at the
Ergo plant and the sales forecasts for uranium and acid were taken

into account.

The initial approach followed in the preliminary study was to schedule
slimes dam 7L2 and the “'{thok slimes dam for treatment in a
carbon~in-leach plant to be sited at Withok. A more detailec
evaluation of this proposal resulted in its rejection as the cost of
the slimes and return water pipelines between slimes dams 7L2 and
Withok was out of propor:tion with other projact costs. Furthermore,
the metallurgical test work showed that slimes dams 6LI8 and 6L20
required carbon-in-leach treatment and this added weight to the
argument !.at the plant should be sited in the Daggafontein area,

clofar to the monitoring sites.
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It was thus proposed that a carbon-in-leach plant be built at ~
Daggafontein to treat those dams for which carbon-in-leach treatment
was indicated, except the Withok slimes dam. Once these dams were
reclaimed, or at arv time that the flotation process became more
attractive, the pro, 1l was to convert the carbon-in~leach plant to a
flotation plant and to treat the remaining dams L a process of

flotation. '

The advantages of this ssal were cited by the Consuliing

Metallurgist to be as follows:

- the siting of the plant and tailings dam close to the initial
monitoring sites would reduce the initial capital outlay;

- there was no spare capacity in the Ergo plant for the treatment
5f pyrite until about 1999, which made it logical to hring the
flctation plant on line at about that time; and

- the sharing of facilities wnuld permit a substantial degree of

economy in capital expenditure.

It was further proposed that a carbon-in-leach plant be establisghed at

Withok to recover the material in vhe Withok slimes dam.

For the purpose of costing in the feasibility study, it was assumed
that the first carbon-in~leach plant would be erected at Daggafontein
to accept 800 000 tons a month of reclaimed slime. Conventional Ergo
monitoring practice would be followed and slimes dam 7L2 would be
reclaimed first. Monitoring would proceed In five phases, linked to

geographical location.

The monitored slimes would be thickened to a density of 1,48 in twe
137m, diameter thickeners and the thickened product would be pumped
into a degritting tank aheac of the carbon-in-leach circuit, The
screened slurry would pass to the first of six 2000m* agitator tanks,

which together would provide an B-hour residue time.
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Figute 7.! Conventional Ergy monitoring practice is demc. - *rated here at
slimes dam bL1. The high-pressure water monitors the slimes which are

ation in the toreground to the Ergo Divisien plant

pumped {rom the pump

for treatment.



Lime and cyanide would be added at the head of the circuit to _
solubilise the gold and activated carbton contained within each tank
would be progreosively loaded as it was transferred counter~current to
the main slurry flow by a system of pumps or air lifts. Test work at
Ergo indicated that a final carbon loading of 4.0 g/t could be
expected and thus '8 tons of carbor would be removed from thte circuit
each day. The carbon would be worked and. treated by conventional
elution proce dures to recover the gold from the carbon. The gold
could b finally recovered by electro-winning or by a ziuc

precipit. ion circuit. The stripped carbon from the elution process
would be 1 -activated by regeneration within a rotary kiln or other

suitabls .urnace.

The plant size was initially set at 80U (00 tons a month as this was
the gize of the carbon-in-leach modules proposed for Ergo. Tt was
indicated by the engineers &nd metallurgists, however, that it might
be better to erect a | million tons a month plant as it would result
in the plant at East Dagga producing pyrite in the year in which Ergo

was able to accept it.

The follewing information on the project was contained in a press

announcement made by Erzo on July 1 1983:

'A carbon-in-leach (CIL) plant with a capacity of approximately

1 000 000 tons per month (tpm) will be erected on the Far East Rand to
produce gold from approximately 150 million tons of slimes averaging
7,235 grams per tou recovered. The total operating cost is forecast
to be Ri,Y] per ton treated, in April 1983 money terms, which equates
to & cost of production of RB 128 per kilogram of gold {($233 per runce
at Rl = §50,92) Where possible, the highest grade dams will be
processed first. In due course the plant will be extended to
incorporate a flotation process to treat a further 140 million tomns of
lower gold content material and the pyrite recovered will be

transported to the existing Ergo plant for the recovery of gold,

A
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uranium and sulphur. The proposed plant on the Far East Rand has been
planned in this manner to save capital expenditure and to take account
of the future pyrite requirements of the Ergo plant and the
anticinated improvement in the uranium market in the 1990s. It is
evpected that the CIL plant ¢n the Far Last Rand will be commissioned
during the first half of 1986.

f
The existing Frpo t-ilings dam will also form part of the project
reserves. This dem will comprise 125 million tons at an in situ grade
of 0,39 grams of gold per ton when Ergo ceases depositing on it at the
end of 1984, It will be treated either through an 80" 000 tpm CIL
plant to be erected adjacent to it in the late 1980s or at the Erge

plant in the late 1990s.

The total tonnage of the reserves avallable to thre project iz
415 million tons which is slightly lower than the previously published
figure of approximately 450 million tons, due to a reassessment of the

material contained in the dams.

Ergo will construct snd manage the plants. The initial capital outlay
will be o1 rhe ovrder of E83 million, in April 1987 money terms, which
comprises an amc of R72 million for the CIL plant on the Far East
Rand and Rll million which is resuired for a new slimes deposition dan
to preserve the Ergo zailings dam from dilution by current arilsings
after the end of 1984. The after-tax cost will be approximately RI8

million and will be funded equally by Erge snd East Dagga.

East Dagga will receive an amount equal to half of the benefit arising

from the project.

Further announcements with respect to the financing arrangements will

be made by both companies in due course.'

" L e
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Using the data published in the press announcement and the computer _
programme that was used at the time, the expected return on the
carbon-in-leach plant at the Daggafontein Divisicn is calculated q’

below:

Life of operation: 150 million tons treated by the
carbon-in~-legach process at 1 million
tons per month gives a 130 month or 12,5

year life.

Reccvered grade: 0,235 g/t on average. East Dagga stated
in its 1982 annual report that it had
116 million tons of macerial at an
average grade of 0,5 g/t. On the
agsumption that these dams would be
treated first because of their proximity
to the proposed p.ant sity and that the
rewaining 54 million toms to be supplied
by Ergo “or carbon-in-leach treatment
would have a grade equal to the lowest
valte or *he East Dagga dams, namely
0,40 g/t, one obtains an average head

grade for the 150 million tons of 0,48

g/t and thus an average residue grade of
0,245 g/t. 1In the financial exercise
which follows, the residue grade was
assumed to remain constant and the

recovered grade to vary in line with

head grade.

Operating Costs: R1,91 per ton treated iu April 1983

money terms.

Capital: R72 million in April 1983 money terms

for the carbon~in-leach plant,
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Commissioning date: April 1986. =

Gold price: R15 000 per kilogram.

Assuming that Ergo would incur half the costs and receive half of the
benefits from ihe Daggafontein Division carbon-in-leach project, the
return to Ergo wus calculated, in the cash flow projection presented
as Appendix B, to be as follows. Ergo's investment and return is 50
per cent of the project return shown in Appendix B. A graphical

depiction of Ergo's return ir shown overleaf in Figure 7.1.

Table 7.1 The expected return to Ergo from a Daggafontein Division

carbon-in-leach plant in constant April 1983 money terms.

Initial investment in April 1983 money R36,0 million
After~-tax cost of the initial investment R11,2 million
Net cash flow R39.7 milliion
NPV 10% R16,2 miilion
DCF yield (real terms) 34,6 per cent
Break-even gold prire R8,8 per gram
Payback from construction start 3,8 years
Start comstruction 1984

End reclamation 1999

The economic evaluation of the proposed carbon-in-leach plant at the
Daggatontein Division revealed that it would be & worthwhile
undertaking. The project offered a 34,6 per cent DCF yield in real
terms on an unescalsted initial investment of RI11,2 million after-tax.
The net cash flow from the project was forecast at R39,7 million with
che net present value, discounted at the hurdle rate of 10 per cent,
being R16,2 million in April 1983 money terms. The break-even gold
price at R8 800 per kilogram was well below the ruling price. The
payback for the start of construction was calculated to be less thaun &4
years., The economic evaluation showed that the research {fato
carbon-in~leach technology had yielded a second major project for

Ergo.
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DAGGAFONTCIN DIVISION CARBON—IN—LEACH PLANT
;
i TOLDG - P T I
|
50000 o - -

8

£ 40000+ = = - - e - e e e e - -
v

5

] IR —— - - o i i

=

u

=]

@ 0001 e - - s o e e
& i
i t ;
| |
| 20000 |
| 1985 1990 1485 2000
| YEARS o i
! e NEV 10% e Rt |
Figure 7.2. The cash flow diagram in April 1983 money terms

for the Daggafontein Division carbon-in-leach plant.





















































































































































































