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S A M E V A T T I N G 

Suid-Afrika, asook Kanada en die Verenigde State, het voorspellin^s van 

hulle uraanvermoëns tot die jaar 2025 vir die 1979-uitgawe van die "Rooi 

Boek" ingedien. Hierdie verslag "ïandel oor die metodes waarvolgens 

die Suid-Afrikaanse voorspellings bereken is. 

Aangesien die toekomstige produksieneigings van die Suid-Afrikaanse 

uraanprodusente nie met vertroue bepaal kan word nie, hoofsaaklik omdat 

uraan as n neweproduk van goudmynbou geproduseer word en daarom hoogs 

gevoelig vir markskommelings betreffende goud en uraan is, het die 

Evalueringsgroep van die Raad op Atoomkrag talle voorspellings gedoen 

wat op huidige en geskiedkundige norme berus en waartydens verskillende 

grade van "ongunstige", "normale" en "uiters gunstige" toestande aan= 

vaar is. Die twee voorspellings wat vir die "Rooi Boek" ingedien is, 

verskyn tussen die Bylaes. 

Hierdie verslag is opgestel vir voorlegging aan die KEA/IAEA-gidsgroep 

oor Uraanreserwes se Uerkgroep vir die Voorspelling van Uraanbeskik= 

baarheid. 
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A B S T R A C T 

South Africa, along with Canada and the United States, submitted fore= 
casts of uranium capacities and capabilities to the year 2025 for the 
1979 "Red Book" edition. This report deals with the methodologies 
used in arriving at the 'outh African forecasts. 

As the future production trends of the South African uranium producers 
cannot be confidently defined, chiefly because uranium is extracted 
as a by-product of the gold mining industry and is thus highly sensi= 
tive to market fluctuations for both uranium and gold, the Evaluation 
Group of the Atomic Energy Board has carried out numerous forecast 
exercises using current and historical norms and assuming various 
degrees of "adverse", "normal" and "most favourable" conditions. 
The two exercises, which were submitted for the "Red Book", are 
shown in the Appendices. 

This paper has been prepared for presentation to the Working Group 
on Methodologies for Forecasting Uranium Availability of the NEA/IAEA 
Steering Group on Uranium Resources. 



PER-51-5 

1. INTRODUCTION 
The South African Atomic Energy Board, a regulatory authority, customarily 
undertakes the assessments of South Africa's uranium resources and 
future production capability. South Africa places no restriction on 
foreign participation in uranium exploration. Foreign-based companies 
are subject to the same laws and conditions that apply to domestic 
companies. Any company operating in the country is subject to the pro= 
visions of the Atomic Energy Act, 1967, as amended. Companies may not 
prospect for, mine, dispose of, or export uranium without the authority 
of the Minister of Mineral and Energy Affairs, and must report any dis= 
coveries of uranium. They are also called upon to furnish full parti= 
culars regarding prospecting and mining activities to the Atomic Energy 
Board at regular intervals. 

Appreciating that no meaningful assessment of future production capabi= 
lity can be made prior to a reliable resource estimate being made, the 
Atomic Energy Board, in close cooperation with the mining industry, the 
Government Mining Engineer and the Geological Survey, has carried out 
uranium resource estimates on an on-going basis since 1967. South 
Africa, as an initial member of the IAEA, has served on the Steering 
Group for Uranium Resources since its inception in 1967 and welcomes 
this opportunity of explaining how it arrives at its resource and 
production capability estimates. 

Its estimates to date, which are presented to the NEA/IAEA Steering 
Group on Uranium Resources for publication in the "Red Book", are 
summarised in Table I. 

In conformity with the classificaiton recommended by the International 
Atomic Energy Agency, the cost categories refer to the cost of pro= 
duction inclusive of capital costs (i.e. cut-off price). Values are 
quoted in terms of uranium metal (U), and not as the oxide (U-,Cg) as 
in the past. In arriving at the above figures, mining and metallurgical 
losses have been taken into consideration. 

About 9 % of South Africa's uranium resources occur outside the greater 
Witwatersrand Basin, the most important being the recently discovered 
uraniferous coal deposits of the Northern Transvaal, followed by the 
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TABLE I : SOUTH AFRICA'S URANIUM RESOURCE AND PRODUCTION STATISTICS 

YEAR 
REASONABLY ASSURED RESOURCES PLUS 
ESTIMATED ADDITIONAL RESOURCES IN COST 

CATEGORIES APPLICABLE AT TIME OF ESTIMATION 
metric tons (U) 

URANIUM 
PRODUCTION 
metric tons 

(U) 

1966 
1969 
1972 

1974 

1976 
1973 

Recoverable at less 
than $26/kg U 
($10/lb U 30 8) 

Recoverable at less than 
$39/kg U 

($15/lb U 30 8) 

2 473 
305 

3 197 

2 711 

2 758 
3 961 

1966 
1969 
1972 

1974 

1976 
1973 

169 000 
165 000 
209 000 

246 000 
242 000 
298 000 

2 473 
305 

3 197 

2 711 

2 758 
3 961 

1966 
1969 
1972 

1974 

1976 
1973 

Recoverable at less 
than $39/kg U 
($15/lb U 30 8) 

Recoverable at less than 
$80/kg U 

($30/lb U 30 8) 

2 473 
305 

3 197 

2 711 

2 758 
3 961 

1966 
1969 
1972 

1974 

1976 
1973 

192 000 350 000 

2 473 
305 

3 197 

2 711 

2 758 
3 961 

1966 
1969 
1972 

1974 

1976 
1973 

Recoverable at less 
than $80/kg U 
($30/lb U 30 8) 

Recoverable at less than 
$13C/kg U 

($50/lb U 30 8) 

2 473 
305 

3 197 

2 711 

2 758 
3 961 

1966 
1969 
1972 

1974 

1976 
1973 

340 000 
301 000 

420 000 
530 000 

2 473 
305 

3 197 

2 711 

2 758 
3 961 

1966 - 1976 : RSA and SWA compounded 
1978 : RSA only 

occurrences in the Southern Karoo and the surficial deposits of the 
Morthern Cape Province and the carbonatite deposits of Palabora. The 
viability of some of these deposits is currently under examination. 

During 1978, 19 major mining companies spent a total of R21 million 
exploring for uranium in the Republic. Apart from the cost of tecbni= 
cal assistance and advice given to the industry, the State spent a 
total of R800 000 on airborne radiometric and magnetic surveys which 
covered a. total area of 260 000 km 2. 

Prior to 1973 the assessment of South Africa's uranium reserves was a 
relatively easy task due to ths fact that a minima! amount of exp1ora= 
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tion was being undertaken, and all resource estimates were derived from 
the producing gold/uranium mines of the Witwatersrand. 

Subsequent to 1973 the tempo and success rate of exploration changed 
dramatically. New discoveries on the Witwatersrand, the discovery of 
potentially viable deposits in the Karoo Formations and younger sur= 
ficial deposits coupled with the upsurge in the gold price, have tre= 
mendously complicated the estimation of South Africa's uranium resources 
and have necessitated certain evolutionary changes in the methodology 
of resource assessment as some 21 uranium mines and about 200 prospect= 
ing operations are involved. 

It should also be noted that as 99 % of South Africa's current uranium 
production and 80 % of its post-1990 postulated production is linked 
to gold, uranium accounts for about 12 % of the revenue of the Wit= 
watersrand mines (in 1978 revenue from gold amounted to R3,6 billion 
and that from uranium to R500 million). 

It will be appreciated that the potentially recoverable uranium fluc= 
tuates with the gold price, as the highfr the price the more lower-
grade ore comes into reserve. Production, however, does not necessarily 
increase as the mines tend to mine ore of lower grades when the gold 
price is high. 

2. TERMINOLOGY AND DEFINITIONS 

In order to facilitate reporting to international agencies, South 
Africa conforms, as far as possiDle, to the terminology and definitions 
as recommended by the NEA/IAEA Steering Group on Uranium Resources pu
blished in the co-called "Red 3ook". These definitions need not be 
quoted here as they are well known to the reader. There are, however, 
two notable exceptions in South Africa. Firstly, South Africa, as in 
the case of Australia, does not include undiscovered resources in the 
Estimated Additional Resource (EAR) category. Secondly, the upper 
bracket of the sub-economic resources is given a ceiling of $260/kg 
U (S100/1b U 30 8) and is not left open-ended as suggested in the NEA/ 
IAEA questionnaire for the 1979 "Red Book". South Africa, unl.ke 
some other countries, takes possible metallurgical and mining losses 
into consideration when estimating recoverable uranium resources. 
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In regard to Speculative Resources, when a partly explored deposit in 
Soutn Africa does not, in the opinion of the AES Evaluation Group, 
quite measure up to the requirements for the EAR category, it is usually 
placed in the Speculative Resource category. These Speculative Re= 
source Estimates are not reported to the IAEA. In terms of international 
definitions, South Africa's Speculative Resource category would there
fore be almost directly comparable with Canada's prognosticated cate= 
gory (see Fig. 1). Furthermore, in view of the rather conservative 
view generally adopted by the South African mining industry, a con= 
siderable proportion of the EAR category could possibly be regarded 
as Reasonably Assured Resources (RAR) in the strict sense of the defi= 
nition. As yet, undiscovered deposits are not taken into consideration. 

As most of South Africa's uranium is derived as a by-product from cur= 
rently operating gold mines, it is regarded for the purpose of this 
exercise as being produced at less than $80/kg U ($30/lb U 30 g) because, 
in most cases, all mining costs are allocated to the gold mining 
operations. However, resources are often relegated to a higher cost 
category in areas still being explored where increased depths, lower 
gold values or uncertainties regarding metallurgical processing are 
present, or where lower gold values may require the uranium production 
to bear some of the mining costs. 

3. RESOURCE ESTIMATES 
3.1 Operating Mines 
South Africa's uranium production has increased in recent years and in 
1978 fifteen plants fed by eighteen mines produced a total of 3 961 t U 
(4 674 t U-,0o), representing 11,4 % of the production of the Western 
World. In 1979 eighteen plants fed by twenty-three mines produced 
4 797 t U (5 660 t ILCL) which represents an increase of 22 % over 
the 1978 figure. The resources of these mines account tor 52,6 % of 
South Africa's recoverable uranium resources. 

In most cases the resource estimates assigned to the reefs currently 
mined for their gold/uranium content are conventionally assigned to 
the RAR category exploitable at a cost of less than $80/kg U. 
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It will, however, be appreciated that with a fluctuating gold price a 
resource can move from one category to another almost on a daily basis. 
In practice therefore, it is the policy to make all estimates at a 
fixed gold price. For the 1979 "Red Book" a price of $200 per ounce 
was used and in the exercise currently under way various prices in 
excess of $300 per ounce are being used. 

With a few notable exceptions secondary reefs currently not being mined 
for their gold or uranium content are poorly exposed in underground 
workings. In recent years, due to the escalation of the gold and 
uranium price, increasing attention is being paid to evaluating the 
potential of these reefs. There is no doubt that large tonnages of 
currently marginally payable ore are available if the current high 
price is sustained. Due, however, to the relative lack of sampling 
data, coupled with the rather erratic nature of the mineralisation of 
some of the secondary reefs, the evaluation does not have a high degree 
of confidence, with the result that these resources are usually re= 
legated to the EAR category. 

In order to assess the economic potential of the Witwatersrand reefs 
the mining industry furnishes the AEB with all relevant information. 

3.2 Prospecting Areas 
With the upsurge in prospecting, it is clear that much of South Africa's 
uranium resources are in various stages of discovery, ranging from 
high-cost Speculative to low-cost RAR, and varying from conventional 
Witwatersrand-type ores to ore types such as uraniferous peaty diato= 
maceous earth, coal, calcrete, sandstone, grjnite, carbonatite, alka= 
line rocks and phosphate ores. 

In terms of the Atomic Energy Act of 196/ (as amended) progress reports 
on prospecting operations are submitted to the AEB on a six-monthly 
basis by operating companies. An annual report is required to be 
submitted by the end of February of each year covering the period 
1 January to 31 December of the previous year. A summary of all 
prospecting results and expenditure together with ore-reserve esti= 
mates on a deposit-by-deposit basis accompany the report in tabular 
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form (see Fig. 2). The resource categories referred to in Fig. 2 are 
those as defined by the NEA/IAEA Steering Group. 

Each major deposit or prospecting area within and outside the Uit= 
watersrand Basin is inspected in loco by a member of the Board's 
Evaluation Group subsequent to the submission of the annual report. 
The results are audited and, if necessary, amended in consultation 
with the company concerned. 

The most noteworthy prospecting operations are currently taking place in 
the Greater Witwatersrand Basin, and it is in this area that the more 
dramatic developments are currently taking place. A number of new mines 
have come into operation in recent years and there is no doubt that 
more will follow. 

Outside the Uitwatersrand Basin prospecting for uranium started in the 
late 1960's. With the discovery of potentially viable deposits in 
the sandstone of the Karoo Supergroup in the early 1970's, and the 
upsurge in price experienced in the 1973-75 period, prospecting gained 
momentum. Although the emphasis remained on the Karoo rocks, other 
environments were investigated as well. Promising uranium mineralisa= 
tion has been discovered in granitic, metamorphic and surficial rocks. 
As the orebodies outside the Witwatersrand have small tonnages and the 
mineralisation is patchy and lenticular, the AEB frequently assists 
the prospecting companies in understanding and evaluating the deposits. 

3.3 Resource Evaluation Methods 
The companies involved in prospecting and mining apply a range of 
resource evaluation techniques based on many years of experience. 
Major prospecting companies use a variety of computer methods to cal= 
culate their resource estimates. The results, Which are fed to the 
AEB, are carefully audited, aggregated and categorised. 

In numerous areas, where only a limited amount of prospecting has taken 
place, or poor or inconclusive results were obtained or the prospect 
was abandoned, the AEB has to make its own assessment of the resources. 
Assessments are also carried out in areas where no single mining com= 
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FIG. 2 : Summary of prospecting results. 
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company has sufficient information to attempt a realistic evaluation 
due to the mineral rights being divided amongst different companies in 
a mosaic-type pattern. The AEB also re-evaluates deposits on an on
going basis as new data become available. 

Different techniques are used depending upon the type of deposit con= 
sidered and the amount of data available at the time. In order to 
accelerate the evaluation process, a computer program has been devised 
by the AEB. With particular regaro to the Witwatersrand the assess= 
ment proceeds as detailed below. 

On average the reef varies in thickness from 200 to 400 mm. In calcu= 
lating the average grade a minimum stoping width of 1 m is assumed and 
the value decreased accordingly. 

The area is structurally analysed and the lower surface of the minerali= 
sed horizon contoured in terms of metres below datum. The loss of 
ground due to faults is also indicated. The prospecting area is divided 
into possibly viable mining blocks, often regardlesr of ownership. 

The equal-grade zones of the block are then manually contoured and 
weighted. The areal extent of these zones together with the corre= 
sponding uranium (and gold) grades tabulated in order of decreasing 
uranium tenor, are then used as input data in a computer program 
devised by the AEB for this type of ore-reserve evaluation (see Fig. 3). 
The program evaluates the uranium resources of deposits where the 
i.ranium is either extrcted as the main product or as a by-product. 
In the latter instance the program evaluates the resources pertaining 
to both metals on a combined payability basis. Eight variables are 
catered for in the input to allow for such variables as dollar/rand 
exchange rates, specific gravity of ore, costs or prices and recovery 
factors. 

For the purpose of this paper, cost equals break-even price or cut-off 
price. The program originally had six price constants, namely: $80/kg, 
$130/kg and $260/kg for uranium, and $150/oz, $200/oz and $250/oz for 
gold. It was thought, when the program was devised in early 1979, 
that $250/oz was a realistic ceiling price for gold; however, as the 
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gold price increased dramatically during 1979 this price proved to be 
too low even as a floor price. 

It was decided early in 1980 to insert prices for both uranium and gold 
as variables in the input and these modifications are under way. The 
program assesses the in seta and extractable resources with the relevant 
grades. It also establishes the amount of uranium (and gold) which can 
be extracted at different uranium (and gold) prices and illustrates 
the output graphically if required. 

The major problem in arriving at ore-resource estimates is to establish 
how much of the in iitu resources - as calculated from borehole assay 
values using geostatistical tools - is actually converted into metal 
during the productive life of the mine. The problem is complicated by 
the fact that the ore is subject to many stages of dilution and up
grading along its path from the stope to the mill (see Fig. 4). As 
the amount of ore and its grade vary from the stope to the mill, 
correction factors are applied to the in iiXu grades and tonnages to 
assess the quantity of metal which can be extracted from a deposit. 

Recovery factors expressed in decimal form are shown in Table II. 

TABLE II : RECOVERY FACTORS USED BY THE ATOMIC ENERGY BOARD 

Type of Mine 
Recovery Factor 

Type of Mine 
Tailings Witwatersrand 

mine Other deposits 

Range used 0,2 - 0,8 0,4 - 0,8 0,3 - 0,8 
Approximate average 0,35 0,7 0,65 

3.4 Data Base 

As primary drill assay and related data are judged to be the ^nly rea= 
listic basis for reserve and resource assessment in those areas where 
no mines exist, and as the Evaluation Group of the AEB uses such data 
for the assessment of deposits, a computerised borehole data base has 
been developed (see Fig. 5). 
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The borehole data base stores, amongst other data, lithological de= 
scription, locality of hole, stratigraphical information and assay 
values of mineralised zones and reefs for up to seven metals. 

The Data Base consists of two types of files: master files and 
variable files. Master files are used to store records of which the 
control-key fields will be used as keys to retrieve or identify the 
variable files. The latter records of the variable files contain data 
to be processed into information as required. Examples of master file 
records are coordinates of boreholes, farms, names, provinces and 
districts, while variable file records include assay values, geological 
and lithological descriptions, etc. 

In order to save disc space, most of the data have been codified in a 
data-item field. Records to be used for the retrieval of data are 
stored in master files that are linked to variable files. 

Master records that are only used as descriptive terms (e.g. lithology) 
are stored in unlinked master files. The data output format has 
several options and is presented as a table with all terms written. 
The Total Data Base provides special functions to read, add, 
delete or change records. 

4. PRODUCTION CAPABILITY FORECASTS 

Once the resource estimate analysis of a deposit is completed, the AEB 
embarks on an estimate of Production Capability. Unlike the USA and 
Canada, South Africa, as previously stated, has not and does not intend 
to assess production capability from undiscovered or Speculative 
Resources. 

As is the case in other countries, South Africa calculates its production 
capability on a number of scenarios, but for practical reasons and also 
to facilitate reporting for the completion of the "Red Book" and INFCE 
questionnaires, it has limited its forward projections to the year 2025 
following the requirements set out in the 1979 questionnaire. 
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4.1 Methodology 

4.1.1 Production centres 

In 1979 uranium was produced in South Africa as a by-product of gold in 
the Witwatersrand with one exception only, that being the uranium pro= 
duced as a by-product of copper in the Palabora Mine. 

With regard to the Witwatersrand, uranium is extracted either in a large 
central plant fed by multiple mines or in one to three plants fed by 
one mine. In the former case, the production centre consists of many 
mines, whilst in the lalter instance it consists of one mine only. 

This dual tendency is usually dictated by practical or economic factors. 

For the purpose of this report and in accordance with the current inter= 
pretation of uranium production units in South Africa, a production 
centre has been defined as a complex of one or more plants fed by one 
or more mines which forms an economic unit with regard to uranium pro= 
duction. Depending upon the relnMve certainty of future production, 
centres are classified into four categories. 

4.1.1.1 Current production centres 

These consist of the plants with supporting mines and facilities 
operational as of mid-1979. 

4.1.1.2 Planned Production centres 

These include those uranium plants with supporting resources for which 
construction was under way or construction commitments were evident 
and mine developments were initiated or announced by mid-1979. 

4.1.1.3 Probable production centres 

These are possible uranium plants where tonnage, grade and degree of 
certainty of reserves warrant production but where no decisions as to 
future production had been announced by mid-1979. 
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4.1.1.4 Prognosticated production centres 

These are centres where reserves are insufficient to support production 
facilities or where the certainty of reserves is poor and further pro= 
specting is still required. It also includes abandoned gold mines with 
large low-grade ore tonnages left behind in primary and secondary reefs 
for which no resumption of mining activities is evident or slimes dams 
where the mining groups owning the mining rights have limited experience 
in slimes reprocessing. 

4.1.2 Cut-off grades 

The cut-off grade or pay-limit is that grade at which potential revenue 
balances all costs. In South Africa the cut-off grade is calculated in 
different ways according to whether the uranium is extracted as the only 
metal or in conjunction with other metals, and in the latter instance, 
to the degree to which uranium production is dependent upon the other 
metal(s). 

The essential component in arriving at the cut-off grade is the cost/price 
ratio. The mree following formulae are used in South Africa for the 
cut-off grade calculation: 

(i) Uranium extracted as only product 

The generalised formula is: 

9 C 
P 

where g = cut-off grade in kilograms of uranium metal per ton of 
ore milled 

C = cost per ton of ore milled expressed in Rand inclusive 
of all mining, extraction, infrastructure and over= 
head costs as well as the costs of taxation and 
capital 

P - price in Rand per kilogram of uranium metal 

(ii) Liranium extracted _as main- or co-product in dual- or multi
file t'aT mining propositions 

The generalised formula is: 
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where g and P are the cut-off grade and price of uranium respectively as 
in case (i) and 

C = overall costs expressed in Rands per ton milled of all 
the metals extracted 

R = revenue of the metal(s) other than uranium expressed in 
Rands per ton milled and deduced from the grade/price 
product of those metal(s), i.e. in the case of gold, it 
will be grams of gold per ton milled times the price of 
gold per gram 

(iii) Uranium extracted as a by-product in a dual- or multi-metal 
mining proposition 

The generalised formula is: 

« • $ 

where g and P are the cut-off grade and price of uranium respectively, 
as in case (i) and 

C = cost, expressed in Rands per ton milled, of processing 
the slimes for uranium extraction inclusive of uranium 
taxation and capital costs. 

The price (P) reported on the above formulae is the exploitable cost 
(i.e. cut-off price) was defined by the IAEA in the 1979 "Red Book" and 
is assumed to be $80/kg U, $130/kg U or $260/kg U. 

Since price (P) is a known figure for these exercises, cost then becomes 
the critical consideration in determining cut-off grades. From a study 
of published information, the AEB has adopted the cost ranges shown in 
Table III in arriving at cut-off grades. 

The cut-off grades refer to the ore milled and not to the in t>itu ore. 
The in iitu grades are derived from the former grades by applying for= 
mulae which take dilution and upgrading processes into consideration. 

4.1.3 Lead time 
The lead time is usually regarded as that interval of time which elapses 
between the commencement of exploration and the start of production. 
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TABLE III : COST RANGES USED BY THE ATOMIC ENERGY BOARD 

Uranium extracted 
as 

Cost in Rands per Ton Milled (C) 
Uranium extracted 

as Hi twatersrand-type 
deposit Other deposits 

Only product 
Co- and main product 
By-product 

30 - 50 
1 - 5 

40 - 60 
40 - 70 
1 - 10 

Generally this time is related to environmental and climatic conditions, 
depth, lithology and structure of host rocks, as well as exploration and 
mining experience of the mining groups involved. The lead time is 
broKen down into the following phases for the purpose of this report. 

Pliahe A : Exploration and Discovery 

After a decision has been taken to investigate an area, 
exploration is initiated. The time which elapses between the 
start of exploration and the first discovery of an economically 
promising occurrence constitutes Vhcu>ti A. 

VhoAQ. 8 : Delineation 

The initial discovery will be followed by close-spaced drill 
holes and/or other prospecting methods to determine reserves, 
structure and metallurgical and mineralcgical characteristics 
of the ore-body. 

By this time the favourable horizons and areas will be known 
to a certain degree, and exploration for other ore-bodies 
within the same environment will take advantage of a shorter 
Pkoóe A period or will begin directly in Ph<uz 8. 

Pfitue C : Feasibility Studies 

Whenever reserves of a deposit reach a quantity sufficient to 
justify a mine, feasibility studies are carried out to as= 
certain the viability of such a mine. In a known environment, 
for example the tlitwatersrand, parameters are well defined 
from experience. 
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In new environments as for instance in the Karoo, a high 
degree of uncertainty will remain even though sophisticated 
systems of evaluation are used. 

Pitase V : Land Consolidation 
This phase represents the time that will be required to pro= 
cure the mineral and surface rights. Land consolidation . 
usually starts towards the end of PÍIOÍC B and is completed 
before or during Vhcttd E. It does not entail a difficult or 
long process, as in South Africa "option-to-buy" contracts 
are signed between the company and the owner of the land at 
the beginning of the exploration program. Under these con= 
tracts the owner undertakes to sell at a predetermined price, 
his rights over the land, if so required by the company, 
within the contract period. During the option period the 
prospecting company pays the owner of the land an annual 
fee which is proportional to the extent of the land under 
option. 

Plicae. E : Decision Period 
The time which elapses between the end of the feasibility 
studies and the beginning of mine development is known as the 
decision period. The length of this period is influenced by 
any mining policy, contracting and available funds. 

Phcaz F : First Production 
Following the decision to proceed with mining, there will be 
an elapsed time during which plant, shaft and primary mine 
developments take place. This period ends when the first 
uranium ii produced. 

The lead times for the different phases of each type of 
deposit are detailed in Table IV. 

In arriving at the production forecast, current producers and envisaged 
centres which were in a stage of development ranging from the end of 
P/icue 6 to Plicae. F were considered. 
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With regard to time, most of the South African centres could be brought 
to production within 5 years from now, should the need arise. 

TABLE IV : LEAD TIME RANGES USED BY THE ATOMIC ENERGY BOARD 

PHASE 
YEARS 

PHASE 
Quartz-pebble conglome= 

rate deposits 
Sandstone 
deposits 

Other 
deposits 

A 1 - 6 2 - 5 1 - 5 
B 5-20 2 - 5 2 - 4 
C 0,5 0,5 - 2 0,5 - 2 
D - - -
E 1 - 4 1 - 5 1 - 10 
F 2 - 4 2 - 3 1 - 3 

Average 9,5 - 34,5 7,5 - 20 5,5 - 24 

4.1.4 Production trends 
It is practically impossible to forecast a long-term uranium production 
trend throughout the life of a South African mining complex, as uranium 
is and will generally be produced as a by- or co-product of gold. Con= 
sequently the parameters are strictly linked to the supply and demand 
conditions of the metals extracted. 

Uranium output during the 28 years of production in South Africa - the 
first uranium was extracted in the West Rand Consolidated Mine in 1952 -
has been erratic and hence a poor indicator for forecasting purposes. 
Typically, low-grade mines have closed down their U-plants in times of 
moderate demand and have recommissioned them at considerable cost when 
more favourable contracts were signed. 

Uranium production forecasting is also complicated by the dependence of 
uranium production upon foreign markets since the internal consumption 
is limited. Considering the imponderability of many parameters, the AEB 
has made the following basic assumptions in arriving at the current 
production forecast: 

! I 
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(i) the centres will carry on producing uranium uninterruptedly 
until the resources earmarked for production are exhausted; 

(ii) there will be a sufficient demand to absorb all the pro= 
duction of future centres. 

With regard to production there are basically two types of deposits in 
South Africa: deposits within and deposits outside the Hitwatersrand 
Basin. In the former instance a detailed gold production survey of all 
the defunct gold mines which were active at some or other stage since 
the discovery of the Witwatersrand was undertaken. Out of the few 
hundred mines, 27 were eventually chosen as characteristic of the Wit= 
watersrand-type mine. The factors used in choosing these mines were, 
essentially as follows: firstly, the size had to be similar or as close 
to that of the current or planned mines as possible; secondly, the pro= 
duction had to be continuous throughout the life of the mine; and 
thirdly, the mine had to stop production when at least 90 % of its 
reserves were mined out. 

The survey revealed that the average life of a Witwatersrand mine is 
47,6 years (see Fig. 6). The gold production undergoes the following 
three stages: 

(i) build-up production stage which lasts 12 years; 

(ii) maximum production stage which remains fairly constant at 
10 000 kg of gold per year from the 12th to 23rd year of 
life-of-mine; 

(iii) decline stage characterised by a steady and irreversible 
drop in production with an output of 1 500 kg of gold in 
the last year of production. 

A three-stage pattern is also evident with regard to the ore milled, 
with the main difference being that the ore-milled peak period occurs 
15 years later than the production peak period. 

A survey of uranium production in the Witwatersrand mines was also car= 
ried out but proved to be inconclusive, partly due to the erratic pro= 
duction pattern and partly because the South African mines are still 
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FIG. 6 : Gold production (in kg x 10 ), ore milled (in t x 10 ) and gold grade (in g/t) of the 
average Witwatersrand Gold Mine. t\3 
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on the initial or intermediate stage of uranium production development. 

Eventually the gold production pattern was taken as the only realistic 
base en which to estimate uranium production in new Witwatersrand centres. 
This decision w?.s also facilitated by the consideration that the areal 
distribution of gold and uranium is roughly concomitant. 

After slight modifications, the gold production trend was thus used for 
the uranium production estimates of new centres, and in doing so, it 
was assumed that all the ore milled would be treated in the gold and 
uranium plants without any stockpile of uraniferous ore taking place 
at any one time. 

With regard to the 1979 producers, which usually treat old slimes as 
well as ore from current production, the 1979 uranium production was 
projected throughout the remaining life of the mine after allowing for 
planned expansions. Uith regard to centres which re-treat old slimes, 
a constant rate of production throughout the life of the centre was 
assumed. 

Outside the Witwatersrand the tendency could be one of quick exploitation 
of high-grade areas to obtain a short pay-back period of the order of 
two to four years. Once the capital is paid back, low-grade reserves 
will be brought to production and the mining operations will proceed 
until all the economic ore is mined out. 

The life-of-mine period through the main production stages as used by 
the AEB, is shown in Table V. 

The projection of South African uranium production capacities and capa= 
bilities is done on a centre-by-centre basis. Each production centre 
is carefully considered and different production trends applied using 
current and historical norms, assuming various degrees of "adverse", 
"normal" anc "most favourable" production conditions. 

Generalised graphs derived from the above exercises are shown in Fig. 7. 

Nineteen centres were used in the forecasts of planned production as 
against 50 in the forecasts of maximum production. 
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TABLE y : LIFE-OF-HINE PERIOD OF DIFFERENT CENTRES 

PRODUCTION 
STAGES 

PRODUCTION PERIOD IN VEARS 
PRODUCTION 
STAGES Large 

Witwatersrand 
centre 

Small 
Witwatersrand 

centre 

Multiple 
slimes dams 
centre 

Karoo 
centre 

Other 
centres 

Build-up 

Maximum 

Decline 

7 - 13 

10 - 20 

20 - 35 

4 - 8 

8 - 10 

5 - 10 

1 - 2 

15 - 25 

1 - 2 

1 - 2 

3 - 9 

1 - 2 

1 - 4 

5 - 15 

1 - 5 

Total life-of-
mine 37 - 67 18 - 28 17-29 5 - 13 7 - 24 

5. CONCLUSIONS 
It may safely be concluded that estimates of South Africa's uranium 
resources and production potential are conservative and based on sound 
judgement and realistic assessment. 

Apart from the establishment of a data base and an evaluation program, 
computer modelling is not yet used for production forecasts by the AEB. 
It is, however, envisaged that within a few years such a program will 
be available and the entire resource assessment program will be automated. 

Ninety percent of the country's resources and 99 % of its production is 
derived from the Greater Witwatersrand Basin. Because uranium is 
extracted as a by-product of gold in this Basin, a long-term drop in 
the gold price will also adversely affect uranium production. However, 
assuming that the gold price does not fall belov/ 300 dollars per ounce, 
South Africa's uranium production will remain practically unaffected. 

Furthermore, should the need arise, South Africa could maintain a 
production of 10 000 t U per annum well into the next century. 


