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The uranium production forecasting program described in this paper projects 
production from Reasonably Assured, Estimated Additional and Speculative 
Resources in the cost categories of less than $ 130/kg U. Originally designed 
to handle South African production, it has been expanded and redimension
ed using available published information to forecast production for countries 
of the Western World. 

The program forecasts production from up to 400 plants over a period of 
fifty years and has built-in production models derived from documented 
historical data of the more important uranium provinces. It is particularly 
suitable to assess production capabilities on a national and global scale where 
variations in outputs for the individual plants tend to even out. The program 
is aimed at putting the uranium potential of anyone country into a realistic 
perspective, and it could thus be useful for planning purposes and marketing 

strategies. 

Introduction 
The Atomic Energy Corporation of South 

Africa (Pty) Ltd has been assessing the 

uranium production capability of South 

Africa on an on-going basis since the late 

1960s. 

basis. During 1982 research was orientated 

This operation was carried out manually 

in the past, but as this could not be done 

wi th the speed, aceuracy and the facility 

caused by changing production scenarios 

that are required in forecasting 

production, research into a computerised 

system was initiated in 1980. 

The program was originally designed to 

forecast 

Reasonably 

Estimated 

South African production 
1 Assured Resources (RAR) 

from 

and 

Additional 1 Resources (EAR), 

and was modified as research progressed to 

forecast production for the world on a 

country-by-country and a plant-by-plant 

to production modelling from speculative 

Resources 1 (SR), the results of which 

were incorporated into the program in 

mid-1983. The program, which has been 

called FERPROD, is the result of in-depth 

analysis of production patterns from the 

known uranium districts of the world. 

Historical production trends as well as 

planned production forecasts from newly 

discovered deposits were studied. The 

production models incorporated in the 

program also meet the stringent economic 

conditions set by multinational mining 

corporations in assessing the viability of 

their mining propositions. 

The program has been structured to handle 

resources exploitable in the cost 

categories below $130/kg U and to forecast 
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pt'oduction of up to 400 plants at a time 

and fot' a pet'iod of fifty yeat's. 

It uses 

fOt'ecasting. 

two distinct appt'oaches 

The fit'st t'efet's 

to 

to 

pt'oduction fot'ecasting ft'om RAR and EAR 

whet'e cesout'ces and gt'ades of each deposit 

at'e known and pt'oduction t'ates have been 

planned by the contt'olling mining gt'oup ot' 

at'e estimated by the user.. The input. data 

file contains all details pet'taining to 

pt'oduction of each plant and the pt'ogt'am 

simply cat't'ies out a standat'd set'ies of 

opet'ations 

pt'oduction 

fot"Tllat. 

to enable 

statistics 

it 

in 

to tabulate 

a convenient 

The second appt'oach t'efet's to pt'oduction 

fot'ecasting ft'om SR, which at'e the 

t'esout'ces estimated to exist on the basis 

of indit'ect evidence. Locali ty, size and 

gt'ade of deposits are unknown and the input 

data file only contains, fot' each uranium 

pt'ovince, its resources and broad intervals 

of gt'ades and recovery factors. The 

program detet"Tllines the number of deposits 

to be brought to production and models 

their production according to local and 

global conditions estimated to exist at the 

time of exploitation. Contrat'y to the 

first approach, the program here assumes an 

active role by detet"Tllining objective 

pt'oduction scenarios from sets of t'Ules and 

relationships pt'ovided by its compilers. 

This dual approach adds considerable 

flexibility to the pt'ogram, allowing it to 

forecast production ft'om a very broad 

spectt'Um of deposits and uranium provinces. 

Uranium production forecasting is complex 

because of uncertainties in future nuclear 

power growth, secrecy of transactions ~nd 

because the mat'ket is a relatively yoJng 
1 

one. The problem is compounded by a demand 

which has remained consistently below 

pt'oduction capabilities coupled with t~e 

large size of the known resources which a~e 
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sufficient to supply the needs of the 

Western Wot'ld for the next eighty yeat's at 

cut't'ent pt'oduction rates, and the fact that 

65 % of these t'esout'ces are concentrated in 

a few countt'ies. 

The FERPROD program is by no means the 

ultimate in ut'anium production forecasting, 

but it hopefully t'ept'esents a substantial 

contt'ibution to it. It is the t'esult of 

many years of t'esearch by the Resout'ce 

Evaluation Division of 

Geotechnology Department, 

the 

with 

AEC's 

the 

cooperation of the South African mining 

industt'y and government bodies. 

The progt'am adopts a middle-of-the-road 

attitude in its models and puts the uranium 

potential of anyone country in a realistic 

per~pective. It is hoped that this has been 

achieved by discarding subjective political 

considerations and by consistently weighing 

up the technical and economic parameters 

which directly influence production. 2
,3 

Plant production modelling 

Basic to the program is a study 

undertaken in 1980 of past plant production 

trends. The study focused on an 

investigation of gold mines with a view, 

firstly, to detet"Tllining a standard gold 

production pattern for Witwatersrand-type 

mines, and, secondly, to applying such a 

pattern to uranium production forecasting 

in South Africa, where uranium exploitation 

has too short a life to be used for 

reliable production modelling. 4 

The study consisted of a detailed gold 

production survey of all the defunct mines 

which were active on the witwatersrand 

subsequent to 1902. Out of the few hundred 

mines, 27 were eventually chosen as 

characteristic of a Witwatersrand-type 

mine. The factors used in choosing these 

mines were essentially as follows: firstly, 

the size had to be similar to or as close 
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as possible to that of the current or 

planned mines; secondly, the production had 

to be continuous throughout the life of the 

mine; and thirdly, the mine would stop 

production when at least 90% of its 

reserves were mined out. 

The survey revealed that gold production 

undergoes 

(Figure 1): 

the following three stages 

(i) build-up production stage, which 

lasts 12 years; 

( ii) maximum production stagB at a rate 

of 10 000 kg of gold per year from 

the 12th to the 23rd year of the 

life of the mine; 

(iii) decline stage, characterised by a 

steady and irreversible drop in 

production. 

The milling rate follows a slightly more 

complicated pattern. It starts with a 

build-up period of 3-5 years after which it 

remains constant at planned capacity for 
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FIGURE 1. Gold production (t), ore milled (t x 105
) and grades (g/t) of an average Witwatersrand gold 
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the next 12 years. The milling rate 

rapidly increases during a second build-up 

period to coincide with plant improvements 

or the building of a second plant. This 

build-up period lasts 2-5 years, after 

which the plant maintains maximum milling 

throughput until ore depletion forces a 

rapid decline in milling rates. 

This approach was taken as indicative of 

uranium production modelling of deposits in 

quartz-pebble conglomerate provinces, 

assuming an adequate demand. The model was 

then compared with past production patterns 

in the most important uranium provinces and 

districts of the world, particularly the 

united states, Canada, Niger and Australia. 

From this investigation it was found that 

milling and production rates in most 

uranium provinces broadly follow a similar 
pattern, which can be summarised as 

follows: the plants generally undeL50 a 

build-up period of up to 5 years, followed 

by a period of relatively constant milling 

and production throughputs. As prospecting 

delineates further resources and mining 

provides access to larger quantities of 

ore, production capacity is increased 

through plant improvements, implementation 

of more effective extraction technology 

and/or the building of additional plants. 

This results in a second production 

build-up period generally lasting up to 5 

years, after which maximum production is 

achieved and maintained until the depletion 

of resources causes a rapid fall-off of 

production. 5 

This broad production pattern was 

standardised in the program in a five-stage 

production model (Figure 2): 

(i) 

(H) 

build-up of production (1-5 years); 

planned production with constant 

output around nominal plant capacity 

(3-10 years); 

(Hi) second build-up of producHon due to 
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improvements to plant or the 

construction of a new plant (1-5 

years); 

(iv) 

(v) 

peak production (5-10 years); 

decline of production (1 year). 

Whether a plant undergoes the full 

production cycle as described above or only 

some stages of it depends on such factors 

as the geological setting of the deposit, 

market trends, grades and the size of the 

deposit, of which the last is the most 

important. Larger deposits generally 

follow the full production cycle. 

As noted from Figure 2, recovery grades 

are kept constant throughout the life of 

the mine. This was done for two reasons: 

firstly, the recovery grade over the life 

of the mine of most deposits follows an 

unpredictable pattern, and secondly, its 

variability is generally of low amplitude 

and is practically insignificant for 

national production forecasting purposes. 

Production forecasting from SR 
General considerations 

h~ program (see listingS) follows either 

one of two distinct paths, the SR path or 

the RAR/EAR path. In the first instance 

the program uses both options 1030 and 

1031, while in the second instance it 

by-passes option 1030 (Figure 3). 

The SR option requires a minimal input 

consisting, for each uranium province, of 

its resources with intervals of broad 

recovery grades and recovery factors. 

The program has seven built-in production 

scenarios chosen on the size of the uranium 

provinces or districts involved, each 

scenario consisting of a series of plants 

of various size and production trends. 

In modelling production scenarios, the 

past and planned production trends of the 

known uranium mining districts of the world 

have been taken into consideration. The 
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attitude of prospecting and financial 

groups towards new mining operations has 

also been considered. The economic aspect 

plays a predominant role in that for a new 

mining project to be viable it has to meet 

certain conditions, namely: a rate of 

return in excess of 10% in real money 

terms, and a pay-back period consisting of 

between 3 and 8 years, depending on the 

size of the deposit. The program determines 

the value of the following parameters for 

each scenario: 

(i) 

(ii) 

(iii) 

(iv) 

(v) 

number of plants; 

start-up production date of 

plant; 

resources committed to each 

together with their recovery 

and factors; 

production build-up periods; 

production rates. 

each 

plant 

grades 

In order to enable the user to forecast 

uranium production capabilities from a 

broad spectrum of mining and economic 

situations, the program has been written 

with three suboptions; namely, growth case, 

economic status of the country and 

production type. The growth case allows 

the user to choose whether the production 

forecast is done during a period of low 

nuclear power growth (low-growth case) or 

during a period of high nuclear power 

growth (high-growth case). The economic 

statuG sUboption copes with th~ effect that 

industrialisation is expected to have on 

uranium production and has two 

alternatives, i.e. production from a 

developing country or an industrialised 

countey. The last suboption deals with 

uranium being exploited as a by-product or 

a main product. In all, the three 

suboptions permit a combination of eight 

different production cases (Figure 4). 

Resources available for exploitation 

The assumption has been made in the 

program that the total SR of anyone 

uranium pt:'(>7i-:>.~e cannot be discovered, 

proved and brought to production during the 

fifty-year forecasting period because of 

prospecting and market restraints. 

Therefore only a certain amount of SR 

estimated to occur in anyone rock type 

will be discovered and a certain proportion 

of the discovered deposits will be brought 

to production within the forecasting 

period. The resources available for 

exploi tation will be depleted in total or 

in part within the forecasting period 

URANIUM 
BY-PRODUCT 

URANIUM 
MAIN-PRODUCT 

URANIUM 
BY-PRODUCT 

URANIUM 
MAIN -PRODUCT 

FIGURE 4. Production cases 
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TABLE 1. Resources Available For Exploitation During The 

Forecasting Period 

Recoverable speculative sesources in tons U 

Ultimate potential 

o 
51 000 

101 000 
201 000 
501 000 

51 000 
101 000 
201 000 
501 000 
SOl 000 

>SOl 000 

Available for exploitation 

during the forecasting period 

o 
3S 250 
70 700 

130 650 
300 600 

40 SOO 
75 750 

140 700 
325 650 
4S0 600 

>400 500 

Percentage 

of ultimate 

potential 

SO 
75 
70 
65 
60 
50 

depending on their size, the production Plant production capacities 

rates used and 

production dates. 

the plants' start-up The program considers a fixed number of 

plants for each production scenario (see 

Table 2). The available resources are estimated by 

the program which cuts down the original SR 

by factors proportional to their original 

size, as shown in Table 1, and result from 

the numerous production modelling exercises 

studied by the AEC with the aim of 

maintaining an adequate balance between 

supply and demand. 

The resources committed to each plant are 

calculated with the following algorithm: 5 

U. UFo 
1 1 

where U available resources 

uranium province 

U. resources committed 
1 

Plant No. i 

TABLE 2. Production Scenarios, Available Resources And Number 

Of Plants Considered 

Production 

scenario 

No. 

1 

2 

3 

4 

5 

6 

7 

Resources availaLle 

in t U 

500 

5 001 

10 001 

30 001 

50 001 

100 001 

5 000 

10 000 

30 000 

50 000 

100 000 

200 000 

>200 000 
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Number of 

plants 

considered 

1 

3 

3 

4 

6 

9 

15 

in a 

to 
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and F. 
1 

Plant 

number respecting the 

conditions: 

n 

r F. _< 1, F. 1 > F. 
1 1- -

i=1 
p!."uduction capac:ties are 

calculated as a function of the resources 

committed to the plant. 

Depending on the production scenario 

considered, the program follows one of two 

distinct paths. In the one instance 

(production scenarios 4,5 and 6) , the 

program assumes a nominal production rate 

for the plant exploiting the resources of 

the largest deposit, and calculates 

progressively decreasing uranium outputs 

for the plants of the remaining deposits. 

The nominal production rate (U) becomes a 

constant for each plant, and the 

life-of-mine in years (N) becomes a direct 

function of the resources (A) committed to 

each plant, through the formula 

!1 
U 

N 

In the other 

scenarios 1, 2, 3 

instance 

and 7). 

(production 

the program 

assesses a life-of-mine period for each 

plant, and the production capacity of each 

plant becomes a direct function of the 
5 resources committed to that plant. 

The adoption of two different paths to 

arrive at plant production capacities was 

preferred because it permits closer 

adherence to the models stUdied. 

Recovery grades 

Recovery grades for the plants of each 

scenario. are calculated assuming 

progressively lower recovery grades movinr. 

from small to large deposits. This is 

consistent with the situation encountered 

in the known uranium provinces, where the 

deposits being exploited range from 

low-grade/large-tonnage ones to 
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high-grade/small-tonnage ones. 

The algorithm used in the program is as 

follows: 5 

G, 
1 

where G, 
1 

G
1 

n 

n. 
1 

n 

recovery grade of a plant 

lower boundary of the 

recovery grade interval 

upper boundary of the 

recovery grade interval 

total number of plants used 

in a particular production 

scenario 

plant number, subject to 

1 < n, < n. 
1 -

Recovery factors 

The recovery factor increases with the 

recovery grade for the deposits belonging 

to a certain production scenario. The 

algorithm utilised by the program is as 

follows: 5 

when 

R. 
1 

n 

R. - recovery factor of a plant 
1 

RI lower boundary of the 

recovery factor interval 

R2 upper boundary of the 

recovery factor interval 

n 

n. 
1 

total number of plants used 

in a particular production 

scenario 

plant number, subject to 

1 < n. < n. 
- 1-

Start-up production dates 

l'he program calculates the st ..... , JP 

production dates for the plants of each 

scenario (Figure 5) . Generally, the 

high-grade/ small-tonnage deposits phase in 

their production first, followed by 

progressively low-grade/large-tonnage 
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FIGURE 5. Plant start-up production dates in developing and industrialised countries 

deposits. This model is based on economic 

considerations in that a small deposit 

requires smaller capital investment, has a 

higher rate-of-return, and a shorter 

pay-back period than larger deposits. 

However, it has been assumed for the 

mining districts with resources in excess 

of 201000 t u that a few, small, high-grade 

deposi ts will still be discovered and 

brought to production during the later part 

of the forecasting period. 

Low-growth case and high-growth case 

The program has been structured to follow 

ei ther a low-growth case or a high-growth 

case. As explained above the SR associated 

with anyone rock type are subjected by the 

program to a first trimming which produces 

the resources available for exploitation 

during the fifty years forecasting period 

in the high-growth case. In the low-growth 

case, the resources available are further 

reduced (see Table 3 and Figure 6) by 

factors proportional to the size of the 

resources. It is noted from Table 3 that 

progressively larger percentages of 

resources are available when moving from 

small to large uranium provinces. This is 

due to the assumption that large uranium 

provinces are less sensitive to price and 

demand fluctuation because they are 

generally committed to longer-term selling 

contracts. 

The recovery grade of the deposits mined 

TABLE 3. Amount Of Resources Available In The High-Growth 

Case And The Low-Growth Case 

Available resources in tons U Percentage of 
high-growth-

case 
High-growth case Low-growth case resources 

0 10 000 0 0 

10 001 50 000 3 000 15 000 30 

50 001 100 000 22 500 45 000 45 

100 001 200 000 60 000 120 000 60 

>200 000 >120 000 70 
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in the low-growth case is adjusted upward. 

This is based on the assumption that only 

high-grade deposits will be exploited and 

selective mining applied. The adjustment 

is a function of the resource size. 

The following algorithm is used: 5 

G
2 

- G
1 

G G
1 

+ F 

2 

where G corrected recovery grade 

G
1 

lower boundary of original 

recovery grade interval 

G
2 

upper boundary of original 

recovery grade interval 

F factor, constant for each 

production scenario, and 

ranging from 0,4 and 0,7. 

Uranium production from developing and industrialised 
countries 

Usually uranium output from developing 

countries compares adversely with that of 

industrialised countries, particularly with 
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regard to small provinces. The cause of 

this situation is primarily due to the 

longer lead-time from start of prospecting 

to start of production in developing 

countries which, 

such factors 

infrastructures, 

in turn, 

as 

lack 

is the result of 

deficiency of 

of capital and 

expertise, and adverse climatic conditions. 

In the program, production forecasting 

from developing countries is dealt with by 

delaying the start-up production date of 

the plants by up to four years (Figure 6). 

As shown in Figure 5, the delay varies, 

decreasing steadily from small to large 

deposits and from small to large uranium 

provinces. This is a direct result of the 

attitude towards uranium exploitation in 

developing countries where small uranium 

provinces are expected to contribute to an 

insignificant 

economy, and 

investigated 

extent to the 

therefore are 

and exploited. 

national 

poorly 

Lack of 

expertise and supporting industries further 
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delays the exploitation of these provinces. 

The picture changes considerably with 

regard to large uranium provinces, in that 

the exploitation of the uranium from these 

provinces usually contributes substantially 

to the national economy. Foreign 

investments are welcomed and facilitated by 

tax relaxation measures; exploration and 

research are boosted, and all efforts are 

made to begin production at the earliest 

possible date. The result is a uranium 

industry comparable with that of 

industrialised countries, as is the case in 

the Niger. 

Uranium extracted as a by-product 

A considerable amount of the uranium 

produced in the world comes from 

multi-metal mining operations where uranium 

is extracted as a by-product. The 

witwatersrand Basin and Olympic Dam are the 

most notable examples. 

The economic implication of such a 

production scenario is that the main 

product will now sustain the viability of 

the project as far as mining and milling 

costs are concerned while uranium is only 

charged with its own extraction costs. 

Owing to the low grades, only certain 

concentrates are treated in the uranium 

plant, which causes a considerable drop in 

production when compared to 

corresponding main-product scenario. 

the 

The 

program 

production 

handles 

by 

by-product uranium 

lowering the nominal 

production capacity of each plant by 

factors ranging from 2 to 4, applying the 

algorithim: 

U 
a 

where U 
a 

U 
n 

N. 
1 

N. 
1 

U - (2 + 2 -) 
n 

N 

adjusted production rate 

nominal production rate 

plant number 

N number of plants for a 

specific scenario. 

Larger deposits are less affected than 

smaller deposits by drops in milling rate. 

Thls is because the ore treated in largE' 

del'osits is usually low grade, requiring p. 

high output of all the minerals pL'oduced to 

maintain the viability of the operation. 

Uranium tends in these cases to assume the 

more active role of co-product. 

The combined effects of growth case, 

economic status of the country 

product.ion type are shown in Figure 7. 

Production capacity 

The plant production capacity 

calculated with the formula: 

U 

where U 

o 

o x G x 1000 

yearly uranium output in t u 

ore milled in millions of to~q 

Grecovery grade in kg Uft. 

and 

is 

Production during each year of the first. 

build-up period is calculated 

program using the formula: 5 
by 

U. 
1 

where U. 
1 

U 

n. 
1 

n 

U 

- n. 
1 

n 

production output in t U 

in a certain year of the 

build-up period 

nominal production rate at 

full plant capacity 

anyone year in the first 

build-up period, subject to 

the condit.lon 0 < n. < n 
- 1-

first build-up product ion 

period of a plant subject t.o 

the condition 0 ~ n ~ 5. If 

n = 0 the program assumes 

that there has been no 

build-up period. 

the 

Production during the second build-up 

period is calculated by the program with 
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FIGURE 7. Comparison between high-growth-case production forecast in industrialised country with 
uranium extracted as a main product (curve 1) and low-growth-case production forecast in 
developing country with uranium extracted as a by-product (curve 2) 

the formula: 5 

U. 
1 

where U. 
1 

n. 
1 

n 

n 

n. 
1 

production output in t U in 

anyone year of the second 

build-up period 

nominal plant capacity in 

t U/y prior to improvements 

nominal plant capacity in 

t U/y due soley to plant 

improvements, or additional 

uranium output due to plant 

improvements 

anyone year of the second 

build-up period, subject to 

the condition 0 < n. < n 
- 1-

second build-up period in 

years, subject to the 

condition 0 ~ n ~ 5. If n=O 

the program assumes that 

there have been no improve

ments to the plant. 

Production forecasting from RAR and EAR 
General considerations 

In this option the program manipulates 

the production parameters of each plant in 
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a way suitable for later printing in tables 

and graphs. The option requires an 

extended input file which, in addition to 

plant identification parameters, contains 

for each plant the committed resources, 

recovery grades, recovery factors, start-up 

production dates, production build-up 

periods and relevant milling rates. 

It can be used alone or in conjunction 

with option 1030. In the first instance it 

handles production statistics from RAR, or 

RAR plus EAR in either of three cost 

categories, namely: resources exploitable 

at less than $40/kg U, at less than $80/kg 

U and at less than $130/kg U. 

When used in conjunction with option 

1030, the program handles statistics 

pertaining to SR exploitable in the 

category of less than $130/kg u. In this 

case option 1030 generates the full input 

file which option 1031 then manipulates. 

Output of results 

Year I} ,,~oauction figures are tabulated for 

each plant. In addition, statistics of 

total and cumulative production such as ore 

~~lled, uranium output, recover-y grades and 

recovery factors are shown for each year of 
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the forecasting period. Total production 

'iuring the fifty years forecasting period 

are displayed in graphic form in two 

separate printouts. 

Conclusion 

Th·! program FERPROD is the result of years 

of research by the Resource Evaluation 

Division of the AEC. It is based on 

historical production patterns of major 

uranium districts, on planned production 

from deposits currently being exploited and 

on the results of feasibility studies. All 

significant deposits in the world were 

analysed. Particular attention was given 

to the Witwatersrand which remains the 

largest repository of low-grade uranium. 

In order to have production models 

applicable to all type of deposits with an 

acceptable degree of reliabili ty, many 

pertinent situations were quantified and 

utilised in the program. These include the 

projected nuclear power growth rate, the 

industrialised status of the country 

hosting the deposits and whether the 

uranium would be exploited as a main- or 

by-product. 

The viability of a deposit is based 

entirely on technical and economic 

considerations as applied by the mining 

groups in their assessments. Subjective 

political considerations which have so much 

distorted the uranium forecasting picture 

in the past are disregarded. FERPROD 

generates objective production models 

aiming at giving realistic indications of 

the production capability of a country 

during a fifty year period, thus providing 

a further tool to policy makers in 

government bodies and mining organisations. 
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