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GLOSSARY OF TERMS

YELLOWCAKE: the crude concentrate produced by uranium mining companies,
usually at or near the location of the orebody. It consists of the
uranium oxide — U3OB at a purity of 75 to 95%.

URANIUM HEXAFLUORIDE (UF6): an intermediate product containing at least
99.5% UF6 which is the feedstock for enrichment. With existing
technology it is the only acceptable feedstock for this purpose.
It may be produced in a separate plant and sold to an enrichment
plant, or it may be produced in part of an uranium processing
facility including both processing to UF6 and enrichment.

ENRICHED URANIUM: contains the uranium isotope U 2 3 5, commonly at a concen-
tration of about 3%. It is produced from the natural UF6 containing
0.71% £/235 by one of the processes described in the Report. In the
fuel cycle it appears first as enriched hexafluoride, and is then
converted into other forms, e.g., oxide, for use in fuel element
fabrication.

SEPARATIVE WORK UNIT (SWU): an expression of the capacity of an enrichment
plant. The precise definition is complex, but the units (expressed
either as kilograms or tonnes) are proportional to the rate of flow
through the plant and to the amount of separation achieved.

INFRASTRUCTURE: the capital works which are essential to enable any plant,
factory, etc., to operate. Such works are outside the plant fence
and are not normally considered to be part of the capital cost of
the plant. They include items such as accommodation for plant
personnel and their families, and supporting shops, tradesmen, etc.,
provision of transport facilities such as roads and railways and
docks, and provision of power and water.

kWe: kilowatt electrical.

SOLVENT EXTRACTION: a chemical process by which a desired material is
purified by selectively dissolving, adsorbing or chemically bonding
it in a suitable immiscible solvent. The term usually implies
two functions, extraction and stripping.

EXTRACTION: the process of selectively dissolving, adsorbing or chemically
bonding a desired material. It is usually carried out in a series
of reactors in which the aqueous solution of the desired material
is run counter-current to the immiscible solvent.

STRIPPING: the process of recovery of the desired material from the solvent.
It is usually carried out in a series of reactors in which the
solvent is run counter-current to the aqueous stripping solution,
which is usually acidic. The depleted solvent is recycled to
extraction.

RAFFINATE: the aqueous stream from an extraction circuit which is depleted
in desired material.

FLUID BED REACTOR: a machine consisting of a vertical tube in which a bed
of solid particles is supported over a perforated plate by a gas
stream passing through the plate and having sufficient velocity to
suspend the solid particles.
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1. RECOMMENDATIONS

1. The establishment of the uranium processing centre at Redcliff, as
presented in conceptual form, is recommended, comprising initially an
uranium hexafluoride plant of 5000 tonnes uranium capacity per annum,
to be operational concurrently with the availability of yellowcake
from Australian uranium mines. Estimated cost: $A50 million at
1975 values.

2. The growth of the centre to be planned on a progressive basis related
to the export, trade and availability of yellowcake. An expansion to
at least 10 000 tonnes of uranium as uranium hexafluoride and 5000 tonnes
Separative Work Units (SWUs) per annum of enriched uranium is considered
to be a realistic development in the 1980s to enable exports to be
mainly In the form of enriched uranium.

3. The full development for the above-mentioned tonnages to be considered
as a national development project, for establishment primarily by the
Commonwealth Government but with full State Government support and
participation. The total cost over an eight-and-half-year period
is estimated at $A1400 million (1975 values). Infrastructure cost
additionally is oi the order of $A40 million.

4. Export sales of uranium from Australian mines to be conditional on the
refining and enrichment of such sales in the uranium processing centre,
as capacity permits.

5. The decision as to whether to proceed with the project should be made
with all speed to ensure that export sales of uranium are made subject
to refining and enrichment in Australia.

6. The uranium refining and enrichment centre to be debt financed by the
purchasers of Australian uranium.



2. OUTLINE OF REPORT

The Report sets out the salient data relating to the establishment of a
uranium processing centre at Redcliff in South Australia.

It is conceived as a major development project for the Commonwealth, the
South Australian Government and Australian Industry comprising the refining
and enrichment of uranium produced from Australian mines.

Using the data currently available in respect of markets, demand, tech-
nology and possible financial return from overseas sales, the project could
be initiated immediately with hexafluoride production, followed rapidly in
stages by enrichment production using the centrifuge process.

A conceptual development plan is presented, involving a growth pattern
that would be closely synchronised with the mining and production of
yellowcake.

The proposed development is presented in the form of an eight-and-
half-year programme. Costs in this Report are based on 1975 values, unless
otherwise stated.

References to earlier reports prepared by the Committee and Amdel, are
relevant to the conceptual development programme presented herein, namely:

Proposed Centralised Uranium Processing Plant. Amdel Report
1/1/154. June 1974; by T.B. Dickinson, J.M. Clayton, L.H. Goldney
and J.A. Lackey.

Preliminary Report of Uranium Enrichment Study Committee.
August 1975.

Special Studies Uranium. Amdel Report on OD 1/1/154. November
1975; by R.E. Wilmshurst.



3. CONCLUSIONS

1. Australia has the largest and richest reserves of uranium in the
southern hemisphere.

2. Owing to the very high uranium prices on overseas markets, these
reserves can now be developed to become Australia's most valuable
mineral resource, and can provide substantial overseas credit,
revenue for the Commonwealth and State Governments, substantial
returns for shareholders in the mining companies, and employment
opportunities in mining and treatment plants.

3. The processing of the crude mine concentrates (yellowcake) and the
export of refined products, namely, hexafluoride and enriched
uranium, will give stability to the industry and make provision for
the possibility that Australia may have a need for nuclear fuel in
the late 1980s.

4. The quantities of materials, effluents and products to be handled by
the proposed uranium centre, are only a fraction of those which were
involved in the petrochemical development proposal for Redcliff, and
present fewer environmental problems. As a result of overseas
experience, the necessary handling safeguards which minimise opera-
tional hazards to people or the environment, have largely been defined.

5. South Australia's claims for the establishment of the proposed
uranium refinery centre in the Spencer Gulf Region are based on the
centralised geographical and seaboard location of the proposed site,
its proximity to associated industries and services, and a stable
work force capable of supplying construction and operational require-
ments. The site appears to require a minimum of investment in infra-
structure and is probably the most economic available.

6. The uranium treatment centre will secure greater industrial and employ-
ment stability in South Australia with a broader base for Adelaide's
manufacturing industry.

7. The proposal to offer the Redcliff site to the Commonwealth Government
is consistent with South Australia's regional growth objectives.

8. The proposed development is comparable to the Snowy Mountains Hydro-
electric Scheme in magnitude and long-term benefits to Australia.

9. The cost of the uranium processing centre described in this Report is
estimated at $A1400 million, including interest during construction
over an eight-and-half-year period. The maximum debt, however,
does not exceed $A1000 million, due to the use of surplus revenue for
capital acquisitions during the progressive establishment period.
After making all provisions for interest, loan repayments and opera-
ting costs, revenue contributions commence in the eighth year at
$A80 million, rise to more than double this amount in succeeding
years, and exceed 10% of the total investment cost.

10. The processing of 12 000 tonnes of U308 (10 000 tonnes of uranium) per
annum in the Centre will increase the value of the product from
$A528 million (at $A20 per lb of U3O8) to $A974 million (1975 values).
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The depleted uranium (about 85% of the total uranium) would also be
retained as stockpile for future processing if and whan this becomes
economic.

11. No total evaluation has been made as to the value of production in the
service industries that are required to continually supply the uranium
centre, but those of particular note and importance to South Australia
include:

(a) Manufacture of centrifuges — $A50 million per year.

(b) Manufacture of hydrofluoric acid — $A 5 million per year.

These would be entirely new industrial activities. The former could
be an important adjunct to Adelaide's motor industry; the latter to
Port Pirie's smelting and sulphuric acid industry.

12. A comparison with the benefits which would have accrued from the
proposed petrochemical plant shows that the uranium processing centre
would give permanent employment in the Redcliff area to 1500 people,
compared with 1100 operating personnel for the petrochemical plant.
The infrastructure cost for the uranium centre would also be only a
fraction of that of the petrochemical project and the financing of the
whole scheme should be much easier, with the probable willing co-oper-
ation of those countries wishing to contract and supply the technology
for our assured uranium supplies.



4. ATTRACTIONS OF THE SITE TO THE COMMONWEALTH GOVERNMENT

In general terms, the Redcliff site has all the prerequisites for an
economic uranium processing activity. These prerequisites are not avail-
able in the Northern Territory for an efficient and progressive industry,
e.g., a stable and specialised work force, reliable services and good
transportation.

The Redcliff site is recommended for immediate detailed examination for
the reasons itemised below, and because substantial site investigations and
urban planning, which have already been carried out in connection with a
major feasibility study on a world-scale petrochemical complex, provide
confirmation of its attractiveness as an industrial site, and could mean a
time saving of up to two years in the establishment of the centre.

(1) The site is on the seaboard, close to Port Pirie, which has
all the handling facilities necessary for product despatch.
Deepwater at the site can provide direct access for shipping
if required. Port Pirie is on the recognised route of
vessels engaged in Australian trade with Europe, the USA
and Japan.

(2) The site is centrally placed in relation to Australia's
uranium resources and probably more secure by virtue of its
inland seaboan1. location.

(3) The site has already been subjected to substantial environ-
mental study and no major problems in this context have
been identified.

(4) The site is not subject to extremes of weather, such as
cyclones, monsoon rains or tidal waves, and is relatively
safe from seismic activity.

(5) The site is adjacent to good rail, road and communication
services.

(6) Sufficient supplies of power and water can be made avail-
able.

(7) The site is close to Port Augusta, Port Pirie and Whyalla,
where products from the steel industry, chemical industries
and engineering and other services can be made available to
supply construction and operational needs. Proximity to
Adelaide additionally can enable manufacturing industry
there to play a major role in the establishment of the
centre.

(8) A well-housed supply of construction and plant operators
can be drawn upon from the above established population
centres where new housing and community services have
already been planned in advance for employees and manage-
ment staff of the Redcliff petrochemical project, which
was subsequently abandoned.

(9) The site offers ample land for expansion and development.



(10) The site is reasonably close to a number of Commonwealth
establishments such as research centres and railway work-
shops which could provide a service to the project.

(11) The site offers comparatively low infrastructure costs and
considerable time savings because of the planning and
environmental work which has been done already in connection
with the Redcliff petrochemical project.

(12) The site offers ready proximity to scientific research and
training centres in Adelaide, including the Australian
Mineral Development Laboratories (Amdel), Adelaide
Universities and Technological Institutes, where skilled
operatives, scientists and engineers can be readily trained
and/or recruited.

(13) The site offers scope in a ready availability of capacity
for centrifuge manufacture through the Adelaide motor
industries and allied supply sources.

(14) The site leaves open the option of further developments,
such as nuclear power generation (should this become an
acceptable and necessary energy alternative in the future)
and associated spin offs, such as sea-water desalination.
South Australia's energy and water resources are limited
compared with those of other States of the Commonwealth.
Both nuclear power and desalination may be necessary to
supply these vital requirements to its industries and
people in the future.
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5. INTRODUCTION

The future demand for uranium depends essentially upon the rate of
growth in electricity consumption throughout the world, and upon the
requirements of electricity that are to be supplied by nuclear plants.
Table 1 shows a forecast of world capacity.

TABLE 1: FORECAST OF WORLD NUCLEAR POWER CAPACITY
Estimates of Installed Capacity
(Gigawatts = Megawatts x 1000)

Year

1980

1985

1990

1995

2000

USA

85- 102

220- 250

360- 450

600- 700

800-1000

*
Other Western
Countries

115- 123

260- 270

460- 525

780- 900

1100-1400

Comecon
Countries

23

60

170

350

650

Total5

World

223- 248

540- 580

990-1145

1730-1950

2550-3050

*Includes Japan, Korea.

"Comecon Countries (Council for Mutual Economic Assistance)
include USSR, Bulgaria, Estonia, German Democratic Republic
Hungary, Latvia, Lithuania, Poland, Rumania, Cuba.

§Excludes China.

References: RAEC Annual Report 1974-75.
AAEC NSTB/PE7 1975. Private communication.

In the United States of America the total capacity of nuclear stations
on order exceeds that of coal, oil or natural gas fired plants. The
United States installed nuclear generating capacity in 1975, amounts to
44 000 megawatts (MW) or nearly four times the total 1975 Australian
electricity supply capability. By 1980 this capacity is expected to be
doubled and by 1990 to be 360 000 MW, or eight times the. 1975 actual
installed American figure.

Elsewhere in the ivorld, Belgium, France, West Germany, Japan, Spain,
Sweden, Russia, Bulgaria, Czechoslovakia, East Germany and the United
Kingdom all have nuclear stations which are operating at the present time
and have others under construction. By 1981, nuclear power systems are
expected to represent about 15% of the world's total generating capacity,
compared with 8% today. Existing installed nuclear electrical power
capacity in the Comecon countries including Russia, is about 10 000 MW, or
about 3% of their total electricity-generating capacity. During the
decade 1975-1985 this figure is expected to increase to 80 000 MW and the
equivalent of 18% of the generative capacity of that period.

The advent of nuclear generating stations into further countries and their
growth in countries already accepting their use will largely depend upon the
relative costs of electricity generation from available fuels. Australia
is unlikely to figure in*the world nuclear generation picture until the
late 1980s (Fig. 1).
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FIG. 1: GROWTH OF NUCLEAR POWER

Reproduced from

Silver and Richmond (1972)

In comparative terms, the generating costs for a United States 1150 MW
electric power station in 1981 are estimated to be of the order of:

55 mills per kWh for oil
25 mills per kWh for coal
21 mills per kWh for enriched uranium

The components of the above costs are as shown in Table 2.

TABLE 2: COMPARATIVE GENERATING COSTS FOR 1150 MEGAWATT
ELECTRIC POWER STATION (1981 costs)

Mills per kWh

Operating and maintenance

Fuel

Capital

*1 mi l l =

Source:

Total:

= $US0.001.

US Atomic Industrial

O i l

1.11

45.00

9.16

55.27

Forum

Coal

2.

9.

13.

25.

(1974).

22

43

84

49

Nuclear

1

3

16

21

.56

.11

.52

.29



These forecasts are supported by figures estimated in the USA for
generating costs in 1985 and 2015, which show that the relative merit of a
nuclear plant increases over a 30-year plant lifetime, namely:

Mills per kWh

1231 2015
Nuclear 35 67
Mid West Coal 38 96
Eastern Coal 59 149

Reference: 'A Comparison of Reliability and Economics in Power
Systems', by J.L. Symonds. AAEC submission 135 to Ranger
Environmental Enquiry.
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6. ENERGY NEEDS

The prosperity and well-being of Australians now and in the future, are
dependent upon foresight and action in providing reliable and economic
supplies of energy.

The present situation places coal to the best advantage in respect of
reserves and the ability to supply present and future needs. In contrast,
oil and natural gas resources are more limited and consumers are faced
with diminishing local supplies and increasing high cost imports from
foreign countries. The future availability of reasonably-priced oil and
gas now clearly depends on new discoveries,and exploration needs to be
pursued with full Government support.

In terms of energy potentially available but not utilised, the known
reserves of Australian uranium exceed those of combined knowi; coal, oil and
gas reserves.

One tonne of uranium, if fully consumed, is theoretically equivalent to
about three million tonnes of high-grade black coal. Fast-Breeder reactors
in the 1990s are expected to permit at least 80% of the energy released from
uranium to be utilised. Thus, in practical terms, a tonne of uranium will
provide energy equivalent to that which would otherwise have to come from
two million tonnes of high-grade black coal.

Export of coal from Australia to meet energy deficiencies in other
countries in 1974/75 amounted to 30 million tonnes, earning export income of
$A600 million. In 1980 Australia is expected to assume a forefront position
in world seaborne coal trade,with annual exports running at 60 million
tonnes, or twice the current rate. On present prices, coal exports in 1980
would exceed $A1000 million.

Valuable -JS Australia's coal is industrially within the country and
externally to countries deficient in mineral fuels, the value of Australia's
uranium reserves in terms of energy equivalence and power generation potential
is infinitely greater.

Australian uranium could satisfy energy needs in other countries now.

The development of mines and the installation of the necessary processing
facilities will take time,and actual exports in quantities that will earn
the equivalent of Australia's thriving coal export trade will not be possible
until the early 1980s.

Nevertheless, sales need to be negotiated now for the supply needs of
nuclear power programmes and nuclear power stations in overseas countries
which will require Australian uranium in the early 1980s. Enrichment tech-
nology also needs to be obtained now as a fundamental requirement in
Australia's uranium production programme.

The steps to be taken are clearly stated In the Report of the Australian
Atomic Energy Commission 'Uranium Resources and Requirements', by J.M. Silver
and W.J. Wright; AAEC/IP5, from which the following extract is quoted
(pages 9 & 10) relevant to the importance of Australian uranium.

18



Jf the Australian uranium industry were to be developed in this
manner to satisfy 15-20% of the world market (which is commensurate
with the state of the presently defined resources), then by 1985:

(i) The uranium industry could be earning about $3000 million
per year at projected prices or about $1000 million per
year in current (1975) money values. These values should
be compared with the current earnings from wool exports
of about $800 million, or mineral exports of about $2500
million.

(ii) The uranium industry could be employing about 2300 people
directly and probably supporting a similar number of
people in the provision of consumables and operating
services.

(iii) A labour force of 300C-3500 would be engaged in construc-
tion projects in the industry for the decade 1980-90.
The indirect labour required in other industries to
support these construction projects would be at least
3000 people.

(iv) The construction of these plants would require about
$1750 million (in 1975 money values) to be spent by 1985;
most of this money would be spent in Australia and would
therefore provide employment and growth.

(v) The wages bill in the industry could be about $100 million
per year, equivalent to about $35-40 million in 1975
money values.

The uranium industry has the potential to contribute to the Austra-
lian economy on a scale which probably exceeds that of any other
single development. By the mid-late 1980s it could be one of our
most important mineral exports in terms of overseas earnings and
could be earning considerably more than the wool (or wheat)
industries at that time. Further, the industry could provide
employment foi 8000-10 000 perple in total by 1985 which, although
much smaller than the number employed in the wool industry, would
provide a significant increase in labour productivity.

Fig. 1 shows that Australia has no practical application for nuclear
fuel until the early 1990s, but clearly the export of nuclear fuel materials
and the establishment of the industry will facilitate its use in Australia
when needed and acceptable to the community.
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7. URANIUM DEMAND

The practicability of a uranium industry in Australia clearly relates
to long-term sales of this metal on world markets.

It is unsaleable for use in Australia and this situation will continue
for at least ten or possibly fifteen years. However, other countries are
actively seeking supplies,and notably the US, Canada, Britain, Russia and
France have developed the process technology for its use, and are offering
services to buyers both within and outside their national boundaries.

At the present time, Canadian, South African and United States uranium
mines are meeting the requirements of most of the Western World's nuclear
power users. Their products are processed through the hexafluoride and
enrichment plants in the USA and the UK, most of which were set up in the
1950s by the predecessors of the US Energy Research and Development Admin-
istration (ERDA) and British Nuclear Fuels Limited (BNFL) when uranium was
in strong demand for military purposes. France, although largely a self-
contained, entity with mines and processing services largely integrated into
its own nuclear power programme under its Commissariat a l'Energie Atomique
(CEA), is offering similar processing services to uranium users outside
France and also is seeking uranium supplies from countries outside its own
colonial sources.

By the early 1980s, these established processing facilities are expe d
to have collectively doubled in capacity, but even then their output will
fall short of forecast demands. The expansions envisaged are itemised in
Tables 3 and 4. Fig. 2 shows a predicted growth in uranium hexafluoride
(UF6) requirements into which Australia needs to slot its capability,
starting, if possible, in 1980.

TABLE 3: CAPACITIES AND PLANS FOR EXPANSION OF THE FIVE
WORLD URANIUM HEXAFLUORIDE (UF6) PLANTS

Capability (tonnes uranium/a)

1975 1976-1985

1. Comurhex (France) 5 000

2. British Nuclear Fuels Ltd (UK) 9 500

3. Eldorado Nuclear Ltd (Canada) 4 500

4. Kerr McGee Corp. (US) 4 500

5. Allied Chemical Corp. (US) 12 600

36 100

15 000 (1982)

9 500

11 300 (1980)

9 000 (1977)

12 600

57 400

Note: USSR: 13 000 tonnes 1980 (est.).
World demand in 1980 has been forecast at 54 000 tonnes U
per annum, and in 1985 of the order of 100 000 tonnes per a.
(AAEC Annual Report, 1974-75. Table 3).
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Comecon Countries

1970 75 80 85

YtAR

90 95 2000

FIG. 2: WORLD URANIUM HEXAFLUORIDE REQUIREMENTS
Reference: Table 3, AAEC annual report 1974-75

TABLE 4: SUMMARY OF ENRICHED URANIUM SUPPLY STATUS

Country

USA

USSR

France

UK, Holland,
West Germany

Organisation

ERDA

USSR

Eurodif

URENCO

Ownership

Government

Government

Government
and private

Government
and private

Technology

Diffusion

Diffusion

Diffusion

Centrifuge

Total:

Free World Supply
Capacity ^

Million SWU/a

1975 1980

14.2 22.8

0.5 2.0

6.5

1.4

14.7 32.7

1985

27.5

3.0

10.7

10.0

51.2

*SWUs/a based on 0.3% tails.

Note: These figures exclude Capenhurst (UK) and Pierrelatte (France),
0.4 million SWU/a each.

.Reference.- Paper 26. International Conference on Uranium Isotope Separa-
tion. London Conference, March 5 1975.
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Apart from the expansion of existing processing facilities (Tables 3
and 4), projects are being considered for the establishment of new hexa-
fluoride and uranium enrichment plants in other World Countries, notably
those that are already making substantial contributions of uranium to the
world's growing nuclear power needs, namely South Africa and Canada.
These projects are in the process of study to determine whether they are
in the respective country's best interests. Obviously, the profits from
sales of uranium from these countries can be greatly augmented by the
'tolling' charges payable in respect of conversion to hexafluoride and
enrichment prior to export. The economic benefits of the proposed
processing industries and supporting services would be substantial

The interest in enrichment generally, in a world sense, is shown by the
list of enrichment plants operating, under construction, or planned, as
itemised in Table 5.

Once the decision is taken to have Australian uranium sold in signif-
icant quantities on world markets, the processing aspects also need full
evaluation to determine how they should be established to best serve
Australia's interest, and fit into the world market picture.

The world price structure for uranium is still based on a partially-
processed mine product. The uranium mines of the world sell their produc-
tion in the form of yellowcake, a uranium oxide (LT3Oa) ranging in purity
from 75 to 95%. It is now sold as such chiefly to world-wide electric
power utilities, who then make their own arrangements to have their
purchases processed or 'tolled' to the enriched fuel form in which it is
used by them in their nuclear stations.

The demand for uranium is thus expressed in terms of the quantities and
price of U 30 8 in yellowcake at the mines or nearest port of shipment.

Apart from the military demand in the 1945/65 period, the market price
for UsOa in the last ten years dropped to $US5.00 per pound, the demand
bting considerably less than the capacities of the mines previously devel-
oped to meet the military needs. It is noteworthy that Australian uranium
was not sought during this period, the UK and USA purchasers choosing
Canadian and South African suppliers for preference. South Africa was
producing uranium largely as a by-product from ores exploited for their gold
content, and capital investment in uranium mines in Canada far exceeded
that in the Australian mines, which were closed down.

The oil crisis in late 1973, however, has brought the commercial
factors into play, with demand growing at an unprecedented rate, and prices
for U 30 8 soaring in sympathy.

In the past five years the price of UsOB has risen from $US5.00 to
$US20.00 per pound (see Fig. 3). In January 1976, spot sales for uranium
were reported at $US38.00 to $40.00 per pound.

Note: The capacity of an enrichment plant is expressed in Separative Work
Units (SWUs). The precise definition of this term is complex, but
the units (expressed either as kilograms or tonnes) are proportional
to the rate of flow through the plant and to the amount of separa-
tion achieved. Unless otherwise stated in this Report, SWUs are
in kilogram units.



TABLE 5 : ENRICHMENT PLANTS OPERATING, UNDER CONSTRUCTION, OR PLANNED

Capacity (SWU/i)

Existing Plants:

Diffusion USA: Oik Ridge, Torn.
Paducah, Ky
Porcsnouth, Ohio

UK: Copenhurnc

FRANCE: Plerrelatte

USSR:

ERDA

6NFL

CEA

Pilot Plants:

Centrifuge

'Aerodynaalc'

Under Construction:

Diffusion

Centrifuge

Planned or Proposed!

Diffusion

Centrifuge

UK: Capenhurst

NETHERLANDS: AUeLo

USA; Oak Ridge, Tenn.

SOUTH AFRICA: Vallndab*

FRANCE: Tricastin

UK: Capenhurst

NETHERLANDS: Alaelo

USA: Dothan, Ala.

Possibly Europe or
elsewhere

ZAIRE: Inga

UK, NETHERLANDS,
U. GERMANY

USA:

USA:

USA: Texas

Present output level: 12 allllon
Design cap.iclty: 17 million
IaprovenentB and
upratlng ulll give

capacity by 1986 of; 27 aillion

0.4 million

0.4 million

Not known

UCN (Netherlands)
Uranit (u. Genany)

ERDA

Uraniua Enrichment Corp

Eurodif SA

URENCO (UK)

URENCO (Kederland)

Uraniim Enrlchaent
Assoclacea

25 000
25 000

Hot known

Not known

10.8 million by

0.2 sllllon by

0.2 •illton by

9 million by

1982

1977

1977

1983

French-led grouping
similar to Eurodif

SONINCA

URENCO group

Group led by Centax
Associates

Group led by Exxon

Croup led by Garrett

Possibly 9 nllllon

8.75 allllon

2 million by 1982

1C allllon by 1985

I Billion by 1981
3 allllon by 1986

1 allllon by 1981/32
3 million later

0.35 million by 1981
3 nUllon by late 1980s

ID operation

Military plant — In operation

Mtllwry plant - in operation

Commercial sales being oade in
Europe

Not known

In operation

In operation
In operation

CTF — Conponent Test / cc l l l ty •
to operate la te 1975

Began operation April 1975

On schedule

On schedule

On schedule

Ull l only proceed If US Govern-
ment guarantees are given.
Legislation pending.

Under discussion. Canadlf study
Is for one possible location.

Proposal by Belgian conpany SEIA;
may s t i l l be under discussion.

Finely planned and output
conaltted.
Target for planning

Proposal - avaiting US legislation

Proposal - awaiting US legislation

Proposal - awaiting US legislation.
Houston Lighting and Power and
Texas Utilities Services assoc-
iated In venture.

Nozzle

'Aerodynamic'

JAPAN:

BRAZIL:

SOUTH AFRICA:

Nuclebras with
W, Cerman participation

Uranium Enrichment Corp.

10 000 to 20 000 ? (1980)
1 million ? (1985)

180 000 by 1981

5 million by 1936; possible
la ter expansion to 10 u l l l Ion

Pi lot plant - being planned.
Proposed in i t i a l stage of
commercial plant.

Proposed demonstration plant.
Larger plant to follow.

Proposed cosaercial plant, but
dependent on scallng-up of pi lot
plant stages.

•Source: Australian Atomic Energy Commission, 197ft.
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Projections in mid-1975 of the world requirements show a growth from
some 24 000 tonnes U in 1975 to 64 000 tonnes in 1980, and about 314 000
tonnes per annum in the year 2000 (Reference: AAEC Annual Report, 1974-75,
and AAEC NSTB/PE7, 1975 private communication).

This situation means that Canada, for example, presently producing about
4600 tonnes uranium per annum, probably will attain production level of
10 600 tonnes of uranium in the early 1980s; South Africa, with the current
level of 2600 tonnes uranium per annum, with the Rossing mine will attain
about 9300 tonnes uranium; the USA production will increase from
9000 tonnes uranium in 1975 to 28 000 tonnes in 1980; and France (including
Niger and Gabon) will increase from 3310 tonnes uranium in 1974 to 5100
tonnes in 1980, to supply an anticipated commercial world market of
64 700 tonnes uranium in 1980.

All these production levels are attainable on the basis of commercial
profitability at current price levels and proven reserves over a 20 to
25 year life period.

Australia has yet to contribute to this world market, but a conservative
estimate of 10 000 tonnes uranium per annum, or 15% of the total market, is
not unreasonable to allow Australia to take a prominent place as a uranium
producer in the international market. Table 6 sets out the estimated
potential world production in terms of the likely contributing countries,
excluding the USSR and The People's Republic of China.
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TABLE 6: PRESENT PRODUCTION AND PROJECTED ANNUAL CAPACITIES
FOR PRODUCTION OF URANIUM*

USA

Canada

South Africa

Australia

France

Others

Total:

Actual

1974
t/a

9 000

4 600

2 600

Nil

3 310

na+

19 510

1976
t/a

14 000

4 600

5 000

Nil

3 500

420

27 520

Projected

1980
t/a

28 000

10 600

9 300

10 000

5 000

1 700

64 700

^Excludes Comecon Countries and China,

na = not available.
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8. AUSTRALIA AND THE WORLD URANIUM MARKET

Australia's entry into the world uranium market can clearly be geared
to the world supply situation that will eventuate in the early 1980s.

Proven reserves of Australian uranium for these deposits collectively
amount to about 350 000 tonnes uranium, according to the latest figures
released by companies and the Australian Atomic Energy Commission.
Assuming that the mines developed will supply 10 000 tonnes uranium per
annum up to the turn of the century, a period of 20 years from 1980, the
total quantity sold would be of the order of 200 000 tonnes, with 150 000
tonnes still remaining in reserves for the long-term future, without any
allowance for new discoveries in the interim. This production figure of
10 000 tonnes uranium per annum is conservative, as Australian production
rates of 12 000 to 17 000 tonnes uranium per annum were already being
spoken of in January 1976.

TABLE 7: AUSTRALIAN URANIUM RESERVES

Jabiluka (Pan-continental)

Koongarra (Noranda)

Lake Frome (Western
Nuclear/Petromin/Transoil/
Oilmin)

Mary Kathleen (MKU)

Nabarlek (QML)

Ranger (Peko/EZ)

Yeelirrie (WMC)

Reasonably
Assured
Resources
tonnes U

146 000

13 100
*

na

7 600

7 6C0

na

39 400

Estimated
Additional
Resources
tonnes U

30 100

11 400

13 600

na

na

na

na

Total:

Total

176 100

24 500

13 600

7 600

7 600

85 600

39 400

354 400

*na = not available.

The most recent information available from potential uranium producers
indicates that they plan to produce 12 000 tonnes of uranium per annum by
1980. They have further plans to increase production to approximately
16 000 tonnes uranium sometime in the 1980s (Table 8A). The market
potential for Australian uranium producers is set out in Table 8B, which
was prepared by the AAEC for the Ranger Environmental Enquiry.
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TABLE 8A: URANIUM PRODUCTION PLANNED BY POTENTIAL AUSTRALIAN PRODUCERS

Initial Recognised
Producer

Tonnes U_ _ _ _ _ _ _ _ _ _ _ _ _ Initial Base Plant

Initial Base Expansion Into On Full
Production Plans Production Production

Year Month/Year

Electrolytic Zinc
Company of Austral-
asia Limited
Peko-Wallsend Ltd

Getty Oil Development
Co. Ltd
Pancontinental Mining
Limited

Mary Kathleen Uranium
Mines Ltd

2 500

2 500

900

5 000

3 650

1979/80

1979

1976

1/80

1/S0

1/76

Noranda Australia Ltd

Oilmin
Western Nuclear

Queensland Mines Ltd

Western Mining
Corporation Ltd

Total

TABLE 8B:

1 750

1 150

1 000

2 300

: 12 000

2 000

—

-

-

16 000

1979

1980

1979

1980

SUMMARY OF ESTIMATES OF AUSTRALIAN MARKETS
(tonnes uranium)

Year Existing Contracts

1976
1977
1978
1979
1980
1981
1982
1983
1984
1985

Total:

390
1255
1140
1290
1125
1020
800
730
445
540

8735+

Possible New Contracts
(rounded)

High

_

-
500

4 000
6 000
8 000
11 000
13 000
15 000
19 000

76 500

Low

-
_
-

4 500
6 000
8 000
10 500
12 000
16 000

56 000

6/80

1/81

6/79

6/80

*Peko/EZ (Ranger), Queensland Mines Ltd, and Mary
Kathleen Ltd.

An additional 310 tonnes U is contracted for 1986.
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Certainly, at today's prices, the deposits are capable collectively of
supplying 10 000 tonnes uranium per annum. The estimated Australian
requirement up to the year 2000 is not more than 27 000 tonnes uranium, so
that production for export must fundamentally be the basis of Australia's
uranium industry.

At the outset, it must be recognised that yellowcake is a very high-
value material. At $A20 per lb U a0 8, it is worth $A44 000 per tonne U308.
As such, it would earn $A528 million per year in export income at a
12 000 tonnes U 30 8 per annum export level.

If shipped as uranium hexafluoride (UF6), the added value would be of
the order of $A1.4 per lb U 30 8 on present-day costs for conversion,
including a return on invested funds.

If shipped as enriched UF«, the further added value would be of the
order of $A16.0 per lb UaO«, resulting in nearly a doubling in value of the
initial mine product. Processing to the enrichment stage is as far as it
is proposed to refine Australian uranium before export.

Table 9 sets out the higher values consequent upon the processing of
yellowcake prior to export, in terms of per lb U 30 B.

TABLE 9: ADDED VALUE BY PROCESSING

Uranium concentrates (yellowcake)

Uranium hexafluoride

Uranium hexafluoride (enriched)

Value
$A/lb U 30 8

20.0

21.4

36.9

Added
$A/lb

1.

15.

Value
U 30 8

4

5

An enrichment industry export income on present-day values could be of
the order of $A974 million annually, in contrast to $A528 million annually
from yellowcake sales. This would represent an increase of $A446 million
in value annually. Also, Australia would keep the depleted uranium (about
85% of the total uranium used) as stockpile for future sales if Fast
Breeder Reactors come into operation in the 1990s.

The relative costs of yellowcake production, conversion to uranium hexa-
fluoride, enrichment, fabrication into fuel elements and capitalised return
on prepayments, are illustrated in Fig. 4 in terms of the capital investment
costs ($US per kWe*) of each processing operation up to initial installation
in a nuclear power station.

Clearly, the Australian uranium industry should aim to attain full
development status in the uranium processing world by extending its
production activities into hexafluoride production or conversion, and
enrichment. Fuel fabrication can become a further stage if and when nuclear
power stations are considered necessary in Australia.
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FIG. 4: FIRST REACTOR FUEL INVESTMENT COST

*kWe = kilowatt electrical.

Reference: 'A Comparison of Reliability and Economics in Power Systems' by
J.L. Symonds. AAEC Submission 135 to Ranger Environmental Enquiry.

29



9. AUSTRALIA AND THE NUCLEAR FUEL CYCLE

The Nuclear Fuel Cycle (Fig. 5) shows the development stages in the
uranium industry, commencing from uranitim hexafluoride (Stage 1) and
proceeding to enrichment (Stage 2), fuel fabrication (Stage 3), nuclear
power use (Stage 4) and reprocessing of the spent fuel (Stage 5).

Yellowcake cannot remain for much longer the acceptable form for
Australian export sales. It earns the least export income for a saleable
product. Added value by further processing has now to apply, and sales
need to be conditional on such processing being carried out in an Australian
plant.

The processing from yellowcake to more advanced usable and saleable
forms, no longer remains the exclusive province of the Government agencies
which previously purchased yellowcake for defence purposes» The advanced
processing techniques are now becoming available commercially and are also
being further developed and improved by private enterprise.

The market has thus changed from a military supply to a nuclear power
requirement, in which enriched uranium has evolved as the most appropriate
marketable form of fuel for the majority of the world's nuclear power
plants, both built and planned for the future.

Australia's entry into the cycle would begin with the establishment of
an uranium hexafluoride UF6 or conversion plant. The production of
sufficient uranium ore and its delivery to the conversion plant as yellow-
cake USOB would be a necessary prerequisite for this entry.

The smallest commercial enrichment plant is now considered to be a
1 000 000 SWU/annum centrifuge plant requiring about 2000 tonnes of
uranium as UF6 or about 2300 tonnes in terms of yellowcake U30a to make a
product containing 3% of U 2 ^ and an 0.3% tail. Further modules of
similar capacity can be added as market requirements dictate.

( Source Aust- AEC I FUEL FABRICATION

Stage 3 Processing

ms-so

(EDUCTION [<Xy
Stout 3 Practising in

Australia IXS-S0

DEPLETED URANIUM
(to storogd

ENRICHMENT

Stage 2 Processing

in Australia ISte-»S

CONVERSION I U f , l

Stage t Processing ti> Australia
IM0

REPROCESSED FUEL

Stage S Processing

PLUTONIUM (to r*cycl»t -

FISSION PRODUCTS
(to Itorogt}

t FTG. 5: NUCLEAR FUEL

I CYCLE
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Clearly, the possession of a uranium enrichment plant, backed again by
adequate and reliable supplies of uranium, could form the backbone to a
stable uranium mining and processing industry, supplying nuclear power
stations well into the future.

The operation of an enrichment plant in Australia could lead on, if
desired, to Stage 3; namely, further processing of uranium in the nuclear
fuel cycle to U0a pellets which are then fabricated into fuel elements.
If and when nuclear stations are built in Australia, this could be a logical
development.

It is noteworthy that the tails produced at Stage 2 in the fuel cycle
are not necessarily waste products, as such. They could become a source
of additional enriched uranium in the future depending on the costs that
could apply to justify further treatment in relation to the costs of new
uranium fed into the cycle, and also the costs of depleted uranium for use
in future advanced reactors.

The quantities of nuclear fuel required in Australia, and the compara-
tive costs of reprocessing it after use, will determine if and when the
completion of Nuclear Fuel Cycle in Australia is justified. However, the
diagram (Fig. 5) suggests that the completion of the nuclear cycle may come
eventually, if complete independence of nuclear power-generating systems
in Australia from foreign country involvement becomes desirable.

The completion of the nuclear cycle seems unlikely until near the turn
of the century. However, the vital consideration at present is the
desirability of entering the Nuclear Fuel Cycle. The Conversion (UF6)
Stage 1 is within the immediate grasp of Australia's technical and financial
resources.

Beyond the conversion (UFS) stage, the first step to be taken must be
an examination of interests and benefits to be gained by Australia from
entering into an agreement with an international partner or partners with
'know how1 and capability of sustaining with Australia a healthy market
and use situation into the future.

Commercially viable enrichment technology is not yet within the grasp
of Australia's engineering capability, although independent research in
the AAEC Laboratories could result in a practical development; given
sufficient time. A decision to proceed preferably needs to take into
account the integration of the conversion (UF6) stage into a long-term
development plan for enrichment, to ensure the proper progression of
processing developments in the nuclear fuel cycle.

An agreement between governments would need to be considered in the
first instance for such a long-term development plan. The countries best
able to support an Australian uranium industry are those that are prepared
to show continuing dependence on Australian uranium for important energy
needs, and reciprocate with proven technology for application in an Austra-
lian uranium processing centre.

It is within the financial capability and technical competence of
Australia to produce uranium in the natural hexafluoride form commercially
acceptable in world markets. Proven technology is available through
Government and private enterprise sources, and conversion contracts can be
sought once a mine production programme has been established.
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The establishment of an Australian enrichment plant, however, still
poses a number of problems. These include the final acceptance of the
centrifuge process, its uncertain cost structure, and the financing diffi-
culties accentuated by its remoteness from the highly-indu -.trialised centres
of the world.

It is now generally accepted that centrifuge enrichment on a commercial
basis will be operative in Europe by 1980. This process has much greater
attraction to Australia because of its relatively low electricity consumption
compared with that for diffusion enrichment, and the fact that it can be
based on small modular units which can be installed progressively, each
unit being about one-tenth of the size and one-tenth of the cost of the
diffusion plant previously envisaged.

The economic size for commencement of a centrifuge enrichment industry
in Australia is 1 000 000 kg SWU per annum, which would need a feedstock
of UF6 equivalent to about 2300 tonnes of UsOe. In relation to costs, the
following points are relevant:

(1) An indicative capital cost for an enrichment module of this
capacity, based on estimates by URENCO, would be of the
order of $A200 million.

(2) Present toll charges for hexafluoride conversion are of
the order of $A3.7O per kg uranium, and for enrichment
$A41.00 per kg uranium, or $A80.00/SWU ($US100 per SWU).

The world-wide utilities are now prone to regard the cost of enrichment
as a lesser consideration than reliability of supply, especially as a
result of the phenomenal OPEC oil price increases. It must also be noted
that the prices for enrichment within the United States have in the past
carried a subsidy based on low interest rates and long amortisation periods
applying to Government installations.

Normal cor:r.arcial accounting principles have not generally applied in
pricing the United States Government services to nuclear fuel users.
Price increases are inevitable as new SWU capacity comes into being. An
increase of $US35 per kg SWU has been calculated to result in an increase
of 0.5 mills* per kWh in the cost of electricity produced, whereas an
increae of US35e per bbl of oil increases the cost of electricity by the
same amount. This calculation confirms the relatively small impact of an
increase in uranium processing cost on the cost of power, compared with the
increases that are now applying to other mineral fuels. An increase of
this magnitude is not unduly alarming to nuclear power corporations.

*1 mill = $US0.001.



10. AN AUSTRALIAN URANIUM PROCESSING CENTRE

The case for an integrated uranium processing centre relates clearly
to the dependence that many world countries will have upon imports of
uranium for certain of their energy requirements. In practical terms,
they will need to be satisfied of secure supplies being available in the
long-term at prevailing world prices.

Australia, in possession of about 20% of the world's high-grade
uranium, has attractions in world uranium markets.

There is little doubt that a uranium hexafluoride (UF6) plant could be
profitable and justified, on the basis of overseas purchasers commiting
themselves to become customers of the proposed conversion plant.

There is also little doubt that enrichment could be proceeded with at
an early date, especially if overseas users are prepared to provide the
'know how1 and financial support with the backing of governments concerned.

The uranium requirements for Western World Countries, not secured by
long-term contracts for the period 1976 to 1985, are stated in Table 10.

TABLE 10: ESTIMATED CUMULATIVE UNCOMMITTED URANIUM REQUIREMENTS
FOR WESTERN WORLD COUNTRIES. 1976 to 1985.

Tonnes U

United States

European Economic Community

Other European Countries

Japan

Other Western World

136

65

23

15

18

700

700

600

000

000

259 000

Note: Japan has contracted requirements until at least 1984.

Reference: Market for Uranium, March 1976. Submission to
Ranger Environmental Enquiry, by W.J.K. Wright,. AAF.C.

Whilst capital and operating costs of a 1 000 000 kg SWU per annum plant
are not yet available in precise terms for an Australian development, URENCO
has firm contractual commitments for deliveries from European plants of this
capacity, to be built and in full operation by 1980. From this development
experience, URENCO cculd be one organisation capable of supplying the tech-
nology for the building of a commercial enrichment plant in Australia, for
operation in the early 1980s.

In the light of the many uncertainties regarding enrichment processes
and costs of enrichment in Australia, and on the course to be adopted in
international negotiations, it may take several years to reach the construc-
tion stage.
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On the figures for uranium requirements in Table 10, and market interest
elsewhere, Australian uranium production at 10 000 tonnes U30B per annum
could be dedicated to one or more consumers in such countries as the USA,
UK and Japan, in return for the necessary technology and the debt financing
of the plant through overseas buyers, and the retention of complete Austra-
lian ownership.

In contrast to earlier concepts on the financing of uranium enrichment
processing in Australia, it is not inconceivable that the agreements to
purchase could include substantial loan funds from foreign Governments on
behalf of purchasers, instead of independent financing arrangements by
purchasers and/or the Commonwealth Government.

The processing centre to be established in Australia would ultimately
embrace all processing stages in the nuclear fuel cycle, namely, natural
hexafluoride production, enrichment and fuel element manufacture, the
latter however, unlikely before nuclear power use is introduced into
Australia.

The programme outlined herein for a uranium production centre in South
Australia has been developed with this concept in mind, and makes provision
for debt financing by overseas purchasers. This situation applied when
the Combined Development Agency of the USA and the UK purchased the uranium
output of the South Australian Radium Hill mine in the 1950-60 era, and
agreed to arrange loans for the development and equipment of the mine and
the Port Pirie processing centre.

Such financing procedures could conceivably embrace amounts close to the
total cost of establishment, with ownership remaining in Australian Govern-
ment hands, with or without private enterprise participation. Concurrently,
technical assistance would also have to come from overseas purchasers in
return for the processed uranium supplied to their nuclear plants.

Australian Government finance could then be limited to infrastructure
costs, and the proportion of the costs of plant additions at a later date
to serve Australian users, if and when the use of nuclear energy becomes
practicable in Australia.

The site of the uraniui, production centre in the Spencer Gulf area has
been chosen on the basis of its industrial and regional development attrac-
tions consistent with environmental aspects, which present few known
problems for that area.



11. SITING CONSIDERATIONS IN SOUTH AUSTRALIA

A preliminary consideration of the potential sites available in South
Australia, rapidly leads to the conclusion that the preferred region is
the Northern Spencer Gulf area (see Fig. 6), which is one of the State's
growth areas and has already a heavy industrial base by virtue of the lead
smelter operated at Port Pirie by Broken Hill Associated Smelters Pty Ltd,
the iron and steel complex owned and operated by the Broken Hill Proprietary
Co. Ltd at Whyalla, and the power station of the Electricity Trust of
South Australia at Port Augusta. The three major centres of population
are each served by the standard gauge railway system which extends from
Perth to Sydney and north to Alice Springs, with Port Augusta as if.s focus.
There are excellent roads serving the area, and both electrical power and
water are available from existing reticulation systems. Thus, the general
area is ideally suited for very large-scale industrial development.

Withia the general area. Port Pirie was the site of a yellowcake plant
in the earlier generation of the uranium industry. The land formerly
occupied by that plant is not in use at present and could be purchased if
required. It has the virtue that the services initially installed are
largely intact, but suffers in the present context because of its relatively
small size and its proximity to Port Pirie, which limits the extent to
which it could be expanded. Nevertheless, it could be a useful site for
a smaller industry serving the uranium complex established within the
region. A chemical complex involving anhydrous hydrofluoric acid manufac-
tured from Broken Hill Associated Smelters sulphuric acid, would be a
distinct possibility.

In 1972 a study was carried out under the auspices of the French and
Australian Governments on the technical and economic aspects of building an
enrichment plant in Australia, using gaseous diffusion technology. The
South Australian Government co-operated in the study and submitted a report
on those localities within the State which appeared to comply with the many
requirements of such a project.

The requirements for port facilities, power and supplies for construc-
tion, fresh water and sea-water for cooling, narrowed the choice of locations
to the shores of Spencer Gulf with its five ports: Port Lincoln, Port
Augusta, Port Pirie, Wallaroo and Whyalla. Of these towns, Port Lincoln and
Port Augusta were soon eliminated as possible locations because of short-
comings with regard to either transportation facilities, power supply, or
cooling water supply.

The areas adjacent to Whyalla, Port Pirie and Wallaroo were considered
suitable locations for an enrichment plant. However, Wallaroo would be the
least attractive of these locations because the district is mainly agri-
cultural and has a population of only 7500. Labour would definitely have
to be recruited from outside the district; power is supplied by a small
33 kV transmission line from the 132 kV substation at Hummocks, and the
existing water trunk mains are fully taxed. A new main would probably be
required from the Morgan/Whyalla pipeline at Hanson.

An additional possible site, namely Redcliff, situated approximately
30 kilometres to the south of Port Augusta, received intensive investigation
in connection with a proposed petrochemical complex.
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For obvious reasons, the metropolitan area would not be suitable to
accommodate a uranium processing centre. Outside the Adelaide area, how-
ever, any economies attributable to locating in a large urban area dis-
appear, because there are no other locations of comparable population size,
or ever, over 50 000 people, which could be considered.

Therefore, the areas adjacent to Whyalla, Port Pirie, and the Redcliff
site may be considered as suitable locations for an enrichment plant.
These sites have the following features in common:

(i) Proximity to, but isolation from, a large population
centre, offering a full range of basic services, commun-
ication, banking etc.

(ii) They are located in a South Australian growth and decentral-
isation area.

(iii) Advantages of accessibility to raw materials, deep water,
good rail facilities and adequate fresh water supplies
from the Morgan/Whyalla pipeline.

(iv) Adequate flat land.

Spencer Gulf is unique in Australia, in that it provides deep-water
ports which are, in fact, well inland, and therefore more sheltered and
better placed in terms of defence and security needs.

While it is difficult to rank the three sites of Whyalla, Port Pirie
and Redcliff in order of preference, without undertaking a detailed and
costly feasibility study on each location, it is considered that Redcliff
offers the most advantages for the following reasons:

(i) Jae State Government already owns 7000 acres of land
along the coast at Redcliff.

(ii) A considerable amount of detailed environmental study
and social planning has already been carried out in
preparation for a major industry in the area. Included
in these studies are reports on the marine environment
of the site, geological features, hydrology, seismicityv
health aspects, police services, educational require-
ments, labour availability and passenger transport
requirements.

Ciii) Because of the above facts, Redcliff would not only
provide considerable money savings, but could also cut
construction lead times by up to two years.

The location of Redcliff is shown in Figs 7 and 8. The site is on the
coast, adjacent to National East West Highway Route 1, to the main Trans-
continental Railway System, and to major water- and power-transmission
systems. The land is essentially flat, is of little value for primary
production, and is within easy commuting distance of both Port Augusta and
Port Pirie. The actual site, some 2800 hectares in area, comprises Crown
and freehold land with its title vested in the South Australian Government.
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The suitability of Redcliff as a site for a major industry has previously
been recognised and studied in considerable detail, and the findings of an
environmental commission of inquiry as to the suitability of the site for
development have been favourable.

A proposal to erect a large petrochemical complex on the site was
considered in detail by an international consortium, during several years
prior to 1975, and a sum of over $4 million spent on feasibility and envir-
onmental studies. The petrochemical complex was to have employed 1100
people, and provision of housing and community services for 5000 additional
residents in the Port Augusta area was examined in considerable detail, with
town planning and housing developments defined in precise, practical terms.

Thus, there exists in the Redcliff site, an area ideally located for
development of a uranium processing centre, one which is available immed-
iately without the need for protracted negotiation, and on which substantial
environmental and sociological knowledge has already been accumulated.
Although the site has been subjected to considerable study, few known
environmental problems have been identified.
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12. PROPOSED URANIUM TREATMENT CENTRE AT REDCLIFF

The ultimate development of a uranium processing centre on the Redcliff
site, probably would consist of seven separate entities, as follows:

(i) Two plants or modules, for conversion of yellowcake from
extraction plants located at the several mines, into
UF6. Each module would have a capacity of 5000 tonnes
of uranium per annum, and tha two modules may or may not
be identical.

(ii) Five centrifuge enrichment modules, in which all or most
of the natural hexafluoride is processed to yield enriched
hexafluoride containing probably 3% of U 2 3 b. These
plants would be essentially identical in design, and each
would have a capacity of 1000 tonnes SWU per annum.

These plants would be constructed to a schedule as shown in Fig. 9,
giving an overall conversion and enrichment capacity of 10 000 tonnes
uranium to UF6, and then to 5000 tonnes SWUs per annum, as shown in Fig. 10.
Fig. 11 shows how these plants could be located on the Redcliff site.
Fig. 12 shows the size of the construction work force needed to build the
plants, and Fig. 13 indicates the size and composition of the permanent
work force engaged in regular employment in the processing facility (see
Table 11). The estimated payroll comprises 1550 permanent employees.

The project as a whole would be the largest development of its kind
undertaken in Australia in recent years, comparable to the Snowy Mountain
Scheme in money terms and impact on the Australian economy. The capital
cost (including interest during construction) over an eight-and-half-year
period, is estimated at $A1400 million, and its potential earnings are set
at nearly $A426.5 million per annum. The maximum debt, however, does not
exceed $A1000 million due to the use of surplus revenue for capital
acquisitions during the progressive establishment period.

The two operations — hexafluoride production and enrichment — can now
be considered in more detail.

- Enrichment plant No

Commissioning _

FIG. 9:

PLANT CONSTRUCTION

SCHEDULE

TIME.years
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13. HEXAFLUORIDE PRODUCTION

The planned hexafluoride production capacity of the complex is 10 000
tonnes of uranium per annum, and it is suggested that this capacity should
be provided by two separate plants, each of 5000 tonnes' capacity. This
approach is favoured because it facilitates programming of investment and
production of the complex in harmony with mining developments, and because
it allows the possibility of two separate processes being used, giving in
turn greater flexibility in handling variations of composition of yellowcake
feed material from different sources.

Broadly, there are two distinct groups of processes for hexafluoride
production — wet or dry processes. The dry process, as described below,
is presently operated only by Allied Chemical Corporation in their plant at
Metropolis, Illinois, USA, and is considered to have certain technical and
environmental advantages which make it appropriate for at least one of the
two plants. A number of companies operate variants of the basic wet
process, and for the purpose of this Report the version operated by British
Nuclear Fuels Ltd at their Springfields plant near Preston in Lancashire,
is chosen arbitrarily and discussed later in this Report.

13.1 Allied Chemical Dry Process

The Allied Chemical process essentially consists of five stages — feed
preparation, reduction, hydrofluorination, fluorination and distillation.
In addition, there is a .separate fluorine generation function and a waste
treatment function. This description is of a plant processing 5000 tonnes
of uranium per annum. Fig. 14 shows in the foreground, the Allied Chemical
Plant at Metropolis, Illinois. Fig. 15 is a generalised flow sheet.

Yellowcake is received from the ore treatment plants of uranium mines
in drums which are first sampled and weighed. The drums are emptied and
cleaned, and the contents crushed and blended. The blended yellowcake is
fed through a gravimetric feeder into a mixer, where a controlled amount
of water is added. The wet mix is then passed through a pelleting stage
to produce pellets of about 3 mm diameter and 6 mm length. These are
dried and hardened in an externally heated rotary kiln/drier, operating at
around 500°C. The pellets are then crushed, screened at 0.4 mm, and air
classified to remove fines below 0.075 mm diameter. Both oversize and
undersize fractions are recycled and the intermediate size material passed
on to subsequent process stages.

Reduction is carried out by the (simplified) equation:

U03 + Ha —> UO2 + HaO .. .. (1)

The prepared feed material is fed into a fluid-bed reactor (No. 1) of
stainless steel, having a diameter of around 1 metre at the bottom, enlarg-
ing to 1.5 m, and the operating temperature is 550°C. Although the
reaction is exothermic, some heating is necessary to maintain operating
temperatures, and this is carried out by means of electrical heaters on
the exterior of the reactor.



FIG. 14: ALLIED CHEMICALS CORPORATION URANIUM HEXAFLUORIDE PLANT

(foreground)
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Product oxide from the reduction stage is transferred to a second
reactor (No. 2) similar to the first in design, but constructed from Inconel,
a high nickel alloy. Here the reaction:

U02 + 4HF 2H20 (2)

takes place, hydrogen fluoride being a gas at both ambient and at the oper-
ating temperature of 500°C. The conversion of oxide to fluoride in this
reactor is around 65%, and sufficient heat is generated to maintain the
reaction temperature. Another hydrofluorination reactor (No. 3) is
operated in series with this first (No. 2) reactor, and here conversion
to tetrafluoride is essentially completed.

The tetrafluoride passes through fluorine clean-up reactors into fluid-
bed fluorinators where it is converted to gaseous hexafluoride according to
the reaction:

UF<, + F2 UF6 (3)

The bed is composed of inert calcium fluoride and the Monel reactor
operates at 420 to 530°C. Impurities appear with the bed material or as
fly ash and are milled and passed counter-current to the incoming fluorine
gas to remove residual uranium. Complete conversion to UF6 and complete
utilisation of fluorine are achieved in the process.

The hexafluoride passes out in the gas stream and is collected in
condensers and cold traps. The condensed UFS is transferred to a vaporiser
where it is boiled under a pressure of 5 atmospheres and fed to a pair of
distillation columns of around 300 mm diameter, constructed of Monel. In
the first column, impurities more volatile than UF6 are removed, and in the
second, pure UF6 is distilled from the less volatile contaminants. This
is condensed and transferred to cylinders containing around 12 tonnes, for
despatch or enrichment (see Fig. 16).
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Fluorine for use in the fluorination reactors is produced by electrolysis
of hydrogen fluoride dissolved in molten potassium fluoride. The electro-
lyte, nominally KF.2HF and containing 40 to 42% HF by weight, is operated
at 90° to 100°C. The cells are constructed either of Monel or mild-steel.
Anodes are graphite and cathodes are mild-steel. The HF content of the
electrolyte is maintained by continuous controlled addition to keep the
electrolyte volume constant. Hydrogen generated at the cathode of each
cell is scrubbed to remove HF and is then burned. Fluorine from the anodes
is collected in a manifold and scrubbed to remove HF before passing to the
fluorination reactors. The fluorine cell room contains several hundred
individual cells connected in banks of 12. The power consumed in the cell
room is approximately 4 MW.

13.2 Wastes From Dry Hexafluoride Plants

Treatment of waste from the plant falls into two separate categories.
From each reaction stage, and from the burning of hydrogen from the fluorine
cells, a stream of waste gas emerges. Each of thesa streams is treated
for removal firstly of solids and subsequently for removal of noxious gaseous
components. Solid wastes, recovered from these gases, are recycled into
the respective process stages. Other solid residues are generated in the
fluorination reactor and in the distillation stages. These are combined
and treated by wet methods in a separate section of the plant. Some of the
uranium and fluorine are recovered as UFt, which is returned to the main
process stream, and other impurities are rejected either in solution or as
solids. A more detailed analysis of the plant effluents is given in Fig. 17,
in which gaseous, liquid and solid effluents from each process stage are
shown. The gaseous effluents are readily controlled within acceptable
limits by careful filtration and scrubbing. Liquid effluents are first
neutralised, then impounded and allowed to evaporate.

The solid residue from the fluorination stage (Fig. 17) is by far the
most difficult of the wastes from the disposal point of -view. This solid
is weakly radioactive, as it contains most of the daughter-products present
in the yellowcake feed. Its total activity is much less than that of the
ore from which it is extracted, since most of this initial activity is
rejected during yellowcake production at the mine sites. The Allied
Chemical operation involves the disposal of this fluorination residue by a
contractor to an outside disposal site.

In the fluorine production section of the plant, when any of the multiple
electrolytic cells require maintenance, they are taken out of production and,
at least for major overhauls, removed from the cell room. They go to a
special clean-up area in which they are washed thoroughly before passing to
the workshop area. These washings are severely contaminated by fluorine
and potassium and are strongly acidic. Neutralisation with lime is required
and is effective in reducing fluoride to acceptable levels. The comparable
situation arises in the routine replacement of cell electrolyte as it
becomes contaminated by impurities introduced with the hydrogen fluoride
feed.

13.3 British Nuclear Fuels Ltd Wet Process

The second hexafluoride plant or module has been conceived as being
comparable to the BNFLs design for a completely new plant for the conversion
of uranium ore concentrates to UF6. It comprises the following units or
process stages. Fig. 18 shows the flow sheet for the process:
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Return to process

SI (CaF, bed medium)
i. 100% of Fe as FeF,
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say,33% of P as MPO»F ?
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lated in bed. Decay products Ra*1',
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\Theie are (table, volatile non-toxic
compounds with low water solubility
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FIG. 17: PLANT EFFLUENTS — UF6 PRODUCTION
(Allied Chemicals process)
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(a) Dissolution, Filtration, Purification and Denitration to U03

The processes presently incorporated in BNFLs main conversion
plant, with relatively minor improvements from earlier exper-
ience and development work.

(b) Conversion of UO3 to UF<.

A new process being installed in BNFLs Springfields plant,
and expected to be operative in 1977.

(c) Conversion of to UF6

Units similar to those commissioned in the second-stage plant
extension at Springfields.

fi>.1 Fluorine Production

Cells similar to those recently installed at Springfields
with possible improvements from current development work.

13.3.1 Dissolution.

After check weighing, each drum containing uranium ore yellowcake
is clamped into a tipping cradle housed in a totally enclosed cubicle. The
drum contents are discharged into a hopper feeding the dissolver screw-
feeder.

Operation of the drum tipping gear is from outside the cubicle, and
means are provided for washing the empty drum, externally and internally,
before removal from the cabinet. Drum washings are returned to a save-all
tank and recycled for the next drum washing via a filter.

DISSOLUTION

FIG. 18: BNFL HEXAFLVORIDE PROCESS

The dissolver is divided into quadrants by vertical baffle plates, each
dissolver quadrant being equipped with a stirrer, and a steam heating coil.
Concentrates are fed into the first quadrant via the screw-feeder, simultan-
eously with controlled nitric acid and water feeds from head tanks. Flow
through the dissolver is under and over alternate baffle plates to ensure
maximum dissolution with minimum by-passing. A water-cooled reflux
condenser is installed in the dissolver vent line, refluxed acid being
returned to the dissolver.
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13.3.2 Filtration

Dissolved liquor overflows into a heated conditioning or ageing
vessel from which it is fed through a cooler and pumped to a rotary drum
vacuum filter.

The filter is of the pre-coat type, having an automatically advancing
knife to remove a thin layer of pre-coat at each drum revolution, thus
providing a clean filtering surface at all times. A mixing vessel is
provided for the preparation of the filter-aid and the conditioning vessel
capacity is sufficient to allow for the additional hold-up of feed-liquor
during pre-coat operations. The filtered, crude uranyl nitrate (UN) is
pumped from the filter over the receiver and pumps to a crude UN stock tank.
The c#ke removed from the primary filter is discharged to the secondary
filter via slurry tank and pumps. The resultant cake, now free of uranium,
is collected in drums for disposal. Mother liquors, containing trace
quantities of uranium from the secondary filtration, are pumped to the
recovered wash tank via receiver and pumps.

Water-sealed, rotary vacuum pumps, provide the vacuum conditions
required at the primary and secondary filter stages.

13.3.3 Purification

Crude UN is pumped from stock tanks through a feed conditioner to
Extractor I, having sixteen extraction and strip stages. The unit is
simultaneously fed with product UN from Extractor II and a 20% tri-butyl
phosphate/odourless kerosene solvent feed. The aqueous raffinate, contain-
ing all impurities, is discharged to the acid drain system via a uranium
monitor.

The solvent/uranium stream discharged from Extractor I, passes to
Extractor II wash box via a solvent heater. Extractor II has twelve
stages and is simultaneously fed with an COIN acid, counter-current to the
solvent/uranium feed. Uranium feed solvent discharged from Extractor II
is either fed to a solvent wash extractor or returned directly to the system
via solvent buffer tank and cooler.

Pure UN from Extractor II is pumped via a pump tank to 50 m s bulk
storage vessels which are equipped with mixing pumps to ensure homogeneity
of feed.

13.3.4 Evaporation and Denitration

From the pure UN stock, the liquor is fed to a multiple effect evap-
oration system in which the uranyl nitrate is concentrated to hexahydrate.

The concentrated uranium solution is pumped from stock tanks to the
denitrator units. These units are electrically heated and operate as
fluidised beds, the fluidising air being supplied from rotary compressors,
and the hexahydrate is converted to U03.

Off-gases from the denitration units are fed to a fume absorption plant
where the nitric acid is recovered and returned as a feed to the dissolving
section.
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13.3.5 UF<, Production

Solid UOs is continuously discharged to U03 hoppers, feeding a
hydration unit which is fed simultaneously with a weak nitric-acid solution.
The UOs hydrate produced is milled before being fed to a reduction kiln via
a weigh-hopper and screw-feeder. Hydrogen is fed to the reduction kiln
counter-current to the solids feed and the excess hydrogen, together with
purge nitrogen and products of reaction, are filtered before discharge to
effluent treatment.

The kiln barrel is initially heated by an electric furnace which is also
equipped with an air-cooling system for the removal of exothermic heat.
UOa discharged from the kiln is pneumatically transferred to hoppers feeding
the hydrofluorinatlon kiln, in which gaseous anhydrous hydrofluoric acid
(AHF) is fed counter-current to the feed.

Liquid AHF is pumped from a stock tank and fed at a controlled rate to a
steam-heated boiler via a constant head tank. The gaseous AHF produced is
fed directly to the kiln and the excess, together with products of the
reaction, is filtered before discharge to the effluent treatment plant.
Uranium tetrafluoride discharged from the kiln is pneumatically transferred
to UFi, stock hoppers providing a feed to the uranium hexafluoride production
unit.

13.3.6 UF6 Production

Production of UF« is carried out by reacting uranium tetrafluoride
with gaseous fluorine in nitrogen, in a fluidised bed of inert calcium
fluoride. The process is carried out at a sub-atmospheric pressure. The
reactor is fitted with a combined electrically-heated and air-cooled jacket.
Heating is applied at start-up and maintained at plant feed-rates below
which the exothermic heat of reaction is insufficient to maintain reaction
conditions. Above these rates, the air-cooling system is operated to
maintain a controlled reaction temperature.

The UF6 reactor feed hoppers to which batches of UF<, are transferred,
are equipped with a screw feeder device which feeds UF* at controlled rates
into the UF6 reactor screw feeder, which in turn feeds the UF<, directly into
the fluidised bed reactor. The fluorine and nitrogen mixture is fed to
the reactor base and reacts with the UFi, to produce gaseous hexafluoride.
The reactor off-gases containing hexafluoride, excess fluorine and nitrogen,
are passed through primary and secondary filters before entering the UF6

condensers.

Four condensers are provided and operate as primary cooling and liquefy-
ing units in turn. Fluorocarbon liquid at a temperature of minus 40°C is
circulated through the condensers when operating under primary, secondary,
or cooling duties, and fluorocarbon vapour at a temperature of 105°C is
fed to the condensers for the liquefaction of the hexafluoride. Following
liquefaction, the hexafluoride is run off into approved UF, transport
cylinders.

Off-gases from the secondary condenser are recompressed in a recipro-
cating compressor, and to maintain equilibrium conditions, a percentage of
the delivery is passed first to a condenser for the removal of residual
hexafluoride before discharge to a scrubber system. The balance of the
off-gases are recycled to the base of the reactor with fluorine feed.
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13.3.7 Production of Fluorine

Fluorine is produced in electrolytic cells by the electrolysis of
high-grade AHF in a fused salt mixture. Fluorine produced at the cells is
passed through primary and secondary absorbers for maximum removal of AHF
carry-over, and finally filtered before being fed to the UF6 reactor.
Hydrogen produced at the cells can be recovered and recycled to the reduction
stage.

13.4 Wastes from Wet Hexafluoride Plants

Waste from a wet-process plant, such as that described above, is in
most respects similar to that from a dry-process, but with one major excep-
tion. In the latter process, some impurities present in the feed appear
as solid residues from fluorination, and this is a common feature. How-
ever, the dry-process also produces solid fluoride residues from the
purification (distillation) section. By contrast, the wet-process rejects
impurities principally in a stream of liquor known as rafflnate, which
discharges from the solvent extraction purification system.

This raffinate is acidic and contains all of the radioactivity present
initially in the yellowcake feed, most impurities from the same source, and
minor amounts of the kerosene/tributyl phosphate solvent used in the puri-
fication system. At Springfields, this liquor is neutralised, the solids
removed, and the supernate discharged into a river at acceptable quality
standards, based essentially on drinking-water specifications.

13.5 Uranium Hexafluoride — Environmental Considerations

The siting of a uranium processing centre requires no special features
additional to those that are sought for a general chemical processing plant.

The Springfields uranium centre of British Nuclear Fuels Ltd (Fig. 19)
near the town of Preston, has been operative for over twenty years. It has
a housing estate nearby and a village within a kilometre, and surrounding
small farms. This centre accommodates plants for hexafluoride production,
enrichment of natural hexafluoride and the preparation of fuel elements for
nuclear power reactors, a similar range of products to those planned for
Redcliff. At Springfields, solid waste products are disposed to the local
municipal garbage dump; liquid waste, after neutralisation, to the River
Ribble, which flows through the town of Preston into the sea, near the
popular seaside resort of Blackpool. The river abounds in fish, both up-
stream and downstream, from the discharge point. Gaseous effluents pose
no problems. Cattle on surroundiag farms are checked, and have not shown
deleterious effects.

The Canadian processing centre of Eldorado at Port Hope, the oldest
uranium-processing complex in the world, has housing establishments close
to the boundary fences. After over 50 years of operation, including the
production of radium as far back as the early 1900s, Eldorado is now planning
a new centre with modernised plants and environment safeguards to be applied
in much the same manner as those now operative in Australia to chemical
industry developments. The new site is to be selected by the Canadian
Government largely on its capability to serve particular regional interests
most meritoriously. The Port Hope site is of considerable historical
significance, now outmoded and not conforming with the environmental
conditions now deemed necessary for chemical plants of this nature.
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FIG. 19: BNFL SPRINGFIELDS URANIUM FUEL CENTRE
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The Comurhex processing centre at Pierrelatte in France, is situated in
a farming area adjacent to the River Rhone, and incorporates all the
precautions needed in the processing of uranium to hexafluoride and nuclear
materials for military and nuclear power usage. This centre is relatively
new in comparison to the first French uranium processing plant at Malvesi
near the Mediterranean coast. At Malvesi, uranium tetrafluoride is
produced and transported in bulk road tankers similar to those used for
bulk cement and plaster transportation by road in Australia. Whilst
Malvesi, situated in the heart of a grape-growing district, has experienced
some adverse criticism from grape-growers, it has operated continuously
over a period of more than twenty years, and has satisfied an employment
need in the district for which it was originally established. Fig. 20 shows
the two plants described.

There appear to be no environmental and technical reasons why a site
such as Redcliff should not be acceptable. It has already been studied
closely for a major petrochemical complex, and the results of such studies
have already provided some answers to many of the environmental questions
that are also relevant to uranium processing.

13.6 Hexafluoride Plant - Waste Handling at Redcliff

Wastes from the two uranium hexafluoride plants proposed for the Red-
cliff site would be handled somewhat differently from that of similar plants
overseas. Each site requires individual considerations in this context,
and, furthermore, the yellowcake feed to the plants may be different in
composition.

Both Allied Chemical and BNFL have published specifications for accept-
able yellowcake feed to their respective plants. In both cases, the
specification is for material containing a much higher proportion of
impurity than any yellowcake likely to be produced in Australia.

The proposed dry-process plant at Redcliff will give rise to both solid
and liquid effluents. The solid waste, amounting to not more than 2000
tonnes per annum, would have a low level of radioactivity and would contain
substantial amounts of fluoride, most, but not all of which, would be the
inert calcium fluoride. The wet process plant would produce solid waste
also, principally as insoluble residues and as precipitates or sludges from
neutralisation of waste liquor.

Liquid effluent from the 'dry' plant would be quite substantial in
volume — possibly several million cubic metres annually — but of a quality
not markedly inferior to drinking water. This effluent could be discharged
quite safely into Spencer Gulf. On the other hand, the 'wet' plant would
generate a much smaller volume of more concentrated effluent, containing
quite a high concentration of soluble salts, including nitrate. This
liquor would be impounded in a dam of area 2 ha, and allowed to evaporate.
The solid described above could be left in the same dam.

Each of the hexafluoride plants would require cooling water, but the
total energy rejection in the cooling system would be of the order of 5 MK
and, therefore, of little or no environmental significance at Redcliff.

The plant buildings on the Redcliff site will all be at least 6 m above
mean pea level, while the floor of the waste disposal dam may be only 2 m
above that datum. The probability and/or frequency of abnormally high
tides is therefore relevant.
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Photo Studio Hinry

1 - Dissolution-purification
2 - Calcination-precipitation
3 - Heduction-hydrotluorination
4 - Magnesium and calcium reductions
5 - Wastes processing
6 - Utilities
7 - Workshops
8 - Laboratory
9 - Offices

FIG. 20: COMURHEX PLANTS AT PIERRELATTE AND MALVESX
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No systematic record of tides at Rc.dcliff is available, but data for
Port Pirie, Whyalla and Port Augusta have been compiled over periods up to,
in the case of Port Pirie, 59 years. By interpolation from the best data
available, it would appear that the highest tide likely to occur at Redcliff
in any given period of, say, 25 years, is approximately 3.0 m above mean
sea level. Thus it can be concluded that the plant is most unlikely ever
to be flooded, and that the dam, if built with walls 2 m in height, will be
flooded only if the walls are destroyed by wave action. This latter poss-
ibility could be effectively eliminated by proper dam design.
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14. URANIUM ENRICHMENT MODULAR DEVELOPMENT

There are three principal methods by which uranium can be enriched, i.e.,
by means of which natural uranium containing 0.71% of the 235 isotope can be
separated into an 'enriched' product containing possibly above 90% but
commonly (for civil purposes) around 3%, together with a 'depleted' product
containing 0.2 to 0.3% of the fissile isotope. All large enrichment plants
presently in operation use a diffusion process which has been in use for
three decades. The Eurodif complex in France is being built to use this
process. The principal short-comings of diffusion are two-fold: economic
viability is only possible in very large plants, probably in excess of
9000 tonnes SWU per annum, and the specific energy consumption is high.
A second process is the 'jet' or 'nozzle' process developed in Germany.
Details of the process are not available but it is thought to have a specific
energy consumption similar to that of the diffusion process. The third
process, and the one which is considered in this Report, is the centrifuge
process. This has been demonstrated at pilot scale in the United States of
America, in Britain and in Holland, and possibly also in Japan. There are
two particularly attractive features of the process, viz., the specific
energy consumption is of the order of one-tenth of that for diffusion, and
further, the plant consists of a substantial number of small machines which
in turn means that economies from mass production can make relatively small
plants potentially viable.

Development of the centrifuge process is proceeding in a number of coun-
tries but the group who have released most information is URENCO, based in
Britain but operating pilot plants and experimental units in both Britain
and Holland with participation of British, Dutch and German interests. For
the purposes of this Report, use of URENCO centrifuge technology is assumed.
(Fig. 21 shows the centrifuges installed in one of URENCO's pilot plants.)

FIG. 21: CASCADE HALL OF THE GERMAN PILOT PLANT
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14.1 Urenco Centrifuge Process

Fig. 22 shows in outline the essential features of a centrifuge, consist-
ing essentially of a hollow rotor, driven by an electric motor, mounted
inside a stationary cylindrical housing. The feed UFS in the gaseous state
is passed through an annular space to emerge into the centre of the rotor.
Pitot tubes or 'scoops' are used to extract the gas from the top and bottom
of the rotor, depleted and enriched respectively in the light 235 isotope.
The ratio of the U2^5 concentration between product and waste depends on
the rotor length and peripheral speed. In URENCO practice the rotor may be
of the order of a metre in length and 0.2 m in diameter, and its rotational
speed is as high as possible consistent with the limitations imposed by the
tensile strength of the rotor material and the need for mechanical reliabil-
ity.

Waste line

Vacuum line

Top scoop

Product line

Feed line

Bottom scoop

Bottom bearing

Top bearing

Motor

FIG. 22: URANIUM ENRICHMENT CENTRIFUGE
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The enrichment capacity of a single centrifuge is quite small — probably
in the vicinity of 5 to 10 kg SWU per annum — but under optimum conditions
the enrichment ratio is large compared with the diffusion process. Never-
theless, a relatively large number of centrifuges are connected in a series
— parallel arrangement known as a cascade and illustrated in Fig. 23.

The high centrifugal stresses limit the size of the equipment and these
account for the hundreds of thousands of centrifuges required to achieve the
separative capacity of a commercial enrichment plant.

FIG. 23: CENTRIFUGE CASCADE SHAPING

One of the key factors in relation to centrifuge enrichment is the re-
liability of the machines. URENCO indicate that some machines will fail
early in their operating life because of faults in manufacture, and this
'infant mortality' rate has not exceeded 2%, but it is more commonly less
than 0.5%. Once this initial period — arbitrarily set at 100 days of
operation under load — is passed, 'natural' failures of machines will occur
from time to time, and again URENCO experience is that this failure rate
should not exceed 0.5% annually during the life of the machines. If the
design life of the plant Is 10 years, installation of 5% excess centrifuge
capacity will, therefore, ensure that the plant will operate at or above
its rated capacity for most of its lifetime. Further, the overall design
is such that machines which fail are simply left idle, in which state they
have no effect at all on the remaining machines in the system.

14.2 Centrifuge Plant Concept for Redcliff

The concept developed by URENCO after intensive study over a number of
years is for unit plants each with a capacity of 1000 to 1500 tonnes SWU
per annum. Economies of scale are significant in smaller plants and indi-
cate that 1000 tonnes per annum is the capacity above which these economies
become negligible. On the other hand, the physical problems involved in
constructing and operating plants extending over large areas suggest that
1500 tonnes should be regarded as an upper limit for individual plants.
Thus the concept embodied in this Report is for 5 units each of 1000 tonnes
capacity to be installed, although, with further development, possibly three
of these could be replaced by 2 units each of 1500 tonnes capacity.

The basic 1000 tonne plant employs 105 000 centrifuges (assuming a 10 SWU
per annum for machine performance) housed in a single steel frame metal clad
building 48 600 m2 in area (270 m x 180 m) and 7 m high. A small part of
this building is extended to two floors in height to accommodate staff
amenity functions. A number of other small buildings house service func-
tions, and the whole area covered by the plant and services is 15 hectares (ha)
(Fig. 24). No specific buffer zone is required, but the plant is located
away from main railways or highways to eliminate vibration from these sources
and to facilitate security.
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FIG. 24: AN ENRICHMENT PLANT MODULE

Plant nominal capacity 1000 tonnes SW p a .

This unit plant will process each year 1920 tonnes of uranium (supplied
as hexafluoride) and could produce 292 tonnes of uranium containing 3.0%
of U 2 3 5 together with 1628 tonnes containing 0.3%. In order to do this it
will require small amounts of electrical power and of cooling water, but
will employ a substantial workforce.

Power supply to the plant will be 20 MW, with voltage controlled to
within 2% and frequency controlled to normal limits. Reliability of power
supply for centrifuge operation is not critical, and power failures of 30
to 60 minutes'duration present only minor problems. However, a high relia-
bility is required for supplies to control systems and for this purpose a
standby power plant of 6 MW capacity is provided.

Cooling water requirements do not pose any particular problems. The
centrifuges themselves consume about half of the total electrical input,
and essentially all of this energy (i.e., around 10 MW) is rejected into
the chilled demineralised water in the primary cooling circuit.

During normal operation, the unit plant will employ probably 250 people,
of whom 26 would be executive and professional staff, 52 would be technicians
and the remainder skilled (140) and unskilled (32) workers. In the con-
struction phase this staff complement would be doubled, with probably 250
to 300 additional personnel temporarily on site.

The lead time for a unit centrifuge plant is 4 years, of which the first
year is spent in planning. Site work starts at the end of this first year,
and the first centrifuges are commissioned one-and-half years later. By
the end of the four-year period, the plant operates at full capacity.
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14.3 Environmental Aspects of the Centrifuge Enrichment Development

No enrichment plant employing centrifuges and with a capacity as large
as is proposed for Redcliff is in operation anywhere in the world. Smaller
plants constructed by URENCO are in operation in Britain and in Holland, in
the latter case adjacent to a city of substantial size. Gaseous and
liquid effluents from these plants are claimed to be negligible, and only a
minor amount of solid waste is generated — this, at Redcliff, could be
combined with the solid waste from the hexafluoride plants.

Contrary to experience with some types of centrifuge, enrichment centri-
fuges are essentially noiseless in operation. Each machine is enclosed in
an evacuated casing, and is driven directly by its own electric motor with-
out intermediate gearing. Because of these and other design features, the
only sound made by the plants will be a very minor amount of electrical
'burr', audible only at close quarters.

The power consumption of the combined centrifuge modules is in the vicin-
ity of 100 MW, half of which is consumed by the centrifuges themselves.
This 50 MW appears largely in the chilled demineralised water used to cool
the machines — the other 50 MW if; dissipated at low level into the atmos-
phere and removed by forced ventilation.

In the Redcliff situation, there is approximately 50 MW of heat to be
removed from the centrifuge modules in cooling water. The two hexafluoride
plants may together contribute a further 5 MW of waste heat, making a total
heat rejection into cooling water in the region of 55 MW. This is much
less than is already entering Spencer Gulf from the existing power station,
and studies of the Gulf hydrology have indicated that no thermal pollution
problems will arise.

Ancillary to the enrichment plant is a gas turbine standby power plant.
This installation is entirely air-cooled, and makes no contribution to the
thermal load on Spencer Gulf.
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15. EMPLOYMENT AND URBAN PLANNING FOR THE PROJECT

There is no developed area near the proposed Redcliff site apart from a
few houses and fishing shacks at the mouth of Chinaman Creek and on the
beach at Yatala Harbour. The nearest major towns are Port Augusta, approx-
imately 30 km to the north, Wilmington, 25 km to the east, and Port Pirie,
60 km to the south. It has already been demonstrated that most of the
permanent workforce for the Redcliff site, totalling some 1550 people of
whom perhaps 15% could be women, can be housed in the Port Augusta/Stirling
North area, with some commuting from Port Pirie. Excellent road and rail
communications are already available.

Detailed studies on the development of housing and services to accom-
modate employees of the proposed Redcliff project have already been prepared
as well as the machinery to implement the development plans for community
services and housing generally.

By comparison, the uranium centre as planned would involve a much more
balanced labour force than that envisaged for the petrochemical industry
(refer to comparative Tables 11 and 12).

The uranium centre fully developed also provides for a larger labour
force namely, 1550 compared with 1100 operating personnel in the proposed
petrochemical plant.

The proximity of the site to Adelaide where the State has advanced
technological institutions, universities and research centres necessary for
the supply of highly skilled personnel and operatives and where the Common-
wealth has also scientific research establishments makes the site particu-
larly attractive in terms of employment stability and management efficiency.

TABLE 11: ESTIMATED EMPLOYMENT DIRECTLY RELATED TO THE URANIUM PROJECT

Year

1

2

3

4

5

6

7

8

9

10

Construction
Personnel

10

i'5

131

355

770

880

500

250

0

0

Operating
Personnel

20

30

80

370

620

1220

1450

1550

1550

1550

Total

30

65

225

725

1390

2020

1950

1800

1550

1550

Projected
Household

Size

1.5

1.5

1.5

1.5

2.0

2.0

2.0

2.0

3.0

3.0

Directly
Supported
Population

45

98

338

1087

2780

4040

3900

3600

4650

4650
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TABLE 12: COMPARISON - EMPLOYMENT ESTIMATES,
REDCLIFF PETROCHEMICAL PROJECT

Year

1

2

3

4

5

6

7

8

9

10

Construction
Personnel

400

4000

2600

0

0

0

0

0

0

0

Operating
Personnel

0

0

600

1100

1100

1100

1100

1100

1100

1100

Total

400

4000

3200

1100

1100

1100

1100

1100

1100

1100

Projected
Household

Size

1.75

1.75

2.00

2.75

3.00

3.00

3.00

3.00

3.00

3.00

Directly
Supported
Population

500

7000

6400

3025

3300

3300

3300

3300

3300

3300
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16. INFRASTRUCTURE COSTS

The infrastructure for the uranium processing centre would involve the
Government in considerably less expenditure than in a Redcliff-type petro-
chemical project in spite of the fact that the uranium centre would employ
more people, and therefore create a stronger demand for community services.
For instance, the petrochemical project would have involved the State and
the Commonwealth being called upon to provide for the project a power station,
pipelines and marine facilities, none of which are relevant to the uranium
centre. Infrastructure costs for the latter, related to the site itself,
plus housing for employees are of the order of magnitude shown in Table 13.

TABLE 13: INFRASTRUCTURE COSTS (1975 VALUES)

$A Million

Standby power station (30 MW) 7.0

Two independent power lines from SA Grid System 0.6

Water supply, 8 in. pipe line 0.2

1200 houses for employees at average cost $22,000 26.4

Railway line and road access 2.0

36.2

The impact of this development would also increase the population of
Port Pirie substantially, possibly giving it an added industry in respect
of chemicals. Anhydrous hydrofluoric acid which is a major material
requirement for uranium hexafluoride production could be manufactured either
at Port Pirie or near the uranium centre using the sulphuric acid of the
BHAS smelters.

Centrifuge manufacture is a most important ancillary aspect of the overall
development and could be an appropriate adjunct to Adelaide's automotive
industry.
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17. CENTRIFUGE MANUFACTURE - AN IMPORTANT ANCILLARY INDUSTRY

Full details of the design and manufacture of centrifuges are not avail-
able but reference to Fig. 22 will indicate the general arrangement of a
single machine. Essentially, there is a hollow cylindrical rotor integral
with an electric motor, supported by two bearings and totally enclosed in
an evacuated metal casing. The whole machine can be produced using normal
commercial materials and employing a substantial proportion of unskilled
and semi-skilled labour. Generally, the manufacture is similar to manu-
facture of automobiles and household appliances, and can be carried out
remote from Redcliff as the finished machines are readily portable.

The total number of centrifuges in the fully developed five modules is
525 000 and Fig. 25 shows the schedule to which these are installed.
During the construction phase, the full 525 000 machines will be installed
over a period of four-and-half years and allowing for some slack, this re-
quires production of centrifuges at the rate of around 100 000 per annum.

FIG. 25: CENTRIFUGE

INSTALLATION SCHEDULE

TIME.ywrs

If the life of the machines is taken to be 10 years, then ultimately
replacement machines will be required at a rate of 52 500 per annum. This
is about the production rate at which mass production becomes viable.

A local centrifuge manufacturing facility, ideally, would have a capac-
ity of 52 500 machines per annum. This facility would then provide
approximately half of the units for the full plant, with the other half
being imported. For a period of 5 or 6 years after completion of the
enrichment plant, centrifuges locally manufactured would be available for
export and following this period the full capacity would be devoted indefin-
itely to production of replacement machines. This is illustrated in Fig.26.

This manufacturing facility could be located in the Adelaide area, where
relevant techniques are in regular use in the automotive and appliance
industries and in production of metal tubing and electric motors. It is
anticipated that the facility would provide employment for approximately
250 people, some of whom could be employed by sub-contract organisations.
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An alternative is to consider the centrifuge manufacturing facility
being on the basis of an assembly plant centred on the Redcliff site with
the components manufactured by presently established engineering plants
which would receive contracts over the periods designated in Fig. 26, that
is up to three years or more in accordance with replacement schedules.
The assembly plant labour force at the Redcliff site would then be given
a wider role in both operative and assembly work, and assured of contin-
uous employment starting in the early construction stage. Decentralisation
of this nature has undoubted attractions. Its relationship to Adelaide's
engineering industry likewise would minimise new major capital expenditure
as the manufacturing capability is already available.

This manufacturing aspect is clearly an important industrial adjunct: to
the whole complex comprising production work comparable to one of the
State's important motor industries, namely, 50 000 units per annum at an
estimated value of $1000 per unit or $50 000 000 per annum in total value.
Normal commercial materials are used and manufacturing techniques are
comparable to those in the automotive industry and in average chemical
plants.

25

Machines required for initial plants
and replacements

— — Local production of machines

8 10
TIME.years

FIG. 26: CENTRIFUGE PRODUCTION AND IMPORT/EXPORT
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18. OVERALL DEVELOPMENT CONSIDERATIONS

South Australia's industry is heavily dependent on the flow of minerals
into its plants. For example, consider the flow of iron ore into the blast
furnaces at Whyalla; the flow of Broken Hill concentrates into the Port
Pirie smelters; the flow of salt into the Osborne alkali plant; the flow
of limestone into the cement works; the flow of natural gas into the
Torrens Island power station, into Adelaide's gas network; the flow of
Leigh Creek coal into the Port Augusta Power Station and the flow of water to
these industries through the pipelines of the State.

The State's economy as we know it today is thus directly related to the
availability of minerals whether produced locally or brought in from external
sources,

Sinct uranium processing is a necessary corollary to uranium mining,
the possible flow of uranium to a South Australian processing centre becomes
an important consideration in relation to the State's industrial growth
potential. The establishment cost for a single uranium hexafluoride plant
has been estimated to be of the order of $A50 million, but the expansion of
the centre will need continuing investment represented herein by an eight-
and-half years' development plan for both hexafluoride production and en-
richment costing $A14OO million. The importance of this project may be
summarised in the following terms:

(1) It will contribute substantially to the development of the
Spencer Gulf industrial complex and ensure its long-term
stability.

(2) It will foster the establishment of attendant chemical and
manufacturing industries which are required to service a
uranium processing industry.

(3) It will offer employment opportunities to men and women in
a wide range of skills and trades.

(4) It provides for the availability of nuclear fuel for power
generation in Australia should this be required at some time
in the future.

(5) It will be a permanent industry basic to the exploitation of
uranium as an energy source.
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19. ANALYSIS OF ECONOMICS

19.1 Production Tonnages

Figs 9 and 10 propose a feasible development programme which is based on
production starting three-and-half years after commencement of construction.
Table 14 shows the annual tonnages of uranium hexafluoride and enriched
uranium that can be produced under that programme.

TABLE 14: PRODUCTION PROGRAMME
000's Tonnes

Year

Natural UF6

Enrichment
plant intake
Natural UF6

Surplus
Natural UF6

Enriched UF6

or

Equiv. SWUs

Nil Nil Nil 1.25 5.0 6.25 10.0 10.0 10.0

Nil Nil Nil 0.15 1.45 4.0 7.0 8.6 9.5

Nil Nil Nil 1.10 3.55 2.25 3.0 1.4 0.5

- 0.023 0.210 0.608 1.064 1.307 1.474

- 0.079 0.763 2.105 3.684 4.526 5.000

19.2 Conversion and Enrichment Charges

Charges for toll conversion of yellowcake to natural uranium hexafluoride
and that for enrichment of this uranium hexafluoride are as follows:

Conversion charge: $A 3.70 per kg U

Enrichment charge: $A41.00 added value per kg U feed enriched

($A77.90 per kg SWU)

The conversion charge is based on the estimated conversion cost of
$A2.77 per kg U in a June, 1974 study* with escalation to ??. 1976 cosj: basis.
The enrichment charge is derived from a commercial base price of $US100 per
kg SWU indicated by URENCO for 1975.

The market trend is towards provision for escalation when new contracts
are negotiated, and therefore the charges assumed are conservative.

Operating income from conversion and enrichment charges is shown in
Table 15.

* 'Proposed Centralised Uranium Processing Plant1 by S.B. Dickinson,
J.M. Clayton, L.H. Goldney and J.A. Lackey. Amdel Report No. 1002,
August 1974.
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Conversion

Enrichment

Total

0

0
_

0

0

—

TABLE 15: INCOME FROM CONVERSION AND ENRICHMENT $A'000 000

Y e a r

3 4 5 6 7 8 9 10

0 4 .63 18.5 23.13 37 .0 37 .0 37 .0 37 .0

0 6.15 59 .5 163.98 286.98 352.58 389.50 389.50

- 10.8 77.9 187.1 324.0 389.6 426.5 426.5

19.3 Capital Costs

19.3.1 Uranium Hexafluoride Plant

The estimated capital cost for each production unit in 1976 Australian
dollars is $50 million. Capital expenditures are estimated to take place
over a period of four years for each plant, as shown in Table 16. It is
assumed that this capital is provided completely from loan funds.

TABLE 16: SCHEDULE OF CAPITAL EXPENDITURE $A'000 000

Year

10

Capital (Actual):

Hex.* Plant (1) 8 16
Hex. Plant. (2)

Enrichment Plant 1 - 20
Enrichment Plant 2 - -
Enrichment Plant 3 - -
Enrichment Plant 4 - -
Enrichment Plant 5 - -

Total 8 36

20
8

60
20
10
-
-

18

6
16

80
60
60
20
-

242

—
20

40
80
80
60
20

300

—
6

_
40
50
80
60

236

—
-

_
-
-
40
80

120

-
-

_
-
-
_
40

40

* Hexafluoride.

Note: Interest charges during construction are not included in these
figures, but are shown separately in Table 17.

19.3.2 Enrichment Plant

In all, five enrichment plant modules are to be constructed. The
estimated cost for each of these is $200 million. Each plant module is
assumed to be constructed over a four-year period. Capital expenditure
estimates for each plant over a period of time are included in Table 16.
It is assumed that this capital has been provided completely from loan
funds.
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19.3.3 Centrifuge Replacement

The annual cost of centrifuge replacement after ten years of operation,
is estimated at $52.5 million. It is assumed that these capital expenditures
are provided from income.

19.3.4 Interest During Construction

Interest charges (at 10% pa) accumulate during the construction period,
up to the first full year of production. Because of the relatively long
(4 year) construction period, these accumulated interest charges add consid-
erably to the total debt. The annual interest charges are shown in Table 17.

19.3.5 Working Capital

Working capital requirement is estimaced as being equivalent to 20%
of annual operating costs. Working capital requirements increase as new
units come into production, as indicated in Table 17. It is assumed that
working capital is provided from loan funds and incurs interest at the rate
of 10% pa. Total working capital is $17.86 million.

19.4 Direct: Operating Costs

19.4.1 Uranium Hexafluoride Production

Annual operating costs for uranium hexafluoride production were estim-
ated to be $A1.24 per kg in 1974* and escalated to 1976 at 15% pa, this becomes
$A1.63 kg. The annual operating cost for full production then becomes
5 000 000 x $A1.63 = $A8.15 million for each of the two plants.

19.4.2 Enrichment

The annual operating costs for each of the five production units are
estimated to be:

Annual Operating Cost
$A 000 000

Labour 4.15

Power 3.50

Materials and Maintenance 3.50

Replacements 0.4

(excluding centrifuges)

Overheads 1.75

Contingency 1.3
Total 14.60

Total annual Direct Operating Costs for all units are summarised in
Table 17.

* Amdel Report 1002, loc.cit.
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19.4.3 Interest Charges

It is assumed that all capital required for construction is provided
from loan funds, which attract interest at the rate of 10% pa. These
interest charges accumulate during the construction period. After produc-
tion commences the total debt is repaid in ten equal annual instalments,
with interest at 10% of the outstanding balance ilso being paid annually.

19.5 Sources and Applications of Funds

Table 17 shows a cash flow projection and sources and applications of
funds for the first twenty years of the project.

It has been assumed that all new funds are derived from loans, or are
generated by the project itself. From Year 4 onward, income is generated
by the project, and this is set against new capital requirements.

After Year 7, the residual debt is assumed to be repaid in ten equal
annual instalments, and surplus cash generated by the project is assumed
to be paid to revenue.

It will be seen that the project makes a substantial contribution to
revenue from Year 8 onward.

19.6 Debt Service Coverage

This is the ratio of total net cash, projected to be available for debt
service, to the amount required for debt service. Debt service coverage
ratios are tabulated in Table 17 for the sensitive years (8 to 15). Except
for Year 8, the value is close to, or in excess of, the conventional mini-
mum value of 2.0.

19.7 Accounting Rate of Return

The total investment in the project is about $1400 million (which
includes interest charges during construction).

After Year 8, the annual contribution to Revenue (after allowance for
all operating costs, capital charges, etc.), exceeds 10% of the total
investment.
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TABLE 17: SOURCES AND APPLICATIONS OF FUNDS - PROJECTED CASH FLOWS - $A '000 000

Year

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

19

20

Sources of

Income

_

-

-

10.8

77.9

187.1

324.0

389.6

426.5

426.5

426.5

426.5

426.5

426.5

426.5

426.5

426.5

426.3

426.5

426.5

Funds

Loans

8.8

40.48

137.73

286.97

327.19

201.04

0

0

0

0

0

0

0

0

0

0

0

0

0

0

Increase in
Working Capital

0

0

0

2.15

3.63

5.4

3.84

1.92

0.92

0

0

0

0

0

0

0

0

0

0

0

Investment in
Fixed Assets

8

36

118

242

300

236

120

40

0

0

0

0

0

52.

52,

52.

52.

52.

52.

52,

5+

,5

5

,5

,5

5

,5

Application

Operating
Costs

0

0

0

10.8

28.9

55.9

75.1

84.7

89.3

89.3

89.3

89.3

89.3

89.3

89.3

89.3

89."3

89.3

89.3

89.3

of Funds

Interest
Payments*

0.8

4.48

16.73

42.82

72.56

90.84

97.1

87.42

77.70

67.99

58.20

48.50

38.80

29.10

19.43

9.71

0

0

0

0

Loan
Repayments

0

0

0

0

0

0

27.9

97.13

97.13

97.13

97.13

97.13

97.13

97.13

97.13

97.13

97.13

0

0

0

Payment to
Revenue Account

0

0

0

0

0

0

0

78.43

161.45

172.00

181.87

191.37

201.27

158.77

168.44

178.16

187.57

284.7

284.7

284.7

Debt Service
Coverage Ratio

-

-

-

-

-

-

-

1.42

1.92

2.04

2.17

2.31

2.48

2.25

2.44

-

-

-

-

-

Total
Debt

8.8

49.28

184.01

470.98

798.17

999.21

971.3

874.17

777.04

679.91

582

485

388

291

194

97

0

0

0

0

* Includes interest on working capital.

t Centrifuge replacement.

Notes: 1. All capital expenditures are assumed to derive from
loan funds or operating surplus.

2. No prepayment of conversion charges is assumed.

3. An interest rate of 10% pa is arbitrarily assumed.
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20. INVESTMENT IN URANIUM PRODUCTION IN AUSTRALIA

A total investment of $1400 million has been estimated as being required
to establish the fully developed uranium processing centre at Redcliff accord-
ing to the concept developed in this Report.

The supporting investment in mining would have to be of the order of
$A600 million for the mines to produce about 10 000 tonnes uranium per annum
to feed the processing centre.

Infrastructure costs would be additional in each case but those for the
processing centre are minimal and have been estimated to be of the order of
$A40 million.

The regional distribution of the mining establishment costs could be of
the order of two thirds or $A400 million in the Northern Territory and one-
third or $A200 million in Western Australia of the $A600 million total for
mining. Possibly Queensland and South Australia could have contributing
mines also.

The modular development concept for the Redcliff processing centre can
start with a single hexafluoride plant at $A50 million building up with
mine production increases to attain its full potential output in the 1980-85
period when uranium is forecast to have an extremely high market demand from
world nuclear power producers.
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