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SUMMARY

This report reviews the prospects for uranium enrichment in Canada from
the federal government point of view. It is essentially an up-date of the report
prepared in 1971 (ref 1) and takes into account the developments in the field
since then. The policy statement developed from the 1971 study (Appendix 1)
took a neutral position and requested promoters to show that such a project was
in the national interest before the government would initiate inter-governmental
negotiations.

Since 1971 the following are the major points which affect the
situation:

(a) The projected market forecast for enriched uranium has increased
and then decreased so that today the market to the year 2000 is similar to that
projected in 1971.

(b) The major source of enriched uranium in the world is still the
existing and committed plants of the U.S. Government. The committed enrichment
capacity in the world has been increased by approximately 50% since 1971 by the
addition of European and Russian capacity - sufficient to postpone the require-
ment for new capacity to about 1990.

(c) The Canadian uranium mining capability may be adequate to supply
an enrichment plant here, but the present reserves policy along with the
currently known resources are likely to restrict exports of Canadian produced
uranium concentrates and refined products during the life of such a plant.

(d) The cost of enrichment by gaseous diffusion is made up of approxi-
mately 50% capital and 30% electricity. A plant committed in Canada in the near
future is expected to be more costly than one built in the U.S. or France. To
be competitive in a world market such plant would require a lower power cost
than in other industrialized countries. However, to shot' an economic gain to
Canada, with the assumptions in this report, product prices higher than those
reported by other proposed new plants would need to be obtained.

(e) The newer enrichment technologies using centrifuges and lasers
have some potential for cost reductions.

(f) AECL, as part of their ongoing studies of future fuel cycles in
the CANDU reactor system, has determined that application of enrichment with
U235 (or Plutonium and U233/Thorium) to CANDU offers some uranium resource
conservation and possible slight power cost reductions.

These changes lead to the observation that construction of an
enrichment plant in Canada to supply the export market is less attractive in
1976 than in 1971. However there is potential for such a business in future
owing to the rapid changes in this evolving field.

Hence the major recommendation of the study is that no change should be
made to the present federal government policy regarding uranium enrichment.
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2. INTRODUCTION

Uranium enrichment involves increasing the concentrat ion of the
f iss ionable isotope of uranium (U235) from i t s natural concentration of 0.71%
U235 in na tura l uranium. Approximately 3% enriched uranium is required for use
in l i gh t water reac tors - which cons t i t u t e the bulk of the operating and planned
power reac tors in the world. In Canada, power reac tors of the CANDU type have
been adopted and these are using natura l uranium as fuel.

The 1971 report e n t i t l e d 'Assessment of Establ ishing a Uranium
Enrichment Fac i l i t y in Canada' (ref 1) reported on the study made at that time
and defined the reasons for having a formal government policy on uranium
enrichment. The repor t concluded that no c lea r case could be made e i t h e r for or
aga ins t uranium enrichment in Canada. The policy statement by the Hon. D.S.
Macdonald in August 1973 re f lec ted th is view in that the stand adopted was
e s s e n t i a l l y one of 'benevolent n e u t r a l i t y . ' (see Appendix 1)

This present repor t is a further review of the s i t ua t i on e s s e n t i a l l y to
determine if any change should be made to the government's pol icy, and was
i n i t i a t e d because of developments re la ted to uranium enrichment over the past
five years . Among these are

(a) The advancement in enrichment technologies which has occurred,

(b) The development of Canada's uranium policy (see Appendix 2 ) ,

(c) The ef fec ts of in f l a t ion and foss i l fuel price increases ,

(d) The study of an enrichment plant in Canada by a promoter -
Canadif*, and

(e) Farther evaluat ion of the development optians for the CANDU
system.

This study c r i t i c a l l y examines the merits of uranium enrichment in a
Canadian context . The economic e f fec t s on Canada were assessed within the
framework of tne high o i l pr ice scenario outl ined in the recent Energy Strategy
Paper (ref . 2 ) . The CANDIDE economic model and cost benefi t methods were used to
est imate the benef i t s to Canada of const ruct ing a 9,000,000 SWU/yr** gaseous

* Canadif is a p r iva te company incorporated in Canada whose shareholders are
James Bay Development Corporation and Seru Nucleaire Ltee (a French govern-
ment owned company).

** SWU or separat ive work uni t is .e basic measure o!: output in enrichment.
The SWU is dependent upon the enrichment of the product, the deple t ion of
the r e j ec t mater ia l ( t a i l s ) and the amount of mater ia l processed and is most
eas i ly i l l u s t r a t e d by giving some examples e .g . ir. a U235 enrichment plant
using natural uranium feed 1 SWU wi l l produce:

2.63 kg of U mater ia l & 1.47 kg of 0.2% t a i l s from 4.1 kg feed
or 0.455 kg of 2% mater ia l 4 1.15 kg of 0.2% t a i l s from 1.605 kg feed
or 0.23 kg of 3% mater ia l & 1.04 kg of 0.2% t a i l s from 1.27 kg feed.
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diffusion uranium enrichment plant, and to determine its impact on major
economic variables. The economic effects of plants of different size or using
alternative technologies were not studied. The environmental and health effect,
manpower requirements and regulatory impacts, etc. were also examined to try to
determine whether uranium enrichment is consistent with Canada's long term
interests.

This report was prepared under the direction of a Federal Government
inter-departmental committee. The work was completed in July 1976 and the
report writing and approval processes delayed publication until December 1976.
As a result some of the recent developments in the field £e.g. the announcement
by France of the Coredif plant commitment (approx. 5 x 10 SWU/yr), the non
approval by the U.S. Government of the Nuclear Fuel Assurance Act and the with-
drawal of the (J.E.A. gaseous diffusion plant proposal) are not included.
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3. RECENT DEVELOPMENTS

3.1 URANIUM ENRICHMFNT TECHNOLOGY

3.1.1. General

In 1971, most of the puMiahed material on uranium enrichment
technologies and costs originated in the U.S.A. and concerned the diffusion
plants there. With construction proceeding on the 'commercial' plants of
Eurodif* and Urenco-Centec** in Europe, announcements from Japan, South Africa
and Germany/- Brazil of their intentions to build plants, and the hearirgs in
the U.S. on the future structure of their enrichment industry a much wider
community with interests in the enrichment process has develo,ed. This, in
turn, has led to the production of a great deal of published material and the
holding of symposia from which a much improved technical and economic knowledge
of the possible processes can be extracted.

Even with this wealth of material, or maybe partly because of it, the
extent of our ignorance is better recognized. To develop from its inception
to the pilot plant stage, the technology, people and infrastructure for any of
the presently proposed routes on our own, would require that Canada make an
investment in time and money equivalent to that of the U.K. or France
(approximately 20 years and hundreds of millions of dollars).

Thus, the only route considered possible to bring a plant into being in
Canada within the next ten to fifteen years, is by utilizing the technology and
some of the people and infrastructure which already exist in other countries.
(From Canada's prior experiences with the transfer of enrichment technology (in
heavy water manufacture) it has been learned that in transplanting such
information, it is necessary to also force the development of Canadian technical
capability and this has cost approximately $15M.)

In 1971 the U.S. was regarded as the most likely source for technology.
However, the situation today in the U.S. is such that technology transfer to
other countries just cannot be discussed before the future structure of the in-
dustry in the U.S. has been settled. If new plants in the U.S.A. are built and
operated by private industry, one of the firms could be involved, along with
Canadian enterprises in establishing a Canadian plant in the late 1980's.

European technology in 1971 was largely an unknown factor. Since then
however, firms developing gaseous diffusion, centrifuge and nozzle technology
in Europe have indicated interest in at least supplying technology to Canada.

* Eurodif S.A. is the name of the firm building the 10.8 million SWU/yr gaseous
diffusion plant at Tricastin in France. Shareholders are

Italy through AGIP and CNEN 25%
Spain " ENUSA 11.11%
Belgium " SOBEN 11.11%
France " SERU 27.78%

& SOFIDIF 25% (SOFIDIF is made up by 60% SERU
& 40% IRAN)

**Urenco-Centec Ltd. is the name of the firm building centrifuge enrichment
plants in the U.K. and Holland. The partners are BNFL from U.K., UCN from
Holland and Uranit of Germany.



- 5 -

It should be stressed that in all countries enrichment technology has
been developed by government, and that all plants built have received either
direct or indirect government financial backing. Industry has been involved in
fhe hardware supply stages.

In the U.S., the privately financed groups in their enrichment plant
proposals have asked for government guarantees to protect their investment in
the event that

(a) The market does not materialize as currently forecast
(b) The technology supplied does not prove satisfactory
(c) A new cheaper technology is introduced
(d) The natural uranium supply is restricted, or
(e) The plant licence is held up.

The executive branch of the U.S. Government has proposed a bill to offer these
guarantees, but there appears to be considerable reluctance on the part of the
legislative branch to grant them. Even if the proposed Nuclear Fuel Assurance
Act is approved in the near future, access to U.S. technology is unlikely to be
granted to foreign bodies until the private domestic industry i3 well
established. It is believed that this would take at least five years.

In Europe, the commercial firms engaged in enrichment are all funded
largely by government and may be compared with the Canadian public utilities or
Crown Corporations. Eurodif does have utility and foreign government funding in
addition to that from the French Government and is also raising funds in the
bond market. Urenco-Centec has been financed to date by guaranteed bonds and
from its shareholders who do include some commercial private firms in Holland
and Germany in addition to U.K. and German government enterprises.

3.1.2 Diffusion Technology

Three Western countries - the U.S., U.K. and France have enriched
uranium by means of diffusion.

The U.S. Energy Research & Development Administration (ERDA) possesses
a complex of these plants with an estimated 1976 output of 15.6 x 10 SWU/yr.
This will be increased by the Cascade Improvement (CIP) and Cascade,Uprating
programs (CUP) (at a cost of approximately $1 billion) to 27.7 x 10 SWU/yr
by 1980. The extensive improvement in the economic efficiency of these
facilities - since their construction in the 1940's and early 1950's - can be
seen from the fact that the cost of a SWU in the wartime plant was $300. ERDA's
contract prices (announced in Sept. 1975) were $53.35 and $60.95/SWU for their
fixed commitment and requirements type of contracts respectively. The fixed
commitment price had escalated to $59.05/SWU by mid 1976 and it was anticipated
that it would be increased to $76/SWU by 1977. This would allow capital
recovery of CIP and CU? and was expected to be sufficient (when it was announced
in September J975) to enable private industry to compete with their new plants.

However, escalation of the price of enrichment from projected plants
seems to \>e increasing more rapidly than the general rate of inrlation and the
minimum 'commercial' price considered now is $85/SWU in 1976 dollars. Further
increases in the ERDA price - to remain comparable to 'commercial' prices -
required new federal legislation which has now been enacted. It is not clear
whether ERDA will follow this course or just cover the escalation in their
operating costs.
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UEA* is proposing to build a 9,000,000 SWU/yr gaseous diffusion plant
in Alabama using U.S. technology. A proposed law - The Nuclear Fuel Assurance
Act - has been placed before the U.S. Joint Committee on Atomic Energy hy the
President. This law would provide UEA* (and other 'commercial' enrichment enter-
prises) with the guarantees they require. The question of the future of the
uranium enrichment business in the U.S.A. has been debated since 1973 in
hearings before the Joint Committee.

The U.K. has no plans for commercializing their diffusion technology.

France developed gaseous diffusion technology completely independently
and built Pierrelatte in the 1960's. The Commissariat a 1' Energie Atomique
(CEA) was instrumental in forming a commercial organization, Eurodif, to utilize
French diffusion technology. The design of a large facility of 9 million SWU/yr
output was begun in November 1973. Eurodif sold 95% of its output from 1979 to
1990 on firm contracts in 1974, committed the construction in July 1974, and
increased its capacity from 9 to 10.8 million SWU/yr in January 1975.
Construction is progressing rapidly at this time. Their sale price of SWU's
has not been published but is believed to be between S85 and $95/SWU in January
1976 dollars.

It is very difficult to draw any meaningful compa-ison between the U.S.
and French technologies.,The capital cost figures published by Eurodif and UEA
in early 1974 for 9 x 10 SWU/yr plants were

Total Capital Cost
Country Firm $ Millions

U.S.A. UEA 2,750
France EURODIF 2,112

The direct comparison of such figures may well be misleading because of
the differences in sites, labour productivity, financing, industrial capability,
R&D costing etc. Likewise the sensitivity of these estimates to the state of
diffusion technology is not clear, but so far as can be judged from this and
other references we cannot recommend one source of technology over the other. It
may be noted that some utilities have signed contracts with both producers.

The USSR is believed to also have developed diffusion technology and is
expected to sell approximately 3,000,000 SWU/yr output to the West.

The cost figures used in this report for diffusion plants are based on
European technology as interpreted by Canadif and further modified by the
Canadian government inter-departmental committee.

3.1.3. Centrifuge Technology.

Centrifuge technology has been developed to the large pilot plant stage
in Europe and the U.S.A. while Japan is also following it with their planned
program.

* UEA (Uranium Enrichment Associates) is a consortium of Bechtel Corporation,
Goodyear Tire and Rubber Company, and J. Daniels Limited. Westinghouse and
Union Carbide were founding members of the group but withdrew in late 1974.
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The Europeans were the first to perceive its economic potential and the
Urenco-Centec group was formed in 1970 from German, Dutch and British interests
to build a commercial enterprise. Some of their centrifuges have been operated
for eight years now and some cascades for three years. Two pilot plants of
25,000 SWU/yr capacity are just coming into operation. These will be expanded
to a total capacity of 400,000 SWU/yr in 1978 and 2,000,000 SWU/yr in 1982 to
match the contracts let for the sale of their production.

The group has been hit by the rapid inflation of the past few years
and announced contract prices have escalated from $48/SWU in 1973 to $100/SWU in
early 1975. It appears that the 1982 installation will involve several hundred
thousand centrifuges so that the production capacity of the centrifuge
manufacturing facilities, which have been set up, define the rate of expansion
of operating plant.

The U.S. E.R.D.A. has been very active in centrifuge development since
1970 and anticipate that this technology will make it much easier for private
industry to take over the enrichment part of the fuel cycle. Three industrial
groups - Exxon, Garrett and Centar (Atlantic Richfield and Electro-Nucleonics)
have responded to E.R.D.A. requests for proposals. These proposals envisage the
construction of pilot plants leading to 3,000,000 SWU/yr production plants by
the mid-80's. While technology is not nearly as well established as it is for
gaseous diffusion, it is projected that an economically competitive plant can be
built at approximately 1/3 the output of a new gaseous diffusion plant and it
can be built more quickly. In other words, the initial investment is much less
and the build-up of capacity can be tailored more easily to meet the demand.
Additionally, the power requirement is approximately one-tenth of that for a
gaseous diffusion plant. These features have attracted the above three U.S.
firms and the Japanese government to adopt this technology as well as URENCO.
Nonetheless, similar government guarantees as for diffusion plants are being
requested by the U.S. firms.

The U.S. technology apparently differs from the European in adopting
much larger centrifuges. These appear to have approximately ten times the out-
put of Urenco's thus reducing ten-fold the number of centrifuges installed for a
given output. The separation factor per stage is much higher than in diffusion.
In fact where a diffusion plant uses approximately 1200 stages in series to
produce 3% material with 0.2% tails, the centrifuge plant uses approximately 12
stages. The many centrifuges are then operated in parallel in cascades.

Japan is coming to the end of its first five year development program
and is now considering the second phase which includes construction of a pilot
plant.

Probably the most important unproven factor remaining in centrifuge
technology is the operation and maintenance costs of the plants. In a compari-
son (made in 1973 by U.S. ERDA using 10 mill/kwh power and identical capital
costs) the breakdown of costs was as follows between new equivalent sized plants
of 8,750,000 SWU/yr.
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Capital
Power
Operation &
Maintenance

All other costs

Gaseous
Diffusion

S/SWU

29.49
24.03

1.92
9.47

Plant

Percentage

46%
37%

3%
15%

Centrifuge
Plant

s/swu

29.49
2.' .

10.83
8.72

Percentage

57%
5%

21%
17%

64.91 100% 51.44 100%

While power costs are likely to increase and will have a significant
effect on gaseous diffusion plant costs, the availability of the plant and
maintenance costs for centrifuge plants will only be determined after several
years of operation.

3.1.4. Aerodynamic Processes

The nozzle separation system which was suggested some years ago by
Professor Becker of Karlsruhe, uses a curved-wall expansion nozzle. A gas
stream leaving the nozzle is divided into two by a partition called a divertor.
The heavier constituent moves tow^'j the outside wall under the effect of the
centrifugal force, while the lighter constituent concentrates near the centre.
The separation factor per stage is higher than for the diffusion plant allow-
ing enrichment to 3% with 0.2% tails to be carried out in approximately 500
stages in series.

A pilot stage having a separative power of 1700 SWU/year was put into
service in 1969 in Germany.

Specific power consumption should be about 3300 kWh/SWU according to
recently announced figures, some 30% higher than that required for gaseous dif-
fusion. The economics of production must therefore be very dependent upon the
cost of power.

Industrial experience with this process is still insufficient to prove
its economic viability. Development is now concentrating on the mass production
of nozzles and other equipment so that capital costs can be better defined. A
semi-industrial pilot installation of 200,000 SWU per year could be built as
early as 1977 following cooperative agreements between Germany and Brazil.

Little is known concerning the South African process developed by UCOR.
Aerodynamic in nature it is claimed to have marked differences from the Becker
process. According to information released in April 1975 it could become com-
petitive on a capacity basis of 5 x 10 SWU/year and using separating elements
presently in the laboratory stage. A pilot plant was started in early 1975 but
getting a large production plant operational in ten years would require
industrializati r; efforts of some magnitude for South Africa.
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Further improvements in the performance of aerodynamic separation pro-
cesses are believed to be possible - some of these may be incorporated in the
South African process. At its present stage of development (as determined by
the scant published data) it doas not seem to have sufficient potential to
overcome its lack of demonstrated performance.

3.1.5. Laser Enrichment

IWo processes have been defined in the recent literature and by
patents. These processes are presently in the laboratory stage but possess the
potential for enriching uranium at costs much less than the present
technologies.

R&D work in this area has been proceeding for three to five years.
Laboratories known to be working in this field include Los Alamos, Livermore and
Jersey Nuclear Avco Isotopes in the U.S., Saclay in France, and facilities in
Israel.

One process uses uranium metal vapour in which the UO-JS a t o m *s

energized selectively by laser irradiation, brought to an ionized state by
further irradiation and then separated in an electro-magnetic field.

The other process uses UFg gas supercooled to approximately 100°K.
Absorption of laser irradiation in the correct wavelength by the l^cFg
molecule should result ia the breakdown of the molecule to a chemically or
physically separable form (apparently (UFj)M + F).

Although research in this field has only been pursued for five years -
three intensively, - the Jersey group (an Exxon subsidiary) has proposed a
pilot plant to the U.S. Government for operation by 19iJ0 and foresees commercial
exploitation about ten years later. They are using the uranium metal vapour
(atomic) route.

Ref. (3) discusses the latest situation in the molecular route. No time
scale is forecast but it is concluded that separation has been shown to be fea-
sible with a variety of conceptually different approaches. The major challenge
now is to build lasers with reliability and efficiency adequate to move the
emphasis to economic feasibility.

This technique is an exciting development, both from an R&D viewpoint
and for eventual commercial application. In Canada's present position of having
no need for enrichment - but potential uranium resources and potential needs -
and an internationally significant R&D establishment, close attention to the
development of this process should be worthwhile.

3.1.6. Other Processes

An extensive evaluation of alternative technologies is reported in Ref.
A. Since then some further work has been carried out on electro-magnetic and
rotating plasma techniques. Neither of these has yet revealed any other process
with as much potential as the laser.

Reference 5 presents a good technical summary of the various competing
processes as of early 1975.
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3.2 CANADIAN PLANT PROPOSALS

In 1970 Brinco announced a proposal for the establishment of a uranium
enrichment plant. They based their proposition initially on U.S. gaseous
diffusion technology, but, because of unrelated factors, this never quite became
a firm proposal. They maintained an interest in this area and were involved in
evaluating alternatives using centrifuges until late 1975. It was then that
their program on enrichment was phased out.

Many iniormal discussions have taken place with other interested
parties e.g. Eurodif, Urenco and Westinghouse have all had discussions with EMR
personnel on this subject. It was not until 1974 that a second serious approach
to the subject was made by Canadif.

This study, which is summarized in Ref. 6 consisted of a market
analysis, description of the reference plant, (basically similar to the Eurodif
plant), considerations relative to the establisnment of such a plant in Quebec
such as power supply, industrial capability, site selection, labour and economic
feasibility and the judicial and legal structure affecting such a plant. It was
a preliminary study lasting from May 1974 to February 1975 with some revisions
to their report (in the market section) made in late 1975.

The original partners were Seru Nucleaire, James Bay Development
Corporation, Canadian Pacific Investments and Cominco. After completion of the
study CPI and Cominco withdrew largely because the investment had a much longer
payback time than their normal business investments and specifically not because
of doubts about the viability of the project.

The report concluded that "the preliminary examination of the feasibil-
ity did not reveal any technical or economic problem that would stop the experts
from Canadif from recommending to their partners to follow up with a second
s :udy phase, when the position of the governments concerned is better known."

With respect to the last point in the conclusion, '• = correspondence
between M. Boulva (the Canadif president) and the federal go was tabled
in the House on 1 April, 1976.

During the preparation of this report, contact was made with other
enrichment firms - notably Urenco and STEAG - and it is expected that other
proposals on this subject may be made in future.
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4. STUDY RESULTS

4.1 URANIUM AND ENRICHMENT SUPPLY-DEMAND

4.1.1. World Uranium Supply

The uranium oversupply period that existed from the early 1960's to
1974 not only had the effect of cutting back on production but resulted in a
drastic decline in uranium exploration at a time when exploratory effort should
have been increased to meet the predicted heavy nuclear demand that would begin
in the mid-1970's. Consequently not a great deal of new uranium was added to
supply during the period. The latest Nuclear Energy Agency (NEA)International
Atomic Energy Agency (IAEA) study published in December 1975 gave world
resources as follows:

Reasonably Assured Estimated Additional
(tons H O ) (tons U 0 )

3 8 3 8
$15/lb) (515-$3O/lb) ( $15/lb) ($15-$30/lb)

Australia
Canada
South Africa
United States
Others

TOTAL

316,000
187,000
242,000
416,000
243,000

1,404,000

(a)
29,000
117,000
174,000
628,O0O(b)

948,000

104,000
421,000

7,800
650,000
122,200

1,305,000

(a)
124,000
88,400

405,000
269)600(c)

887,000

(a) Estimates for this price category were not made.
(b) Includes 390,000 tons in Swedish shales and 80,000 tons in Spanish lignites.
(c) Includes over 60,000 tons in Spanish lignites.

The resources for Australia are likely understated because no work has
been carried out on lower grade material and certainly the lower grade material
occurs there. On the other hand the resources for Sweden and Spain are likely
overstated because of the nature of some of the occurrences there and attendant
problems may be such that the uranium may not be available in the cost categor-
ies indicated.

Exploration expenditures to prove up deposits will be substantial. Ex-
perience suggests that a reasonable figure is from $1 to $2 per lb U 0 .
Therefore from $4 billion to $8 billion may be needed to develop the needed
reserves.

Production facilities attendant to these resources indicate that given
the proper incentives, adequate labour force and availability of production
equipment, the work industry could produce some 820,000 tons U 0 in the
period from now to the end of 1986.

4.1.2. World Uranium Requirements

The NEA/IAEA December 1975 report gives estimates of uranium demand.
This survey was made late in 1974 and events since then, such as escalating
energy costs, restrained nuclear plant construction and increased plant con-
struction costs suggest that the demand estimate is overstated. In early 1976,
the International Energy Agency (IEA) in assessing future enriching trends con-
cluded that a more likely forecast is one represented by 85% of the NEA/IAEA
December 1975 low forecast. In the light of these two separate studies this
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report suggests that requirements are likely to lie somewhere between the NEA/
IAEA low and the IEA suggestion of 85X of the NEA/IAEA low. On this basis the
world cumulative uranium requirements to the year 2000 can expect to be between
a nigh of 4.1 million tons U.,0 without plutonium recycle and a low of 3.3
million tons with plutonium recycling beginning in 1981-

4.1.3. Conclusions on World Supply-Demand

1. Known, Reasonably Assured Resources of uranium up to
S30 per lb D O are barely sufficient to meet nuclear
requirements to 1995. Successfully proving up Estimated
Additional Resources will prolong the period to about the
year 2000.

2. Considerable exploration effort will be needed to prove
many of these resources. Financially such expenditures
are estimated to be from $4 to $8 billion.

3. The present world uranium industry is expected to be able
to produce sufficient uranium to barely meet total require-
ments to 1986. The result will probably ba that the industry
will produce sufficient uranium in total but there will likely
be periods or areas where shortages will occur even before
that time.

4.1.4. Canadi-'.n Uranium Supply

Known Canadian uranium resources as of January 1, 1975 are shown in the
following table.

Canadian Uranium Resources, January 1, 1975 (tons U 0 )
j 8

Category Measured Indicated Inferred Prognosticated

Up to $15/lb 77,000 107,000 237,000 187,000
$15 to $30/lb 4,000 17,000 84,000 46,000

TOTAL 81,000 124,000 321,000 233,000

The latest assessment of uranium resources, published in June, 1976,
shows an increase of about 35,000 tons u ,0 in the measured, indicated and
inferred. No change has been made to the figures in this report because these
changes are not enough to make any significant changes in the analyses carried
out using the earlier data. However in excess of 200,000 tons ^^a h a s b e e n

added to the prognosticated category. This is significant since it raised the
prognosticated quantity to almost 450,000 tons U-0 .

J 8
4 . 1 . 5 . Canadian Requirements and Commitments

Canadian nuclear capacity is expected to grow fro;n the present 3,260
MWe to a level between 74,000 MWe and 80,000 MWe by the turn of the century.
This growth is below the forecasts submitted in early 1975 to the NEA/IAEA. The
74,000 MWe figure is based on revised Canadian u t i l i t y plans made in ear ly 1976
which considers a lower than recent h i s t o r i c a l growth and a reduction of cap i t a l
for plant cons t ruc t ion . The 80,000 MWe figure is 80% of Canada's high est imate
given to NEA/IAEA.
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Cumulative Canadian requirements for uranium to the year 2000 range
from about 122,000 tons D O for the low estimate to about 180,000 tons
U,0 for the high estimate.

Added to this are quantities of uranium covered under signed contracts
to several countries, which after allowing for inventories, aggregate to some
95,000 tons V-OQ from production from 1976 to 1993.

In total, therefore, requirements of Canadian uranium range from
217,000 tons U o0 o to 275,000 tons U 0 by the year 2000.

Jo jo

Government policy also requires that sufficient uranium resources at up
to double world prices be maintained to meet Canadian nuclear needs 10 years
forward for a period of 30 years. Thus for example in 1976 this reserve allot-
ment amounts to 81,000 tons U 0 . By the year 2000 the reserve allotment is
forecast to be in the range of from 530,000 tons U 0 to 715,000 tons
D O , The limits relate to the nuclear growth forecast above for Canada. In
arriving at acceptable resources to apply to reserve allo:. ant, only
"measured","indicated" and "inferred" categories are used and these are modified
by reliability factors of 1002, 80% and 70% respectively. This downgrading, of
course, means that the resources estimated to be found will have to be higher
than the above allotments. On the basis of only $1.00 per lb D O for
proving up resources for production (which is conservative) from $1 billion to
$1.4 billion will have to be spent to prove the reserve allotment.

A major question relative to this specific study is whether Canadian
resources are sufficient to supply an enrichment plant in Canada. A nine million
Separative Work Unit (SWU) Plant would require 18,000 tons I/O annually. It
was concluded tiiat it was likely unrealistic to expect that Canada would provide
all the feed. Assuming a 30 year commitment to the plant and assuming Canada
would supply 75% or 50% or 25% a total of either 405,000 tons U 0 or

270,000 tons U,0 or 135,000 tons D O respectively would have to be
• . . 3 8 3 8

provided.

4.1.6. Canadian Supply

Using resources given in the table above, it is estimated that
cumulative production to the year 2000 will amount to about 275,000 tons
U,0 . It is unrealistic however to conclude that no further resources are
likely to be found and brought into production. Although it has not been
possible to determine specific quantities on the basis of current technical
information, it is universally agreed that the potential for finding new uranium
producible deposits is good. Because of this conclusion it was arbitrarily
decided that future production would follow forecast production from known
resources to 1985 after which some 700 tons U 0 production a year would be
brought on stream. On this basis cumulative production would reach about

425,000 tons U,0 by the year 2000.
3 o

4.1.7. Conclusion re Canada's Supply-Demand

1. Production from currently known resources is expected to
be more than sufficient to meet the low demand plus con-
tracted exports to the year 2000. Indeed it will probably
be sufficient to meet up to 25% of an enrichment plant's
needs over the same period. The same production is suffi-
cient to meet the high domestic demand and contracted ex-
ports to 1997.
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2. Production from currently known resources plus anticipated
additional production averaging 700 tons u,o

fi annually
would meet domestic needs, contracted exports plus 75% of an
enrichment plant's needs to 2000 under the low domestic
demand scenario and almost 50% of the enrichment plant's
needs to 2000 under a high domestic demand scenario.

3. Although the current reserve allotment is manageable, future
nuclear programs will require increasingly impressive
quantities to be set aside. They could amount to from
250,000 tons V 0 to 350,000 tons U 0 by 1985; and
from U50,000 to §00,000 tons U 0 by1 T995; and from
550,000 to 725,000 tons U 0 by1 Che turn of the century.
Even allowing a conservative $1.00 per lb U 0Q for
exploration, the allotment in 2000 would equate to
exploration expenditures of from $1 billion to $1.4 billion.

4. Although production capability may be sufficient to meet not
only domestic requirements, presently contracted quantities
and even a proportion of enrichment plant needs, unless sub-
stantial new measured, indicated and inferred uranium resources
are proved, the reserve allotment will preclude any additional
exports in the mid-1980's.

5. The increased quantities of prognosticated resources
determined in the 1975 survey suggest that Canada's more
reliable uranium resources may be significantly increased by
continued exploration in the future.

4.1.8. Uranium Enrichment Supply

At the end of 1975 some 18.6 million SWU/yr in enrichment capacity was
installed in the western world including 0.4 million SWU/yr in the U.K. It is
likely the USA will continue to satisfy the bulk of the world's needs until the
early 1980's. The present United States enrichment plants are owned by the
Energy Research and Development Agency (ERDA) and the agency is progressively
upgrading these plants such that by 1980 they are expected to have a capacity
of 27.7 million SWU annually. Also in the U.S.A., ERDA is in the process of
providing information to allow private industry to become involved in providing
enrichment facilities including both gaseous diffusion and centrifuge. Plans
suggest that privately owned USA plants might begin operating in the early
1980's and reach 23 million SWU/yr by 1987.

URENCO, a tri-national enrichment undertaking of the U.K., Netherlands
and W. Germany has centrifuge prototype plants in the U.K. and in the
Netherlands. Tentatively URENCO is talking about increasing production
capacity to 10 million SWU annually by 1985 but plans are not firm beyond 2
million SWU/yr in 1982.

EURODIF is building a gaseous diffusion plant in France with French,
Italian, Belgian and Spanish funding. The plant is scheduled for full
operation in 1981 at 10.8 million SWU/yr. A second European plant (COREDIF) is
under consideration with a suggested capacity of 9 million SWU/yr to come on
stream possibly as early as 1984.



- 15 -

South Africa which has developed its own process is thinking in terms
of a 5 million SWU/yr plant to be operating in 1986.

Additional to these plants, some 3 million SUU are being purchased in
the USSR annually and it is suggested for purposes or this study that this level
of purchased enrichment will continue.

4.1.0. Uranium Enrichment Demand

On th- basis of the committed plants and the 32.5 million SWU inventory
in the USA plus 3 million SWU/yr from the USSR there will be sufficient uranium
enrichment capacity available to meet a high world demand even without plutonium
recycle to about 1988 or a low world demand with plutonium recycling until
1991.

Providing all of the planned enrichment facilities are also brought on
stream in the time frame suggested there will be sufficient capacity to meet the
high world demand without plutonium recycle to the post 1995 period or for a low
world demand to the post 2000 period.
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4.2 POWER SUPPLY

Power for the large gaseous diffusion plant could be supplied by
hydraulic, coal, or nuclear means in Canada. At this time, the power costs from
such sources falls within a range of 10 to 14 mills/kwh in constant 1976
dollars. Sites for hydraulic or coal generation are limited to approx. 15, while
nuclear plants could be sited anywhere with access to large heat sinks. Smaller
power demands allow greater siting freedom.

The price of power to a new large consumer will differ from the cost of
power. Considerations of the effect on the price to other customers, the effect
on the credit of the utility, the effect on overall grid stability, etc. are
probably negotiable to a certain extent. As discussed in Sect. 4.6, the
economic cost of producing electricity from the perspective of the national or
provincial economy is preater than the financial cost for a public utility.
This implies that a significant increase should be applied to the price of
power which is exported from the country. For the financial analysis in Sect.
4.6 a price of 12.3 mills/kwh has been used and for the economic analysis this
is increased by 4 5 % to 17.8 mills/kwh. These prices are regarded as reasonably
representative for the purposes of this study.

A centrifuge plant, whose power requirements are only 10% of those of
the other presently competing technologies, would not be affected by such
considerations to the same extent. Its power supply, though significant, is
little different from that of many other industrial users, and the larger
utilities' anticipated industrial load growth would be expected to cover it.

It is suggested that the actual price negotiated for any specific
project should be such that it covers the full economic costs over the plant
1 i f e t irae.
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4.3 CANDU Utilization of Enrichment

4.3.1 General:

The use of enriched uranium in CANDU reactors has been considered by
AECL personnel in connection with studies carried out for various purposes over
the past ten to fifteen years. The following information was prepared by AECL
on the basis of these related studies.

The level of enrichment which would be most effective in CANDU systems
lies between 1 and 1.5% U235. This concentration is significantly different
from the 2.5% to 3.3% used in light water reactors (the export market). Hence
some modifications may be required to optimise an enrichment plant for both the
export and for this potential market.

4.3.2 Application of Enrichment in Existing or Committed Designs
(i.e. CANDU - PHW's (Pressurized Heavy Water) optimized for
Natural Uranium.)

In such reactors, the capital portion of the Total Unit Energy Cost
(TUEC) would be unaffected. The fuelling portion of TUEC would be decreased
overall due to a reduction in uranium requirements and increased power
production (burnup) for only slightly higher fabrication costs. This would be
partly compensated for by the increased uranium conversion costs and the costs
for the enrichment. Spent fuel storage costs would be virtually unaffected.
The operating and maintenance (O&M) portion would probably be reduced as a
result of less fuel handling and improved operating flexibility. The net saving
in TUEC is probably under 4%.

Note that no allowance has been made for the costs of modifying PHWs to
accept enriched uranium, for any lost production during modification or for the
cost of the enrichment plant.

The uranium consumption would be decreased by about 25 to 30% for a
given reactor, or about 20 to 25% for a typical expanding system (assuming that
new reactors started operation with enriched uranium cores). In an expanding
system this reduced consumption implies much less than a 25% extension of the
time to exhaust the resource.

4.3.3 Application to CANDU-PHWs Optimized for Once-Through Enriched-Uranium
Fuelling.

For this case a decrease of the capital and O & M cost components and
an improved load-following capability could be obtained through design
modifications. However, such modifications usually result in increased fuel
cycle costs so that the best estimate of net saving in TUEC would be less than
5%. The uranium consumption could be significantly higher than that for
enriched uranium in existing PHWs, but still below that for once-through
natural-uranium fuelling.
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4.3.4 Application to Other CANDU Reactors Optimized for Once-Through
Enriched-^Uranium Fuelling.

If one can consider the introduction of CANDU reactors with alternative
coolants, i.e. CANDU-BLW (Boiling Light Water) or OCR (Organic Cooled Reactor),
a greater saving in the capital component could be claimed (about 20% compared
with PHWs using natural uranium) at the expense of poorer neutron economy and
hence higher fuel cycle costs. Consequently, the best estimate of net saving in
TUEC would be under 10%. Here there would be even greater design changes, and
associated R & D, from the present PHWs. Uranium consumption would be roughly
the same as for natural uranium in present PHWs.

4.3.5 Resource Conservation

Use of enrichment alone can extend uranium resources by about 25% in
the present reactors. It i3 clear that maximum resource conservation in the long
run requires fuel reprocessing to recover the plutonium from spent fuel (or
U-233 from a thorium-feed fuel cycle). The availability of prove", reprocessing
technology, through the thorium fuel cycle in CANDU reactors, -.ould allow
virtually any desired level of resource conservation at increasing cost. The
use of enriched uranium as feed for existing PHWs would result in increased
fission-product and plutonium concentrations in the spent fuel (but less
plutonium production per unit of energy produced). This results in a net
increase in fuel reprocessing costs when these are expressed a:. S/kg spent fuel
and a net decrease in cost per gram of plutonium. The effect of this combined
with the higher burnup is likely to be a saving of under 1% in the TUEC due to
the use of enrichment.

4.3.6 Magnitudes

The latest predictions for Canadian nuciear installed capacity for the
year 2000 show an annual consumption of 15000 tons t^Og for an installed
nuclear capacity of 75,000 MWe of CANDU reactors. The use of enrichment
throughout this installation would be expected to reduce this to approximately
11,200 tons U3Og/yr along with the investment of approximately 3 x 10^
SWU/yr.

Capital cost investment would be approximately $2B for an enrichment
plant and associated power plant (or centrifuge fabrication plant) of this size.

The reduction in investment for mining and refining the lower uranium
requirement amounts to approximately 5200M.

A reduction in the investment of approximately 3% in the remainder of
the nuclear cycle would balance the investment in such an enrichment plant.

4.3.7 Discussion

The use of enrichment in CANDU reactors opens up a spectrum of
possibilities. With U235, the power cost (TUEC) may be reduced by up to 5% in
PHW's (due to fuel and operating savings) or up to 10% in BLW and OCR (due to
capital savings). With plutoniura, similar savings are achievable. With U233
- Thorium cycles available a ceiling can be placed on natural uranium price
increases due to resource depletion. For such cycles, the preferred reactors
are the more neutron economical ones i.e. versions of the PHW. The introduction
of such alternative fuel cycles and/or reactor types to the growing nuclear
program in Canada involves significant investments in addition to the reactors
and probably has an optimum mix.
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The selection of this optimum is very difficult and involves extensive
engineering and cost studies for projected nuclear programs extending for fifty
years. The uncertainties involved in such projections - in nuclear installed
capacity, money supply, inflation, uranium, enrichment and reprocessing prices
and availability - are probably larger than the economic advantages estimated
Nonetheless, such studies develop the background on which management decisions
must be based.

It is clear that for maximum resource conservation, fuel reprocessing
facilities will be required in Canada in the long run. Investigations of the
timing and economics of these alternative fuelling schemes specifically for the
Canadian program are continuing.
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4.4 RESULTS OF MACRO-ECONOMIC STUDY

4.4.1 General

A macro-economic study, using the CANDIDE model, was undertaken to
estimate the effect of construction of a uranium enrichment plant on the
Canadian economy. The control solution used for this purpose describes one
plausible course for the Canadian economy running at close to potential. The
project is simulated over the construction period 1981-1990. For the purpose of
this study, it is assumed that electric power for the 9,000,000 SWU/yr gaseous
diffusion enrichment plant is provided by a 3,000 MWe nuclear generating station
constructed contemporaneously with the enrichment plant.

The assumed construction cost of the uranium enrichment plant and an
associated nuclear power plant amounts to $5.3 billion (1975 dollars), with $3.2
billion for the enrichment plant. Construction of the enrichment plant is
assumed to take 7 years and the nuclear facility 10 years with completion of
both by 1990. It is also assumed that during the construction period, the
domestic uranium mining industry does not expand as a direct result of
establishing the uranium enrichment plant. In other words, exploration
expenditure does not increase following the introduction of an enrichment
facility in Canada and the uranium exports embodied in the control solution are
also valid for the impact solution. The price of U 0 is assumed to be
about $27 per lb U,0 in 1975 and grows by about 3 per cent per year
thereafter, (in constant dollars)

4.4.2 Impact Over the Control Solution

The overall effect of construction of a uranium enrichment plant would
be to increase real Gross National Expenditure (in 1961 dollars) by about $0.5
billion in each year, the biggest impact being felt in 1988. This represents a
very small increase relative to the control solution. The following table shows
the impact on the components of final demand for selected years. Except for
inventory changes, which are always erratic, the major impact is felt on private
investment. Breaking this down, the impact on investment in machinery and
equipment is by far the largest, representing more than two-thirds of the impact
on total investment, This is an increase of 2 to 3 per cent above the forecast
investment in the economy without the enrichment plant. Non-residential
construction is second in importance and residential construction is practically
unaffected. The bulk of the increase in business investment (machinery and
equipment, and non-residential construction) comes from the plant itself,
leaving very little induced investment, particularly in non-residential
construction. The chemical products industry, transportation, construction, and
electric power generation share about 60 per cent of induced investment.

On average, total consumption increases by about 0.2 per cent over the
control levels in each year. Of this small amount consumer services are
particularly affected, with increases of $54, $101 and $117 million in 1961
(constant dollars) in 1986, 1988 and 1990 respectively. Government current
expenditure is practically unaffected.
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Impact of the Uranium Enrichment Plant on Final Demand
in Canada, 1986, 1988, 1990

(in Millions of 1961 Dollars)
(Percentage over the Control Solution is Shown in Brackets)

1986 1988 1990

Consumpt ion
Investment
Government Current

Expenditure
Changes in Inventory
Exports
Imports

138.4
412.1

21.3
40.2
(3.1)

202.6

(0.2)
(1.6)

(0.1)
(5.4)

(-0.0)
(0.5)

218.7
594.0

51.2
16.3
(2.2)

300.0

(0.2)
(2.2)

(0.2)
(1.8)

(-0.0)
(0.7)

208. 7
321.9

56.6
(41.1)

3 .3
149.9

(0.2)
(1.2)

(0.2)
(5.1)
C0.O)
(0.3)

Real GNE 406.3 (0.3) 578.0 (0.4) 399.5 (0.3)

The current account balance deteriorates every year, and the induced
deficit reaches $830 million (current dollars) in 1988. Exports decline
marginal ly in all years except 1990, mostly because of the deterioration of
relative prices, Canadian prices being marginally higher than in the control
solution while foreign prices are unaffected by the uranium project. Due mainly
to the 30 per cent import content embodied in CANDIDE, imports are increased
every year. Unfortunately, most of the export sector in CANDIDE is exogenous
and the few exports that are endogenous react very little to changes in the
Canadian economy. It is thus generally felt that the reduction of exports is
unduly low in this model. The deterioration of the trade balance, therefore,
may be worse than shown in this study.

The overall impact of the uranium project on final demand is marginal,
representing an increment of less than 0.5 per cent of Gross National
Expenditure without the project. This is reflected in the small impact on
output and employment, wages and prices.

The construction of the uranium project would induce increases in the
Real Domestic Product (RDP) of most industries, with total RDP increasing by
about $500 million in 1988. The manufacturing sector (mainly metal fabricating,
machinery, electrical equipment and primary metals) is particularly affected,
followed by construction and trade. These industries increase their output by
1 to 2 per cent over the control levels during the peak years. It should be
noted that the control solution projects lower growth rates in final demand in
the late 1980's than in the past. It is very unlikely, therefore, that the
construction of the uranium enrichment plant would give rise to any serious
problem of capacity limit: the growth rates in RDP's, even with the enrichment
facility, are well within the growth experienced in Canadian industry during the
1960's.
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On average, 20,000 jobs are created each year during the construction
of the enrichment and nuclear plants (37,000 in 1988). The induced activity
also attracts about 10,000 people into the labour force so that the number of
unemployed drops by 30,000 at the most. Construction employment shows the
largest increase (about 6,000 jobs during the peak year). The project therefore
is not expected to cause any serious labour distortions on a national basis.
Note, however, that there might be some sectoral or regional labour shortages
that are not identified by this study.

Total wages are about 0.5 per cent higher than in the control solution.
Unit labour costs increase also, but by less than 1 per cent in all industries.
Industrial GDP deflators are only 0.1 per cent higher than in the base case.
The detrimental effects on industrial prices are, therefore, extremely low.
Consequently, annual increases in the Consumer Price Index are about the same
with or without the uranium enrichment plant.

The impact on interest rates depends on the amount of funds raised
domestically. The larger the share of domestic-financing, the greater would be
the pressure on Canadian interest rates. In any event, given the very small
impact on the real sector indicated in the analysis, the upward pressure on
long-term interest rates is likely to be small. On the other hand, relatively
large foreign-debt financing would tend to increase the exchange value of the
Canadian dollar, thus increasing imports and reducing exports. Once again the
impact is likely to be small, particularly if the financing may be spread over
the whole construction period, and Canadian trade of goods and services should
not be affected to any appreciable degree by the indirect effects of the
construction of the uranium enrichment plant.

4.4,3 Conclusion

The major conclusion of this study, therefore, is that the construction
of the 9,000,000 SWD/year gaseous diffusion uranium enrichment plant would
not cause serious macro-economic disruption to the Canadian economy.

On a more disaggregated level, the analysis suggests that most, if not
a l l , industries will be in a position to satisfy the requirements of the
enrichment plant without any undue strain on the national economy.

The construction of a uranium enrichment plant would also have some
impact on Canada's international transactions. During the construction phase
large inflows of foreign capital will be offset, at least partially, by imports
of goods and services that are directly caused by the enrichment plant. If the
amount of foreign capital is less than imports, (approximately 30 per cent the
value of investment), a deficit in the overall balance will occur which under a
flexible exchange rate system, should increase exports of goods and services and
inflows of capital, or force Canadians to reduce their imports and capital
outflows, through the depreciation of the Canadian dollar. During the operation
phase, significant increases in exports of enriched uranium will be offset by
dividends and the repayment of the debt abroad, but to the extent that exports
exceed the capital outflows, they will make exports of other goods and services
more difficult, particularly in the industries that are highly sensitive to the
fluctuations of the Canadian dollar, e.g. the pulp and paper industry. It is
impossible to measure those effects with CANDIDE, but the foreign trade position
of Canada is not likely to be significantly affected, given the small relative
impact of the uranium plant on the domestic economy.
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4.5 MANPOWER STUDY RESULTS

The following conclusions are based on the consideration of a large
diff.-sion plant in the Province of Quebec. Similar studies wou'd be required
for sites in any other province.

The CANADIF study indicates a pe.'ik manpower requirement of almost 4,000
workers in the fifth construction semester. The average manpower requirement
equals 2,500 workers per semester representing a demand for labour which, in
1975, would have equalled less than 2 per cent of the labour force in the
construction industry in the Province of Quebec. Forecasts emanating from the
Canadian Occupational Forecasting Program suggest that this percentage would
remain fairly stable for the period 1975 to 1982.

In Quebec, in 1975, there was, on average, more than seventy thousand
unemployment insurance claimants in occupations related to the activities
required. Similarly, the number of registered clients in Canada Manpower
Centres for the same period and occupations, numbered in excess of sixty-three
thousand. There is little doubt that there is some slack in the construction
industry in Quebec at the present time and, judging from present forecasts,
there is little likelihood that this situation will significantly change in the
upcoming seven to eight years. This suggests that manpower constraints of a
macro-economic nature will probably not inhibit the construction of an uranium
enrichment plant. In fact, the beneficial effect on the Quebec labour force
from the construction of an enrichment plant is likely to be only marginal on
the overall rate of unemployment in Quebec. However, some consideration may be
required regarding the phasing of the construction of this project relative to
the phasing of other large-scale construction projects.

From a micro-economic viewpoint, however, several manpower problems may
arise. The high technology of uranium enrichment will probably require
employment experience not altogether commensurate with that presently found in
the labour force. Furthermore, the technology will demand a high degree of
quality at all levels of construction activity. Given the role of the Canada
Manpower Training Program and the rather lengthy lead-time inherent in the
project, these problems can be resolved but will require a high degree of
interfacing between training authorities and project managers.

Other plants, e.g. centrifuge or smaller diffusion plants, would have a
smaller construction manpower requirement and thus fewer manpower constraints.
If more detailed proposals are made, a further examination of the local manpower
situation would be necessary.



4.6 FINANCIAL AND ECONOMIC COST-BENEFIT ANALYSES OF A GASEOUS DIFFUSION
ENRICHMENT PLANT

The c a p i t a l investment required for a gaseous diffusion enrichment
plant is estimated to be about $3.2 b i l l i o n in 1976 d o l l a r s . A further $2.1
b i l l i o n is est imated to be required for e l e c t r i c i t y assuming that the source of
power is four, 750-megawatt nuclear power s t a t i o n s . Whether the Federal
government should encourage p r iva te investment in such a s izeab le project
depends, among other th ings , on the possible economic benef i t s to Canada.

Based on c a p i t a l and operat ing cost data made ava i l ab le from a p re -
f e a s i b i l i t y siudy car r ied out in 1974-1975 by Canadif, a consortium of French
and Canadian i n t e r e s t s , f inanc ia l and economic analyses of a gaseous diffusion
enrichment plant were undertaken for th i s r epo r t . The approach taken is to
determine the economic v i a b i l i t y of an enrichment p l an t , given that i t is
f i nanc i a l l y v i a b l e . Working from the cost data provided by Canadif and
f inanc ia l arrangements proposed by Uranium Enrichment Associates in the United
Sta tes for a gaseous diffusion p lan t , the pr ice required to break-even
f i n a n c i a l l y is determined. This pr ice and the same cost data provide the bas is
for the economic a n a l y s i s . The discounted cash-flow technique is used in the
f inanc ia l ana lys i s to determine the break-even p r i ce , and in the economic
ana lys i s to determine whether the projec t provides an acceptable re turn on
investment r e l a t i v e to a l t e r n a t i v e uses in which the resources could be
employed.

The break-down of the f inancia l cost of producing enriched uranium
through the gaseous diffusion process is estimated to be as follows:

Selling price 1002

Capital Costs 49.8%

Electricity 31.2%

Other Cperat-iiig Costs 11.1%

Taxes 6.0%

Royalties 1.9?

To achieve a 7 per cent real return on equity, the price required for financial
break-even is $88/SWU in constant, 1976 dollars. It should be recognized that
this price is essentially a statement of cost, and it is not meaningful to
compare two sets of costs unless they have been determined on a common basis.
Details of reported costs or prices for enriched uranium quoted by proponents or
operators of other enrichment plants are not available in sufficient detail to
normalize them to a basis consistent with the analysis performed here. No
attempt is made to compare the costs of producing enriched uranium in Canada
with costs elsewhere directly.

If the above break-down is reasonably representative, then the most
important factors affecting a private decision to invest in Canada are the costs



- 25 -

of construction and electricity relative to costs elsewhere in the world. It is
expected that construction costs in Canada would be higher, and according to one
estimate, up to 25 per cent more. To offset this, electricity costs in Canada
would have to be up to 40 per cent less than elsewhere. Taking the costs of
power as the incremental cost of producing nuclear electricity in Europe and the
United States, it is improbable that electricity can be made available for
enrichment in Canada at a price low enough to offset the higher construction
costs. If these considerations are reasonable then the higher financial cost of
investing in Canada would have to be compensated for by factors such as security
of supply or political stability.

The economic analysis indicates that a gaseous diffusion plant would
not represent an efficient use of Canadian resources if this product were sold
at the price/SWU of $88 required for financial break-even. At such a price, the
project would yield a net economic lose to the national economy of about $646
million. The major factors contributing to the low economic return are the
relatively low benefits which accrue to society as a whole and not directly to
the private investor, and an implicit subsidy on the generation of electricity.

The criterion for judging the economic viability of a project in Canada
is whether it provides a 10 per cent real return on investment before taxes with
all inputs and outputs priced at their value in alternative use. This 10 per
cent social return on capital reflects, among other things, a private return on
equity of 7 per cent after tax. For a project which yields a 7 per cent after
tax return on equity to be viable economically, the taxes generated and other
economic adjustments must be adequate to offset this 3 per cent differential
between social and private costs of capital. In other words, the benefits from
a particular project which are not received directly by the private investor,
but which accrue to society as a whole, must be at least equivalent to the
average of such benefits generated by alternative investments. In the case of a
gaseous diffusion plant, while economic benefits related primarily to foreign
exchange earnings amount to $142 million, other social benefits are relatively
lower than for alternative investments in Canada. For example, income taxes are
not generated until far in the future, and when discounted to present value, are
relatively insignificant.

The implicit subsidy on electricity results because public utilities
operate on the principle of providing power to their customers at the lowest
possible price, use a low value of return on investment and do not pay income
taxes. The cost of capital to a public utility is estimated to be in the order
of 6 per cent in real terms, as compared to an average social cost of capital of
10 per cent. A lower price for electricity resulting from a lower cost of
capital is an implicit subsidy because the resources used in the generation of
power could be utilized elsewhere in the economy where they would have a higher
value. In the case of nuclear power, this implicit subsidy is estimated to be
about 45 per cent of the cost to a public utility of producing electricity. That
is, the cost to the Canadian economy of producing electricity is expected to be
45 per cent more than what an enrichment company would pay. This is a
particularly important consideration in the case of gaseous diffusion uranium
enrichment because effectively the electricity is being exported and the
recipients of the subsidy are not Canadians.
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The price for enriched uranium required for financial break-even is
estimated to be $88/SWU. The corresponding price required for economic break-
even, however, is $106/SWU. For a gaseous diffusion enrichment plant to
represent an economic benefit to Canada, then, an additional return to the
economy of about 20 per cent of sales would be required. Such a return could be
obtained by some form of taxation or by increased charges for the power
consumed. Without such a return, a gaseous diffusion plant would be unlikely to
represent an efficient use of Canadian resources and could not be justified on
economic grounds.
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4.7 ENVIRONMENTAL EFFECTS

The overall environmental effects of operating a full-scale enrichment
plant will be acceptable as long as siting criteria, mitigating measures, and
effluent limitations are adhered to. The major environmental impacts are site-
dependent and must be re-evaluated in site-specific statements.

The radiological impact of plant operation is expected to be within
applicable criteria and objectives. Discharges of chemical materials, if
properly controlled, are expected to be minor and only of local concern.
However, accidental releases of fluorides may affect vegetation adversely in the
vicinity of the plant. Thermal discharges from the 9,000,000 SWU/yr diffusion
plant are comparable with the discharge of a 1,000 MWe nuclear generating
station.

In most respects the effluents, and therefore, the environmental
impacts, from a gaseous diffusion plant are similar to those for a gas
centrifuge plant. From an environmental viewpoint, the principal difference
between the two uranium enrichment processes is that the power requirements for
a gaseous diffusion plant are about 10 tiraes greater than for a gas centrifuge
plant. Therefore, proportionally greater quantities of heat are rejected by
gaseous diffusion plants.

Generation and transmission of electricity to power enrichment plants
may result in impacts on land use, water use and terrestrial and aquatic biota
greater than those for the enrichment plant itself. The nature and magnitude of
adverse effects will be site specific and will depend primarily on the type of
generating plant, the type of cooling system and required transmission distance.

In summary, it may be concluded that the effects of the construction
and operation of a full-scale enrichment plant are acceptable from an environ-
mental viewpoint, if siting criteria are adhered to and proper discharge
controls and mitigating measures are implemented.
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5. OTHER CONSIDERATIONS

5.1 REGULATORY CONSIDERATIONS

5.1.1 Government Control

Although the financial control of a project for the export market is
likely to remain in foreign hands, the Atomic Energy Control Act and the
requirements for export licenses and bilateral treaties seem to give the federal
government all the control it should need to prevent actions inimical to
Canadian interests.

On the other hand, some delegation of control may be implied as a
result of IAEAClnternational Atomic Energy Agency) inspection and the control of
secrecy on foreign technology.

5.1.2 Safeguards

In signing the nuclear Non-Proliferation Treaty (NPT) Canada agreed to
place this country's complete nuclear fuel-cycle under IAEA (International
Atomic Energy Agency) safeguards. Any enrichment plant in Canada would be
subject to these safeguards.

At this time, no enrichment plant has been operated under such
safeguards, although several plants are expected to be brought under them during
the next few years. An IAEA study (ref.7) has indicated that the standard
material balance methods of applying controls are fundamentally difficult to
apply to such plants. This could be particularly awkward if IAEA inspectors
were denied access to parts of the plant because the technology was considered
to be secret.

Such problems would be considerably reduced if the plant were designed
from the beginning with the safeguards objective in mind. Accessible sampling
points and instrumentation should be provided and the plant arranged so that it
would be impossible, in any conceivable mode of operation, to exceed a plant
output of 5% enriched material. With the present understanding of these plants,
satisfying these two conditions will not be easy and will involve AECB and IAEA
staff and inspectors in the project right from the start.

5.1.3 Physical Security

Assuming the limitation of the output of 5% maximum enrichment, medium
level physical security precautions would appear adequate to protect such a
facility.

Adequate legal mechanisms exist now to permit Canada to provide
adequate protection for secret technological information. Negotiation of a
specific bilateral agreement, however, might be expected to take some time
depending on the demands of the supplier country.
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5.1.4 Export and Import Control

Present mechanisms and procedures for the control of the import and
export of nuclear materials are adequate to cope with the transfers of material
anticipated from the operation of such a plant. Increased manpower resources
would of course be required in proportion to the actual number of transfers in
and out of the country arising from the operation of the facility. It should be
recognized, however, that commitment of a large expensive facility of this
nature whose output was totally dedicated to export would place pressures on the
implementation of Canadian safeguards and export control policy.

In view of the technical, international and administrative complexity
associated with the licensing of an enrichment plant, it is recommended that
detailed discussions stould begin between AECB and facility representatives very
early in the life of aiy project.

5.1.5 Regulations

An enrichment plant would be licensable as a nuclear facility under the
Atomic Energy Control Fegulations. Its siting, design and operation would
therefore have to be approved from a health and safety standpoint.

The choice of the tails assay from an enrichment plant is a major
factor in the operatior.. It has implications for the utilization of Canadian
uranium which might interact with Canada's uranium policy. Some means of
storing or disposing oi the depleted tails will be required.

Because of the: presence of enriched uranium and the remote possibility
of a criticality accident, an enrichment plant would also be designated as a
nuclear installation under the Nuclear Liability Act and would be subject to
nuclear insurance.

5.1.6 Criticality Safety

The probability of a criticality accident taking place in an enrichment
plant limited to 5% enriched uranium is low. Such an accident would require the
presence of water or some other moderator as well as a substantial assembly of
enriched product. Nevertheless, criticality safety must be considered in the
design of the plant and the proponent will be required to satisfy the AECB that
there are adequate margins of safety against a criticality accident under both
normal and abnormal circumstances.

Criticality safety considerations could have some effect on the design
of the plant. For this reason, it would again be desirable for the proponent to
discuss the conceptual design of the plant with officers of the AECB as early as
possible.

5.1.7 Health

The radiation levels to be expected in an enrichment plant are not
known. Experience in handling UFg shows that problems of high radiation
exposure are frequently due to uranium decay products which form non-volatile
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fluorides. It is possible that these non-volatile fluorides could build up on
piping or in the bottom of tanks leading to elevated radiation fields. This
combined with the possibility of ingestion or inhalation of uranium compounds
might make it necessary for the employer to monitor the health of the workers.

The chemical hazards in an enrichment plant are primarily due to
fluorides and uranium compounds (UFg and its hydrolysis products UO2F2 and
HF). It should be noted that since the uranium compounds in question are
soluble and of low enrichment the chemical hazard in a uranium enrichment plant
may be more restrictive than the radiation hazard.
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5.2 INVESTORS

The people most interested in the federal government's attitude
towards enrichment plant are the promoters. For a project on an enrichment
plant, any promoter must have:

(a) Plant design and full cost analyses,

(b) Contracts for enrichment services,

(c) Assurances of uranium supply,

(d*1 Financing,

(e) Contracts for firm power supply, and

(f) Government approvals in the area of export licenses, criticality
and safety controls and environmental effects.

Presently, it is the final customers' responsibility to supply the
plant with its raw material - UF , though this situation has developed
because the U.S. Government operated its diffusion plants in this way. The
commercial promoter has an opportunity to supply his service along with the ore
in the future.

If the promoter sees a valid financial opportunity he can conclude
(a) above and partly (b) and (c) on his own, but (d) and (e) are unlikely to be
obtained without some indication from government of intent to agree on (f).

The attraction to a promoter of locating such a plant in Canada is
primarily because of our potential as a uranium supplier and secondarily for
diversity, security and financial reasons. Canada has been historically a good
country for foreign investment, and is trying to upgrade its natural resources
as much as possible before export. The promoter may anticipate a future
government ruling that requires enrichment before export similar to the
suggestions made by Australia and South Africa. If he also expects a
continuing world shortage of uranium, it should be possible to overcome the
possibly higher cost of enrichment in Canada with greater assurances of supply.
This in turn could lead to a secure and perhaps dominant position in the
Canadian export market.

It is clear, from the difficulties that the U.S. is having with the
'privatisation' of their enrichment industry, and the makeup of all other
enrichment plant proposals, that the business is not one which can be easily
taken up by the private sector. It involves magnitudes of risk which, even in
the U.S., private industry is not willing to take without substantial
governmental backing or guarantees. If a private, or foreign government
backed, organization was willing to take these risks to establish in Canada,
they would need to see clearly that other risks in such areas as uranium
supply, power supply etc. were minimized.

An impasse can easily develop in this area with the Canadian
government unable to provide such assurances due to lack of data that only the
passage of time and significant speculative investment by the promoter can
provide.
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5.3 RESOURCE DEVELOPMENT

5.3.1 Uranium Mining & Refining:

As indicated in previous sections (4.1 & 4.A), an enrichment plant
built in Canada would have no direct effect on the growth and production of the
uranium mining industry in Canada under the present uranium policy. It might
also be expected that the necessary plant for refining of the uranium ore and
its conversion to UFft before export would be built without any Canadian
enrichment plant. Thus there would be a negligible effect on these industries
from the decision to build an enrichment plant in Canada for the export market.
If one were to be built for the Canadian market an actual decrease in uranium
production rates for that market would result.

5.3.2 Energy

q The energy required for the enrichment plants considered varies from
21gx 10 kwh/year for a 9,000,000 SWU/yr gaseous diffusion plant to 0.6 x
10 kwh/year for a 3,000,000 SWU/year centrifuge plant.

These requirements should be compared with Canada's present electrical
load of ^95 x 10 kwh/year and that forecast for 1990 of between 600 and
750 x 10 kwh/year. It can be seen that the energy required for a large
diffusion plant represents a significant percentage of these totals. It is
probable, therefore, that dedicated power plants would have to be built for the
diffusion plant - and maybe also for other enrichment plants. These add
significantly to the total investment involved - and it is probable that the
continuous nature of the load will require further system investments because
of the reliability specified.

The similarities between the aluminum smelting industry and uranium
enrichment by diffusion lead to interesting speculations. The Aluminum smelting
industry is highly energy and capital intensive. The major differences between
it and the large diffusion plant envisaged lie in the fact that the aluminum
industry has already established low cost power sources, that a substantial
amount of the ore for the diffusion plant would be of Canadian rather than
foreign origin, that the aluminum business can be expanded by smaller
increments and that a substantial Canadian market exists in aluminum.
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Comparison Between Aluminum Smelting and Large Diffusion Plant

Energy Input Permanent
Cap. Cost KWhs/yr Spin-Off Employment

Al Smelting operation
1,000,000 tons/yr 9

production $3-3.5 B 16 x 10 Fabricating 8-10,000

9,000,000 SWU/yr 9 Fuel
diffusion plant $3-3.5 B 21 x 10 Fabricating 800-1,000

There is little doubt that faced with a choice of introducing the
aluminum smelting industry to Canada in the 1900's or not, the decision would
have been to go ahead. Faced "ith a major expansion decision today the choice
would be much less clear. Cheap electric power is becoming scarce in Canada
and indeed in the world, and with the advent of nuclear power, a greater
uniformity in electricity costs anywhere in the world is expected, i.e. the
aluminum smelting industry has a reduced financial incentive (of low power
costs) to locate in Canada - and governments in Canada would have more
difficulty in approving new power sources to accommodate this industry's
requirements.

Returning to energy resource development, while the remaining low cost
hydraulic and coal power resources in Canada are still significant, their
development tends to involve expensive and remote sites. Such sites are not
particularly attractive for a clean, high technology industry such as
enrichment. An enrichment plant site in a more industrialized area, would have
power costs similar to those from nuclear sources. While there is attraction
in earlier development of our hydraulic resources, or even some of our coal
deposits, these might not then be available for other domestic requirements.
The projection of electricity demand for all purposes foresees a doubling in
ten to fifteen years so iu t committing a low cost power resource to one
industry may well require »>. -titution of a new supply source at an escalated
cost within a very few years.



- 34 -

5.4 INDUSTRIAL DEVELOPMENT

5.4.1 Industrial Effects

The construction and operation of a uranium enrichment plant in Canada
would present new but limited opportunities for industrial development. The
industries benefiting would depend on the technology of the plant chosen.
Canadian industry is capable of developing the production methods and producing
most of the items of equipment necessary for any plant although many of the
specifications will demand an extension of existing expertise. Because such
capability is already in place in the country of origin, this means that
industry must be brought into the picture well in advance of tendering dates in
order to obtain reasonably competitive pricing.

In a gaseous diffusion plant, it is judged that the diffusion
barriers, the critical technology, would probably not be open to Canadian
industry. However, all other components, processes and instrumentation could
be provided. On this basis approximately 65£ of the plant could be sourced in
Canada. The contracts would be let and completed during the seven year
construction period. Beyond that period, no further identical business is
likely as further gaseous diffusion plants are not expected to be built
anywhere in the world.

For a centrifuge plant, the critical item - the centrifuges themselves
- would probably require the construction of a new plant. Production from this
plant could be phased during construction of the second or third addition.
With this assumption almost all of the plant could be sourced in Canada.
Depending thereafter on the final size of the Canadian installation and the
repair and replacement requirements the business might remain viable for th<\
life of the enrichment plant.

For an aerodynamic plant, the nozzles themselves could probably be
sourced in Canada from the start as there is a much lower degree of secrecy
surrounding this technology. Other items are of the same nature as those for a
gaseous diffusion plant and supply would likely be limited in time to the
construction period.

The other possibility - that of an R 4 D program on laser enrichment
technology - would have a negligible effect on industry until after fifteen to
twenty years and a decision to build such a plant.

The macro-economic impact analysis done for the 9,000,000 SWU/yr
gaseous diffusion plant and its associated power plant (Section 4.4) produced
some details of the impact on various industrial sectors. In most cases the
sectors affected increased their output by less than IX. . Hence it is concluded
that no severe industrial restraints would result from such a plant and
logically the impact of other types of plant should be less.

Industrial spin-off from such new industries is unpredictable. Among
such effects there is likely to be some upgrading in product quality control
capability and some new production capacity that should be of continuing
utility.
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5.4.2 Assistance to Industry

Through AECL, the federal government has promoted nuclear electric
power generation as an economic substitute for fossil generation. This has re-
sulted in the installation of CANDU nuclear power plants in three provinces
with the help of federal government financial investment. During the uranium
mining industry's depressed period of the 60's and early 70's the federal
government assisted in maintaining the industry by its stockpiling program.

At this point in time, the utilities and the uranium raining companies
seem to be on a sound industrial footing and further federal financial support,
other than the standardized forms, has been curtailed.

In looking to the future however, there are many ways in which nuclear
power, uranium mining and their associated industries might develop. One of
these associated industries is uranium enrichment.

As the existing nuclear power and uranium mining industries can
fulfill their objectives without an enrichment plant, the federal government
has no direct incentive to participate in or even encourage such a venture.
Countries relying on LWR power plants do have such a direct incentive. The in-
direct incentives, in the industrial development, economic and political fields
still do not appear to be sufficient to justify federal financial investment or
ownership.

This conclusion implies that the financial control of any enrichment
plant would remain largely in foreign hands and therefore any such proposal
would be subject to review by the Foreign Investment Review Agency.

Because of the many indeterminate factors in the enriched uranium
market and technology, uranium supply and economics, the contingency of the
project failing does exist. In such an unlikely event, political pressure is
likely to develop for government intervention. The outcome of such a
contingency is not predictable.
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5.5 INTERNATIONAL RELATIONS

5.5.1. General

Foreign requirements for uranium enrichment facilities is at presr-nt
the major driving force for an enrichment plant in Canada, and any such
enrichment plant once constructed would be an important component of the energy
policies of other countries requiring these enrichment services. For this
reason, the international aspects of an enrichment plant must be considered
when analyzing the benefits and costs to Canada of the construction of such a
facility.

It is expected that the main customers of a Canadian pnrichment plant
would be utilities of other industrialized countries, all of whom, except for
France, are members of the International Eiergy Agency of the OECD. Aj indus-
trialized countries have adopted policies of reducing their dependence on im-
ported oil. It is expected that an intensified nuclear program in these
industrialized countries will be one factor in achieving this overall goal.
Given that the nuclear technology pursued by a number of the other
industrialized countries follows the LWR route, the establishment of sufficient
global uranium enrichment facilities will be necessary if there are not to be
bottlenecks in this nuclear energy production. Co-operation in the nuclear
sector will also, in particular, be an important aspect of our relations with
the European Community (nuclear co-operation is an important component of the
Contractual Link negotiations) and with the Japanese, who have planned an
ambitious nuclear program. An enrichment plant in Canada to supply the export
market would draw Canada closer to this international community.

5.5.2 Safeguards

As indicated in Section 5.1 valid safeguards arrangements have not
been developed for enrichment plants. It would be anticipated however that
such systems must be developed and proven for plants outside Canada within the
next few years. Canada will only sell enriched uranium to countries with which
safeguard agreements have been negotiated. In addition it is expected an
international agreement on the exchange of technology would have to be nego-
tiated with any country which provides the enrichment plant technology.

5.5.3. Trade Relations

The construction of an enrichment plant in Canada to supply the export
market would add value to a resource which would be otherwise exported in a
less advanced form. While long term contracts for enriched uranium could
strengthen our trading relations with customer countries, long term obligations
to provide a diminishing energy resource may hinder relations if exports
restrictions were required to satisfy Canadian needs.
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5.6 REGIONAL

5.6.1 Site Selection

The installation of an enrichment plant at any particular location
could affect aspects of local concern. The choice of site is regarded primarily
as a matter for the promoter in concert with provincial and local government
authorities. This choice would be largely dictated by economic and financial
considerations. However such things as security, safety, environmental effects
and the availability of skilled personnel, water, electrical power supply,
manufacturing, servicing and equipment supply must also be considered.

5.6.2. Provincial Considerations

Two provinces have stated an interest in such a project - Quebec and
Saskatchewan. Quebec has attraction for a promoter because of the remaining
undev.- loped hydro-electric potential, large installed capacity, expectation of
a significant nuclear program by 2000, and potential for uranium mining.

Saskatchewan has a significant uranium mining industry, large
undeveloped coal deposits and a desire for further industrialization.

Several of the other provinces might also lay claim to attractive
features for siting an enrichment plant.

Provincial authorities are aware of the strong legal position of the
federal government in the nuclear field. Co-operation, to date has been both
full and fruitful and should be maintained.
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6. SUMMARY AND CONCLUSIONS

6.1 SUMMARY

The main factors which emerge from the report may be summarized as

follows:

(a) Recent forecasts show world demand for enriched uranium to have
decreased to the point where present and committed enrichment
plants in other countries will be sufficient to meet world demand
until 1990. Any change in world demand will continue to relate
mostly to the light water reactor(LWR) program. Canada's
position will continuc to be affected by the intentions of
enrichment groups elsewhere.

(b) Canada has resources of uranium which could provide the raw
material for a new enrichment plant. However, in order to
maintain the present policy on uranium reserves and allow
exports to continue to 2010, it is required that approx-
imately twice the present reserves be found. For exports
to continue to 2020, approximately three times the present
reserves would be required.

(c / The price per separative work unit (SWU) set by U.S. ERDA is
currently lower than production costs estimated for new
'commercial' plants. Of necessity, prices will not only
have to be higher than these current prices but also will
have to be on the basis of long term commitments. If it is
otherwise and if projected demand weakened further it is likely
that new enrichment projects could not proceed and higher cost
plants already constructed would suffer.

(d) Prices for enriched uranium ar& quoted on the basis of
costs. Without knowing precisely the basis for the
calculation of costs, it is not meaningful to compare
Canadian competitiveness with other projects on the basis
of price. Indications are, however, that the costs of
construction in Canada would be higher than in the uranium
importing countries and that these would not be offset by
lower power costs. Product from such a plant in Canada is
-ikely to be at a higher cost. Therefore, other factors such
as security or diversity of supply may provide the incentive
to invest here.

(e) Economic analysis suggests a net economic loss to Canada
from the export of i->-."iniuin enrichment from a 9,000,000
SWU/year gaseous difrusion plant. Major factors in this
result are the implicit subsidy on the high electrical power
input and the lower than average benefits accruing to individuals
other than the investors. The implicit Subsidy results from the
fact that, amongst other things, Canada's public utilities
realize a lower than average return on investment. For Canada to
realize positive economic benefits from such a plant, additional
returns to the economy of approximately 20% of sales should be
obtained.



- 39 -

(f) There are likely to be strong demands for capital and
production resources in Canada over the next 15 years. An
enrichment plant for the export market woulH be given a
relatively low priority in cases of conflict over these
resources.

(g) The passage of time will clarify many of the above negative
factors. The interdependence between such factors as
uranium resources, the nuclear installed capacity and the
enriched uranium market is obvious. It is also obvious that
these depend on further factors such as world energy
policies, the substitution of nuclear electricity for fossil
fuels and general economic and political developments.

Assuming the continuation of stable economic and political
conditions, and a continuing growth in demand for
electricity then,

(1) The export market for enrichment could develop,

(2) More uranium could be discovered in Canada,

(3) Customers could agree to pay the necessary price, and

(4) The financial and economic incentives - particularly
for the new technologies of centrifuge and laser -
could develop.

Relative to the position established at the last review in
1971, the establishment of an enrichment plant - partic-
ularly a gaseous diffusion plant - in Canada for the export
market is less attractive. However, application of such
technology internally is more attractive.

(h) The application of enriched uranium, plutonium &
U233/Thorium enrichment in the Canadian market (of CANDU
reactors) is beginning to show some attractions for
reductions in both uranium usage and/or capital and should
be further evaluated economically.

(i) If an enrichment plant was to be justified economically and
built in Canada on the basis of the home market most of the
market and supply difficulties above with respect to the
export market would not apply. Due to the uranium conser-
vation achieved, some reduction in the reserve required
for Canadian use would also result. Extension of the plant
to cover whatever export business was available would then
be possible.
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6.2 Conclusions

6.2.1 Conclusions from the Report

Technolog J P S (Section 3.1)

In Canada's present position of havinp, no need for i:nr irhTif-n t hi j L
potpnti.il uranium resources and potential needs and .in internationally
significant K & D establishment, a pro cram to maintain awar.-n.'ss .jf urani'ir
enrichment technologies would be worthwhile.

World Uranium Supply - Demand (Sect ion 4.1)

Known, reasonably assured resources of uraniun n:i t-i '•"i'l/l'i
U^O are harely sufficient to meet projected reauirenents to
1995. Successfully proving up estimated additional resources will
prolong the period to about the year 2000.

Considerable exploration effort will be needed to prove many of
these resources. Financially such expenditures art- rst i"-.at'ri to be
from S4 to S8 billion.

The present world uranium industry is expected to be able to
produce sufficient uranium to barely mret total ri-ou i r-—i.-n t s to
1986. The result will probably be that the industry will produce
sufficient uranium in total but there will likely !»- periods or
areas where shortages will occur even before that t rn.-.

Canada's Uranium Supply - Demand

Production from currently known resources is expected to be for.

than sufficient to neet the low denand plus Contracted exports to

the year 2000. Indeed, it will probably be sufficient to neet the

addition of 25% of a 9,000,000 SWU/yr enrichment plants needs over

the same period.

Production from currently known resources plus anticipated

additional production averaging 700 tons I' n annual Iv would

meet domestic needs, contracted exports plus 7 5'-' of a 9,000,00^

SWII/yr enrichment plants needs to 2000 under the low domestic

demand scenario and almost 50% of this enrichment plant's needs to

2000 under a high domestic demand scenario.

A! thoueh the current reserv allocation is nsn.ip«-ab 1 •'. th<- f'i'.ur-'

nn.'lcir proeram will require inc reas i n:. i •.• inpress ivi- fjuant i t i--
1- '-

be set aside. Even allowing a conservative Sl/lb '<-\<:Q ''•""

exploration costs, the 550,000 to 725,000 tons l\ng allotment

in 2000 would equate to SI to SI.4 billion for exploration alone.

Although production capability may be sufficient to meet not jnIv

domestic requirements, presently contracted quantities and even a

proportion of enrichment plant needs, unless substantial uraniur.

resources are discovered, the reserve allotment will preclude anv

additional exports as early as 1986.
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The increased quantities of prognosticated resources determined in
the 1975 survey suggests that Canada's more reliable uranium
resources may be significantly increased by continued exploration
in the future.

Enrichment Supply - Demand

On the basis of committed plans for production by UfiS. ERDA,
Eurodif and Urenco the utilization of the 32.6 x 10 SWU
stockpile in the U.S.A. plus 3 x 10 SWU/yr from the U.S.S.R.,
there will be sufficient uranium enrichment capacity available with
a 0.25% tails assay to meet a high world demand without plutonium
recycle to about 1988 amd a low world demand with plutonium recycle
until 1991.

If all of the planned enrichment facilities are also brought on
stream in the time frame suggested there will be sufficient
capacity to meet even the high world demand without plutonium
recycle to the post 1995 period and for a low world demand to the
post 2000 period.

Power Supply (Section 4.Z^

Power for the large gaseous diffusion plant could be generated by
hydroelectric, coal or nuclear means in Canada. Smaller power demands allow
greater siting freedom.

To protect the national interest with respect to future energy supplies
it is suggested that

The price of electrical power should be such that it
covers the full economic costs over the plant lifetime.

Candu Utilization (Section 4.3)

A mix of capital and operating cost savings by the use of enrichment
(U235, Pu, or U233/Th) in the Canadian CANDU reactor program is possible. As a
part of this continuing evaluation of CANDU fuel cycle alternatives, AECL expect
to include the U235 enrichment option.

Macro-Economics (Section 4.4)

The construction of the 9,000,000 SWU/yr gaseous diffusion uranium
enrichment plant would not cause serious macro-economic disruption to the
Canadian economy.

Most, if not all, industries will be in a position to satisfy the
requirements of the enrichment plant without any undue strain on the economy.
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Manpower (Section 4.5)

The beneficial effects on the Quebec labour force from the construction

of a 9,000,00(1 SWU/vr M ? ^ . : - ; diffusion pl.inr is |ikr-!v J.I h,. ,n!.- •-.-, ry i r- .' >n

the overall rate of unemp i ovmrnt in Queb^-.

The necessary high miality of work and tin- part i :"u 1 ir i'-'ill' rMinireri

c a n b e d e v e l o p e d b y t r. i i n : : i) • p r o , ; r a m ? - |,r ,vi ii,,,- i .. it .•;• -r..f • .in :'r; .1 :i :••%••-!

b e t w e e n a u t h o r i t i e.s a n d p r o j e c t rn.fn<i;/fi:i'iiu .

C o s t B e n e f i t ( S e c t i o n 4 . 6 )

T h e p r e s e n t v a l u e of the f i n a n c i a l r^st of p r o d u c i n g e n r i c h e d liraniun

f r o m a 9 , 0 0 0 , 0 0 0 SWI.:/yr «•.!".-'VJS di f f >;.-; i'MI ;•• i .• •! I :-r. -.k •- :• ..••! .->>•• : . i I. .w :

Capital Cost 49.8%

electricity 31.2%

Other Operating Costs 11.1*

Taxes 6.0"

Soya! t ins 1 .9".

At $88/SWII the price estimated here for breakeven financially for the

promoter, the net economic loss to the ns* ional I'conomy would b<' qboat: S65O

million.

An additional return to the social sector of about 20°' of salr-s would

be required to breakeven economically, i.e. S18/SWH.

This major difference i s duo to .in implicit subsidy on rh" price o''

electricity and the benefits accruinp to individuals other than the invc-l^r^

being lower than those provided by the avra?e i. nw- .=; r wnt in tin'- Canafli^n

economy.

Environment (Section 4.7)

The effects of the construction and operation of a fi:l I c."ai-

enrichment plant are acceptable from an environmental point of view if siting

criteria are adhered to and proper discharge controls and mi t it-at i n-.r .ik.-as11r•.• s

are implemented.

Regulations (Section 5.1)

Existing laws and regulations give the government all the control it

should need on enrichment plants.

For application of safeguards, physical security, 1 icf-ns mi- ,

criticality and safety reasons the promoter should initiate discussions with

AECB personnel at the earliest opportunity.

No insurmountable problens are apparent in thesf areas, although

safeguards technology has not yet been developed. Certainly detailed sLudv jf

specific proposals will be necessary.
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Investors (Section 5.2)

An impasse can easily develop between promoters and government with the
government unable to provide assurances the promoter requires in order to make
the speculative investment to develop the information that government needs.
Very aggressive promotion or the identification of a need for enrichment in Canada
will be required to break this impasse.

Resources Development (Section 5.3)

The economic returns to Canada from sale of exports in less processed
form (as UF, or u 3°g)

 are greater than those from the enrichment plant
proposal examined and can be obtained with much less risk.

Industrial Development (Section 5.4)

The construction and operation of a uranium enrichment plant in Canada
would present new but limited opportunities for industrial development. Some
upgrading in product quality control capability and some new productive capacity
should be of continuing utility.

As the existing nuclear power and uranium mining industries can fulfill
their objectives without an enrichment plant, the federal government has no
direct incentive to participate in or even encourage such a venture.

International Relations (Section 5.5)

Nuclear cooperation is an important aspect of our relations with many
countries. A Canadian enrichment plant would play a part in those relations
proportional to the demand for enrichment services. The importance as well as
the responsibilities of Canada in the international energy market would be in-
creased by such a plant. Problems could develop particularly if shortages of
enrichment capacity or uranium were to develop.

Safeguard agreements would have to be negotiated with all enrichment
customers. Also, an agreement on the transfer of technology to Canada would be
required.

Regional Considerations (Section 5.6)

Regional and provincial bodies have a major stake in the siting of any
enrichment plant.

Cooperation to date with provincial bodies has been bith full and
fruitful and should be maintained.
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7. RECOMMENDATIONS

1. No change should be made to the present federal government policy
regarding uranium enrichment. A further review may be required
when developments in the field warrant it.

2. Investigations should continue to examine the U235 enrichment
option as a part of the present AECL studies on advanced fuel
cycles.

3. Close attention to the developments in uranium enrichment
processes is recommended.



- 45 -

8. REFERENCES^

1. An Assessment of Establishing a Uranium Enrichment Facility in
Canada - EMR. September, 19 71.

2. An Energy Strategy for Canada - EMR. May, 1976.

3. Prospects for Uranium Enrichment - Jensen et al - Laser Focus.
May, 1976.

4. ORO-694 Report of Uranium Isotope Separation Review - Ad Hoc
Committee. 1972.

5. BNES/Kerntechnische Gesellschaft Uranium Enrichment Conference,
London, March 5-7, 1975.

6. Uranium Isotope Enrichment Plant in Quebec - Canadif.
December, 1975 Abridgement of the Preliminary Feasibility Report
(Phase 1).

7. IAEA/STR-14 - October, 1972.

Additional information was obtained from:

(1) Hearings before the Joint Committee on Atomic Energy - Congress of the
United States
on 'Actions necessary to be taken to insure supply of enriched uranium
sufficient to meet present and future needs.1

Part 1 July 31 & August 1, 1973

Part 2 October 2, 3, 4, 1973

Part 3 June 25, 26 & 27, July 16, 17, 18, 30, 31
August 6, November 26 & December 3, 1974

(2) Report to Joint Committee on Atomic Energy - Congress of the United
States 'Evaluation of the Administration's Proposal for Government
Assistance to Private Uranium Enrichment Groups' -August 1975, U.S.
General Accounting Office.

(3) 'Uranium Enrichment Associates - A private Initiative' presented to
the International Conference on Uranium Isotope Enrichment - London
March 5-7, 1975 Ashton J. O'Donnell.

(4) 'Centrifuge Enrichment Program' Presented to ANS/CNA Conference April
30, 1975 - Exxon Nuclear Co. Inc.

(5) ISSN-OOO7-4543 Bulletin d'Informations Scientifiques et Techniques'
no. 206. September, 1975.
'Enrichment Isotopique de 1'Uranium par Diffusion Gazeuse. '

(6) Proceedings of International Conference on the Nuclear Fuel Cycle
AIF/Swedish Atomic Forum - 28-29 October, 1975.



- 46 -

9. ADDENDUM

9.1 General

Following on from discussions with the three European firms intorestr-d
in uranium enrichment, three submissions were received.

This information expands on that included in Section 3.1 on technology.
It was developed in a very short period, it does not constitute a formal
proposal, and is based on the work done in the firm concerned and their limited
p.-ior contacts with the Canadian scene. Because of this, intercomparison of the
submissions was not considered a worthwhile exercise by the committee. Nonethe-
less, they do have considerable interest and deserve comments.

Bearing in mind the difficulties relating to the 9 x 10 SWU/yr
gaseous diffusion plant detailed in this study, and the possible development of
a market for enrichment in Canada itself, the L'renco study and the Canadif
revisions are for much smaller plants. These are not tailored exactly to the
possible Canadian market as this has not been studied enough to develop such a
projection. It is believed that by adjustments in the timing of the instal-
lations, however, they could be fitted to such a demand. Earlier installation
and/or more rapid build up could also provide limited amounts of enrichment for
the export market if this is available. By these means, a uranium enrichment
plant in Canada could avoid the many major risks which are present in a large
totally export oriented project.

The information supplied does not seem to require any changes in the
main body of this report.

9.2 Urenco

The planned program envisaged by Urenco up to 200,000 SWU/yr is very
similar to that which they are following at this time in Europe. They do intend
to expand their own production capacity at a greater rate (by a factor two or
three) than is suggested for a Canadian installation.

The product enrichment level of 3% U-TC is not believed to be
difficult to change and if 1.2% ^935 w e re the desired product level, the
necessary changes for the initial installation in the piping and the feed and
bleed systems should be possible within the accuracy of the estimated costs.
With the design and operating philosophy developed by Urenco, it would be
difficult to consider changing the enrichment level from any cascade during its
li fetime.
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There is great difficulty in evaluating the financial returns of a
program such as this and comparing to, say, a diffusion plant. The financial
objective could be to be able to complete the debt retirement and finance
continued expansion from revenues at some point in time. This time could well
come earlier than the debt retirement time for a single large installation such
as a diffusion plant. This would be particularly so if the centrifuge route
does become cheaper than the competitive routes.

On the other hand, if the expansion were stopped at any point, the then
existing plant should be capable of retiring the debt accumulated to that point
within a reasonable lifetime. Much of the attractiveness of the centrifuge
process to industry and utilities would be lost if the growth of productive
capacity were to stop prematurely. Hence the preferred way of evaluating the
finances could be to choose a target installation size and harmonize that with
the debt retirement time.

Determination of the price of product under these conditions becomes
rather difficult and might even require the development of revised accounting
systems. Promoters need to develop their own view of these problems as well as
their projection of the future in terms of market and escalation in particular,
before such a proposal could be fully evaluated.

With all of these difficulties, determination and comparison of the
cost/SWU from this information seemed presumptious. U.S. EROA, and all the
groups working on and proposing enrichment plants have done this more thoroughly
than this committee could - and have reached positions supporting all the
competing technologies. The most common expectation from the literature is that
the cost/SWU will be about the same from a new 9,000,000 SWU/yr gaseous
diffusion plant and a new 3,000,000 SWU/yr centrifuge plant both built in the
country of origin of the technology at the same time. Figure 1 shows the
consequences of this expectation with the percentage SWU cost plotted vs plant
size, together with the large error band, for the two technologies.

9.3 STEAG

This submission gives the technological status of the process, but does
not give any economic data. It may be possible to develop a proposal based on
this information, but the evaluation of the technology given in Section 3.1 does
not seem to be altered. It was indicated that a study, based on South African
conditions, showed a 5,000,000 SWU/yr plant to give competitive costs.

A request to South Africa for further information on their process
yielded a negative response.

9.4 CANADIF

This submission gives some results of a small study to show the effects
on capital costs of a reduction in size and enrichment on gaseous diffusion
plant. In effect, using French equipment sizes, it should be possible to build
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a plant of 3,200,000 SWU/yr to produce 1.2% enriched uranium at a capital cost/
SWU approximately 15% greater than from the full size plant in Canada. The
capital cost would be reduced to approx. $1.7 B and the required power to 1000
MWe. Scope still exists for some further cost reductions by integration with a
larger complex, and/or by expansion to larger outputs.

The scaling down of the gaseous diffusion process to this sort of plant
is a relatively new idea, and is particularly applicable to the CANDU system
with low enrichment. It should not be ruled out as a possibility for Canadian
application without more extensive evaluation and detailed comparison with
competing proposals. The probable range of SWU costs with such plants is also
shown in Fig. 1.
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APPENDIX 1

STATEMENT OF URANIUM ENRICHMENT

OTTAWA—The Minis te r of Energy, Mines and Resources , Donald S. Macdonald,
issued today the fol lowing s ta tement on the government 's a t t i t u d e towards the
establishment of uranium enrichment facil i t ies in Canada.

Tne statement is a result of several enquiries received concerning the
government's attitude towards construction of uranium enrichment faci l i t ies in
Canada by private industry.

The Canadian nuclear power programme uses natural uranium as its basic
fuel and an industry manufacturing enriched uranium would rely primarily on
export markets. An enrichment project could not be considered an essential
national project in Canada requiring government ownership or subsidization as
i t might in many other countries dependent for a substantial fraction of their
future energy needs on enriched uranium fuel. Its value would be measured by
the extent of Canadian participation through the machinery and equipment indus-
try, the involvement and development of engineering and technology, the employ-
ment of Canadians in both the construction and operating process, the possible
advantage to our uranium industry, the taxation revenues to the country and
overall benefit.

It would be in essence a secondary industry in which a raw material of
either domestic or foreign origin would be further processed, and i ts economic
worth would depend on the fraction of the sales revenue which would accrue as
income to Canadians.

Any Canadian uranium enrichment project would be subject to cont-ol by
the federal government through the Atomic Energy Control Act to ensure that
Canada's obligations regarding the peaceful uses of atomic energy were ful-
fil led, and to ensure safety of workers and the public.

In view of the uncertainties and expense in developing independent en-
richment technology, any company entering such a business would probably wish
to use the technology which has already been developed in other countries. Such
technology is highly classified and under close control of foreign governments.

As a result , a private company could not obtain access to foreign en-
richment technology without a government-to-government agreement ensuring the
protection of the information. Government officials are investigating the form
of intergovernmental agreements which might be necessary. If an enrichment
plant proposal is shown to be in the national interest and provided the terms
are considered to be reasonable the federal government is prepared to negotiate
such agreements.

Factors which the government will consider when assessing a proposal
include:

1) The optimum use of Canadian energy resources;
2) The extent to which Canadian uranium producers would have access to

the enrichment plant both for processing services and for the supply
of uranium feed material;
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3) The extent to which Canadians would participate in the financing,
engineering, construction, operation, supply of materials and
equipment, ownership and management of the facility;

4) The timing of the project in relation to other major construction
projects in Canada;

5) The details of financing; the government would likely monitor the
movement of funds in and out of Canada in respect of the project;

6) The contractual arrangements with any foreign participants and with
the supplier of the enrichment technology;

7) Effects on the environment;
8) National and regional economic impact, both short and long-term.

It is expected that interested firms will discuss with government
officials at appropriate stages any proposals for uranium enrichment which they
might be developing.

August 1, 1973.
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APPENDIX 2

STATEMENT ON CANADA'S URANIUM POLICY

OTTAWA—The Minister of Energy, Mines and Resources, Donald S. Macdonald,
issued today the following statement on Canada's Uranium Policy.

Since the late 1960's, the world uranium market has passed through
several significant phases. The commercial market for uranium which appeared
to be developing at that time was replaced by disorderly marketing in the early
1970's due to an over-supply in the producing industry and because of the
accumulation of stockpiles by government and industry. More recently and
especially since early this year, the number of enquiries to Canadian producers
for uranium supplies has been accelerating. Most of these enquiries are for
long-term supplies. Within the next decade a four to sixfold increase in the
annual demand for uranium is expected within and outside Canada. Existing and
potential production facili t ies will be strained to meet this demand. To pro-
vide an orderly growth of the industry while protecting the needs of domestic
nuclear programmes, i t has been concluded that protection for Canadian uranium
consumers should be twofold:

a) always to ensure a long-term reserve of nuclear
fuel for existing and committed reactors as well
as for reactors which are planned for operation
in Canada for a ten-year period into the future;

b) to ensure that sufficient uranium production
capacity is available for the Canadian domestic
nuclear power programme to reach its full potential.

In order to implement these policies the following criteria will be
used when considering each uranium export contract.

Uranium Reserves

1. Sufficient uraniam must be reserved for domestic use to enable each
nuclear power reactor operating, committed for construction or
planned for operation ten years into the future, to operate at an
average annual capacity factor of 80 per cent for 30 years from the
star t of the period, or in the case of reactors which are not in
operation, for 30 years from their in-service dates.

2. A uranium resource appraisal group established within the Department
of Energy, Mines and Resources will audit Canadian resources that are
recoverable at prices of up to twice the current world market price.
Each mining company will have a reserve margin allocated to it based
on the ratio of its uranium resources to the total Canadian recover-
able resources from all such companies as estimated by the uranium
resource appraisal group.

Domestic Uranium Purchasers

Domestic u t i l i t i e s purchasing uranium should share with uranium
producers the responsibility for ensuring adequate and continuous supplies of
uranium to meet domestic requirements. Therefore the Atomic Energy Control
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Board will require a ut i l i ty to demonstrate that it is maintaining a contracted
forward supply of nuclear fuel to enable each operating reactor to be operated
at an annual capacity factor of 80 per cent for at least 15 years, or for re-
actors committed but not yet operating for 15 years from their in-service
dates. However, the Government would encourage commitments to be made for
periods of more than 15 years.

Uranium Sales Contracts

Under existing uranium export policies, the regulating agencies are
required prior to issuing an export licence to examine contracts with respect
to implications of such matters as international safeguards, the relationship
between contracting parties, price and volumes of sales to the export market,
and reserves and rate of exploitation. These agencies, in co-operation with the
Department of Energy, Mines and Resources, will now include in their review
consideration as to the adequacy of the contracting company's uncommitted
uranium reserves to meet its share of the Canadian domestic reserve margin.
Contracts concluded with Canadian ut i l i t ies will be credited to the company's
portion of the reserve margin. Special consideration will be given for
companies whose mining operations are within five years of being exhausted.

Unless specific exemption is granted by the regulating agencies the
uranium will be required to be exported in the most advanced form possible in
Canada. The purchaser will be required to agree not to re-export the uranium
unless specific authority to do so is given by the Atomic Energy Control Board
after consideration by the Board of the prevailing international market
situation.

Export contract approvals shall be limited to a maximum of ten years
from the date of the signing of the contract with contingent approval possible
for an additional five years. Such contingent approvals will not be given un-
less provision is made for renegotiation of price for the uranium to be
supplied during the additional five years of the contract and will be subject
to domestic u t i l i t ies having a right to recall through the Atomic Energy
Control Board on a portion of this material. A domestic ut i l i ty must give the
Board prior notice of at least five years that the right will be exercised and
must demonstrate that i t is unable by other means to maintain.its 15-year for-
ward commitment. The portion subject to recall in any of these years will be in
accordance with the ratio of expected Canadian domestic demand in that year to
the total uranium production capacity scheduled within Canada in that year.
Contracts concluded by a producer with Canadian ut i l i t ies will be fully
credited to that producer thus reducing material subject to recall.

Uranium producers are now required to submit their sales contracts for
uranium exports to the Board for examination prior to being granted a licence
to export the uranium. Producers will now be required also to submit their
contracts for domestic sales of uranium to the Board for information purposes.
While recognizing that considerable time may elapse between negotiating a sale
and completing a contract, the Board will require producers to submit, within
90 days of the acceptance of an offer by a purchaser, documentation giving the
basic pricing, quantity and delivery conditions. This documentation is supple-
mentary to the detailed contract which must s t i l l be approved by the Board.
Such approval will not normally be given if the pricing conditions for foreign
customers are more favourable than those offered to domestic purchasers.
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Canadian Government Stockpile

We have concluded that the s tockpi le of uranium accumulated by the
Canadian government might be used with advantage to supplement the (UP 1
supplies being obtained by domestic u t i l i t i e s from ex i s t ing indus t r i a l produc-
t ion capaci ty . Therefore the government s tockpi le of uranium wi l l be disposed
of solely within the domestic market and, pr ior to i t s to t a l d i sposa l , wi l l be
ava i l ab le on a commercial loan basis to meet any short- term needs of Canadian
producers or Canadian u t i l i t i e s provided that at a l l times i t wi l l be further
processed by Canadian f a c i l i t i e s . Any opportunity to dispose of the s tockpi le
by d i r e c t sa le within the domestic market would be examined. In considering
such opportunity the value of the s tockpi le in providing short- term secur i ty of
supply to Canadian u t i l i t i e s would be careful ly assessed.

September 5, 1974.


