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URANTUM ENRICHMENT TN THE UNITED STATES

S. R. Sapirie
Manager, Oak Ridge Operations
U. S. Atomic Energy Commission

For over 25 years the United States Atomic Energy Commission has
had favorable experience with the gaseous diffusion process for en-

richment of uranium isotopes.

The enrichment is achieved in three gaseous diffusion plants which
have a combined production output of approximately 17,000 metric +tons
of separative work per year while consuming about 6100 megawatts of

electric power at full power capacity.

Although the three gaseous diffusion plants are currently operat-
ing at roughly one-third of their capacity, projected separative work
requirements of the U.S. and these countries depending on these plants
dictate that the operating capacity of the present enrichment facilities
be increased steadily during this decade. Furthermore, significant

blocks of new separative capacity must be added in the early 1980!'s.

Separative work output can be increased by four methods:

1. 1Increased electric power usage in existing equipment.

2. Improvement of existing equipment to incorporate advancements
in technology which improve power utilization efficiency.

3. Uprate the improved equipment where possible to permit the
efficient utiligzation of more power, and

4. Construction of new stages at existing or new sites.

In addition, an increase in the tails concentration which is now
being congidered could utilize the separative work to support more

nuclear power capacity.



Planning and implementation of -programs involving these capacity
expansion methods are receiving careful consideration, with the pro-
spect of supporting a nuclear power growth to about 250,000 MWe by the
end of 1980.

Basic policy of the United States Government for 15 years has

oL

been to provide assurance of long term availability of enrichment, at
nonndiscfiminatory prices and conditions, to its customers in the
United States and abroad. Under the USAEC's t0ll enrichment program
which began Januvary 1, 1969, a customer provides uranium feed material
to the USALC, pays an enriching charge, and receives enriched uranium

in return.

Contracts which have been negotiated under these principles have
included rights of termination fto the customer without comparable
rights to the USAEC as a supplier. This was reasonable and
possible because of the unusual situation that existing enriching
capacity was greatly in excess of nuclear power requirements., As the
supply and reguirement situation comes into closer balance -~ a normal
situvation in other industries -- one can anticipate that advanced com-
mitments for supply of enriching services, whether from the United
States or abroad, will have to be reciprocal o justify the new capital

investment required to increase capacity to meet them,

Since USAEC contracts represent firm commitments to supply en-
riching services, they are based upon existing or authorized plant
capacity. Extensive planning is therefore necessary to assure that
capacity will satisfy demand. This necessitates close cooperation
among customers and countries availing themselves of United States
enriching services for mutual definition of requirements to support

orderly development of nuclear power around the world.
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LATEST DEVELOPMENTS IN GRAPHITE MODERATED AND DyO

MODERATED REACTORS

R.V. Moore, G.C., C.B.E.
Menmber for Reactor Development, UKAEA

power stations already on power and under construction, the Paper
deals with the progress being made in continuing thermal reactor
development in the U.K. In particular, it describes the development
and commercial evolution of the high temperature gas-cooled reactor

(HTR) and the steam generating heavy water reactor (SGHWR).

The concept of the HTR particle fuel is explained and its
development, together with other materials, as a joint Buropean
venture in the 'Dragon! reactor is outlined. This is followed by a
description of the general form which the commercial version of the
HTR ig likely to take when it ig presented to the U.X. Generating

Board in a month or so's time.

The Paper then describes the main features of, and the experi-
ence with, the 100 MW(e) Winfrith SGHWR, which has been operating
very successfully in the U.K. over the past three years. Commercial
designs have, and are being, tendered both in the U.K. and elsewhere

and the general form of the commercial plants offered is described.
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NUCLEAR POWER PROGRAM IN FRANCE

M. A. Pecqueur
Director, Delegate to the Mission of
Nuclear Industrial Applications

Commissariat & 1l'Energie Atomique

Studies undertaken make it clear that french needs of energy
during the next fifteen years will give a strongly increasing impor-
tance to liguid fuels, the greater part of which will be imported. In
order to smooth both charges and risks which are bound to follow such
an evolution, it appears that an important reactor program is one of

the few and probably one of the best possibilities offered.

The main outlooks of ocur VIth plan (1970—1975) nuclear policy are

detailed hereafter.

Predictions concerning the economical evolution of equipment
prices and raw energy in France show that light Water/enriched uranium

reactors will soon appear competitive compared to fuel power plants.

Thus, our quantitative program which may reach 5000 or even 8000
MWe and seven or eight power plant decisions involves within the next
five years is based on this type of reactor. It relies an American
licences, but having undertaken both PWR (Chooz, Tihange and now
Fessenheim) and BWR (Kaiseraugst), France has already good know in this
field.

Relying on achievements obtained in the naval propulsion program,
the C.E.A. is even able to furnish original techniques, for instance,

in dealing with various composants.
This program must be completed by R & D activities aiming at new

techniques which, in time, might advantageously replace light water

reactors.



Priy;ieged interest is also given to breeders. With Rapsodie and
more recent Fortigsimo, the C.E.A. is able to reach project stage de-
finition of an original solution. In particular, large irradiation
experience concerning fuel materials and components has already been
obtained. Constructing Phenix gives adapted scale information con-
cerning technological problems. Last, foresecen construction of a full
scale breeder in 1974 should enable to prove competitivity of this type

of reactor before the end of the seventys.

In spite of the attractive economical features offered by
breeders it would probably be a mistake to outlook other solutions.
But studies arec expensive and choices to be made are most difficult.
Thus, keeping such considerations in mind, it seems preferable to
progress with care, face heavy expenditures in common, and call for

existing capabilities.

Let us recall that French C.E.A. and private industry have a de-
tailed project concerning a 600 MW heavy water reactor (EL.600) which

is now waiting for a possible industrial realisation.

High temperature type reactors may also prove to be successful in
the future. Technical and economical studies are carried on and could
be applied both to a multinational study program and to the realisation
of a power size prototype reactor. France could thus make benefit of

her experience in the graphite/COQ field.
Thus, to conclude s

An important "gquantitative program', close survey and continuous
efforts on R & D dealing with new fields, a very strong effort on in-
dustrial type breeders, continual attention given to foreign activi-
ties and achievements, a positive attitude towards international co-
operation, such are the headlines of coherent actions which aim both
at making benefit from our past experience and, most of all, preserving

our country's future needs in energy.
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CONSTRUCTION AND OPERATING EXPERIENCE OF
LIGHT WATER NUCLEAR POWER PLANTS

Leonard F. C. Reichle
Vice President
Ebasco Services Incorporated

A large number of BWR and PWR nuclear power plants with USA-
manufactured Nuclear Steam Supply Systems are committed, under con-
struction and in operation in several major areas of the World. The
identity, and competitive characteristics of these plants, their eco-

nomic justification, and their environmental impact are discussed.

Unique design requirements have been established for BWR and PWR
plants, and these unique design requirements have resulted in special

requirements and techniques for installation and construction.

The operating experience behind light water nuclear power plants
with USA-manufactured Nuclear Steam Supply Systems is now based on
many reactor years of operation. The amount of energy produced is sub-
stantial. Despite being "first of a kind" units, these plants have had
an outstanding availability record. Many outages have occurred, but
these outages have provided learning experience and the basis for the
greater reliability of future plants. Specific problems and what we

have learned are discussed in the paper.
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SITING PROBLEMS AND OPERATIONAL EXPERILNCE OF
LIGHT WATER REACTORS PLANTS TN GERMANY

Hans Frewer
Mitglied des Vorgtandes
Der Kraftwerk Union Aktiengesellschaft

The development of the industrial, energy and population
structures of Japan proceeds in a remarkable analogy to that of the
Federal Republic of Germany; it is characterized by a further con-
centration of the cenitres of population and an increasing urbaniza-
e fac e selection for

tion of the population. Thes s render the si

power stations more difficult with respect to their impact on the en-~
vironment and thereby force power station engineering to apply varti-

cularly stringent measures to protect the environment.

On the bagis of estimated emission values, evidence is furnished
that fossil-fired power stations participate in air pollution in sub-
stance only by the discharge of sulphur dioxide and dust. Whereas
the »processes for the desulphrization of fuels or flue gases are not
ready for economic use, satisfactory success has been achieved in re-~

ducing the dust emissions.

In contract to conventional plants, nuclear power stations in-
volve only a hazard due %o radioactive nuclides. The discharges
having arisen so far in the Federal Republic of CGermany with the
nuclear power stations in operation are explained and their signifi-
cance considered. In this context it becomes apparent that nuclear
power stations for centres of population reduce the emission effects
essentially in comparison with fossil-fired power stations. Special

L

problems arise if nuclear power stations for process heatv supply to

large chemical plants must be built in densely populated areas.
Special technical safeguards are explained by the example of the

project prepared for Badische Anilin- & Soda-Fabrik AG at Ludwigshafen.



Besgides the environmental problems mentioned, additional con-
ditions imposed on construction in seismic areas (Rhine plain, ground

acceleration 150 cm/seoz) must be expected.

Different from that in Japan is the cooling-water problem in
Germany. The major part of the nuclear power stations in the Federal
Republic of Germany will, for the time being, still be installed on
rivers. In the foreseeable future, however, a switch must be made
to recirculation cooling and alr condenser operation, since coastal

gslites are available to a far smaller extent than in Japan.

Essential safety considerations for the design of the pres-
surized and boiling water reactors of the German type are explained
by means of examples of salient components and systems (such as the
reactor building concept, structural design and arrangement of the

primary system components and systems, off-gas system, and others).

Differing impositions by authorities in Germany and in the US -
extended MCA concept, increased redundancy - lead to different con-

sequences for the plant design.

The operating experience of the demonstration power plants of
Guandremningen and Obrigheim show that availabilities are attained
that are comparable with those of fossil~fired power stations. The
load~change behaviour of +these plants indicates their flexibility in
interconnected system operation compared to fossil-fired plants.
Faults or leakage having occurred so far could be eliminated in a
comparatively short times; this did not give rise to any fundamental

problems.

After the three demonstration power stations have a perfect
operation~expericnce, two 600 IW(e) nuclcar power stations (Stade
and Wargassen) will be commissioned carly 1972. Turther projects of

up to 1200 MW(e) are under construction which will accumulate nuclcar

— 48—



power plant capacity in Germany to 6000 MW(e) i1l the mid-seventics.
In the Federal Republic of Germany, it must be expected that approx.
3000 MW(e) of nuclcar power station capacity will be constructed
annually, so that by the cnd of the seventics this will result in a
capacity increcasc of approx. 25.000 MW(e). This additionally con-
structed capacity will be madc available ncarly cxclusively by

power stations with light-wator reactors. Long-term development
e¢fforts arc concentrated on high~temperature rcactors and sodium-

cooled fast breceders.
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URANTUM ENRICHUENT

S. R. Sapirie
Manager, Oak Ridge Operations
U. S. Atomic Energy Commission

The uranium enrichment program in the United States utilizes the
gaseous diffusion process in three mdjor plants with a total capital
investment of about 2.3 billion. At the present time, operation of
these plants ig only a little over one-third of full capac

The projected growth in use of nuclear power requires planning
for additional enriching capacity for use in the future. Substantial
progress has been made in plans for increasing the level of opesrating
the existing plants and in improving and uprating these plants with

use of advanced technology resulting from a strong research and devel-

opment program. Longer range planning is also being directed toward
plang for construction of new diffusion cascades either as additions

—~ e

to the present plants or at new sites. The planning is complicated by
uncertainty regarding the amount and schedule of need and by the fact
that providing additional capacity requires major policy and fiscal

decisions several yecars in advance of need.

Anticipating a question, an explanation is being provided ag to
why the current United States operating program and plans for near term
expansion of capacity are based golely on use of the gaseous diffusion
process. The United States has had more than a gquarter of a century
of highly successful experience utilizing the gaseous diffusion process.
Highly productive research and development programs have been supported
for many years. This has permitted substantial increase in both sepa-
rative capacity and efficiency of the gaseous diffusion process. The
plants have been highly aubtomated so as to reduce substantially the

J
number of oporating employees required.



Rescarch and development work has bcen directed in rcecent years
also to the gas centrifuge process.

However, the laboratory results
obtained must be confirmed and the cost, reliability and life of many

componcnts determined before meaningful cvaluations can be accomplished.

Most of this analysis is related primarily to United States
cnrichment opecrations.

Conscquently, other conclusions may be rcached
regarding new uvranium cnrichment capacity for installation in othcr
countrics.
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THE UNITED KINGDOM APPROACH TO URANTUM ENRICHMENT

D. G. Avery
Assessment & Planning Director
U.K.A.E.A., Production Group

The nuclear power programme in the U.K. is forecast to increase
on a timescale similar to that of forecasts of growth in Japan,
although possibly to a somewhat smaller total. The required in-
creage in Tthe agsociated fuel services is therefore also comparable
and in particular the U.K., like Japan, faces the problem of in-

creased demands for enriched uranium.

The U.K.A.T.A. is currently operating a diffusion plant suf-
ficient to meet the needs of the A.G.R. power stations to be in-
stalled in the next few years and this paper briefly reviews the

y ( ¥y
history of +this plant. For the future, however, a choice had to be
i 9 9
made between further reliance on this established technology and
dependence upon recent developments in the newer gas centrifuge
technology. It was also felt that any further substantial investment
in enrichment capacity would have to be on a commercial basis, offer-

ing the prospect of reasonable profit levels within the expected

world price structure.

This paper discusses the several factors which have led the
U.K., in this context, to choose the gas centrifuge as the preferred
route for further expansion. Whilst the prospect of further sub-
stantial technological advances in this process played a large part
in the decision, it was also strongly influenced by economic factors,
in particular the likely cost of electric power %o drive enrichment
plants, and the ability to match reasonably closely the actual as

o
distinct from the expected increases in demand.

The paper concludes with a description of the collaborative
arrangements now being concluded with companies in Germany and
Holland to form a joint European venture to exploit the centrifuge

PIrocCess.
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FRENCH POSSIBLE CONTRIBUTION TO
THE FUTURE OF ENRICHMENT OF URANTUM
IN THE WORLD

M. A. Pecqueur
Director, Delegate to the Mission of
Nuclear Industrial Applications

~

Commissariat 4 1'Wnergie Atomique

General gituation

As by now American plants can meet Wesbern demand, the increase
in requirements in the United States, in Furope, in Japan as well as
in the rest of the world foreshadows that they will be able to carry
it on only until about 1976 without CIP/CUP and until about 1978 with
CIP/CUP. Beyond these dates, American Production units could not meet
the demand without undergoing an economic penalization which would
proceed either from the constituting of stocks or from the increase in
the percentage of waste, as many shifts which could hardly postpone

the saturation of the plants beyond one year.

Thus, in a long-term outlook, the rapid growth of the market
foreshadows that several large-sized plants will have +to be built be-
tween 1975 and 1985. An essential question is to know when the first

of these plants will be located.

Any solution which would not ensure a sufficient diversification
of the supplying sources, and would increase the present situation,
would heavily interfere with the world-wide development of nuclear

power and energy.

That is why it seems realist to expect in the relatively near
future the setting up of a plant located in Western Europe followed by
other units, one of which should ensure the supplying of the Pacific

aresg.
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The importance of these projects both from the financial and market
points of view makes it necessary to resort to a multinational struc-

ture.

Technical and =conomic situation

Several separation processes may be considered but their stages

of advancement are noticeably different.

Gaseous diffusion is the only process which gave rise to indus-
trial realizations in several countries.

The ultra-centrifuge separation has been the matter of deep
studies from which a long-term interest is appearing. But industrial
experimentation will start only in 1972 and it is to be feared that
this process might not have reached the sufficient maturity to be able

to rise in due time to the level of industrial realizations.

Among these processes, gasgeous diffusion is generally used ag the
economic reference. It is, however, reproached to this process its
large specific energy consumption and a lack of flexibility at the
starting up. As a matter of fact, the specific consumption can be
considered as a handicap in countries where enecrgy is expensive.
Actually, a deep economic study applied to the French context allows 1o
think that rather low prices for kWh could be expected owing to the
fact that such plants are able to efface themselves. As for the start-
ing up, a careful study of starting up conditions for a plant of 6
millions UTS has shown that it would be possible to follow the require-

ments of the market without an excessive economic penalization.

French position

Taking into account the outstanding factors of the general situa-

tion, namely the requirements of the market and the unbalanced



repartition of the Western sector'!'s means of production ;

Moreover, taking into account the technical and economic situa-
tion, in particular of the stages of advancement of the present pro-
cess and of the constant improvements brought to the economic file of

gaseous diffusion,

The efforts consented by France are aiming at the disposal of a
complete, homogenecous file, by 1973, for a large plant of gaseous

diffusion allowing to proceed rapidly to a possible realization.

As attested by the never stopped working of Pierrelatte since
1964, the technical foundations of this solution are widely established.
The demonstrations of the pilot plants operating are carried on, and

the economic confirmations of the project get more precise.

With a farther outlook, a program upon ultra-centrifuge separa-

tion is also being carried on.
Thus, it may be expected that French techniques will constitute

an additional alternative to allow the launching of separation units,

the building of which is necessary in the world in the next ten years.
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