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1. INTRODUCTION

The Urenco/Centec Organisation is now in its sixth
year of operation. Each of the member countries -
The Netherlands, the United Kingdom and the Federal
Republic of Germany - brought into the project the
results and experience of more than ten years of
design, development and test work in the centrifuge
field. Since then the joint venture has made
substantial progress in the R & D field, in the
construction and operation of the first tranches of
commercial centrifuge enrichment plants and in
marketing of separative work.

This paper outlines the technical and economic
advantages which led the member countries to
initiate, and later substantially to intensify
their activities in this field. It will be pointed
out how these advantages have on the one hand,
influenced the rate of progress during the past
six years, and on the other, how they are reflected
in future plant build-up strategy and in attractive
enrichment contract options.

2. ADVANTAGES OF THE CENTRIFUGE PROCESS

2.1 Power Consumption

One of the major advantages of the centrifuge is
its low power consumption. In the diffusion and
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nozzle separation processes, major quantities of
power are consumed in gas compression and are then
dissipated as heat. By contrast the only significant
power consumption in the centrifuge is by the
bearing and gas extraction systems. In the last
few years Urenco/Centec has investigated these areas
most thoroughly and with considerable success.

The overall power requirement for a future
Urenco Plant of 10,000 te SV/a (tonnes Separative
Work per annum) will be significantly less than 200 MW.
This is to be compared, for plants of the same size,
with approximately 3500 MW for present diffusion
plants, 4,500 MW for planned nozzle plants and 2,800 MW
for updated diffusion plant technology.

The following important benefits derive from
the low specific power consumption of the centrifuge
process.

- Because the specific power requirement for
a centrifuge plant is only about 7% of
that for diffusion or nozzle plants of
equivalent size, a substantial contribution
is made to energy conservation.

- For the same reason, the enrichment price
is almost unaffected by increasing power
cost. Urenco/Centec regards this featuro
as having major importance in the years
ahead.

- The impact of a centrifuge plant on the envi-
ronment is minimal. The small requirement for
heat dissipation can be met by the use of
unobtrusive air-cooled heat exchangers. By
contrast, the major power supply and heat
dissipation requirements of diffusion and
nozzle separation plants demand on the one
hand a substantial number of electricity
pylons and substations, and on the other,
unsightly cooling towers with a permanent
water vapour effluent.

- The low energy requirement and minimal
impact on the environment give considerable
freedom in siting of the centrifuge plant.

2.2 "Modular" Plant Concept

It is a basic characteristic of the centrifuge
that its separation factor is large compared with
other developed processes. Examples of separation
factors obtained with the centrifuge, nozzle and



diffusion processes are compared in the following
Table:

PROCESS

Centrifuge

Nozzle

Diffusion

SEPARATION FACTOR
STAGE

Typically,

Typically,

1.4 - 2

1.01 -

Theoretical upper
limit - 1.0043

PER

1.03

APPROX. NO
STAGES TO
3% PRODUCT
0.2% TAILS

Ю

500

1200

. OF
PRODUCE

The high separation factor means that reactor
grade material - typically 3% U235 - is obtained from
a cascade with very few stages of enrichment, as also
shown in the table. Moreover, the modest gas through-
put rate of an individual centrifuge means that a
near ideal cascade shape can be achieved without too
large a number of centrifuges in each stage. Thus
a single prototype cascade containing a modest number
of centrifuges - perhaps substantially less than 1000 -
is an exact replica of a module of production plant.
Several benefits derive from this:

- With a small capital investment it is possible
to build a prototype cascade as part of the
development programme and carry out wide ranging
functional and operational trials. Thus when
a plant is built of cascades similar in
size and shape to the prototype some years
of experience have been accumulated and all
likely problems eliminated. This practice
has been used to great advantage by Urenco/
Centec and has enabled the scaling up stage,
typical of many major plants to be avoided,
thus saving substantial development cost
and time.

- On a similar basis, when an increase of enrich-
ment capacity is required it is only necessary
in principle to replicate identical cascade
modules of a well established type. For
the customer this means that the lead time
between commitment and supply is minimised:
even for a major increase in capacity it need
only be 5 years, allowing one year for
planning and for arranging finance, and
4 years for construction. For the enricher
it allows a very flexible plant build-up
programme.



Unlike a diffusion plant; the freedom to adopt
a progressive build-up policy avoids the need
for pre-emptive decisions of national signifi-
cance such as the dedication of major power
plants or a substantial proportion of uranium
ore reserve.

Because the basic enrichment unit of a centrifuge
plant is much smaller than that of a diffusion
plant, the cost advantages of large scale
manufacture favour the centrifuge. Thus it
is generally considered that a centrifuge plant
of 1,000 - 2,000 te SW/a capacity reaps the
full benefit of large scale production compared
with about 10,000 te SW/a for a diffusion plant.

2.3 Operational Flexibility and Process Inventory

Even when the shape and number of cascades have
been defined to meet an identified enrichment campaign
and the tranche of plant has been built, there is an
attractive degree of freedom to alter the product and
waste concentrations by various operational procedures.
For example, by changing feed rate it is possible to
vary the product concentration of a cascade designed
for 3%, between about 2.5% and 4% with only small
losses in cascade efficiency. Furthermore, because
the process inventory of a cascade is small the time
to reach isotopic equilibrium is very short compared
with a large diffusion cascade. A small process inven-
tory also has the attraction that large quantities of
valuable enrichment are not locked in the plant.

2.4 Development Potential

In the constant drive to lower the cost of enrich-
ment, the large development potential available in
the centrifuge is another major attraction. The
separative power of a counter-current centrifuge is
theoretically proportional to the fourth power of the
peripheral speed and to its length.

Thus, as materials of higher specific strength
become available and techniques improve for manufac-
turing and operating increasingly long rotors, the
separative power of the centrifuge will continue to
be increased. This contrasts with diffusion technology
which is generally recognised to be approaching
the limit of exploitation.



3. PROGRESSIVE CENTRIFUGE DEVELOPMENT IN THE URENCO/
CENTEC ORGANISATION

Three principle aims of the Urenco/Centec centrifuge
development programme are to achieve higher operating
speeds, greater rotor lengths and higher separation
efficiency within the centrifuge. In conjunction with
these, particular attention is paid to achieving and
demonstrating long term reliability - to avoid frequent
and costly replacement campaigns - and to simplifying
the engineering design to enable standard mass-
production techniques to be applied.

The centrifuges incorporated in the first tranches
of the three 25 te SW/a national pilot plants were of
different designs, since the projects were started well
in advance of the Inter-Governmental Agreement. These
plants have operated continuously for well over three
years and have proved to be a considerable asset.
They remain the three largest centrifuge demonstration
plants in the world. It has been possible to evaluate
a range of technical solutions to various aspects of
plant design and to identify the most satisfactory
for future application. Perhaps most important, however,
was the experience gained on series production of
some thousands of centrifuges. This enabled production
problems and design shortcomings to be recognised and
progressively eliminated.

During 1973, the decision was taken to construct
two 200 te plants, one at Capenhurst in the United
Kingdom, and the other at Almelo in the Netherlands.
After an extensive review of all available performance
and cost information it was decided that two basic
types of centrifuge, each having considerable
development potential, should be taken to the commercial
development stage. As part of this decision, the
second tranches of two of the pilot plants were built
as almost exact prototype modules of the 200 te plants.
These prototypes have been in continuous operation
since the first half of 1975, and remarkably high
plant availability and low centrifuge failure rates
have been demonstrated. Urenco/Centec are therefore
completely confident of the future performance of
the 200 te SW/a plants.

The centrifuges in these 200 te SW/a plants
reflect their national ancestry, although they
have been substantially improved by technical
cross-fertilisation during the past few years. For
future generations of centrifuges, a policy has
been agreed between the partners as to how the
technologies will be integrated to produce fully
tripartite centrifuges. These machines will form
the basis of the major construction programme of the
1980!s. Development work has been in progress for
some time and early models have demonstrated more



than double the output of present machines with
only marginal increases in predicted manufacturing
cost. Urenco/Centec has a high confidence in the
long term reliability of these advanced centrifuges
because they retfiin the same basic design features
and materials which have been so well proved over
many years.

4. PILOT PLANT STATUS

As the focus of interest moved towards the
200 te SW/a plants, the pilot plants have been
operated as demonstration cascades to confirm the
predictions and now operate on a routine basis
as if they were tranches of a larger plant. They
have for some time been enriching uranium for sale.
Deliveries of product have been made to the Dutch
utility GKN for their Dodewaard reactor and to the
UKAEA for the SGHWR and AGR reactors. Output is
currently being stock-piled as pre-production against
firm orders for delivery this year and in the next two
to three years. These plants will continue to make
a useful contribution to separative work output for
some years to come.

Over their operating lives of some three to four
years, the availabilities of the pilot plants
have been greater than 98.5% and in one case as
high as 99.9%. This compares very favourably with
other types of continuously operating process plant.
The main cause of non-availability has been maintenance
of "conventional" plant equipment.

5. PROGRESS ON 200 te SW/a PLANTS

At the time of writing, both 200 te SW/a plants
are progressing towards completion in a very satis-
factory manner. Structural work was completed
earlier in 1976 and the basic support systems for
the plant have been installed. A progressive
installation procedure is being adopted for the
process services equipment, and is arranged to be
slightly in advance of the associated centrifuge
installation programme. This enables the centri-
fuges to be commissioned without delay.

Centrifuges are now in production on a continu-
ous basis and production rates are being accelerated
to the design level according to programme. In both
plants the initial cascades have been installed and
the centrifuges are operating. Separative work is
being produced to meet orders.



Progressive installation and commissioning of
cascades and support services is continuing and
full output will be established in 1978.

6. FUTURE PLANS

Urenco has already secured firm business in excess
of 2000 te SW/a for delivery in the early 1980's and
beyond. To meet this obligation, two new plants will
be progressively commissioned at Almelo and Capenhurst
from 1979 onwards.

Preparatory design work has already been completed
in support of these projects, and compared with the
current 200 te SW/a plants, substantial improvements
are identified, particularly in respect of lower specific
investment, lower power consumption and reduced man-
power requirements.

In the longer term the Urenco/Centec objective
is to have 10,000 te SW/a of installed capacity by
1988. The anticipated rate of expansion is 1,000 te SW/a
each year from 1982 rising to at least 1,500 te SW/a
per year from the mid-1980's.

7. CONTRACT OPTIONS

The following indicate the types of option
available in Urenco contracts because of the flexi-
bility afforded by the centrifuge enrichment process.

- An order may be placed at any time up to 5 years
before the first delivery. Base quantities of
separative work are specified at this stage.

- Up to 4 years before first delivery, the base
quantities may be increased by up to 40%.
This attracts no cost penalty because the
corresponding plant increments are still
in the planning stage.

- Four years before first delivery the customer
is asked to nominate product and waste
concentrations, quantities of product and
timing of deliveries. This information is
necessary at the detailed plant design stage.
The concentrations and quantities determine the
cascade shapes and the number of cascades
assigned to each product assay. The timing
of deliveries determines the construction and
commissioning schedules.



Up to one year before each delivery the customer
may revise his product assay by up to - 15%.
This can be accommodated by the operational flexi-
bility of individual tranches of centrifuge plant,

8. JOINT VENTURES

In addition to its role as a commercial supplier
of toll enrichment, Urenco/Centec has given much
consideration to potential co-operative activities
with other nations. Joint ventures can take a variety
of forms, including the export of technology.
Clearly in this field appropriate inter-Governmental
security and safeguards arrangements would be a
necessary pre-condition.

9. CONCLUDING REMARK

It is interesting to note that although the
advantages offered by the centrifuge process were
already apparent in the early and mid-1960's,
they have been completely endorsed by recent
trends in the energy field.

Uncertainty has developed in the future require-
ments for enrichment services, due to such factors
as the size of nuclear reactor programmes, decisions
on exploitation of uranium ore and policy regarding
involvement in the various parts of the fuel cycle.
The centrifuge process is well placed, to adjust
to these uncertainties. For the customer, the
lead time between order and supply of toll enrichment
is short, and changing requirements can be closely
matched. For the producer, the facility for adding
increments of any size at relatively short notice,
permits the adoption of a very flexible build-up
policy.

There is also increased emphasis today on energy
conservation and environmental considerations. The
centrifuge process fulfils these requirements to a
degree which alternative commercially available
enrichment processes can never match.

In conclusion, may we say that Urenco/Centec
looks forward with confidence and enthusiasm to a
continuing expansion of its production facilities
and a wider exploitation of its technology so that
it can play its full part in meeting the enrichment
needs of the nuclear industry throughout the world.


