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Abstract.

The Purex process has been developed over many years from a process supporting
military programmes in the 1940's with the emphasis on production of a single
product to today's sophisticated large scale commercial plants designed to separate
Uranium and Plutonium as high quality products. The plants have been designed, and
are operated so as to discharge minimal aerial and liquid effluents whilst at the same
time minimising arisings of liquid and solid waste. The scope of the facilities includes
treatment of such wastes to create a form that is suitable for interim storage prior to
final disposal. Typical of such plants are Thorp at Sellafield and UP3 at Cap La
Hague, where plutonium dioxide is separated for the production of Mixed Oxide Fuel
(MOX).

Purex is a viable process with scope for further enhancements to meet the evolving
needs of customers, regulators and the other key stakeholders. It is the product of 60
years continuous development and improvement at Industrial scale based on intensive
R&D programmes ranging from trials on small scale active plant to development and
proving work on full scale inactive pilot plants. The most recent plants at Sellafield
and Cap La Hague incorporate the latest developments, producing high quality
products with low environmental discharges and very low worker doses. The risks
associated with operation are well defined, managed effectively and are seen as
acceptable in context of modern nuclear industrial facilities.

It is imperative to continue to target reductions in environmental impact and
improvements in plant efficiency to reinforce sustainability of plant operations way
into the future given the increasing focus of society on all forms of industrial
undertaking.

A number of successful enhancements have been made to the process at the Thorp
reprocessing plant at Sellafield. After a long and detailed Research and Development
programme followed by an intensive design/construction project, Thorp was
inactively commissioned with first active shear in March 1994. From these testing
activities, Thorp obtained its Operational License from the UK Regulator the Nuclear
Installations Inspectorate (N.I.I), in August 1997. This was a full 23 years after first
conceptual design began. The plant has now reached a mature stage in its operation,



following successful active commissioning demonstrating flowsheet or better
performance in the solvent extraction cycles. Improvements continue to be sought to
achieve a range of objectives. Against a background of ever tighter regulatory control
both in terms of safety and environmental discharge, BNFL are continuing to invest in
further developments with short, medium and longer term objectives to improve plant
throughput; expand the range of feed fuels; further reduce environmental discharges
and dose uptake, reduce waste volumes, reduce energy demands and decrease running
costs. This paper describes some of these enhancements.

A basic requirement in the design and development of Thorp was to minimise the
extent, size and complexity of the process equipment in contact with radioactive
material, so as to minimise operator radiation dose and reduce capital and operating
costs. This was achieved by using an "early split" flowsheet with U-Pu separation in
the first solvent extraction cycle. Careful flowsheet design, development and proving
also allowed single cycles only to be used for the subsequent uranium and plutonium
purification stages. Another two important principles used in the design of the solvent
extraction cycles were firstly to use "salt-free" reagents for valency state adjustment
so as not to restrict the ability to concentrate and encapsulate waste streams. Secondly
the use of pulsed, perforated plate columns as solvent extraction contactors to allow
safe operation with respect to criticality risks with the associated higher plutonium
concentrations of oxide fuel. The relatively short contact time minimising solvent
degradation from the increased amounts of fission products.. The success of these
measures is demonstrated in Thorp by the large proportion of all waste activity
retained in glass or cement media (over 99.99%), the minimal impact of Thorp on
Sellafield liquid waste discharges (generally 2% or less of Site Discharge limits) and
the low losses of plutonium and uranium to all waste streams.

Reprocessing plants have design lives typically in the range often to thirty years and
need to be flexible as the characteristics of fuel to be reprocessed will change over
time, reflecting improved fuel utilisation in power generation, and modifications of
the specification of end products can be expected during the plant lifetime. A
continuous feedback of actual operating results is necessary to improve efficiency
from both technical and economic points of view.

The paper demonstrates the practical application of improvements to the Purex
process at an industrial scale with the constraints imposed by technical, regulatory and
commercial requirements. Successful examples will be addressed which illustrate the
logical progression from technical concept, strategic decision taking and optioneering,
front end engineering definition, design and initial safety approval, regulatory
approval leading to effective plant implementation and proving,.

The technology base has been kept up to date for 60 years. Continuing development is
required to underpin the business effectiveness of the initial massive investment. This
paper demonstrates that the Purex process is well proven and therefore represents the
true benchmark against which other comparable processes need to be judged
particularly with respect to aerial and liquid discharges but also in terms of
minimising waste production, operator dose uptake and safety. BNFL will continue
with developments in order to "future proof the plant.


