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ABSTRACT

UKAEA at Dounreay has been reprocessing MTR fuel for over 30 years. During that time
considerable experience has been gained in the reprocessing of traditional HEU alloy fuel and more
recently with dispersed fuel. Latterly a reprocessing route for silicide fuel has been demonstrated.
Reprocessing of the fuel results in a recycled uranium product of either high or low enrichment and a
liquid waste stream which is suitable for conditioning in a stable form for disposal. A plant to provide
this conditioning, the Dounreay Cementation Plant is currently undergoing active commissioning.

This paper details the plants at Dounreay involved in the reprocessing of MTR fuel and the treatment
and conditioning of the liquid stream.

INTRODUCTION

The MTR reprocessing plant at Dounreay has operated for over 30 years and has just completed its
61 st campaign. During that time nearly thirteen thousand elements from all over the world have been
reprocessed. The plant was originally designed to reprocess fuel from the UKAEA MTR reactors at
Harwell and Dounreay and from the university research reactors at East Kilbride, Manchester and
Ascot. The first reprocessing of overseas fuel took place in 1962 when 25 Danish HEU elements
formed part of the 17th reprocessing campaign. Since 1962 fuel from Australia, France, Germany,
South Africa, Greece, Japan and Sweden has been reprocessed at Dounreay. A list of MTR elements
reprocessed to date is shown in Table .

COUNTRY NO. ELEMEENTS URANIUM (kg)
United Kingdom 9306 1438.3
Belgium 240 59.5
Spain 6 10.8
Denmark 950 105.6
France 289 98.1
Australia 264 32.2
India 83 14.0
Germany 918 135.4
South Africa 216 29.5
Greece 39 29.6
Sweden 168 24.8
Japan 410 82.7
TOTAL 112889 1 2060.5

Table 1: Elements Reprocessed 1958-1996

The reprocessing plant at Dounreay has traditionally been run on a campaign basis. A typical
operating campaign is between six and nine months in duration and may involve the reprocessing of
anything between 300 and 900 elements. The operating mode of the plant is dictated by the workload:
for a small campaign the plant can be operated for five days a week, employing a two shift system; for
larger campaigns 24 hour, 7 day a week working on a three shift system is used.

As the scope of activities carried out in the Dounreay MTR Reprocessing facility are of a standard
nature it has been possible to develop, over the years, a "Standard MTR Reprocessing Contract." The
main historical variance from contract to contract concerns the ftiel details and transport arrangements.
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Commercial Contracts
The UKAEA will help customers, to arrange for the transport of the fuel to Dounreay. Flask receipt at
Dounreay is charged at a per flask rate, flask return is at the customers expense. On receipt of the flask
the UKAEA will unload the flask and store the fuel pending reprocessing. Prior to reprocessing the
UKAEA will, if possible, crop the customers elements to remove excess aluminium, for a fixed charge
per element. The activities carried out in reprocessing the fuel include; weighing, element cropping,
dissolution, uranium recovery as uranyl nitrate, accountancy and analysis. These reprocessing
activities are charged at a fixed rate per kg total metal. On completion of the reprocessing the UKAEA
will convert the customer product to either oxide or metal, this is charged at a standard conversion rate
per kg of product, depending on the product required. Should the customer wish for his product to be
at a lower enrichment, down blending can be carried out as part of the conversion and will not incur an
additional charge. The product will be stored at Dounreay for up to 3 months, as part of the
reprocessing price; beyond 3 months, storage will be charged at a per kg U235 rate. Also included in
the reprocessing price is the storage of liquid ILW, for up to years, and the cementation of the ILW.
Storage of the cemented ILW will be charged at a drum rate per year. All UKAEA reprocessing
contracts contain a standard clause requiring commitment to Return of Waste as required by the UK
Government and as supported by intergovernmental agreements.

THE DOUNREAY MTR REPROCESSING FUEL CYCLE

Fuel Transport

Fuel is transported from the reactor sites to Dounreay under 1AEA transport regulations. A number of
transport routes are available, with flasks being transported by road and rail to a port, by sea to the
United Kingdom and by road to the site.

Once on site the flasks are unloaded to a dedicated storage pond. The pond has the capacity to hold
over a thousand elements and this enables fuel to be stockpiled before a reprocessing campaign is
commenced. The storage pond is equipped with a 25 tonne crane and is designed to allow the handling
of most MTR flasks.

Fuel Transfer for Breakdown

Once a campaign is commenced the elements are transferred for reprocessing using internal transport
flasks. For standard elements the fuel break down is carried out in the fuel handling pond of the
reprocessing plant. For larger elements a dedicated disassembly cell in one of the other facilities on
the Dounreay site is used.

THE MTR REPROCESSING PLANT

The reprocessing plant contains the facilities necessary to cut up the elements, dissolve them and
separate the uranium from the actinides and fission products. The process results in two waste streams,
a ILW raffinate which contains over 99.9% of the fission products and a low active raffinate which
results from the purification of the uranyl nitrate product.

Experience has shown that alloy and dispersed fuels of a variety of enrichments are most successfully
processed by tailoring the element handling, cropping, dissolution and extraction processes to suit the
different fuel types.

HEU Alloy Fuel

HEU alloy has been the traditional feed-stock of the MTR plant. The elements may be either tube or
plate type but are essentially treated in the same way.
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The elements are transferred to the plant and loaded into a buffer storage matrix in the fuel handling
pond. Depending on the uranium content and the weight of the elements either one, two or three
elements are processed as a batch.

Element Dismantling
To prepare a batch of fuel for dissolution the elements are weighed under water using an electronic
balance. The elements are then fed through a hydraulic cropper which cuts them into cm pieces. The
pieces are then re-weighed to ensure that all of the fuel is charged to the dissolver. The element
weights are recorded and corrected to show the true weight of the elements to take account of the
buoyancy effect of the water. This weight provides the basis for flowsheet calculations and for charges
to the customer.

During the cropping process there is some leaching of activity from the elements into the pond water.
To ensure that the radiation from the pond is minimised there is aPond Clean-Up Unit. This unit
consists of two parallel filters and ion exchange columns. The filters remove any particulate from the
water, whilst the ion exchange columns remove dissolved activity. The Pond Clean-Up Unit is able to
reduce the pond water activity by a factor of ten on a single pass and is very successful in reducing the
radiation levels in the pond water.

Dissolution
The plant contains two dissolvers each with a 160 litre capacity. The cropped pieces of fuel are
charged to the dissolver using an elevator which lifts the fuel from the pond and deposits it into a
charge chute, through which it enters the dissolver. Uranium dissolves readily in nitric acid, however a
mercury atalyst is used to ensure that the aluminium dissolves.

The dissolution conditions are adjusted so the hydrolysis of aluminium nitrate can take place to
produce an anion deficient solution which contains the AI(NO3) (O 3 complex. There are a number
of advantages to using an anion deficient flowsheet: the removal efficiency of fission products is
extremely high and the solubility of the aluminium is improved, enabling the volume of raffinate to be
reduced. The equilibrium diagram for the acid/aluminium system is shown in Figure 1. This clearly
illustrates the increased solubility of aluminium on the acid deficient side.

Figure 1: Equilibirum Phase Dagram -Aluminium/Acid System
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The ratio of acid to aluminium. added to the dissolver is carefully controlled to ensure that the resultant
solution always lies in the homogenous phase of the equilibrium system.

The dissolution reaction takes place over six hours during which time the dissolver is continually
refluxed.
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Solvent Extraction
The solvent extraction plant operates with two cycles, the first cycle removes over 99.9% of the fission
products and the second cycle purifies the product. Mixing is achieved through the use of motor
driven paddles.

In Cycle I the dissolver liquor is fed to the extractor box with a ferrous sulphamate solution and
contacted with 3 tri-butylphosphate(TBP)/kerosene. The ferrous sulphainate converts any in-bred
plutonium to the PuIll oxidation state which prevents it being extracted into the solvent, The loaded
solvent is then fed to the strip box where it is contacted with an aluminium nitrate solution to transfer
the fission products back to the aqueous phase. The uranium bearing solvent is then back-washed
under low acid conditions to give a uranyl nitrate product.

The second cycle of the solvent extraction plant works in the same way as the first but with the
percentage of TBP in kerosene increased to 6.

Dispersed Fuel

Dissolution and solvent extraction operations for dispersed fuel are carried out using standard
flowsheets that have been developed at Dounreay. However experience has shown that, when exposed
to pond water, dissolution of Cs-137 from the fuel elements takes place, increasing pond activity
levels. Alternative procedures are now adopted for the element handling of dispersed fuel to limit the
dissolution of caesiurn. The ion exchange columns of the pond clean up unit are able to remove the
dissolved activity from the water.

There is also fission gas release from dispersed fuel elements during cropping. This gas has been
analysed and the results are shown in Table 2 The table shows that the gases which are released are
not in themselves radioactive and the rise in pond water radiation is purely due to the dissolution of
ceasium.

ELEMEENT % CONTORTION
Krypton 0.68
Xenon 3.16
Hydrogen 19.4
Helium 75.6
Argon 1.13

Table 2 Composition of Evolved Gas from Dispersed Fuel Elements

Element Handing
Element handling procedures are adjusted for dispersed fuel to minimise the time the fuel is exposed to
pond water. Normal handling involves weighing the elements for the batch, cropping the batch and re-
weighing the pieces. The batch is then charged to the dissolver.

For dispersed fuel the elements are cropped and the pieces charged immediately. This ensures that the
time that the fuel is in contact with the water is minimised and the increase in pond water activity is
limited.

Silicide Fuel

A considerable amount of research into the reprocessing.of silicide fuel has been undertaken by the
UKAEA at Harwell. This has indicated that finely divided silica remains as a solid after dissolution
and that polysilicic acid is present in solution. Both these factors have the potential to interfere with
the solvent extraction process and the presence of finely divided solid material can affect the operation
of valves and transfer systems. In addition silicide fuel contains far more plutonium than HEU fuel
due to the material in-bred in from the U23 8.



At Dounreay we have recently undertaken the reprocessing of sicide fuel in the MTR reprocessing
plant. The elements reprocessed originated from the RERTR programme to develop sicide fuels in the
Netherlands.

The reprocessing of these elements as proved tat HI scale reprocessing of silicide fuel is possible
although the plant would require some modification before a large reprocessing campaign of silicide fel
could be commenced, to enable the removal Of Sl1CeOLIs aterials prior to solvent extraction.

For the purpose of this trial the dssolution and solvent extraction procedures were adjusted to allow the
silicide fuel to be processed through te plant.

Dissolution
Research has shown tat the effects of silicic acid on solvent extraction are increased for an anion
deficient flowsheet. Dissolution of sicide fel therefore akes place on an acid flowsheet to give a
solution which contains Al(N03)3 and a excess of HN03, This type of flowsheet has been used
frequently in the past in the MTR reprocessing plant and is used as a standard flowsheet in other
reprocessing plants. The standard dissolution tme of 6 hours is used ad sparges are operated until the
liquor is transferred from the dissolver to the next process vessel to rnininuse te settling of silica.

Solvent Extraction
To mImise the effect of silicic acid o the solvent flowsheet the flowsheet is modified. The feed to the
plant is diluted by the co-feeding of three molar acid to the extraction box. The feed rate of ferrous
sulphamate is also doubled to ensure tat all the plutonium in-bred from the U-238 is converted to the
Pu III form and rejected in the raffinate.

The Optimised Flowsheet
The flowsheet for silicide reprocessing uderwent development during the recent campaign. The
optimised flowsheet resulted in a uranium etraction efficiency of 98% a plutonium content in the
product of less than 10 parts per million and a similar raffinate volume per kg of uranium processed as
that produced by the reprocessing of HEU alloy ftiel.

THEPRODUCT

The solvent extraction process produces a very pure product. The specification for a typical product is
shown in Table

I Boron Equivalence < 25 pprn
2 Uranium Isotopics -- as detemilned

Total Impurities less than 1500 ppm
4 Fission Product Content < 37 E4 Bq/g
5 Plutonium I < 250 Bq/g

Table ): Typical MTR Uranium Product after Reprocessing

The enrichment of the fel Is maintained throughout reprocessing and the ranium can be re-used in
several ways. Uranium as recovered or at a slightl oer erichment can permit certain reactors to
achieve continuity of fuel supply until low enriched fuels of sufficient density are available. For
reactors already converted to LiU. facilities are available at Dounreay for down blending recovered
uranium to the desired enriclinient and to prodLiCe uranium In the required forrn.

WASTE

There are two liquid aste tpes produced by te solvent extraction plant.
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The waste stream produced from Cycle I raffinate contains over 99.9% of the fission products and is
held as a liquid in underground storage tanks for at least five years. It is then transferred to the
Dounreay Cementation Plant for immobilisation.

A low active waste stream is produced from cycle 11 raffinate which contains very small quantities of
fission products. This waste stream is sampled and is discharged to sea with other plant effluent the
site discharge authorisation.

Environmental Discharges
Radioactive discharges to the environment from the reprocessing of irradiated fuel at Dounreay are
controlled under an authorisation issued by the UK Government's Scottish Office. In assessment of
the permitted discharge from the site, the Scottish Office considers the effect of individual radioactive
species on the environment and on critical groups of individuals. The limits that are indicated from
this study are then reduced to give a site discharge limit which must be adhered to.

The discharges resulting from the 1996 reprocessing campaign were:

Alpha Beta
Liquid Discharges: 1.2 E9 Bq 4.8 E10 Bq
Gaseous Discharges 7.7 E3 Bq 2.7 E6 Bq

These represent a maximum of I% of the site discharge limits in terms of alpha and beta activity.

ILW WASTE TREATMENT IN THE DOUNREAY CEMENTATION PLANT (DCP)

The Dounreay Cementation plant is currently undergoing active commissioning. The plant is designed
to accept MTR raffinate after five years storage and to immobilise it in a cement matrix for disposal.
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Figure 2 Schematic Diagram of DCP Process

The Cementation process essentially consists of the receipt of MTR raffinate from the underground
storage tanks via a dedicated transfer line into a reception vessel. There it is sampled and analysed to
determine the volume of sodium hydroxide required to neutralise the solution.

The neutralised liquor is mixed in precise drum volume batches with blast furnace slag, Portland
Cement and hydrated lime in a 00 litre drum and allowed to cure for a minimum of 24 hours.

The drum is progressively transferred through the cementation plant until it arrives at the grout capping
station. he remaining drum ullage is filled with cement and the drum lid locked. The drum is
checked for external contamination before being transferred for storage.
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An interim drum store is available at Dounreay for the storage of the cemented waste before transport
to the final repository. For UK fuel this will be the NIREX repository and for overseas fuel it will be a
repository in the country of origin.

Figure 2 shows a schematic diagram of the Dounreay Cementation Plant.

RADIATION DOSE UPTAKE TO THE WORKFORCE

The monitoring of dose uptake to the workforce is an essential part of the management of fuel
reprocessing. Dose restraint objectives are set at the beginning of a reprocessing campaign based on a
detailed dose budget. Dose is monitored on a daily basis and is controlled against the dose restraint
objectives.

For the reprocessing campaign that has just been completed the total dose to the twelve operators was
42.86 mSv. This is equivalent to an average operator dose of 357 mSv and a dose per element
reprocessed of 0.2 mSv. This is well within the corporate dose limit of 15 mSv.

Continual improvements are made to the plant and to operating procedures to minimise the dose uptake
to personnel.

SAFEGUARDS

Operation of the reprocessing plant at Dounreay is subject to constant surveillance by Euratorn
Inspectors. Euratorn spend approximately 500 mandays on site and are always on hand to witness and
record material transfers and smpling procedures.

CONCLUSION

Dounreay has traditionally reprocessed EU alloy, however, in recent years, the MTR plant has
diversified and reprocessed a significant quantity of dispersed fuel. The reprocessing of the two
silicide elements in the recent campaign shows a clear commitments to a future for the plant which
includes the reprocessing of high density LEU silicide fuel.
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