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THE MANUFACTURE OF MTR FUEL ELEMENTS AND Mo99
PRODUCTION TARGETS AT DOUNREAY

Mr John Gibson, UKAEA, Dounreay, Thurso

INTRODUCTION

Uranium/alurninium alloy elements have been produced at Dounreay for nearly 40 years. In
April 1990 the two 131130-type reactors operated by the United Kingdom Atomic Energy
Authority (UKAEA) at Harwell were closed, with the result that a large portion of the then
current customer base disappeared and, to satisfy the needs of the evolving market, the
decision was taken to invest over Y I m in new equipment for the manufacture of dispersed fuels
and molybdenum production targets.

BACKGROUND

Until 1990, the fuel elements produced by the UKAEA were of the following types:

I Tubular-type alloy elements for reactors in the United Kingdom, Germany and Australia:

with extruded fuel tubes (approximately 4000 elements produced)
with the plates electron beam welded to form fuel tubes (approximately 5000
elements produced)
with the plates roll swaged into continuous combs to form a tube-like structure 50
elements produced).

2. Plate-type alloy elements for reactors in the United Kingdom, South Affica and South
America:

0 with flat plates assembled into a box section (approximately 200 elements produced)
0 with either flat or curved plates roll swaged into slotted side plates to form a box-

like structure (approximately 800 elements produced).

Combined with the decision to invest in the dispersed fuel line, there was a commitment to
develop new techniques and products such as:

1. dispersed High Enriched Uranium (HEU) (uranium aluminide) elements
2. dispersed Low Enriched Uranium (LEU) (uranium silicide) elements
3. dispersed HEU targets for Mo99 production (uranium aluminide).

The production of dispersed fuel was a new product for the UKAEA and required the
investment of considerable time and technical expertise for the development of new
manufacturing techniques. This led to the successful completion of a number of projects
including:

1. 6 HEU qualification elements (produced from re-cycled HEU) for the BR2 reactor
in Mol in Belgium. These elements have successfully undergone the necessary
irradiation to qualify the product.
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2. 6 HEU qualification elements for irradiation in the High Flux Reactor (BFR in
Petten in Holland.

3. 2 EU qualification control elements for irradiation in the BIR in Petten.
4. 2 LEU (silicide) qualification elements for irradiation and Post Irradiation

Examination in the HFR in Petten. These elements are currently being irradiated.
5. 1700 Mo99 production targets (flat plates) produced for ECN, Petten.

UKAEA continue to fabricate fuel elements for customers based on the alloy production route
and intend to fabricate further elements using the dispersed fuel line.

The overall market for MTR fuel elements is reducing, however the LTKAEA has a good
potential baseload for the manufacturing plant for many years and intends to maintain a
manufacturing capability to continue to satisfy the needs of the NITR community.

CURRENT PRODUCT DETAILS

The production of dispersed-type and alloy-type fuel plates and targets

The production of both types of fuel consists of the following processes:

Dispersed Fuel Alloy Fuel

Uranium metal casting and size reduction Uranium metal casting and size reduction
UAI,,/U3Si2 button production U/Al alloy billet casting
UAl./U3Si2 powder production Fuel core blanking
Powder sieving, weighing and blending Fuel pack assembly

Z D

Powder compaction Fuel pack rolling
Fuel pack assembly Fuel plate blanking
Fuel pack rolling Fuel plate inspection
Fuel plate blanking
Fuel plate inspection

All fuel element and molybdenum tar-et production in the plant begins with the primary casting
of uranium billets (typically three billets weighing 25 kg each) into rods 20 mm diameter. The
billets are loaded into a graphite crucible and induction heated under vacuum, the heating rate
being closely controlled to allow the evolution of gas from the billets. When gas evolution is
complete, after two to three hours, the furnace temperature is raised until the uranium has
melted. The melt is then bottom-poured into a graphite mould. When the mould has cooled,
the uranium product, in the form of 20 mm diameter rods, is cropped into short lengths
suitable for further processing.

ALLOY-TYPE FUEL PLATE PRODUCTION

The correct proportions of aluminium and uranium, of the required enrichment, are first
weighed out and then cast into a uranium/aluminium billet using a similar method to that for
primary casting. Gas evolution is not a problem with alloy casting but it is important to obtain
complete solution of the uranium in the aluminiurn to obtain an even distribution of uranium in
the alloy billet. This is achieved by superimposing a 0 Hz component on the high frequency
induction coil. Eddy currents are induced in the molten metal and good stirring of the alloy is
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achieved. The temperature is then raised to approximately 100 Celsius above the melting point
of the alloy and the charge is then bottom-poured into a rectangular graphite mould.

After cooling, the billet is removed from the mould, weighed and transferred to an air re-
circulating oven where it is heated to 600 Celsius and rolled down to the required thickness on
a rolling mill. Rectangular fuel core plates are then blanked out from the rolled strip.

Each fuel core plate is then checked for U235 content by gamma counting. The results of the
gamma count are compared with those from an accurately calibrated standard core to give the
precise U23' content of each fiiel core plate to an accuracy of 0.01g. One fuel core plate in one
hundred produced is dissolved and analysed to confirm the U" content.

Each fuel core plate is then assembled in a pure aluminium frame and between two pure
aluminium cladding plates. Prior to assembly, the surfaces of the cladding plates, frame and
fuel core plate are scratch brushed and degreased to remove the oxide layer, which forms on
the surfaces of aluminium, to ensure that a good metallurgical bond is obtained at the
component interfaces during fuel plate rolling. The assembly is then machine argon arc welded
along the longitudinal edges.

The welded fuel packs are heated to 600 Celsius and rolled to the required thickness
(approximately 1.5 mm) following a rolling schedule that produces a fuel plate containing a
fuel core of the required length, width and thickness (around 650 mm x 50 mm x 07 nun but
depends on customer requirements). Rolled fuel plates are placed in a Core Location Unit
where the outline of the fuel core within the cladding is revealed on an x-ray fluoroscope and
positioned against an appropriate graticule. If the fuel core outline is in accordance with the

I I
manufacturing drawing, locating holes are punched in the surplus aluminium at the ends of the
fuel plates. These holes match locating pins in tools on a blanking press where the plates are
blanked to final size.

FUEL PLATE INSPECTION

All components undergo rigorous inspection at each stage of the manufacturing process.

After rolling, the fuel plate is subjected to a blister test by heating to 425 Celsius and soaking
at this temperature for one hour. After cooling, the surfaces of the plate are visually examined
for blisters. The purpose of this test is to check the bond between the fuel core and the
alurninium cladding. Any area of dis-bond may contain air which, after heating of the plate, will
expand, leading to the formation of a blister on the surface. The integrity of the bond is also
checked using ultrasonic inspection equipment. Each fuel plate can be checked against a
standard which can be used to ensure that any defects or indications are within specified limits.

Each plate is also radiographed to allow the filel core dimensions to be checked against the
manufacturing drawing and to check that uranium or alun-�inium segregation in the fuel core is
within specification. The radiographs are also assessed for uranium homogeneity. Any suspect
area can be checked using a gamma counter to ensure that the uranium concentration is within
specified limits. The amma counter is also used to ensure that the distribution of uranium at
specified positions in the fuel plate is within specified limits.
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After chemical cleaning, the fuel plates are checked for alpha contamination before they
undergo final inspection. This involves a dimensional check and an examination of the plate
surfaces for defects such as inclusions, scratches or indentations.

Samples are taken from 1% of fuel plates produced for a destructive examination of the core
and cladding thickness. The samples are punched from the fuel plates, mounted in a resin block
and then polished and etched to allow examination using a microscope to ensure that the
cladding thickness is within specified limits.

DISPERSED-TYPE FUEL PLATES AND Mo99 PRODUCTION TARGETS

Targets for molybdenum production are similar to the fuel plates for fuel elements but are
much smaller measuring 150 mm x 40 mm x 1.5 mm. Each target plate has a AI,, fuel core
containin- about 5.2g of HEU. Targets follow the same manufacturing route as dispersed-type
fuel plates.

Production of dispersed-type fuel plates and targets begins with the arc-melting of uranium and
alum�inium to form UAI,,, for BEU aluminide fuel, and uranium and silicon to form USi2, for
LEU silicide fiiel, in the form of buttons.

The buttons are then ground into powder which, after impurity analysis, is sieved to obtain the
required range of particle sizes. After sieving, sufficient material to give the required uranium
content in one fiiel plate is weighed out. Sufficient aluminium powder to make up the volume
of the fuel core of one fuel plate is then blended with the fuel powder in a small aluminium
container. A operations within the powder processing lines are carried out in an argon
atmosphere which is continuously monitored to maintain the oxygen content at ess than 1%.

Several of these containers are transferred to a hydraulic compaction press where, again under
argon, the powder is carefully poured into precision machined dies and the press activated to
follow an automatic sequence to produce fuel compacts of the required dimensions.

To reduce the incidence of blisters on fuel plates after the blister test, it is necessary to vacuum
degas the compacts prior to fuel pack assembly. Each compact is then placed inside an
aluminiurn frame which is then assembled between two aluminiurn cladding plates and welded
to form a fuel pack.

The type of cladding material used for dispersed-type fuel plate manufacture requires the
rolling temperature to be lower than that for alloy fuel. The fuel packs are heated to 425
Celsius and rolled to the required thickness, as with alloy fuel plate manufacture.

After core location and blanking to size, the fuel plates undergo similar inspection operations
to alloy-type plates.

CLADDING MATERIALS

For alloy fuel, type 1050A aluminium 99.5% purity) is used. With dispersed fuel, there can be
a tendency for fuel particles to penetrate the cladding. As a result, stronger cladding material is
required and type 5251 aluminium alloy is used 17 to 24 magnesium). For Mo99
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production targets, although a dispersed fuel, 1050A aluminium is used for the cladding. This
is necessary to maintain the purity of the product after the molybdenum extraction process.

The rollin- characteristics are different for different cladding materials. The bonding of the fuel
plate components is more difficult with the aluminium alloys required for dispersed fuel due to
the formation of magnesium oxide on the surfaces of the components at elevated temperatures
which interferes with the bonding process. Different rolling parameters are required, ie. pre-
heat and re-heat temperatures, soak times, number of passes through the rolls, and percentage
reduction in roll gap between each pass and much time has been spent in determining the
process variables.

The type of cladding material used also affects the shape of the fuel core within the aluminium
cladding. The rolling process has the effect of localised thickening of the fuel core at the
trailing end of the rolled fuel plate (a phenomenon known as dog-boning), which can result in a
reduction of the thickness of the aluminium cladding. Cladding component design and plate
rolling procedures must ensure that the effect of dog-boning is accounted for and the fuel plate
cladding thickness is within specification

ELEMENT TYPES

The fiiel elements produced are, in general, either of the concentric tubular or plate-type
design.

• Concentric Tube Fuel Element

Electron Beam Welded (see Fig 1)

Three of the roll-bonded fuel plates are formed into 1200 curves and then electron beam
welded along the longitudinal edges to produce a circular fuel tube. Four tubes, of different
diameters, are assembled concentrically using support combs to maintain coolant channel
gaps between the tubes. This assembly is then enclosed in an aluminiurn outer tube and top
and bottom end fittings to form a complete fuel element. The outer aluminium tube can be
alloyed with a small quantity of boron (typically 0.4g).

Roll-swaged (see Fig 2)

Three curved fuel plates are assembled into three continuous slotted combs and grooves are
cut along the length of the combs thus securing the fuel plates in position. The depth of the
grooves is controlled to achieve the required swaging strength.

Plate-type Fuel Elements (see Fig 3)

The individual fuel plates (either flat or curved depending on customer requirements) are
assembled into slotted side plates and then secured by roll-swaging. Typically up to 21 fuel
plates are secured in this fashion to form a rectangular-section fuel box. End fittings are
fixed to the box, by welding or riveting, to complete the fuel element assembly.
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QUALITY ASSURANCE

To give our customers value we aim to achieve the highest quality and best performance and
must out-perform our competitors whilst reducing costs. The MTR Fuel Fabrication Plant
continues with the philosophy of providing accurate documentation to assure customers of
quality products and compliance with areed manufacturing methods and parameters.

As a result of these efforts, in July 1994 the Quality Management System of the MTR Fuel
Fabrication Plant was approved by Lloyd's Register Quality Assurance Limited to ISO
9002:1994,

Customer audits indicate that we are achieving good results and continue to meet programmed
delivery dates.

CONCLUSION

MTR fuel elements have been fabricated at Dounreay for nearly 40 years for customers on five
continents. To date approximately 10,000 fuel elements have been manufactured, comprising a
total of around 150,000 fuel plates.

The UKAEA has invested over Elm in new plant and equipment in support of dispersed fuel
production and have developed the necessary manufacturing techniques to enable quality fuel
of this type to be fabricated on a production basis. High levels of investment in recent years
have been geared to reducing costs and developing new business as well as improving safety
and quality.

The UKAEA will continue to work alongside customers and suppliers, offering technical
support and endeavouring to respond appropriately to customer feedback, establishing and
maintaining working relationships that ensure that such feedback is absorbed into our planning
and quality management strategies. This is achieved by ensuring that our organisational
structure enables us to be accessible, agile and responsive to customer needs and that key staff
are available.

For the immediate future, three main priorities will shape our efforts - safety, quality and cost.
The long term future of the MTR Fuel Fabrication Plant at Dounreay rests firmly in the belief
that we have the vision, the people, the capabilities and the commitment to satisfy our
customers needs well into the next century.
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Fig. 1Electron beam welded tubular type fuel element
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