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ABSTRACT

To ensure that our production and inspection processes are performed in an
acceptable manner, ie. auditable and traceable, the MTR Fuel Element
Fabrication Plant at Dounreay operates to a documented quality system. This
quality system, together with the fuel element manufacturing and inspection
operations, has been independently certified to ISO9002-1987, EN29002-
1987 and BS5750:Pt2:1987 by Lloyd's Register Quality Assurance Limited
(LRQA). This certification also provides dual accreditation to the relevant
German, Dutch and Australian certification bodies. This paper briefly
describes the quality system, together with the various inspection stages
involved in the manufacture of MTR fuel elements at Dounreay.

INTRODUCTION

Each type of MTR fuel element is produced in accordance with a manufacturing
specification and a set of manufacturing drawings agreed between the fabricator and the
reactor operator or his representative. The specification sets down the scope and general
conditions, the requirements of the manufacturing method, together with the inspection
requirements and acceptance criteria. In addition to the specification, an inspection
schedule is normally produced which includes all of the supporting documentation such as
the inspection and record sheets and certification.

The operation of the fabrication plant and the management of the various contracts
passing through it are carried out to a documented quality system which consists of the
following:

• Quality Assurance Programme
• System Procedures
• Support Procedures
• Specific Instructions
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All personnel working in the fuel fabrication plant are responsible for the quality of
the products manufactured. However, to ensure that the decisions of inspection personnel
are not influenced by production requirements, the plant is organised such that the
inspection department operates independently from the production department.

Inspection operations are carried out on raw materials and bought in components
and are performed on the production stages from:

• raw materials to fuel core/compact manufacture
• core/compact to finished fuel plates
• fuel plates to fuel box assembly
• fuel box to fuel element assembly

The inspection department also administers the calibration of all inspection,
measuring and test equipment used within the Plant as well as the maintenance of a system
to manage Quality Records.

QUALITY ASSURANCE PROGRAMME

The QA Programme is a stand alone document which provides the following:

• a clear statement regarding the quality policy objectives of the Plant

• a description of the organisation and the delegation of responsibility and
authority relevant to the operation of the Plant

• a description of the Quality Management system
• a description of the arrangements relating to the management of safety.

SYSTEM PROCEDURES

System procedures have been developed to cover:

• Management Review

These reviews are carried out to examine management objectives,
implementation methods, achieved results and the continuous improvement and
development of the applied quality system. They consider the results of QA
monitoring, audit reports, non-conformance reports, customer feedback and post
job reviews.

• Quality System

This procedure describes the implementation of the quality system within the
Plant to satisfy the requirements of BS 5750:Part 2:1987.
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Control of Non-conforming Product

This procedure covers the arrangements for the identification, marking,
segregation and reporting of non-conforming product. It also covers the
requirement for the review of non-conformance reports and the maintenance of an
inspection non-conformance register.

Quality Records

This procedure sets out the arrangements for the establishment of a records
system, the categorisation of records, their storage, preservation and safekeeping.

Internal Quality Audits

This procedure describes the arrangements for controlling the management,
performance and recording of internal quality audits carried out in compliance with
BS 7229: Quality Systems Auditing.

SUPPORT PROCEDURES

A number of support procedures have been developed to cover the following:

• Contract Review

• Document Control
• Inspection, Measuring & Test Equipment
• Training

SPECIFIC INSTRUCTIONS

Specific instructions are prepared to cover production operations, inspection
operations and other safety related operations performed in the Plant. To permit audits
and inspections to be performed smoothly, a full set of instructions is prepared for each
discrete inspection and production operation associated with every manufacturing
contract.

INSPECTION OF FUEL ELEMENTS

• Raw Materials

The raw materials, ie. uranium metal, aluminium, silicon and burnable poisons, are
analysed for enrichment and impurities and are certified to demonstrate compliance with
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the manufacturing specification. The structural materials, clad materials and weld filler
materials are also certificated to demonstrate that their mechanical properties comply with
the relevant British Standard. For MTR fuel elements, the acceptable levels of impurities
in the aluminium are sometimes stricter than is acceptable in commercially available grades
of the material. When this is the case, extra material analysis is required to ensure that the
cast of material selected meets the required specification.

• Bought-in Components and Assemblies

Bought-in components and assemblies are manufactured by approved vendors
following an approved quality plan. Generally, a minimum often percent of the bought-in
components and assemblies are inspected on receipt by our inspection department and,
depending on the results of this inspection, the batch of components and assemblies is
either accepted or rejected or a greater level of inspection may be imposed. The level of
inspection follows the recommendations given in BS6001, Sampling Procedures, and
Tables for Inspection by Attributes.

• Inspection From Raw Materials To Fuel Core/compact Stage

Fuel compacts are produced by first arc melting uranium and either silicon for LEU
fuel or aluminium for HEU fuel together to form buttons of uranium silicide or aluminide.
The buttons are then ground into powder which is sieved to obtain powder of the required
range of particle sizes. The required quantities of the different powder size fractions are
weighed out to provide the necessary total fuel weight for one compact. The fuel powder
is then blended with the required quantity of aluminium powder so that the resultant
compact is of the required dimensions. After blending, the composite powder is
compressed to form a finished fuel compact.

For each batch of uranium, a data sheet is produced specifying the required weights
of uranium and silicon or aluminum to be arc melted into buttons. The data sheet also
includes the relevant cast numbers and batch numbers for each type of material used. Prior
to arc melting, the materials are weighed out and independently checked by an inspector.
The weights of the resultant buttons are also recorded and checked. Strict control of the
uranium weight in each compact is achieved by accurately weighing the powders to within
O.Olg.

After grinding and sieving, a data sheet is produced for each batch of fuel powder
which details the relative weights of the fuel powder size fractions used, together with the
necessary weights of aluminium powder required to produce a fuel compact. All of these
weights are recorded for each compact produced and are checked by an inspector.

After compaction, each compact is check weighed and dimensionally inspected for
compliance with the relevant drawing.
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From the inspection of the raw materials to the finished compacts we are able to
provide fUll analysis of the uranium, silicon, aluminium and U3Si2 and UA1X powder as
well- as enrichment details and isotopic composition of the uranium, together with the
compact weight and compact dimensions.

• Inspection From Fuel Compact To Fuel Plate Stage

Prior to assembly, each fuel compact is vacuum degassed to remove any moisture or
entrapped gasses and the aluminium components are chemically cleaned to remove the
oxide film from the mating surfaces. Each fuel compact is placed in an aluminium picture
frame which is then assembled between two aluminium cladding plates. The whole
assembly is then argon arc welded around the periphery leaving a gap at the trailing end to
allow air to escape during the rolling process. The assembly is then degassed prior to the
fuel plate rolling stage.

Each fuel pack is uniquely identified and the identification numbers of the
components (clads, frames and fuel compacts) are recorded and checked by an inspector.

• Inspection From Fuel Plate To Fuel Box Stage

Fuel plates are inspected for the following features:

• Cladding Bond Integrity

• Fuel Core Location
• Uranium Distribution
• Uranium Homogeneity
• Dimensional Compliance
• Surface Condition
• Surface Contamination

Cladding Bond Integrity

After rolling, each fuel plate is subjected to a standard blister test to examine the
bond between the fuel and the aluminium cladding. This test is supported by an ultrasonic
examination, the procedure for which involves scanning a standard fuel plate containing
defects of known size; once in the morning before scanning production plates and once at
the end of the working day. The amplitude of the ultrasonic signal received by the
transducer is displayed on a colour monitor by suitable software to give a plot showing
the variation of signal strength over the plate surface. The scanning parameters and
software settings are adjusted such that the standard defects appear no smaller than their
true size. With these settings, any indications that appear on the scans of the production
plates are considered as bonding defects and, if they are larger than the acceptable
equivalent diameter quoted in the manufacturing specification, the relevant fuel plate is
rejected.

225



One of the problems with the ultrasonic examination of fuel plates is associated with
the existence of core edge effects. These are indications which appear around the
periphery of the fuel core at the interface between the fuel core and the aluminium
cladding (see Figure 1).. These indications have been found to be due to the effect of the
shape of the fuel core at the interfaces. At a well defined interface, the amplitude of the
ultrasonic signal will be unaffected but, when the edge of the fuel core is rounded or
irregular, the signal is deflected such that the amplitude of the reflected signal, expressed
as a percentage of the transmitted signal, is significantly reduced. As a result, if the edge

of the fuel core is too irregular, it is sometimes not possible to distinguish between
bonding defects and core edge effects. This phenomenon is particularly evident with LEU
fuel plates and, although this is partly due to the high density of uranium in the fuel, we
have found that the most important factor is the shape of the fuel core at the interfaces
(see Figure 2).

Fuel Core Location

As-rolled fuel plates are individually placed in a Core Location Unit to precisely
locate the fuel core prior to blanking the plates to size. X-rays pass through the plate and
impinge on a fluorescent screen giving an image of the fuel core (see Figure 3). The plate
can be moved horizontally and vertically such that the fuel core can be located against a
graticule. Once the core position is fixed, two locating holes are punched in the excess
aluminium at the ends of the plate. These holes allow the plates to be located on dowels
on blanking tools enabling the plates to be blanked out to the required size.

Uranium Distribution

Uranium distribution in the fuel plates is determined using a gamma counting technique.
Each fuel plate is counted and the results are compared with the results obtained from a
standard fuel plate which has been qualified by chemical analysis. The plates are counted
at prescribed positions along the centre line.

Uranium Homogeneity

Each fuel plate radiograph is assessed for uranium homogeneity using penetrameters
containing known amounts of uranium produced from specially rolled fuel plates. The
penetrameters are blanked out from three fuel plates, one containing uranium at nominal
fuel weight less 10%, one at nominal plus 10% and one at nominal plus 20%. Three sets
of penetrameters are radiographed at the same time as the fuel plates, one set adjacent to
the middle of the plate and the other sets adjacent to each end to counter the effects of
variations in film exposure along the length of the fuel plates. If there are any areas of
aluminium or uranium segregation evident on the radiograph, they can be compared to the
penetrameter density reading using a densitometer. The gamma counting equipment, used
to determine uranium distribution, can also be used to measure the uanium content in any
given area to determine the extent of uranium segregation.
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Figure 1 Ultrasonic Scan of LEU Plate Showing Core Edge Effects at Leading and
Trailing Ends
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Sketches of Leading End, Trailing End & Transverse Sections of Typical Fuels.
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Figure 3 Core Location Unit
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Dimensional Compliance

Fuel plates are hot rolled following a rolling schedule that produces a metallurgical
bond between the fuel core, the aluminium picture frame and the aluminium cladding
plates. The rolling schedule must also produce plates containing fuel cores of the required
dimensions, ie. width, length and thickness. One percent of each size of fuel plates
produced are destructively examined to check the fuel core and cladding thickness at
prescribed positions on the fuel plate (see Figure 4). These samples are also used to
determine the extent of dog-boning at the ends of the fuel cores.

Surface Condition

After chemical cleaning, all fuel plates are visually examined for surface defects such
as pits and scratches. The position of any such defects is recorded using a grid reference
system. Significant defects are examined in detail to determine their depth using a purpose
designed instrument (see Figure 5).

Surface Contamination

Fuel plates and tubes are checked for the presence of surface alpha contamination.
The items to be checked are placed inside a chamber which is filled with an argon/methane
gas mixture and an alpha proportional counter indicates the level of contamination
present. This equipment is checked using a standard fuel plate and fuel tube.

The fuel plates which have successfully completed the above inspections are
presented to the customer or his representative for acceptance. If they are acceptable, the
fuel plates are released for the next stage of manufacture.

Depending on the design of fuel element being produced, the plates are either roll-
swaged into fuel boxes or are manufactured into fuel tubes. In both cases, the plates are
first formed to the required radius of curvature.

• Inspection From Fuel Box To Finished Fuel Element Stage

For tubular type elements, three curved fuel plates are electron beam welded
together to form a fuel tube. After welding, the fuel tubes are compressively sized on a
mandrel to ensure that they are of the required dimensions. Four fuel tubes of different
diameters are then assembled concentrically to form a fuel box, using combs at each end
of the tubes to maintain the coolant channel gaps between the tubes.

For plate type elements, the fuel plates are secured into slotted side plates, or
continuous combs depending on the design of fuel element, by roll-swaging. A heavy
swaging head carries two hardened steel wheels which cut into the aluminium lands
between each slot in the side plates or combs. The fuel plates are successively slipped into
the slots and the swaging head is adjusted to the required height. The swaging head is then
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Figure 4 HEU Fuel Plate Micrographs
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Figure 5 Surface Defect Depth Measuring Equipment
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moved along the fuel plate and, as it moves, the wheels force the edges of the slots into
the fuel plate locking it into position. Each fuel plate is assembled in the same way until
the fuel box is completed.

After assembly, each fuel box is inspected to ensure that it complies with the
manufacturing drawings. The main feature of inspection being the coolant channel gaps
which are checked using wire gauges of the required diameter.

To ensure that the strength of the swaged joint is greater than a specified minimum
value, it is necessary to carry out pull tests on a dummy fuel box. The swaging settings
used for the dummy box are then reproduced for the swaging of fuel boxes containing
entiched uranium.

After the fuel box has been assembled, the next stage is to attach the remaining
structural components. For tubular type elements, the fuel box is welded inside an
unfuelled outer tube and to an upper tube assembly and a lower guide nose. For plate type
elements, the fuel box is secured to the structural components either by welding or
rivetting. When welding is selected as the securing method, it is often necessary to leave a
machining allowance on the components to account for any heat induced distortion that
may occur.

Final inspection of the fuel elements involves ensuring that all important dimensions
are within the specified limits, the identification numbers are correct and that all the
documentation meets the requirements of the manufacturing specification and the
inspection schedule.

• Calibration of Inspection, Measuring & Test Equipment

The use of inspection, measuring and test equipment within the fuel fabrication plant
is controlled following a procedure which ensures that all such equipment is registered and
included on a plant inventory. Every item of equipment has a unique identity number and
is calibrated in accordance with its intended use. The calibration system follows the
recommendations given in BS5781 Measurement and Calibration systems and ISO10012-
1 Quality Assurance Requirements for Measuring Equipment.

• Quality Records

Manufacturing and inspection records, including physical samples, for each fuel
element are retained for five years, or until the element is reprocessed, whichever is the
shorter period. The documentation requirements of each customer are usually given in the
manufacturing specification. A set of blank documents will usually be appended to the
specification in the form of an Inspection Schedule which includes all relevant inspection
and record sheets, inspection certificates and quality plan.
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CONCLUSION

The MTR Fuel Fabrication Plant at Dounreay operates to a quality system that has
been independently certified by Lloyds Register Quality Assurance Limited as satisfying
the requirements of BS5750, ISO9002 and EN29002. Our objective is to continuously
improve our performance with respect to the manufacture and inspection of MTR fuel
elements and to refine our quality system to enable us to satisfy this objective.

This paper has briefly described the quality system and some of the equipment and
methods used in the inspection of MTR fuel elements at Dounreay.
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