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ABSTRACT

The conversion from HEU to LEU has often many disadvantages: flux penalties, increase of
fuel consumption, cost and delay to obtain a new license, etc. But to fulfill the non-
proliferation programme, and to simplify the future fuel supply, the HFR renewed in 1998
studies on conversion possibilities.

To minimise the conversion costs, these studies were made with a progressive conversion
that avoids the need of one new core and permits to begin the conversion with a
replacement of 5 elements at each cycle. Hence the conversion can be made in 7 cycles,
without special elements and with a normal burn-up for each element. To avoid an increase
of fuel consumption, an increase of the fuel cycle length from 24.7 to 28.3 days was also
considered. This point allows to reduce the number of annual cycles from 11 to 10 and
enables in one cycle to have the possibility of four successive irradiations for Molybdenum
production (7 days) in one irradiation position.
A working plan for fuel licensing has been sent to the safety authorities and is presented in
the paper.

1. Introduction

The High Flux Reactor (HFR) Petten, the Netherlands, belonging to the Institute of Advanced
Materials of the Joint Research Centre (JRC) of the European Commission is one of the most
powerful multipurpose materials testing reactors in the world.
JRC as owner of the HFR and license holder is responsible for all supplementary programme work.
Reactor operation, maintenance and commercial exploitation are subcontracted to the Nuclear
Research and consultancy Group (NRG) being a daughter company of the Netherlands Energy
Research Foundation (ECN) and KEMA, the Netherlands.

2. General

The HFR is a pool-in-tank type, light water cooled and moderated Research Reactor (RR), operated at
a nominal power of 45 MW. In operation since 1962 and following a complete refurbishment in
recent years, the HFR has a technical lifetime beyond the year 2015.
The reactor provides a variety of irradiation positions [1]: in the reactor core, in the reflector region
and in the poolside. Horizontal beam tubes are available for fundamental and medical research. This
research is performed in close co-operation with the Interfaculty Research Institute of the Delft (NL)
University. Excellently equipped hot-cell laboratories on the NRG-site together with additional
nuclear facilities such as a Low Flux Reactor and a Decontamination and waste treatment facility,
have led to the unique HFR structure in which NRG and JRC are co-operating with the aim to adopt a
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more market oriented approach and to offer their long standing and recognised competence to the
medical, industrial and scientific world.
With at least 275 full power days per year and safe, reliable and predictable operation following the
annual programme, the HFR is the major radioisotope supplier in Europe. Roughly 60% of the
treatments/diagnoses within Europe make use of the variety of radioisotopes produced at the HFR
leading to approximately 7 million treatments in Europe per year.

The present operation schedule consists of 11 cycles of 28 days (24.7 days of full power and 3.3 days
of maintenance, core reloading and check-out procedures) and 2 maintenance stops of about 4 weeks.
The yearly operational programme is followed as closely as possible to offer the customers a
predictable time table for experimental and isotope production planning.

3. Back-ground

3.1 Historical review
At the first criticality in 1961 the reactor was started with a ,,US-fuel cycle" as many other RR. HEU
was provided by the USA and the spent fuel returned by more or less well established shipments. Life
seemed to be easy at that time.
Although the HFR staff has been actively involved in the RERTR-programme since the beginning of
the research towards a LEU fuel cycle, it was decided not to convert to this LEU fuel in the eighties
for a number of reasons:
• Quality of fuel: the use of LEU fuel for reactors which have been designed to operate with

HEU has disadvantages with respect to neutronic performance, Pu-production and
reprocessing.

• Costs of conversion; the conversion process costs a lot of time and money while the outcome
was not always beneficial for the performance of the reactor in terms of thermal flux.

• Political reasons; the beginning of the period of conversion was rather strange. While all
converted European reactors had to pay the penalties (loss of flux, money and time) the US
authorities stopped the return of foreign spent fuel to the USA. Furthermore very few US
based reactors were scheduled to convert at this time, effectively giving them a commercial
advantage.

• Independence; the US policy was not discussed with parties involved but more or less
imposed.

In conclusion the decision was taken to use the HEU fuel available in Europe, to continue operation
without conversion of the reactor and to participate in the central organisation for radioactive waste in
the Netherlands, in order to take care of the back-end of the fuel cycle.

3.2 HFR fuel cycle
Compared to the eighties, the current situation with respect to the fuel cycle has changed
significantly:
• fresh uranium supply: it has become more and more difficult to purchase HEU fuel. Although

Russian HEU fuel has become available on the market, due to the difficult formal procedures,
this does not provide a reliable option for the future of the HFR.

• sent fuel return/storage: with the renewal of the US spent fuel return policy a positive sign
was given to the RR community. Although the return option is limited in time and has
financial constraints it provides a solution for the urgent spent fuel problems at the HFR.

• delay in construction of HABOG facility; temporary storage of spent fuel in MTR-2
containers is necessary, which is subject to political discussions.

Taking into account the need to assure the HFR fuel cycle as well as the public and political opinion
being strongly in favour of conversion the decision was made by the European Commission to
reconsider the possibility to convert the HFR.
Immediately after this decision a project was started for the conversion consisting of 3 phases, i.e.:
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• phase 1: parametric study to define the optimum LEU-element
• phase 2: technical qualification of the conversion
• phase 3: review and update of license reference study
This three phase approach was submitted to the Dutch competent Authorities and consent was
granted.

4. Phase 1: Parametric study

4.1 Introduction
Already at the start of the RERTR program the first studies were performed on the possible
conversion of the HFR [2] . More recently a new contract was given to AEA Technology (Winfrith,
UK) to investigate possible HFR conversion based on both U3Si2and the newly developed UMo-fuel.
Although this latter fuel is not yet qualified and is part of the recent RERTR- development, it looks
promising for non-converted reactors. This AEA study confirmed results of earlier studies [3], [4].
Following political discussions and the approval by the US-DOE of the diplomatic notes on HFR
conversion, HEU supply and spent fuel policy, a cooperation between Argonne National Laboratory
and Petten site was established determine the optimum LEU fuel design based on U3Si2 fuel.
Objectives of the HFR conversion studies are:
• minimal changes of fuel cycle cost (back-end/front-end);
• minimal penalties on thermal flux (in-core and PSF);
• short planning and implementation program.

4.2 Boundary conditions
The cooperation between ANL and NRG/JRC resulted in narrowing the scope of work performed by
AEA Technology with the following boundary conditions:
• progressive core conversion: for economic reasons a progressive core conversion will be

applied;
• geometry of fuel element: due to progressive core conversion the pressure drop of HEU and

LEU element should be the same;
• type of fuel: fuel meat will be composed of U3Si2 - Al with a max. density of 4.8 g.cm'3;
• coolant gaps: coolant gaps in fuel element and fuel section of control rod must be the same for

thermal hydraulic reasons;
• limited flux penalties for scientific and commercial application;
• increase length of cycle to reduce fuel consumption.

4.3 Results
Based on the boundary conditions given in §4.2 a limited number of parameters remains to achieve
the most economic core conversion i.e.
• length of cycle: by increasing the cycle length from 24.7 days to 28.3 days the number of

cycles per year will be reduced thus leading to improved fuel cycle economics. Furthermore
an optimum planning for specific commercial isotope irradiations can be achieved;

• number of plates per element: the number of plates per element and coolant gaps are directly
linked. For thermal reasons the number of plates should be as high as possible;

• meat/cladding thickness: by defining the coolant gaps and the number of plates the thickness
is immediately fixed. Minor changes can be achieved by slight variations of meat and
cladding thickness;

• type and amount of burnable poison: burnable poison is used to compensate for excess
reactivity and to manage the control rod movement in the course of a cycle. Based on HFR
experience Boron and Cadmium are suitable burnable poissons to be incorporated in the side
plates.

• density of U3Si2 is 4.8 g.cm"3

The combined efforts of the nuclear specialists from ANL and NRG have led to the following
optimum design of the LEU fuel element resp. LEU fuel follower of the control rod:
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• type of fuel/density U3Si2 - Al
• number of fuel plates (FE/CR) 20/17
• meat thickness 0.76 mm
• cladding thickness 0.38/0.57 mm
• coolant gaps 2.46 mm
• type of burnable poisson Cd-wires
• amount of burnable poisson 40 x 600 x 0 0.5 mm

5. Phase 2 Technical qualification

After completion of phase 1, which is scheduled for the end of March 2000, the final report on the
parametric studies will be submitted to the Dutch competent licensing Authorities. Immediately after
their consent is obtained phase 2 will be formally started. During this phase 9 different technical
aspects will be studied to cover all technical questions related to this new fuel. These points can be
classified as:
• design drawings, ordering and hydraulic measurements of 2 industrial prototype elements;
• in-pile testing of 2 industrial prototype elements to prove industrial manufacturing practice;
• bibliographic review of UaSi2 fuel behaviour;
• thermal hydraulic calculations to verify DNB resp. BDC safety limits;
• continued neutronic calculations during the foreseen progressive core conversion;
• influences on HFR utilisation for both industrial and scientific applications (safety criteria

and shift of spectrum);
• consequences on the fuel cycle (front and back end);
• mechanical criteria such as loading of lower grid plate, handling tools and control rod drop

time;
• consequences on accident/incident calculations (change in source term, core transient

behaviour).

All aspects will be covered in parallel as far as technical feasible and should finally result in the
complete knowledge of all technical aspects of the conversion. The results of phase 2 will become
available by mid 2001.

6. Phase 3: License reference study

The conversion study will lead to a large amount of paper work such as the update of the HFR's
license reference documentation:
• description of the plant
• safety analysis report
• technical specification
• environmental impact study

The necessary work to complete phase 3 starting mid 2001 will be fully integrated in the HFR Safety
Reevaluation. Actual conversion is scheduled to start in 2003.

7. Conclusions

On bases of the results achieved so far it can be concluded that:
• the design of the optimum LEU fuel element is nearing completion; only some minor

technical details need to be finished;
• preliminary results indicate that conversion of the HFR is technical feasible with limited

consequences with respect to thermal flux;
• as soon as the design is fixed, 2 prototype elements will be ordered at CERCA and tested in

the reactor;
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cost of the LEU fuel cycle could be decreased with respect to front end and back end costs by
increasing the cycle length to 28.3 days;
with an increased cycle length the strength of the HFR as Europe's major irradiation facility
will not be jeopardised;
with the conversion of the HFR a significant reduction of the world wide annual HEU
consumption will be achieved;
the exchange of Diplomatic Notes also allows the return of spent fuel to DOE Savannah
River.
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