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ABSTRACT

Operators of a research reactor generally have as their primary mission to
provide the users with a safe, reliable and economic source of neutrons. They
have to assure the availability of that source, while respecting the requirements
of the license. The fuel management is one of the major aspects they have to
tackle in order to fulfill their mission. This sometimes includes the qualification
of a new fuel and the core conversion. The operator has to assure that the whole
process is conducted in such manner that the availability of the neutron source is
only minimally disturbed, that the costs are kept under control and the
characteristics of the neutron source are preserved. This paper gives an overview
of the various issues that the operator has to consider.

1. Introduction

Historically most research reactors were started up using highly enriched uranium (HEU) as fuel meat,
mainly under the form of U-Al alloy and later UAlx-Al dispersion fuels.
The major suppliers of the enriched material were the USA and the former USSR in their respective
spheres of influence.

For the Western countries the costs were rather low especially since the return of spent fuel was assured
to the country of origin and moreover a credit was given for the remaining uranium when purchasing a
new amount of HEU. For the countries supplied by the former USSR there was seemingly never any
return of spent fuel but apparently there were sufficient storage capacities available to cope with that
situation. The fact that there was only one supplier serving a particular operator was not seen as a threat.

The Western countries could choose between several fuel manufacturers (some of them have disappeared
nowadays) to assure some form of competition. Transport of fuel wasn't a big issue either.

The cost of the fuel cycle was not the dominant factor in the overall operation costs and this cost was
foreseeable and could be planned according to the budgetary situation.

In the late seventies (1978-1980) the INFCE effort was conducted at the instigation of the USA. The
objective was to evaluate the nuclear fuel cycle and propose measures to reduce the proliferation risk [1].
Concurrently the RERTR Programme was established in 1978 at ANL by the US-DOE, which up to this
day continues to fund the programme and to manage it in coordination with the US-DOS and the US-
NRC. The prime objective of this programme is to develop the technology needed to minimize and
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eventually eliminate the use of HEU for civilian applications worldwide; in facts these applications almost
exclusively concern research and test reactors.
Therefore the RERTR programme concentrates on the conversion from HEU to low-enriched uranium
(LEU) in these reactors by initiating collaborations with the concerned organizations and conducting LEU
fuel development programmes in order to make conversion feasible "without significant penalties in
experiment performance, in economic and safety aspects of the reactors".

Since the end of the cold war the RERTR programme has taken a truly worldwide dimension as Russia
and China are nowadays also progressively participating in the programme.
It is worthwhile to notice that the former USSR had also initiated a conversion programme for research
reactors, at least for those foreign reactors supplied by them. However the enrichment of the proposed
new fuel (36 %) is still being considered HEU material by the RERTR programme.

2. Present situation

2.1. conversion to LEU and qualification of new fuel

Since the qualification of U3Si2 fuel with a density of up to 4.8 g U/cc was achieved, most research
reactors are 'in principle' able to convert to LEU fuel.
The latest statistics on already converted, presently converting and conversion candidate reactors are
presented each year at the annual RERTR conference by the programme manager [2].

However some high power research reactors are not yet in the position to convert to this fuel as the
performances of the reactor would suffer significant drawbacks.

Recently the USA has launched activities within the RERTR programme to develop higher density UMo
fuel. However they presently concentrate on 'medium' densities up to 6 g U/cc. This is done to present an
alternative to the U3Si2 fuel (up to 4.8 g U/cc) because the use of this fuel, at least not easily
reprocessable, could become problematic after the crucial date of May 13 2006. The development of
higher densities is foreseen in a later step.

France has started activities within the 'groupe pentapartite' (CEA, CERCA, COGEMA,
TECHN1CATOM, FRAMATOME) for the direct development of high density UMo fuel (up to 9 g U/cc),
including all aspects of the fuel cycle, notably the reprocessing of this fuel.
The French activities are primarily driven by the RJH project (a new MTR reactor of 100 MW to be
erected in Cadarache).

2.2. the operator's perspective

Research reactors are generally the main infrastructure of a nuclear research centers. Nowadays many of
them are scrutinized with regard to their usefulness and their operating costs.

Each research reactor has his particularities with regard to the conversion problematic:
remaining amounts of fresh HEU material and fresh HEU fuel,
the foreseen or expected remaining lifetime of the installation,
future operating schedule and the corresponding annual consumption.
the type of utilization, which actually defines the specific requirements for a suitable LEU fuel,
available solutions for back-end of the fuel cycle,
available budgets and specific requirements for external income.
national political situation with regard to nuclear energy.
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In general the justification for operating a research reactor is to provide a neutron source for specific
needs: support of the national nuclear programme, availability of neuron beams, a national source for
radio-isotope production, a tool to acquire or maintain know-how in nuclear science and technology, ...
The operators have to provide these neutrons in a safe, reliable and economic manner. They are asked to
provide a good service and keep their performances at a constant level or improve them.
The fuel management (including front- and back-end aspects) is just one of the issues that the operator has
to tackle in order to fulfil his mission.

The efforts made in the conversion business and in the qualification of new fuel are generally not
perceived as a research programme by the general management but as an additional cost to be carried by
the operator. Indeed the expected benefit is not very convincing: the flux characteristics will not be
improved but just a little downgraded with respect to thermal flux. On the other hand some operators
experienced an increase of the cycle length after conversion to LEU U3Si2 fuel. Using higher density
UMo fuel should enhance this advantage.
Switching to another type of fuel is not likely to facilitate the back-end issue for those who still use
aluminide fuel. For those already converted to silicide fuel, switching to UMo may constitute an
advantage concerning the back-end issue.

Generally the operator has to carry out the conversion project with no additional personnel provided, and
in some cases he is asked to analyze the benefit of future operation compared to the conversion costs. The
general opinion seems to be that the cost of the fuel cycle will increase. For some research reactors this
will cause a serious threat for their survival in the medium term.

3. The major issues from the operator's point of view

3.1. front-end issues

The operator needs a secure and reliable source for raw material supply. The price should be foreseeable
in order to allow budgetary previsions and medium term planning of major financial outfluxes.
Likewise at least one secure and reliable fuel manufacturer is needed.
Some form of competition, at least for the manufacturing, would be desirable. However in recent years the
situation has evolved the opposite way.

3.2. back-end issues

The present US-DOE policy to take back the spent fuel of US origin will expire in 2006.
Those who want to continue operation beyond this point will have to establish a national solution or find a
solution abroad.

Based on present knowledge only one solution abroad will be available after 2006: reprocessing at the La
Hague plant in France. This solution is compatible with the goals of the non-proliferation policy as the
recovered HEU material will be diluted. However this is limited to fuel types that can be reprocessed with
existing industrial processes. This is not the case for U3Si2 fuels. Moreover the waste will be returned to
the country of origin and consequently a waste disposal solution (national or abroad) will still be required.

There are a few national disposal schemes for spent fuel under discussion/implementation, but this is
limited to a rather small group of countries, which all have an active nuclear power programme.

Whether Russia is willing and able to take back Russian origin fuel is not clear to he author.
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Therefore when one envisages the qualification of a new fuel, a future back-end solution should also be
established before actually starting to use this new fuel.

In some cases where a back-end solution is presently available for the current fuel, the new fuel will have
to be compatible with the existing solution. It is unrealistic to think that a second back-end solution could
be implemented in parallel with the existing one.

3.3. economical issues

The overall fuel cycle comprises a number of cost factors: raw material supply and shipment, fuel
fabrication, shipment of fresh fuel, shipment of spent fuel and a back-end solution.
In particular the back-end issue can generate to high costs.

Many operators have to establish annual budgets and have to make assumptions concerning the overall
cost of the fuel cycle. Some operators are also obliged to constitute financial provisions for the future
dismantling and the waste treatment. In many cases the future back-end solution is not well defined and
the operator has almost no control regarding these future costs: this may result in conservative
assumptions and high provisions.
On the other hand the research reactor world is increasingly placed under severe competition and the costs
are a prime issue when making bids for irradiations.

3.4. fuel performance and acceptance criteria

In assessing the practical feasibility of utilizing LEU fuel in a particular research reactors, the criteria are
not totally well defined and may lead to discussion and disagreement:

safety margins and fuel reliability should not be lower than the current design based on HEU
neither the loss in reactor performance, e.g. flux-per-unit power, nor any increase in operating costs
should be 'significant' (or 'more than marginal' as some sources state).

Unfortunately the upper level of 'insignificance' or 'marginality' is apparently not been unequicocally
defined. What has been experienced by those who converted is approximately 15 % penalty in thermal
fluxes in the nearby reflector positions.

The safety margins must be kept to the values agreed upon with the national licensing authorities.

Fuel reliability should also not be deteriorated as an increase in fuel failure cannot be totally excluded but
should certainly not be accepted up-front as an unavoidable fact, which it is not. In many cases the
licensing authorities will anyway not accept lower fuel reliability as a given fact.

In today's highly competitive environment amongst research reactors, including contractual commitments
to operate during predefined time-periods, reliability of operation is a competitive edge and a 'must'.
Unforeseen interruptions of operation can lead to the direct loss of income and may damage the
competitive position of the reactor.

3.5. qualification process

The generally accepted qualification process looks like this:
micro (or nano) plates irradiations up to high burnup, followed by post-irradiation examination (PIE)
fuel plate testing under representative and 'bounding' conditions, followed by PIE
fuel element testing, followed by PIE
qualification report of the new fuel, including qualification of the manufacturer
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prototype fuel element tests in the concerned research reactor
license applications for the conversion of the concerned research reactor
procurement of the new fuel
conversion of the research reactor, including temporary operation with mixed cores

The operator has to esablish the necessary cooperation agreements and incorporate these actions in his
planning. He also has to assign manpower to this project. One should realize that the whole process takes
several years although only part of the workload is with the operator and some overlapping between
various stages is possible.

The licensing requirements are country dependent and may in some cases be quite cumbersome.
The safety analysis has to include the determination of power peaking factors, a revision of thermal-
hydraulic assessment, the determination of the maximum allowed heat flux and the behaviour of the fuel
under accidental conditions.

The qualification procedure of the new high density UMo fuel should result in the establishment of a
report like NUREG-1313 (1988) for the fuel qualification and a report like IAEA TEC DOC-643 (1992)
concerning the impact of that fuel on the physical, safety and radiological characteristics. This should give
a sound basis upon which operators can build their safety case and have confidence that the conversion
process can be handled.
One may recall that the qualification process of U3Si2 included a whole core conversion demonstration of
the 30 MW ORR.

4. Conclusions

Only the 'fittest' research reactors will survive. This 'fitness' will mainly depend on the ability to establish
a relevant and useful utilization programme (in many cases this translates into the generation of a
'sufficient' amount of income). The ability to actually do this depends on many factors on which the
operators sometimes have only limited control over. This is particularly true for the fuel cycle.

As the qualification of a new fuel and the core conversion generates additional costs for the operation of a
research reactor, the operators should be assisted in this task by all other parties and institutions involved
in this matter. Actually this is one of the objectives of the RERTR programme. In particular suppliers of
fissile material and fuel manufacturers should handle reasonable prices and conditions and assist their
customers in finding acceptable solutions for all aspects of the fuel cycle.

A viable, affordable and proven solution for the back-end of the fuel cycle is a crucial point for many
research reactors to survive. This is a complex issue as this includes the implementation of an acceptable
storage and final disposal solution. A major problem seems to be that the amount and overall activity
inventory is not big enough to trigger decisions at high level. Clearly it is not reasonable to expect a small
country with only one research reactor to establish a national solution for the rather small amounts of
radioactive waste. For these countries a commercially and financially viable solution needs to be defined.
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