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HIGH FLUX REACTOR
EVOLUTIONS AND IMPROVEMENTS
Following the changes over the years in experimental and safety requirements at the ILL a great deal of
work has been carried out on the installations :
-

In 1985, a new cold source was installed, allowing the production of ultra-cold neutrons via a
vertical channel.

-

From 1991 to 1995 the reactor block was replaced, allowing us to perform reactivity
calculations and determine other neutronic values.

-

In 2003, a new hot source was installed with three beam tubes viewing it; the new system is
now operating very efficiently.

-

This year a major beam tube is to be replaced with a new zircaloy tube.

-

And finally, from 2003 to 2006, the facility is being upgraded significantly to withstand
newly-defined safe-shutdown earthquakes.

In parallel, developments are on-going on the efficiency of the instruments and the neutron guides under
the Millennium Programme. These will result in overall gains in data collection of over a factor of 10. As
the ILL’s international convention has been extended to the end of 2013 the Institute is therefore now
well-set to maintain its position as a centre of excellence in the scientific use of slow neutrons for the
twenty years to come.
INTRODUCTION
ILL is geared to the assumption that the Institute will continue to operate for another 20 years. Substantial
investments have been and continue to be made, including :
•

An instrument renewal programme known as the “2ème souffle” or “second wind”, covering the
period from 1980 to 1986,

•

The replacement of the reactor block in 1995,

•

Measures currently being implemented to comply with new seismic spectra recently defined
(2003 to 2006),

•

The on-going Millennium Programme, which aims to increase experimental performance by a
factor of 10.

Our goal, now, is to guarantee that the availability and reliability of all “Key Components” matches the
anticipated lifetime of the facility. At the same time, we are seeking to optimise maintenance and
operations both from a technical and an economic viewpoint and to enhance overall efficiency.

A NEW VERTICAL COLD SOURCE IN 1985 AND A NEW HORIZONTAL SOURCE IN 1987
A cold source is a volume containing hydrogen or deuterium at a very low temperature in order to supply
neutrons with a wave length of up to 20 angstrom. The new vertical source SFV3 made it possible to :
1. Extract a beam of very cold neutrons using a new vertical guide tube. These neutrons are then
transformed into ultra cold neutrons (~5 m/s) via a turbine, allowing neutrons to be supplied at a rate
of 50 n/s,
2. Optimise the flux of cold neutrons in the different guides thanks to the placing of an insert inside the
vertical cold source.
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A NEW REACTOR BLOCK IN 1995
This became necessary when a crack was discovered on the anti-turbulence grid during a routine annual
inspection.

The cracking was caused by high flux irradiation combined with thermomechanical stresses and a
concentration of stresses on a particular point. We solved this difficulty by designing a new replaceable
grid.

This modification resulted in the whole of the reactor block being replaced, which was a world first for a
research reactor.

November 1992
Cutting work on the reactor block

Early 1994
Delivery of the new reactor block

January 1995
Reactor restart

A NEW HOT SOURCE
The hot source is a graphite block heated to 2 000 °C in order to produce neutrons with a wavelength of
0.5 angstrom. Following the gradual loss of the control thermocouples, plans had to be made to replace
the old hot source. Replacing such a component after 20 years of service involves much more than simply
installing a replica component: the regulations governing pressure vessels had changed, the materials and
techniques available were no longer the same… We also took the opportunity to modify the beam tube
liners viewing the hot source. As a result, the new hot source is even more powerful than the old one, to
the great satisfaction of the users.

INSTALLATION OF ZIRCALOY BEAM TUBE LINERS
The service life of the beam tube liners used originally, which are made of aluminium, is around 5 years.
These are gradually being replaced by zircaloy beam tube liners which will no longer have to be replaced,
since zircaloy ages much better than aluminium under thermal flux. The advantages of this include :
• A reduction in the exposure of staff, bearing in mind that these components are highly activated,
• A reduction in the amount of radioactive waste produced,
• Higher availability, since the replacement of a beam tube liner requires a shutdown of around 6
months, as well as the dismantling and reassembly of the corresponding experimental equipment.
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An SSE is a Safe Shutdown Earthquake. For the containment structure of the HFR (comprising a
reinforced concrete inner shell and a metallic outer shell), previous non-linear calculations had
demonstrated that the level of stability was adequate. However, to provide a full demonstration of the
containment’s stability using this method would have been a lengthy and expensive task. Also, it would
have been difficult to get the safety authority to accept the results and even then some reinforcement work
would have been necessary. Therefore, a number of reinforcement measures have been defined based on a
linear approach. These concern in particular the concrete slab on the operating level of the reactor
building, which is located at a height of 14 m and whose horizontal stability was up to now only
guaranteed by the “central core”, in other words the steel-jacketed, reinforced concrete cylinder which
houses the reactor pool. The reinforcement work scheduled will make it possible to direct the forces
sustained by the slab towards the reactor containment, which is made of reinforced concrete and is very
strong.

The whole programme of work is due to be completed in 2006.
MILLENNIUM PROGRAMME
Many projects are under way with the aim of achieving a gain in data collection efficiency of a factor of
ten.

PLANS FOR THE FUTURE
To be able to operate efficiently and without interruption for the 20 next years, all components,
procedures and project structures must be analysed. ILL is therefore launching a programme concerning
the “Key Components” of the reactor :
•

Replacement of the vertical cold source, with a view to its optimisation,

•

Neutronic calculations carried out in conjunction with the CEA, in order to optimise the manufacture
of our fuel elements and to be able to design new elements, if necessary, for example if monolithic
UMo fuel becomes available.

CONCLUSION
ILL is currently developing a number of programmes involving safety-related reinforcement work and
instrument renewal in order to maintain its position as a centre of excellence in the scientific use of slow
neutrons for the next twenty years.

Welcome to ILL. We hope you will enjoy its pleasant and bustling international atmosphere and its
beautiful surroundings.

