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ABSTRACT

Research on radioactive medium level waste processing and conditioning aims at offering processing routes for
waste forms and materials of potential value that are not yet provided easy handling by existing industrial
processes. These studies are mandatory under the Dec 31, 1991 law and are coordinated by CEA. The strategy
relies on the completion and rationalization of the existing processing routes, within acceptable technical and
economic limits. Waste processing techniques aim at reducing the volume and the chemical diversity of medium
activity waste, and are based on incineration-vitrification. Conditioning techniques call for high performance
matrices and standardized containers, the latter keeping an ability to contain bulk waste.

INTRODUCTION

The law of December 31st, 1991 has set the frame of the French policy on high activity long-lived radioactive
waste, indicating the routes to be explored. This law text sets up the principles that bind the technical solutions to
the management of this waste: protection of health and environment. An important research program has been
established and structured along three lines: separation-transmutation (line 1), deep underground disposal (line
2), and conditioning and long-term interim storage (line 3). A major progress report is due for year 2006, when a
global evaluation is to be presented to the national parliament.

The studies reported here refer to the following phases of medium level waste processing:

The bulk waste issued by nuclear plants or laboratories must be processed, first by sorting according to its
elementary components (in preparation of specific processes or recycling), and decategorized when possible. The
volume is to be reduced and a suitable conditioning is to bring the waste to a stable form, compatible with the
following phases, namely storage or disposal. These two steps must be part of a complete waste route going as
far as the production and qualification of a final package for storage or disposal. Both the realism and the cost of
the full process are to be taken into account.

The qualification of the final package is a control by measurement that the package characteristics lay within the
specifications either for storage or disposal. The characterization takes advantage of the research work done on
the long-term behavior of the packages during storage or disposal (whether in normal or degraded situations).

The research programs have considered three categories of waste:

• The packages issued by present industrial management of the fuel cycle:

Waste conditioned in accordance to present industrial specifications of the La Hague plant (UP3
standard)

Spent fuel not intended for short term reprocessing. This fuel has a recycling potential and therefore is
not classified as waste. The long-term storage of this fuel is studied under all options: reprocessing,
conditioning, further storage or final disposal

• Waste issued by pre-UP3 industrial processing and by research studies, whether or not packaged

• Waste to be issued by prospective medium term nuclear plants, as derived from a wide range of scenarios.



Present day processing routes are completed and rationalized as follows:

Already packaged waste is either acceptable as such in storage or disposal sites (no further R&D needed), or in
need of repackaging; specific containers are then to be designed and their durability to be studied.

Degraded packages may be considered as bulk waste to be processed as a whole.

Bulk waste may be taken care of by existing techniques, such as embedding in concrete. But two limitations arise
if one proceeds this way. The first is the risk of chemical incompatibilities between the waste and the matrix,
which probability is increased by the wide chemical diversity of the waste to be considered. The second is the
intrinsic volume increase of the embedded waste relative to its bulk form.

These are reasons to seek for an omnivorous process, able to accept most of the existing and foreseeable bulk
waste that both confines it in a high quality matrix and reduces the final volume to be stored or disposed of.

In order to take care of any waste, one has also to provide a container able to withhold safely al waste forms
unsuitable for the previous processes.

This strategy has given rise to the following studies:

• Optimization of existing industrial processes

• Development of an incineration-vitrification process

• Design of a container for residual bulk waste, suited as well for overpacking faulty existing packages.

In parallel, waste decontamination processes are being developed, aiming at decategorizing raw waste and
collecting radioactive effluents from cleanup in a form suited for subsequent conditioning.

We report here on these R&D programs and their present status, on the way to the final assessment due for 2006.

2. DECONTAMINATION PROCESSES

Decontamination processes of liquid and solid waste are powerful contributors to waste volume reduction, by
recovering radioactive elements from the surface or the bulk of the inactive substrate and by allowing a low
volume confinement of the former and decategorization of the latter.

A few different processes are under development, to allow decontamination of different waste forms (liquid or
solid), to be recovered from substrates of different sizes and spatial arrangements.

A. Decontamination of complex geometric forms by foams

In this process, chemically reactive foam is sprayed or circulated along the surface of a piece of equipment. The
hydrodynamic properties of foams are such that solid particles can be dragged along by physical or physico-
chemical action. Foam is therefore specially suited to decontaminate large area tankers or volumes with complex
inner constructions. Low hydrostatic pressures are adequate for propelling foams, and very low reactive mass per
unit area ratios are needed. A thirty-meter long pipe, contaminated by 137Cs, reproducing industrial conditions,
has been subjected to foam cleaning. The residual contamination level is below detection threshold, and the total
amount of effluents did not exceed 50 liters. Both the reagent mass and the total liquid effluent volume have been
kept at a very low level. Further progress is being made on the maximum pipe length that can be processed at
atmospheric pressure level, by improving foam pathways.

Basic studies are also being pursued, in order to model the complex behavior of a circulating foam bed. On the
long run, a simulation model should help the industrial operator in setting optimal parameters for
decontaminating equipment of any shape.



B. Decontamination of liquids by microfiltration

The radiochemical activity of liquid effluents can be transferred to solid particles in suspension within the liquid.
These insoluble particles may be part of the original effluent or be added specifically for adsorption.
Microfiltration techniques are then used to separate the solid (contaminated) phase from the liquid one.

The frontal microfiltration is best suited for processing large volumes with a low particle content, whereas
tangential microfiltration is applied to lower fluxes of higher solid content.

3. OPTIMIZATION OF CONDITIONING PROCESSES

The major part of the research effort is devoted to the improvement of the cementation process, already widely
used and considered as a reference route for most medium activity waste. Cementation is attractive in many
ways: low cost, ease of operation, high mechanical strength and radiation resistance of the matrix. Its drawbacks
are the high volume ratio of initial to final waste and, in some cases, a low retention rate of chemical species
under lixiviation.

The qualities of the matrix can be improved in two ways: incorporating additives in the cement formula or
applying a chemical process to the waste before the cementation step. Both variants are under study at the
laboratory scale on coprecipitation sludge and evaporator concentrates, as well as on magnesium loaded waste.

For sludge and concentrates, of high chemical diversity, the pre-processing step aims at incorporating the
chemical elements in molecules able to accept a wide variety of elements in different sites. Phosphates of Na and
Zr have this ability. A hydothermal synthesis at 250 °C and 40 bar leads to solid particles chemically bonding
many original elements. These particles can then be incorporated in the cement matrix, which nature and texture
are adjusted to delay the water progression to the particles and to prevent their physical dispersion. The
hydrothermal synthesis has been successfully demonstrated and is currently being optimized. Present studies
focus on the chemical stabilization and on lixiviation tests.

Direct cementing of magnesium bearing waste may lead to expansion and fracture, originating from hydratation
of magnesium oxides or long term degradation of uranium oxides. The oxidation of metallic Mg may also leads
to hydrogen gas pressure buildup. Additives are being sought to prevent these reactions, either by controlled
hydratation of MgO, conversion to a phosphate phase, or passivation of Mg metal in an alkaline solution.

4. THE INCINERATION-VITRIFICATION PROCESS

This process seeks to combine in a single equipment (Figure 1) two processes that together provide solutions for
a wide range of waste forms, while achieving the goals that have been set:

• Reduction of the chemical diversity (incineration)

• Reduction of volume (incineration)

• Confinement in a high quality matrix (vitrification) while keeping the volume increases to a moderate value.

A combination of a plasma torch incinerator with a cold crucible vitrificator is being considered. This setup is
expected to alleviate the maintenance burden that arises from the use of standard industrial plasma torch units in
nuclear conditions. Present day plasma torches heat the plasma by transferring the arc to the refractory bottom of
the reactor, which calls for regular maintenance by replacement of the refractory sole. While in usual industrial
conditions the replacement in an easy operation, which creates an acceptable additional waste source, the
handling of medium activity waste calls for less frequent maintenance operations and is much more sensitive to
additional secondary waste.
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Figure 1 - Draft concept of incineration-vitrification equipment

A cold crucible vitrification bottom, that has been developed for high activity waste vitrification, is under
consideration, since it almost suppresses maintenance by keeping the liquid-solid transition zone within the glass,
thereby protecting the walls from any corrosion.

Two technical variants of plasma heating are also being considered, diverting the plasma arc from the refractory
parts: the blown arc torch and the bipolar torch transferring the arc to the glass pool.

The vitrification process has a long and successful story in conditioning fission products and minor actinides as
separated by reprocessing of spent fuel. However, the chemical diversity of medium activity waste poses new
challenges on glass formulations, since the quality of the final matrix depends on the adaptation of the glass
composition to the chemical contents of the waste. Before truly deserving the « omnivorous » qualification that is
required, further studies must issue glass formulas that would be flexible enough to accommodate the medium
activity waste flux with an acceptable level of process adjustment

An integration of all systems in a small-scale demonstration unit is foreseen in a time frame compatible with the
evaluation of 2006.

5. THE BULK WASTE CONTAINER

The specification to this container is to provide conditioning for medium activity long lived radioactive waste sill
in bulk form or for which no processing route has been identified.

Considering the array of processes being considered the volume of waste to deal with by sheer containment will
be limited, and its chemical variety will be extreme. The present basic concept (Figure 2) relies on double-shell
containment.

The outer casing provides mechanical strength for physical protection, handling and radiation protection.

And inner casing houses the immobilized waste and provides chemical decoupling between the waste and the
outer casing. This inner casing is itself protected from variations of environmental aggressions by the outer shell.

One or more inner casings may share space in the same container, to allow for an optimization of compacity and
handling, as well as to provide specific barriers to well-defined chemical contents.



Figure 2 - Draft concept of the double-shell container

The reference choice for the container shell material is concrete, taking benefit from its low cost and ease of
construction. A stainless steel option is kept open.

Inner casing materials will be either ceramics, which are of utmost interest for chemical and thermal stability, but
lack intrinsic mechanical strength, especially in shock conditions (falls).

Enameled steel retains chemical stability, while being less sensitive to shocks. A weak point is the detailed
technological setup of the enamel layer in the flange and gasket zone.

Polymers are a low cost solution for low activity levels, with good conditioning properties.

Research work focuses on durability of these materials under stress and their radiation resistance.

Functional demonstration units are scheduled for year 2002, and will be tested on devoted test benches for the
continuity on the long term of their critical functions.

CONCLUSION

We have reviewed recent progress on selected processing and conditioning routes. Decontamination techniques
are being progressively specialized to specific waste supports and waste forms. The cementation route, with
increased chemical tolerance is approaching technical feasibility. An omnivorous process is within reach and
should lead to a most attractive confinement in glass of medium level waste. Bulk waste containers are under
design, which will handle waste not suited either for cementation or vitrification.

We are therefore confident that the goal of conditioning a wide variety of medium level waste will be reached
with a reduced set of processing routes and that demonstration of achievability of these routes will be available
by 2006.
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