
GLOBAL'93 - SEPTEMBER 12-17, SEATTLE, WASHINGTON

MANAGEMENT OF WASTE CONTAMINATED WITH ALPHA EMITTERS

J.P. Durée, USSI/Eurisys Network, France
J. Lannaud, CEA, Valduc Research Center, France

R. Cartier, CEA, Rhone Valley Research Center, France

INTRODUCTION

Long-lived waste must be isolated from the biosphere for
periods that far exceed "human" ûnescales. In Fiance, the
management of this type of waste is subject to a law which
establishes three research targets over the next 15 years:

• identify solutions which will enable advanced
separation and transmutation of long-lived elements;

• study options for reversible or irreversible storage in
deep geological formations affording suitable
characteristics;

• investigate conditioning and long-term surface storage
processes.

Although advances are being made in the deep
geological storage concept, it will probably never be
possible to dispose of all types and quantities of radioactive
waste in geological formations. Permanent storage should
therefore only be considered as an option for final waste
disposal. We are currently obliged to search for
technological solutions which will reduce the quantities of
waste to be managed by future generations, and to ensure
that such management can be carried out safely without
releasing elements detrimental to the environment into the
biosphere. This clearly stated determination, combined with
an attitude of complete openness, will secure public
acceptance of nuclear energy.

GOALS

One way of reducing the quantity and harmful effects of
nuclear waste is the advanced separation and transmutation
of the long-lived elements which may be present. The
waste must however undergo preliminary treatment before
these two steps are initiated.

In addition, the separation and transmutation processes
will probably never be efficient enough to enable the same
treatment for all waste or permit waste storage in surface
facilities. This justifies the need to pursue investigations of
the options for long-term storage either in deep repositories
under irreversible conditions or in surface facilities
enabling subsequent retrieval. Advanced reprocessing and
transmutation will moreover make a decisive contribution
to reducing the volumes, quantities and toxicity of
radioactive elements.

A final waste disposal scheme could be as follows:
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Figure 1: Final Waste Disposal Scheme



We should already begin implementing the above scheme
without waiting until full expertise has been achieved in all
steps. This requires temporary storage which meets the
requirements of safety and reversibility.

Providing for temporary storage after pretreatment would
fulfill the above two requirements with due allowance for
cost considerations. This arrangement offers the following
advantages:

• reduction of the volume of waste to be stored, as well as
decrease of storage facility construction and operating costs;

• waste stabilization in the most inert form possible to
ensure safe storage for several decades.

Pretreatment should nevertheless not hinder recovery of
the elements in order to place them in a form suitable for
the subsequent steps. It should not lead to prohibitive
retrieval costs (conditioning method involving expansion
and difficult to reverse).

The interim storage period should therefore be managed
so as to avoid future drawbacks in terms of safety,
reversibility and costs.

CHOICE OF THE COMBUSTIBLE WASTE
PRETREATMENT PROCESS

The choice of incineration for the waste generated at the
Valduc center is consistent with the above goals of safety,
reversibility and minimization of the volumes to be stored.

The composition and concentration of the long-lived
radioactive elements in this waste indicate that final storage
will involve all kinds of difficulties, including expansion,
conditioning, concentration, and the impossibility of
advanced reprocessing not being demonstrated. In addition,
the interim storage of such waste involves potential
hazards, which can be curbed by selecting a specific
conditioning method and by constructing storage facilities
which meet stringent criteria. This would require
substantial investments without providing appropriate
solutions for the future.

Incineration permits obtaining a product (ash) in a
reduced volume which is chemically stable and suitable for
advanced industrial reprocessing.

The ash obtained in the pilot qualification plant is
suitable for reprocessing by oxidizing dissolution, but the
recovery rate -currently less than 99%- does not enable
subsequent storage in a surface facility. It should therefore
be conditioned in a volume and form which can be
approved for final storage.

Tests are now being conducted in several laboratories to
develop a final waste conditioning technique (glass, ceramics,
concrete-resin matrix, etc.). It may however not be possible
to secure approval of such conditioning methods until in-
depth laboratory tests have been conducted and the validity
of the test results has been accepted.

Therefore, to avoid the need to recover or recondition
such waste matrices, the choice of the ash reprocessing and
conditioning method has not yet been finalized.

DESCRIPTION OF THE SELECTED
INCINERATION PROCESS

The incineration process selected by the Valduc Research
Center was developed by the CEA at the Marcoule
Research Center.

Figure 2 presents the steps involved in the process. It
shows three sub-divisions consisting of the preparation of
the waste, incineration and off-gas treatment.

Preparation of the waste includes X-ray detection and
manual sorting to remove large pieces of metal, shredding
of the waste, another sorting step to remove small pieces of
metal, buffer storage and feeding of the waste by weight.

The incineration proper includes the following steps:
• pyrolysis of the waste in an electric rotary furnace

under an oxygen-reducing atmosphere leading to the
.formation of a combustible gas and a solid residue (pitch)
which contains 85% carbon;

• calcination of the pitch in an eletric rotary furnace
under an oxygen-enriched atmosphere to obtain ash
suitable for subsequent treatment;

• combustion of the pyrolysis and calcination gases in an
electric furnace with a large fraction of excess air.

The off-gas treatment comprises physical and chemical
purification:

• the calcination gases are first partially cleaned in a
cyclone unit. The postcombustion gases are cooled by
mixing with the ambient air and then cleaned by bag filters
and HEPA filters;

• after decontamination, the gases are neutralized using
a dry treatment method.

The process uses incineration equipment developed foi
the calcination of fission products prior vitrification, i.e.
rotary furnaces. Their technology is well known and their
design permits installation in containments such as glove
boxes. The other equipment was developed or specifically
adapted for incineration.
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Figure 2: Process Flowsheet

DESCRIPTION OF RESEARCH AND
DEVELOPMENT WORK

Research and development program

Research and development has been carried out over a
period of several years in laboratories and in a non-active
industrial pilot plant with a capacity of 4 kg/h. The work
was devoted particularly to the following tasks:

• characterization of the waste;
• laboratory investigation of waste thermal degradation

reactions;
• specification of operating conditions for the

incineration furnaces;
• characterization of the physical and chemical reactions

which occur during incineration;
• development of the technology and specification of the

operating conditions for the physical treatment of the off-
gases;

• study of process sensitivity;
• research into materials corrosion in the laboratory and

in a pilot plant;
• simulation of plutonium behavior in the facility using

cerium;
• assessment of matter retention in the facility;
• laboratory investigation under industrial facility

conditions representative of the volatilization of transuranic
elements;

• testing of abnormal operating conditions in a pilot
plant;

• study and analysis of explosion risks;
• performance of equipment endurance tests.

The above tests have provided in-depth knowledge about
process performance, sensitivity and technology. More than
4200 hours were logged in operating the pilot plant.

The greatest difficulties met in the development work
were in the physical treatment of the off-gases, which
contain gas chlorides and zinc chlorides formed during
waste combustion that have to be captured.

Performance of the facility

• Reduction factors

The incineration of 4 kg/h of waste produces 106 g/h of
calcinated ash and 40 g/h of particulate matter captured in
the off-gas prefiltration stage. The mass reduction factor is
therefore approximately 28.

The volume reduction factor is approximately 40.



-« Combustion quality

* The CO concentration measured at the stack is 7 ppm.
COj concentration is 4.5% and O2 concentration is 18%.

- Filtration efficiency

The paniculate matter contained in the off-gases contains
75 % zinc chloride with a particle size of less than 0.3 u..
This compound forms during incineration through
combination of the zinc contained in the neoprene with the
chlorine contained in the PVC or in the neoprene. It is
extremely hygroscopic and, after rehydration, is highly
corrosive. Precautions therefore have to be taken to prevent
rehydration.

The technology which offered the best filtration results is
the use of bag filters operating at a temperature of 2000C
with PTFE media. Under these conditions, the efficiency
measured at the bag filter is 99.8%, which gives a
purification factor of 500. The purification factor for the
entire off-gas treatment stage, including the HEPA filters, is
thus 2x10*.

- Quality of ash product

The calcinated ash has a mean carbon content of
approximately 1 %.

PROGRESS OF THE PROJECT

As a result of the R&D work described above, in March
1992 the Valduc Nuclear Research Center decided to build
an industrial waste incineration facility. The facility was to
have an annual incinerating capacity of 26 tonnes of waste

with a mean radioactivity level of 7.5 x 10 Bq/kg
(0,02Ci/kg).

The project is to be carried out over a period of 36
months. The following steps have already been completed:

• general design of the facility;
• preliminary safety analyses;
• construction permit issued by safety authorities.

Detailed design studies are in progress, procurements
have been launched and construction of the building has
started. Commercial operation is scheduled for late 1995.
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