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BORO SILICATE GLASS:
THE PROVEN CONDITIONING OF RTR ULTIMATE WASTE
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1. INTRODUCTION

Long terrn management of the Research and Test Reactor (RTR) spent fuels is one of the main
concerns expressed by the research reactor operators.

In the past, a number of RTR operators have chosen to send their spent fuels to the US in the
framework of the US take back program. It was then a major advantage since the US in counterpart
returns no waste. However, this possibility ends as of May 12"', 2006.

The RTR operators will have then to choose a way to manage safely, on the long term, their spent
fuels.

As promising solutions, currently under study, have been found for a final direct disposal of the spent
fuels coming from power reactors, the methods are not directly applicable to the RTR spent fuels. In
both cases, the spent fuel is placed into canister acting as the first barrier in the final disposal concept.

Due to their metallic structure and Al cladding, RTR spent fuel of both HEU (High Enriched
Uranium) and LEU (Low Enriched Uranium) types face degradation phenomena during a long-term
storage. The uncertainties are mainly on the corrosion rate of the cladding and subsequent leaching

rate of the fission products and the transuranium lements in case of groundwater intrusion into the

canister. As it has already been detailed in others instances, neither nuclear safety is ensured due to

uranium enrichment linked criticality risks nor repository mechanical stability due to hydrogen

production through corrosion processes.
Therefore, direct disposal requires watertight and durable conditioning on a geological time scale, for

which no satisfactory solution has yet been found. As a consequence no drect disposal of RTR spent

fuels without prior treatment is worldwide neither existing nor planned.

As it is said here above treatment of the RTR spent fuels is necessary but, the foreseen treatment must

ensure the production of raw waste which can be conditioned under a compatible form with a final

disposal. Although no final disposal exists, all the concepts developed around the world are very

demanding on the various properties of the conditioned waste foreseen to be placed in.

In fact, a key safety criterion of all the final disposal designs and their associated requirements for the

waste aims at protecting future generations. As a consequence, the radioactive waste are not dumped,

even carefully selected, into repositories for geological time scale without proper encapsulation.

To meet this safety requirement, the conditioned waste must ave the following properties

• A good chemical, mechanical and thermal stability

• The matrix, if any, must have a good resistance to the radiations,

• A low leachability.

The treatment - conditioning by reprocessing offers a proven management solution by the

conditioning of the ultimate waste in the boro silicate glass.
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2. BORO SILICATE GLASS

Glass, in general, have a long term durability. The best proof is given by the obsidian, by the glass
accessories made several thousand years ago in Egypt which still exist, or by the glass onaments with
an history of more than a thousand years remain attractive in Japan.

Vitrification of high-level liquid waste makes use of glass's characteristics, such as strong mechanical,
thermal, chemicals and radioactive resistance.

After extensive research in several countries, glass has proven to be the optimal solution for
immobilizing the chemicals elements present in the highly radioactive liquid waste solution.

An international consensus (France, Japan, UK, USA, Germany, Belgium, Russia, Switzerland,
Netherlands, Italy ... exists on the choice of borosilicate glass as being the matrix for mmobilising
fission products and long lived achnides in solid form.

For more than 40 years now, French scientists and nuclear experts have been dealing with vitrification
in order to give a proper and comprehensive understanding of the glass properties. These Ion -terrn
studies perfori-ned by the CEA (French Atomic Energy Commission) resulted in the formulation of the
so-called R7 and T7 glasses.

The principal criteria for the formulations were mechanical and thermal stability, homogeneity,
radiation resistance, high containment capacity, low volume, corrosion resistance, low leachability,
easy fabrication (mastered technology), and flexibility with regard to the composition of the waste to
be conditioned.

It was found rapidly that boro silicate glasses were the best adapted to the immobilization of fission
products solutions resulting from the reprocessing of LWR fuel using a PUREX-type process.

The studies, which lasted for several years, were based on several ypotheses regarding the
composition of the feed and evolving sets of criteria. As a result, a large number of compositions were
tested 'n the silica-boron-soda system, including glasses with very high waste loadings. The influence
of several constituents has been investigated (iron, gadoliniurn, lithium, zinc, aluminum, calcium,
molybdenum, phosphate, magnesium, titanium, zirconium, tin ... ). These studies, which involved the
fabrication of hundreds of non-radioactive and radioactive melts, enabled the accumulation of a very
large knowledge database.

The glass development was conducted in three steps
• Demonstration,
• Technology development,
• Long-term containment characterisation.

The demonstration phase was started in 1962, by experimentation on the active test called VULCAIN.
Based on the result of this experimentation, a longer phase starts in order to develop the right
technology to implement on an industrial scale this type of conditioning. A first pilot was designed,
named GULLIVER, in 1964, the capacity of wich was 5 1tres per batch a second one, named
PIVER, in 1969 implemented on Marcoule site.

Based on this experience, a first facility, AVM (Atelier de Vitrification de Marcoule) was
implemented in Marcoule in 1978. This facility is still working at that time.

Today, French vitrification process clearly appears as one of the best solution both in terms of
industrial maturity and efficiency. Commercial-scale high level waste vitrification is on line at La
Hague reprocessing plant (R7 and T7 facilities).
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These two units were commissioned, respectively in 1989 and 1992. Each unit was designed to
produce around 600 glass canisters per year.

The main records for these facility are

Number of

Type of facility Date of containers
commissioning produced until end

2001

PfVER Pilot 1957 N/A

AVM First generation of 1978 -2800
production

R7 State of the art 1989 -5100
IT7 I 1992 1 -3600

In addition, for the R7 and T7 facilities, radioactive samples were taken after the hot start-up of the
facilities, and characterised to confirm that the product displayed the expected characteristics. These
analyses were conducted in two independent laboratories CEA (France) and JAERI (Japan). The
results found by the laboratories were in accordance with the values declared by COGEMA.

The last stage of the glass characterlsation, required for its acceptance, is the evaluation of its long-
term performance. This stage includes irradiation stability, then-nal stability, and long-term leach
testing. This stage is necessary to provide information to the rganisation in charge of disposal
(ANDRA in France), for incorporation into the Safety Analysis of the future disposal site.

Operational models are supported by a scientific "state of art" dealing with the containment capacity
of high active and long lived radioactive waste package and can be used in numerical simulation tools.
They take into account a step by step phenomenology approach, necessary to answer in time the
radionuclides release question. The limits of model validity have to be specified and their input
parameters have to be accessible through industrial characterisation.

Mathematical models which describe at millennium scale the containment function of high active and
long lived radioactive waste packages, under aqueous alteration conditions, have been defined for
nuclear glass.

Because of its high thermal power and high activity content, the long-term behaviour of the French
glass has been deeply investigated for many years and is now well known. Many studies of the
kinetics for aqueous alteration have been performed all over the world, and particularly in France.

Operational model, simply associated with the initial kinetics alteration of the glass is now available
and taken into account by repository designers. In the extremist approach, where the water in contact
with the glass is continuously removed, the glass release is around 10-5 of the initial content per year.

Speciflcation

Characterisation studies have verified the main properties of the final products and have established
the glass specification. The vitrified waste specification was subjected to review by an independent
commission of nuclear specialists.

The here above studies allow identifying an optimum glass composition for High Liquid Waste, along
with an operating range of process parameter for the `AVM type" technology.
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This was fonnalised in the "Specification of Vitrified Residues produced from the reprocessing at UP2
/ UP3 La Hague plants". The specification includes "Guaranteed parameters" i.e. those parameters
identified as key parameters in the process to ensure the glass canister's quality.

The specification was subjected to review by a commission of scientists and nuclear experts acting on
behalf of the French regulatory authority, DSIN. It was also provided to ANDRA (French National
Radioactive Waste Management Agency) for comments. The French safety authority approved the
vitrified residue specification in 1986.

This specification was then submitted and approved by the safety authorities of the COGEMA's
foreign customers 

Japan August 1988

Germany August 1988

Belgium January 1995

Switzerland August 1988

Netherlands November 1989

3. RTR TREATMENT CONDITIONING

RTR spent fuels treatment - conditioning by reprocessing features two advantages. First, it benefits
from the long experience of existing flexible industrial facilities from Cuntries like France. Secondly,
it offers a dramatic volume reduction of the ultimate waste to be stored under well-characterised,
stable and durable forms.

It exists two types of RTR fuels, which have the following typical content per assembly

Fueltype Weight Ut.� (g) AI(kg) Si(g) Initial U235
enrichment

HEU fuels UAl from 27 from 150 to 900 from 25 90 

LEU fuels U3Si1_ to 8,5 from 2000 to 2500 to 75 kg 200 20 

These two types of typical RTR fuels, have the following typical content after irradiation in the
reactor:

Al Si U Pu Fission Products and
(W %) (W %) (W %) (W %) Actinides

HEU fuels - 92.5 5 0.05 2.5

LEU fuels 64.7 3 29.7 0.3 2.3

After a dissolution operation of the RTR spent fuel, the resulting liquors are diluted into the power
reactors U02 spent fuels to blend down the U-235 content to a maximum of 2% before the separation
facility. This blending insure the non-proliferation.

The following step consists in the separation of the Uranium, the Plutonium and the Fission products.
The aluminium, the slicium and in the future the molybdenium follow the fission products flux in in
order to be conditioned with them.
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The treatment -conditioning allows then 
• In one hand, the recovery of the uranium which can be recycled,
• On an other hand, the recovery of the plutonium which can also be recycled,
• On an other hand, the mmobilisation in boro silicate glass of the fission products, the

actinides and the alurninium.

4. CONCLUSION

Any spent fuel management methods must comply with the final disposal key objective to store safely
the waste. A consequence is that a lot of very stringent criteria for the waste to be stored appear in all
the studies perforined to design a final disposal.

The possibility to dispose of the RTR spent fuel in a geological repository is neither internationally
forecast nor seem realistic, due to first, degradation phenomena and possible criticality incident, the
treatment - conditioning by reprocessing is then the solution for back end management of RTR spent
fuels.

The main advantage of the treatment -conditioning by reprocessing stands in the fact that the
incorporation of the ultimate waste in a boro silicate glass matrix is proven 

• An nternational consensus exist on this method of conditioning the fission products and
the actinides,

• The formulation of the boro silicate glass is the result of many years of R&D programs,

• The boro silicate glass matrix allows sufficient flexibility to condition the ultimate waste
coming with various type of spent fuels (NPPs spent fuel, UAl RTR spent fuel, UMo RTR
spent fuel ... ,

• The operational scheme get many years of experience with the reprocessing of NPPs and
RTR spent fuel,

• As for the R7 T7 vitrified residues, it exists a specification, which lists a number of
parameters deriving from the R&D programs. This specification is approved by several
countries around the world,

• The boro silicate glass is one of the waste taken into account to design the geological
repository in many countries around the world like France, the USA, Japan, Germany,
Belgium, Switzerland, Netherlands, the United Kingdom,...
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