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Abstract

For many years the NEA has been reviewing waste management practices in Member States.
Measures applied in the nuclear fuel cycle to reduce waste generation are outlined and
characteristics of waste management in all steps of the nuclear fuel cycle are described.
Views gained are discussed.

1. INTRODUCTION

As waste is an inevitable byproduct of all industrial activities, radioactive waste is a
byproduct of nuclear programmes. The main objective of radioactive waste management is to
handle radioactive waste materials in a safe, environmentally acceptable, economical and
responsible manner. As in other industries, the final destination of waste is either dispersion or
confinement [1]. To achieve this goal, the four main procedures are:

• to separate as much as possible radioactive components from the main process stream
and other less radioactive streams in order to facilitate later release or conditioning
{decontamination),

• to release materials contaminated with radioactivity in compliance with regulatory
requirements {release, discharge or dispersion), and

• to stabilise the separated components to facilitate further storage, transportation and
eventual disposal {conditioning),

• to confine the conditioned products in an environment remote from human activity
{confinement or disposal).

The NEA has been reviewing the progress in reducing radioactive discharges from
nuclear fuel cycle facilities in the framework of a generic study on comparison of radiological
impact of spent fuel management options. In this study all steps of the fuel cycle activities are
reviewed. It is noted that radioactive discharges have been reduced significantly in all steps
[2].

2. CURRENT STATUS

Thirty years of experience in operating nuclear facilities have generated sufficient know-
how to optimise plant design and operational practices. New technologies have been
developed and introduced and better understanding of waste generation in nuclear facilities
has resulted in modification of operating modes. Good practices have been shared throughout
the nuclear industry and increased competition in the electricity market has lead to greater
attention to waste management costs and influenced waste management practices [3].
Furthermore, operating experiences have lead to cost estimates that are reliable enough for
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decision-making [4]. Various measures are applied in all steps of the fuel cycle to reduce
waste generation and radioactive releases:

• to reduce waste generation: reduction of contamination, application of re-useable
materials, better understanding of primary system water chemistry, introduction of
new low-cobalt materials, improved fuel cladding, use of high burn-up fuel;

• to introduce alternative process: dry UF6 conversion process, new conditioning
materials;

• to introduce good practices: waste classification, timely replacement of leaking fuel
assemblies, better decontamination techniques;

• to reduce volume: incineration of combustible materials, high-concentration of
liquids, high-compacting of solid materials;

• to reduce radioactive releases: cryogenic charcoal filters, enhanced liquid stream
treatment processes.

During the early stage of nuclear programmes, little attention was given to the wastes
arising. This became an important issue when the nuclear industry started to apply the
ALARA principle. Waste generation has been significantly reduced since operators were
confronted with on site storage shortages and delays in repository development.

Efforts to reduce radioactive releases resulted in a short-term increase in waste generation
and waste management cost, as immediate solutions were not available. Since any new
technique or process has to be tested in an operating environment and reviewed before being
widely adopted, progress in improvements has been incremental rather than revolutionary.

Developments have also been made in separating long-lived gaseous or volatile
radioactive nuclides. These will reduce environmental releases and further concentrate the
radioactive nuclides. The resulting products will require proper storage and eventual disposal.

In applying these methods, an optimisation process is required since there may be a
potential of increase in radioactive doses to workers involved in waste management. This
process involves a number of factors: radiation protection aspects, operational safety of newly
conceived methods, radioactivity involved, sources, volume, characteristics, disposal options,
waste management and cost.

3. CHARACTERISTICS OF WASTE MANAGEMENT IN FUEL CYCLE

3.1 Mining and milling

Uranium is extracted from crushed rock and this process finally leaves ground mill
tailings. Generally, open pit mining generates more waste material than cavity mining.
Crushed rock and mill tailings contain small amounts of residual uranium, as well as radium,
which have long term effects, most notably the emanation of radon gas.

While the radioactive content of this material is very low, the volume is large and
therefore tailings must be disposed of with due consideration for radiation protection. No
special treatment is applied to these materials before disposal. Mill tailings are stored on site,
awaiting eventual disposal either by back filling the mined cavities or in surface disposal
areas. Usually, the surface disposal area is capped with clay but other more sophisticated
methods for long-term stabilisation are also applied. [2], [4], [5]
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3.2 Fuel fabrication

Conversion, enrichment and fuel fabrication are the processes needed to utilise Uranium
in most of today's power plants. With the exception of mixed oxide fuel fabrication, the
radioactive materials involved are naturally occurring or slightly enriched and their
radiological significance is relatively low. The major waste arising is filter cake from the fuel
purification process, prior to the conversion of uranium oxide into uranium hexafluoride.
Various types of other waste are generated from different chemical treatment processes. The
radioactivity content of all these wastes is low. A dry process to convert uranium hexafluoride
into uranium oxide has been developed and this process has contributed to the reduction of
liquid waste from the fuel fabrication process. [2]

3.3 Nuclear power generation

The waste stream in the power generation process is rather complex in terms of its
chemical form, isotopic composition and radiation levels. The radioactive materials concerned
are fission products and activation products. Most radioactive isotopes generated are confined
in the fuel elements.

Due to either leakage from fuel elements or activation of component materials, a small
proportion of radioactive substances is found in the coolant. These are transported in the
reactor system and finally removed, chemically or physically, through the purification
processes. The purification process generates concentrated radioactive streams which are
collected and stored for eventual treatment and conditioning into stable forms. The purified
water is recycled into the reactor system and purified liquid and gaseous effluents are released
into the environment in accordance with national regulations.

Improvements in fuel design and fuel cladding materials and in the quality control of fuel
fabrication have reduced the incidence of fuel failure, hi addition, vigorous control of surface
contamination of fuel elements has been applied. This has resulted in less coolant
contamination with fission products. Better understanding of water chemistry in the coolant
system has also contributed to the control of activation products in the coolant system.

Each refueling and maintenance outage generates additional waste; thus improvements in
operating performance have an immediate impact on waste reduction. Extended operating
cycles with high burn-up fuel can be seen as a contributor to waste reduction, particularly in
those countries where spent fuel is considered as waste. [2]

3.4 Reprocessing

Reprocessing separates Uranium and Plutonium from fission products in spent fuel.
Long-time storage of spent fuel after removal from the core is common practice. It allows
decay of short-lived nuclides and facilitates the reprocessing process and radioactive waste
management.

The waste stream in reprocessing is also quite complex in terms of its chemical and
isotopic composition and the radiation level is very high. Most of fission products are
contained in the liquid stream from the first extraction cycle. This waste stream is highly
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radioactive and vitrification is used for conditioning after an appropriate cooling period of
storage.

The treatment of liquid effluents has been improved and this has contributed to a
significant reduction of releases into the environment. The remaining radioactivity is
conditioned as high level waste. For conditioning of metallic pieces a super compacting
method has been developed. A process to recover plutonium from waste containing trace
amounts of this material has also been developed and is in operation. [2], [6], [7]

3.5 Decommissioning and dismantling of nuclear facilities

Experience has been accumulated in dismantling small-scale research and development
facilities and also the dismantling of large-scale facilities is undertaken in some countries. To
facilitate subsequent dismantling operations and to avoid the unnecessary spread of
radioactivity, decontamination and immobilisation of radioactive contamination is carried out.
Chemical as well as physical processes have been developed and are applied.

Decontamination and dismantling operations generate large volumes of waste with low
radioactive content. Decontaminated materials or components other than radioactive waste
could either be released for other authorised uses or disposed of with less stringent regulatory
requirements. [8]

3.6 Off-site storage and disposal

A number of off-site storage and disposal facilities for low-level waste are in operation in
the NEA Member countries and new sites are being developed. Underground repositories for
this type of waste are also operational in some NEA Member countries. For disposal of long-
lived waste, which includes spent fuel, vitrified high-level waste from reprocessing and waste
containing transuranium nuclides, development of underground repositories is the preferred
option. Several national programmes have achieved significant progress in such areas as the
construction of underground laboratories and the siting of repositories. This supports the
scientific and technological feasibility of the geological disposal concept, in spite of
difficulties in gaining public acceptance. [9], [12]

4. DISCUSSIONS AND CONCLUSIONS

A number of waste treatment and conditioning processes have been developed and are
available for specific needs in the safe handling of different types of waste streams. These
processes have successfully reduced radioactive discharges into the environment and have
contributed to the achievement of radiation protection goals for the public and workers as well
as the environment. Waste materials from mining and milling and so-called "low-level"
waste from nuclear facilities have been disposed of, after proper treatment or conditioning, in
repositories licensed by the competent national regulatory authorities.

The volume of waste generated from nuclear programmes is relatively small, thus it is
manageable by means of storage, awaiting disposal. This is a satisfactory short-term
arrangement, since effective and sustainable arrangements can be maintained. In the longer
term, such an arrangement relying on permanent maintenance of the system by society may
not be guaranteed and is not acceptable in terms of intergenerational equity. The storage of
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long-lived waste would not provide satisfactory safeguards against societal and economical
evolution, as well as the future evolution of the environment, in view of the long-term
potential hazard of long-lived waste. Disposal of radioactive waste is technically safe, since
all necessary safety and environmental precautions are taken and the system is passive. For so
called "low-level waste" disposal facilities are available in many countries. For long-lived
waste, geological disposal is currently the preferred option in NEA Member countries. As
national geological disposal programmes advance in NEA Member countries, initiatives for
postponing decisions and further reviews of alternative options have been proposed in some
countries.

No other industrial waste with long-term hazard potential has been regulated with such
vigor as radioactive waste. Nevertheless, the nuclear community should not pretend that there
would be no risk for the future generation after disposal. The debates on acceptance of
geological disposal are complex since they involve technical, scientific, societal and
environmental aspects. However complex they are, the debates should be based on scientific
and technological knowledge. The decision-making process should be transparent and allow
the active participation of stakeholders to guarantee the consistency and continuity of the
decision. Consequently, the process of decision making will be stepwise since the
development of repositories and their operation will be a unique experience to society, lasting
at least several decades. [4], [10], [11], [12].
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