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Prologue

The Foundation on Energy Studies has been established following the initiative of the dean of the
Polytechnical University of Madrid and its directors of the Mining and Industrial Engineering scho-
ols. The Foundation involves the different schools of engineering related to energy and three enti-
ties pertaining to the Central State Administration: Ciemat, IDAE and the National Energy
Commission.

The Foundation provides a supporting role to the Administration to take the necessary steps in this
field and they also encourage public opinion to request and fulfill these efforts. Currently, the
energy issues require more studies and views in order to have a solid foundation for political and
business decisions.

This document presents a study on radioactive waste management, an especially sensitive
topic on the subject of nuclear energy. The report does not attempt to recommend policies or
guidelines for this subject, but to place correctly the issue, describing what is known and not
known, what should be done and could be done, in order to face the risks that these wastes
may pose.

The study is presented in two-volumes: the first volume reviews the different aspects of spent fuel
management: technical, safety and public opinion issues, making a specific analysis of the situa-
tion in Spain. The second volume summarizes the status of waste management in the main OCDE
countries. The report is complemented with two separate booklets: a technical summary of the
work performed and an executive summary.

The study has been conducted by the following technical team:

Alberto Lépez Garcia. Industrial engineer, director of the study.

Carlos del Olmo. Mining engineer, subdirector of the study.

Armando Uriarte. Chemical Sci. Ph.D.

Manuel Toharia. Physical Sci. Ph.D. and journalist.

Eduardo Gallego. Professor at the Industrial Engineering School (UPM].
Aurelio Ulibarri. Industrial Engineer.

Isaac Gonzalez. Physical Sci. Ph.D.
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With the cooperation of a group of international experts composed by:

Klaus Kihn. Clausthal University Honorary Professor and former director of the IFT (RFA).
Allan Duncan. RWMC Member (NEA) and former director del H.M.I.P. (UK].

Robert Guillaumont. Paris Sud University Honorary Professor, is Member of the National
Academies of Sciences and Technologies and Comission Nationale d'Evaluation (France).
Claes Thegerstrém. President of SKB [Radioactive waste management company. Sweden).
Javier Reig. Nuclear Safety Director of the Nuclear Energy Agency (NEA-OCDE].

and supervised by:

Juan Manuel Kindelan. Mining Engineer, Foundation on Energy Studies vicepresident
José Maria Martinez Val. Industrial Engineer, adjoint to the vicepresident.

Ramoén Gavela. Chemical Sci. Ph.D. Ciemat.

Carlos Fernandez Ramoén. Chair Professor at the Mining Engineering School (UPM].
Francisco Javier Elorza. Mining Engineering School (UPM) Subdirector.

Fernando Robledo. Nautical Engineer, Foundation on Energy Studies.

Although this study has been carried out with the financial support of UNESA, Enresa, the Nuclear
Safety Council, Ciemat and the National Comission of Energy, they have not been involved in its
preparation.
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Executive summary

Introduction

The Spanish Foundation for Energy Studies (Fundacién para Estudios sobre la Energia) has drawn
up the study “Radioactive Waste Management. Situation, Analysis and Perspectives”. The
objective of this executive summary is to summarize the main aspects of this study.

Nuclear energy and radioactive isotopes are widely used in activities such as electricity
generation, medical applications and industrial processes. All these activities may produce
radioactive waste, the management of which is required in order to protect human health and the
environment.

The greatest volume of these radioactive wastes is of the low and intermediate level type. The
technologies necessary for the suitable management of this type of waste have been developed
thanks to the technological efforts made over the last thirty years, and they are now available for
use. In most of the OECD countries, among them Spain, this has allowed safe and environmentally
friendly waste management systems to be installed and put into operation on an industrial scale.
The low and intermediate level radioactive waste now disposed of in the main OECD countries
amounts to 12,000,000 m3. This gives an idea of the technical and operating experience that has
been acquired.

The establishment and operation of management systems for low and intermediate level wastes

is also necessary in order to be able to address the dismantling of the nuclear power plants at the
end of their operating lifetime. In Spain, for example, the dismantling activities carried out at the
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Vandellés | plant, or those foreseen for the dismantling of Zorita, would not have been possible if
the EL Cabril disposal facility and the rest of the systems and processes involved in low and
intermediate level waste management had not been in operation.

The most important high level radioactive waste produced in the world is the spent fuel removed
from the nuclear reactors. Work has been on-going since the nineteen fifties to develop
technologies for the management of spent fuel, this having allowed it to be handled, conditioned
and temporarily stored safely. However, to date this type of waste has not been eliminated or
definitively disposed of.

This study focuses precisely on spent fuel and high level waste. Although the report is mainly
technological and environmental in its approach, consideration has been given also to other main
variables relating to the management of these materials, such as strategic and economic issues
and the question of social acceptance.

1. International situation and perspectives of Spent Fuel (SF) and High Level
Waste (HLW) management

Nuclear energy and Spent Fuel generation

Nuclear power provides 16% of the world’s electricity, as base energy, and its contribution to total
power has progressively increased, its percentage contribution having remained steady over the
last 20 years with respect to total energy sources. There are more than 440 commercial reactors
in operation in the world, in 34 countries, amounting to an installed electrical power of more than
370,000 MW. In the OECD area nuclear power provides 23.4% of the electricity generated, with 351
reactors in operation as of the end of 2005. Some countries, such as Finland, Japan, Korea, China,
India and Russia, are building new nuclear power plants, and others, such as France, the United
States and South Africa have construction plans. Germany, Sweden and Holland, on the other
hand, have considered or are discussing the phasing out of this type of energy.

In Spain the commercial use of nuclear energy began in 1968 with the coupling to the electrical
grid of the country’s first nuclear power plant. At present there are eight reactors in operation
with an installed power of 7,728 MWe*1 , which between them produced 60.110 GWh in 2006, 20%
of the electricity generated in Spain, figure 1. Nuclear power is the third generating source in
terms of contribution to national production, after Natural gas and Coal.

It is estimated that some 10,500 t of spent fuel are produced every year in the world, and this is
expected to increase to 11,500 t by the year 2010. Given that less than a third of this quantity is
reprocessed, some 8,000 t are added every year to the inventory of spent fuel in temporary
storage. In 2003, the accumulated amount of spent fuel existing in the world amounted to some
275,000 t, and the fuel stored to some 186,000 t, the remainder (89,000 t) having been reprocessed.
At the end of 2005, the Spanish nuclear power plants had a total 3,370 t of spent fuel stored in
their pools, and it is estimated that the current plants will generate a similar amount by the end
of their service lifetime, which for planning purposes is currently considered to be 40 years. Spain
is the 5th largest producer of spent fuel in the EU (figure 2J.

1 Due to the definitive shutdown of José Cabrera NPP in April 2006
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Characteristics of Spent Fuel in Light Water Thermal Reactors (LWR)

The largest part of spent fuel, figure 3, is made up of the original U, which represents 95% of
the mass percentage of the fuel, the rest being activation and fission products and actinides and
their transuranic daughter products (TRU): Np, Pu, Am and Cm.

Activation and Fission
products 4.1%

Actinides and
daugthers 1.2%

94.7%

tFigure 3. Mass percentage in a pellet of spent fuel with a burnup of 40,000 MWd/tU (Enresa).

The levels of radioactivity in spent fuel are very high. During the first 200 years the radioactivity
arises mainly as a result of beta and gamma-emitting fission products. After this period of 200
years the transuranic elements, basically alpha particle emitters, will be the greatest contributors
to the radioactivity of the fuel. After 100,000 years, the radioactivity will be due fundamentally to
U, Np, Pu and their radioactive decay products, as well as to the fission products Tc-99, 1-129,Cs-
135 and other long-lived products (figure 4).

Basic principles of radioactive waste management

The main objective of radioactive waste management is its treatment with a view to protecting
human health and the environment now and in the future, without this implying a burden for future
generations.

In the management of spent fuel, as in all practices involving radiations, the public and
environmental protection objectives are based on the dose limitation system recommended by the
International Commission for Radiation Protection (ICRP). This system is the basis for the Spanish
Regulations on Protection against lonizing Radiations.
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Spent fuel management options

“Spent fuel management” is the term applied to the set of technical and institutional measures
aimed at ensuring that the spent fuel does not constitute an obstacle to the normal operation of
the nuclear power plants and that the technical measures do not, individually or jointly, imply a
risk for people, animals and the environment.

Once its energy production stage in the reactor has finished, nuclear fuel is stored in spent fuel
pools at the plant itself, for removal of the decay heat it produces. As from this moment, the
following lines of action are open:

P Open cycle: following an indefinite period of temporary storage (either under wet conditions
in pools or dry in casks), the fuel is conditioned and encapsulated in preparation for definitive
disposal.

P Closed cycle: following a period of temporary storage, the spent fuel is reprocessed to
separate the uranium and plutonium from the rest of its components, for subsequent use, as
energetic materials, in a new process of nuclear fission, improving the U energetic potentiality.
The HLW produced are conditioned by vitrification and stored pending final disposal.

P Advanced closed cycle: includes the closed cycle and the partitioning and transmutation of
the minority actinides and certain fission products to reduce its activity and radiotoxicity.
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In the closed cycles, both the high level waste and the long-lived waste not eligible for disposal
close to the surface must be disposed of in a Deep Geological Disposal (DGD) facility, the same as
the spent fuel considered as high level waste in the open cycle option.

The decision to adopt one spent fuel management strategy or another is a complex issue involving
both political and economic factors and questions relating to the conservation of resources,
environmental protection and public opinion. The last of these has become a predominating factor
in decision-making in many countries.

Spent Fuel management costs

The cost of electricity production includes both the electricity-generating nuclear power plant
investment, operation and maintenance costs and those corresponding to the fuel cycle [front end,
prior to the fuel entering the reactor, and back end, following its removal from the reactor as spent
fuel). Generally speaking, for any of the cycles considered, the cost of building and operating the
nuclear power plant is far higher than that corresponding to the fuel cycle. By way of an example,
figure 5 shows the electricity production cost structure in the case of the open cycle, where it may
be appreciated that investments in the plant represent around 62% of the production unit cost,
22% corresponds to plant operation and maintenance and 11% to the cost of the front end of the
cycle (uranium ore, concentrate, conversion, enrichment and fuel manufacturing), while the cost
of the back end of the cycle (temporary storage, encapsulation and definitive disposal in a DGD
facility] amounts to only around 5% of the total unit cost, that is, between 0,15 and 0,2 c€/kWh.

Maintenance and
operation
2%

Fuel cycle 1st
part 11%

Temporary

torage 1%
Investment storage 1%

0
62% Encapsulation

Final disposal 1%
3%

L Figure 5. Unit cost structure for electricity production with open cycle.
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2. Situation and perspectives of spent fuel and high level waste management in
Spain

Initial situation

The situation of spent fuel and high level waste management in Spain may be described in terms
of the following characteristics:

P Atypology of wastes already generated or foreseen that presents very little variation, with 80%
of the total volume to be managed consisting of spent fuel from the light water plants and
having similar physical, chemical and radiological characteristics, 13.4% being conditioned
wastes arising from fuel reprocessing performed in the past and the remaining 6.6% being the
wastes that it is estimated will be generated in the future dismantling of the Spanish nuclear
power plants.

The lack of diversity as regards the typology of the wastes to be managed will simplify
management due to the homogenization of processes and solutions that this brings.

P A total volume of spent fuel and long-Llived high level wastes to be managed amounting to
some 13,000 m3, the fifth largest among the European Union countries and equivalent to 6%
of the EU total.

The medium size of Spain’s nuclear program and of the volume of wastes to be managed

would appear to constitute more of a difficulty than an advantage, since as it cannot be
considered a small program, it would appear to be inevitable that certain of the facilities

required for management, such as the disposal installations, will need to be implemented in Xl
the country. On the other hand it is not sufficiently large to benefit from economies of scale

at the industrial or technological level.

P The absence of future commitments with other countries in relation to reprocessing, re-
elaboration or treatment of the spent fuel stored in Spain, as is reflected in the text of the
national General Radioactive Waste Plan (GRWP), provides considerable flexibility in the
definition of strategies and future decision-making, this being particularly important in a
sector in which - due to its characteristics - decisions have long-lasting effects and are
difficult to reverse.

P The commitment with France regarding the return to Spain of the wastes arising from the
reprocessing of the spent fuel from Vandelldés 1, the dismantling of Zorita and certain
specific situations of potential plant pool saturation require that appropriate solutions be
applied to increase the temporary storage capacity by around the year 2010.

Strategy established in the GRWP

The GRWP has determined that a centralized temporary storage (CTS] facility is an essential
management element for the interim storage of these wastes for a period of 60 years, regardless
of whatever individual solutions might be adopted at each plant as a second option aimed at
solving the specific problems that might arise in the short term in the event of a delay in the
development of such a CTS facility.
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Providing the Spanish system with a centralized temporary storage facility for spent fuel and long-
lived high level waste would appear to be an appropriate decision offering strategic advantages in
terms of safety, security, economics and operation compared to any other alternative.

However, the five-year period foreseen for the siting, construction and start-up of the installation
might be insufficient, especially as regards finding a satisfactory solution to the process of
negotiation and public acceptance required for its location. The recent parliamentary resolutions
issued recognizing the convenience of such a facility, and the interministerial commission set up
in this respect, are very valuable instruments that favour compliance within the timeframe
established in the program.

The GRWP does not establish any strategic definition nor any schedule for the activities constituting
the definitive management of the wastes dealt with here. On the other hand, the estimate of the
costs and the needs regarding the transfer of financial resources to the Fund for radioactive waste
management is performed assuming an open cycle with direct geological disposal of the spent
fuel. The Plan estimates the cost of final management to be more than 3,000 MM€, equivalent to
50% of all SF management and 25% of the total cost estimated for complete management of all
types of radioactive waste, including the dismantling of the plants.

Analysis of the feasibility of different types of SF cycles in the Spanish case

The alternative of the open cycle with direct spent fuel disposal in a DGD facility is recognized
across the world as being a feasible solution and one that is to be recommended for a number
of reasons relating to non-proliferation and the fact that its costs may be estimated more
reliably than those of the alternatives. The above is thanks to the technological knowledge
acquired as a result of the R&D efforts made internationally over the last forty years. It is the
solution chosen in the EU by countries that have nuclear programs for exclusively civil
applications, such as Sweden and Finland, and by the United States for the spent fuel arising
from commercial nuclear power plants, although there are no yet DGD facilities under
commercial operation for spent fuel disposal.

The Spanish technological potential would appear to be sufficient to address this alternative
successfully, thanks to the knowledge acquired through the R&D program carried out by ENRESA
over the last twenty years, along with that which might be acquired if this process of generating
know-how were to continue in its two dimensions of domestic work and international cooperation.

In view of the financing system that has been in place since 1984 and the transfers of financial
resources that have been made to the Fund for radioactive waste management during this period,
and their foreseen continuation in accordance with the estimates of the GRWP, Spain also has
sufficient economic capacity to successfully address this alternative of the open cycle with direct
disposal of the spent fuel in a DGD repository.

Thanks also to the geological knowledge developed in recent years, it would be reasonable to
believe that Spain’s geology offers stable rock formations having the characteristics required to
house a DGD facility with the necessary guarantees.

The alternative of the closed cycle, with reprocessing on the basis of the technology and processes
currently used on an industrial scale in France and Great Britain, and subsequent recycling of the
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fissile materials recovered in thermal or fast reactors is an option that Spain ceased to consider in
the early 1980's, mainly for economical reasons. The conditions that led to this decision have not
changed substantially, as a result of which no strategic change in this respect is foreseen.

In addition, the application of this alternative, with reprocessing of the spent fuel from the light
water plants in the currently existing reprocessing facilities and subsequent vitrification of
minority actinides and fission products, would rule out the possibility of their being transmuted
in the future.

The management of spent fuel on the basis of advanced reprocessing and separation, followed by
transmutation of the long-lived radioactive elements in new generation fast reactors has potential
advantages, such as greater exploitation of the energy content of the spent fuel and the lower
radiotoxicity and smaller volumes of wastes to be disposed of in a DGD facility. Nevertheless this
option is still associated with too many essential uncertainties for it to be considered as a real
technological alternative at present, and it remains for it to be contrasted with appropriate
cost/benefit analyses, once the information required for their performance is available. It does not
appear to be likely that the more advanced countries in this kind of technologies, France and USA, will
have industrial installations for advanced separation, transmutation target fabrication and advanced
reactors in which transmutation will be at least partially feasible available before the year 2050.

The closed spent fuel cycle based on multiple reprocessing and recycling, with or without
subsequent transmutation, would require as a central characteristic the availability of new types
of fast reactors. The design, construction and operation of these new reactors would require
something like a century of nuclear activity.

In summary, P&T is an option of great potential interest that might significantly contribute to
reducing the radiological inventory to be managed in a DGD, as well as to radioactive waste
minimization, but it will require major R+D efforts for its development. Such efforts would be
meaningful only in a context of continuous use of nuclear fission energy for electricity production.

Spain’s scientific and technological capacity would appear to be insufficient for significant
contributions to be made to this option, at a reasonable cost, unless they were made in
coordination with other countries within the framework of international cooperation projects.

The cost estimates for this option, which are still very preliminary and present important
uncertainties, would exceed those foreseen in the current GRWP for the final management of
spent fuel.

For all these reasons, and for the associated long-term implications, this fuel cycle option should

be considered a long-term strategy or energy policy issue rather than a simple waste
management option.

Importance of the CTS and DGD facilities for the Spanish program
P Centralized Temporary Storage

Different temporary fuel storage systems under operation in the world are now demonstrated
technologies, with more than 50 facilities operating in more than fifteen countries. To this is added
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the experience of plant pool operation and, in the case of metallic containers, the experience
acquired from using fuel transport casks.

The more or less prolonged temporary storage of spent fuel cannot be considered as constituting
an SF management option but rather the initial stage of any type of management.

Once start-up of the CTS facility were achieved, as scheduled in the GRWP, providing the possibility
of safely storing the spent fuel for the next sixty years, Spain would be in a highly consistent and
flexible situation as regards its management strategy, with the possibility of selecting any of the
fuel cycle options:

P The lifetime of the CTS facility and the Fund for radioactive waste management provide the
time and the financial resources required for the development of the repository.

P If, during this sixty-year period, there were sustained increases in the price of uranium and
decreases in the price of the reprocessing service, such that the option of the partially closed
cycle with recycling in thermal or fast reactors were to become competitive with respect to
the open cycle option, Spain would be in a position to choose this option, since it would have
intact spent fuel in the CTS facility available for reprocessing, the necessary financial
resources provided by the Fund and a future availability to receive the high level wastes
arising from reprocessing in the repository thanks to the performance of the corresponding
activities over time.

P Even if over the forthcoming decades there were a satisfactory solution to the uncertainties
existing in relation to new reprocessing, separation and multiple recycling technologies, and
the future transmuting reactors proved to be competitive, Spain would also be in a position
to adopt this option if future energy policy decisions were to consider this appropriate.

» Deep Geological Disposal

There is international consensus regarding the need for deep geological disposal for the final
management of these wastes, regardless of the technological option chosen for spent fuel
management, be it the open cycle or any of the different variations of the closed cycle, with or
without transmutation.

The isolation of spent fuel and high level waste in geological formations through the use of
multiple barrier systems is considered to be the safest and most feasible solution capable of
guaranteeing compliance with the restrictive safety limits and conditions imposed upon this type
of facility with currently available technologies. DGD is a concept recommended by the main
International Organizations responsible for nuclear matters, based on the accumulated
knowledge acquired through the R&D programs of the EU and other advanced countries.

Nevertheless, social opposition to this concept has delayed its implementation. Now, two
countries, the United States - which already has a repository in operation for TRU non heat-
emitting wastes - and Finland, have selected a site for construction of a DGD facility and foresee
its operation prior to 2020. Sweden and France have advanced underground laboratories, and
although they have not yet appointed a site for construction of a DGD facility, foresee the operation
of such an installation by around the year 2025.
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The national programs that have most advanced in recent years have opted for an approach based
on a process of decision-making in clearly defined stages, including social agreement and
parliamentary support. This allows for flexibility and for adaptation to political-social and
scientific-technological development (or regression]. Retrievability is an essential element in this
flexibility, since it will allow decisions taken to be reversed.

The reference of the countries in which DGD programs are most advanced (United States, France,
Sweden or Finland) shows that completion of the set of activities required to make such an installation
available, i.e. the previous generation of know-how, the facility siting process, site characterization
and the construction of the installations, requires some 40/ 50 years of continuous activity.

The Spanish GRWP establishes, for the purposes of planning and cost estimates, that the DGD
facility would start its operation around the year 2050. In this respect a period is foreseen, from
2025 to 2040, for decision-making and site characterization, the installations being built between
2040 and 2050. It does not, however, specify any scheduling of activities for the period 2006 to 2025,
which would appear to be incoherent with the objective of starting up the repository in 2050.

In order to have a repository in operation by 2050, it would be necessary to establish a specific and
detailed schedule of the activities to be performed in both the short and long term, along with the
corresponding milestones of partial compliance, especially .

It should be taken into account that both the encapsulation plant and the repository will need to
be assessed by the Nuclear Safety Council. The establishment of an explicit schedule for the
development of these installations would allow the CSN to plan beforehand its personnel training
needs, the acquisition of know-how and assessment of the different activities and processes to be
performed over time.

International CTS's or DGD's?

Just as there is currently an international market for spent fuel reprocessing services, it is probable
that if the advanced closed cycle were to reach industrial dimensions there would also be a market
offering services covering its different stages, including transmutation. However, and with the
exception of a Russian initiative, there is no international market for temporary storage services
without reprocessing, and an increasing number of national legislations are prohibiting the final
disposal of spent fuel from plants outside their frontiers and of the wastes arising from the
treatment or reprocessing of this fuel. Despite the efforts of organizations such as the IAEA to
achieve the siting and construction of an international repository, especially for the spent fuel and
wastes from countries not having favourable geological formations or with small nuclear programs,
it would appear to be unlikely that there will be an international market for future geological disposal
services in the short or medium term.

The above underlines the idea that both the CTS facility and the DGD repository are necessary
elements for responsible environmental management in a country having a nuclear program of
the dimensions of the Spanish one. Consequently, it would appear to be advisable to focus
management efforts (technical, social and communication-related) on programs for the siting and
construction of installations for which there would not appear to be any solution other than the
one that each country might implement by itself, i.e. the CTS and DGD facilities, each with its
respective characteristics, priorities and schedule.
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Technological and R&D capacity

In Spain there is an important mismatch between the dimension of the nuclear program (and
consequently of the quantities of SF to be managed) and the limited infrastructure at scientific and
technology facilities adequate for the study of spent fuel behaviour and its evolution with time. The
GRWP foresees that this mismatch will be reduced through the provision of new installations,
presumably to be installed at the CTS facility, for assessment of the evolution and behaviour of
irradiated fuel in the long term. The provision of these new installations should go hand in hand
with a program for the incorporation and preparation of the scientific personnel in charge of their
operation and for collaboration with universities and research centres.

The R&D activities relating to the study of spent fuel and its encapsulation are just one part of the
technological developments required to make a repository available. There is also a need for
activities relating to geological medium characterization methods to progress steadily in parallel
and in coordination with the other activities, especially as regards the geomechanical,
hydrogeological and geochemical characteristics of the crystalline and sedimentary formations
available in Spain, at the reference depths for the repository. These activities should continue to
be carried out simultaneously with participation in international R&D projects with infrastructures
and underground laboratories unavailable in Spain and generating knowledge of interest for our
program.

It would also appear to be necessary to establish an R&D action plan allowing for tracking of the
scientific and technological knowledge generated at world level in the fields of partitioning for
transmutation, the manufacturing of fuels for transmutation and transmutation itself, with a view
to orienting future updates of the GRWP depending on the perspectives regarding the feasibility of
transmutation.

The R&D efforts to be made in this field should be proportionate to Spain’s nuclear program and
to the country’s waste management needs, through participation in international R&D programs
in the field of transmutation, especially those of the EU. This participation should in all cases have
technological objectives adapted to our needs and providing realistic economic returns.

Financing of management

One of the essential elements of the strategy established in Spain for waste management is the
financing system. The financial resources to be collected for application to future management
activities are estimated in the different revisions of the GRWP. These estimates are, therefore,
essential in order to make management possible, especially in view of the fact that at the time
when each future revision of the plan is issued, the remaining operating lifetime of the plants will
be less, as a result of which the margin for rectification of the rate of transfers to the fund will be
smaller.

Consequently, it is of prime importance that the cost estimates and budgets be drawn up as
accurately as possible, and that the mechanisms for the control of compliance and budget
tracking for the main items be particularly effective.

Another issue to be considered as regards the economic aspect of spent fuel management is the
potential increase in its cost, or uncertainty in this respect, due to the performance of tasks
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relating to the advanced closed cycle based on transmutation, in relation both to its short and
medium-term scientific and R&D aspects and to its potential aspects in the long term. If it proved
to be feasible, this option should be considered as constituting a new energy strategy alternative
rather than simply a waste management option. For the latter there is already a strategy based
on accessible solutions that are economically compatible with the financial resources available or
foreseen (open cycle). In keeping with the above, and in order to avoid uncertainties as regards the
sufficiency of the financial resources required for waste management, it would not appear to be
recommendable that the resources of the Fund for radioactive waste management be applied to
activities relating to the advanced closed cycle, which should be financed using resources from
other sources.

Importance of public communication, public participation and social acceptance

In questions relating to science and technology, and especially to nuclear energy and wastes, most
of the population misunderstands or simply has no understanding of the basic concepts
underlying the information reaching them one way or another through the media. The members
of the public clearly do not need to know very much about these issues, but often they become
easy prey for tricksters and alarmists precisely because of their lack of knowledge. Consequently,
it is easy to end up by perceiving very negatively the very fact of having to manage industrial wastes
that pose a risk for health and the environment, like radioactive wastes.

The misunderstanding of this management by most of society is largely due to this low degree of
scientific knowledge, which prevents the average man in the street from understanding such basic
issues as, for example, the fact that waste in general is inseparable from our vital activities,
however much we might like not to recognize it. Although we obviously need to minimize all types
of waste and recycle whatever materials may be recycled, at present it is inevitable that industry,
like domestic life, will generate any number of leftover materials of no further use, this implying
the need for them to be appropriately treated.

One way or another, living with nuclear energy for civil use has become commonplace for the Spanish
public, especially in hospitals and in the vicinity of nuclear power plants. Having nuclear energy
perceived as being something natural, just one more element in the collective existence of the
Spanish people as regards their relationship with industry and with its advantages and disadvantages
will be possible only by improving the information provided to them in this respect, promoting public
participation in decisions involving them collectively and, to the extent possible, making the debate on
the solutions to be adopted in relation to radioactive waste a more objective one.
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Radioactive waste
management in Germany

Klaus Kiihn

1. Introduction / general overview

Research and development (R&D] for nuclear power generation started in 1955 in the Federal
Republic of Germany. The first power generating reactor, VAK Kahl (15 MWe], started operation in
1960. Between 1965 and 1970, nuclear power plants (NPPs] with 250 to 350 MWe and 600 to 700
MWe were ordered. In the following years, bigger plants with up to 1,300 MWe were constructed.
The last one started operation in 1989.

Since then, nuclear power contributes about 30 % to electricity production in Germany. Moreover,
nearly 50 % of base-load capacity is generated by NPPs.

In September 1998, a new Federal Government was elected, consisting of a coalition between
SPD and Bindnis 90/Die Grinen. This Federal Government decided to phase out nuclear
energy in Germany. The Government negotiated a contract with those utilities operating NPPs.
This contract was initialled on June 14, 2000, and signed on June 11, 2001. In this contract
every operating nuclear power plant was given a so-called “remaining amount of electricity
still to be produced until its shut-down”. The German Atomic Act (Atomgesetz, AtG) was appro-
priately amended in April 2002. The 17 presently operating NPPs with a total net capacity of
20,339 MWe are shown in Table 1 together with their remaining amount of electricity to be
generated until shut down.

Since November 2005, a new Federal Government, consisting of a great coalition between
CDU/CSU and SPD is in office. This Government sticks to the old decision of phasing out
nuclear energy in Germany. With the worldwide renaissance of nuclear power, however, the
discussion on this issue also started in Germany, especially with regard to the problem of glo-
bal warming.

The early reactors are meanwhile shut down and are being decommissioned. Two of them were

completely dismantled and their areas were recultivated. Three bigger NPPs are being decommis-
sioned and dismantled at present.
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Net Power Operating Remaining

(MWe) since production
(TWh as of 1/1/2000)

PWR Biblis A 1167 1975 62.00
PWR Biblis B 1240 1977 81.46
PWR Brokdorf 1370 1986 217.88
BWR Brunsbuttel 771 1977 47.67
PWR Emsland 1329 1988 230.07
PWR Grafenrheinfeld 1275 1982 150.03
PWR Grohnde 1360 1985 200.90
BWR Gundremmingen B 1284 1984 160.92
BWR Gundremmingen C 1288 1985 168.35
BWR lsar 1 878 1979 78.35
PWR Isar 2 1400 1988 231.21
BWR Krimmel 1260 1984 158.22
PWR Neckarwestheim 1 785 1976 57.35
PWR Neckarwestheim 2 1305 1989 236.04
BWR Philippsburg 1 890 1980 87.14
PWR Philippsburg 2 1392 1985 198.61
PWR Unterweser 1345 1979 117.98
Total 20,339 2,484.18

LTable 1.1. Nuclear Power Plants in Germany.

1.1. Radioactive waste categorization

With regard to radioactive waste management, it was already decided in the late fifties / early
sixties of last century to dispose of all types of radioactive waste in deep geological formations.
Consequently, there exist only waste categories taking into account surface dose rates on the
waste containers: low-level waste (LLW], intermediate-level waste (ILW), and high-level waste
(HLW). No segregation of radioactive waste with regard to halflives of specific radioisotopes was
ever performed. This has two consequences:

1. In Germany, there exists no separation between short-lived and long-lived LLW and [LW.
2. Disposal of short-lived LLW and ILW on or near the surface was never considered.
In connection with the Konrad repository (cf. Chapter 3.3), an additional waste classification was

introduced: non-heat generating waste and heat generating waste. Spent fuel, if considered
waste, belongs to the latter category. The definition of non-heat generating waste is: "Rock
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temperature in the Konrad repository must not be increased by more than 3 K by emplacement

of this waste.”

1.2. Radioactive waste quantities

Quantities of radioactive wastes in Germany are given in tables 1.2 and 1.3. Both tables show
those quantities which already exist and also those which will be produced until the year 2040
taking into account the above mentioned phasing out of nuclear power.

Existing Prognosis Prognosis Prognosis Prognosis

End 2000 2001-2010 2011-2020 2021-2030 2031-2040

Total

Nuclear power plants

Public activities
Total

23,000 31,000 46,000 73,000 22,000
53,000 27,000 8,000 3,000 11,000
76,000 58,000 54,000 76,000 33,000

t Table 1.2. Quanties of non-heat generating waste until 2040 [m’].

195,000
102,000
297,000

As of end
2000

Prognosis Prognosis Prognosis Prognosis Total

2001-2010 2011-2020 2021-2030 2031-2040

HAW-canisters
Public activities

AVR + THTR
spheric fuel
elements

LWR fuel
elements

Rossendorf
fuel elements

FRM-II fuel
elements

84
0

908,705

3,142

2.3

Number
4,582 112 0 0 4,778
840 7,576 2,400 0 10,816
0 0 0 0 908,705
Mg
3,962 1,819 24 0 8,947
0 0 0 0 2.3
0.35 0.35 0.35 0.35 1.4

tTable 1.3. Quanties of heat generating waste until 2040.

m3
908
2,814

1,890

18,258
49
108

ca.
24,000

Quantities of non-heat generating wastes are shown in table 1.2. The first line indicates the
quantities produced by nuclear power plants. The sharp increase to 73,000 m®between 2021
and 2030 is caused by the then foreseen dismantling of NPPs according to the phase out
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program. Line two indicates the quantities of waste generated by public activities. Nearly 80 %
of this total amount are already existing or will be produced shortly until 2010, mainly by the two
big Nuclear Research Centres at Karlsruhe and Jilich and by the meanwhile being
decommissioned prototype reprocessing plant WAK (cf. Chapter 4.1). The total amount of non-
heat generating waste until 2040 will be about 300,000 m?*all of which is going to be disposed
of in the Konrad repository.

Quantities of heat generating wastes are given in table 1.3. About 4,800 canisters with vitrified
HLW originate from reprocessing German spent fuel in France and in the United Kingdom.
Under the respective reprocessing contracts, also about 2,800 m?of heat generating ILW will be
produced. All these quantities are or will be shipped back to Germany in order to be disposed
of there.

Nuclear power generation without reprocessing will produce about 9,000 Mg of spent LWR fuel.
Accordingly packed for disposal, this will be a volume of 18,300 m?®. The rest of other spent fuel
shown in table 1.3, stems from different research reactors.

2. Institutional framework

Basis for all nuclear activities in Germany is the German Atomic Act [Atomgesetz, AtG) which
originates from December 1958 and which was amended several times meanwhile. The latest
amendment was decided in April 2002.

2.1. Implementer

With regard to radioactive waste management, there exists a clear separation of
responsibilities between the Federal Government and the nuclear industry: § 9a (3] AtG
designs the Federal Government to be responsible for the construction and operation of
repositories for radioactive wastes. All other activities within the nuclear fuel cycle are within
the responsibility of nuclear industry. This includes spent fuel package, transportation, and
interim storage, reprocessing of spent fuel, waste treatment, transportation and interim
storage.

Within the Federal Government, the Ministry for the Environment, Nature Conservation
and Reactor Safety (Bundesministerium fur Umwelt, Naturschutz und Reaktorsicherheit,
BMU] is in charge of the construction and operation of repositories. BMU delegated this
task to the Federal Office for Radiation Protection (Bundesamt fir Strahlenschutz, BfS).
BfS is a Federal Office working for and on behalf of BMU. In order to realize repository
projects, BfS signed a contract with DBE [Deutsche Gesellschaft zum Bau und Betrieb von
Endlagern fur Abfallstoffe mbH). So, DBE is working on behalf of BfS as what is called “the
third party”.

2.2. Licensing authority
In Germany, no central or Federal licensing authority does exist for nuclear installations.

According to the Federal Constitution (Grundgesetz] and the German Atomic Act (AtG],
licensing is performed by a Ministry of that Federal State on which’s territory the
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respective nuclear installation is going to be located. So, the Konrad repository e.g. is
located in the Federal State of Lower Saxony. In consequence, the Ministry of Environment
of Lower Saxony (Niedersachsisches Umweltministerium, NMU] has issued the license for
Konrad.

The 4th Amendment of the German Atomic Act (AtG), decided in 1976, prescribes the performance
of a specific licensing procedure for radioactive waste repositories which is called “Plan Approval
Procedure (Planfeststellungsverfahren, PfV]". A big disadvantage of this PfV is that it has very little
flexibility. In consequence, the internationally used step-wise procedure in licensing and realizing
a radioactive waste repository is not very much favoured by this procedure.

3. LLW & ILW management

As already mentioned in Chapter 1.2, there is no differentiation between short-lived and long-
lived LLW and ILW in Germany. Consequently, no disposal of these waste types on or near the
surface was ever performed. All LLW and ILW have to be disposed of in a deep geological
repository in Germany. Three projects have to be mentioned in this connection:

1. Asse Research Mine (Forschungsbergwerk Asse, FBA]
2. Morsleben Repository (Endlager fur radioaktive Abfélle Morsleben, ERAM]
3. Konrad Repository (Endlager Konrad)

3.1. Asse Research Mine (FBA)

The Asse Research Mine was a former mine for the production of potash and rock salt. It is
located in the county of Wolfenbittel in the Federal State of Lower Saxony. Salt production
stopped in 1964. From 1965 until 1995, FBA was used as a R&D-facility for the disposal of
radioactive waste in salt formations. For LLW, different emplacement techniques were
developed, tested, and used between April 1967 and December 1978. Respective techniques for
the emplacement of ILW were developed and tested between September 1972 and December
1977. Within these test series, about 125,000 drums with LLW and about 1,300 drums with ILW
were emplaced into the Asse Research Mine.

In parallel and also afterwards until 1995, a great number of in situ-investigations was
performed in the Asse Research Mine for the disposal of heat generating HLW and spent fuel
in salt formations, but without using real waste.

Since 1993, backfilling and decommissioning of the Asse Research Mine is underway. License
application for the final closure of the facility will be handed to the competent licensing
authority in early 2007.

3.2. Morsleben repository (ERAM)

The former potash and rock salt producing mine Bartensleben stopped production in 1969. It
was located on the territory of the late German Democratic Republic (GDR) about 40 km west
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of the city of Magdeburg. After reunification of Germany, the location of this site is now named
Morsleben in the county Ohrekreis in the Federal State of Saxony-Anhalt.

Under the regime of the former GDR, the mine was selected to serve as the repository for
the disposal of LLW and ILW originating from the GDR nuclear power plants at Rheinsberg
and Greifswald which were shut down after reunification and are being dismantled at
present. The Bartensleben mine was then named “Endlager fiir radioaktive Abfille
Morsleben - ERAM”. Waste emplacement started in 1971 with a provisional license. In 1986,
ERAM got a definitive and timely unlimited license from the then responsible licensing
authority “Staatliches Amt fir Atomsicherheit und Strahlenschutz, SAAS". After
reunification of Germany in 1989, waste emplacement continued until 1991 and after an
interruption again from 1994 until 1998. A total amount of about 36,800 m®of waste was
disposed of in ERAM.

The license application for decommissioning and final closure of ERAM was delivered by BfS in
September 2005 to the competent licensing authority, which is the Ministry for Agriculture and
Environment (Ministerium fir Landwirtschaft und Umwelt, MLU) of the Federal State of
Saxony-Anhalt.

3.3. Konrad repository

The former iron ore mine Konrad (figure 1.1] is located in the municipality of Salzgitter in the
Federal State of Lower Saxony. Mining of iron ore stopped in 1976. After extensive studies of
feasibility to turn this mine into a repository for LLW and ILW, PTB, the predecessor of BfS,
formally applied for a respective license in August 1982. After a lengthy process, this license
was finally granted by NMU in June 2002 to BfS. As expected, the license was immediately
sued. It took the court roughly three and a half years to decide. This decision was made public
on March 8, 2006:

»  The court fully confirmed the license issued in June 2002.
P All safety related objections of the plaintiffs were rejected.
P The court denied the possibility of an appeal.

For some sophisticated rules of procedure this last decision has to be confirmed by the
Supreme Court of Administration (BVG Leipzig). This is expected for early 2007.

After a positive decision of BVG Leipzig, alteration of the mine and construction of the repository
can begin and will last for about four years. That means, emplacement of radioactive waste
could start in 2011/12.

The licensed capacity of the Konrad repository will enable the disposal of all the 300,000 m?® of
non-heat generating waste shown in table 1.2.
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L Figure 1.1. Shaft Konrad N°. 1.

4. Spent fuel and HLW management

4.1. Strategies

In the early years of nuclear power production in Germany the clear objective was to reprocess
all spent fuel from LWR power reactors. Therefore, a pilot reprocessing plant named
“Wiederaufarbeitungsanlage Karlsruhe (WAK]" was constructed from 1967 until 1971, neigh-
bouring the Karlsruhe Nuclear Research Centre. It was operated from 1971 until 1990. A total
amount of 207 Mg uranium and 1.16 Mg plutonium was reprocessed at WAK. This former pilot
plant is now being dismantled since 1993.

After a lengthy process of discussions the idea of constructing and operating an industrial
reprocessing plant in Germany was finally given up in 1989. Contracts for reprocessing spent
fuel from German NPPs were signed with Cogema in France and BNFL in the United
Kingdom.

The German Atomic Act [AtG), which formerly stipulated reprocessing, was amended in
1994. This amendment also allowed direct disposal of spent fuel in Germany. The latest
amendment, however, dated April 2002, now prohibits reprocessing of German spent fuel as
of July 1, 2005, onward. In consequence, all spent fuel has to be stored until it can be dispo-
sed of in a repository.
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As already mentioned in Chapter 1.2, it was decided very early in Germany to dispose of all types
of radioactive waste in deep geological formations. For the disposal of HLW and spent fuel the
clear objective always was to construct and operate the repository for these wastes in a salt
formation. The salt dome of Gorleben is under investigation for this purpose since 1979 (cf.
Chapter 4.2.3).

In recent years, the idea of partitioning and transmutation (P&T) initiated large R&D-programs
internationally, especially in France. The recent GNEP initiative in the United States (Global
Nuclear Energy Partnership) also follows this line. In Germany, only relatively small R&D-
programs for P&T are performed at the two research centres at Karslruhe and Jilich.

In all aspects and facets of radioactive waste management, there always was an extensive
international cooperation, be it on a bilateral or a multilateral basis. This aspect applies
especially for the field of R&D. Germany also always actively participated in international
activities and programs of IAEA, OECD/NEA, and EU.

4.2, Installations
Interim storage

Three central facilities for interim storage of spent fuel and HLW are in operation in
Germany:

1. BZA Ahaus
2. TBL Gorleben

3. ZLN Greifswald

The facility BZA at Ahaus, located in the county of Borken in the Federal State of Northrhine-
Westphalia, started operation in 1992. It has a licensed capacity of 3,960 Mg HM which equals
420 positions for storage casks. At present, six CASTOR-casks with 60 Mg of spent LWR fuel are
stored. In addition, 305 CASTOR-THTR/AVR-casks are in store which contain all the spherical
graphite fuel elements originating from the former German prototype gas-cooled reactor THTR
(cf. table 1.3, line 3). Because of the smaller size and weight of these casks, they only occupy 50
positions (figure 1.2]). In 2005, 18 CASTOR-MTR 2 casks, containing all spent fuel elements from
the former Research Reactor Rossendorf near Dresden were shipped to BZA and are now
stored there.

The interim storage facility at Gorleben, located in the county of Liichow-Dannenberg in
the Federal State of Lower Saxony, started operation in 1995. TBL Gorleben has a licensed
capacity of 3,800 Mg HM which equals 420 positions for storage casks. At present, five
CASTOR-casks with 36 Mg of spent LWR fuel are being stored. In addition, TBL is being
used for the interim storage of vitrified HLW which Germany has to take back under
existing reprocessing contracts from France and the United Kingdom. 75 storage casks of
CASTOR-HAW-28 and TN-HAW-28-type, containing 28 HLW-canisters each, are already in
store (figure 1.3). This equals a total amount of 2,100 HLW-canisters.
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Used today: - 75 casks with HAW*
- 5 casks with spent fuel

d ~Function: interim storage for spent fuel = : - - . 2
nvestment: 50 Mio [Euro ]
Capacity: 420 Positions (3,800 t HM] BE

* witrified HLW-canisters from reprocessing

L Figure 1.3. TBL-Gorleben “Transportbehilterlager Gorleben - TBL".
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The interim storage facility at Greifswald, located in the county of Ostvorpommern in the
Federal State of Mecklenburg-Vorpommern, started operation in 1999. It has a licensed
capacity of 585 Mg HM which equals 80 positions for storage casks. In ZLN, all spent fuel
elements originating from the shutdown NPPs at Rheinsberg and Greifswald of the former
German Democratic Republic are in store.

Because transportation of spent fuel elements in CASTOR-casks from different NPPs to the
interim storage facilities at Ahaus and Gorleben were always accompanied by heavy,
sometimes even violent manifestations of anti-nuclear demonstrators and thereby caused
the strict and strong commitment of police, the Federal Government which was established
after the elections in September 1998, was no longer willing to tolerate these transports. It
changed the situation by the respectively mentioned amendment of the German Atomic Act
AtG in April 2002. By introducing § %9a (2) Satz 3, all utilities operating NPPs are now obliged
to construct and operate separate interim storage facilities on the NPP site. All these single
interim storage facilities are meanwhile licensed for a storage time of 40 years and are either
already operating or under construction. As an example, figure 1.4 shows the interim storage
facility at NPP Biblis A.

L Figure 1.4. Spent fuel storage facility at NPP Biblis A.
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Spent fuel conditioning

In order to test the packaging of spent LWR fuel elements in containers which are suitable
for disposal in a salt repository, the German nuclear industry constructed a pilot conditioning
facility, named “Pilot-Konditionierungs-Anlage (PKA]" at the site of Gorleben adjacent to the
interim storage facility TBL. Construction of PKA started in early 1990. The final license for
operation was issued by NMU in December 2000. The capacity or throughput of the facility is
35 Mg HM / year (figure 1.5].

Containment Concept

Fuel element “‘
Cutting of top fittings . m “‘
Pulling of fuel rods m

Loading into canisters E L .
h”
=

Staff
recreation
area

IE

LFigure 1.5. Pilotkonditionierungsanlage - PKA (Pilot Conditioning Plant).

Up to now, however, PKA was not put into operation by the nuclear industry because the
Federal Government has not yet decided where the repository for spent fuel containers will
be located (c. Chapter 6).

Repository

As mentioned in Chapter 4.1, Germany’s concept in the sixties, seventies, and eighties of last
century was to reprocess spent light-water reactor (LWR) fuel. After the successful operation
of WAK the plan was developed to construct and operate what was called a “Nuclear Fuel
Cycle Centre (Nukleares Entsorgungszentrum, NEZ)" at that time. Core of that NEZ was to
be a large industrial reprocessing plant. Besides including all waste treatment facilities, a
constituent part of NEZ was also an underlying geological formation suitable for the disposal
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of all types of radioactive waste to be generated within the NEZ. After some lengthy and also
difficult site selection process, the Federal Government and the State Government of Lower
Saxony agreed in June 1977 to investigate the site of Gorleben for the construction of the
NEZ. Many discussions, public hearings, but also manifestations followed. After a large
public hearing with international participation, named “Gorleben Hearing”, the State
Government of Lower Saxony decided in May 1979 not to permit the construction of the NEZ
at Gorleben. It simultaneously decided, however, that the underlying voluminous Gorleben
salt dome should be investigated for its feasibility to host a repository for radioactive waste.

In consequence, site exploration from the surface started immediately after this decision and
lasted until 1983. After publishing all results, a great number of scientific, political, and also
public hearing and discussion meetings were held. In summary of all these, the Federal
Government decided to sink two shafts for underground exploration. These two shafts were
sunk between 1985 and 1996. Within the next two years, the underground infrastructure was
mined and equipped. In early 1998, underground exploration of the first possible
emplacement area (EB 1) was started.

The above ground situation of the Gorleben site at that time is shown in figure 1.6. In the
foreground of the picture are the surface facilities of the Gorleben exploratory mine with
Shafts No. T and 2. In the upper part of the picture one can see the GNS facilities, namely the
interim storage hall TBL and the pilot conditioning plant PKA.

The GNS facilities

Exploratory mine

L Figure 1.6. The whole Gorleben site.

Exploration from the surface and from underground delivered a very good picture of the geo-
logy within, around and above the Gorleben salt dome. This situation is shown in figure 1.7.
The geological situation on the exploratory level at a depth of 840 m is shown in figure 1.8.
The exploration of the whole salt dome, however, is not yet completed so that a final state-
ment on the suitability of the Gorleben salt dome to host a repository can not yet been made.
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t Figure 1.7. Gorleben Salt Dome - Geological cross section.

LFigure 1.8. Gorleben Salt Dome - Geology on the exploration level.

Why and what happened? As mentioned already several times, a new Federal Government
was formed after the elections in September 1998, consisting of a coalition between SPD and
Bindnis 90/Die Grinen. This government decided to phase out nuclear energy in Germany
(cf. Chapter 1.1). Within the also mentioned contract between the Federal Government and
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the utilities (initialled on June 14, 2000, and signed on June 11, 2001), both parties agreed to
establish a moratorium on the further underground exploration of the Gorleben salt dome
for a minimum of three and a maximum of ten years. This moratorium became effective on
October 1, 2000, in spite that the Federal Government acknowledged in Appendix 4 to that
contract, that all results hitherto achieved during site exploration are positive.

After signatures of the contract, the Federal Government formulated twelve issues (originally
called “"doubts - Zweifel") in order to justify the moratorium. These issues were not directly
related to the exploration of the Gorleben salt dome, but to radioactive waste disposal in
geological formations in general and to salt formations in special. BfS was instructed by
BMU to clear these issues. In consequence, BfS contracted several experts to elaborate on
these issues. In October 2005, BfS held a workshop to discuss the results. Shortly after this
workshop, BfS published a summarizing report in November 2005 resulting in the positive
resolution of the issues. The Gorleben moratorium, however, was not lifted.

In October 2005, a new Federal Government was formed after another elections consisting
in a great coalition between CDU/CSU and SPD. In the respective coalition contract, signed
November 11, 2005, one can read on the issue of radioactive waste disposal: “"CDU/CSU and
SPD admit national responsibility for the safe disposal of radioactive waste and approach the
solution of this problem in a rapid and success-oriented manner. We intend to solve this
problem during this coming period of legislation.”

In spite of all these results, declarations, and statements nothing has happened until now.
The moratorium on the Gorleben salt dome exploration is still effective. What will happen in
the future is completely open.

4.3. Main restrictions and uncertainties

The main uncertainty for the whole German spent fuel and HLW management system is the
unsolved question of where the respective repository will be located.

The Federal Government elected in September 1998 [cf. Chapter 1), even neglected the ongoing
activities for the projects of the Konrad repository and the Gorleben exploratory mine. It esta-
blished a new approach for HLW and spent fuel disposal:

1. It issued the so-called “One Repository-Only-Concept” which meant that only one repository
should be constructed and operated in Germany for all types and quantities of radioactive wastes.

2. It tried to initiate a new site selection procedure - starting from a "white map” of Germany
- in order to find “the best suitable site” for that repository.

For the second objective, BMU installed a specific committee in February 1999 which was given
the name “Arbeitskreis Auswahlverfahren Endlagerstandorte (AkEnd) - Committee on a Site
Selection Procedure for Repository Sites”. Neglecting the ongoing Konrad and Gorleben pro-
jects, BMU instructed this committee to develop a procedure and criteria for the selection of
repository sites for radioactive waste. AKEnd worked for nearly three years and delivered its
final report to BMU in December 2002. This ministry, however, never evaluated and commen-
ted AkEnd’s report publicly.
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So, the question if the moratorium will be lifted and the exploration of the Gorleben salt dome
can be finished or if another site (or other sites) will be searched for, selected, and investiga-
ted - with or without the recommendations of AKEnd - is still unsolved. The court decision (OVG
Lineburg) on the Konrad Repository, mentioned in Chapter 3.3, also contains three important
statements with regard to this issue:

1. The concept of "One-Repository-Only” is a non-binding political declaration of intent and
is not in agreement with the Atomic Act (AtG).

2. Also, a comparison between different sites is not necessary in order to fulfil the political
request to find “the best site”.

3. The demand for retrievability, too, is not justified by law.

This whole complex issue must and can only be solved politically within the Federal
Government. The new Federal Government, being in office since November 2005, promised to
do so within this present period of legislation (cf. Chapter 4.2.3).

The main reason for all these difficulties is the decision taken back in 1976, to give responsibi-
lity for the construction and operation of repositories to the Federal Government. Following this
decision, there always was a strong political discussion of this issue. This discussion was
strongly influenced by the political parties, especially those forming the Federal Government.
This became extremely evident when the Federal Government was formed in late 1998 with par-
ticipation of Biindnis 90/Die Grinen.

These difficulties can only be overcome if all parties would agree that a repository for HLW and
spent fuel is needed in Germany and where this repository should be located.

4.4. R&D needs

R&D for the disposal of radioactive wastes in geological formations has been performed in
Germany since 1965. It resulted in the operation of ERAM and in the licensing of the Konrad
Repository for the disposal of LLW and ILW. Furthermore, nearly all R&D-results necessary for
the design, construction, operation, and closure of a possible repository in the Gorleben salt
dome are achieved.

4.5. Safety and licensing

What is still missing - but what can easily and quickly be achieved with existing knowledge
and results - is the elaboration of a "Total Systems Performance Assessment (TSPA)" for
the projected Gorleben repository. This assessment is not only necessary for the eventual
site evaluation of the Gorleben salt dome, but also for the step-wise procedure of realizing
a repository for HLW and spent fuel. This assessment also is an indispensable compartment
of the safety case which finally has to be handed over by BfS to the competent licensing
authority.

If the decision will be taken to construct and to operate the repository in the Gorleben salt
dome, then NMU will be the responsible licensing authority (cf. Chapter 2.2.).
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5. Costs and financial aspects

As already mentioned in Chapter 2.1, all activities within the nuclear fuel cycle - with one
exemption: radioactive waste disposal - are within the responsibility of nuclear industry. This
means at the same time that nuclear industry has to pay for all its activities.

The utilities operating NPPs are additionally obliged by law to build financial reserves (assets] in
order to be able to pay at an appropriate time for decommissioning of their NPPs and for disposal
of all radioactive wastes being generated by operating and dismantling their NPPs.

All costs for the design, construction, and operation of radioactive waste repositories in Germany
have to be paid by the producers of wastes, according to the “polluter pays principle”. In contrast
to the situation in many other countries, there exists no specific waste fund in Germany, be it
public or be it private funds.

Based on the German Atomic Act (AtG), a specific decree was established in April 1982 named
“Endlagervorausleistungsverordnung (EndlagerVLV) - Repository Prepayment Ordinance”. The
latest amendment of this decree dates from June 2002.

The financial system according to this ordinance works as follows: All planned expenses for
repository projects must be taken in advance into the yearly budget of BMU. This budget is part of
the Federal Budget which has to be approved by the German Parliament. At the end of the
respective year, BfS - acting on behalf of BMU - sums up all the expenses which it has spent for
repository projects during this year and issues respective invoices. According to a specific ratio key
which is fixed in the EndlagerVLV, all waste producers have to pay for these invoices accordingly.
The ratio key for different repository projects, e.g. for Konrad or for Gorleben, is of course different
for different waste producers, like e.g. a utility operating three NPPs or a public research centre.
These invoices issued by BfS also include the so-called “project related R&D-costs”. In summary,
this system of covering the expenses for the construction and operation of waste repositories is
called a “system of pre- and re-financing”.

In addition, basic research for radioactive waste disposal is also paid for by money from the
Federal Budget, namely by the “Bundesministerium fur Bildung und Wissenschaft (BMBF] -
Ministry of Education and Research” and by the “Bundesministerium fir Wirtschaft und
Technologie (BMWIi) - Ministry of Economics and Technology”. The contribution from these two
ministries for basic R&D for disposal, however, has decreased drastically over the recent years.
The total costs which occurred until the end of the year 2006 for the Konrad Repository project and
which were already paid for by all the different waste producers, sum up to 913 million €. The total
costs for this repository are presently quantified with 1,873 million €. The respective figures for
the Gorleben repository project are: 1,472 million € already spent and paid until the end of 2006,
and 3,420 million € expected total costs.

6. Social, public opinion & communication aspects
Social and public debates and discussions accompanied the issue of radioactive waste

management and especially disposal from the very beginning in Germany. As already mentioned,
these discussions were and are especially influenced by the different political parties.
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There is general agreement within the public opinion that radioactive waste repositories are
needed in Germany. This agreement differentiates, however, as soon as a specific site is named.
With regard to the Gorleben repository project, it must be mentioned that the directly concerned
community is in favour of the project and that it pleads for the continuation of the underground
exploration. The Konrad Repository is accepted in general by the local public, even if there still
exist several groups of opponents.

With regard to communication aspects it has to be said that every detail of the two German
repository projects has been published. Consequently, everybody who is interested in the subject
has access to all information he wants to see.

In summary and as already mentioned, the issue of radioactive waste disposal, including siting,

construction, and operation of repositories, can only be solved in Germany when the Federal
Government is willing to take the necessary decisions.
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Radwastes management
in France situation and
perspectives

R. Guillaumont

1. Introduction and general overview

This report focuses on the current radwastes situation in France, but as the massive use of
nuclear energy of fission started in France at the turn of the middle of the 20 th century it gives
also figures on “legacy radwastes”. Foresights on radwastes extend over the period necessary to
implement launched (or near to be launched) nuclear programmes. Indeed the “future French
radwastes” situation will depend on coming energetic choices, which are too much dependent on
economic issues and on the versatile views of society on nuclear energy. For these reasons no
realistic figures can be given after, say 2030.

The open literature on French nuclear situation, particularly on radwastes, is very large whatever
are the designed target (public, experts), the level of information (general, specific) and the
sources (government, nuclear operators, groups of experts, associations of citizens including
opponents to nuclear energy). Recent documents issued in 2005 can be found at the web sites
indicated in references. The figures given in this report aim at understanding the nature and the
amounts of radionuclides found in French sub-assemblies of spent nuclear fuel (SF) and,
consequently, in nuclear wastes from reprocessing, as well as for the radionuclides found in all
other radwastes. Safety analysis cases in radwastes management, which have a major impact on
decisions, are based on this information (producers, locations, quantities).

The main producers of radwastes are: EDF, Areva, CEA and then, with regard to quantities, many
small laboratories which work on radioactive matter (research in radiochemistry field, use of
radionuclides in biology and nuclear medicine) and the users of sealed sources (research,
industry). Andra is in charge of radwastes management and to follow the inventory of all
radioactive matters.

An important step in French radwastes management has been recently overcome with the law
passed on June 28, 2006 “ Loi n° 2006-739 de programme relative a la gestion durable des
matieres et déchets radioactifs” (Programmation law with regard to the sustainable management
of radioactive matters and radwastes)
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1.1. French nuclear programme overview [present and past)
Reactors and nuclear fuel

In the following Unat is for natural uranium, Udep is for depleted uranium and Urep is for
uranium coming from reprocessing.

EDF operates 58 PWR reactors (34 of 900 MWe type, 20 of 1300 MWe and 4 of 1500 MWe],
which produce 420 TWhe/year (2005). This needs each year1050 tons of UOX fuel (Unat
enriched at 3.7 to 4.2 % in U235 depending of reactors and sub-assembly loads], 100 tons of
MOX fuel (Udep with 3 to 8 % of civilian Pu, depending of sub-assemblies reloads) and 40
tons of URE fuel (Urep enriched at 4% in U235). All the following weights are expressed in
tons of IHM [initial heavy metal). Twenty-eight reactors of 900 MWe can accept MOX but only
20 are fuelled at 30 %. The first loading of a PWR with MOX has been made in 1987. Two 900
MWe PWR are fuelled with URE fuel. All other are initially fuelled with UOX fuel.
Management of UOX and MOX fuel sub-assemblies is a complicated topic depending of
reactor and fuel burn up (BUJ. Refuelling of most of the 900 MWe PWR is made each year,
but six are refuelled each 18 months like the 1300 MWe. The period between two loadings is
11 months for the 1500 MWe reactors. Today UOX BU is licensed up to 52 GWd/t per sub-
assembly and up to 42 GWd/t per sub-assembly for MOX. Average BU is lower (45 GWd/t for
UOX and 38 GWd/t for MOX]. There are immediate plans to increase these BU (up to a parity
of 52 GWd/t max for UOX and MOX and 62 GWd/t max for the 1300 MWe]. Today the average
mass yield of fuel is 2.8 g/MWh (an increase of 17 % in 10 years). In the 10 coming years BU
could attain 70 GWd/t max (900 and 1300 MWe). The French choices to use PWR (in 1973} and
to close partially fuel cycle (in 1995) necessitated respectively to have Uenr and to reprocess
spent fuel (SF).

Each year about 8 500 tons of Unat are necessary to produce 1050 t of UOX, which needs 5
10¢ SWU (Separation work unit]. Enrichment gives around 7 500 tons of Udep (0.25 to 0.3 %)
which are stored as U,05. Reprocessing of 850 tons of SF UOX (presently average BU is 33
GWd/t, coming soon to a BU of 45 GWd/t) give around 8.5 tons of Pu used to make MOX fuel.
Over the SF yearly unloaded 200 tons of UOX and 100 tons of MOX are stored. In addition 280
tons of Urep are enriched in U235 abroad, giving 40 tons of URE fuel, which are also stored
as SF when unloaded. The stockpile of separated Pu from UOX does not increase but it
increases in SF at a rate of 2.2 tons/year in UOX and 2 tons/year in MOX, where Pu isotopic
composition is changed from its initial value. SF MOX is not reprocessed today but
reprocessing could be done in the reprocessing plant of la Hague if diluted with UOX in
proportion 1to 1. The fast neutron nuclear reactor Phenix (250 MWe] is connected to the grid
and used for irradiation experiments. The CEA operates experimental reactors for research
purposes.

EDF has operated 6 GGR reactors (power 70 to 540 MWe) between 1963 and 1994, one HWR (70
MWe] between 1966 and 1985, one PWR (300 MWe) between 1967 and 1991 and one FNR (1200
MWe) between 1985 and 1997, presently all under decommissioning. SF from thermal neutrons
has been reprocessed in the UP2 400 plant (the Hague) and Pu directed to MOX. Some research
reactors have been dismantled as well as many facilities of the fuel nuclear cycle or
experimental facilities.
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Facilities for the nuclear cycle

Around 75 000 t of Unat has been extracted from several places in France. Extraction of Unat
from ores containing 10 to 300 kg of U per ton ended in 1991 and all facilities (from mine to
yellow-cake as rich as 800 kg/t) are presently closed. Today yellowcake comes from abroad. All
the facilities to prepare UOX and MOX fuel exist: conversion of yellow-cake to UF, (Malvesi:
yellow-cake to UF,, Pierrelate: UF, to UF,, 14 500 tons of U/year), enrichment of Unat by
diffusion of UF, (Tricastin 10.8 10¢ SWU/year), reconversion of UF, to UO,, pellets, pins and sub-
assemblies fabrications (Romans, 820 tons UO,/year and 1200 tons UQ,/year in 2008). A part of
Urep (U;04) to be enriched abroad is transformed in UF, at Pierrelate

French civilian Pu0O, for MOX is obtained as an end product together with Urep in the
reprocessing plant UP2 800 (the Hague, 850 tons/year) and processed for MOX fuel fabrication
(pellet and pins at Melox plant -Marcoule- and at Belgonuclaire plant -Mol-, Melox and sub-
assemblies at FBFC -Dessel). Melox is licensed for 145 tons of MOX and will be upgraded to 195
tons. The part of Urep not enriched is stored as U,0; as it is for Udep (Pierrelate). EDF
purchases also UOX sub-assemblies on the international market (Westinghouse). Figure 2.1
shows the quantities of radioactive matter handed each year in France.

Interium storage Interium storage Interium storage Interim storage
CU 35 CU 100 : ’
technical
valorisable ;
radwastes

tFigure 2.1.
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Military programme

French military programme conducted by CEA started in 1950 to produce military Pu which has
been recovered in UP1 (400 t/year capacity) reprocessing plant (1957 to 1997) at Marcoule from
18 500 t of irradiated fuel in three GGR [presently dismantled): G1 (1956-1968), G2 (1958-1984]),
G3 [1959-1984). G2 and G3 were connected to the grid giving each 5.8 GWhe. UP1 has also
reprocessed SF from EDF GGR. High-level enriched U235 has been produced by gaseous
diffusion in Pierrelate plant. This plant is presently dismantled. Irradiation of Li to produce T is
conducted in the reactor Celestin in Marcoule. Celestin’s reactors, launched in 1963 and 1968
have produced Pu up to 1993. Nuclear weapons are renewed in Valduc.

Radwastes generation, storage, disposal of

Operating reactors and implementing industrial processes in the nuclear fuel cycle facilities
lead, or have led (since the fifties) to large amounts of radioactive radwastes. When they come
from electricity production or military needs one speaks clearly of nuclear radwastes. Research
in many nuclear fields and the use of radionuclides in industry and health care add radwastes
to nuclear radwastes. Some historical radwastes linked with Ra industry and industry of rare
earth exist. All the radwastes located in France are fully described in the last National inventory
set up by Andra in 2006 (previous versions 2002 and 2004).

There are many facilities to store radwastes packages and non-conditioned radwastes at CEA and
Areva sites. There are two centres for the disposal of radwastes. One for short-lived radwastes, CSA
(Centre de stockage de [Aube] at Soulaines with 10° m® capacity and another for disposal of very low
level radwastes (Centre de stockage de Moronvilliers) near Soulaines with 0,65 10 m® capacity. All
the capacities of there repositories are sized to accept radwastes foreseen for the present nuclear
configuration and identified legacy radwastes. The first centre for disposal of short-lived radwastes,
CSM (Centre de stockage de la Manche) near la Hague created in 1960 after the decision to stop sea
dumping, has been closed and is now under monitoring (0.5 10° m® capacity).

1.2. Radwastes categorisation

In France radwastes are categorised according to the activity (very low level-VLL, low level- LL,
medium level-ML and high level-HL) and the half-life (very short-lived-VSL, short-lived-SL and
long-lived-LL, depending on the two figures 5 and 30 years) of the main radionuclides they
contain. Table 2.1 gives the recent categorisations introduced for the purpose of radwastes
management. This categorisation of radwastes is a pragmatic view based on the possible
routes in term of principles of management rather than on limits of activities defined “a priori”
and given on Table 1 only as guidelines. Considerations for defining the different classes of
radwastes depend also on safety (including radiological and chemical aspects).

This categorisation does not take into account some sealed radiation sources, TENORM
(Technical enhanced natural occurring radioactive materials] and radwastes from uranium
mining. It does not allow a fine classification. For instance Andra has defined for geological
disposal around 100 different families of radwastes packages dispatched in “typical classes”
with similar characteristics. Finally the “identification of producer” of waste and it “solvability”
are considerations, which do not appear in the categorisation, but which are very important in
practice. Further comments are given in sections 3 and 4.
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Activity Life duration

Short lived Long lived
SL(T<30y) LL (T >30y)
Very low level VLL-SLW Ground VLLW VLL-LLW Ground VLLW
VLL disposal disposal
Recycling Recycling
Low level LL-SLW LML-SL* LL-LLW Disposal to be
LL disposal (CSA) set-up for wastes
with LL

| H * %
Disposal to be radionuclides

Medium level ML-SLW set-up for waste ML-LLW Disposal to be
ML with tritium set-up***

High level HLW Disposal to be HLW Disposal to be
HL set-up*** set-up***

* Except some radwastes with T
** Natural radioelements, Ra226 and daughters (radium radwastes), Cl36, C14 (graphite)
*** Law passed on June 28, 2006 (article 3)

Indicative limits of activities.

Considering all radionuclides the activity of MLW range from 30 to 30 10° Ci/t, LLW are less active than 30 Ci/t [down to
say 100 Bg/g) and HLW are more active than 30 10° Ci/t. Considering beta/gamma and alpha emitters the limits are the
following : ML-SLW, beta/gamma less than 10 Ci/t, alpha emitters less than 0.1 Ci/t, ML-LLW, beta/gamma less than 10*
Ci/t, alpha emitters above 0.1 Ci/t, HLW, beta/gamma up to 10¢Ci/t, alpha emitters, above 10“Ci/t. The figures are the follo-
wing for VLL-SLW and VLL-LLW, 10 to 102 Ci/t, for LL-SLW, beta/gamma less than 10 Ci/t, alpha emitters less than 0.1
Ci/t, for LL-LLW, beta/gamma emitters 10 Ci/t to 1 Ci/t, natural alpha emitters 10 to 10-' Ci/t.

Additional limits for some radionuclides allow distinction between VLLW and LLW. For instance they are (in Bg/g) 10 and
130 10¢ for Co60, 10° and 10° for T, 100 and 600 10° for Pb210, 10 and 330 10° for Cs137, 10 and 5 000 for Ra226 and 10°
and x100 10° for C14.

Finally there are limits for VLL-LLW containing Ra226 considering their disposal site, few Bqg/g in classical centres (few
quantities), 10 Bg/g in specific VLL-LLW disposal (Moronvilliers and for less than 10¢ tons), around 20 Bg/g in U mining
disposal (average value of 3.8 to 29 Bqg/g), 200 Bq/g in specific disposal of radium wastes (average value of 10 to 1600 Bg/g)
to be created for 60 10° tons.

LTahle 2.1. Categorisation of radwastes.

Management of radwastes is done through channels, which consist of the following operations:
sorting out (according to activity-half-life and possibility of burning, compacting and melting),
processing and conditioning (to avoid dispersion of radionuclides). These operations lead to
interim storage or to disposal.

Most of the radwastes are conditioned in packages designed for transportation and interim sto-
rage or disposal. But there are many radwastes, mainly MLLW, waiting for conditioning. They
come from the precedent generation of reactors (generation 1], which has produced as much
radwastes as the present generation will give, but providing 50 times more electricity. Plans to
achieve their conditioning extend over more than 25 years. Present conditionings will be used,
but some specific radwastes necessitate new ones. Disposal of “ultimate radwastes packages”
in appropriated structures and in an ultimate site is the last step foreseen for all radwastes.
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1.3. Radwastes generation (present and foresights)

All radwastes, and other radioactive matters not considered as radwastes, are fully identified in
quantities and location. The 2006 inventory conducted by Andra [(March 2006) is based on
careful examination of the declarations of producers. Forecast of packages production and
radwastes have been done up to 2020. The extension of nuclear waste production after 2020
depends of many factors. For the purpose of disposal of waste some scenarios have been
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proposed by Andra. The figures for radwastes generation are given in tables 2.2 and 2.3.

Equivalent
Cubic meter

End 2004
% of total volume

% of non-conditioned

Annual rate
production

% of total activity

of packages*

HLW

ML-LLW

LML-SLW

LL-LLW

VLLW

1850
0.2

16
45500
4.4
64

795000 **
76

47 150***
4.6

78

145 000 ****
14

0.13/tSF

0.183/tSF

17 000

30 000 total expected

*Anticipate the same conditioning as today for “non conditioned” radwastes
** 13 % conditioned but not disposed of

*** 35 000 with Ra, 11 150 graphite

***% 17 000 disposed of

LTable 2.2. Situation end 2004 (last figure of the 2006 national inventory).

91.8

8.2

0.055

0.013

0.031

Cubic meter 2004 2010 2020
Total Total Total
% conditionned % conditionned % conditionned
HLW 1850 2520 3620
84 87 100
ML-LLW 45510 490500 54 800
36 53 83
LL-LLW 47120 48 500 105 000
16 27 93
LML-SL 795 000 930 000 1195 000
87 91 94

VLLW are estimated to 580 000 m? in 2020 (Moronvilliers)

LTahle 2.3. Foresights considering continuation of present situation and conditioning programmes.
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There are two views for foresights: quantities of packages of radwastes can be calculated
according the pursuit of the present situation and dates can be given, or new conditionings
for different reprocessing scenarios are used, but no date can be given [tables 2.4 and 2.5).
The EDF policy is to reprocess all sub-assemblies of UOX SF according the possibilities of
the Hague plant. In case of an increase of the demand of plutonium SF MOX could be
reprocessed as well.

Activity Lifetime
SL LL
AlL UOX SF reprocessed with same conditioning as today
LLW Disposed of in LML-SLW LL-LLW
MLW disposal (CSA] 80 600 m? of ML-LLW
120 000 packages

HLW 6300 m?® of HLW

36 220 packages
HL 5 400 sub-assemblies of MOX in interim storage

t Table 2.4. Foresights considering different managements of SF and new conditionings.

Activity Lifetime
SL LL

All SF reprocessed with new packages more concentrated in actinides
LLW Disposed of in LML-SLW LL-LLW
MLW disposal (CSA] 81 100 m? of ML-LLW

199 850 packages
HLW 6330 m? of HLW
36 320 packages

HL 5 400 sub-assemblies of MOX in interim storage

LTahle 2.5. Foresights considering different managements of SF and new conditionings.

About 50 % of the 20 000 t of PWR SF already reprocessed in la Hague plant came from
foreigner electricity producers and the corresponding radwastes must be returned to foreign
countries according to contracts or according to the law (passed on December 30, 1991]. A
complete system of attribution based on 'Residue Unit” [RU] has been set up for each type
of waste coming from either conditioning of high level radioactive solutions, pieces of sub-
assemblies, effluents processing and technological radwastes. For instance 1 CSD-V equal
70 000 RU of FP. Return of foreign CSD-V packages to Japan, Germany, Belgium,
Switzerland and the Netherlands is in progress since 1995 and will ends in 2011. Around 60
% in average of vitrified radwastes are already returned (90 % to Japan). For Spain the
process will start in 2011 and in 2015 for Australia. The return of other packages will follow
those of CSD-V.
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1.4. Reactors and facilities decommissioning-dismantling, cleaning up of sites
Nuclear reactors

Five nuclear reactors (3 GCR, 1 PWR, 1 HWR] have the status of “Interim storage facilities” and
4 are in situation of final shutdown (3GCR, 1 FNR). For its “first generation of reactors” (all
except the FNR Superphenix) EDF has changed its strategy of decommissioning in 2001, going
from a three steps decommissioning after a deferral period of 50 years [partial
decommissioning, interim storage of equipment and radwastes for 50 years, complete
dismantling) to a two steps process (decay of radioactive materials during 50 years cancelled).
It will be implemented by 2025. This change aims at proving the feasibility of decommissioning
and dismantling and at preparing massive dismantling of the present Generation Il reactors
(beginning after 2010). Implementation of this new EDF policy started with one GCR. Planning
for the next decades is set up. The site of the HWR should be released by 2015.

Superphenix has been operated only 320 days over10 years at nominal power. Since 1998, fuel
unloading, sodium interim storage and dismantling of non-nuclear facilities are authorized.
Sodium of the secondary circuit is in solid form in tanks. Complete dismantling is expected to
last for 20 years in 3 steps, primary and second circuits and sodium treatment, internal reactor
structure removal, complete structures demolition. Sodium will be transformed into caustic
soda, which will be used to manufacture concrete blocks (50 000 t from primary circuit - 25
Bg/g in Na22 and 50 Bg/g in T and 33 000t from secondary circuit). A facility should be
constructed to implement this conditioning. Blocks could be in interim storage on site for 30
years. Only blocks from secondary circuit are immediately compatible to VLL waste disposal
(Moronvilliers) due to their low content in T.

The radwastes expected from the dismantling of these reactors are the following: VLLW (15 000
t of metal, 1500 t of non metallic material, 50 000 to 100 000 t of concrete), ML-SLW (30 000 t
of metal, 20 t of non metallic material, 15 000 to 70 000 t of concrete), ML-LLW (400 t of metal,
18 500 t of graphite). Interim storage for these radwastes is under consideration. A disposal site
for graphite radwaste is expected by 2010.

Facilities of nuclear fuel cycle

Many facilities operated by Areva and CEA in la Hague, Marcoule, Cadarache and other places
are to be cleaned up and some to be decommissioned.

For instance UP1, sited at Marcoule (operated between 1957 and 1997) is under dismantling. UP1
has reprocessed UNGG fuel coming from G1, G2, G3 and EDF GGR. Some large facilities to prepare
metallic fuel dissolution, linked to UP1, are also under dismantling. Many radwastes have been
already disposed of, decreasing activity of the plant to 65 % of its initial value. There are many
reprocessing radwastes from UP1 plant stored at Marcoule (conditioned like sludge in bitumen
from decontamination of effluents — 12 000 packages and 55 000 drums in trenches - or not
conditioned like sludge - 2 500 drums expected -, pieces of structure of sub-assemblies containing
T -1500 packages expected -, identified radiant radwastes -3 500 m? -, others radwastes - 30 t.

A large programme of revision of conditioning is running to improve safety of interim storage
and to sort out packages between LML-SLW and LML-LLW. New storage facilities have been
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constructed. A programme, almost the same, is under implementation at Cadarache for 3 000
m? of radwastes in trenches and 900 m? in pits.

UP2 4000 sited at la Hague (operated between 1987 and 1966) has been progressively
integrated in UP2 800 (1998). A total of 4 900 t of metallic U-GGR SF have been reprocessed as
well as 4500 t of PWR (1976) and some Phenix SF when a facility to cut PWR type sub-
assemblies and to dissolve uranium oxide was completed. Reprocessing radwastes have been
stored without conditioning in tanks and silos except LML-SLW disposed of in the CSM (now
under monitoring as already said). Some have been already processed (HL-LLW since 1989 up
to 97 % of activity, technological ML-LLW up to 50 to 70 % in weight) and packaged, but large
quantities are pending. A large programme for conditioning all the radwastes coming from UP2
400 has been set up including the sludge from the cleaning of primary highly active effluents
(STE2). The beginning of industrial operations is by 2010 and will last over 20 years. For 2030,
Areva foresees the production of 7000 m? of LL-SLW, 5000 m?® of VLL-LLW, 13 500 m?® of ML-
SLW and 150 m?® of HL-LLW. Production of packages will be each year compatible with the
capacities of la Hague storage facilities or with the capacities allowed to Areva for disposal of
radwastes [no more than 10 % of the amounts).

In addition to the decommissioning of UP1 and connected facilities and the taking back of
radwastes from UP2 400, two large operations, there are some experimental reactors [pool,
fast neutrons), accelerators, irradiators, laboratories (dry and wet processes), storage facilities,
operated by CEA, which will be cleaned and decommissioned during the 15 following years. The
amounts of VLLW (500 t] and SLW (200 m?®] produced each year could be accommodated with
the CEA allocations to dispose of radwastes. For the ML-LLW and HL-LLW (SF of Celestin not
able to be reprocessed, pieces of high activity] around 450 t in total, a new storage facility should
be constructed.

2. Institutional framework

General

Radwastes management is directly under the control of DGSNR (Direction Générale de Slreté
Nucléaire et de Radioprotection), which is a part of the French nuclear safety authority (NSA) and
for some part under the control of Euratom and IAEA. Radwastes, as other wastes, are subject to
provisions of the law dealing with the “elimination of wastes and recycling of materials” (law 75-
633 July 15, 1975) and radwastes management is regulated by many decrees and statements. It
lies on the basic principles of radiological protection of workers, the public and the environment.
NSA takes care of their application. NSA has followed the international review (2003, 2006 in
Vienna) of radwastes management reports as required in the "“Convention on the safety of spent
fuel and radwastes” signed by 41 countries since1997. NSA provides Basic Safety Rules (BSR],
which are guides for nuclear operators and radwastes producers. The Il 2f BSR [(issued in 1991)
deals with the safety of geological disposal. It is under revision, according to the lessons learnt
from the last safety cases analysis conducted by Andra.

NSA has also a prominent role outside its strict regulatory domain. In the years following 1990

several important initiatives for LLW management have been set up and have led to strict
principles and regulations. NSA and producers of radwastes have defined the leading principles
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of radwastes management. Examples are: the cut-off of radionuclides concentration in the
processes of decontamination of primary effluents before the release of ultimate gaseous or
aqueous effluents in environment (in the case of gaseous T, C14 and 1129 that are difficult to
capture quantities handed in facilities are limited], the minimisation of the radiological impact for
disposal of packages of radwastes with an upper limit at 0.3mSv/year (short and long term). NSA
takes care of possible cumulated effect of the releases of ultimate effluents. NSA has set up a
consortium of European NSA to harmonize practises in nuclear safety.

Finally in 2003 the Government has decided to hand over to the NSA the responsibility to set up
the so called "PNGDR-MV" (Plan national de Gestion des Déchets Radioactifs et Matiéres
Valorisables), a draft to the PNGDMR (Plan National de Gestion des Matiéres et Déchets
Radioactifs), the establishment of which is required by the 2006 law. This last document is aimed
at: defining clearly what are radwastes, defining long term solutions for each type of radwastes,
taking care of “legacy radwastes”, making coherent the global system of management, preparing
institutional decisions. It is based on the National inventory of radwastes set up by Andra. Many
parties including environmental associations contributed to a global thinking and to the
elaboration of the PNGDR-MV document.

The law 2006-686 passed on June 13, 2006 on “Transparency and security on nuclear concerns”
creates an independent NSA under the direction of 5 commissioners. Their nomination occurred
in November 2006.

Definition of a radwaste

The definition of a radwaste is a matter of discussion not considered in this paper. NSA considers
that every material which has possibly been in contact with a radioactive contamination or which
has been activated by radiation is a VLLW subject to regulation. The concepts of “exemption” and
of “clearance” for radioactive materials are not applicable in France. The first lies on the definition
of thresholds of activity (Bg/g or Bg/cm?or total activity) for limited quantities of matter (1 ton for
instance) above which no control is necessary to assure radiological protection when recycled
materials are used. The second lies also on the consideration of thresholds of activity (Bg/g or
Bg/cm? or total activity less than, or equal to, those for exemption) for possible uses of
decontaminated materials. Universal clearance levels are such that for any pessimistic scenario
the radiological impact is less than 0.01 mSv/year (recommended dose by IAEA -safety rule RS-
G-1.7- and Euratom - directive 96/29). The main reason invoked by NSA to not apply exemption
and clearance is the difficulty of the application of these concepts to be sure that the limit of 0.01
mSv/year for added dose to an individual of the public is respected. ASN consider that against the
advantages of clearance, it is impossible to consider all possible scenarios, that the parameters
in safety analysis are subject to discussion, that protocols of measuring radioactivity are difficult
to implement at industrial scale and finally that there is a risk to make artificial radioactivity
ubiquitous, as natural one. For these reasons in 1990 the decision was taken to store and then
dispose of VLLW coming from nuclear zones of Basic nuclear installations (BNI) in a special
repository. Extension to other facilities than BNI is under consideration.

This position is not coherent with international recommendations and some practices in Europe.
Some exceptional authorisations of clearance could be given (conditional clearance) for special
cases of addition of radionuclides to monitored solid materials (except product in contact with
human beings). Recycle in nuclear industry of special materials, contaminated at very low level of
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radioactivity, the fate of which could be monitored, could be also possible. Cases have been
submitted to NSA and are studied, but today no implementation has occurred. A global thinking
on all these complicated concerns is going on.

3. LLW and MLW management

3.1. Present situation
Low radiotoxic radwastes

VLLW (without specification of SL or LL) comes from the parts of BNI categorised as "nuclear
zones” according to NSA approval. It is the same when BNI are under decommissioning. They
are disposed of in the special VLLW repository (Moronvilliers). This disposal, opened in 2003, is
of a ground level type where packages are disposed of in alveolus excavated in clay, according
to criteria of admission. The totality of radioactivity of the VLLW will stand under the limit of a
BNI. For other nuclear facilities from where VLLW could come from, there is no systematic
disposition other than the analysis of the radiological impacts to make a choice of an ultimate
destination.

TENORM are VLL-LLW and come from non-nuclear industries (oil, gas and mineral
industries) and from some wood ashes. They contain natural radioelements Ra, U and Th and
their daughters (at level up to some kBg/g, exceptionally 100 kBg/g when coming from oil and
gas industry) and potassium. The TENORM must be fully characterised and a safety analysis
conducted before their acceptation in Technical centres for industrial radwastes, according
regulations (EU directive 96/29). These centres are equipped to detect radioactivity above
fixed thresholds. If radioactivity is over, NSA is alerted and remediation put in action if
necessary. Management of TENORM is under reconsideration, particularly with regard to
their quantities.

Radwastes from processing of U ores or other ores [mainly rare earth and phosphorous in
France] are in large quantities. Uranium has been mined in 18 sites and processed on 8 sites
between 1948 to 2001. That produced 76 000 tons of U and 50 Mt of VLL-LLW (20 Mt with 3.8
Bg/g and 30 Mt with 29 Bg/g). These radwastes are relatively homogenous, either blocs of
broken ores processed by static leaching or sand and mud coming from milled ores processed
by dynamic leaching. U radwastes from mining are disposed of /in situ, near the place of their
production (old open air mine, basins or bottom valley closed by dams up to 50 m high, all
covered with natural materials) and managed to take care of radon migration and daughters.
They are disposed of in 17 sites with capacities ranging from 4 to 11 10° tons. The sites are
monitored and submitted to specific regulations. Discussions about the final management of
these radwastes are not closed. The question about the adequacy of the provisions taken with
regard to their potential radiotoxicity is under reconsideration. Mining refuses (less than 0.03%
in U] have been reused before 1982 and since this date they are stored at open air on sites
production. Their management is under consideration.

Finally radwastes from research and medical applications are managed according special
status. In general their activities are low, after decay of very short-lived radionuclides (100 days)
and their quantities much less than those of nuclear radwastes. After some processing
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ultimate residues are disposed of in LML-SLW disposal [CSA). In the category of VLL-LLW are
the historical radwastes coming from radium industry or remediation of polluted sites. In
theory Andra is in charge of collecting all these "non nuclear” radwastes, particularly when
producers are non identified or non solvable (see next).

High radiotoxic radwastes

The LML-SLW coming mainly from electricity production are packaged and disposed of in LML-
SLW (CSA), open since 1992 and foreseen to be in operation up to 2050 (capacity of 10¢ m%). The
previous repository for LML-SLW [CSM] open in 1969 has been closed in 1993 and the 0.5 10°
m?® packages are presently under monitoring. CSA can receive some ultimate radwastes coming
from the processing of medium active medical or industrial radwastes (mixed SL biological
chemical waste] or some extra radwastes (some radioactive sources, few VLL-LLW] as said
above.

The long-lived nuclear wastes (LL-LLW] are (or will be] 18 400 t of large pieces of graphite
coming from dismantling of GGR reactors (6 from EDF et from CEAJ and 5 600 t of small pieces
of graphite from reprocessing of metallic U SF (Marcoule UP1 and the Hague UP 400). They
contain traces of T, Co60, CL36 (around 1.5 kBg/g) and C14 (around 100 kBq/g), but a complete
characterisation is necessary. A special package for conditioning these materials is under
consideration to dispose graphite waste (around 5 000 packages) in a geological repository
expected by 2009 by producers

The long-lived radioactive waste (LL-LLW) are various materials containing Ra and its
daughters (typical activity is 5 kBg/g in Ra far above activity of VLLW at 10 Bg/g) coming from
processing of minerals (rare earth -RE-, Zr] or from research on U extraction or from
remediation of historical Ra industrial sites. Industry of rare earth has produced 13 300 t of
residue from processing of monazite. The most active (1.85 kBq/g) are stored at Cadarache
(5120 tons) and la Rochelle (161 tons) and the less active (75 Bg/g) are stored at la Rochelle
(8400 tons). There are also, stored by the producers of RE, 19 500 tons rich solutions in RE (25
%) contaminated with Ra (5 to 20 Bg/g) and 2 000 tons of rich residues (100 Bg/g of Ra) which
are considered as possible resources of RE. The CEA store also 27 600 t of different materials
and hydroxides (4 600 t) with concentrations in Ra is ranging from 10 to 200 Bg/g. The total
inventory of LL-LLW with Ra is around 60 000 t at an average value of 220 Bq/g of Ra. All these
materials will be disposed of in a special repository.

Repositories for graphite and radium radwastes could be sited together in sub-surface (15 m
deep) but according different concepts of confinement (daughters of Rn must be trapped for
instance by wet natural material) and different regulations (BNI or other specific installation
allowed to receive radioactivity).

Radwastes containing T come for 90 % from military activities and from various research
centres. Their activities range from HL to VLL (4.6 % HL, 30.7 % ML, 53.7 % LL and 11 % VLL).
They are mainly LML-SLW. Radwastes containing T cannot disposed of in LML-SLW repository
(CSA), or exceptionally, neither in VLLW repository (Moronvilliers), because for these facilities
the release of aqueous and gaseous effluents are limited to very low levels and because the
total content in T should be less than for instance 4 000 TBq for CSA. Specific activity of T is 9
700 Ci/g or 10" Bg/g. There is no management (storage or disposall, which could avoid
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dispersion of T in the environment, and no choice has been done for the final management of
these radwastes other than interim storage. Only 185 t of metallic VLLW with T have been
disposed of in CSA.

These radwastes are stored at Valduc. There are presently 10 000 packages for 2100 m?, 4 10
Bq (5 % being HL; 10 % being VLL, 85 % being LMLJ 96 % coming from military activities. For
2020 the amount will be 3 300 m®. Others radwastes with T could be packages of alloys Al-Li
irradiated targets for T production (2 300 m? 8 10" Bq) presently stored in Marcoule and some
few packages from CEA conditioning facilities. Radwastes from ITER are foreseen to be around
30 000 m? after 20 years of operation (30 % VLL-SLW, 60 % ML-SLW, 10 % ML-LLW). Possible
destinations of these radwastes containing T are under consideration.

The number of “sealed radioactive sources” not in use (radwastes), or which will be declared
as radwastes in the coming years, is important and their activities and life very different. More
than 10 000 are stored at CEA or at EDF and 30 000 by the users. More than 140 000 have been
produced by CEA. There are 8 millions of ionic devices [smoke detectors and lightening
conductors). Many historic sources (made before1956 for artificial radionuclides) are probably
unknown. The management of sources is under consideration but the problems are numerous,
both of administrative and technological nature. For instance only few have been accepted in
CSA due to their high resistant conditioning not compatible with regulations of the centre after
several centuries.

3.2. Foresights

Some changes will occur in the management of LLW and MLW. The road map is given in the
law passed on June 28, 2006 (see later).

. Spent fuel and long-lived radwastes management (ML-LLW, HL-LLW)

4.1. Strategy

The strategy of EDF is to reprocess all UOX SF, to recycle Pu once in MOX fuel and to concen-
trate resulting Pu in SF MOX. This strategy decreases the volume of SF to be stored by a factor
of 7 and preserves use of Pu once recycled for possible “Generation V" reactors. EDF could
reprocess French MOX, but not before 2030-2040. Reprocessing and recycling of Pu in MOX
earn SWU and Unat. EDF did not bet on the possibility to replace the Generation Il reactors by
Generation IV reactor and launched EPR belonging to the Generation Ill reactors. One EPR is
under construction.

In this section the objectives of the present management of SF and HLW are discussed as well
as milestones of programmes for conditioning, interim storage, geological disposal and parti-
tioning and transmutation.

Present situation

The LLW are highly toxic and come from nuclear electricity production and military activities.
Unreprocessed nuclear fuel is not a radwaste.

RADIOACTIVE WASTE MANAGEMENT:

SITUATION, ANALYSIS AND PERSPECTIVES




32

The aim of reprocessing, with regard to radwastes management, is to recycle Pu and a part
of Urep and to minimise Pu in HL-LLW. Urep must be enriched to be recycled. Their recovery
and quality must be of high level. The yield of the Purex process used for separation of these
elements from all others elements present in SF is 99.98 % with decontamination factors of
fission products up to 107 (0.4 GBg/g). Pu contains less than 500 ppm of U. Reprocessing
leads since 2001 to two type of “standard packages”. The first are CSD-V, stainless steel
container filled with “nuclear glass” including all non volatile FP, minor actinides (Np, Am,
Cm), the soluble and non-soluble losses of U and Pu and the chemicals used to implement
Purex process. These HL-LLW packages release a thermal power around 2 kW (and 0.2 kW
after 100 years). Nuclear glass R7T7 wasteform has a good to high resistance to leaching
depending of temperature. The second type of packages are CSD-C packages, stainless steel
containers (same shape as CSD-V) filled with high-compacted metals shaped as “pancake”,
which include zircaloy hulls from pins, stainless steel heads and ends of sub-assemblies,
and some other materials (very few part of Pu losses). They do not release heat. The 850 tons
of UOX SF vyearly reprocessed give 500 packages CSD-V and 850 packages of CSD-C
containing 25 tons of fission products, 0.85 tons of minor actinides, 0.170 ton of U and 0.17
kg of Pu. The 100 m? of glasses and 300 m? of metallic radwastes share at equality the Pu
losses. Finally technological LML-LLW are conditioned in concrete. All other radwastes from
reprocessing are LL-SLW, send to CSA. Primary gaseous effluents are processed and
decontaminated and then released in atmosphere. The volume of aqueous primary effluents
is reduced by evaporation and the solid residues are included in CDS-V packages. Ultimate
aqueous effluents containing mainly T and iodine are discharged to the sea.

The ratio of the volume of crude SF over the volume of radwastes from reprocessing is 4,
(2m?® over 0.5 m?® by ton of U] but to draw a conclusion on this reduction of volume, with regard
of radwastes management, a deeper discussion of the fate of packages has to be conducted.

This situation has not been so clear as it is today. Before 1995 processing of primary
reprocessing effluents gave slugs, which were conditioned in bitumen. Conditioning was not
made in line with reprocessing. There are still HL-LLW and ML-LLW stored in the Hague and
waiting for conditioning. The quantities are the following for HL-LLW : 730 m?® of solution
from reprocessing of UOX and 250 m?® of specific solution from reprocessing of GGR (UP2
400J, 11 000 tons of spent fuel, and 158 000 m® for ML-LLW.

The reprocessing plant of la Hague will be able to reprocess 100 to 150 tons of MOX in 2010-
2015. Concluding runs on several tons have been made.

Depleted uranium is stored as U,0g at Pierrelatte and Bessines (240 000 t today and 350 000
tin 2020). As already say separated Pu, around 8.5 t/year, is used to produce 100 t of MOX
fuel with a buffer quantity of around 10 t. About 30 % of the 850 tons/year of Urep is enriched
abroad to give 50 t of UOX fuel (URT] used to refuel two 900 MWe reactors. The other part is
stored as U,0; at Pierrelatte (17 000 t today and 25 000 t in 2020). There are 13 300 tons of
thorium nitrate and 20 000 tons of thorium hydroxide stored at la Rochelle.

Other ML-LLW are coming from activated structure of nuclear reactor (control rods) and
from military activities. There are in storage important quantities of various civilian and
military radwastes (packages of mud from decontamination of aqueous effluents in bitumen,
packages of hulls and head-ends of bundles in cement, packages of glasses, and non
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conditioned materials in tanks). Finally all ML-LLW and HL-LLW packages are stored in la
Hague and Marcoule (HL) and in la Hague, Marcoule, Cadarache and Valduc (ML] (see
section 1.5).

Foresights

No major qualitative change in French nuclear energy policy is expected for the next
decades. Accordingly radwastes management of SF and reprocessing radwastes will stay as
they are for the short term. No major change which could lead, for instance, to new packages
containing less actinides in glass or in other wasteforms is foreseen, because partitioning
and transmutation will not reach industrial level before 2050, is so, and because no new
industrial ceramic wasteforms are ready. Only punctual improvements will occur like
conditioning of HL-LLW from the reprocessing of GGC fuel [metallic fuel U-Mo]. A new
nuclear glass and a new line of production at high temperature (large capacity furnace at
1200 °C) must be set up at la Hague. Section 4.2 deals also with foresights.

The road map for the next future is given in the law passed in June, 26, 2006. This law has
taken into account the results of 15 years or research (law enacted on December 30, 1991).

The results of the researches realised during the last 15 years are numerous. The National
Commission of Evaluation (NCE] has produced 11 annual review reports and in January 2006
a final evaluation report, as required by the 1991 law. Many others reports have been
published (CEA, Andra, NSA, OCDE]. Large technical debates have risen. The researches
have been conducted simultaneously along three lines : i) partitioning and transmutation
(P&T) of long-lived radionuclides found in HL-LLW and ML-LLW, ii) geological (reversible or
not) disposal of these radwastes through investigations in an underground laboratory, iii)
processes of conditioning and surface or sub-surface long-term interim storage.

Line 1 has dealt with (i) the partitioning of minor actinides Np, Am and Cm and three fission
products, Tc Cs and I, from the Purex high level nitric aqueous solution presently vitrified, (ii)
the preparation of experimental pins of fuels (U and minor actinides) or targets (minor
actinides without U} for irradiation, [iii) the irradiation of these pins in nuclear reactors, (iv)
nuclear modelling and measurement of nuclear data needed to core design studies for
transmutation, (v) experimental studies on ADS devices (Accelerator Driven Systems), (vi] an
ADS preliminary design study, [vii] studies of P&T scenarios.

Line 2 has dealt with (i) geological and geochemical investigations on three sites up to 1996,
(i) selection of one site in clay at Bure, and construction of an underground research
laboratory (URL]J, (iii) detailed heavy geological reconnaissance by 3-D seismic survey,
numerous cored boreholes and in-situ hydraulic tests, (iv)] measurements of clay rock
parameters both on samples and in situ [v] laboratory and in situ migration experiments of
radionuclides in clay, (vi) generic studies for disposal in granite, in cooperation with foreign
countries, (vii] behaviour study of some long-lived radionuclides in the biosphere [viii)
research on candidate materials for engineered barriers, (ix) engineering studies, (x)
modelling and numerical simulation, (xi) inventory and characterization of waste.

Line 3 has dealt with (i) improvement of industrial conditioning of nuclear waste, (i) ageing and
leaching of industrial radwaste packages and spent oxide fuels, [iii) studies for new conditioning
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for separated actinides and long-lived fission products, (iv] design of containers for long-term
interim storage or for deep disposal of SF or radwastes from reprocessing, (v) design of surface
or su-surface stores for interim storage, mainly with regard to heat dissipation.

It is obvious that the whole objective of the law was to find solutions to reduce the toxicity of
the ultimate nuclear waste by decreasing the long-term radiotoxicity of the packages sent,
in a final step, to a geological repository (transmutation, choice of the best conditioning,
choice of a site with minimal scientific uncertainties for long-term confinement]. Geological
disposal cannot indeed be avoided by transmutation. Long-term interim storage offers the
flexibility, if needed, for the implementation of transmutation or disposal, but it cannot be
considered itself as a definitive solution for waste management.

P In short the results were the following

The goals of partitioning have been successfully achieved at laboratory scale and partially
at an engineering demonstration scale. This opens the door to industrial application, but
new partitioning methods have to be developed to achieve separation of elements in line
with the preparation of fuel or target transmutation, a key issue for transmutation. Indeed
there are two main issues to overcome to achieve transmutation, the first is to find
compounds or composites able to sustain strong irradiation conditions without any
consequences on the safety of reactors and the second issue is to transmute actinides
preferentially by fission with high yields. It is well known that fast neutrons, which operate
in FNR (critical] orin ADS (sub-critical), are the best options. Some test materials showed
rather good performances and it can be said today that although the principle of
transmutation in FNR with experimental pins is demonstrated, it has to be fully
demonstrated at a larger scale. Despite numerous experimental results obtained both on
fuels or target and on transmutation systems, too much remained, in 2006, still unknown.
It is a long way to show how to bring together in operation partitioning, fuel fabrication
and their recycling and transmutation in FNR or ADS. Nevertheless, scenario studies
shed a light on the potentiality of different possible transmutation cycles. The results
emphasized the key question of curium management.

With regard to line 2 the research priority has been given to investigate the Bure site and
its deep clay layer [the Callovo-Oxfordian between 400 and 550 m below ground). Data
have been collected (i) on regional and local geology and hydrogeology and (ii] on
geochemistry and mechanical properties of the clay layer. Full designs for a potential
repository consistent with the numbers of packages assumed to be disposed of in 2020
and according to scenarios (full or partial reprocessing) have been proposed. The clay
shows a remarkable lateral continuity and a good homogeneity in composition and
structure. Neither faults nor connection by convective flow between the upper and lower
aquifers through the clay have been found so far, in any of the boreholes or drifts. This is
also shown by the isotopic composition of waters. Poreal water in clay has a very long
residence time. Water composition has been determined and the diffusion coefficients of
the fastest diffusive elements (Cl, I, Cs) have been measured in the laboratory and are
being measured by in situ experiments at Bure URL, still going on. Preliminary
mechanical data are available but they must be confirmed over time.
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The conditioning of ML-LLW radwastes to produce industrial packages has been greatly
improved over the last 10 years. Their volume has been reduced and their quality
improved. Today, conditioning and characterisation of the radwastes packages are well
controlled, notably for vitrified residues. The empirical ageing models, including leaching,
of both containers and wasteforms in several different environments have been
consolidated and their behaviour can reasonably be forecasted with regard to long-term
storage and disposal. SF have been studied as other wasteforms. Ceramics (ternary
oxides or phosphates] for the incorporation of each actinide and for |, Cs and Tc have been
developed at laboratory scale and their ageing and leaching investigated.

The evidence has been brought that industrial storage is possible during about a hundred
years in the recently built storage facilities. For a longer storage or for disposal, each
family of radwastes package or spent fuel sub-assemblies has to be encapsulated into
containers. Demonstrators of such containers are presently under investigations to prove
their durability, which is sought for durations centuries of thousands of years (disposal).
When long-term storage means several centuries, the main problem pointed out was to
find a long-lasting special concrete able to accommodate large variation in temperature
and chemical corrosion. Although the most stringent standards are proposed for
concrete, the evidence of its durability over several hundred years has not yet been
afforded. Preliminary designs for store facilities have been studied.

The June, 26, 2006 law

For the coming years the policy (objectives, strategy and financing) for radwastes
management is defined in the "programme law” passed on June 26, 2006. The “new law on
radwastes and recyclable materials management” stipulate to : i) continue research on P&T,
geological disposal and storage according to the "PNGMDR" document, ii] improve
transparency and democratic control on these topics (clarification of wording, set up of a new
NCE, set up new local Committees for information and for the following of researches - CLIS
-, debates within the Parliament), iii) improve economic development for sitting facilities, iv)
set up structures and financial resources for these actions (Andra, financing made secure for
coming years and on the long term).

Researches and studies must be : directed to prevent and limit charges for future
generations and consequently their definitive security has to be assumed and clarified in
term of complementarily with regard to ML-LLW and HL-LLW.

The milestones for managing these radwastes are : i) 2012 survey on the possibility to use ADS
or FNR for transmutation, ii) 2020 possible set up of a prototype facility for transmutation, iii)
2015 address files to NSA for licensing a geological disposal which could be launched in 2025
and set up new storage facilities or modify those presently used (if necessary). For other
radwastes and radioactive matters milestones are : i) 2013 launching a LL-LLW disposal, i)
2008, survey on the long term radiological impact of radwaste from mining, survey on radwastes
containing T, storage before their disposal, disposal of sources, i1} 2009 survey on TENORM.

Special status is given to geological disposal : radwastes packages could be left in disposal

facilities indefinitely, reversibility must be considered in studies, it will not last less than 100
years, it will be defined in a new law before 2015.
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The "PNGMRD" will define precisely before the end of 2006 the objectives of radwastes
management: decrease of the toxicity of radwastes including the use of reprocessing,
interim storage and geological disposal as a final solution, conditioning before 2030 of the
radwastes produced before 2015, and the meeting points for RD. It will have a section
describing international studies.

The improvement of the democratic process includes a special status for the members of
NCE (independency reinforced) and a special status for the sitting of a geological disposal :
public debate , reports of NCE and NSA, consultation of local instances, consultation of
OPECST (Parliament office for studies of scientific and technical choices), law on the
reversibility, authorisation by the “Conseil d'état” (Highest administrative judicial French
authority) after a public inquiry, new law for the closure. Along the process of sitting
periodical debates will be organised by the "Nuclear committee on transparency and
security”. The CLIS will be reorganised : extension of competence to all the researches
fields, new composition with extension to qualified people, local elected people, new
organisation with a national elected people as President. The missions of Andra will be
extended to the evaluation of costs and to public information at all levels. Its financing will
be distinct for general activities, research on sitting and construction of disposal facilities. To
implement the law many decrees have to be promulgated before the end of 2006 : on the
PNGRD, on the financing for Andra and for the control of the long term financing of nuclear
activities (a new commission will be set up the CNEF- National commission on financial
evaluation), on the economical development of region where sitting facilities is expected.

4.2. Installations in operation and in project or programme

The industrial installations for conditioning radwastes, to store or to dispose of packages are
well adapted to the present situation. Interim storage of CSD-V and CSD-C packages is an
industrial operation in large facilities that can be extended as needs will appear (2015 for CSD-
V) and which can last 100 years without refurbishing. All packages resulting from 40 years of
electricity production can be accommodated on around 7000 m?.

The life of the La Hague reprocessing plant is expected to end around 2030-2040. The next
reprocessing plant should be an “Integrated Treatment Recycling” plant with MOX fuel
preparation, as it is anticipated world-wide for “Generation IV reprocessing plants” if necessary.
The present plant is, and will be, in continuous improvements to follow the increase in BU of
UOX/MOX SF (processing, engineering, conditioning of radwastes to minimise the ratio CSD-V/
ton SF) and to reduce costs. There are programme to improve MOX performances
(microstructure of blended oxides, addition of Cr,0,, new cladding)

URT fuel must be over enriched compared to UOX (at 4% versus 3.7%) to take into account the
presence of U236, which capture thermal neutrons. It contains U232 (72 y) coming from Pu236
decay (2.85y], which follows U235 in gaseous diffusion. The future French enrichment plant will
enrich Urep.

A “Research and Development” programme is in progress. An immediate interest is to look at
the possibility to manage together U and Pu (which make reprocessing proliferation resistant).
Such management is presently included in the Japanese Rokkasho-Mura plant where U and Pu
will be co-precipitated to oxide. It is also envisaged in the last US programme GNEP (Global
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Nuclear Energy Partnership) where reprocessing plants are considered, but without getting
pure Pu. Areva studies the COEX (co-extraction) process in the perspective to contribute to the
design of the next future reprocessing plants. USA market is of interest, this country being
reconsidering its back end fuel cycle policy (which lies today on direct disposal of SF).

For the future of nuclear energy in the perspective of “Generation IV reactors”, research in
aqueous reprocessing is also mandatory to manage together U, Pu and all minor actinides for
their recycling-burning in FNR. Flexibility of the future reprocessing processes is aimed at
adapting reprocessing to the needs of reactors (fuel fabrication mainly) and at fulfilling as far
as possible the GIF (Generation IV International Forum) criteria. Pyrochemical processes will
be also studied to process quickly very active materials that could appear in transmutation
steps of actinides, following pilot experiments in USA (EBR2 where SF was Uenr at 45 %, Pu
0.1% FP 5%) or in Russia [MOX SF).

If the long-term management of Pu is secured, it is to say if its fate is clearly identified over one
or two centuries (recycling) present reprocessing can be considered to help geological disposal.
Indeed extension and cost of a disposal depends on two limiting factors, volume for ML-LLW
and heat for HL-LLW, because the temperature in the host rock must be kept below 100 °C.
Compared to direct disposal of SF it is clear that reprocessing fulfil volume criteria. Any
improvement in reducing the volume of ML-LLW is a bonus. With regard of heat criteria the
elimination of Pu contributes to decrease the release of heat over thousands of years. The gain
in space depends of the rock. In clay it could be up to 60 % if all UOX and MOX SF would be
reprocessed. A quicker reprocessing after unloading of SF would lower the quantity of one of
its daughter Am241 (heating isotope over centuries] in HL-LLW packages adding a reducing
factor of 2 to the gain in space. A better reprocessing leading to the separation of all actinides
and short-lived heating fission products (Cs and Sr] would give a factor 10. Of course that
means that P&T strategy would have been implemented.

Reprocessing is a key issue of the future of nuclear energy. Since the dispositions of GIF
several initiatives have appeared to which France has plans to contribute. The GNEP
organisational programme, launched in 2005 by USA, proposes to complete the objectives of
GIF as follows. In the short term : encourage launching of new reactors particularly for
developing countries (low power reactors), in the long term : develop new technologies
proliferation resistant, for recycling Pu and other actinides and develop advanced burners of
Pu and actinides. For both actions it is proposed to set up an international system of nuclear
services (enrichment, reprocessing) under international control. The USA "Advanced fuel cycle
initiative” programme (AFCI) has the objective to develop technology of reprocessing, to which
France could contribute

4.3. Main restrictions and uncertainties

All the French radwastes are well identified (except some sealed sources) and foresights on
radwastes packages production are reasonably correct in the framework of the continuation of
the present nuclear activities and of the programmes of conditioning for the” non-conditioned”
radwastes. Coherent technical and administrative channels of management with end-solution
for the long term are operating, or are identified. Responsibilities in management are defined.
There are many regulation requirements to assume radiological safety. France seems presently
in the front line with regard to political and administrative aspects of radwastes management
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since June 2006. So the main uncertainties for radwastes management lie in the real
possibilities of implementation. They depend of many economical factors

If radioactive matters not considered today as radwastes, like the different kinds of uranium,
would change of status in the future new channels of management will be necessary for these
matters.

The first French LML-SLW disposal [CSM) has opened in 1969. During the first years rules to
accept LML-SLW were not so strict as they were later. Some packages containing quantities of
long-lived radionuclides higher than those allowed today have been accepted. Packages easy
to retrieve have been taken out of the repository before its closure. Safety case analysis before
to start a monitoring period has shown a low radiological risk at long term. NSA has authorized
the disposal of the remaining packages, difficult to retrieve, balancing the radiological and
economical costs of the operation.

4.4. R+D needs. Generation of technology and knowledge
The needs on R and D are directly linked with the statements of the 2006 law.

4.5. Safety and licensing

As previously said safety and licensing are in charge of NSA.

5. Costs and financial aspects

For all radwastes including radwastes the principle “Polluting-Paying” is applied. The producer of
a radwaste must pay for its elimination if there is a channel management including interim
storage if needed. The 2006 law secure financing for back end nuclear cycle radwastes and
decommissioning-dismantling radwastes. If there is an impossibility to pay (legacy radwastes for
instance) specific public funds can be exceptionally called for (state budget). The problem is for
radwastes without presently end-solution, which are in interim storage. The period of storage is
not defined. According the 2006 law Andra, a public agency, is now in charge of storage. Question
of financing is under consideration. Andra is also in charge of radwastes without owners or non-
solvable owners. There are few radwastes with these statuses.

Cost of radwastes management is higher than cost for non-radioactive wastes and increases with
the nocivity of radionuclides contained. They must be fully characterised and that contributes to

an important part of the cost.

The cost of the back end fuel cycle, the conditioning of historical radwastes, the dismantling of
facilities and the facilities for geological disposal are estimated to 60 Billions of Euros
6. Social, public opinion and communication aspects

As in other countries the public appreciation on radwaste (and on the use of nuclear energy in
general] is controversial. There are opposite positions between anti-nuclear people and nuclear
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technocrats. The main points in debate are: civilian nuclear has kept practices of the military nuclear
activities, very low risk can have tremendous consequences as shown by Chernobyl accident, waste
management lead to low doses of which effect on long term are difficult to understand, reprocessing
opens ways to radioactive terrorism. Local oppositions on potential disposal of radwastes are
sometimes intense. Recent opinion inquiry shows that public has no confidence in the official
information on radwaste. Real efforts, but too recent, have been done to give an objective
information on nuclear problems, but in general the dialogue is difficult to be established.

Debates on energy in 2003 aimed at preparing a “law on energy” included debate on nuclear energy
(and radwastes) but only pro-nuclear people went in tribune. The law was passed in 2005. The first
large debate on radwastes occurred in 2005 (September 2005 to end of January 2006). It was asked
by the government to prepare the 2006 law. All documents coming from all partners (institutional
bodies as well as non governmental organisations) were carefully prepared since April 2005. The
evening debates, lasting hours, in several places interested to known about radwastes were
followed by more or less people depending the topic considered. Nevertheless all arguments, for
and against a given solution for management of nuclear wastes (P&T, geological disposal, storage)
and other radwastes have been clearly expressed and directed to the government.

The learning’s of these debates are the following ones. It was clear that people want to be
“secured” and not “reassured”, and they asked the major question: how can we have confidence
about management of a litany of radwastes ?.Four main points emerged from the debate, centred
on time, consensus, territories and reversibility. It was understood and acted that technological,
industrial and economical uncertainties push back P&T after 2050, that we have time to take a
decision on geological disposal (interim storage is secure, experiments have to be continued at
Bure, sociological problems are not solved) and that the next milestone could be 2020. Every
people agrees to take into account all radwastes and other radioactive matter which could be
categorised as radwaste in future, to consider radwastes management in the context of nuclear
energy extension or recession, to evaluate all risks including proliferation, to look at management
and milestones in a coherent way, to improve inventory and "PNGDR-MV", to separate expertise
and control, to come to a voluntary and active participation of public (declassify documents,
pluralist expertise at each level, access to information). With regard to sitting installations all
people agree to change economic subvention to real local development (increase of employment
and demography) with the support of nuclear companies and government. Reversibility of disposal
of radwastes drives acceptability and reconciles ethic and transmission of charges to next
generations but this statement is difficult to understand. Is its objective a politic alibi or is it really
coming from the precautionary principle? Which is the target : conditioning or packages? Is P&T
necessary included in reversibility? How long does it will stand, one century or several centuries
after periodical reconsideration?. Can long term storage turned out to indefinitely storage? The
final positions of people were contrasted: “stop to make radwastes and we will speak after” or
“decide to go to disposal of LLW “ or in between “take time to study disposal and storage and
decide later”. Sometimes people with opposite positions came to the same conclusion ecologists
people and financing people are for interim storage as long as possible, vertuous people and
making business people are for disposal

Conclusion

The production and the nature of radwastes in France will stand as it is for a long time according
to French nuclear energy policy and the technical possibility to launch new “nuclear systems ”
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which could qualitatively change waste packages [P&T foreseen in 2050 at the best case). More
than 96 % of the total activity of SF will go in glass packages for the present nuclear fleet of
reactors. For other radwastes not directly connected with electricity production the situation will
remain more or less the same as today.

French situation in radwastes management is under the control of NSA. For the short term there
are channels to eliminate most of the LML-SLW, exceptions are mainly the LML-SLW containing
T and some sealed sources and devices based on ionising radiations. A technical end-solution for
ML-LLW [radium radwastes and graphite) has been set-up. A ground level disposal site has to be
found to implement it. MLL-LLW and HA-LLW coming from reprocessing are the main concerns
for future. They are presently kept in interim storage facilities that can last as long as one century.
The deep clay layer (Callovo-Oxfordian) investigated at Bure, in the framework of the 1991 law,
shows adequate properties for a long lasting confinement of the most mobile radionuclides. The
2006 law statements are aimed at sitting a geologic repository in this formation.
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Study of future energy
Issues: UK situation

A. Duncan

1. General overview
1.1. Nuclear programme

The UK was involved in the earliest developments of nuclear technology in the 1940s and 1950s.
It has a wide range of plant and equipment that has now served its purpose and needs to be
decommissioned and dismantled. This includes R&D facilities for chemical processing,
uranium and plutonium production, isotope separation, nuclear fuel fabrication, etc. as well as
research reactors, critical assemblies, materials research reactors and various designs of
experimental and demonstration reactors, including two sodium or sodium/potassium-cooled
fast breeder reactors, a heavy water reactor and a high temperature reactor with special fuel.
In addition, it has facilities associated specifically with nuclear weapons production and with
naval nuclear propulsion systems. Consequently, and although individual facilities may be
relatively small, this inventory of historic facilities gives rise to a complex range of nuclear
wastes, whose management is complicated in some cases by the presence of non-radioactive,
hazardous substances such as asbestos, and by the fact that some original documentation for
older facilities is difficult to retrieve.

Commercial nuclear power generation started in 1956 with the first of a series of Magnox
reactors. Initially, these were small dual-purpose plants, combining power generation with
plutonium production for military purposes, but they were later modified to provide only power.
Subsequent Magnox reactors, up to ten times larger, were optimised for continuous electricity
production. They use natural uranium metal fuel in a magnesium alloy cladding, are graphite
moderated and are cooled with carbon dioxide gas. In all, 26 Magnox units were built on 11 sites
in the UK. The second generation of reactors is based on the Advanced Gas-cooled Reactor
(AGR), a prototype of which started up at Windscale in 1962. A total of 14 such units were built
on seven of the existing Magnox sites and started up between 1976 and 1989. They are also
graphite moderated and carbon dioxide cooled, but use enriched uranium oxide fuel in stainless
steel cladding. The third generation comprises a single large Westinghouse Pressurised Water
Reactor (PWR], which started up in 1995,
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There are currently 8 Magnox units remaining in operation, together with the 14 AGRs and the
single PWR, i.e. 23 units in all, totalling 11,852 MWe generating capacity and accounting for 20%
of UK electricity production in 2005. Of the 8 Magnox units, only 4,0on two sites, will remain in
operation after the end of 2006.

In addition, this commercial nuclear power programme is supported by a full range of fuel cycle
facilities comprising uranium conversion, enrichment, fuel fabrication, spent fuel reprocessing
and residues recovery, located in the north-west of England at Springfields, Capenhurst and
Sellafield. These facilities also supply fuel cycle services to overseas customers.

1.2. Waste categorisation

The UK system of waste categorisation covers all of the radioactive wastes arising from the
development and use of nuclear power to generate electricity, together with those from the
nuclear weapons and nuclear-powered submarine programmes, and those arising from the
use of radioactive substances in industry, research and medicine. The categories are as
follows:

» High Level Wastes (HLW)

Wastes in which the temperature may rise significantly as a result of their radioactivity, so
that this factor has to be taken into account in the design of storage or disposal facilities.

HLW comprises the waste products from reprocessing spent nuclear fuels. These waste
products arise in the form of highly radioactive nitric acid solutions, and are being converted
into borosilicate glass contained in stainless steel canisters.

» Intermediate Level Wastes [ILW)

Wastes exceeding the upper limits for Low Level Wastes, but which do not need their heat
generation to be taken into account in the design of storage or disposal facilities.

The major components of ILW are metal items such as nuclear fuel cladding and nuclear
reactor components, moderator graphite from reactor cores, and sludges from the treatment
of radioactive effluents. Such non-heat generating waste is stored in tanks, vaults and drums.
In time it will be retrieved, and packaged by immobilisation in cement-based materials within
stainless steel drums or, for large items, in higher capacity steel or concrete boxes.

» Low Level Wastes (LLW)

Wastes containing radioactive material other than those acceptable for disposal with
ordinary refuse, but not exceeding 4 gigabecquerels per tonne [GBq/te] of alpha or 12 GBg/te
of beta/gamma activity. [The limits for disposal at the LLW disposal facility at Drigg, in
Cumbria.]

Most LLW can be sent for disposal at the Drigg facility. Most of the LLW unsuitable for disposal
at Drigg is reflector and shield graphite from reactor cores, which contains concentrations of
carbon-14 above those acceptable in that disposal facility.
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» Very Low Level Wastes (VLLW)

Wastes which can be safely disposed of with ordinary refuse, each 0.1 cubic meters of
material containing less than 400 kilobecquerels (kBq) of beta/gamma activity or single
items containing less than 40 kBq of beta/gamma activity.

This category is intended for use in disposal of small quantities of waste that might fit into a
dustbin, hence the commonly used term ‘dustbin disposal’. It is not intended for the large
quantities of lightly contaminated material that might arise from reactor dismantling or site
clearance, for example.

» Surplus Plutonium, Uranium and Spent Fuel

In addition to the above well-established categories of waste, consideration is currently being
given to the implications for waste management if some or all of the UK accumulations of
nuclear materials are declared as surplus to requirements, and classified as wastes. These
materials include plutonium, uranium and spent fuel.

Plutonium is created as a by-product in nuclear reactors. It is separated from spent nuclear
fuel by reprocessing. Separated plutonium can be used in fabrication of fresh nuclear fuel
and in nuclear weapons. It is currently stored as an oxide powder.

Uranium is recovered during spent fuel reprocessing and can also be re-used in fresh
nuclear fuel and in nuclear weapons. Depleted uranium [i.e. with less than the natural
content of the isotope uranium-235) has some commonplace uses, such as for
counterweights in aircraft. Most of the uranium stockpile is stored either as gaseous
uranium hexafluoride or as an oxide powder.

Spent nuclear fuel is nuclear fuel that has been irradiated in a nuclear reactor. It can be
reprocessed to recover plutonium and “unburnt” uranium or managed in some other way. It
is comprised mainly of uranium oxide, and contains the waste fission products and higher
actinides created during its irradiation. Like HLW, spent nuclear fuel is intensely radioactive
and generates heat.

1.3. Waste generation

A baseline inventory of radioactive wastes and potentially surplus materials has been
established for the purpose of formulating recommendations for long-term waste
management in the UK. It is based on the following main assumptions.

P All Magnox reactors are shut down by 2010; AGRs operate for up to 35 years, with the last
shutdown in 2023; Sizewell B PWR operates for 40 years and is shut down in 2035; and no
new nuclear power reactors are constructed.

P All Magnox spent fuel is reprocessed; AGR spent fuel and overseas Light Water Reactor
spent fuel, covered by existing contracts, is reprocessed; and Pu, U and HLW arising from
overseas fuel will be returned to customers, with an equivalent amount of HLW to
substitute for their ILW and LLW, which will be retained in the UK.
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P Surplus nuclear material declared as waste will include all of UK stockpiles of separated
plutonium and uranium, AGR spent fuel not covered by existing reprocessing contracts,
and all the Sizewell B PWR fuel.

The following table gives the volume and radioactivity of packaged waste. The volume estimates
are based on assumptions as to how waste, including spent fuel, will be packaged for long-term
management, including disposal. For certain types of wastes, such as the surplus nuclear
materials, there are substantial uncertainties about the nature of the treatment and packaging
processes, the degree of volume change and the type of container used. All these could affect
the packaged volume, although the quantity of radioactivity will remain unchanged. These
uncertainties are in addition to the obvious uncertainties arising from deviation from the main
assumptions above, particularly as regards the future of nuclear power, and from decisions still
to be made about nuclear plant decommissioning strategies, segregation and decay storage of
waste, decontamination and recycling, etc. (For example, if it was decided to extend the UK
nuclear power programme and to build a series of PWRs, it would be possible to utilize surplus
Pu in Mixed Oxide Fuel.]

Category Packaged Volume Radioactivity
(Cubic metres) (Terabequerels)

HLW 1,290 39,000,000
LW 353,000 2,400,000
LLW (unsuitable for Drigg) * 37,200 <100
Plutonium 3,270 4,000,000
Uranium 74,950 3,000
Spent Nuclear Fuel 8,150 33,000,000
Total 477,860 78,000,000

*Current plans for ordinary LLW disposal foresee construction of a further 700,000m? capacity by 2050, but current esti-
mates suggest that this will still be insufficient to accommodate the LLW arising from decommissioning and clean-up
activities. LLW management is the subject of a current government review.

1.4. Present situation and foresights
Power programme

There have been no new reactors built or planned in the UK since start-up of the Sizewell
B PWR in 1995. Since then, the public and political climate has been consistently hostile to
any consideration of new reactor construction, a factor which may have contributed
indirectly to lack of progress on implementation of waste disposal. A government Energy
Policy paper in 2003 did not foresee any such construction, but did not rule it out
completely. An Energy Review, published in July 2006, however, examined the UK's
progress against the medium and long-term goals of that 2003 policy paper, and
considered options for further steps to achieve them. The Government's immediate
response, in regard to nuclear power, is best described by the following extract from the
associated Ministerial statement.
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“Against a background where Britain's nuclear power stations are ageing, decisions will have
to be taken on their replacement in the next few years. If we do nothing, the proportion of
electricity generated by nuclear will fall from just under 20% today to just 6% in 15 years
time. And nuclear has provided much of the electricity base-load, contributing to consistency
of supply as well as security of supply.

Whilst some of that capacity can and should be replaced by renewables, it is more likely than
not, that some of it will be replaced by gas which would increasingly have to be imported. The
Government has concluded that new nuclear power stations could make a significant
contribution to meeting our energy policy goals.

It will be for the private sector to initiate, fund, construct and operate new nuclear plants and
cover the cost of decommissioning and their full share of long-term waste management costs.”

A new Energy Policy paper will follow in due course, but it is expected that any reference to
new nuclear construction will put the onus firmly on the private sector. It remains to be seen
if the current obstacles, arising by way of the physical planning and licensing processes, will
be eased by application of these processes to a ‘class’ of plant, as opposed to each plant
individually. This, and other issues concerned with economic incentives for renewable
sources of power, and difficulties with waste management, for example, will undoubtedly
influence the views of the private sector. It may well be that further construction will only
happen when Government takes a more pro-active role, perhaps under pressure from a
public increasingly concerned about the cost and availability of electricity.

Waste management and decommissioning

The present-day situation is influenced most of all by the creation in recent years of the
Committee on Radioactive Waste Management ([CoRWM] and a new National Decommissioning
Authority [NDAJ. Since 1982, until creation of the NDA, responsibility for developing and
implementing new arrangements for disposal of ILW and LLW fell to the Nuclear Industry
Radioactive Waste Management Executive [Nirex). The Government retained responsibility for
developing arrangements for eventual disposal of HLW, but postponed substantive work on the
basis of a policy intention to store it for at least 50 years for decay of its thermal power. Waste
producers remained responsible for treatment, packaging and storage of their own wastes, but
were required by regulators, in the case of ILW, to provide evidence of assurance from Nirex that
their proposals were consistent with Nirex plans for its disposal. However, against a background
of hostility from coalitions of local government, citizen protest movements, Non-Governmental
Organisations [NGOs) and the media, various attempts by Nirex to obtain sites for LW and LLW
disposal failed. This culminated in 1997 in rejection of a physical planning application for a Rock
Characterisation Facility (i.e. underground laboratory) near Sellafield in Cumbria.

In November 2003, after a period of reflection, the UK Government and the Devolved
Administrations (in Scotland, Wales and Northern Ireland]) set up the independent
committee, the Committee on Radioactive Waste Management, to oversee a review of
options for the long-term management of HLW and ILW in the UK. The Committee’s remit
was to review and recommend the best option, or combination of options, for the long-term
management of the UK’s higher activity wastes. The process of review was required to
engage members of the UK public, and provide them with the opportunity to express their
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views. Other key stakeholder groups with interests in radioactive waste management were
also provided with opportunity to participate. CoRWM published their report in July 2006 and
the UK Government and the Devolved Administrations intend to respond to their
recommendations later in 2006. The CoRWM considerations led to a set of interdependent
proposals that recommend:

(1) Geological disposal as the end state;
(2) The vital role of interim storage; and

(3) A new approach to implementation based on the willingness of local communities to
participate, partnership and enhanced well-being.

The Committee also suggested that these proposals form a basis for Government to act upon
without delay. It remains to be seen how, and how quickly, the UK Government and Devolved
Administrations will respond, and move towards implementation of the technical options,
which are just as has been foreseen by the nuclear community, in the UK and elsewhere, for
more than 20 years.

Most radioactive waste in the UK has been produced by the nuclear power station operators,
British Nuclear Fuels plc (BNFL] and British Energy, (BEJ, and the fuel cycle establishments
which serve them. A substantial amount arises from the nuclear research and development
sites of the United Kingdom Atomic Energy Authority, (UKAEA], most of which are now in the
decommissioning phase. Some comes from Ministry of Defence programmes and small
amounts are produced by medical, industrial and educational establishments. Radioactive
wastes from the civil nuclear facilities of BNFL and UKAEA, until recently, were owned and
managed by the facilities themselves. The Government believed, however, that the scale and
nature of the task required a much sharper and stronger strategic focus. This led to the
establishment of the Nuclear Decommissioning Authority by way of the Energy Act 2004.

Ownership of the civil public sector nuclear sites now rests with the NDA. It became fully
operational from 1 April 2005. It is responsible for the transfer, from BNFL and UKAEA, of the
UK’s public sector civil nuclear liabilities and their subsequent management. [i.e. excluding
those of the Ministry of Defence, British Energy and other private sector bodies.) It is a public
body, acting on behalf of Government, and works in partnership with site licensees [i.e. UKAEA
and BNFL)J, and the safety, security and environmental regulators, for the most effective and
safe means of discharging the liabilities. It is expected to provide the first ever UK-wide
strategic focus on decommissioning and clean up of nuclear sites. It represents the biggest
change to the structure of the UK nuclear industry in the last 35 years and has a current budget
is around £2bn a year. As regards the future, the NDA is committed to delivering safe, cost-
effective, accelerated and environmentally responsible decommissioning of the UK's civil
nuclear legacy. This will be done in an open and transparent manner, with due regard to the
sacio-economic impacts on its communities and to securing best value for the taxpayer.

1.5. Nuclear power plant dismantling

A number of experimental or prototype power reactors have been in the process of dismantling
in the UK for some years now. These include a prototype advanced gas cooled reactor at
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Windscale in Cumbria, a prototype fast reactor at Dounreay in Scotland, and a heavy water
reactor and a high-temperature, helium gas cooled reactor at Winfrith in Dorset. These are
individual projects that have been used in part to develop and test decommissioning,
dismantling and decontamination techniques but they are not in the mainstream of commercial
NPP decommissioning and dismantling.

As regards the UK commercial NPPs, and as mentioned in the context of waste generation, it
is assumed that the Sizewell B PWR will operate for 40 years and be shut down in 2035, that
the AGRs will operate for up to 35 years, with the last shutdown in 2023, and that all Magnox
reactors will be shut down by 2010. Currently, seven Magnox power stations, comprising 18
reactor units, are shut down and are at various stages of defuelling or decommissioning. The
fuel from the reactors is sent to BNFL, Sellafield for reprocessing. Apart from dealing with
operational ILW and the arrangements for the disposal of LLW, most of the remaining work is
concerned with decontaminating and dismantling buildings and other structures in preparation
for an extended period of care and maintenance.

The current strategy adopted by the NDA for decommissioning the Magnox reactor sites after
defuelling involves:

P 20 to 25 years to reach the stage of care and maintenance;
P 80 to 100 years in care and maintenance; then,
P Dismantling and final site clearance.

One alternative to this strategy currently being considered is to reduce the time taken to
reach the care and maintenance stage to as little as five years. However, it may also be
possible to bring forward the dismantling stage and to achieve final site clearance within a
much shorter overall timescale. It has been noted that EDF, the French nuclear power
station operator, has adopted a 25 year overall timescale for the decommissioning of its
gas-cooled reactors. Under this approach, the ILW from reactor dismantling would be
stored until long-term waste management arrangements are available. The benefits
foreseen from accelerating the decommissioning of Magnox, and indeed other, reactor
sites include:

P Better use of the knowledgeable existing workforce, and associated socio-economic
benefits for the local area;

P Not leaving final site clearance for future generations;
P Earlier availability of the site for other uses;

P Fewer ILW interim stores needed with consequential cost savings, e.g. if regional or
national storage was selected;

P Visible signs of decommissioning and clean-up, including reductions in visual impact;

and mitigation of the potential threat from coastal erosion and climate change at a
number of sites.
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However, to implement such an approach successfully in ways that protect people and the
environment, a number of issues need to be addressed. These arise mainly from the reduced
period available for radioactive decay before final decommissioning and include:

P Availability of agreed waste routes;
P Processing waste of higher activity with the potential to increase discharges;
P Handling larger quantities of radioactive waste in each activity category;

P The need for further controls to limit worker radiation exposure, including remote
handling technologies.

In order to explore these issues further, NDA and EDF have a Mutual Cooperation Agreement
for sharing know-how, R&D and technological developments.

2. Institutional framework
2.1. Legislation and policy

Legislation and overall policy for radioactive waste management in the UK is the responsibility
of the Department for the Environment, Food and Rural Affairs, (Defra) and the Devolved
Administrations. Defra, the Scottish Executive, the Welsh Assembly Government and the
Department of Environment in Northern Ireland are responsible for legislation and policy
relating to radioactive waste in England, Scotland, Wales and Northern Ireland, respectively.
Environment Ministers are accountable to their respective Parliaments or Assembly for
radioactive waste policy in their areas of the UK, except that the Secretaries of State for Trade
and Industry and for Defence remain accountable for the management of radioactive wastes kept
or stored at civil and defence-related nuclear licensed sites in England, Wales and Scotland.

Other Departments such as the Department of Health, and the Food Standards Agency also have a
close interest, as does the Health and Safety Executive [HSE) and the Environment Agency (EA) for
England and Wales, the Scottish Environment Protection Agency (SEPA] for Scotland and the Chief
Radiochemical Inspector of the Environment and Heritage Service (EHS) for Northern Ireland.

2.2. Advisory bodies

Committee on Radioactive Waste Management [CoORWM) and the Radioactive waste
Management Advisory Committee (RWMAC)

As noted above, CoRWM was set up in 2003 by the UK Government and the Devolved
Administrations specifically to oversee a review of options for the long-term management of
high and intermediate level radioactive solid wastes in the UK.

RWMAC operated until March 2004 and advised UK Government and the Devolved
Administrations on a much wider range of issues concerned with radioactive waste
management policy and its implementation. With the creation of CORWM, RWMAC was put into
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abeyance. At that time, Government and the Devolved Administrations said that they would
review the radioactive waste management advisory machinery when CoRWM had completed its
work. CoRWM has now reported, the formal response is awaited and it remains to be seen
whether RWMAC will be reinstated or some other body created.

Nuclear Safety Advisory Committee (NuSAC)

NuSAC is an independent advisory committee to the Health and Safety Executive (HSE). It advises
HSE on matters which are referred to it or which it considers require attention regarding nuclear
safety policy and its implementation at nuclear installations. These matters include the on-site
management of nuclear waste and the balance of the HSE nuclear safety research programme.

Committee on Medical Aspects of Radiation in the Environment (COMARE)

COMARE was established in November 1985 to assess and advise Government and the Devolved
Administrations on the health effects of natural and man-made radiation in the environment and
to assess the adequacy of the available data and the need for further research.

Health Protection Agency’s (HPA) Radiation Protection Division [Previously the National
Radiological Protection Board)

In 2005, the National Radiological Protection Board merged with the HPA and formed a new
Radiation Protection Division. Together with the Chemical Hazards and Poisons Division of HPA
it forms the Agency’s Centre for Radiation, Chemical and Environmental Hazards. The division
undertakes research to advance knowledge about protection from the risks of ionising and non-
ionising radiations; provides laboratory and technical services; runs training courses; provides
expert information and has a significant advisory role in the UK.

lonising Radiations Health and Safety Forum (IRHSF).

IRHSF provides a liaison mechanism between the Health and Safety Executive and stakeholders
on matters concerning protection against exposure to ionising radiations that are relevant to
the work of the Health and Safety Executive, and to identify significant issues for future action.
Nirex

Under new arrangements, Nirex has become independent of the nuclear industry. It is owned
jointly by Defra and the Department for Trade and Industry, and is mainly funded by the NDA.

Its several roles include:

P Advising the organisations and companies that produce radioactive waste on how they
should package the waste.

P Advising on the standards for radioactive waste packaging.

P Producing, with Defra, an updated public record of the quantities and types of radioactive
waste that exist in the UK.

P Continuing to develop its understanding of the options for dealing with radioactive waste.
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2.3. Legal framework and enforcement
Radioactive Substances Act 1993 [RSA 93)

The Radioactive Substances Act 1993 (RSA93) is the main legislation governing the use of
radioactive materials and radioactive waste management and disposal in the UK, except for
on-site management of radioactive materials and waste on nuclear licensed sites. Under
the RSA 93, disposal of radioactive waste including airborne and liquid discharges from any
site, including licensed nuclear sites, requires an authorisation under this Act, unless
exempted directly by the Act or by way of an Exemption Order. Control under the Act is
exercised in England and Wales by the Environment Agency (EA], in Scotland by the Scottish
Environment Protection Agency [SEPA) and in Northern Ireland by the Chief Radiochemical
Inspector of the Environment and Heritage Service (EHS), in the Department of
Environment.

Where an application is made for disposal of radioactive waste on or from a nuclear licensed
site, the relevant Agency is required to consult the Food Standards Agency (FSA) and the
Nuclear Installations Inspectorate of HSE before deciding whether to grant an authorisation
and, if so, subject to what terms and conditions. EA, SEPA, EHS and the FSA conduct regular
surveys of the UK terrestrial and marine environments to show that the radiological impacts of
discharges are within the appropriate limits.

The Office for Civil Nuclear Security (OCNSJ, which is part of the Department of Trade and
Industry (DTI), is responsible for regulating security arrangements at civil nuclear sites. This is
primarily in order to protect against the threats of terrorism and nuclear proliferation. The
Radioactive Materials Transport Division (RMTD) of the Department for Transport (DfT)
regulates the transport of nuclear waste throughout Great Britain. It is responsible for
regulating the packaging, labelling and vehicle marking standards for radioactive material
carried by road. The Food Standards Agency (FSAJ is a non-ministerial government department
and reports to Parliament via Health Ministers on the food safety implications of discharges of
radioactive waste.

Health and Safety at Work etc Act 1974 and Nuclear Installations Act 1965

The main legislation covering the health and safety of workers and the general public at nuclear
installations in the UK is the Health and Safety at Work Act 1974 (HASAWA 74) and its Relevant
Statutory Provisions, which include the Nuclear Installations Act 1965 [NIA65).

The HSE regulates spent fuel management and radioactive waste management, but not
disposal, on all the nuclear licensed sites in the UK. The safety of operational nuclear facilities
in the UK, including those for waste treatment and storage, is regulated by way of the Nuclear
Installations Act 1965 (as amended) and general requirements of the HASAWA 1974. The HSE
has regulatory responsibility in England, Scotland and Wales and has delegated the licensing
authority for nuclear installations to its Nuclear Installations Inspectorate (NIl). There are no
nuclear sites in Northern Ireland. The NIA 65 requires organisations to obtain a nuclear site
licence from the HSE before using a site for licensable activities. It also enables HSE to attach
conditions to any license in the interests of safety and for handling nuclear matter. Before
issuing such conditions, the NIl is required, by way of Memoranda of Understanding, to consult
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the relevant environment agency on the radioactive waste management implications of any
proposals for new plant or activities.

Monitoring arrangements

For nuclear sites, the environment agencies place statutory obligations on operators to carry out
defined monitoring programmes, both for discharges and for environmental radioactivity. Site
operators are required regularly to assess all radioactive discharges, ensure that the authorised
discharge conditions are met, monitor the local environment and report the results to the relevant
environment agency. These monitoring results are also published in separate company reports.
In addition, the EA monitors radioactivity in the environment for England and Wales, SEPA
monitors radioactivity in the environment for Scotland and the Chief Radiochemical Inspector
monitors the impact of nuclear discharges into the Irish Sea on the Northern Ireland coastline.

The Food Standards Agency (FSA) has an aquatic and terrestrial radioactivity surveillance
programme around nuclear licensed sites in England and Wales, to monitor radioactivity in
food. The FSA programme is fully independent of all other government departments, local
authorities and industry. The results of all regulatory monitoring of discharges and
environmental radioactivity undertaken in the UK, are published in one report, ‘Radioactivity in
Food and the Environment’ (RIFE). The RIFE monitoring programme is lead by the FSA.

Shipments of radioactive wastes and materials also have to comply with transport regulations,
which entails monitoring before departure and on arrival. The consignor and recipient of the
wastes are responsible for the goods and their safe carriage. The Radioactive Materials
Transport Division (RMTD) of the Department for Transport (DfT) monitors the process.

3. LLW and ILW management

3.1. Low Level Waste (LLW) management

LLW represents about 90% by volume of radioactive waste from UK nuclear facilities. The major
components are soil, metals and building materials. Laboratory equipment, clothing, paper
towels and graphite, from gas-cooled reactors, are also present. There are smaller quantities
of glass and ceramics and other miscellaneous inorganic materials. After incineration or
compaction to reduce its volume, LLW is sent to a shallow repository at Drigg in Cumbria where
most of the UK LLW is disposed. LLW that is not suitable for disposal at Drigg is kept in storage
where it arises until the disposal policy for long-lived waste has been decided. There is also a
disposal facility for LLW at Dounreay, in Scotland, which is owned by the United Kingdom
Atomic Energy Authority (UKAEAJ, but this is now effectively full and a further facility is currently
under consideration.

The Drigg disposal facility is owned by the Nuclear Decommissioning Authority (NDA] and is
currently operated under contract, as a national LLW facility, by British Nuclear Group
Sellafield Ltd. (One of the subsidiary companies held by BNFL.] It accepts waste, not only from
nuclear sites, but also from hospitals, research and other facilities using radioactivity. LLW for
disposal is usually packed in high-force compacted form into special ISO freight containers and
emplaced in concrete-lined vaults. The plan is to cement waste in place when the vault is full
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and cover it with soil. The Environment Agency has recently amended the authorisation for
disposals at the site, having regard to coastal erosion amongst other things, and after
consultation with local residents. It is currently reviewing the remaining capacity of the facility.

As regards future availability, the NDA and site operators such as UKAEA, as well as advisory
committees such as RWMAC and CoRWM, have already pointed out that a clear UK policy is
required for the management of the very large quantities of solid LLW arising from
decommissioning for example. Against this background, the UK Government and the Devolved
Administrations are undertaking a review of LLW management policy.

3.2. Intermediate Level Waste (ILW) management

Much of the UK ILW arises from the dismantling and reprocessing of spent fuel and consists
mainly of metals, with smaller quantities of organic materials, inorganic sludges, cement,
graphite, glass and ceramics.

At present there is no facility in the UK for the long-term management of ILW. Specially designed,
interim, surface or sub-surface facilities are currently used to ensure its safe storage pending the
availability of a long-term management / disposal option. Most of it is stored at the site where it is
produced, in water filled concrete tanks, or in a variety of steel containers or immobilised in
standard packages and kept within dry, aboveground concrete stores. For most ILW currently
arising, packaging consists of conditioning in cement-based materials within 500 litre stainless
steel drums. Larger items are conditioned in higher capacity stainless steel or concrete boxes.
There are a number of such conditioning plants operating, at Sellafield, Dounreay, Windscale and
Trawsfynydd nuclear power station for example. Limited facilities for storing the small amounts of
ILW from hospitals and industrial, educational and research establishments are also in operation.

Particular concern has focused on “historic” wastes because they are often poorly
characterised, physically and chemically degraded, and held in old facilities subject to
deterioration. In such cases considerable effort is needed to retrieve and condition these
wastes for safer storage. In this context, the Environment Agency, Scottish Environment
Protection Agency and the Health and Safety Executive have issued joint guidance to explain the
regulatory process and provisions associated with conditioning of ILW on nuclear licensed sites
in the UK. The NIl has also published a guidance document on radioactive waste management
for its inspectors. This is also publicly available and clarifies their expectations for the long-
term, on-site storage of ILW in the UK.

As mentioned in Section 1.4, "Present Situation and Foresights’, CORWM has now published its
recommendations for the long-term management of higher activity wastes including ILW, and
the official response is awaited.

. Spent fuel a