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D.6.2.1. INTRODUCTION

The nuclear power programme in Sweden consists of 12 nuclear reactors located at four different sites
and with a combined capacity of 10 000 MW net electric power. The nuclear power plants generated about
42% of the total Swedish electric power produced in 1993.

These nuclear power plants are owned by four companies which have formed the Swedish Nuclear Fuel
and Waste Management Company, SKB (SKB - Svensk Karnbranslehantering AB). SKB's duties are to
develop, plan, construct and operate facilities and systems for the management and disposal of spent
nuclear fuel and radioactive wastes from the Swedish nuclear power plants. On behalf of its owners SKB
is responsible for all handling, transport and storage of nuclear waste outside of the nuclear power
production facilities [1]. SKB is also in charge of a comprehensive research programme in the radwaste
field.

A complete system has been planned for the management of all radioactive residues from the 12
nuclear reactors and from the research facilities. The system is based on the projected generation of waste
up to the year 2010. A central interim storage facility, CLAB, was put into operation in July 1985 for the
storage of spent fuel. This facility has a current capacity of 5 000 tonnes of spent fuel. The spent fuel will
be stored in CLAB for about 40 years. It will then be encapsulated in corrosion-resistant canisters and
deposited at depth in the Swedish bedrock. The construction of the deep repository will be made in stages.
The first stage of the repository, for 5 - 10% of the fuel, is planned to be put into operation in 2008. The
next stage for the full repository will only be built after thorough evaluation of the experience of the first
stage and renewed licensing. The site for the deep repository has not yet been chosen.

The estimated costs for the Swedish deep rock repository amounts to about 40 billion SEK. One
attractive option to reduce these costs would be to transmute the most cumbersome components of the
spent fuel using accelerator-driven transmutation technology.

D.6.2.2. ACCELERATORS ENTER THE NUCLEAR ENERGY FIELD

As described in this Status report, new concepts for treating spent fuel from fission reactors have been
developed in recent years. This has initiated rapidly growing international research activities in which a
number of Swedish, mostly university-linked, groups participate. It is believed that Accelerator-Driven
Systems can effectively convert the long-lived radioactivity in the bumed nuclear fuel, to short-lived and
by so reduce the need for geological repositories. ADS offers in the long-term a possibility to produce
cleaner fission energy over an indefinite period, a concept which would fit Swedish needs and
technological skill. However, due to environmental requirements the Swedish parliament decided that the
two dominating energy sources - nuclear power and fossil fuels - will be either shut down (nuclear power)
or its use will be limited (fossil fuels), so in the long run the Swedish energy supply is a problem area. The
parliamentary decisions are based on the perceived risks which in the first case are linked to a possible
release of radioactivity from a large reactor accident and/or the handling of the highly radioactive spent
fuel and also to proliferation concerns. In the second case the decisions are linked to the risk of a global
environmental catastrophe through the "green house effect". Although research on alternative renewable
energy sources has been in progress, no large scale solutions which can meet the future energy demands
have been found so far. At the same time the research problems connected with the utilization of fusion
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energy are still numerous. Today it is difficult to predict when the basic problems in this field will be
solved. Finally, the import of energy negatively effects the balance of trade and makes Sweden dependent
upon the political and economic decisions of foreign countries.

With the threefold aim (1) to find methods for treating the high level nuclear wastes which could be
more easily accepted by the public than a direct geological deposition, (2) to design a nuclear power
system which would be more acceptable to the public (safer performance and reduced waste streams) and
at the same time (3) to recruit students to the nuclear energy field, a national collaboration has been
initiated in the research of accelerator driven systems. The ambition to start research in this field was
positively influenced by the Specialists' Meeting on "Accelerator-Driven Transmutation Technology for
Radwaste and other Applications" which was held at Saltsjobaden, Sweden on 24-28 June 1991.

The "Group for Spallator Research" conducts - so far - concerted research at Chalmers University of
Technology (CTH), the Royal Institute of Technology (KTH), the Manne Siegbahn Laboratory-Stockholm
University and Uppsala University.

The main task of this Group is to stimulate and to coordinate research and development projects in the
accelerator driven transmutation technologies. These projects - as shown on Fig. 1 - aim to :

Group £t>r
Spaflator
Networit of Swedish

mayoralties, institutions

OBJECTIVE
OlMECTIWIES

Stage 1

developing competence
in unclear technology
field, attracting students
and scientists.

Surveying the options
for stored nuclear fuel and
future imclear enexgy.

radioactive materials in
spent fueL
Ultimate sobtkn for
the weapon/reactor
grade plutooziizzL
Cheaper & safer
geological repository
- higher public acceptance.

y
safe nuclear power based
on tiionuniAiraniDni
fuel cycle.

FIG. 1. Objectives of the Swedish cooperation in accelerator-driven nuclear systems

1) Find practical solutions for accelerator driven transmutation of longlived radioactive material (e.g.
Plutonium, minor actinides, fission products) into shortlife or stable elements. This may result in
cheaper and safer storage in geological repository;

2) Investigate of new options for nuclear energy production with inherently safe systems, either with
Uranium or Thorium fuel and with reduced longlived radioactive waste production. If successful,
this will result in a new, environmentally friendly, safe, cheap and virtually unlimited source of
energy. The proposed systems for transmutation of spent fuel and production of energy are
subcritical and inherently safe.

3) Open new, exciting research and occupation possibilities for students and young specialists, which
will ensure the proper level of competence needed for our nuclear power utilities, governmental
agencies etc. The existing nuclear power facilities will need qualified personnel for at least two
generations, even in the case of a shut-down of all the Swedish nuclear power plants by the year
2010.
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The Group is now in the process of establishing long term financing for this national collaboration.

D.6.2.3. RESEARCH WITHIN THE SPALLATOR GROUP

The research projects are so far driven by the scientific interests of particular groups:

Department of Nuclear Chemistry Chalmers University of Technology (CTH) is studying separation
processes proposed for use in connection with nuclear transmutation. The project, conducted in
cooperation with research groups in the US, Japan and the EC contains both experimental
investigations as well as modeling of different separation systems. The project is mostly directed
towards fundamental research and aims to help judge whether different proposed separation and
transmutation processes are realistic.

Department of Neutron and Reactor Physics and Centre for Safety Research, the Royal Institute of
Technology is conducting a research program focused on conceptual studies based on computer
simulations of ADS, safety and system assessments.

Department of Neutron Research and Department of Radiation Science, Uppsala University (UU) has
for many years been carrying out research on basic nuclear data such as cross sections for neutron and
proton induced reactions, fission yields, half-life of short lived fission products, delayed neutron yields
etc.

Manne Siegbahn Laboratory (MSL) - Stockholm University has a long tradition in accelerator design
and operation and conducts studies of space-charge current-limitation in the low energy part of the
accelerator and a minimization of the particle losses due to residual gas collisions in the vacuum
system.

An industrially oriented group of reactor physicists, formerly at ABB Atom, and neutron physicists
from Uppsala University and KTH is also taking part in this collaboration and have investigated the
technical and economical possibilities of implementing an inherently safe reactor concept for an
accelerator driven system.

D.6.2.4. INTERNATIONAL PERSPECTIVE

The research activities of the Group for Spallator Research have been primarily devoted to system and
feasibility studies together with participation in a number of international efforts mainly in the US (Los
Alamos), Russia (ITEP-Moscow, BPPE-Obninsk), France (Saturne) and in the future possibly in Japan
(PNC-JAERI), CERN and Switzerland (PSI).

Collaborative projects on ADS research are already in progress with leading international laboratories
as described above. In particular, a project aimed at the construction and testing of a 1 MW liquid lead-
bismuth spallation target has been started as a collaboration between the U.S.A., Russia, France and
Sweden. It is anticipated that the Swedish groups (coordinated and financed through the Centre for
Spallator Research) will prepare some part of the experimental equipment and take responsibility for its
installation and performance.

The Group for Spallator Research is also going to work actively to create an international organisation
or centre for advancement of ADTT.

D.6.2.5. FINAL REMARKS

Accelerator-driven nuclear systems can become an important complement for nuclear reactors opening
new options for the nuclear fuel cycle and furthermore, in countries like Sweden, where of conventional
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nuclear power has no future prospects, these systems can make nuclear energy an attractive source of
environmentally friendly energy again. Also the idea of burning weapon grade Plutonium in accelerator
driven systems has a lot of advantages and should be thoroughly exploited. The best way to achieve these
goals is through intensive international cooperation and common efforts to build the first demonstration
facility.
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