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Abstract. The case of Forschungszentrum Karlsruhe is presented which had to transform from a
centre devoted to nuclear power R&D to one in which this activity is allocated only 20% of the
resources. A large number of operating nuclear power reactors coupled with the Government decision
to phase out nuclear power is causing serious concerns regarding the availability of human resources
for meeting the long term needs of nuclear facilities. The Energy Division of the research centre
currently focuses mainly on safety research and on nuclear fusion. Another Division of the centre has
nuclear facility decommissioning as one of the programmes. Independent research in areas of essential
need for nuclear facilities must be carried out to maintain know how.

Introduction

The Project Nuclear Safety Research at the Forschungszentrum Karlsruhe co-ordinates
nuclear fission research at this research centre, and I will review the situation of nuclear
fission research at the Karlsruhe research centre, which I think reflects fairly well the general
situation in Germany. I will have a wide look-back into the history of nuclear research, then
discuss the present situation and finally say a few words on what we believe are the needs for
the future.

Historical perspective

Karlsruhe started in 1956 as a foundation of the Society for Construction and Operation of
Nuclear Reactor. The goal was the design and construction of a reactor of German origin, the
research reactor FR2, following the famous speech of President Eisenhower in Geneva. This
Society had a contribution of 30% Federal Government, 20% local State Government and
50% industry. In 1957 construction was initiated in a forest north of Karlsruhe, which is in the
south-west of Germany. This early start was possible because some preparatory work had
been done earlier by a group of Professor Wirtz who co-operated already with Otto Hahn in
the 40s. In 1959 a Society for Nuclear Research was founded, which was to promote the
construction and operation of research and development facilities at Karlsruhe. In this Society
there was 75% Government and 25% local state government contribution. FR2 went critical
in 1961. Some work on breeder reactors was initiated in 1957 but research activities formally
started in 1962. The project "Fast Breeder" was funded with strong international co-operation
— there was contribution from EURATOM (40%) and co-operation at international level
(France, Belgium, Netherlands). This period in the 60s and up to the end of the 60s
represented a rather strong development programme in Karlsruhe. Around 1960 there were
1000 people working at Karlsruhe, in 1962 2000 and by the end of the 60s there were 3000
people working there. There were facilities like STARK, Hot Cells, cyclotron, and other
critical facilities like SUAK and SNEAK. In 1969 there was strong international co-operation,
a new project for the USAage of actinides and safeguards, SpFK, was also started in this area.
In 1968 the decision was taken for construction of a prototype fast reactor in Germany. The
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fast breeder project took a very significant part — up to 50% — of the research area in
Karlsruhe. In 1968 the decision for the construction of a prototype, the SNR 300, was taken in
a consortium between Germany, the Netherlands and Belgium. Also a fuel reprocessing
facility started to come into operation.

In the 70s some public opposition rose in Germany and this led to new activities, especially
concerned with nuclear safety. The project "nuclear safety" was founded which was famous
for such programmes like CORA and BETA. CORA was a study of fuel melt-down in severe
accidents, BETA was melt concrete interaction. Also a reactor outside Karlsruhe, the hot
steam reactor, was converted to an accident simulation facility. A fast test reactor, KNK, went
critical in 1972. The prototype fast breeder construction started in 1973.

A reprocessing project was started in 1974. Also in the mid-70ies we had new management in
Karlsruhe, the first generation was replaced by the second generation of directors and this also
entailed reorganization of the major research areas. Thrust was given to secure fuel cycle, also
already at this time decommissioning of nuclear installations, and safety of nuclear facilities.
Another division was fundamental research. 1974 is marked by the start of the CABRI
project, where also Karlsruhe was heavily involved by developing instrumentation and also
participating in the experiments ongoing in Cadarache in France. In 1977 we had a fast
breeder start-up at the Karlsruhe research site, the compact sodium-cooled reactor KNK II, so
this was still a period of good activities.

In the 80s the situation was somehow reversed, the breeder project did not advance as it was
originally supposed. There was the shut-down of the research reactor FR2, we had a period of
change, new research activities, shift of budgets, nuclear fission research which in the 70s was
allocated about 80% of funds in Karlsruhe, had only 30% by the end of the 80s. There were
new tasks like environment (15%), new technologies, key technologies — nuclear fusion took
up some part (20%) of it — and several research reactors were shut down during that period.
After some delay the construction of the prototype reactor SNR 300 was complete and in
19$5 jome pre-nuclear tests were started. Also work on the design of a large European fast
reactor project was started at this time on a European level, where Karlsruhe was heavily
involved.

In 1986 it was decided in Karlsruhe to close the project "nuclear safety", this was in fact the
same year when Chernobyl happened, showing that in spite of large R&D, nuclear safety was
not really resolved. This caused some sensitization of the German public. Decommissioning
of nuclear facilities started in 1987. In 1989 the project of "nuclear safety research" was
founded by merging the remaining activities of the fast breeder project and the nuclear safety
project. 1989 marks the period of feasibility studies for reactors with high safety criteria. In
fact it was investigated whether a reactor could be constructed in a way that it could withstand
even severe accidents without far reaching consequences for the environment. In principle,
the answer was "yes", this could be done. In fact such safety requests are in the meantime
included in the German atomic law at least for future reactors. On the other hand the industry
withdrew from the nuclear reprocessing option in 1989 in Germany and this also meant that a
project for fuel reprocessing had to be terminated and the pilot reprocessing plant at
Karlsruhe, WAK, had to be closed.

In 1989/90 there was the unification of Germany which meant the third reorientation of the
scientific landscape. There was also a research centre in Eastern Germany. It meant reduced
budget and certain discussions of the roles and goals of large research centres. In 1990, the
PHDR project for safety investigations had to be terminated and in 1991, the decision came to
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abandon the prototype fast reactor SNR 300. There was an attempt to keep the breeder option
open in the frame of European Fast Reactor development. In 1993 finally the Government
decision came to abandon all breeder activities in Germany. This meant also that the breeder
activities in Karlsruhe had to be abandoned.

At this time the participation in safety concept development for the European pressurized
water reactors started. The European pressurized water reactor, which is a common
development of French and German industries, aims at designing a reactor of having very
high safety and which can replace the present-day reactors. In keeping with the shift in
emphasis of research, the nuclear research centre Karlsruhe was renamed to research centre
Karlsruhe in 1995.

In 1997 some activities in the field of accelerator-driven fission systems were started at
Karlsruhe.

Current situation

hi the Forschungszentrum Karlsruhe there are now four main areas. These are: i) Division of
Environment which deals with topics like low-pollutant or low waste processes, as well as
conversion of energy and matter; ii) Division of Energy, iii) Division of Key Technologies
with topics like micro-systems, medical technologies and Nano technologies, and; iv)
Division of Fundamental Research dealing with particle/astrophysics and matter at extremely
high pressures and temperatures.

Figure 1 shows the budget change during the past 15 to 20 years. Nuclear fission has gone
down from 70% to less than 20%, fusion is around 20% if we include super-conductivity
activities, environment activities have significantly increased (25% now) and also key
technologies (25%). Fundamental research is at a level of 10%.

Budget Development in Main Areas
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Figure 1.
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At the Energy Division of the research centre, there are essentially three nuclear activities
which are: i) a project on nuclear fusion which is organized around ITER development
(blanket questions, materials, plasma heating, tritium technology); ii) the project "Nuclear
Safety Research", essentially 60% of it covers severe accident research for water reactors
(European pressurized water reactor). This is oriented around concept development with
topics of accident phenomena which could jeopardize the containment integrity, steam
explosion, hydrogen issue, ex-vessel melt behaviour, source term and consequences. A
general topic is in-vessel accident progression in order to get initial conditions for the other
studies like melt concrete interaction and cooling of melts in order to carry out core catcher
development. The other topics in the project nuclear safety research are actinide
transmutation, the CAPRA project for core design where actinides and fission products could
be burnt. More recent activities are at accelerator driven systems, design studies, nuclear data
evaluations, materials corrosion studies, and we are currently setting up a technological loop
for Pb-Bi technology (KALLA). Very recently there is a new activity for design of a light
water reactor cooled by supercritical water, the HPLWR; and iii) Institute for Nuclear Waste
Disposal specially concerned with vitrification of fission products and studies of geochemical
aspects for waste disposal addressing deep storage questions.

Another Division outside the Energy Division is concerned with decommissioning of nuclear
facilities. Activities to transfer five reactors and one reprocessing plant either into safe
containment or to complete removal are in progress. The Research Reactor FR2 has in the
meantime been modified to a museum. We have decommissioned the HDR hot steam reactor
at Karlstein, and a reactor at Niedereichbach, and at Karlsruhe, the KNK, the compact sodium
cooled facility is decommissioned and also the multi-purpose research reactor and
reprocessing pilot plant.

Outlook

As you know, the present Federal German Government ^as decided to phase out nuclear
energy. Also the public opinion is not in favour of the nuclear option. Also problematic is the
opening of the electricity market, which means less funding by utilities. But nevertheless we
have to accept that nuclear power is significantly contributing and will continue to do so for at
least 10 or 20 years and if one considers decommissioning of those plants, maybe even more.
By law the Federal Government is responsible for the safety of reactors and disposal of waste
and we also want to participate on an international level in the nuclear development.
Therefore, it is absolutely necessary that the safety of nuclear reactors must be maintained
during the remaining operating time. The know-how must be maintained in licensing and
expert organisations — here we face a difficult problem of age structure of the people. At the
moment not many young people are coming into research. We need independent research —
independent from industries — and we also want to transfer our know-how on an
international level. So the immediate needs, we believe, are maintenance of the present
research budget, we need the maintenance of expert know-how, concentration and co-
ordination of the tasks and here the remaining research centres will have to get together under
a roof organization.
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