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INTRODUCTION 
In 1993, Prof. Carlo Rubbia, former head of the European nuclear 

research center CERNl in Switzerland and Nobel prize winner, presenled the 
concept of a new nuclear instaHalion which would have astonishing 
characteristics: the reactor would be completely safe, it would produce 
virtually no radioactive waste, and very cheap electricity. The new nuclear 
fuel would be based on thorium allowing for electricity generation for 
thousands of years. Finally the device, thought by Prof. Rubbia to reptace 
today's nuclear fission reactors, could be developed in just a few years time. 

While its theoretica} advantages are excellent, the project is subject to 
significant controversy. Some of the technologies envisaged by Prof. Rubbia 
have been stuclied since the 1950s but none has yet emerged as viabie while 
some research is still be carried out. Furthermore, Prof. Rubbia's proposals 
have been developed at the CERN large research center while the nuclear 
industry has practically not collaborated on the project yet. At the same time 
Prof. Rubbia and his coiJeagues seem to be confident of having attained a 
design which would already demonstrate the capabilities of the device. 

The objective of the present analysis is two-fold. First the proposal as it 
has been presenled by Prof. Rubbia will be analysed. Additional comments and 
critics formulated by the nuclear industry, officials from nuclear safety 
authorities and various international experts enlarge the views on the 
viability of the proposals. Secondly, the report will analyse Prof. Rubbia's 
proposal-to the extent as it is known - to develop his system as major future 
energy source. 

Inslead of using the terminology "Energy Amplifier" which Prof. 
Rubbia has used to present his project, we will speak of the Thorium 
Accelerat01:. Based System (fABS). We consider in fact that the system notion 
is fundamental and that the term energy amplifier is oversimplifying the 
concept since the system will - as many energy systems - produce energy from 
a finite mineral resource. 

A list of Prof. Rubbia's reports published by CERN on TABS is provided 
in annex 1. Reports contain descriptions of the TABS concept, possible 
development and achievements of such a system, considerations on the cost 
of the development and of the operation of the device. Prof. Rubbia and his 
team also presenled a comparison of the safety and environmental aspects of 
the TABS and of a nuclear fusion reactor. Further CERN reports contain 
possible applications discussed and proposed by Prof. Rubbia and his team like 
"hydrogen production as a substitute for gas", "sea water desalination" and 
"plutonium elimination" in Spain. 

1 Centre Européen de Recherche Nucléaire 
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Invaluable information has been colleeled during an eight hour public 
hearing of Prof. Rubbia by the Scientific and Technological Audit Office of the 
French ParHament (Office parlementaire d'évaluation des choix scientifiques 
et technologiques OPECST) and its rapporteur memher of Parliament Claude 
Birraux, on 21 November 1996 in Paris. 

Two doeurnenis were particularly useful. The Scientific and Technica} 
Committee (SfC) of Euratom which produces recommendations for European 
Commission decisions, was asked by the European Commission to evaluate 
"the proposals (usually associated with Prof. Carlo Rubbia) for a nuclear 
energy amplifier system for electricity generation". The composition of the 
Euratom SfC working group on the subject is given in annex 2 logether with 
the list of the Euratom STC members. Both the working group and the 
committee contain prominent representatives of the nuclear industry and 
research organisations. The Euratom SfC four page "opinion", dated 25 
September 1996, logether with its annexes [STC96], contains a very interesting 
analysis of most of the technology necessary for the development of the TABS. 
However, the opinion paper does not analyse possible development of 
accelerators. The other document is the Paul Scherrer Institute (Switzerland) 
report on advanced nuclear reactors, including the TABS proposal, dated 
September 1996 [Brogli96). 

Who is Prof. Carlo Rubbia? 

Prof. Carlo Rubbia is a retired physicist who was awarded the Nobel 
prize in physics in 1984 together with Sirnon van der Meer for their 
contribution to the discovery of elemental particles. Prof. Rubbia has worked 
at the European Organization for Nuclear Research (CERN) from 1961 until 
1994 and was its Director-General from January 1989 to January 1994. 

One of the technological basis of the TABS is the cyclotron accelerator of 
the same type as the one at CERN which Prof. Rubbia has extensively used for 
h is research. 

According to colleague physicists at CERN, Prof. Rubbia was considered 
there more a "scientific entrepreneur" than a theorist. His strong determined 
influence bas motivated the research teams he managed. It is therefore not 
surprising that his personality is now one of the key elements for the TABS 
development project. 

As a Nobel prize winner Prof. Rubbia has a well established reputation. 
Ho wever to propose the TABS project he has signed technical reports 
covering a great variety of highly complex technica) fields (nuclear safety and 
engineering, economics, water for spain, hydrogen as energy ... ). Criticism by 
experts on these technica} issues has been incorporated in the report. 
Furthermore, the available TABS documents themselves, as provided by Prof. 
Rubbia's office, show the limits of the advancement of the project design so 
far. 
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THE TABS TECHNOLOGY 
What is Known and What is Not ? 

"Rubbia is reinventing the bicycle, which was a/ready 
invented here at Los A/amos. But it seems he Jorgot the tyres2." 

Charles Bowman 
Los Alamos National Laboratory, USA 

Nature, Vol. 366,2 December 1993 

According to Prof. Rubbia et al., the following criteria are necessary for a 
nuclear technology which will be capable of initiating a "revival of nuclear 
power''. The [Rubbia95] document, which is aimed at demonstraling "the 
practical feasibility" of the TABS, "is intended as proof" that these criteria "can 
be met fully" by the TABS and wil) enable its development: 

"extremely high level of inherent safety; 
"minimal productions of long-lived waste and elimination of the need 

of the geologie repository; 
"high resistance to diversion [of nuclear materials for military or 

terrorist purposes, ie high resistance to proliferation]; 
"more efficient use of a widely available natura) fuel, without the need 

of isotopic separation. [ ... ] The [TABS] is a bout 250 times more efficient than 
the present PWRs basedon an open fuel cycle [ ... ]; 

"lower costof the heat produced and higher operating temperature [ ... ]3" 
[Rubbia95]. Higher operating temperafure enables a more efficient use of the 
thermal energy to produce electricity. 

The General Concept 

Documents provided by Prof. Rubbia describe a TABS [Rubbia95]4 which 
is designed to produce 625 MWe (the electricity output of each of the seven 
large nuclear power plants in Spain is in the order of 900-1,000 MWe). The 
TABS includes a nuclear reactor which is coupled toa proton accelerator. The 
heat output from the nuclear reaction is transfered into electricity with 
turbines. 

Prof. Rubbia is confident of having demonstraled the practical feasibility 
of the TABS. Many essential parameters have already been chosen by Prof. 
Rubbia and hls colleagues (Cf. figures 1-3 and tables 1-2 annexed). Following is 
a brief description of essential elements which make the originality of the 
proposal. It must be emphasised that Prof. Rubbia is proposing major changes 
in essential partsof the existing technology of nuclear Eission reactors. 

The TABS is based on a hybrid reactor. It is to be lead-cooled using 
natural conveelion which means it would not need any pumping system 

2 " ... namely the elimination of nuclear waste", Nature, Vol. 366, 2 December 1993. 
3 Emphasized in the original document. Please note: in the whole of the report, if not otherwise 
mentioned, emphasis in quotes are from the original documents. 
4 This is the system which ha.c; been studied by the Euratom SfC Committee. 
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which circulates the cooling fluid. lt would be designed to be inherentJy safe, 
which means it would not need any active human intervention under any 
circumstances to prevent a radiological disaster in case of the worst accident. 1t 
is supposed to be fuelled with the naturally occuring thorium-232 logether 
with uranium-233. Uranium-233, which does not exist naturally, is to be 
recovered through the reprocessing of thorium-232 spent fuel. AIJ of these 
charaderistics logether are supposed to constitute an indefinite cheap souree 
of energy. 

The TABS is based on a hybrid reactor 
In a standard nuclear reactor energy is produced through nuclear 

reaelions called fissions in a core containing fissile material. A fission is a 
reaction during which an atom is separated into different parts and releases 
two or three neutrons (elementary particles) which carry much energy. Any of 
these neutronscan interact with another atom of fissile material and produce 
another fission, which in turn produces neutrons, and in turn can initiale 
other fissions. If the neutrons are not absorbed or slowed down by an 
appropriate moderator, the increasing number of fission reaelions in a very 
short time produce a nuclear explosion. On the contrary, if the fissile material 
is not concentraled enough, neutrons produced during fission are absorbed by 
non fissile atoms and cannot sustain the nuclear reaction. No nuclear run 
away reaction is possible in a sub-critical core. 

A hybrid reactor is a reactor in which the core of fissile material it 
contains is non critical. Fission .reactions need to be continuously provided 
with a separate souree of high ... energy neutrons. This is the objective of the 
acceleratorS which is needed ·to power the TABS reactor. 

The· accelerator designed by Prof. Rubbia would be of three different 
cyclotron stages to accelerate the protons6. The first stage is the injector in 
which beams are merged from negative ion stripping. The second stage is the 
intermediale cyclotron in which the beam reaches energies of 120 MeV. The 
final booster stage raises the protons' energiestoabout l Ge V. 

The TABS reactor is a lead-cooled fast neutron reactor using natoral 
conveelion (Cf. figure 1-3 in annex) 

The liquid which circulates around the nuclear 'fuel in the reactor and is 
meant to carry the energy in the form of heat outside the core is called the 
coolant. 

The primary cooling system of the TABS reactor is to be made of 
10,000 tonsof molten lead. So far, internationally there is only little experience 
of molten lead as a coolant. The Soviet Army used molten lead as a coolant in 
submarines, but it changed the material to a mixture of lead and bismuth after 

5 On the contrary, standard reactors (of which the nine operating reactors in Spain) are reactors 
in which the core of enriched uranium is critical. To power and control the reactor, the operator 
takes out of the core the control rods and enables the core to be in a controlled critical state. 
6 A cyclotron is a circular accelerator in which particles are accelerated to high speeds and 
energies during successive passages inside. 
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one of the submarines sank because of the freezing of the lead I Rubbia, 
OPECST96]. The choice of molten lead is to enable the movement of fast 
neutrons as in Fast Breeder Reactors (FBRs) and theoretically allow for a more 
efficient management of the nuclear fueF. 

Inslead of having pumps - as in standard reactors - to maintain the 
movement of the coolant from the nuclear core to the heat exchangers, Prof. 
Rubbia has designed a system based only on natural convection. Only 
experimental reactors have been designed without pumps. The molten lead is 
supposed to move upwards once it has been heated by the core to the heat 
exchangers. The exchangers shall cool the lead and .let it go back down to the 
nuclear core. One of the consequences of this design is the necessary very tall 
size (30 m high and 6 m diameter) main vessel to allow for sufficient lead 
flow. 

The molten lead inside the core will also serve as spatlation target to 
produce the netdroos which are necessary to compensate for the subcriticality 
of the core. During the spallation reaction, protons from the proton beam 
aimed at the lead target interact with the lead and produce neutrons. 

The Secondary Cooling System: Molten Lead and Bismuth 
The primary cooling circuit is not to be in contact with the electricity 

generating turbines. A secondary or "intermediate" circuit is to transfer the 
heat from the heat exchangers to the turbines. Prof. Rubbia proposes that it be 
filled with "a lead-bismuth eutectic mixture". This mixture was nol chosen for 
the primary cooling system because of the radiological characteristics of the 
activation produels of bismuth. 

The Tungsten Window 
The tungsten window of the TABS reactor is supposed to be a part of the 

containment of the main vessel and be able to let the beam from the 
accelerator inside the main vessel. On the one hand the window is not 
supposed to diminish the safety of the reactor containment. The device is 
supposed to withhold the pressure and the temperafure inside the reactor 
vessel, while being subject to energy deposition from a small portion of the 
beam, which is still very intensive. On the other hand the window cannot 
absorb too much of the energy beam, both for beam efficiency and for heat 
damages reasons. The window is to be as much as possible transparent to the 
beam of protons coming from the accelerator and aimed at the lead target 
inside the reactor. The window is thought to be the Achlile's heel of 
subcritical systems because of the necessary fragility which are needed to satisfy 
the above requirements and of the safety consequences of its eventual rupture. 

7 Standard reactors use water or graphite as coolant. Contrarily to molten lead and sodium, 
water slows down fao;t neutrons to energies known as "thermal neutrons". 
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The TABS Reactor uses Thorium Fuel 
The nuclear fuel for the TABS reactor is based on thorium-232, the 

naturally occuring thorium isotope. 
Thorium-232 is not fissile. It cannot directly he used as nuclear fuel in a 

reactor. However thorium-232 is fertile: thorium-232 becomes uranium-233 
through the capture of a neutron and uranium-233 is fissile. This fissile 
material production is the same processas the production of plu~onium-239 
from uranium-238 in a fast breeder reactor (FBR). The fission of uranium-233 
is the main energy producing reaction in the TABS reactor, in the same way as 
fission of plutonium-239 is the main energy production reaction in an FBR. 

There would be two separate parts of fuel in the TABS reactor as in an 
FBR. The core is the central part of the fuel around the beam target and 
contains uranium-233. It is in this region that most of the fission reaelions 
actually happen. Neutrons emitted by these reaelions produce uranium-233 in 
the surrounding breed er part of the fuel through capture reaelions on 
thorium-232. The breeder region initially only contains thorium-232. The core 
region initially contains mostly thorium-232 together with uranium-233 
recovered through reprocessing of previous thorium-232 fuel. For the first 
core, Prof. Rubbia plans to use some plutonium from the reprocessing of 
uranium fuel. 

Reprocessing spent fuel from the TABS reactor would have the 
following objectives: 

- reeover the produced uranium-233 for further fuelloads; 
- reeover the left thorium-232 for further fuel loads; 
-separate the fission produels for radioactive waste management; 
- separate the actinides (long-lived radionuclides) to have them 

irradiated with further fuel loads. 

Previous Proposals and Other Designs 

The novelty in the TABS proposal is to propose all at once technological 
choices which have already been proposed separately. However, most of them 
have not been readily developed, some have been abandoned; combined 
logether they lead to some completely new problem areas. 

Various designs of a hybrid reactor have been studied with uranium 
fuel instead of thorium and other coolants than lead. The concept of a hybrid 
reactor is still at a design stage, and even though it has been studied for many 
years, not even a demonstrafion project of a hybrid reactor has yet been built. 

Accelerators and Hybrid Reactors 
There already existed an interest in accelerator driven systems at the 

beginning of the 1950s. The US government put up a programme to build a 
large accelerator to produce plutonium. This project was abandoned when the 
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US military establishment realised it had enough uranium for the develop
ment of nuclear weapons. 

Interest towards accelerator driven reactors was renewed following an 
initiave of President Carter in the framework of the International Nuclear 
Fuel Cycle Evaluation (INFCE) programme of the IAEA. The objective of this 
programme was to evaluate existing and possible future nuclear fuel cydes. 
Nuclear proliferation aspects were particularly studied. Accelerator driven 
systems were studied in the US and in Canada. The USSR and the UK 
developed a spallation souree (the proton beam which is aimed at a target to 
produce neutrons). 

Interest in accelerator driven systems faded then until about 1989. The 
US initialed a programme to study the possible destruction of long-lived 
radionuclides (actinides) which had been accumulated with the nudear 
weapons programme. Ch. Bowman and F. Venneri from the Los Alamos 
National Labaratory have proposed a reactor in which the nuclear fuel is 
incorporated in molten salt. The Japan Atomie Energy Research Institute 
OAERI) initialed a similar programme at about the same time, aimed also at 
the destruction of long-lived radionuclides [Barré, OPECST96]. 

Other research programmes have been initialed in Europe with simHar 
objectives. A programme funded by the European Union supports reséarch on 
the feasibility of hybrid reactors. In France, a law passed in December 1991 
obliges research to be done on destruction of actinides, and accelerator-driven 
systems are seen as a possible technology. The collaboration project Gédéon 
was initialed recently in France between the Commissarlat à l'énergie 
atomique .(CEA), the national research organisation CNRS and the national 
utility EDF. One of the objectives will be to study the feasibility of building a 
prototype (Cf. annex 3 for the EU and French programmes). 

The objective of research programmes for hybrid reactors is generally 
the buming of plutonium or other long-lived radionuclides (actinides) - waste 
management. Prof. Rubbia's proposal is currently the only existing proposal to 
develop a hybrid reactor with the purpose to produce electricity. 

Thorium Fuel 

India is currently using thorium assemblies tagether with uranium fuel 
in the two Kakrapar 200 MWe plants to analyse irradiated thorium. The 
possibility of using the fissite uranium-233 produced during the irradiation of 
thorium in a nuclear reactor has very much interested India which has large 
resources of thorium ore. 

The German industry shut down its 300 MWe Thorium High 
Temperafure Reactor (fHTR) at Hamm-Uentrop in 1990 after on1y five years 
of operation and a construction time of 12 years. The reactor produced as little 
as 2. 9 TWh. The dismantling costs are unknown yet. 

The European Union has funded a research programme to study the 
feasibility of the thorium fuel cycle (Cf. annex 3). 
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Natura/ Convection tor Primary Coolant 

In Europe and in the USA, molten metal has been used as primary 
coolants for FBRs. No FBR has been designed without a pumping system. 
Natura} conveelion has only been used for experimental reactors. The 
possibility of active control of the primary coolant flow has been considered 
indispensable for safety reasons in standard reactors. 
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Feasibility of the TABS Project 
This part of the report discusses the feasibility of the different characte

ristics of Prof. Rubbia's proposal, whiJe the following part will discuss the per
formance of a TABS. Only the feasibility and the performance of the system 
described by Prof. Rubbia and hls colleagues will be studied. It is obvious that 
changes in technical objectives would affect both feasibility and performances. 

The Accelerator 

The accelerator which is necessary to power the TABS reactor is the part 
of the system which could be the easiest to develop to fuJI scale. lts output 
energy is lower than what is aimed for other accelerator driven projects. 
Scientists at Los Alamos as well as from the Paul Scherrer lnstitute in 
Switzerland seem confident of its design. This is surely linked to the fact that 
Prof. Rubbia has gained much experience and outstanding competence with 
accelerators during his career. Prof. Rubbia calls it affectionately a "little 
jewel". However, other scientists are still sceptical that the accelerator 
technology which is proposed by Prof. Rubbia could be the most efficient for 
the development of a hybrid reactor. 

According to Prof. Rubbia's conclusions in [Rubbia95], detailed design 
studies are still needed and are undertaken in order to darify the beam 
characteristics. Besides this, "technica) design studies on the three accelerators 
have to be started, in particular mechanica} design studies" and a "conceptual 
study aiming at increasing the final energy towards 1,200 Me V is in progress". 
It seems very optimistic to assess that these studies will enable the planned 
design to be built in the short timeframe. 

The representative of the Directorale of Science of Matter (OSM) of the 
Atomie Energy Commission (CEA) as wellas a CEA researcher stated during 
the hearing before the French ParHament's audit office that a gaseous 
production could appear inside the accelerator vaccum at high energies and 
disturb the beam. This disturbance could have severe consequences on the 
efficiency and the power of the beam. Prof. Rubbia bluntly replied that 
simulations at CERN did not show this gaseous halo but did not convince 
neither CEA participants. Rubbia's publisbed documentation does not indicate 
why and how the TABS could avoid such a gaseous halo. 

Current Accelerators Only Produce Temporary Beams 

lt must be emphasised that accelerators operated today are used in 
research experiments and are not designed to produce permanent beams over 
a long period of time. Prof. Rubbia et al. state that "based on previous 
experience with simHar machines and possible improvements within reach, 
[he believes] that the unscheduled down-time of the accelerator can be kept to 
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the level of 3-5%" 1Rubbia95]. The adaptation of current technology for a 
permanent accelerator is not evident; in any case it has not been proven . 

The Directorale of Science of Matter (OSM) of the French CEA is very 
sceptical of Prof. Rubbia's proposal. The DSM has stuclied what accelerator it 
could develop toburn long-lived radionuclides. The DSM has chosen to try to 
develop a more powerful accelerator than what Prof. Rubbia is proposing for 
the TABS . To produce such a permanent beam, the DSM has decided to study 
only the charaderistics and possibilities of the only permanent beam 
accelerators in the world: the Los Alamos (USA) and the PSI (Switzerland) 
accelerators. Prof. Rubbia was very surprised that the DSM had not visited 
CERN where only temporary beams have been achieved. The DSM has 
already chosen not to follow Prof. Rubbia's proposal of cyclotrons but to try to 
increase the power output of the Jinear accelerator. 

The Molten Lead Primary Circuit 

Molten lead has not yet been used as coolant. In the ex-USSR some 
military reactors (submarines) were cooled with a lead-bismuth eutectic (alloy) 
which melts at lower temperatures than pure lead. However this alloy 
produces more radioactive waste because the radioactive products which are 
produced during the interaction of neutrons and the alloy in the core of the 
reactor (activation products) have Jonger half-lives for bismuth than for lead. 
Therefore activation products of bismuth generale significant radioactive 
waste management problems. 

The other molten metal which has been used as coolant is sodium in 
fast breeder reactors. Contrarily to sodium, lead does not react violently with 
water nor air. Furthermore, another advantage of lead is that the void 
coefficient of lead is negative which means that eventual bubble production in 
the core would decrease the reactivity of the core (tend to diminish the 
nuclear reaction) instead of increasing it. 

However, there is at least one fundamental problem with lead which 
has not yet been thoroughly evaluated: the corrosion of the lead and of the 
reactor structures. After prolonged immersion in molten lead some metals 
and alloys exhibit significant deterioration. It must be recalled for instanee that 
the large scale 1,200 MWe Superphénix breeder reactor at Creys-Malville, 
France was shut down during four years and a new public enquiry was 
necessary to operate it again. The largest problem it has had was due to 
corrosion of the molten sodium primary cooling system. A comparison of 
advantages and limitations of cooling with molten sodium and molten lead is 
difficult because the molten lead technology has not yet been largely studied. 
However, the development of lead cooling would need considerable 
investment, with uncertain results for nuclear technology applications 
[Brogli96]. 
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Prof. Rubbia is confident: 'There is no doubt that some types of 
additives and/ or coating. can effectively stop corrosion in the domain of 
interestB. But an important experimental work has to be done (non isothermal 
experiments, effects of cyclic load and so on)" 9 I Rubbia95]. According to Prof. 
Rubbia, a lead purification unit would also be needed· to remove impurities 
from the liquid and "to ensure that required additives against corrosion are 
effective". The detailed parameter list of this device is for the moment largely 
unknown, pending the results of the corrosion studies. 

Corrosion problems with lead can be temperafure dependent Future 
studies on lead corrosion could show a necessary limitation of the 
temperafure of the coolant. Limitation of temperafure could be incompatible 
with the choice of cooling by natura] conveelion [Brogli96]. 

The Euratom STC is quite sceptica! of the lead coolant technology: 
"given the history of corrosion as a failure mechanism in reactors this coolani 
will require a wide ranging and long term research programme." Further
more, "concerns indude: corrosion, high density, inexperience of fabricators 
in designing components for a lead environment". Furthermore, high 
freezing point of lead (328°C) "makes localised freezing and channel blockage a 
possibility." [STC96] 

Natural Convection of the Molten Lead in the Primary Circuit 

Natural circulation at full load eliminales primary coolant pumps but 
requires a very tall reactor vessel to enable a fast flow. It makes access to the 
core more difficult because of the height of the lead column. The necessary 
weight and height of the reactor vessel are unfavorable for the prevention of 
accidents during earthquakes [Brogli96). The seismie analysis willlikely lead to 
civil works which are very difficult to design. Therefore it might be necessary 
to "abandon natura) circulation [ ... ] so as to significantly reduce the overall 
height of the system." Primary coolant pumping would then be necessary 
[STC96) 

The Euratom STC is not confident that the current design of primary 
heat exchangers takes into account all necessary realistic characteristics. Future 
design might lead to "a significant increase of the size of the exchangers (plus 
connecting pipework) and render impossible to house them in the reactor 
pressure vessel as today outlined." [ STC%] 

The use of primary pumps was also mentioned as necessary to regulate 
the primary coolant flow, and as such the temperafure of the lead. Prof. 
Rubbia's TABS does not have any system against the possible solidification of 

8 This last sentence in the Rubbia95 document is soureed as Orlov, V., private communication, 
November 1994. 
9 Emphasized in the original document. 
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the molten lead. These points need detailed safety analysis which could show 
that primary pumps are indispensable. [Gros, OPECST96] 

The Beam Window 

Prof. Rubbia and his colleagues have designed a 15 cm diameter and a 
few mm thick tungsten window to let the neutron beam into the main vessel. 
They estimate that the "life expectancy" of the window is about one year. The 
tungsten window is therefore supposed to necessitate periodic yearly replace
ments, performed in extracting the full beam tube. 

The Euratom STC is nol convineed that the tungsten window can be 
developed. 'The feasibility of a window remaining acceptable for a reasonable 
duration and under all normal transient operating conditions is still to be 
demonstrated." Because of the importance of the window for the TABS, the 
Euratom STC insists: "failure to develop both a reliable window and efficient 
reptacement techniques would greatly impair the availability of the [TABS 
reactor)." {STC96] 

The Fabrication of the Fuel 

There is very little experience with thorium fuel. High temperature 
readors were studied in the US and in Germany the Thorium High 
Temperature Reactor of Hamm-Uentrop tumed out to be an economie and 
industrial disaster (see above). Currently, only the Kalrnakar plants in India 
contain some thorium assemblies. 

The fabrication of the thorium fuel and of the mixed oxides 
thorium/uranium fuel does not seem to represent particular technical 
challenges. However, the industrial challenges would be outstanding. The 
following facilities and changes would have to be developed: 

-a thorium supply infrastructure (mining, milling ... ); 
- since thorium is radiologically more hazardous than uranium, remote 

operation would be necessary for ore processing as well as for fuel fabrication; 
- new fuel fabrication plants, because owners of existing MOX 

fabrication plants (for uranium-plutonium fuel) would certainly decline to 
accept to contaminate their plant with thorium; 

- criticality considerations with uranium-233 would require restrictions 
simHar to those applied processing of military grade plutonium. [STC96] 

A whole set of new large scale complex fuel fabrication facilities would 
be required to enable the operation of the TABS. In this context the necessary 
notion of the system analysis becomes particularly evident. 
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Also the fuel behaviour and the core physics have to be entirely 
restudied. To achieve a homogeneaus burning of the fuel in the core, and 
thus use it economically, the power distribution in the core needs to be 
relatively flat during the time the fuel is in the reactor. However, "the power 
distribution in a subcritical reactor may be significantly different from a 
conventional reactor". Thus, a "reasonably detailed co re study" is necessary to 
ensure a sufficiently high average fuel burnup. [STC96] Numerical 
simulations are currently being made at IAEA to study this "crucial" aspect. 
[Brogli96] 

The Reprocessing of the Spent Fuel 

The TABS is supposed to guarantee a very efficient theoretica) nudear 
waste management: the thorium fuel will be .. completely burnt after a 
number of fuel cycles" through the TABS. 'The goal being to virtually 
eliminale the need for geological repositories ... Prof. Rubbia et al. estimate that 
"compared to the consumption of natural fuel material, their device is about 
250 times more efficient than the present PWRs based on an open cycle" 
[Rubbia95 ]. 

This goal would be only achievable with efficient and homogeneaus 
burning of the fuel, logether with a reliable reprocessing industry. 

Consirlering the reprocessing of the spent TABS reactor fuel, the 
Euratom STC is sceptica! of the feasibility of a plant using the standard 
aqueous route because of the low critica] mass of the uranium-233. "No 
guarantee can be given that a plant operating [design]" will be acceptable to 
regulatory bodies and "failure would become apparent only after a long period 
of development". The pyrochemical reprocessing process is only at a 
development stage for spent uranium fuel and has not yet been applied to 
thorium. 

The industrial challenge to develop a specific reprocessing industry 
would be very significant. One should reeall that, in spite of significant 
industrial experience with lower burn up metal fuel from gas-graphite 
reactors (18 years of operation of UP1 at Marcoule and UP2 at La Hague), it 
took the French nuclear industry 11 years (1976-87) tobring the UP2 planttoa 
throughput 'of 400 tons per year of higher bum up oxide fuel from light water 
reactors which corresponds to 50% of the original nominal capacity of the 
plant. .. The burn up of the fuel reprocessed today at La Hague is on average 
less than 40,000 MWj/ t whereas the TABS is supposed to deal with fuel 
reaching 150,000 MWj/ t. The additional difficulties for the reprocessing 
industry - still to be developed - have not been touched upon by the TABS 
outline so far. 

Furthermore, to give an idea of the cost of such a development, it can be 
mentioned that the development programme for the French FBR and 
uranium fuel reprocessing industry cost in the order of another 60 hiliion FF 
so far (Schneider87] and additional research is still being funded at a level of 
about 770 million FF annually. Current research in France on the possibilities 
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of transmulation of long-lived radionuclides in reactors costs about 275 
million annually [CEA96]. Both reprocessing plants in France and in the UK, 
the only commercial reprocessing plants in the world, were developed 
following major State research programmes - particularly because the 
reprocessing technology was developed to produce plutonium for the 
military. Today these two plants are dedicated to the reprocessing of foreign as 
well as dornestic spent fuel and foreign utilities participated in the 
investment. 
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WHAT IS KNOWN OF THE TABS'S POTENTlAL 
PERFORMANCES 

Prof. Rubbia is very optimistic of the performances of the TABS : "Such 
a machine represents in our view a real breakthrough in the prospects of 
nuclear energy in setting the highest standards for safe and economical 
operation, coupled with realistic solutions for waste disposal and non
proliferation issues" [Rubbia95]. Following is a discussion of th~ performances 
of the device as described by Prof. Rubbia in the light of the available 
information. 

Simulation of the TABS Oparation 

As with other nuclear reactors, one of the basis of the project sterns 
from the necessary simulations on the behaviour of all the elements of the 
TABS reactor during opera ti on (fuel elements, molten lead, structure ... ). This 
simulation is used for the design charaderistics of the different elements (size 
and shape, enrichment of the fuel, periodicity of fuel change ... ). Simulations 
must however always be validaled through the comparison with experimen
tal data. 

The simulation is based on a discrete spaceltime description during 
operation. The volume of the reactor is segmented in a large number of 
separate areas with independently evolving constituents and a model of the 
geometry has been used. However Prof. Rubbia and hls colleagues do not give 
much information on the accuracy of the description of the model. 

According to Prof. Rubbia the simulation is successful. "The evolution 
programme computes the full composition of the elements of the [reactor] 
during operation". Nevertheless, an "averaged mixture of elements substi
tutes the actual fine structure of the fuel pins and of the lead coolant" and 
"appropriate corrections have to be introduced if short-lived components [ ... ] 
have to be exactly estimated" [Rubbia95]. 

With the simulation, Prof. Rubbia has even estimated the composition 
of the core at discharge. This estimate has to be taken very cautiously: no 
precise spent fuel composition is known for standard uranium fuel until 
reprocessing separates the different components and enables an accountancy. 

At current state of knowledge it is highly uncertain whether the 
precision of the simulation is sufficient to ensure the safety of future 
operation. Experimental programmes are necessary to validate the simulation. 
For instanee it can be recalled that even after tens of years of operation with 
uranium fuel, safety authorities in Europe are still comparing experimental 
data with their roodels in many areas of reactor technology and safety. A lso, 
one of the problerns which has arisen from the simulation of plutonium 
MOX fuel come from the presence of small concentrations of plutonium 
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which can go up to few micrometers and therefore ereale inhomogeneties of 
fission densities inside the fuel elements. 

Abundancè of Thorium 

Prof. Rubbia recalls that thorium is relatively abundant in the Earth 
crust and and ranks thirty-fifth by abundance. Their estimate is that "reserves 
of thorium energy would ( ... ) stretch to 4.5 million TW.year, corresponding to 
about 2,200 centuries at twice the present world consumption level, which can 
be considered truly infinite on the time scale of human civilisationlO" 
[Rubbia95). 

This presentation of the relative abundance of thorium is quite mislea
ding, because it omits a comparison with possible uses of uranium fuels and 
particularly uranium-238 for FBRs. World energy resources theoretically avai
lable with thorium are at least as big as that theoretically available with 
uranium [Brogli96]. There is a little bit more thorium in Earth crust than 
uranium, but it is the sameorder of magnitude [Barré, OPECST96]. 

When the large scale development of fast breeder reactors (FBRs) was 
envisaged, the possibilities of using the fertile uranium-238 were emphasised 
and were also believed to lead to infinite sourees of energy. André Giraud, 
then administrator general of the CEA, who was later Minister of lndustry and 
Minister for Defense in France, said in 1975 during the "Maturity of Nuclear 
Energy" International Conference in Paris: 

- that "the resort to FBRs (was] necessary and forthermore it (was] neces
sary without delay"; 

- "calculation [showed] that a delay in the introduetion of FBRs could 
have a devastating effect on the uranium economy: 10 million tons if the era 
of FBRs [started] in 1984; 3.5 million tons only if the beginning of the era [was] 
pusbed back to year 2000". One year later, he ~isted at the ANS/ENS 
"Nuclear Energy and the World Energy Resources" Conference in 
Washington: 'Therefore, the introduetion of Fl3Rs appears as a necessity in 
the name of solidarity, and responsibility tests entirely with developped coun
tries".ll 

However countless technica!, political and economical problems have 
undermined the FBR development. The largest FBR which was ever built, the 
Superphénix plant in France was operated only during 30 months from its 
first operation in 1986 to 1994, during which it was conneeled to the electricity 
grid only duringabout ten months. Today the reactor has been converled into 
a research reactor and electricity generation is not a priority anymore. 

10 Emphasised in the original document. 
1l quoted in Jean-Louis Fensch, "Les finalités du retraitement", Conseil Supérieur de la Sûreté 
Nucléaire, 1982. 
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The international situation on energy supply is clearly not focussed on 
the supply security issue anymore. This is an issue of the 1970s. Today the 
focus is mainly on environmental and economie matters. The example of 
wind, hydro and solar energy is particularly striking in that it is quite obvious 
that their abundance has been a weak thriving force for their developments. 

Radioactiva Waste Management 

The use of thorium inslead of uranium in the core produces less 
plutonium and less of the other actinides produced in a nucleat power plant. 
Nevertheless, thorium fuel produces its own set of actinides which also pose 
problems for their management [Barré95]. The following table compares the 
potential radiotoxicities of standard spent fuel with thorium spent fuel after 
cumuialive reprocessing. During the period from 100,000 years to 1,000,000 
years, the radiotoxicity is less for the uranium fuel than for the thorium fuel. 
Unfortunately, the data established by PSI does not mention when uranium 
and thorium fuel radiotoxicities are estimated equal to one another. This 
estimate was made under the hypothesis that losses during reprocessing and 
fabrication would be the same for uranium and for thorium fuels. However, 
PSI has not given out the basis for its estimate. It should be mentioned that 
the choice of the burnup rate of the fuel has much influence on the 
radiotoxicity estimate. 

Table A: 

Time (years) 

Uranium" 
/thorium 

Ratio of Radiotoxicities of Uran"ium Fuel and of 
Thorium Fuel after Different Time Periods 

10 100 1,000 10,000 100,000 1 m. 

5.1 6.0 43.6 7.9 0.3 0.4 

10 m. 

13.4 

(Source: PSI96) 

In addition to the spent fuel here is other radioactive waste to be dealt 
wi th, for instance: 

- waste from the thorium fuel fabrication; 
-waste from the operation of the TABS reactor (waste from the 

filtration and purification of irradiated lead, waste from maintenance ... ); 
- waste from the reprocessing of the thorium spent fuel. Prof. Rubbia 

mentions "the very tiny fraction lost durîng fuel recycling and reprocessing" 
[Rubbia95]. This is quite optimistic compared to the 17m3 radioactive waste 
produced for the reprocessing of one tonne of spent fuel12 at the La Hague 
plants, while the volume of one tonne of spent uranium fuel itself is only 
about 0.5 m3 [Homberg94]. 

l2 Tonne heavy metal (without cladding nor stuctures). 
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The quantity and charaderistics of these wasfes produced through the 
operation of the TABS and of the necessary thorium fuel management 
facilities have not been ,estimated by Prof. Rubbia. This ondermines the 
statements of the efficiency of the TABS fuel system consirlering radioactive 
waste. 

Nuclear Safety of the Operation of the TABS Reactor 

Prof. Rubbia and his colleagues have made important modifications to 
earlier designs of existing reactors. They have designed an "inherently" or 
"passively" safe reactor. However, they only give a few elements for the 
demonstrafion of the safety of the operation of the TABS reactor. In the 
[Rubbia95) document, which contains all the information on the reactor and 
which contains 160 pages of text, tables and figures, safety is only discussed in 
the 22 page section called "the Energy Amplifier Unit" which contains a 
description of the reactor. There is nopart of the report solely dedicated tq the 
analysis of the safety performances of the device. 

The idea of passive safety is far from being new. It is obvious that 
generations of engineers have been intrigued by the idea of creating fail safe 
nudear systems. None have so far reached a sufficient degree of credibility to 
lead to a demonstrafion facility. 

The demonstrafion of the safety of the opera ti on of the TABS reactor 
lacks many elements. Many of the statements relevant to the safety of the 
device are not demonstraled and no reference is given for their 
demonstration. Also, some parts of the TABS reactor which must be taken 
into account are not described in the report. 

The following quotes showsome of the statements which are made in 
the document, and which Jack explanation or demonstration: 

- "the life expanctancy of the beam penetration window is estimated to 
be about one year"; 

-"a feedback system [controlling the energy of the beam and thus the 
reaction in the coreJ ensures that the inlet temperafure of the heat exchangers 
is maintained to the specified value"; there is no description of the feedback 
system; 

- "accidental thermal runoff is ultimately prevenled using the natoral 
expansion of the coolant. In case of an overhealing of the [reactor], its lead 
level rises [ ... and] scrams the [reactor] [ ... ]'\ 

- the "passive safety features are provided as a backup in case of failure 
of the active systems, based on ·the ultimate shut-off of the proton beam from 
the accelerator, which brings to an immedia te stop" the TABS reactor. 
However, nodescription of this "active" safety system is provided. 

Of particular significanee for a safety evaluation is the study of the 
evolution of the paramaters during transient situations. Elements and 
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hypothesis given by Prof. Rubbia do not show any analysis of these transient 
situations. For instance, no element is given on the processes which could 
lead to an "overheating" of the TABS reactor core, or how the "shut off of the 
proton beam" would bring the reactor to an "immediate stop". 

The (Rubbia95] document does not give any description of the following 
components of the TABS reactor, the design of which has much consequences 
on the safety of the whole reactor: 

- heat exchangers; 
- secondary cooling system; 
- the measuring devices which are necessary to keep track of the 

pressure and temperature of the lead and the core. These devices are necessary 
to monitor the reaction in the core. The [Rubbia95] document mentions that 
the online monitoring of the level of subcriticality in the core can be "easily 
performed" gating of the beam souree duringa fraction of a millisecond and 
measuring the decay time of the fast neutrons. The effect of these periodical 
decreases on the reaction in the core has apparently not been studied and is 
nol mentioned; 

- the purification unit which is necessary to keep control of the content 
of the molten lead. 

The design of these elements have necessary consequences on the safety 
of the whole- device. They will have to cope with the intense corrosion 
charaderistics of the molten lead. For instance, the eventual rupture of a heat 
exchanger because of corrosion would surely require an emergency scram, and 
the safe shut-off of the TABS reactor would need to be demonstrated. As 
example, it can be recalled that the costly reptacement of steam generators in 
standard LWR reactors, which are subject to rapid corrosion in water, was not 
anticipated when the reactors were first operated. 

In many countries, nuclear safety is currently based on three objectives, 
which must be independently managed. The "in-depth" safety concept is a 
requirement of the International Atomie Energy Agency's (IAEA) Nuclear 
Safety Convention, which entered into force in Spain on 24 October i 996. It 
i~plies for nuclear reactors: 

- control of the fission reaction (reactivity); 
- cooling of the fuel; 
- control of the containment of the radioactivity. 

Control of the Fission Reaction (Reactivity) 

Prof. Rubbja and his colleagues have decided not to have control rods to 
control the nuclear reaction (contrarily to all other reactor designs), because of 
the possibility of controlling the neutron beam from the accelerator. They 
have however designed an ultimate shut down assembly which drops a 
reaction absorbant (C84 boric rods) by gravity. However, the operation of these 
devices is not described. The reaction of these devices during different kinds of 
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incident scenarios is not mentioned. No infonnation suggests they have been 
studied in any depth. 

The most important safety modification of the TABS reactor as 
compared to today's reactors is the subcritical core which requires the 
accelerator's beam for the nuclear reaction. However this design leads to a 
compromise since the accelerator output beam energy must compensate for 
the subcriticality of the core: The safer the reactor, the farther the core from 
criticality and the more generaled electricity must be used to drive the 
accelerator. Prof. Rubbia has already chosen a k=0.98 rate of subcriticality 
(criticality is k=l) and subsequently the corresponding neutron energy beam. 

Prof. Rubbia et al. clearly express their confidence in the design: "the 
machine is safely subcritical [ ... ]at no point could a temperafure increase occur 
that would cause the core to melt or otherwise lead to a radioactive release in 
the environment". The theoretica} margin of subcriticality has not convineed 
Mr. Gros, the representative of the technical .advisory (IPSN) to the French 
safety authority. The subcriticality which has been chosen by Prof. Rubbia is 
very close to criticality (k=0,98). "At this level [of subcriticality) safety seems 
very difficult to demonstrate." [Gros, OPECST96] This is also the view of the 
Euratom STC which states that TABS reactor may need control rods. The 
Euratom STC also considers the control of the reaction through the control of 
the energy beam is not simpte and reliable enough: direct scram systems will 
be required [STC96] .. 

Control of the Cooling of the Fuel 

As previously mentioned, the concept of natoral convection of the 
primary cooling system has severe faults (lack of temperafure monitoring, 
lack of control of the flow ... ). According to the Euratom STC, other issues also 
need to be more looked into, for instance: 

- feasibility of non destruclive examination of safety related equipment 
(molten lead does not allow for any visual examination); 

-in depth analysis of the possibilities and consequences of Iocal freezing 
of the lead. 

Comparison with Fast-Breeder Reactors (FBRs) 

Table 3 in annex gives some elements for the comparison between Prof. 
Rubbia's proposal and one operating fast-breed.er reactor (FBR). As has 
previously been mentioned, FBRs and the TABS reactor design have in 
common a molten metal primary coolant which enables the movement of 
fast-neutrons in the coolant. The FBR chosen for comparison is the 
1,200 MWe Superphénix reactor, which is the largest FBR ever built. The 
comparison shows that the weight of the main vessel fot the TABS reactor is 
2,000 tonnes (For Superphénix, the safety vessel weighs 330 tonnes, the main 
vessel 350 tonnes and the internat vessel weighs 518 tonnes) while no 
information given in the [Rubbia95] document explains the reason of this 
differenèe. The choices for the quantity of coolant (10,000 tonnes for the TABS 
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reactor while there is 3,500 tonnes for Superphénix) and for the flow speed of 
the coolant (53.6 tonnes/ s for the TABS reactor and 16.4 tonnes/ s for 
Superphénix) show that the TABS reactor operating charaderistics are far 
from that of existing FBRs. 1t still needs to be demonstraled that the 
charaderistics of the molten sodium in FBRs can be extrapolated to molten 
lead in such conditions. 

Control of the Containment of the Radioactivity 

The concept of multiple harriers to confine the radioactivity is not yet 
very advanced in the TABS reactor design. Weak points could be the tungsten 
window as well as the Jack of confinement and proteetion against external 
impacts. [ STC96] 

Bumup Rate of the TABS Fuel 
One of the requirements of the containment of the radioactivity is that 

the first harrier which contains it, the cladding of the fuel, does not burst open 
during operation. High burnup increases the risk that this m~y happen. 

The burnup rate of the nuclear fuel is an important parameter of the 
efficiency of a nuclear system. The burnup rate is the quantity of thermal 
energy which is produced for a unit quantity of nuclear fuel (bumup rates are 
given in GW.day per tonne). The Jonger the fuel stays in the core, the more 
energy is produced from it- the higher the burnup rate. A high burnup rate 
fuel produces more fission produels and more long-lived radionuclides 
(actinides). The production of fission produels during the operation of the 
reactor is of particular importance because fissiongas builds up pressure inside 
the fuel assembly. The fuel assembly can burst open because of this pressure 
increase and its content can contaminate greatly the primary cooling circuit. A 
higher bumup fuel also produces more radioanuclides in the fuel cladding. 
The higher the bumup the more complicated the management of the spent 
fuel. 

It is therefore surprising that the bumup rate which is proposed by Prof. 
Rubbia has a very high value: 150 GW.day per tonne while design bumup 
rates for the French Phénix and Superphénix FBRs is of the order of 
70 GW.day per tonne. Bumup rates for LWRs varles between 15 and 
40 GW .day per tonne. A recent burnup ra te increase in France has been 
authorised by the French safety authorities only after additional in-depth 
studies on previous spent fuel and experiments in an experimental reactor. 

According to Prof. Rubbia, the flux in the case of uranium-233 is smaller 
fora given power yield than the one of plutonium-239 in a FBR, therefore a 
150 GW.day per tonne bumup rate for the thorium based TABS reactor fuel 
"equals" the one of a 96 GW.day per tonne bumup rate in a FBR. Forthermore 
this high average value has never been reached in FBRs - nor in any other 
reactor. Because of the small value and slow increase of burnup rates for other 
reactors, the value proposed by Prof. Rubbia seems very optimistic. Further 
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studies will be required to demonstrate that the thorium fuel can be used with 
such a high burnup rate. 

The Demonstrafion of the Safety of the Operation Has Not Been 
Made 

The above discussionshows that many of the safety related components 
and phenomena are still vague. Assessing the safety of the whole TABS 
reactor at the current state of the the design is premature. [Barré, OPECST96] 

The Euratom STC is not convineed of the possibility of passive safety: 
"Although it is a desirabie aim, 'passive' safety is difficult to demonstrate to 
the satisfaction of regulatory authorities, particularly if there are mechanisms 
for deterioration which could affect the behaviour of key components." 
[STC96] One of these mechanisms is the corrosion of the elements inside the 
main vessel because of the molten lead. 

According to Mr. Pierre Bacher, who has been in leading positions at the 
French utility EDF for many years, subcriticality solves some safety problems 
while creating others. He unfortunately did not mention which problems. He 
estimates that there is no qualititative safety difference between a subcritical 
reactor and a critica} reactor. Quantitative comparison of the safety of both 
types of system will only be possible when a feasibility study of the TABS 
reactor will have been made. Mr. Bacher insists and states that it is impossible 
to say today which of the two systems wiJl be the safest. [Bacher, OPECST96] 

Nuclear Proliferation 

There are two aspects of nuclear proliferation which must be analysed 
as consequences of the development of the TABS reactor: proliferation of 
technology and proliferation of fissile materials. Accelerators can be used to 
produce fissile material for nuclear weapons. Fissile material produced in a 
TABS reactor can he used to produce nuclear weapons. 

The possible dual use of some of the technology to develop the TABS 
reactor - the fact that it may be used for military purposes as well as for civil 
purposes - has initialed interest by the military at an early stage of the research. 
It can be noted for example in the French Gédéon cooperation group (Cf. 
annex 3), not only the Nuclear Reactors and the Sciences of Matter 
Departments, of the CEA but also the Directorale of Military Applications of 
the CEA, is going to participate. 

The accelerator 

Prof. Rubbia is even clear on the possible military uses of accelerators: 
"Any very intense neutron souree could in principle be used to produce bomb 
grade plutonium by extensive irradiation of some easily available depleted 
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uranium" [Rubbia95] It is all the more surprising that Prof. Rubbia at the same 
time serióusly suggests using TABS for "energy resource for 'sensible' 
countries" [Rubbia96b]. 

Accelerators have been used in the past for the production of weapons 
grade plutonium. For instanee the first grammes of plutonium which were 
ever produced were produced with a cyclotron beam. Accelerators have also 
been proposed for the production of tritium for US Defense applications. 
Projects have already been reviewed by the Jasons, a scientific body which 
reviews proposed high technology programs for the US Defense, and by the 
General Accounting Office of the US Congress [Venneri95]. 

It must be mentioned that accelerators are currently not covered by 
international safeguards. 

Proliferation of Nuclear Materials: 
Uranium-233 and the Thorlum-232 Cycle 

The International Nuclear Fuel Cycle Evaluation (INFCE) in 1977-78 has 
shown that there are no teehoical means that allow to make the nuclear fuel 
cycle completely proliferation-proof and that the thorium cycle cannot resolve 
this problem either. Solving proliferation problems necessitates minimisation 
of the quantities of fissile material in circulation, while the quantities of fissile 
material being transporled for the nuclear fuels based on thorium and on 
uranium areabout the same [Brogli96]. The mere fact that the operation of the 
TABS requires reprocessing initiales circulation of industrial quantities of 
weapons usabie materiaL 

Accord.ing to the Director for Nuclear Reactors at the French 
Commissarlat à l'Energie Atomique (CEA), "it is perfectly possible to make a 
weapon with uranium-233, an excellent quality fissile material". He even 
insists that even though TABS types of nuclear systems would sensibly reduce 
the quantities of separated concentraled fissile materials, "it would never 
reduce the risk of diversion of fissite materials necessary for the fabrication of 
a few weapons" [Barré95]. 

According to J. Magill et al. from the European Joint Research Center 
URC), "in contrast to reactor grade plutonium associated with the uranium 
cycle, where sophisticated engineering is required for the implosive assembly, 
the reactor grade uranium from the thorium fuel cycle could be assembied by 
a relatively simple gun type device". The minimum quantity of uranium-233 
to produce an explosive device (critical mass with reflector) is given to be 5 kg 
[Magill94]. 

Costs of the TABS 

Following are the critics which have been formulated to Prof. Rubbia's 
optimitical cost estimates for the development of the TABS reactor and the 
necessary thorium fuel industry and for the electricity generated. 
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Costs of the Development of the TABS reactor lndustry 

The unknown cost of the development of a thorium mining and 
milling industry, the fuel fabrication and the fuel reprocessing industries has 
already been mentioned above. 

Mr. Gérard Mageon, Director for Research and Studies at French 
national electricity utility EDF, feit it necessary to reeall the costs of the 
development of the FBR programme in France, at a time when the only large 
scale demonstrafion FBR (the 1,200 MWe Superphénix plant in France) is 
being converled into a research reactor. He stated that the figure of FF 60 
hiliion was not far from reality. He however insisted that there had also been 
befarehand large research and development programmes. He estimated that 
the development of one smaller scale 100 MWth TABS reactor prototype -
what Prof. Rubbia calls a "little machine" - would cost "of the order of several 
hiliion FF", while the development of the industry for a new reactor would be 
"several lens of hiliion FF" [Mageon, OPECST96]. 

This is in agreement with the Euratom STC, which believes that the 
development of the whole system at once would imply a very large financlal 
effort, "almost certainly amounting to tens of billions of ECU" [STC96]. The 
Euratom STC was not satisfied with the report on cost evaluations presenled 
by the Prof. Rubbia group. ''This report does not contain a reasonably complete 
description of all systems, components and structures. In fact such description 
can be made only after a transient and accidental analysis of the overall plant 
has been performed to some extent and that applieable safety requirements 
have been agreed upon; these stages have probably not been reached yet. It is 
hence not possible to proceed with a reasonably reliable analytical costing13." 
However, the Euratom STC working group has made a re-evaluation of Prof. 
Rubbia's evalution, whi~h basically doubles the costs estimated by Prof. 
Rubbia. According to the Euratom STC, the total overnight cost per capacity 
for an Energy Amplifier is up to twice that of a large nuclear power plant 
(a bout US$ 3,500 per kWe for the TABS reactor developed in series, while 
current PWR go down to US$ 1,700-1,800 per kWe) [STC96]. 

Costs of the TABS Electricity 

Prof. Rubbia seems to be very optimistic of the ]ow cost of electricity 
generation. According to him, the cost electricity produced by the TABS would 
be less than US$ 0.04 per kWh [Rubbia96b]. Other recent doeurnenis from 
CERN even show estimates to be half that cost. [Femandez%] 

The Jack of definition of components of the TABS reactor, the necessary 
development of a thorium nuclear industry, and other uncertainties in the 
definition of the TABS make it clear that the above estimates are premature. 
Analysts have declared that they are sceptica) the proposal could lead to a 

13 Emphasis added. 
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competitive energy system: the Director for Research and Studies at EDF 
recalled that currently nuclear electricity is subject to competetivety from 
alternative electricity generation technologies, and that the possibility of 
developing a research programme on a new nuclear sytem should be carefully 
analysed [Mageon, OPECST96]. Mr. Bacher, stated that as of current knowledge, 
he doubted that a hybrid system could generale cheaper electricity than that of 
current French PWRs [Bacher, OPECST96 ]. 

The general view on the subject is closer to the following quote: 
"Electricity generation is probably the domain in which advantages which 
would justify the development of a new type of reactor based on hybrid 
systems are the most difficult to find." [Barré95] 
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PLANNED DEVELOPMENT FOR OF THE TABS 

Timeframe for the TABS Development 

About ECU 1.3 million has been received from the European Union 
and spent for the TABS project. If salaries and the laboratory expenses are 
taken into account, Prof. Rubbia estimates that about 2 - 2.5 times this sum has 
been spent on the project [Rubbia, OPECST96]. This is very little compared for 
example with the yearly ECU 50 million programme which is engaged in 
France on the incineration of long-lived radionuclides (plutonium and other 
actinides) [STC96]. 

For the time being, there have been more than ten reports produced on 
the TABS during the last few years, all signed by Prof. Rubbia together with 
other scientists, and all publisbed by CERN. Other possible applications, 
instead of electricity generation, have been described: 

- Plutonium or Actinide Elimination Scheme; 
- Sea-Water Desalination; 
- Hydrogen Production as a Substitute for Natoral Gas. 

The construction time of a TABS reactor demonstrafion plant is 
estimated by Prof. Rubbia to be "of the order of five years". However the 
construction phase must be preceded by an R&D programme for the "critical 
components", which the authors optimistically asse$s "will add about one 
year'' to the duration of the construction project [Rubbia96a]. This timeframe 
is quite optimistic, and does not mention the fact that the system as it is may 
simply not be feasible . 

For instanee it should be recalled that more than half of the Reseach 
and Development funding at the CEA in the 1970s was directed for the 
development of the FBR programme. Twenty years after such an investment, 
the FBR programme is stalled and the use of FBR for incineration of long
lived radionuclides (actinides) is envisaged, while the electricity generation 
objective is abandoned. 

In Switzerland, PSI bas stated: "Existing experience with conventional 
reactors, particularly fast reactors, suggests that the development [of the TABS 
technology] will take a lot of time. Prof. Rubbia's group has made some 
preliminary cost estimates and concludes that the [TABS] is economical. This 
is very difficult to prove at this stage and there are many uncertainties." The 
authors also state that even though it has the largest theoretica} potential, the 
competitiveness of the TABS "is at present still rated rather low; at least 
another tw~nty years are estimated to be necessary before the concept can reach 
commercial maturity, and this wiJl necessitate considerable (public) funds. 
[ ••• )14" [Brogli96] 

14 Emphasis added. 
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Flexibility of the TABS 
While many parameters which describe the TABS reactor have al ready 

been chosen by Prof. Rubbia and his colleagues, enabling the computation of 
the operation of the device, it seems as if essential parameters can still be 
changed. For instanee if experimental data contradiets current assumptions or 
if some components are not feasible. For instance, in front of the Euratom 
STC, Prof. Rubbia defended general concepts of the TABS reactor inslead of the 
design which is described in the CERN documents: After discussing with the 
working groups of the Euratom STC, he indicated that hls group had "further 
ideas". The Euratom STC did not comment these ideas because " detailed 
in formation was not provided" [STC96 ]. 

The following statements show how flexible is the current definition of 
the project: 

- the fuel itself is supposed to be completely interchangeable between 
thorium-232, a mixture of thorium-232 and plutonium from stockpiles, or 
uranium-238; 

- the "rather conservative" average power density have been chosen "at 
this stage" to be half of that of current FBRs; 

- "considerations" suggest that multiplication factor (on which the 
energy beam must be designed) "k close to 0.98" is "quite appropriate" 
[Rubbia95]. 

- "operating temperafure of the plant is application dependent" and 
"additional research and development work is required in order to safely 
adapt our present design to an increased operating temperature". Rubbia et al. 
"believe it would be desirabie in the future to go to higher temperatures [SOOOC 
instead of 5500C-600°C for lead temperature] for processes such as hydrogen 
production or in order to increase the efficiency of electricity production" 
[Rubbia95]. 

Eventual design modification would surely have great influence on the 
characteristics of the operation and on cost, safety, of the development of the 
TABS. Prof. Rubbia and hls colleagues have presented a completed design of 
the TABS reactor while essential details yet need to be determined 
experimentally. 

Mislesding Comments 

We have seen above the conclusions of the Euratom STC towards the 
TABS proposal. However, Prof. Rubbia does not mention how critica) this 
report is. During the hearing before French MP Birraux, Prof. Rubbia stated 
that the Euratom STC's "verdict is positive, favorable, to our project, in its 
essence, and particularly in the aspect which was mentioned this morning, the 
elimination of radioactive waste". 
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It is misleading to state that the Euratom STC conclusions are favorable. 
The Euratom STC writes: "The Committee's judgement is that some of the 
hoped for advantages of the proposed system vis-à-vis LWRs would not be 
realised, even if full scale development did take place successfully" [STC96]. 
The Euratom STC recommendations to the European Commission is that it 
incorporates in its Fifth Framework Programme: 

- "studies and research on thorium matrix fuels for plutonium 
management and actinide minimisation; 

- "studies and research on accelerator-driven, fast neutron reactors for 
actinide incineration; 

- "an evaluation of lead as a coolant for fast reactors". 

None of these programme proposals is favorable to the TABS as a 
whole project. The first two proposals reflect current interest from the 
industry in the buming of long-lived radionuclides while the last 
acknowledges possible advantages o~ lead cooling for FBRs instead of sodium 
cooling. 
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CONCLUSION 
In 1993, Prof. Carlo Rubbia, former head of the European nuclear 

research center CERN in Switzerland and Nobel prize winner, presenled the 
concept of a new nuclear installation which would have astonishing 
characteristics: the reactor would be completely safe, it would produce 
virtually no radioactive waste, and very cheap electricity. The new nuclear 
fuel would be based on thorium allowing for electricity generation for 
thousands of years. Finally the device, thought by Prof. Rubbia to replace 
today's nuclear fission reactors, could be developed in a just few years time. 

Inslead of using the term "Energy Amplifier" which Prof. Rubbia has 
used to present hls project, we speak of the Thorium Accelerator Based System 
(TABS) to stress the two main features of the concept and underline the fact 
that it describes a whole system, not simply a single machine. 

The TABS can be separated into three parts: the accelerator, which 
produces a proton beam which is aimed inside the reactor, the reactor itself, 
and the necessary thorium fuel industry (mining, milling, fuel production, 
spent fuel reprocessing, radioactive waste management. .. ). 

The TABS Accelerator 

Accelerators are currently used for nuclear research only. The develop
ment of the accelerator necessary for the TABS reactor still has to be 
demonstrated. Of particular concern are the following points: 

- the accelerator needs to produce a permanent beam; no existing 
accelerator yet produces permanent beams; 

- the energy of the beam is to be higher than the energy produced by 
existing accelerators and disturbing phenomena could limit the increase of 
energy of the beam. 

The TABS Reactor 

The following technica} choices have been made for the TABS reactor: 

- subcriticality of the core (which requires a neutron souree provided by 
the proton beam from the accelerator) and a "tungsten window" interface 
between the accelerator and the reactor; 

- molten lead primary cooling circuit; 
- natura} conveelion for the primary circuit - design without coolant 

pumps; 
- thorium-232/ uranium-233 fuel - inslead of uranium fuel used 

currently in standard reactors. 
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Natural convection, molten lead cooling and thorium based fuel, are 
technologies which have been stuclied since the 1950s but none has yet 
emerged as viabie- while research is still being carried out on them. 

Key components of the TABS reactor have not yet been designed: 

- the secondary cooling circuit of the reactor; 
- the heat exchangers between the primary and the secondary cooling 

circuits of the reactor; 
- the analysis equipment which is necessary to monitor the temperature 

and the pressure in the reactor main vessel and to delermine the reactivity of 
the nuclear reaction. 

The safety advantages of the TABS reactor are far from being 
demonstrated: 

The level of subcriticality which has been chosen is very close to 
criticality (0.98 as compared to 1) and has no guaranteed safety advantages over 
standard critica} reactor designs - and no advantage has yet been demonstrated. 

The molten lead primary coolant could lead to severe corrosion 
problems. Corrosion probieros on the fast-breeder reactor (FBR) Superphénix 
which is cooled with another molten metal - sodium - has led to the shut 
down of the plant for year long periods - a costly mishap. 

The choice of natural convection of the molten lead primary circuit 
forbids any monitoring of the temperature of the coolant. Particular risk lies 
in the possible freezing of the lead if it cools down too much. 

The tungsten window on the main vessel has yet to be designed to 
withhold the extreme constraints to which it would be subject (high pressure 
difference and high energy deposit from the beam). The consequences on the 
efficiency of the TABS of the planned periodical (annual?) replacement of this 
component have not been evaluated. 

The TABS Thorium Fuel 

The thorium based fuel has been chosen by Prof. Rubbia to produce 
electricity for "about 2,200 centuries at twice the present world consumption 
level, which can be considered truly infinite on the time scale of human 
civilisationl5" This presentation is grossly misleading, because it is purely 
theoretical. The fact that other resources (hydro, waves, sun, etc.) are also 
almost "infinite" did not lift the technico-economic and political harriers to 
their massive development. The key parameters of today's energy issues are 
notresource questions, but environmental concern and political will. 

15 Emphasised in the originaJ document. 
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Radioactive wastes produced during the production of the thorium 
fuel, during the operation of the TABS reactor (activation products, 
maintenance materials), and during the reprocessing of the spent fuel, have 
not been estimated. 

Thorium based TABS nuclear fuel would lead to similar proliferation 
concerns as those for uranium based fuel, because of the possible uses of 
uranium-233 - a thorium fuel operation by-product - for nuclear weapons. 
Furthermore, accelerators are devices which can be used to produce relatively 
easilY. fissile material for nuclear weapons. According to the Director for 
Nuclear Reactors at the French Commissariat à l'Energie Atomique (CEA), "it 
is perfectly possible to make a weapon with uranium-233, an excellent quality 
fissile material". Prof. Rubbia himself is very conscious of the proliferation 
relevanee of accelerators and states that "any very intense neutron souree 
could in principle be used to produce bomb grade plutonium by extensive 
irradiation of some easily available depleted uranium". 

Costs 

Research and development programmes necessary for the TABS reactor 
would be tremendous. In order to imagine the orders of magnitude: France 
has spent more than 60 billion FF for the development of the fast breeder 
reactor Superphénix, and has recently downgraded it into a research reactor. 
This implies the complete failure of its original design. Other than that, the 
development of the TABS would require the development of a whole new 
nuclear fuel industry: thorium mining and milling, new fuel fabrication 
plants for thorium fuel, and new reprocessing facilities for the spent fuel. 

Prof. Rubbia's estimates on electricity production costs, from US dollars 
0.02 to 0.04/kWh, are premature - to say the least- at the current stage of the 
TABS design. The Euratom Scientific and Technica} Committee (STC) 
condurles its sceptica} review of the TABS concept: 

"The STC does not consider it is realistic to pursue development of the 
whole system at once. This would involve developing new technologies for 
almost every aspect of nuclear electricity production - new reactor systems, 
new accelerators to drive the reactors, new fuel, new fuel fabrication and fuel 
reprocessing systems, new waste management arrangements. The Committee 
sees significant technological and commercial risks in almost every aspect of 
the proposals.l6" [STC96] 

The safety of the TABS design is far from being demonstrated, key 
components of the system are lacking, industrial challenges of tremenclous 
complexity will have to be raised, nuclear proliferation risks are by no means 
solved and the costs are uncertain but will be certainly very high. 

16 Emphasis added. 
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Dozens of biJlion dollars have been spent in the past on controversial 
nuclear technologies. Prof. Rubbia's TABS concept reminds the early days of 
the enthousiasm for the plutonium fast breeder reactor. The project promoter 
is as fascinated about the theoretica} advantages of the new concept as was the 
nuclear community at the time, the technica) ebaHenges are as gigantic as for 
the plutonium fuel chain and the costs are as unpredictable as they would be 
enormous. 

However, there are two significant differences with the fast breeder 
experience: First, the nuclear establishment does not support Prof. Rubbia's 
ideas and second, it is not too late yet to save hu ge amounts of money. 
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TABLES AND FIGURES 

Table 1 (part 1): Main Parameters of the TABS Reactor 

Gross Thennal Power/unit 1590 MW 
Primary Electtic Power 625 MW 
Type of plant Pool 

Coolant MoltenLead 

Sub-aiticality factor k, (nomina!) 0.98 

Doppier Reactivity Coefficient, (.t1k/ .t\T) -1.37x1o-S 

Void coefficient (coolant) .t1k/(.t1plp) +0.010 

Nominal energetic Gain 120 

Accelerator re-circulated Power 30 MW 

Fraction Electric Power recirculated in Accel. 0.0465 

Control Bars none 

Saam systems(3) CB4rods 

Seismie Platform yes 

Main Vessel 
Gross height 30 m 
Diameter 6m m 
Material HT-9 

Walls thickness 70 mm 

Weight (excluding cover plug) 2000 ton 

Double Liner yes 

Proton Beam and Se,allation Target 
Accelerator type Cyclotron 

Number of beams 1 

Accelerator overall efficiency33 43o/o 

Kinetic energy 1.0 Ge V 

Nominal current 12.5 mA 

Nominal beam Power 12.5 MW 

Maximum current 20 mA 

SpallatiQn Target material MoltenLead 

Beam radius at spatlation target 7.5 cm 

Beamwindow Tungsten, 3.0 (1.5) mm 

Max. power density in window 113 W/cm2 

Max. Temp. increase in window 137 oe 
Window expected lifetime ~1 year 

33Beam power/Mains Load 

(Source: Table 4.1, pp. 97-98 of Rubbia95) 
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Table 1 (part 2): Main Parameters of the TABS Reactor 

34 

Fuel Core 

Initia} fuel mixture 
Initia! fuel mass 
Cladding material 

Specific power 

Power density 

Average Fuel Temperature 

Maximum Clad Temperature 
Dwelling time (eq. @ full power) 

Average Bum-up 
Breeder Core 

Initial fuel mixture 

lnitial fuel mass 

eladding material 

u233 stockpile at dischargé 

Power density at end cycle 
Primary cooling system 

Approximate weight of the coolant 

Pumping method 
Height convection column 
Convection generated primary pressure 

Heat exchangers 

Decay heat removal 
Inlet temperature, eore 

Outlet temperature, eore 

Coolant Flow in Core 

eoolant speed in eore, average 
Decay Heat Passive Cooling (RVA CS) 

Riser channel gap width 
Downcorner channel gap width 
Trigger Temperature 

eoolant max Temperature rise 

Time to max.Temperature rise 
Outlet air Temperature (@max. temp.) 
Outlet air Speed (@ max. temp.) 
Air flow Rate (@max. temp.) 
Extracted Heat (@ max. temp.) 

Th02 +0.1233u02 

28.41 ton 
low act. HT-9 

52.8 W/g 
523. Wfcm3 
908 oe 

707 oe 

5.0 years 
100.0 GWd/t 

Th02 
5.6 ton 

low act. HT-9 

242.7 kg 
3.0 W/g 

10,000 ton 
Nat. Convection 

25 m 
0.637 bar 

4x375 MW 
RVAeS 

400 oe 

600 oe 

53.6 ton/s 

1.5 m/s 

18 cm 
57 cm 

500 600 700 ·c 
110 83.5 64.5 ·c 
17.5 11.2 9.5 hours 
273 302 334.3 ·e 

13.4 14.2 15.2 m/s 
52.8 56.1 60 m3fs 
8.57 9.65 10.84 MW 

(Source: Table 4.1, pp. 97-98 of Rubbia95) 
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Table 2: General Parameters of the TABS Reactor and of Two 
Existing FBRs 

TABS reactor Superphénix 
Gross thermal power (MWth) 1,500 3,000 
Electric power (MWe) 625 1,240 
Gross height of main vessel (m) 30 20 
Gross Diameter of main vessel (m) 6 22 
Approx. weight of vessel (tonnes) 2,000 1,200 

(main vessel) (main, safety and 
internal vessels) 

Type of primary circuit coolant molten lead molten sodium 
No of primary pumps none, natural 4 

conveelion 
Temperature of the primary circuit 400-600, to be 395-545 
coolant (°C) increased to 800 
Mass of primary circuit coolant 10,000 3,500 
(tonnes) 
Flow speed of primary circuit 53.6 16.4 
coolant (tonnes/s) 

©WISE-Paris, 1997 (Source: Rubbia95, Nersa85) 
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GLOSSARY - ORGANISATIONS 

Glossary 

Accelerator driven reactor, or hybrid reactor 
An accelerator driven or hybrid reactor is a reactor in which the core of fissile 
material does not contain a aitical mass: chain reaelions cannot be initialed or 
sustained without external neutrons which need to be injected into the core. In the 
TABS reactor, neutrons are produced through the reaction of accelerated protons 
on a target inside the core. The protons are accelerated in the cyclotron 
accelerator. 

Actinide Long-lived radionuclides produced during the irradiation of nudear fuel. 

Fast Breeder Reactor (FBR) 
Nuclear reactorbasedon fast neutron flow which was designed to produce more 
plutonium lhan it consumed. Plutonium is produced through the irradiation of 
uranium fuel. 

Fission Nuclear reaction during which a heavy nucleus is broken into two fission products 
while liberating energy. This re action is the reaction which produces energy in 
standard nuclear power plants. 

Reprocessing Chemical separation of the different components of spent nuclear fuel. 
Reprocessing was developed to produce plutonium-239. Reprocessing spent 
thorium fuel would atl.ow for the use of the recovered uranium-233. 

Spallation Spatlation is the reaction of an accelerated partiele on a target to produce 
neutrons extrading them from the target. A spatlation souree is the partiele 
beam produced which is aimed at the target. 

Organisations 

CEA 
CERN 

CNRS 

IAEA 

lPSN 

PSI 

Commissarlat à I'Energie Atomique, France. 

Centre Européen de Recherche Nucléaire, European Laboratory for Nuclear 
Research, near Geneva. 

Centre National de Recherche Scientifique, France. 

International Atomie Energy Agency, Vienna. 

Institut de Proteetion et de SO.reté Nucléaire (CEA, France) 

Paul Stherrer lnstitute, Switzerland. 
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ANNEX 

Annex 1: List of CERN Documents on the Energy Amplifier 

CERN European Laboratory for Partiele Physics, "L'amplificateur d'énergie, une 
explication pour les non-spécialistes, les grandes lignes d'un séminaire donné au 
CERN par Carlo Rubbia Ie 24 novembre 1993". 

Femández, R., Klapisch, R., Rubbia, C., and Rubio, J.-A., 'The Impact of the Energy Amplifier 
on Sea Water Desalination: the Case of Spain", undated. 

Femández, R., et al., "A Preliminary Estimate of the Economie Impact of the Energy Amplifier", 
European Organization for Nudear Research (CERN), 18 February 1996. 

Roche, C., and Rubbia, C., ''Some Preliminary Considerations on the Economical Issues of the 
Energy Amplifier", European Organization for Nuclear Research (CERN), 
CERN/ AT /95-45,29 October 1995. 

Rubbia, C., "On the Feasibility of Fission Driven Hydrogen Production as Substitute for Natural 
Gas", European Organization for Nudear Research (CERN), CERN I AT /95-12, 15 
June1995. 

Rubbia, C., Rubio, J.-A., Buono, 5., Carminati, F., Fiétier, N., Galvez, J., Gelès, C., Kadi, Y., 
Klapisch, R., Mandrillon, P., Revol, J.-P., Roche, Ch., "Conceptual Design of a 
Fast Neutron Operaled High Power Energy Amplifier", European Organization 
for Nudear Research (CERN), CERN/ AT /95-44, 29 September 1995. 

Rubbia, C., Buono, 5., Gonzalez, E., Kadi, Y., Rubio, J.-A., "A Realistic Plutonium Elimination 
Scheme with Fast Energy Amplifiers and Thorium-Plutonium Fuel", European 
Organi?..ation for Nuclear Research (CERN), CERN/ AT /95-53,12 December 1995. 

Rubbia, C., Buono, 5., Gonzalez, E., Kadi, Y., Rubio, J.-A., "Application to the Case of Spain of 
the Plutonium Elimination Scheme with Fast Energy Amplifiers and Thorium
Pluonium Fuel", European Organization for Nudear Research (CERN), 
CERN/ AT /95-53-Add. 1, 17 December 1995. 

Rubbia, C., "A Comparison of the Safety and Environmental Advantages of the Energy 
Amplifier and of Magnetic Confinement Fusion", European Organization for 
Nudear Research (CERN), CERN/ AT /95-58, 29 December 1995. 

Rubbia, C., 'The Energy Amplifiers: A Description for the Non-Specialists", European 
Organization for Nudear Research (CERN), CERN/ET /96-01,5 January 1996. 

Rubbia, C., Rubio, J.-A., "A Tentative Programme Towards a Full Scale Energy Amplifier", 
European Organization for Nudear Research (CERN), CERN/LHC/96-11, 15 
July 1996. 

Rubbia, C., "Accélérateurs de particules pour la production d'énergie et l'élimination des 
déchets nucléaires", prepared for hearing at the Office parlementaire 
d'évaluation des choix scientifiques et technologiques, 21 November 1996. 
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Annex 2: Li·st of members of the Euratom Scientific and 
Teehoical Committee working group on the TABS 
Proposal and list of the Euratom Scientific and 
Teehoical Committee members 
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List of members of the Euratom Scientific and Technica/ 
Committee working group on the TABS Proposal 

STC Working Group to study the Energy Amplifier Proposal 

Group • A' STC memhers with nuclear power plant background: 

Miehel Coudray, Francc; Seaior Vice President for 
R.esean:h & Technology, 
Framatomc 

Eduardo Gom:alez Gomez, Spain; lberdrola S.A. 

Derek Pooley, UK; ChicfBxecutivc, UK Atomie 
Energy Authority (Cbairman) 

Group 'B' STC memhers fi:om countries with nuclear power experience but where public 
opinion bas moved strongiy against convcntional nuclcar power: 

Lan Hogberg. Sweden; 

EriciCny, Austria; 

GiUJeppi Previti, ltaly; 

Group 'C' Co-opted members: 

Secretanat 

Giorgio Brianti 

Suelon 

Anselm Schaefer 

AlecWalker 

Miehel Hugon 
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DiRictor-Geneml ofNuclear 
Power Inspcctorate 

Hcad of&gineering Divisioo, 
Sei'bcndorf 

PlesWent, C111F and OENESI 
Consortia '(Ansaldolfial) 

CBRN; ~aelentorapeatiso 

Dilector for Teclmology, BNFL; 
tüel cycle and tqKOCleSSÏDg 
expertise 

Nuclear safety expert, GRSmbH 

Project Mallager for construction 
ofSizewell B; design and 
construction of nuclear power 
plant. 

DG XII 

(Source: STC96) 
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List of Euratom Scientific and Technica/ Committee members 
(trom 1 April 1993 to 31 March 1998) 

COUNTRY NAME 

A P. Hille 
E.Kny 

B A.C. Demildt 
lM. Morellé 

D A. Birkhofer 
H.H. Hennies 
K. Pinteau 
C. Stretfer 
w. Boride 

DK H.B. Meller 

E A. Grau Malonda 
E. González Gómez 
R. Caro Manso 

F B.Barré 
P. Tanguy 
M. Coudray 
D. OUcassou 
.L. Patarin 

FlN A. Vuorinen 

GR 

I A.M. Angelini 
S. Barsbasebi 
C. Mancini 
G. Naschi 
G. Prcviti 

JRL Ph.W. Walton 

1 H. Wagener 

NL H. Amold 

p J.M.R. Moreira Araójo 
H.T. Da Luz Mendonça 

s L. Hogbcrg 
S. Bjurstrom 

UK D. Pooley 
S. Ion 
A Duncan 
S.A. Harbison 
D. Taylor 

(Source: European Commission, DGXII-F) 
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Annex 3: 
European Funded Research Programmes and French 
Cooperation on Thorium Fuel and Hybrid Systems 

The "Thorium Cycles as a Nuclear Waste Management Option" 
Programme of the European Union 

The 'Thorium Cycles as a Nuclear Waste Management Option" is a 
three year programme financed by the European Union in which six 
institutions from five countries collaborale together with the European Joint 
Research Center. Contrarily to the idea given by its title that thorium nuclear 
fuel cycles would facilitate the management of existing nuclear waste, the 
objective of this programme is "an assessment of thorium [nuclearl cycles in 
the context of limitation of nuclear waste production and of prospectives for 
waste burning [ ... ] focused on the European situation with thorium fuelled 
PWRs and FRs as candidate reactors". The participating institutions are the 
following: 

- the Netherlands Energy Research Foundation 
- the French Institut national de physique nucléaire et de physique des 

particules (CNRS-IN2P3); 
- the French Commissariat à l'énergie atomique (CEA); 
- the Italian Ente per Ie Nuove Technologie, l'Energia e l'Ambiente 

(ENEA); 
- the Belgian Belgonucléaire, 
- the German Forschungzentrum Juelich GmbH. 
- the European Institute for Transuranium Elements (ITU) of the Joint 

Research Center ORC), Karlsruhe, Germany. 

The "Impact of the Accelerator Based Technologies on Nuclear Fission 
Safety'' Programme of the European Union 

The objective of the "Impact of the Accelerator Based Technologies on 
Nuclear Fission Safety" Programme of the European Union is to "make an 
assessment of the possibilities of accelerator-driven hybrid reactor systems 
from the point of view of safe energy production, minimum waste production 
and transmulation capabilities". 

- the Swedish Kunglika Tekniska Hogskolan; 
- the French Commissariat à I'Energie Atomique; 
- the German Forschungszentrum Juelich GmbH; 
- the Netherlands Energy Research Foundation; 
- the Swedish Chalmers University of Technology; 
- the ltalian Ente per Ie Nuove Technologie, I'Energia e l'Ambiente 

(ENEA) (Divisione Promozione Sicuressa Nucleare and Unita Centro Dati 
Nucleari); 

- the United Kingdom Atomie Energy Authority; 
- the Swedish Uppsala University; 
- the Forschungszentrum Karlsruhe GmbH; 
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- the European Institute for Transuranium Elements (ITU) of the Joint 
Research Center ORC). 

The Gédéon Cooperation in France 
The Gédéon Cooperation in France has been organised in January 1996 

between the Commissariat à l'Enegie Atomique (CEA), the national research 
organisation CNRS Institut de physique nudéaire et de physique des 
partiroles (IN2P3) and the national electric utility Electricité de France (EDF). 
The subjects of cooperation are theoretically very vast since they concern "the 
study of innovating in the domains of transmutation". 

The Scientific Council of Gédéon met on 7 May 1996 and made 
recommendations, one of which being that "a [hybrid] prototype of modest but 
significalive power output be eventually defined and studied in the 
framework of Gédéon" [Schapira96]. 
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