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Summary
USA, EU and Japan with support also from Sweden and Finland decided to set up an
International Scientific and Technical Center (ISTC) in Moscow to fund research projects
of civilian interest to counteract the risk of nuclear weapon proliferation by the emigration
of former USSR technical and scientific experts to countries which could be aiming
towards the development of nuclear weapons.

Recently, new technical concepts (i.e. Accelerator Transmutation of Nuclear Waste,
ATW) have been proposed to incinerate and transmute long-lived radioactive nuclear
waste to relax the time needed to store the waste in a geological repository. The named
Russian experts are knowledgeable and well equipped of doing research in the different
technical fields of relevance for the transmutation concepts.Thus, a number of ISTC
projects have been proposed to investigate different technical aspects of ATW with a
result that a fair number of former weapon specialists have converted from military to
peaceful civilian research.

The present report describes the background, the status and near term activities of a few
ISTC projects of relevance for the ATW concept, which are planned with the participation
of a Swedish reference group.

Introduction

Nuclear Waste Transmutation

High level radioactive wastes from the present thermal nuclear power reactors and in
particular plutonium from dismantled nuclear weapons in USA and Russia constitute an
environmental and proliferation risk. Today, the amount of weapon-grade plutonium
from dismantled nuclear weapons is about 200 tons of which half is in USA and half in
Russia. The amount of plutonium from commercial reactors is about 1000 tons increasing
by about 60 tons per year.

A number of different methods have been discussed over the years to handle the problem
of the nuclear waste. Studies have been made of geological, ice sheet, seabed and
extraterrestrial disposal and nuclear transmutation. The geological disposal has become a
major alternative for several countries, among them Sweden and USA. The main reason
being the fact that the method to a large extent relies on existing technologies and that no
"naked" plutonium, that could be a material for making nuclear explosives, becomes
available during the handling process of the reactor waste. The main obstacle being the
very long time the safe disposal (no exchange with the biosphere) has to be guaranteed
(10 000 - 100 000 years) and the long term risk for proliferation by the use of reactor-
and weapongrade plutonium.

High-level nuclear waste is made up of relatively few radioactive species, among them
plutonium, that contribute to difficulties with its storage and disposal. Separation of these
species from larger waste volumes coupled with destruction, in particular, of plutonium
via nuclear incineration represents a viable nuclear waste management strategy which is
adopted by France, UK, Russia and Japan. Furthermore, and as an extra plus, the fission
energy content of plutonium is about the same as that of uranium. After a chemical
extraction of the plutonium in the burned fuel, a mixed plutonium and uranium oxide fuel



(MOX) is produced which can be used in conventional thermal reactors. As an example,
about 6 percent of the electrical energy produced by the French nuclear power reactors
comes from MOX-fuel. About 60 percent of the plutonium in MOX-fuel is burned in one
cycle. The number of recycles of the waste in the reactor is limited to two for practical
and economical reasons. The transportation of the MOX-fuel to the nuclear power utilities
does also increase the proliferation risks.

Several different systems have been seriously considered for a more complete and
proliferation resistant incineration and transmutation of high-level nuclear wastes. The
species one wants to destroy by incineration is, besides the plutonium, the so called
minor actinides (Np-, Am,- Cm-isotopes etc) and by transmutation the long lived fission
products. The use of neutron-induced incineration and transmutation processes to destroy
these species involves two major reaction types. One is neutron capture, which is used
with fission products and for most cases involves the creation of an intermediate, short-
lived isotope that decays to a stable by-product. The other is the fission process that
causes the actinides to split forming two fission products mostly short-lived otherwise
converted by neutron capture to short-lived isotopes. For a few fission products, in
particular for some of the Cs isotopes, there might be, on the contrary, a build-up of
long-lived isotopes by neutron capture reactions. Different solutions to this problem have
been proposed.

The investigated systems include thermal and fast neutron reactors and accelerator driven
subcritical thermal or fast neutron concepts.The use of thermal reactors to transmute
long-lived radio nuclides suffers from several problems. Because of relatively low
neutron fluxes (1014 c t r r V ) these systems have small transmutation rates for
constituents having small thermal cross sections as e.g. the minor actinides such as
237Np,241 Am and 243Am. Because of low fluxes large inventories of material are required
to achieve a requested transmutation performance. The use of fast reactors have problems
associated with the difficulty in transmuting fission products because of small capture
cross sections for fast neutrons. Also in this case, large inventories are required to obtain
reasonable transmutation performance and for the high flux reactor systems with hard
neutron spectra there are also reactivity control concerns. Furthermore, in both
conventional thermal and fast reactors, solid nuclear fuel is used, which requires
complex and expensive chemical separation and reprocessing methods to make the
necessary separation of the burned fuel for obtaining an efficient transmutation.

The use of accelerator driven transmutation technologies (ADTT) to overcome the
drawbacks with the critical reactor based systems for transmutation of nuclear waste and
at the same time diminish the need for geological deposition has been proposed. In
principle, the ADTT concept consists of an intense neutron source which is driven by a
high power proton accelerator (1-2 GeV, 20-200 mA). The neutron source is surrounded
by a subcritical blanket containing the nuclear waste to be transmuted. The neutron flux
in the blanket (101516 cm V ) is 10-100 times higher than in an ordinary reactor which
means that the fissile inventory in the blanket can be reduced accordingly compared to the
conventional reactors. The waste is dissolved in e.g. molten lead-bismuth or molten salt
(mixture of Li- and Be-fluorides) in different proposed ADTT concepts with fast or
thermal neutron spectrum, respectively. Special proliferation resistant processes have
been proposed to prepare the fuel for the ATW system from spent nuclear fuel or
weapons plutonium and to remove the fission products (volatiles, transition metals and
lanthanides) from the molten salt

At present, major accelerator based transmutation studies are made at the Los Alamos
National Laboratory (LANL) - USA, CERN - Switzerland, CEA - France, Minatom and
the Institute of Theoretical and Experimental Physics (JTEP) - Russia and the Japanese
Atomic Energy Institute (JAERI) [in cooperation with the Central Research Institute of
Electrical Power Industry (CRIEPI) and Power Reactor and Nuclear Fuel Development
Corporation (PNC)] - Japan. Besides, a number of more limited studies are made both in
USA, Japan and Europe.



The main goal differs between the studies. Thus, the LANL studies focus on tritium
production and the incineration of weapon- and reactor-grade plutonium, the CERN
study on energy production, the CEA on waste transmutation, the ITEP on plutonium
incineration and the JAERI study on waste incineration and transmutation.

International Scientific and Technical Center (ISTC)

A large number of technical and scientific experts on nuclear weapons was working at
classified nuclear weapon laboratories in the USSR. Most of these experts have
experienced severe economical and social problems as a result of drastically reduced
governmental funding of the weapon laboratories following the break-up of the Soviet
Union. Under such circumstances there is an obvious risk of proliferation of the nuclear
weapon know-how to countries which could be aiming towards the development of
nuclear weapons.

To counteract this risk USA, EU and Japan decided to finance an international scientific
and technical center (ISTC) in Moscow. The objective of the center is to financially
support research projects of civilian interest which will occupy the nuclear weapon
experts in Russia and other former republics of the USSR.

The initial funding of ISTC was MUS$ 25, 23 and 17 from USA, EU and Japan,
respectively. The project proposals are sent by the laboratories to the Russian authorities
(MINATOM) for acceptance according to Russian regulations. If accepted, the proposals
are forwarded to the board of ISTC for approval. The proposals are classified
independently by each party in the Center according to on the one hand scientific merits
and on the other hand the fulfilment of the objectives of ISTC. Finally, the ISTC board,
consisting of two members from each supporting party, approves and decides about the
financial support. Each party has the right to decide about the use of its funding to ISTC
but has also die possibility to veto support from the other parties for any good reasons.

When the ISTC was set up, Sweden, not yet a member of EU, was approached with a
question if our country could contribute with a grant to the Center fund. A decision was
taken by the Swedish parliament to give a grant of MUS$ 4. Also Finland was
approached in the same way and gave a grant of MUS$ 1. Both Sweden and Finland
have the right to decide about the use of their own grants to ISTC like the other parties,
but are only represented by observers in the board. Because Sweden and Finland have
joined EU since the national decisions to support ISTC were taken, any further support
in the future from these countries will come through EU.

The ISTC matters are in Sweden treated by the Ministry of Foreign Affairs in
collaboration with the Ministry of Enviroment and Natural Resources with the National
Defense Research Establishment (FOA) making the scientific screening of the projects.



Background to the Swedish Participation in the Planning of
ADTT Research at Russian Laboratories with support from
ISTC

In the late 1980's a research group from the Los Alamos National Laboratory (LANL)
presented a concept to transmute nuclear waste using particle accelerators. This concept
would be able to dispose defense as well as commercial waste from nuclear power
reactors. The technical development of building high power accelerators, which has
taken place under the Strategic Defense Initiative, was one corner stone for this concept.
The LANL presentation was the starting point for a discussion on the possibilities to
have international research cooperation on ADTT. On the request from the LANL group
Dr C Mileikowsky took the responsibility to arrange an international specialist meeting
on "Accelerator-Driven Transmutation Technology for Radwaste and Other Applications"
in Sweden. The specialist meeting was held at Saltsjobaden on June 24-28, 1991 with
participation of experts mainly from USA, Russia and Sweden.

One suggestion, as a result of the discussions, was to occupy former Russian nuclear
weapon experts to do research on incineration of weapon grade plutonium and reactor
waste transmutation financed by ISTC grants. The frame for the collaboration was
discussed between the experts at the appropriate laboratories in each country.
Information about the discussions was also given to the Swedish Ministry of Foreign
Affairs and the Ministry of Enviroment and Natural Resources as well as to the Nuclear
Power Inspectorate (SKI).

A Swedish Reference Group was formed to negotiate with the Russian laboratories. The
Group applied for economical support from SKI to plan and follow-up the Russian
ADTT projects financed by ISTC. The present report describes the first phase of the
project which was approved by SKI in 1995.

In 1994 the LANL group took the initiative to arrange the first international conference
on "Accelerator-Driven Transmutation Technologies and Applications" in Las Vegas.
The conference gave a good overview of the on-going research and an opportunity for
the experts from different research fields on which the ADTT concepts rely to discuss
common problems. It was decided to have this type of conferences biannually and that
the next one would be in Sweden 1996.

Thus, the second international conference on "ADTT and Applications" was held in
Kalmar on June 3-7, 1996. About 220 experts from 23 countries and 4 international
organizations participated.The Conference program included reviews of national and
international programs in progress and technical sessions on ADTT-systems, data and
experiments, accelerators, target/blanket system, materials and chemistry and separation
techniques. The political and technical status were discussed in eight so called "break-
out" groups dealing with accelerators, target/blanket, separation, materials, experiments
and data, safety, nuclear waste policies and international cooperation. A panel discussed
the ADTT impact on nuclear waste disposal, proliferation problems and nuclear waste
strategies. The third international conference will be held in Praha in 1998.



ATW Concepts

The LANL group has a leading position in the research of incineration and transmutation
of weapons-grade plutonium and reactor nuclear waste. The members of the Swedish
Reference Group have had a close collaboration with the LANL group. Thus, the LANL
ATW concepts have been the base for the discussions with the Russian laboratories
concerning ISTC financed research projects on ADTT.

The CERN group under Prof. Carlo Rubbia has also taken a very active position in the
presentation of new proposals for accelerator driven transmutation systems. His concepts
have been much discussed and partly scrutinized by Swedish reactor experts.

The LANL ATW Concept (Bowman,1996 and Venneri et al.,1996)

In the last few years, the Los Alamos ADTT Project has focused on the studies of the
molten-salt and liquid lead/bismuth based Accelerator Transmutation of Waste (ATW)
systems to destroy plutonium and other actinides, as well as long-lived fission products
in defense and commercial nuclear waste. Weapons-grade plutonium from dismantled
nuclear weapons is being put on stock in both USA and Russia. The amount will reach
about 100 tons for each country.

The LANL ATW concept uses a linear proton accelerator (about 0.8 to 1.5 GeV) which
delivers a beam (about 100 mA) to a heavy metal (molten lead or lead/bismuth) spallation
target. The blanket is proposed to consist of molten salt with a graphite reflector or
molten lead/bismuth that contains actinides and other materials to be destroyed. The
system also contains components used in the clean-up of the fuel by pyrochemical
separation processes and for preparation of materials arising from the feed of spent
nuclear fuel into the system. Fuel clean-up is a key issue to achieving a large destruction
(factors of 100 to 1000) of long-lived radionuclides.

The molten salt envisioned for the ATW system is a mixture of lithium fluoride and
beryllium fluoride at a temperature of about 700 °C. The same mixture of molten salt was
used as reactor fuels and as coolants in a four years study at the Oak Ridge National
Laboratory in the US with the intent to develop a thermal breeder concept based on the
thorium-uranium cycle. The positive experiences of the ORNL study has been taken into
account for the ATW blanket system. Molten fluoride salts are specifically suited to the
versatile, proliferation-resistant front-end processes for the plutonium waste but is,
because of its chemical and electrochemical stability, also providing a natural medium for
back-end fuel cleanup processes. The front-end processes include fluorination of entire
fuel rod followed by electrowinning to extract uranium and zirconium without isolation
of plutonium from the higher actinides. The back-end processes include removal of
volatile species and noble gases by helium flow, plating out of noble and seminoble
metals on special internal surfaces and removal of lanthanides and other non volatile
species using liquid centrifugation and precepitation. Furthermore, molten salts are low
vapor pressure liquids even at high temperatures* and therefore add to the safety and
performance of the system, allowing low pressure operations and high-efficiency power
production.

Fast reactors are superior to thermal reactors in terms of neutron economy. The built-up
of heavy minor actinides is also reduced in a fast reactor spectrum. For these reasons an
ATW system with the nuclear waste dissolved in a subcritical molten-lead/(few percent)
bismuth blanket giving a fast neutron spectrum is now also being studied at LANL and
regarded as particularly favourable for certain applications.



The LANL ATW group has presented a seven-year plan to produce a full evaluation of
the ATW-technology, enable the design and construction of a full-size prototype system.

The CERN concept (Rubbia and Rubio, 1996)

A second major research activity on accelerator driven system has been initiated by Prof
Carlo Rubbia at CERN, Switzerland. The main emphasis of the group formed by Rubbia
has been to develop a safe, enviromental clean and cost-effective energy source for
industrial use. The main components of the system are a 1 GeV accelerator, a cyclotron
or linac, which delivers about 20-40 mA to a subcritical blanket. The blanket consists of
cooling and moderating media and solid pins containing 233U as fuel and 232Th as
breeding material. The latter material converts to 233U by neutron capture. The use of the
Xh/233u -cycle means that the production of plutonium and heavier actinides are much
less than in an ordinary power reactor based on the U/Pu - cycle.

The first concept presented by Rubbia was a thermal system with water as cooling and
moderating media. A Swedish group, headed by Curt Mileikowsky, could proof that this
system did not work and the CERN group shifted to a fast system cooled by molten lead.

The present CERN system agrees with the above described last version of the LANL
ATW concept, both using molten lead as a coolant. It has been shown that the CERN
system is also efficient to burn plutonium, minor actinides as well as certain long lived
fission products. Thus, recommendation have been given to the CERN group by
screening authorities that one should focus the interest on waste burning.

ISTC projects on ADTT

The first contacts with Russian institutes about ADTT research were established during
1993 with the Institute of Nuclear Research (INR), Troitsk, 70 km south of Moscow.
Our negotiations were directed to the use of the Troitsk linear accelerator to perform
demonstration experiments showing the feasibility of the accelerator-driven plutonium
incineration. After negotiations it turned out that such an experiment would in practice
cost far more than grants which one would expect from ISTC, the reason being the need
for a substantial upgrade of the Troitsk accelerator.

When it was realized that the integral demonstration experiment was not likely to be
performed in Russia within the financial frame of ISTC, it was decided to focus the
attention on experiments which would have an important, if not decisive, impact on the
future of ADTT research. So far, four different projects have been discussed among the
collaborative parties namely between relevant Russian laboratories for each project, the
LANL ADTT research group and the Swedish Reference Group. Two of the projects
have been approved by ISTC and the other two are in the "pipe-line".

Short statements are also given of some other ISTC projects which cover significant
research on accelerator-driven transmutation techniques.



Pilot flow lead-bismuth target of 1 MWth for accelerator-
based systems (ISTC project # 559)

Status: Approved by ISTC in October 1996

Financing grants in US$: 500,000 USA, 250,000 Sweden, 250,000 EU

Project leader: Prof Boris F Gromov, Deputy Director of Russian
Federation State Scientific Centre - Institute of Physics and
Power Engineering (IPPE)

Participating organizations: SSC-IPPE, Research and Development Bureau
"Gidropress"

Participation of scientists
formerly connected with
weapons development
and production: 925 man-months

Project duration: 30 months

Project cost: MUS$ 1

Brief project description:

One of the most important components of an accelerator-driven transmutation system is a
highly efficient target for neutron production. In principle, the most efficient neutron
production is obtained when the high power proton beam from the accelerator is stopped
in a heavy material like e.g. lead, bismuth, tungsten or uranium. The protons split the
atoms of the heavy materials by a number of complex nuclear reactions (spallation
reactions). Each proton produces a large number of neutrons (about 30 neutrons/ 1 GeV
proton) which number depends on the energy of the incoming protons and to a less
extent the type of heavy material.

The purpose of the project is to develop a heavy metal flow target which possesses the
best features for producing neutrons at a high power proton accelerator. Thus, the
technical key problems of a flowing lead-bismuth 20 MWt-power target should be
investigated. Such a technical base will be established by the design of a pilot lead-
bismuth 1 MWth-power target. It is proposed that the pilot target will be tested at the
LAMPF accelerator at LANL (LAMPF: 800 MeV, 1.5 mA linear proton accelerator) or
as an alternative at the Paul Scherrer Institute (PSI), Villigen, Switzerland at no cost for
the ISTC project.

The project will benefit from the broad experience of specialists at IPPE and RDB
"Gidropress", which experience was developed by designing and operating the Russian
nuclear submarines with lead-bismuth cooled reactors.

Comments:

Dr G Bauer, Paul Scherrer Institute, Villigen, Switzerland, who is an internationally
leading expert on spallation sources, has participated in the preliminary discussions of
the project. He is also engaged as an expert in the project study for the next generation of
spallation source (European Spallation Source, ESS) for materials research which study
is being funded by the Commission of the European Union.
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The technical and economic conditions to set up the spallation neutron source at
LANL/LAMPF were discussed on meetings at LANL (November 1996) and CEA
Cadarache (December 1996 and February 1997). A preliminary position for the Obninsk
spallation source at LAMPF has been indicated by LANL and the financing of the
installation is under investigation. In addition, PSI has offered an alternative accelerator
based test position for the Obninsk spallation source at SINQ. Experts from the
supporting parties (LANL-experts for USA, CEA-Cadarache experts for EU, the
Reference Group for Sweden) and IPPE, Russia have participated in these discussions.

The Development of the Chemical Cycle of Molten Fluoride
Salts Reactor Fuel Reprocessing (ATW concept, waste
transmutation) (ISTC project # 628)

Status: Screening of the scientific, political and economic
conditions in progress by ISTC

Project leader. Prof. Vladimir Prusakov, Molecular Physics Institute,
Russian Research Center Kurchatov Institute

Participating organizations: Molecular Physics Institute,
Russian Research Center Kurchatov Institute

Participation of scientists
formerly connected with
weapons development
and production: 600 man-months

Project duration: 30 months

Project cost: US$410,000

Brief project description:

The project aims to develop scientifically well-grounded technology for the chemical
cycle of molten salt reactor fuel reprocessing, which ensures that the plutonium, minor
actinides and fission product transmutations are in compliance with non-proliferation
demands. The following results are expected:

• information concerning the chemical structure of the main components of fluoride
molten salt fuel

• recommendations concerning selective extraction of uranium as UF6 out of a
mixture of plutonium, minor actinides and lanthanides in a way which complies
with non-proliferation demands

• data concerning the dissolubility of plutonium fluorides in the molten salt

• development of a method for the extraction of actinides and lanthanides and data
concerning the distribution coefficients of these elements in the molten salt-liquid
bismuth system



• data concerning diffusion and thermodiffusion coefficients of the actinides and
lanthanides dissolved in liquid bismuth

• development of mathematical model of the thermodiffusion process of actinides
and lanthanides dissolved in liquid bismuth and recommendations concerning the
applicability of this process to the molten salt reactor system.

Comments:

It was agreed among the involved parties at the meeting in Cadarache on February 6,
1997 that a recommendation should be sent to the project leaders asking to focus the
attention on the chemistry of the minor actinides and also to include studies on molten
lead/bismuth as an alternative solvent. The ISTC would meanwhile be asked to postpone
the decision concerning the support of the project #628.

Molten Salt Technology (ISTC project # 698)

Status:

Project leader:

Screening of the scientific, political and economic
conditions in progress by ISTC

Dr K. Grebyonkin, Russian Federal Nuclear Center,
VNIITF (Chelyabinsk-70), Institute of Technical Physics,
P.O. Box 245, 456770 Snezhinsk, Chelyabinsk Region

Participating organizations: Russian Federal Nuclear Center, VNIITF (Chelyabinsk-
70), Institute of Technical Physics

Russian Research Center Kurchatov Institute

VNIIHT, Moscow

IVEHRAN, Ekaterinburg

Participation of scientists
formerly connected with
weapons development
and production:

Project duration:

Project cost:

Brief project description:

1500 man-month

30 months

MUS$ 1.4

The objective of the project is to construct and operate a realistic demonstration
experiment to develop and test hardware and techniques to be used in the molten fluoride
enviroment.

Thus, a facility would be constructed able to handle 100-200 kg of molten salt (BeF2-LiF
and other minor constituents). The detailed design of a large-scale MS loop (up to 5 tons
of molten salt) will also be developed. The constructed facility will include a heated
reservoir, pumps, valves, circulation loop, experimental volumes, diagnostics, and a
heat exchanger. The operating temperature will be between 500 and 700 °C.
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Salt preparation and melting procedures would be established. Salt mixing, heating,
melting, circulation, drainage and sample removal will be demonstrated in a non-
radioactive enviroment.

The following experimental tasks are envisioned:

• Molten salt corrosion tests

• Study of effects of contaminants and fission products on materials

• Diagnostics (flow and pressure detectors and thermocouples)

• Natural convection studies

• Design of hardware for use in high temperature molten salt enviroment

Comments:

The full cost for the project is estimated to 2.4 MU$ of which the Russians have offered
to carry a cost corresponding to 700,000 US$ ackording to the latest information.

Measurements of Neutron Induced Fission Cross Sections in
the Energy Region 20<En<160 MeV for Basic and Applied
Research (ISTC project #540)

Status: Approved by ISTC in February 1996

Financing grants in US$: 90,000 Sweden, 60,000 EU

Project leader: Prof Vilen Eismont, Head of Department of Nuclear

Physics, V.G. Khlopin Radium Institute, St Petersburg

Participating organizations: V.G. Khlopin Radium Institute

Participation of scientists
formerly connected with
weapons development
and production: 134 man-months

Project duration: 30 months

Project cost: US$ 150,000

Brief project description:
There is a need for neutron induced fission cross section data in the energy region from
20 MeV up to several GeV from different nuclear applications, among them acceleration
based transmutation of nuclear waste.

The project covers measurements of fission excitation functions for nuclei with mass
number 200-240 in the intermediate energy range and improvement of theoretical models
for fission cross section calculations. Thus, the project will include measurements on
Au, Pb-isotopes, Bi, Th, U-isotopes, 2 3 7 Np, 2 3 9Pu and Am-isotopes. The
measurements will be carried out at the V.G. Khlopin Radium Institute with the use of
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the 14 MeV neutron source at the NG-150 accelerator and at the The Svedberg
Laboratory, Uppsala with the use of the intermediate neutron energy facility at the
Gustav Werner cyclotron. The experimental arrangements include different types of
detectors such as fast ionization chambers, thin film break down counters, and double
Frisch-grid ionization chambers.

Comment

The project is a continuation of an earlier established collaboration on a study of the
dynamics of the fission process (FIDYC) between the Department of Neutron Research,
Uppsala University and the V G Khlopin Radium Institute, St Petersburg.

Other ISTC funded ADTT projects

A feasibility study of accelerator driven transmutation technologies for Pu disposition has
been undertaken by research teams from 13 Russian Institutes with Dr V. Kazaritsky at
the Institute for Theoretical and Experimental Physics (ITEP) as coordinator.The title of
the project was:

Feasibility Study of Technologies for Accelerator-Based Conversion of Military
Plutonium and Transmutation of Long-Lived Radioactive Waste (ISTC project #17)

The study was initiated by the Los Alamos National Laboratory, USA and was launched
in 1994 and finalized in December 1996. The budget was MUS$ 3.14 and has given
grants to more than 600 scientists and engineers.

The main objective was to study systems that can dispose plutonium and destroy long-
lived isotopes associated with high-level waste. Studies have been made of several
versions of an accelerator driven nuclear system to find a technical solution that would be
the most economical. Thus, basic data, accelerator technology, fuel cycle and
reprocessing, lead pellets and molten heavy-metal targets, heavy water and molten salt
blankets and safety issues have been studied.

A linear accelerator was proposed with an average proton beam current of 100 mA and
an energy of 1 GeV. The aqueous system was designed to use a heavy-water suspension
of actinide oxides which circulates in the blanket and is bypassed through the chemical
plant loop for reprocessing. The target in this version is Pb-balls cooled in a heavy-water
flow. Alternatively, a molten Pb-Bi target was proposed for the blanket with a molten
salt fuel. The most recent proposal was to use Na and Zr fluorides in the salt instead of
the more conventional Li and Be fluorides. An evaluation had shown that the fluoride
salts of Na and Zr have a good potential for an on-line reprocessing including separation
of short-lived nuclides. In this case, the fuel salt, cleaned up from Pu and other actinides,
is expected to be finally disposed in a solid immobilised form as NaF-ZrF4-CaF2-Al203
and thus provides a complete treatment cycle from the initial material to the immoblisation
of the final products of transmutation.

It has been stated by US officials that there will be no support to proposals with the same
broad approach to the research on ADTT as project #17. Instead, ADTT related
proposals with a more limited scientific, technical and economical coverage are more
likely to be supported.

On that ground, Dr Kazaritsky, ITEP has provided a new proposal to ISTC with a more
limited scope than the former project #17. The title of the project is:

A Study of Gas- and Molten-Fluoride Separation and Transmutation for Accelerator
Based Plutonium Disposition and Nuclear Waste Treatment (ISTC project #747).
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The proposal extends the conceptual design study and economics assessments conducted
in project #17 into high temperature technologiess that offer higher efficiency and better
safety and non-proliferation features. The novelty of the suggested approach to nuclear
waste treatment consist in the fact that it offers the development of an across-the cycle
technology of separation and transmutation. Alternative molten-fluoride bases to carry
the transmuted materials along with the transmutation products will be studied. The
technology provides a complete cycle of nuclear waste treatment from the initial material
preparation to the immobilisation of the final products.

The proposed project involves 6 Russian Institutes with a total man-month effort of
weapons specialists of 917, a duration of 2 years and an estimated total cost of US$
587,000.

The reference group has expressed its interest to closely follow the project, and
independently if Sweden will give an economical support to the project or not, has a
member in the international coordination group.

Nuclear Safety and Non-Proliferation Aspects of
ADTT

Radiation Safety

If one limits the discussion to a comparison of the risks of geological deposit of nuclear
waste in relation to accelerator driven transmutation (ATW) one finds that that the former
method put the risks on the human population in the future while the ATW puts some
risk on the now living generation.

The risk analysis for nuclear waste transmutation is twofold:

• to compare different ATW designs from a radiation safety point of view
• to compare ATW with other nuclear waste handling methods e.g.

geological repository

The ATW system to be considered should include:

transportation of the waste from the reactors to the ATW plant
prestorage and preparation of the waste material for transmutation
the ATW plant with accelerator, window and target, blanket, partitioning and
separation
storage of stable and short-lived products
handling and storage of long-lived products

It was agreed at the second international conference on "ADTT and Applications" at
Kalmar on June 3-7, 1996, that modern IT would be used for exchange of information
and data on safety issues together with the arrangements of workshops to coordinate the
work. The mailbox address for exchange of e-mails on safety is tort@ce.kth.se.

Non-Proliferation
In addition to technical, economic and radiation aspects of accelerator-driven systems,
the fourth crucial issue is that of the proliferation risk. This presents in fact three distinct
issues of opposite nature. One concerns the application of ADS for incineration of the
plutonium in spent nuclear fuel which, if reprocessed instead of burned, can be used to
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make "crude" nuclear bombs (Carson 1993). Another concern is the use of heavy water
or lithium (enriched /Li) salts which leads to a possible production of large amounts of
tritium (another nuclear weapons ingredient) in a short time.The third concerns the
features which are introduced into the ADS plant design in order to make the very system
itself as proliferation resistant as possible what concern breeding of strategic actinide
nuclear materials.

The spent fuel, produced by over 400 light water reactors in more than 30 countries,
amounts to about 100,000 tons consisting mainly of uranium but contains also about
1,000 tons of fissile plutonium. It also contains radioactive fission products, some of
them very long-lived, which are important as "poison" against proliferation as long as the
plutonium remains mixed with them and is not chemically separated. If separation is
carried out, then 5-8 kg of civilian plutonium is sufficient material for a "crude" bomb
capable of an explosion yield equivalent to 20-30 % of the Hiroshima bomb. Thus, the
current world stockpile of spent fuel contains latent material for over 100,000 nuclear
bombs.

Most of the world's spent fuel is being kept in temporary storage awaiting to be put in
deep repositories. An international panel selected by the American Nuclear Society
recommended that the reactor plutonium should be burned i.e. with reprocessing and
MOX. They also recommended that improvements should be made to reduce the
proliferation risk in reprocessing by making sure that the plutonium is at no time
"naked", i.e. in its pure state, unmixed with highly radioactive products. This would
make theft improbable.

Plutonium and minor actinides incineration can be achieved by using critical reactors but
it can be done more efficiently with ADT which also has more transmutation capacity.
Studies at LANL and CERN have shown that to incinerate and transmute all the spent
fuel from the lifetime of 10,000 MWE of LWR:s (i.e. 30,000 MWTh) you need to build
about 7,500 MWTh of ADT plant, or 25 %, and operate those plant during a normal
reactor lifetime (35 to 40 years), thereby also treating their own nuclear waste.

The other concern about non-proliferation aspects of ADT plants is to make them
intrinsically proliferation resistant, i.e. to prevent the production of bomb material, either
plutonium or uranium-233. However, with IAEA control and e.g. satellite surveillance in
combination, an efficient control safeguard system can be achieved. The control is
necessary as long as the accelerator is used and would cease when the machine is
scrapped and the small amount of residual radioactive materials are taken care of. A
permanent repository has to be controlled for an indefinite time which of course is
practically impossible.

Near term activities
An important issue of the reference group for the near future is to further detail the
working plan for the designing, construction and test measurements of the molten
lead/bismuth target in cooperation with IPPE and the supporting parties. In parallell,
discussions will be held of possible further ISTC funded ADTT projects with the
involvement of Russian experts.

It was decided at a first coordination meeting in Cadarache in December 1996, that
meetings should be held about twice a year to discuss the on-going and future work with
the neutron spallation source to be designed and built at IPPE and tested at
LAMPF/LANL (ISTC project #559). Furthermore, a correspondance group for the
sponsoring parties was appointed at the same meeting consisting of F Venneri, LANL, I
Slessarev, CEA-Cadarache and W Gudowski, Royal Institute of Technology.
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A second meeting of the coordination group with representatives of the supporting
parties, EU, USA and Sweden including Dr G Bauer, PSI, Switzerland, was held also at
CEA/Cadarache on February 6-7, 1997. One day of this meeting was devoted to
discussions of the design and research activities of the IPPE spallation source. The
second day was devoted to a more general discussion of international cooperation with
participation alongside the members from the first day meeting, of representatives of the
CERN transmutation research group (Prof C Rubbia), the OMEGA project (Dr Nishida,
JAERI, Japan), the Czech Republic transmutation research group (Prof V Lelek et al)
and representatives from Karlsruhe, Germany and ENEA, Italy.

Three more meetings are scheduled in the near future. The first meeting will be held at
Obninsk on February 17-18 to agree on the detailed working plan for the spallation
source. The second meeting at Trieste, Italy on May 16 or 26 to continue the discussion
on the cooperative efforts on the design and research activities of the IPPE spallation
source. The third meeting will be held in Spain to discuss international cooperation on
transmutation in general.
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