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GLOBAL 2001 HIGHLIGHTS

BACK-END OF THE FUEL CYCLE  -  9 – 13 SEPT. – PARIS

Note : This report has been written by Michel Lung, with further notes of Robert Baschwitz, as he attended the last day and the closing session.

________

1. General impression

The last 1995 Global Conference in Versailles, which I had the pleasure to attend, had already opened a number of fresh issues for the future in a rather gloomy climate for nuclear energy then.

This  Conference which  has brought about 300 members together, has been even more refreshing, with discussions of advanced issues with usually a good sense of practicality which had not been perceived as well in 1995.  In fact, the burst of fresh ideas for fuel cycle and new reactors associated with the fuel cycle, reminds one of the prolific years of the end of the seventies, as has been summarised in the never-beaten IAEA Infce-International Fuel Cycle Exercise of 1980.  

My personal feeling is that the Japanese contribution has been the most important in terms of technicalities as well as nuclear energy strategies.  The French have made a remarkable contribution, but the strategies are blurred by a lack of vision for practical applications, due to a lack of long-term support by the French Government Authorities.  The Russian, as usual, have come with a wealth of ideas, data, experiments, some of which need to be funnelled into practical projects with investment money from the West.  The US have come to express their faith into a resurrection of nuclear energy, positive policies reflecting the good performance of their nuclear plants, the need for fresh energy and environmental constraints.  Many other countries, especially the UK, have adopted the same stance.  The European Commission, under leadership of its Vice President, Loyola de Palacio, has also made a welcome comeback which inspires confidence in most Union Member Countries.  

The Conference was unfortunately marred by the terrorist attacks on the US capitals.

Summarizing, the highlights and trends, according to my view, are as follows :

· Reactors

· The Advanced LWRs from many constructors, are promoted.  The small, steam-generator integrated reactors of the IRIS type, with a long cycle life (many years) are the subject of international cooperation and could present advantages in isolated or small networks;

· The all-gas HTR is present in all minds as a valuable, medium size, safe generator for the decades to come, either block-type or pebble-type.  They can be fed with plutonium, civilian or recovered from weapons. The difficulty of reprocessing the spent fuel is offset by high burn-up characteristics and the feeling that one day reprocessing will become practicable; HTRs may be used for chemical syntheses or H2 generation too;

· The trend to gas-cooled reactors, especially fast reactors, can clearly be perceived, but the practicalities need to be ascertained–at all levels, theoretical, pilot and industrial scale;

· It appears that transmutation through ADS will neither be complete nor economical; conversely, it appears that hardening the neutron fluxes is a practical way to get rid of a good part of the long-lived minor actinides which will contribute to energy production by “burning” in high fast neutron fluxes;  hence FBRs are coming back in favor on their tiptoes, helped by the new concept of sustainable development;

· Molten Salt reactors are again receiving a renewed interest, due to their very good theoretical features, but the outcome is still far away.

· Fuel cycle

· While separation of neptunium  is practical, that of Am + Cm, which are the two potent long-lived actinides, is not easy for chemical radiotoxicity reasons and production of effluent waste.  Separation of long-lived fission products is questionable for economical and radiotoxicity reasons, this time their radiotoxicity being relatively low. An interesting screening of the diverse radionuclides is underway at ANDRA, with radiotoxicity as a main parameter;

· While the wet reprocessing processes are perfected, refined,   addressing U, Pu, M.A. recycle, specialized FPs separations if needed…, other recycling techniques are revived or eagerly looked at, such as the fluoride volatility process in case of molten-salts or HTR fuel, or even separation of metals by electro-deposition.  These techniques may become interesting when recycling of non-fully decontaminated fuel is permitted through remote fuel handling and remote fuel re-fabrication which progressively will become routine;

· The thorium fuel cycle arouses interest again for a number of reasons : availability of thorium, interesting nuclear properties of U-233, remote fuel manufacturing (U-232), production of a lesser quantity of minor actinides, etc…

This being said, no one, except Finland and Asian countries, is willing to order new reactors at this moment, nor speaking of building a pilot scale plant to test a new generation of reactors. May be the South African PBMR will  show the way.

Here are some highlights of conferences attended. A CD of the proceedings is otherwise available.

2. Plenary sessions

A. Costes, Director of Technology, French Ministry of Research : “The Minister follows the gist of this conference with special attention”…

P. Colombani, President, French CEA, insists on Pu recycling and on the EU Commission’s Green Book on energy independence.

Li Zhongliang, Vice President, CNNC : China has experience in the totality of the fuel cycle. Details are given. Decommissioning of old sites is being tackled.  Industrial reprocessing is for 2010-2020.

Gail H. Markus, Director at DOE : nuclear energy is revived in USA.  International cooperation, especially with France, Japan, Korea goes on.  “Fourth generation” of future reactors is studied : about 100 concepts will be condensed into 3 or 4 projects.

Pedro de Sampaio Nunes, Director at DG Tren, UE Commission.  In a good speech, he insists on the Green Book (Europe’s dependence is increasing day by day), on the importance of the Euratom Treaty, on liberalisation of the electricity market and the need for  competitiveness, on the problem of CO2 abatement (in 2010, CO2 will have increased by +5 %, - 60 % should be needed !).  He claims that a 10$ increase on the price of the oil barrel costs 100 billion Euros to the UE in a year.

Y. Ohtou, Director at JNFL, has given a good glimpse at “nuclear Japan”. He mentions the new Japanese law on HAW disposal.  He tells about JNFL plans and problems tackled.  The Rokkasho-Mura plant should be on line July 2005.  After 2009, the Tokai-Mura reprocessing plant should become a R&D reprocessing facility.

D. Vignon, President Framatome ANP :

· World energy needs call for nuclear power but it must be competitive,  long-term financing is needed;

· Mentions the new Areva Group;

· Are needed for a long-term effort : stable safety requirements / proven designs / standardization / well established back-end-fuel cycle / going to fast reactors;

· With some humor, questions transmutation, points at the renewed “need for FBRs” (in 50 years), the need to assess the new stars GCR’s safety, stresses the fact that the politicians are not always consistent in their policies (!).

S. Toivola, Advisor, TVO : Finland already imports 72 % of its energy.  Nordel, of which Finland is a member, with 384 TWh/yr production, operates on 53 % hydro but some years are rather “dry”, which creates a problem of electricity shortage.  It turns out in Finland that nuclear is cheaper than coal, then gas, then peat energy productions, in climbing order.  In 2015, about 3000 MW will be needed, a new LWR of 1200-1600 MW should be purchased by TVO, private company.  The documents are on the Parliament’s table.  For waste repository, Posiva Oy will have one  spent fuel repository in 2020.

Sue Ion, Director, Technology and Operations at 
BNFL : she made an outstanding presentation.  Nuclear energy should give a “clean legacy of the past” to the future generations.  In UK, all reactors will be stopped around 2020 and gas energy will be outstanding.  However, nuclear energy must be considered.  The BNFL reactor family comprises AP 600, BWR 90, PBMR and IRIS.  The next step will be molten salt reactors with new types of recycle, electro-refining in particular.  

“Effective waste management is a reality”

ADS : “Do not promise too much too soon”

FBRs : “continue”.

We expect to be able to put her speech and slides on e-mail.

N. Rabotnov, Advisor to the Minister, Minatom : mentions V. Putin’s Nuclear Energy Initiative, UNO, Sept. 2000, translated into a Minister’s decree 6/2001.

In 2005, Russia needs new electricity capacity (187 GW).  Availability factor of reactors increases, but is still low (50-65 %).  Investments are being resumed in nuclear energy.  Pu, either military or civilian, is intended to be used.  Tests are being performed in BOR-60 and BN-600 FBRs.  11 % burn-up has been achieved. MA burning means cleaner waste.  Nitride fuel is favoured for the future BN-800.  Dry combined fluoride – pyroreprocessing is being investigated.

R. Baschwitz  attended the last day and the closing session :
Panel, chaired by Bernard Tissot (Chairman of the French Commission Nationale d’Evaluation, CNE, for HLW management)

Bernard Tissot

Presentation based on the foreseeable evolution of primary energy demand. Renewable energy sources will be totally unable to meet the needs, notably those of “megapoles”.

Extrapolation of temperature changes from 1970 to 2000 (measured from isotopic composition of oxygen) would lead to a temperature increase of 3°C in 2100. This, and depletion of fossil fuel reserves, as well as possibly of U 235 reserves, while renewable energy uses will remain limited, necessarily leads to using nuclear energy with U 238, that is fast reactors and Pu.

Robert Galley (instead of Christian Bataille, both Members of the French Parliament, and of the Parliamentary Committee of Scientific & Technological Options)

The phase out of Superphenix has been a terrible trauma. Don’t throw away this science of fast neutrons!

Partitioning and transmutation? Maybe something can be done to separate Am, Cm, perhaps Np, from fission products, and among FPs, the long lived ones I 129, Tc 99, and Cs 135 (together with the short lived Cs 137).

Build neutron sources with a hardened spectrum, able to fission actinides and thus reduce their activity in the waste to be disposed of. These sources may be the helium cooled modular reactor, or sodium cooled.

Mr. Galley regrets that no disposal site in granite has been selected in France. One cannot proceed with only one site. Mr. Galley asks the CNE Chairman, Mr. Tissot, to use his authority and his best efforts to have a second site selected.

Finally Mr. Galley speaks of fuel cells. It must be an objective for nuclear energy in 2008-2010, to produce hydrogen during night hours, to feed them.

Jacques Bouchard (Director, Nuclear Energy Division, CEA)

A very proactive presentation on the French nuclear energy research programme, based on

· the need to support competitive energy production, first with water reactors (EPR) for medium term development, with reprocessing (the French could not understand that our spent fuel elements be buried), possibly advanced reprocessing,

· then fast reactors, possibly light metal-cooled if their drawbacks (e.g., in-service inspection) are overcome,

· and also gas cooled reactors, first thermal neutron reactors, then fast neutrons, with the need to carry out investigations along reprocessing routes such as dry, or pyrometallurgical, routes. International arrangements should minimise the cost of such research.

J. Bouchard, answering questions, adds the following:

· molten salt reactors should not be excluded,

· an experimental Accelerator Driven System should be built if the European Commission is ready to provide funds, to investigate actinide “total” destruction, should that become a real aim.

Yves Le Bars (Chairman of ANDRA)

According to him, there are three misunderstandings:

· “There is no solution for radioactive waste.” This is not true for all waste types but for High Initial Activity waste. France is developing new solutions for them. Is waste management really Achilles’ heel of nuclear energy?

· Misunderstanding on the roles of the actors. The scapegoat situation of radioactive waste managers is a misunderstanding. Y. Le Bars’ experience is that technical issues are not those that oppose pro- and anti-nukes. ANDRA’s role is defined in a four-year plan with the Ministries of Industry, Research, and Environment. Its missions are industrial, research to investigate new solutions, information, and inventory.

· Misunderstanding on the stakes. What objective has priority, is it health and safety, or the environment? (I fear that this wrong question may hide the absence of a real will to help succeed in the search for a second site for an underground laboratory. It is indeed not ANDRA’s direct role to find a site where the population would accept. Without a second laboratory, anti-nukes will easily spoil the debate in Bure.)

According to Y. Le Bars, “the spirit of the law of 1991 must be respected”: strictly research up to 2006, defining the objectives, carrying out mathematical studies, producing and evaluating the results, organising debates. And the weights of research into the three routes must be maintained approximately equal. (The 3 routes being : transmutation/deep site storage/sub-level storage).

Reversibility has no major impact on disposal costs, which is a direct function  of the amount of waste per unit volume, and mainly depends on heat evolution.

Mr Shapira, CNRS, rightly pointed out in a question the ambiguity, is an underground laboratory only meant for research (that could be understood from Y. Le Bars), or for site qualification for disposal? M. Le Bars did not clearly answer, and did not say (why?) what he could be expected to say, namely that if a site seems to qualify, before it may be decided to built a repository, a positive vote of the Parliament will be needed.

Mark Matthews (US DOE Waste Isolation Pilot Plant, WIPP, Carlsbad, New Mexico)

Long term disposal now is reality, for TRU waste and mixed waste. Drums have been received and disposed of since March 1999. Remote-handled waste will be received from 2003.

Salt is an excellent host rock.

Bertrand Barré, Conference Chair, concludes Global’ 01 with kind words to the US delegates after the events of 11 September, and announces the next two Global conferences:

· 2003, within two years and two months, in New Orleans, USA,

· in 2005, in Japan, for the start up of Rokkasho Mura’s reprocessing plant.

------------------

We shall quickly mention highlights of  specialized sessions attended.

3. National and regional policies for back-end of F.C.
Michel Hugon, R&D, EU, gaive a comprehensive view of the R&D projects supported by the Commission – Transmutation projects do now supersede geological disposal EU projects, which are considered well explored. Transmutation concerns  14 projects, one using the Swiss Villigen accelerator -  Physical measurements will collect data for high-energy neutrons (n > 20 MeV) - Different types of ADS fuels – Advanced reprocessing projects concern pyrochemical processing,  aqueous advanced processing.  Other projects followed : R&D on HTR (8 MEuro).  Helium turbine behaviour at high temperature - Fused salt reactor, desalination issues. 

Although the financial means are limited, these well-selected projects show the willingness of the Commission to prepare the future.

H.S. Park, Vice President of KAERI, gave an overview of the Korean situation and provided explanations on the Dupic Project, using spent PWR fuel ceramic material to continue fuelling Candu reactors.  What about the economy of the system  ?

4. Thermal recycle of Pu
A.Vandergheynst, Belgonucléaire : the MIMAS UO2-PuO2 process.  This process is a reference process with excellent references : no fuel failure so far.  Designed for 70 GWd/t for EPR.  The fission gases at high burn-up are more important than for UO2.

G. Youinou, CEA Cadarache : heterogeneous multirecycling : the CORAIL concept.  The PuO2-rich elements are placed at the core periphery.

H. Golfier, CEA Saclay : M.A. recycling with APA fuel type concepts : multirecycling strategy improves Pu use.  Pu > or = 12 %.  Pu is in an inert matrix : ceramic-metallic fuel, Zr alloy.  Fuel can be annular or slug-type for less-moderated configurations.  Interest for burning Am and Cm (see paper n° 175).

F. Damian, CEA Saclay : Pu in HTGR : see the curves of paper n° 108 on 10 multirecyclings and equilibrium which burns Cs.  A problem is Pd attacks in block fuel.

5. Advanced reprocessing

J. Uhlia (Czech Rep) : fluoride partitioning for Molten Salt Reactor.  At 1700°C in a
 flame reactor, Cm and Am      are not volatilized.  Np’s behaviour needs to be ascertained.  Volatile PuF6 can be converted into stable PuF4.

Y. Z. Wei, (IRI, Japan) – Isolation of MAs is possible with CMPO in anionic resins which have a 2-year resistance to radiation.  Problem with Np 4, 5, 6 valencies.

Y. Morita, JAERI – Actinide separation in HAW – Use of TODGA (tetraoctylcodiamide in n-dodecane) – Good separation of Am, Sr, Cm from the lanthanides.

J.F. Dozol, CEA – Evaluation of the calixarenes CMPO to separate actinides from the lanthanides.  Good selectivity – It is possible to remove Am 3+ from the lanthanides, then Cs, Eu, are removed.  Pd follows Am.

J.J. Laidler, Argonne – Reprocessing of particulate graphite fuel – The idea is to fluorinate in a 2-step process instead of crushing + burning.  The actinides could be separated (99.5 %) and “burnt” separately in reactor.  The work will start next year.  Tc and I could be recovered.  Drawback : large amounts of low-level waste containing C and Si are produced.  To minimize the problem of C-14, the fuel is separated from the compact.  

C. Pernel, CE-ITU, Germany – The electrochemical partitioning of Am/Ln in molten chloride salts seems possible.

From these presentations, my feeling is that a certain number of separations are possible, but to what extent ?  at what cost (money- and radiation-wise ?)  Better assessments and tests seem necessary.

N. Donaldson, BNFL, and G. Lamorlette, Cogema, have spent their best efforts to demonstrate that pyrochemistry is not an industrial process.

6. Efforts to resist proliferation

N.W. Brown ( Argonne, USA) presents a concept of an “encapsulated heat source reactor” cooled by liquid lead or Pb-Bi which can be used a long time without refuelling.  Burn-up of 100 000 MWd/t, the reactivity management being by moving the reflector.

A.N. Chebestov (IPPE, Russia), FR Working Group – In paper 073, presents an intelligent, but theoretical model to evaluate the proliferation risks of different handling procedures.  He has found without surprise that the Pu storage may be most proliferation prone !

Non-proliferation policy challenges in the 21st century

M.R. Bruckner (Westinghouse Savannah River) speaks of the American Nuclear Society’s activities. Expresses two concerns: the US government’s eroding support to the elimination of the Former Soviet Union’s excess weapon materials, notably in the form of MOX fuel; and the need to reverse the decline of the US nuclear technology.

Two papers on modelling proliferation issues. Robert Eagan (Sandia):

· even if you start now doubling the number of nuclear reactors, you would be far from meeting the Kyoto requirements;

· this government has raised the issue of re-examining the reprocessing option.

M. Bunn (Kennedy School of Government): New steps to secure nuclear materials in the Bush administration

HEU from Russia: rapid blend down; the US is prepared to extend access of blended material to the US market.

Pu from Russia: Time has come for Pu swaps. This means that Russian (weapon grade) Pu would be kept by the US and the US would sell reactor grade Pu in the form of fuel elements.

Interim storage of spent fuel in Russia (fuel from foreign countries): maybe, but many conditions must be fulfilled, which will not be easy to meet. A joint report has been issued with Prof. Atsuyuki Suzuki, University of Tokyo. R. Baschwitz has taken a copy.

Reprocessing in the civil fuel cycle? Discourage accumulation of separated Pu world-wide, no support to the Purex process. (!!)

J. Bouchard (Nuclear Energy Division, CEA): A French perspective on nuclear energy options development, and proliferation resistance concerned

Recycle, and prepare breeders. This does not resolve the proliferation issue completely, but very much reduces the risk. For that purpose, avoid storing Pu, burn it as soon as possible. That is what we do.

J. Bouchard teases Mr. Bunn, who had repeated that weapons can be made also from reactor grade Pu: your idea of a swap does show that you recognise a lesser proliferation risk with reactor grade Pu!

Burn Pu, rather than bury it as spent fuel! It would be difficult to explain to the French why spent fuel would be buried! Question of an American participant: what about spent fuel that can’t be reprocessed? J. Bouchard answers: I mean, in large quantities!

He then considers for the future small, modular reactors, with a core life larger than 15 years, with no reshuffle and no refuelling (HTRs, or molten salt with continuous reprocessing).

He considers also reprocessing to extract only fission products, leaving together Pu and MAs.

Conclusion: reprocessing is or will be a necessity!

The Thursday session ends with a panel. 

Mr. Reis, author of one of the non-proliferation models: where safeguards are well performed, the number of sites nor the amount of materials does not matter! Mr. Bunn agrees. Nobody contradicts.

Question of Mr. Reis to the audience: who thinks that proliferation issues will limit the development of nuclear energy? About 10% of the audience think it will.

7. Final HLW disposal

Dr. A. Suzuki (Japan) gives a unified framework of safety assurance of underground disposal of radioactive wastes (cf. the new Japanese law on the subject).  Paper n° 326.  Technical arguments are very convincing in favour of ground disposal, however psychological factors come into play too, he says !

G.H. Ouzounian, ANDRA, (Paper n° 189) : ranking of radiotoxicity of radionuclides.  Here is an intelligent approach which requires ranking of objectives, methodology, to evaluate the risk to man in the long term.  The cases of long-lived Cs, Sb, Se, I, C-14 are studied.  The Bure underground test conditions show good characteristics for a repository : reducing conditions, 6 % water content of clay only.

8. Advanced concepts for reactors and fuel

B. Petrovic, Westinghouse Electric – The IRIS reactor conceptual design.  This is a Westinghouse-BNFL project with 18 different organizations (mainly universities).  A “Generation IV” concept, NERI program from 4  to 10 M$/yr.  It is an integrated 300 MWth LWR with integrated steam generators in the pressure vessel.  Core life 5 years.  Helical coil steam  electricity generators (Ansaldo).  Spool-type, low-head integrated pumps.  Aim is to produce at 4 Ct/kWh.

K. Fujimura , Hitachi, presents a similar integrated concept with a super long life core, but with a BWR version.  The core life is said to be 20 years.  For this 150 MWe reactor, heavy water is the coolant.  The neutrons are epithermal (105 eV).  The 5 steam generators are located within a 4.2 diameter shell.  Control rods are within the fuel elements (Paper 057).

H. Ohta, CRIEPI, evaluates a metal fuel performance in a commercial FBR.  Two projects have been considered : 1 000 MW and 250 MW.  The metallic fuel consists of a U + Pu metallic alloy with 10 % Zr.  It contains 20% Pu, has a good conductivity, lends itself to pyroprocessing.  The cladding is ODS  steel (JNC standard).  The cladding working temperature is below 600°C.  The fuel fluence is correct.  The sodium coolant permits to extract 500 W/cm3 at 510°C.  The sodium void reactivity is of 8-10 dollars.  Breeding is 1.02 with the blanket.  “Homogeneous” or “heterogeneous” cores have been studied, with fuel shuffled in the blanket.  The fuel is expected to reach a 150 GWd/t burn-up.  A pyroprocessing recycling treatment will give a decontamination factor of about 10 for the lanthanides, so that the minor actinides will amount to less than 1 % in the fuel recycled.

J. Vergnes, EDF, presents in paper n° 197 the ALSTER Concept, a ThO2/UO2 molten salt reactor generating U-233.  An in-line pyrochemical process is foreseen .  A Japanese commentator : the neutron flux should be “harder” in order to better burn the minor actinides.

F. Carré, CEA, discusses some strategic features for future nuclear systems (paper n° 236).  Sustainability calls for fast neutron spectra.  The fast neutron gas-cooled reactor has to be investigated : Pu content, core have to be optimized.  Passive safety cannot suffice in such conditions.  Active safety systems have to be developed because of high power demands.  This calls for innovative fuels and advanced fuels.  A helium 1 MW test loop should be ready by 2003, and 20 MW by 2007.  A demonstrator could be built at Cadarache around 2012.  A screening work of possible solutions is underway in cooperation with USA, Japan, Korea especially.

A.Nuttin, CNRS-IN2P3, France, in paper 069, has presented an interesting theoretical evaluation of two thorium fuel cycles, one with a graphite-moderated molten salt reactor, and one with a fast spectrum solid fuel system.

A.Layorshin, IPPE, in paper 292, presents a CEA-Minatom-UK experiment on Bora-Bora fuels with high Pu content.  MOX from RIAR process, nitride fuel, PuO2/MgO pellets have been irradiated in the BOR-60 fast reactor.

J.D. Gale, B&W, Framatome ANP, USA, in paper 246, analyzes the economics of UO2/ThO2 fuel cycle initiated with 19.5 % U-235 in a 1 000 MWe plant.  Presence of Th would increase the cycle cost by 10-15 %.  But with MOX made of weapon-Pu replacing U-235, the economics would be better.

9. Transmutation for waste management and nuclear science
V. Ignatiev, Kurchatov – Feasibility of Molten Salt Reactors with transuranic trifluorides  (ISTC contract, Paper 008)

At temperatures above 400°C, there will be solubility problems in the Na-Li-Be/F systems.  Also the deposition on vessel walls of noble or semi-noble metals is not clearly established.  The volatilization process which permits to separate transuranics from the lanthanides works well on a small pilot scale but needs to be extrapolated.  

Corrosion matters : hastelloy metal works if one remains in a reducing medium.  The presence of beryllium in LiF, etc, produces a passivation of the steel in a slightly reducing system.  Damages created by fast neutron bombardment on the graphite may oblige to change the graphite blocks every 4 to 8 years.

Remark of Dr. Ignatiev  concerning the Brest, Bi-Pb cooled LMFR : the presence of Bi in Pb creates a protective film.

D. Greneche, Cogema – An industrial point of view on the partitioning and transmutation issue (P&T, Paper n° 035).

This interesting evaluation is of course a somewhat pro domo pledge of the nuclear industry which wants to keep costs to reasonable levels and avoid “unnecessary expenses”.  My own judgement is completely in phase with the demonstration.  

The results of the EC EVEREST Study on the radiotoxicity of HLW-MLW underground storage are recalled : I-129 escaping from a MLW deposit may contribute maximum to 1 mSv/yr in drinking water in the worst conditions.  The transuranic waste encased in glass blocks may contribute to 10 times less.  By intrusion after about 1000 years in the repository, still many Sv may be received from Am and especially Cm.  In order to mitigate this possibility, it would be necessary to remove the transuranics to a high degree.

If the technical feasibility of partitioning and transmutation is theoretically ascertained, Cm is very difficult to handle (interesting tables).  The waste volumes will increase.  The doses received from these operations will not be negligible (Table).  These doses have to be confronted with those received from a “simple” storage, and the comparison may not be favourable to P&T.  As for a time schedule, industrial implementation could be achieved within 10-30 years from now.

Economics : P&T will add 30 % to the cost of reprocessing.  The US figure is 100 %.  This will add 10-20 % to the kWh cost.  

Conclusion : we should not get mixed-up with our targets (“le mieux est l’ennemi du bien”).  The question of Cm is central, says an intervening person.  JNC quotes that P&T has been put forward  in Japan “for social acceptance purposes, but it may present possible technical advantages in the future”.

P.Wydler (Switzerland), L. Van den Durpel, OECD/NEA, in paper 210, report a comparative study of ADS and FRs in advanced nuclear fuel cycles, which is in progress. The preliminary conclusions are that FRs with “double strata” strategy appear to be the most attractive one, and that careful confinement of long-lived fission-products in geologic repositories is the only practical method to reduce the radiological impact. Interesting !

Y. Hirose, Y. Takeshima (Advisors, Japan), have presented the concept of IMSR, Integrated Molten Salt Reactor, for burning Pu and transmuting minor actinides in an appropriate neutron flux, thus producing an appreciable surplus of energy.

P.N. Alexeev also presents a Molten Salt Reactor concept with epithermal core able to burn the minor actinides.  The reactor would cost 3 bn USD and could be amortized in 13 years.

Remark : it is remarkable to note the interest of many nuclear physicists about the transmuting capabilities of epithermal or fast reactor cores. This trend will have to be supported by experimental facilities. 

10. Sustainability of nuclear energy

K. Fukuda, AIEA, in Paper 248, presents interesting scenarios and schemes.

G.H. Ouzounian, ANDRA, and J.G. Devezeaux, Cogema, in paper 191 present a methodology for assessing the environmental and health impact of options for the back-end  of the fuel cycle.  These exercises are important for the strategies of recycle and final disposal.

B. Beutier, Cogema, presents Cogema’s commitment for the la Hague operations, which results in a radiological burden amounting to much less than 0.03 mSv/year-person.

11. Poster sessions
A large number and great variety of posters have accompanied the oral sessions.

· Among many posters, we have been interested  in the possibility to separate noble  metals from nuclear waste :

. K. Mizoguchi, (paper 020) : theoretical evaluation of decontamination methods for noble metals in oxide electrowinning process.

.  E. Renard, O. Savilova, Bochvar-ISTC project 1052-98, in paper 031, give a detailed and comprehensive assessment of the fission platinoids recovery. This paper should be analyzed carefully in my view.

Rh and Pd reserves in the FPs amount to world production figures. Rh could be used after a 30 year decay period, whereas low-radioactive Pd may be used immediately in the economy.

Today, Rh costs about $80 a gram and Pd about $25.

· Presentation of the Russian “Granat-M” continuous MOX process (VNIIM), by V. Morkovnikov.

· On waste transmutation, paper 064 of T. Iwasaki of Tohoku U., mentions transmutation of long-lived nuclides in FR using hydride materials : it works for Ce, Zr, but not for I-129.  

J.P. Grouiller, CEA Cadarache, (paper 122) doubts the practical feasibility of minor actinides transmutation due to their high intrinsic radioactivity and  radiotoxicity when being handled.

-  On fluoride volatility method, M. Marecek of Czechoslovakia, in paper 291, describes tests with a flame fluorination pilot plant.

_________

